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Welcome Message from Peter Skalicky

By surfing in Wikipedia one will find the follow-
ing definition: “The scientific community consists of
the total body of scientists, its relationships and in-
teractions.” And further: “Communication between
the members is established by disseminating research
work and hypotheses through articles in peer re-
viewed journals, or by attending conferences where
new research is presented and ideas are exchanged
and discussed.” So in fact - aside from publications
- conferences are the core opportunity for young sci-
entists to become part of their community, present
their research, make contacts and make themselves a
name.

The Junior Scientist Conference at the Vienna University of Technology
(TU Wien) is specially designed to make it easier for young researchers to
enter this arena. So it is my pleasure to wish everyone attending the confer-
ence, presenting their posters and getting in contact with their colleagues
good luck and a good start!

The Junior Scientist Conference is also a good example for the collab-
oration within the heart of Europe. Aside from our friends from New York
where the very first conference took place, there are - among others - also
participants from the Czech Republic, Hungary and Poland. We have great
expectations in these members of the European Community. The Central
European Region - in short: Centrope - is a political commitment to over-
come former borders. One promising way to reach this goal is the intensive
collaboration between scientists.

Peter Skalicky
Rector Vienna University of Technology
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Welcome Message from Hans K. Kaiser

The idea for such a Junior Scientist Conference orig-
inated in the discussions between a delegation from
the City College of New York and members of the
TU Wien during the visit of our American colleagues
to Vienna in 2004. The aim of such a conference is
to give young researchers a first possibility to present
the results of their scientific work to a wider audi-
ence. In the focus of such a conference is the pre-
sentation of posters by young scientists. The first
conference in this series took place in New York in
March 2005. The City College of New York hosted
a second conference in 2007, Vienna University of Technology organized
conferences in 2006 and 2008. TU Wien is happy to host another event
in a – hopefully - long series of similar conferences. There was a call
for scientific contributions in all fields of Science and Technology both on
Master- and PhD-level. Preference was given to posters from the area of
Computational Science and Engineering, Materials and Matter, Informa-
tion and Communication Technology and Energy and Environment. We
are very pleased that the announcement of our conference was well re-
ceived both by universities in our neighbouring countries and our friends
from the City College of New York. So we are proudly welcoming more
than 200 young researchers from fourteen different countries. At the heart
of the conference in Vienna will be the poster session. Around this main
event there will be four mini-conferences in the area of Computational
Science and Engineering, Materials and Matter, Information and Commu-
nication Technology and Energy and Environment. Within the conference
we are organizing a best poster award: one for posters on the Master-level
and one on PhD-level.

We wish all participants an exciting time in Vienna and a successful
conference at Vienna University of Technology.

Hans K. Kaiser
Vice Rector for International Relations at Vienna University of Technology
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Abstract  The paper deals with the development 
and implementation of a control system for a hu-

manoid robot, named Archie. Archie is a teen-sized 

humanoid robot with height of 150cm and is devel-

oped at our department. The project started 2004 

and the main goal was to build a cost oriented hu-
manoid robot, which can assist humans in everyday 

life. Furthermore the robot should be able to par-

ticipate in several world competitions e.g., FIRA, 

RoboCup.... The realized control system is based on 

embedded systems, in order to ensure an accurate 

and fast control for the robot. The robot is able to 
operate for one hour on a single charge.  

I. INTRODUCTION 

Archie is teen-sized humanoid robot with the height 
of 150 cm and has 29 degrees of freedom (DOF ).14 
DOF  (7 DOF  for each leg and hip) for the lower 
body. The torso is connected to the pelvis of the 
robot using 2 DOF. The upper body has 6 DOF for 
the hands (3 DOF for each hand) and 7 DOF for the 
neck and the head (2 DOF for each eye, 1 DOF for 
the chin and 2 DOF for the neck).  

The control system used in Archie is based on em-
bedded systems with distributed architecture thus 
each joint of the robot is controlled using individual 
controllers. The controllers are connected to a data 
network to receive the commands from the central 
controller. The central controller comprises an iner-
tial measurement unit (IMU) to perceive the overall 
pose of the robot, for balancing the robot. 

The joint controllers are made from a velocity con-
troller, which is cascaded with a velocity trajectory 
planner. By using the following joint controller, the 
robot can move the joints to a certain position with a 
desired velocity. The PID values of the joint control-
ler result from the simulation and final real test cali-
bration. Because of the variable load on the joints on 
different situations of the robot, these values are 
updated from a database during different movement 
phases of the robot by the central controller.      

 

 

II. CONTROL CONCEPT 

The control system of the robot uses the direct kine-
matic model based on the Denavit-Hartenberg con-
vention. Using the direct kinematic model, the robot 
controller can relocate the relative coordinated sys-
tem (RCS) locations to the base coordinate system 
(BCS) of the robot [2]. After doing so, the robot can 
calculate the total centre of mass of itself which is 
useful to save the overall balance of the robot. More-
over, the moment of inertia of the robot is calculated 
to provide the robot the ability for dynamic walking. 
The central controller calculates the moment of iner-
tia reflected in the joints based on the overall pose of 
the robot during different operating phase of the 
robot. The magnitude of the reflected moment of 
inertia is used in the joint controllers in order to pro-
vide a more enhanced velocity control as well as 
position control.     

  

A. JOINT CONTROLLER  

The joint controllers are based on velocity controller 
cascaded to a velocity trajectory planner. The trajec-
tory planner commands the velocity controller using 
a calculated velocity trajectory to move the joint 
actuator to a desired position on a definite period of 
time. The desired position and the period of time are 
received from the main controller. The central con-
troller manages the joints to move on specific trajec-
tories in order to cause the end effectors of the robot 
to move on the desired trajectory.  

B. CENTRAL CONTROLLER 

The central controller is constructed from a PowerPC 
405 embedded processor implemented as system-on-
chip (SOC) in and fundamental programmable gate 
array (FPGA). The system provides the minimum 
requirements to run an embedded real time Linux 
(RT-Linux) as operating system of the robot [3]. The 
operating system of the robot manages the control 
tasks. 
The data exchange with the individual joint control-
lers is provided using a customized intellectual prop-
erty (IP) core, in order to reduce the processing load 
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from the central controller, and to stabilize the re-
fresh time.      

C. WALKING 

Imitating human gait is one of the purposes of using 
humanoid robots. Human gait consists of two phases, 
single support phase (SSP) and double support phase 
(DSP). By executing the SSP and DSP for the two 
legs consequentially, the robot will take steps. Each 
phase consists of some motions. The motions are 
some pre-calculated trajectories, which the central 
controller applies them to the appropriate joints of 
the robot. In order to balance the robot, the IMU is 
used. The IMU gets the feedback of the overall pose 
of the robot. The controller applies minor changes to 
the pre-calculated trajectories dynamically to com-
pensate non- expected forces from the environment.   

III. SIMULATOR OF THE ROBOT  

A simulator based on Matlab-Simulink is prepared 
for the robot in order to develop the motions and 
predict the real results of the robot before applying 
them to the real robot.  
The simulator developed using the Matlab toolbox, 
SIM-mechanics as it is shown in figure 1. 

 

Figure 1: Simulation of  

One of the benefits of using a simulator is the 
possibility of monitoring accurately the trajecto-
ries caused by the movements of the robot, which 
is useful for improving the motions controller of 
the robot. 

IV. TESTS AND RESULTS 

Archie was demonstrated for the first time in the 
world competition RoboCup 2009 Graz. On that 
time the robot was able to execute some basic 
walking imitations (based on crouching conse-
quentially sideways). Figure 2 shows the robot 
during crouching left and crouching right.  

 

Figure 2:  
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A Lightweight Implementation of Hartree-Fock Theory with
Computer-Generated Integration Routines

Gregor N. Stipicic
Institute of Applied Synthetic Chemistry

Vienna University of Technology
Vienna, Austria

Email: gregor.stipicic@gmail.com

Abstract — In the present contribution, the implementa-
tion of a program for molecular Hartree-Fock theory is de-
scribed. Highlights are computer-generated integration rou-
tines for one- and two-electron integrals with specific support
for generally contracted basis sets, multipole-based integral es-
timates (MBIE) and hybrid convergence acceleration based on
the optimal damping algorithm (ODA) and the Direct Inversion
Iterative Subspace technique (DIIS).

I. INTRODUCTION

Hartree-Fock theory [1] is the basis of many models in
computational chemistry, such as configuration interac-
tion, Møller-Plesset perturbation theory or (in a broader
sense) hybrid density functional theory.

An efficient implementation of Hartree-Fock (HF) the-
ory lies at the heart of computational chemistry programs
performing ab inito calculations. It is an important step-
ping stone towards increasingly accurate (yet approxi-
mate) solutions of the non-relativistic, time-independent
Schrödinger equation in the Born-Oppenheimer approx-
imation. Some of the associated challenges are:

– Fast evaluation of two-electron integrals for rapid
Fock matrix construction

– Reduction of the formal O(N4) scaling, where N
is the number of atoms

– Assuring convergence of the self-consistent field
(SCF) scheme

In the following sections, we will give an overview of im-
plementation details addressing these problems, restrict-
ing formalism to a minimum.

II. IMPLEMENTATION

A. INTEGRATION ROUTINES

The Rothaan-Hall formulation [2] of HF theory is

FC = SCε (1)

where F is the Fock matrix, C is a coefficient matrix, S
is the overlap matrix and ε is the matrix of orbital ener-
gies. Construction of F necessitates the calculation of

two-electron integrals of the form

(µν|λσ) =
∫∫

φµ(1)φν(1)
1

r12
φλ(2)φσ(2)dr(1)dr(2)

(2)
where the µ, ν, λ, σ represent basis functions and the φ
denote the probability densities of the two electrons. The
present program uses the usual direct scheme [3], where
two-electron integrals are recalculated as needed in ev-
ery iteration of the SCF procedure in order to alleviate
storage requirements and enable density matrix based in-
tegral screening: this makes an efficient computation of
the integrals given in (2) important for achieving good
performance.

Three different recurrence relations are used [4],
which allow the construction of all necessary integrals
from a smaller set of primitive integrals. Computer-
generated integration routines for all possible cases (in-
cluding special cases for coincident basis function cen-
ters) are used to take advantage of the long instruction
pipelines of CPUs.

Specific support for generally contracted basis sets is
included. For example, the wall clock timing of a single-
point calculation of the restricted Hartree-Fock energy
of glycine (the smallest proteinogenic amino acid) in the
generally contracted aug-cc-pVDZ basis is reduced by
more than one order of magnitude.

B. HYBRID ODA/DIIS CONVERGENCE ACCELERA-
TION

Converging (1) poses significant challenges, e.g. when
the initial guess is of bad quality: a naive implementa-
tion will suceed only in the simplest cases. In order to en-
sure and accelerate convergence, we use a hybrid scheme
consisting of Pulay’s direct inversion iterative subspace
technique [5] based on the commutator of the density and
Fock matrices (DIIS) and the optimal damping algorithm
[6] (ODA), which minimizes a function that is based on
the total energy. Usually, ODA is used in the first few it-
erations and DIIS afterwards. Test calculations show that
this combination reliably converges to a minimum, even
in challenging cases.

For example, a simple, single-point restricted Hartree-
Fock calculation (RHF) on glycine in the 6-31G basis

5



started with an initial density obtained from the diagonal-
ized core Hamiltonian (which is of extremely low quality,
the associated energy differing from the final energy by
more than 30 Hartrees) carried out with DIIS only does
not converge even after 200 SCF iterations. In contrast,
the present program ensures convergence after 38 itera-
tions (with ODA only), respectively 33 iterations (with
hybrid ODA/DIIS convergence acceleration).

C. MULTIPOLE BASED INTEGRAL ESTIMATES

It is trivially obvious from the distance dependence in
(2), that in an extended molecular system, many two-
electron integrals will make only negligible contributions
to the Fock matrix. The classical way of avoiding their
calculation makes use of the Schwarz inequality:

|(µν|λσ)| ≤ |(µν|µν)|1/2|(λσ|λσ)|1/2 (3)

Unfortunately, (3) does not include a distance depen-
dence and will significantly overestimate the size of
many integrals. As a consequence, the present work uses
(3) in conjunction with the Multipole-Based Integral Es-
timates (MBIE) introduced by Ochsenknecht et al. [7],
which provide rigorous and tight upper bounds for two-
electron integrals and additionally account for the dis-
tance dependence in (2).

D. ADDITIONAL FEATURES

The SCF procedure is additionally accelerated by incre-
mental Fock updates [3], which make use of differential
density matrices. Dispersion corrections to the Hartree-
Fock energy based on simple Lennard-Jones terms can
also be calculated.
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Abstract — We investigate the numerics behind the numer-
ical solution of the Boltzmann transport equation using an ex-
pansion of the distribution function in spherical harmonics for
the purpose of electronic device simulation. Traditional imple-
mentations of higher order spherical harmonics expansions suf-
fer from huge memory requirements especially for two and three
dimensional devices. To overcome these complexity limitations,
a compressed matrix storage scheme based on Kronecker prod-
ucts is proposed, which reduces the memory requirements for
the storage of the system matrix such that the total memory
requirements are asymptotically dominated by the memory re-
quired for the unknowns.

I. INTRODUCTION

While in the early years of the semiconductor industry
macroscopic models have been sufficient for device sim-
ulation, this is not the case anymore for the small feature
sizes used today. As long as quantum mechanical effects
are not dominant, the microscopic behavior of electrons
is best described by a distribution function f(x,k, t) that
depends on the spatial coordinate x = (x, y, z), the wave
vector k = (kx, ky, kz) and time t, and fulfills the Boltz-
mann Transport Equation (BTE).

The most commonly used method to solve the BTE is
the Monte Carlo method, with the main disadvantage of
its computational expense, especially when attempting to
reduce the statistical noise in the low density tails of the
distribution function. The most prominent alternative to
the stochastic Monte Carlo method is the deterministic
spherical harmonics expansion (SHE) method.

The major challenge of the SHE method is the huge
memory consumption reported even for two-dimensional
devices [1] at moderate expansion orders, which has so
far prohibited an application of the SHE method to three-
dimensional devices. To overcome these limitations, we
present a new system matrix compression scheme that re-
duces the memory requirements by orders of magnitude
and paves the way for three-dimensional device simula-
tions using the SHE method.

II. THE PROJECTED EQUATIONS

Instead of an expansion of the electron distribution func-
tion into spherical harmonics, it is for reasons of numer-
ical stability of advantage to expand the generalized en-

ergy distribution function [2]

g(x, ε, θ, ϕ, t) = 2Z(ε, θ, ϕ)fν(x,k(ε, θ, ϕ), t) ,

with the generalized density of states Z , into orthonor-
mal and real valued spherical harmonics Yl,m(θ, ϕ) and
truncate the series after (L+ 1)2 terms:

g(x, ε, θ, ϕ, t) ≈
L∑

l=0

l∑
m=−l

gl,m(x, ε, t)Yl,m(θ, ϕ) .

Partial differential equations for the coefficients gl,m are
directly obtained from projections of the BTE, which re-
sults (using Einstein’s summation convention) in

∂gl,m
∂t

+
∂F · vl′,m′

l,m gl′,m′

∂ε

+ vl′,m′
l,m · ∇xgl′,m′ − F · Γl′,m′

l,m gl′,m′

= sl
′,m′;in
l,m gl′,m′(x, ε∓ �ωη, t)

− sl
′,m′;out
l,m gl′,m′ .

for all l = 0, . . . , L and m = −l, . . . , l.
It has been shown that the scattering terms sl

′,m′;in
l,m and

sl
′,m′;out
l,m do not couple different expansion coefficients

in the case of spherical energy bands [2]. We show that
the coupling by the velocity terms vl′,m′

l,m and the angular

coupling terms Γl′,m′
l,m is again sparse:

Theorem 1. Under the assumption of spherical en-
ergy bands, the following holds true for indices l, l′ ∈
{0, . . . , L}, m ∈ {−l, . . . , l} and m′ ∈ {−l′, . . . , l′}:

1. If vl′,m′
l,m is nonzero, then l ∈ {l′ ± 1} and m ∈

{±|m′| ± 1,m′}.

2. If Γl′,m′
l,m is nonzero, then l ∈ {l′ ± 1} and m ∈

{±|m′| ± 1,m′}.

III. DISCRETIZATION AND SYSTEM MA-
TRIX COMPRESSION

In steady state, a discretization of the expansion coeffi-
cients of the generalized distribution function is obtained
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Figure 1: Memory used for the uncompressed and the
compressed system matrix for different expansion orders
L on a two-dimensional (x, ε)-grid with 10.000 nodes.

by a Galerkin method

gl,m =

N∑
i=1

αi;l,m(t)ϕi(x, ε) ,

finally resulting in a system matrix S of size N(L +
1)2 × N(L + 1)2 with a-priori CsparseN(L + 1)4 en-
tries, where Csparse is a constant that depends only on
the regularity of the underlying mesh. With Theorem 1,
we have shown that the number of entries in each row of
S is at most 11Csparse. Consequently, there are at most
11CsparseN(L+1)2 nonzero entries in S. With the typi-
cal values L = 9 and Csparse = 10, the estimate becomes
11000N , which still prohibits sufficiently fine discretiza-
tions for the simulation of three-dimensional devices.

We suggest a method to decouple the spherical har-
monics expansion coefficients from the spatial discretiza-
tion, such that the system matrix S can be written as

S =

8∑
i=1

Qi ⊗Ri , (1)

where ⊗ denotes the Kronecker product. The matrices
Qi are of size N × N and the matrices Ri are of size
(L + 1)2 × (L + 1)2 for i = 1, . . . , 8. This allows a
representation of S using only 32(L+ 1)2 + 8CsparseN
numbers. Since N is typically much larger than (L+1)2,
the full system matrix can for Csparse = 10 be stored
with roughly 80N numbers, which means a reduction by
a factor 137.5 compared to the uncompressed case.

IV. RESULTS

We have compared memory requirements for the storage
of the system matrix at several expansion orders in a one-
dimensional device simulation. The results in Figure 1
clearly demonstrate the asymptotic superiority of our ap-
proach: Already at an expansion order of L = 5, memory
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Figure 2: Memory used for the system matrix in relation
to the total amount of memory used (i.e. system matrix,
unknowns and right hand side).

savings by a factor of 35 are observed, which increases to
442 at L = 13. Moreover, this leads to the situation that
the memory required for the unknowns is much larger
than the memory required for the representation of the
system matrix, cf. Figure 2.

V. CONCLUSION

We have investigated the coupling structure of the SHE
equations and shown a weak coupling of the expansion
coefficients. This guarantees that the nonzero entries in
the system matrix obtained from a discretization with N
degrees of freedom in (x, ε)-space and SHE order L are
at most 11CsparseN(L+1)2 in contrast to CsparseN(L+
1)4 for the case of a dense coupling.

The proposed matrix compression scheme further re-
duces the memory requirements for the system matrix to
32(L+ 1)2 + 8CsparseN ≈ 8CsparseN . While the huge
memory requirements for the storage of the full system
matrix prohibited the simulation of three-dimensional de-
vices so far, our proposed scheme paves the way for such
simulations especially for larger expansion orders L.
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Abstract — Non-linear material properties of the 
frame structure were assumed. The collapse 

mechanism of semi-rigid joint is investigated. The 

aim of the work is to prepare and debug an analysis 
of steel frame structure with specific joint compo-

nent modelling. For a chosen beam-to-column 

welded joint, an APDL (ANSYS Parametric Design 
Language – scripting language) macro file is pre-

pared, which transforms a simple frame model into 

a more sophisticated non-linear component model 
with the possibility of successive forming of plastic 

hinges. The calibration of this model is presented. 

Analyses are performed using the ANSYS system. 

I. COMPONENT METHOD OF A WELDED 

BEAM-TO-COLUMN JOINT

The simple welded joint between beams and columns 
was automatically modified using a macro prepared 
in APDL according to [3], [4] (ANSYS Parametric 
Design Language – scripting language) Figure 1. It 
works in such a way, that the beam and column ele-
ments are shortened in order to change the joint into 
a more sophisticated one, where the non-linear spring 
elements are introduced (Pos 6 to 11) in Figure 1. 
The stiffness characteristics of the springs are taken 
according to [1], [2].

Figure 1: Modified beam-to-column joint using 
spring components 

II. FULL 3D MODEL

A full 3D shell model of the structure Figure 2 was 
prepared for the calibration purposes. The FE mesh 
was refined in the vicinity of the joint, because non-
linear effects in these places were expected.  

Figure 2: 3D shell model 

III. RESULTS

For both models a capacity curve - relationship be-
tween the maximum horizontal displacement of the 
structure and the total shear force at the basement 
was established. Both curves Figure 3 were com-
pared. It is clear from the comparison in Figure 3 that 
the results for the frame structure modelled by the 
component method and those modelled by the 3D 
model are quite similar. The responses up to the point 
A or B in Figure 3 are almost identical.  Beyond 
these points the component model is a little stiffer.  
We assume, that the more developed plastic mecha-
nism is not sufficiently described by such a compo-
nent method. So in order to find the moving mecha-
nism of the structure, for e.g. in case of a seismic 
push-over analysis, the component method should be 
refined a little.  
It can be seen in Figure 4 and Figure 5 that the plastic 
mechanism is developed by shear stresses in the 
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column web and normal stresses from bending of 
flanges. Further more it is clear from the 3D analysis 
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Figure 3: Capacity curves of the component 
method and 3D shell models.  

Figure 4: Equivalent von-Mises stresses in load-
step 29 

Figure 5: Shear stresses in loadstep 29 

how the plastic mechanism develops and works. 
Maybe the component method does not appropriately 
model the plastic areas in column flanges. This will 
be the topic of our next investigations and, maybe, 
also a matter of testing, which will be prepared in the 
future.
It is currently being prepared a practical experiment 
to verify the results of numerical analyses for beam-
to-bracing joint of a unified steel frame system 
BAUMS75 often used in Slovakia. It represents a 
different type of connection where the appropriate 
component type are to be developed and checked. 

IV. CONCLUSIONS

The prepared macro for component method model-
ling of 2D frames is very useful for the practical use. 
The relatively sophisticated changes of a simple 
structure can be easily done using this macro. In such 
a way the analysis for non-linear solution is quickly 
prepared. It needs only to take into account the ap-
propriate component characteristics. 
The component method is a perspective one and it 
will certainly be used because of its’ efficiency. For 
example the component method analysis require-
ments are only a fracture of those needed in case of a 
full 3D modelling. For component method analysis 
the number of used nodes is approximately 140 times 
smaller, number of equations is 200 times smaller, 
memory requirement is 8 times smaller, used HDD 
capacity is 375 times smaller and solution time is 170 
times smaller than the similar 3D shell analysis.   
The appropriate knowledge of the component model-
ling is needed especially for establishing the collapse 
mechanism of the entire structure. 
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Abstract  The increasing usage of the TTA in 
industries such as automotive, avionics, rail way 

etc. has brought greater need for security in the 

TTA. This paper describes a basic design for a 

security layer for the TTA, which contains a secure 

clock synchronisation algorithm and a secure 
broadcast algorithm. This will maintain the resil-

ience of the TTA against accidental faults as well as 

malicious faults produced by insider attacks. 

I. INTRODUCTION 

The extended use of dependable real time systems 
imposes new challenges on the Time Triggered Ar-
chitecture (TTA) [1].The TTA is a framework for the 
design of distributed embedded real-time systems in 
high dependability environments. Embedded applica-
tions are organized in clusters with nodes as basic 
units. Every node has access to a fault-tolerant global 
time base of a known precision. This global time 
allows the precise specification of interfaces, which 
simplifies communication and agreement protocols, 
error detection and guarantees for timeliness [1]. The 
TTA supports determinism by introducing a sparse 
time base [2]. The Advantages of the TTA are recog-
nised by the manufactures of dependable embedded 
systems and it is currently being used in the automo-
tive, avionics and rail way industry and for a wide 
range of industrial control systems. 

One open challenge in the TTA is the implementa-
tion of security protocols. At present there are no 
security protocols for the TTA. In this paper we will 
build the foundation for a security layer for the TTA. 
We will describe two implementations:  

- Secure clock synchronisation 

- Secure broadcast algorithm 

II. SYSTEM MODEL 

Nodes in the TTA are self-contained units, which 
include a processor with memory, an input-output 
subsystem, a time-triggered communication control-
ler, an operating system and the relevant application 
software. The nodes are connected via two replicated 
communication channels forming a cluster. The 

communication of this system is implemented by a 
priori defined TDMA (time division multiple access) 
schedule [1]. 

 

 
 

Figure 1: TTA Cluster 

The access to the global time allows the implementa-
tion of various security mechanisms. For instance, 
time-stamps of the global time can be used for im-
plementing replay detection or to protocol events for 
intrusion detection. Also, the existence of the global 
time base in the TTA ensures temporal alignment 
between diverse components of the system (i.e., the 
flaps on the right and left wing of an airplane have to 
be temporally aligned).  
To ensure secure execution in systems that rely on a 
global-time, the global time itself must be adequately 
protected against malicious attacks (i.e. unauthorized 
modification).The secure and fault-tolerant clock 
synchronization algorithm will be implemented on 
top of the existing clock synchronization algorithm 
via authenticated clock synchronisation messages. 
Authentication of clock synchronisation messages is 
implemented using public key digital signatures (i.e., 
ECDSA [6]).  
 
One way to establish secure broadcast is Time Effi-
cient Stream Loss-tolerant Authentication (TESLA 
[3]). TTA is a good platform for the implementation 
of TESLA, since TESLA is based on time synchroni-
sation between the nodes. It uses entirely symmetric 
cryptographic functions, but achieves properties of 
asymmetric cryptography [3]. Since all nodes in the 
TTA are synchronized, the time awareness of each 
node can be used to create asymmetry. The sender 
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broadcasts the message authenticated with a key 
known only to itself. The sender discloses the key 
after a specified minimum time and the receiver is 
able to authenticate the message. A given key is only 
valid for messages that have been received before the 
receive instant of the key minus the specified mini-
mum duration (the sender will use a new key after 
the old key has been invalidated by the progression 
of time). Thus, a key received at a receiver can only 
be used for checking the authenticity of the received 
messages, but not to generate message authentication 
codes for any future message (i.e., only the authentic 
sender of a message is able to generate message 
authentication codes). The consistent invalidation of 
keys requires a consistent and secure notion of time 
which is provided by our secure clock synchroniza-
tion algorithm.  
 

III. IMPLEMENTATION 

The system is based on nodes composed of Soekris 
4801 boards with a Time Triggered Ethernet (TTE) 
[4] controller. Soekris 4801 is a advanced communi-
cation computer based on a 266 MHz 586 processor. 
It comprises three 10/100 Mbit Ethernet ports, up to 
256 Mb SDRAM main memory and uses a Com-
pactFlash module for program and data storage. The 
system operates on the Linux operating system with 
the Real-time Application Interface (RTAI) [5]. 
 
The nodes in system are connected through a TTE 
switch. For purposes of debugging and monitoring of 
network traffic on the TTE switch, a Laptop execut-
ing Wireshark is connected. Programming of the host 
computer is realized through a server, so that applica-
tions are first compiled and linked on a PC and then 
copied to server. Upon reboot, the host automatically 
loads data from server trough ordinary 10/100 Mbit 
Ethernet. 
 
On top of the system we are implementing a se-
cure clock synchronization algorithm and a secure 
broadcast algorithm. These two security mechan-
isms represent the security layer build upon the 
TTE protocol. These mechanisms are implemented 
as middleware and can be transparently used by 
the application layer.   

A key part of the system is a cryptographic library. 
We are currently using LibTomCrypt [7] library. 
This cryptographic set of tools is written in portable 
C, and supports symetric cyphers, one-way hashes, 
pseudo-random number generators and public key 
cryptography (via PKCS #1 RSA, DH or ECCDH). 

 
 

Figure 2: Two Soekris/TTE clusters  

IV. CONCLUSION 

At present, the design of the security layer is in place 
and the implementation is ongoing. After finishing 
the implementation there are several experiments 
planed. For instance fault injection testing, by delay-
ing synchronisation messages.   
Future work includes the extension of the security 
library with additional security protocols. (e.g., de-
vice authentication, secure boot, etc.).  
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Abstract — Today’s world has the need to be under deep
surveillance: various techniques are used for this purpose,
ranging from radar systems to networks of surveillance cam-
eras. Often, such methods cannot be used, due to technical
limitations or privacy issues. The localization of audio sources
using the Multilateration technique is a solution able to over-
come these problems, and represents a powerful functionality
to be added to surveillance systems.
This paper will show how it is possible to develop an embedded
application for audio source localization involving an ATMEL
DIOPSIS D940 dual core processor and a custom made board
used to pre-amplify audio signals and to rotate a webcam fol-
lowing the audio source, using the data obtained by solving the
Multilateration equations.

I. INTRODUCTION

The main goal of this project is to develop an application
suitable for the audio source localization task. The
algorithm used in this application for the detection of an
audio source position is based on the technique of multi-
lateration. Multilateration allows to identify the position
of a given source starting from a set of mathematical
equations (see Section II.); this can be done whenever
we know the distances of the microphones from the
audio source, relatively to a given pivot microphone: in
other words, we have to identify the time differences
while receiving different audio stream, and then translate
these differences in terms of space, by multiplying
them for the speed of sound c (about 343 m/s in dry air
@20◦C).

The calculation of time delays is performed through a
cross-correlation between the different audio streams.

Cross-correlation allows the estimation of the correct
time delays using a statistical analysis: in fact, two
signals are compared using their correlation parameter
(which depends on their covariance). The insertion of
controlled time shifts between the two signals allows
to determine their correlation with the given delay; the
time shift which yields the higher correlation value is,
with most probability, the real time delay between the
two signals.

The delays obtained from the cross-correlation can
finally be used to obtain the audio signal source by
solving the multilateration equations. The Bancroft
algorithm [1] is a possible mean to obtain a solution for
such equations: the strong point of this algorithm is that
equations are solved using matrix calculations, allowing
the use of DSP or FPGAs to accelerate execution.

Computed data is then sent to an Auxiliary board, in
order to rotate a webcam following the audio source, and
to change preamplification parameters to pursuit the best
possible SNR.

II. THE MULTILATERATION EQUATIONS

The multilateration defines the following set of equations
(1) to describe the system status in the case of a 3D eu-
clidean space:⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

(t1 − t) = 1
c

(√
(x− x1)2 + (y − y1)2 + (z − z1)2

)
(t2 − t) = 1

c

(√
(x− x2)2 + (y − y2)2 + (z − z2)2

)
(t3 − t) = 1

c

(√
(x− x3)2 + (y − y3)2 + (z − z3)2

)
(t4 − t) = 1

c

(√
(x− x4)2 + (y − y4)2 + (z − z4)2

)
(1)
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Here xi, yi, and zi are the positions of the microphones,
while t1, t2, t3 and t4 are the audio delays in micro-
phones 1,2,3 and 4 (one of these delays will be 0, in
particular the one corresponding to the first microphone
receiving the signal). The solution of this system of 4
variables in 4 equations gives a set of coordinates [x,y,z]
representing the Euclidean audio source position, and a
4th variable t which is the time elapsed for the signal to
reach the pivot microphone.

This solution can be computed through a series of alge-
braic steps performed on a matrix representing the sys-
tem of non-linear equations (1). The algorithm comput-
ing this solution has been developed by Stephen Bancroft
and is described in [1].

III. THE AUXILIARY BOARD

Due to electrical charateristics of the DIOPSIS 940
Evaluation Board, it has been mandatory to build a
preamplification stage for audio signals coming from
electret microphone capsules. It is very important that
this stage introduces low noise, and it should have the
same transfer function on the four input channels. Virtu-
ally no phase difference should exists between channels.
The auxiliary board contains a 8 bit microcontroller
that communicates via USART with the main board,
and it is able to change in real time: gain, compression
ratio, noise gating voltage, and rotation point voltage
for every channel, according to commands given by the
main board. It is also possible to rotate a webcam with
a 0.5◦ resolution, following the audio source (on the
prototype, only horizontal rotation is implemented). A
DC brushed motor, driven by power MOSFETs in H
bridge configuration and controlled by a closed loop
on the angular position, is used to drive a gearbox
connected to the webcam holder. A digital 12 bits
temperature sensor is connected to the microcontroller,
to read environment temperature in order to have a better
approximation of the sound speed.

IV. RESULTS

The proposed application has been tested in a large envi-
ronment, in order to avoid problems due to sound echoes.
The 4 microphones have been disposed (according to an
imaginary 3D system of axis) in the origin and at posis-

tion 2 meters over each axis (x, y and z). The verification
was performed using 4 different audio sources: 3 in the
non ambiguous area for the Bancroft algorithm, and 1
outside of this area, yielding an error and a reset com-
mand to the webcam. These sources played cyclically, in
order to appreciate the movement of the webcam. The
sampling frequency has been set to 44.1 kHz, and the
windows used for the cross-correlation are composed by
2048 samples. Higher sampling frequencies would allow
to improve the space resolution for the localized audio
sources, while wider windows could be useful in larger
environments, where sound should cover more space in
order to reach the microphones.

The results obtained with these parameters have shown
that the source localization was good enough, with a
localization error in the order of the centimeters. The
hardware allowed to perform a localization every 5 sec-
onds, and most of this time was used to perform the
cross-correlation between the audio streams. Better re-
sults could be obtained by using the application in a
smaller environment, with narrow windows used for
cross-correlation; in fact, with smaller windows, the
cross-correlation could be executed in less time (its com-
putational burden is θ{(window samples)

2}).

V. CONCLUSION

This paper has proposed an approach to the problem of
audio sources localization using an embedded solution
such as a DIOPSIS D940. The results obtained are en-
couraging, but the work could be furtherly developed by
introducing an optimization to the cross-correlation (in
order to increse the webcam movement frequency) and
by investigating some mean to erase echoes from the
incoming streams. Furthermore, it is possible to com-
pute the cross-correlation routine over a FPGA-based op-
timized architecture, in order to improve performances
exploiting the possible parallel execution of the cross-
correlation algorithm.
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Abstract — Manufacturing is a continuous improve-

ment activity that aims all times at meeting ever chang-

ing customer requirements. Global competition and the 
dynamics in process technology are some of the many 

challenges faced by manufacturing systems of today. 

These challenges have necessitated research into vari-

ous solutions adopted to make manufacturing systems 

as responsive as possible to the day to day challenges 
in this field. It is because of this that this paper is we 

present this paper which aims at providing a finite 

capacity scheduling solution applying biological con-

trol principles as we acknowledge that most of the 

processes that go on within biological systems are 

indeed activities of high level finite capacity schedul-
ing. 

I. INTRODUCTION 
To maintain a competitive advantage and capitalise 
on the dynamics in processing technology there is 
need for new ways of manufacturing techniques. 
Scheduling is a process that determines the sequence 
of operations that make the attainment of the set 
organisational goals and conditions possible. 
Resources such as materials, operators and machines 
are allocated over a specific time horizon. Scheduling 
incorporates a number of constraints and various 
simultaneous orders, renewable and non-renewable 
resources and different processing configurations. A 
schedule specifies sequence and timing, normally ex-
pressed in terms of a set of start and due times [1]. 
Finite capacity scheduling is the process of allocating 
resources over time to perform a set of manufacturing 
tasks taking into consideration the following as ex-
plained in [2]:  
• task precedence constraints  
• capacity constraints, and  
• ensuring overall organizational goals are met to 

the best extent possible. 
Current finite capacity scheduling methods still suffer 
from high levels of time and manual planning skills in 
their execution [3]. The proposed work represents a 
novel advance in the operations field that will help in 
autonomously scheduling operations. It will focus on 
developing basic methods for undertaking autonomous 

operations planning that removes much of the existing 
highly skilled manual inputs at the process level in a 
manufacturing firm[4]. Figure 1 illustrates an example 
of the different processes involved in customer order 
fulfillment. 
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Figure 1. Production structure for a product [2] 

II. AIMS AND OBJECTIVES 

To develop discrete event simulation functionality, that 
makes use of biological transcription and translation 
control logic, for designing and testing autonomous 
finite capacity operations planning within 
manufacturing, logistics and service work environments. 

III. BACKGROUND OF BIOLOGICAL PROCESS 
Gene regulatory networks play a crucial role during 
development. Each cell in a developing embryo has 
the same DNA, but at no time in their life cycle are 
all of their genes expressed. The basis of cell 
differentiation is differential gene expression, and this 
is accomplished by interactions between genes. 
Several processes in biological systems take different 
phases of development but when their products are 
required at a certain time in life they appear to complete 
the process just-in-time [3], [4]. The processing method 
of biological system, aims at reducing the work in 
progress and removes the need for inter-process buffers 
which never exist for normal biological systems. In 
manufacturing industry, application of biological control 
stems from several characteristics exhibited by 
biological systems 

A. CHARACTERISTICS OF BIOLOGICAL CONTROL [5] 
• Tasks/activities synchronisation.  
• On-spot inspection  at workcentres  
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• Using pull systems to avoid overproduction 
• Capability of dealing with different levels of 

variability  
• Autonomous and self-organising 
• Flexible and highly responsive. 

B. EXAMPLE OF A BIOLOGICAL CONTROL 

 
Figure 2. Biological control circuit [6] 
 

− Gene G is transcribed by a process tras 
resulting in an enzyme E. 

− E catalyses the reaction rxn which is used in 
the conversion of substrate A to product B. 

− B interacts with a binding site near G such 
that the transcription process trans is 
inhibited. 
• trans = IF (G) AND NOT B 
• rxn  = IF (A) AND (E) 

IV. APPLICATION OF THEORY OF BIO-
LOGICAL CONTROL 

Planning and controlling manufacturing activities is an 
integral part of the physical operations being planned 
and controlled. In cell products are manufactured, as-
sembled and distributed without requirements for man-
ual control interventions or planning tools. 
Production should possess abilities to self-correct, adapt 
etc. so as to have autonomous decision-making 
capabilities to keep with high levels of variability. It is 
therefore important to understand process factors and 
how they affect manufacturing processes. Processing 
should have the capability to respond to both internal 
and external perturbations without interfering with 
normal operations as planned. 
Gene transcription and translation (i) exhibit the flexible 
and adaptive behaviour desired by industry, (ii) achieve 
this flexibility without any central planning or 
management, and (iii) coordinates many proteins and 
sub units, and and we posit that these two processes may 
be an important model system for industrial finite 
capacity scheduling, logistics and service planning. 
Figure 3 illustrates the self-organisation property of 
protein synthesis that forms the basis for this research as 
how it can be applied to Fininte Capacity Scheduling. 

V. FUTURE WORK 
The research strives at developing a control logic 
applying biological control principles that will make the 
process of finite capacity scheduling autonomous 
thereby reducing the high levels of time required in 

manual planning of tasks. The developed logic will aid 
in decision making processes in manufacturing as well 
as in service operations. 

 Figure 3. Simulation model illustrating autonomous 
control of ptotein synthesis in a biological cell [2]. 
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Abstract — The design and computation of an industrial
product leads to a point cloud of admissable and inadmissable
data points. An algorithm for piecewise linear active curves
and surfaces is presented, which classifies the points into two
sets. The admissable points are then closely approximated by
a B-spline surface, which encodes geometric features such as
sharp edges.
In the second part, a function is to be modeled from measured
data by a B-spline. In order to keep the characteristic shape
and deal with the large number of scattered input data, the
point cloud is partitioned and modeled in parts.

I. INTRODUCTION

The described work has been carried out in order to solve
two problems in engineering by means of computer aided
geometric design. In both cases 3-dimensional point
clouds had to be approximated by B-spline surfaces, but
only after certain steps of filtering and data processing
had been performed. The resulting programs were stably
implemented and are used in industry.

II. CLASSIFICATION OF POINTS WITH AN
ACTIVE SURFACE APPROACH

In the first part of the project, a point cloud of com-
puted data is given, see the example in Figure 1. It was
computed independently in different patches and later
stitched together. Where two such patches meet, the se-
ries of points overlap. These overlaps need to be elimi-
nated and sharp features along their curve of intersection
have to be modeled. All this is described by a single cu-
bic tensor product B-spline surface.
We had no influence on the computation of the points,
nor any information to which patch one point belongs.
Even though the given example suggests that a series of
points stays on a track and that there is a recognizable
distance between two such tracks, this is not true in gen-
eral.

It can be assumed that the surface to be determined is
the graph of a function f(u, v) and that the projection
of the points to the (u, v)-plane is (topologically equiva-
lent to) a rectangle, which is aligned along the coordinate
axes.

Figure 1: Input point cloud for classification, note the
outliers at the bottom

A. PIECEWISE LINEAR ACTIVE CURVE

An active curve approach (cf. [1] or [2]) is used to extract
the boundary curves. Take an initial boundary curve b of
the point cloud (see Figure 2):

1. Span a piecewise linear curve a between upper left
and right point of b

2. Move points of a vertically to closest points of b

3. Reparametrize a according to arc length

4. Iterate steps 2 and 3 until a is sufficiently close to b

Figure 2: Trimming of the boundary curve using a piece-
wise linear active curve

The trimmed boundary curves are the nearest neigh-
bours of the final position of such a piecewise linear ac-
tive curve a.
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B. PIECEWISE LINEAR ACTIVE SURFACE

Similar to the 2D case, construct an active surface Ai:

1. Between boundary curves span a set of points A0

2. Find nearest neighbors N(A0) in the pointcloud
3. Triangulate N(A0), resample, so it becomes A1

4. Iterate steps 2 and 3

If a newly added point causes the local change of normals
in N(Ai) to become discontinuous (”instable normals”),
remove the point. Once the iteration approaches the over-
laps, most new points will have this effect, which is used
as a stopping criterion for the iteration (Figure 3). On
the resulting triangulation N(Aend) interpolate a rectan-
gular grid, from which a tensor product B-spline surface
can be calculated.

Figure 3: Resulting B-spline surface of active surface al-
gorithm, red points removed

III. SURFACE MODELING TO MEASURED
DATA

Given scattered measurement data (x, y, z) as in Fig-
ure 4, a smooth approximation f is needed, which fulfils
that z = f(x, y) can be evaluated at any point (x, y) ∈ U
and so that the intensity can be integrated over a subdo-
main Ũ ⊆ U .

Figure 4: Measured input data as a point cloud

A. SKETCH OF ALGORITHM

The z-values range from 10−5 to 102 and about half of
the 100,000 data points are close to zero. Thus, plug-
ging all this input into a simple approximation algorithm

for B-splines will result in a function which is close the
plane z = 0, i.e. does not have any distinguishable fea-
tures, because splines have an averaging effect (see [3]).
It is possible to decompose U into two connected sets,
R1 contains all points with z ≥ 10−2 and R0 the remain-
ing ones, and work on these sets separately. A rotation
is performed to align the ridge of R1 with one coordi-
nate axis and the highest value becomes the origin. Ap-
ply a Delaunay triangulation, which also produces curva-
ture information, and interpolate the data by an auxiliary
rectangular mesh. From this, calculate a tensor product
B-spline function f1 over the domain R1 (see Figure 5)
with higher knot density in the center, which ensures a
better fitting at the ridge.

Figure 5: Resulting B-spline surface, modeling the input
data

In a similar process a function f0 is computed for the
remaining points, f is the combination of f1 and f0.
The integration of f can be performed symbolically.
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Abstract  The main goal of this paper is to ana-

lyze the importance of using adequate software for 

choosing the best investment solution. Further 

more, computational science is nowadays claimed 

for any kind of technical analyses in investments. 

Risk and potential income are very significant in 
creation of the investment portfolio, and programs 

for their estimation are of the great importance as 

well. There are many programs and methods for 

choosing the best investment solution. The findings 

of the research indicate that computational science 
and engineering, i.e. using of adequate software 

offers sound basis for investment process optimiza-

tion.  

I. INTRODUCTION 

There are many kinds of investments and unlimited 
number of investment solutions. The optimal finan-
cial decisions are the best investment solutions of all 
the other relevant alternatives. In the economy, this 
property of optimal financial decision is called 
wealth maximization. There are also many pro-
grammes for financial analyses and choosing the 
optimal portfolio and the best investment solution.  
One of them is programme  which will 
be presented with a practical example. 

II. PORTFOLIO OPTIMIZATION 

Making sensible of wealth-maximizing financial 
decisions always involves two elements: 
 Defining the parameters of the decision and 
 Recognizing the risks of financial decisions. 

Beside the portfolio creating, investment demands 
are continuously conducting of the market situation, 
analyzing the factors with influence on the portfolio, 
risk and purchasing calculations, applying the results 
of the analyses and timely portfolio modification. 

III. WHAT'S BEST  PROGRAMME 

What's Best is a supplement for the Microsoft 
Excel which is made for creation a great number 

of portfolio models. It is very developed 
programme for all kinds of technical optimization 
of the biggest investment problems. The basic 
work in What's Best programme is represented on 
the Figure 1. 

 
 

Figure 1: Basic work in What's Best programme 
 

The main caracteristics of the mentioned programme 
are those that the programe is very fast and has very 
big capacity for solving the linear optimization 
models up to 2000 data, and there is also one version 
of this programme for larger number of data.  
This programme supports many different methods 
for creating the optimal portfolio solution. Some of 
methods for the linear programming are Primal and 

Dual Simlex Methods, Integer Numbers Method and 
others, and one of the unlinear methods is The basic 

unlinear method which is focused on algorithm. The 
global method is used because the local methods give 
only the local optimum. If the model is not the best 
for the problem, there can be another model which is 
better. The global optimal method needs the global 
optimal conclusions and researchs the local opimal 
conclusions until it finds the best solution. When the 
Global method is too complicated because of the 
long time for giving the solution, using the Multistart 

method could give more acceptable solution. This 
method is based on generating the group of starting 
dots, and after that the method choose some of theese 
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dots and finds the final solution. For the unlinear 
models, this method is better then the basic method. 
What's Best programme also automaticaly recognizes 
the model and gives the solution. 
What's Best programme makes possible faster 
working of the complicated numerical models. The 
programme is created for the comertial use, and 
because of that its using is very easy. The user inputs 
a small number of data, and beside that, when he 
analyses the Solve problem comand, the programme 
autmaticaly choose the optimal method for the input 
data. 
What's Best programme is created for easy using. It is 
enough to know some very easy functions, and user 
schould know using the Excel. When are the 
functions in Excel defined, there are only three steps 
more for the optimal solving of the problem. It is 
important to mark which cells could be changed and 
which cells cuold the programme change in the time 
of working. It is also important to define which cell 
will be optimized. Optimized cells schould have the 
minimal and maximal value. At the end, it is 
important to define limits. At the end of process, it is 
vissible if the limits are satisfied or not. One more 
strenght of using the Excel is that the model could be 
realized on more different sheets, in the one working 
book in Excel. Using the model for optimization also 
needs some parameters.  First of all, it is important to 
create cells which the programme can change, and 
the tool Make Adjustable could be used for that. 
After that the the user use tool Maximize and 
Minimize, depends of the optimization, and insert the 
limits. When all those is done, he can choose the 
comand Solve and the programme will give the result 
On the Figure 2. there are tools for using the What's 
Best programme. 
 
 

 
 
 
 
 

Figure 2: Tools for using the What's Best 

programme 
 

For understanding the using of the  
programme, one short example for the portfolio 
optimization will be presented. This example is one 
simplyfied problem which is solved in the 
programme . 

 
Example: 

For earning the income of 15% of the invested 
capital, with limit that investor do not want to invest 
more then 75% in one packet of shares, it is needed 

to calculate the percent of investing in shares with 
minimal risk. The capital will be invested in 3 kinds 
of shares. 
First of all, the user schould insert limit, which is 
75%. After that, he inserts expected incomes from 
each share, and then how much capital he will 
invest. After that, the programme open the sheet, as 
it is presented on the Figure 3. 

 
 

Figure 3: Results in What's Best programme 
 
From the Figure 3, there are visible results: in the 
share 1 investor should invest 18.3 % of the capital, 
in share 2 should invest 24.8% of the capital, in 
share 3 should invest 56.9 % of the capital, with 
limit 75% of investing in one share. The portfolio 
for this example will give the income of 15% with 
risk 0.42. 
As it is presented on the example, investor can find 
the optimal portfolio according to his preferences, 
expected income and risk aversion, and the pro-
gramme makes the best investment solution accord-
ing to that.  

IV. CONCLUSION 

 programme is only one of many pro-
grammes for portfolio optimization and other 
technical analyses in investment process optimiza-
tion. These programmes are very useful, and it is 
important to work on their further development.   
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Abstract —This work presents computer model of 
initiation and synchronization processes in ciliated 
cell cilia. Mechanisms of cilium beating and syn-
chronization are described by partial changing of 
calcium ion concentration in inter-cilia fluid. Cili-
um is considered as mechanical system consisting 
of solid bodies.  

I. INTRODUCTION

Mucociliary transport is an important way of 
clearance of respiratory passages from infectious 
agents and minor particles. Based on theoretical 
researching, experiments, mathematical and com-
puter models of ciliated cells motion behavior 
development of new methodologies for treating 
diseases of respiratory passages are possible. Con-
sidering this, the development of mathematical and 
computer models, sufficiently describing the phys-
ical properties and characteristics for this kind of 
structures, becomes relevant. 

II. STRUCTURE OF CILIUM

Cilium is flexible membrane extensions of the cell. 
It is surrounded with inter-cilia fluid, produced by 
ciliated cells. On the surface of this fluid there is 
layer of mucus produced by beaker cells and 
glands of mucous membrane. 

Cilium consists of central bundle of microtu-
bules, called the axoneme, in which nine outer 
doublet microtubules surround a central pair of 
singlet microtubules. This characteristic ”9 + 2” 
arrangement of microtubules is seen when the 
axoneme is viewed in cross section with the elec-
tron microscope. Each doublet microtubule con-
sists of A and B tubules. The bundle of microtu-
bules comprising the axoneme is surrounded by 
the plasma membrane. [3]. 
Ciliary beating are produced by controlled sliding 
of outer doublet microtubules. Dynein arms gener-
ate the sliding forces in axoneme upon condition 
of presence of sufficient amount of ATP molecules 
and calcium ions. 

Figure 1 Structure of cilium 

III. MOVEMENTS OF CILIA AND ITS MECHA-

NISM

Signal for conformation changing of specific pro-
tein (dynein) is increase of calcium ion concentra-
tion at the bottom of the cilia (kinetosome). Calci-
um concentration is regulated by calcium pumps 
(proteins) that are integrated into the cells mem-
brane. Signal for synchronization of cilia’s beat-
ings is supposed to be calcium concentration 
changing in the inter-cilia fluid (and concerned 
with wave-alike movements of fluid). 

More detailed than effective and recovery 
stroke, cilium’s beating can be divided 

in four phases: 
1. Phase ”Bend”. Calcium ions are going 

through channel in cell’s membrane and moving 
up to the negative charged axoneme. At first ax-
oneme charge doesn’t change due to participation 
of ion in ATP hydrolyze (that is the reason of 
conformation changes in dynein and tension of 
dynein arms). Then negative charge of the ax-
oneme is neutralized and there’s increase of calci-
um concentration appears at the basal body. Then 
the channel closes. 

2. Phase ”Relaxation”. Reduction of ATP mole-
cules begins, followed by release of calcium ions 
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going into inter-cilia fluid though calcium chan-
nels in axoneme’s membrane. With inter-cilia fluid 
calcium ions are transported to the next cilium and 
initiate bend phase there, after crossing the thresh-
old of the ions concentration. Tension of dynein 
arms decrease and due to this rigidity of cilium 
decreases too. Cilium starts to behave like string.  

3. Phase ”Return”. Flow of calcium ions going 
out of cilium’s plasmolemma generates opening of 
calcium pump (that is situated at the other side of 
cilia) 

4. Then goes another phase of relaxation and 
then new bend. 

Flow of the ions through the channel in biologi-
cal membrane can be also controlled not only with 
changing of calcium ions’ concentration but with 
changing of its thickness. Signal for synchroniza-
tion of cilia’s beatings is supposed to be calcium 
concentration changing in the inter-cilia fluid (and 
concerned with wave-alike movements of fluid). 

IV. INFORMATION AND COMPUTER MODEL 

OF CILIUM

Cilium is considered as mechanical model of sys-
tem consisted of solid bodies, connected with 
flexible linkages [1]. 

Scheme of synchronization shows the concep-
tion of cilia’s beating mechanism. It consists of 
triggering impulse signal block, two logic blocks 
OR (that choose type for control of open-close 
state of right and left channels– by potential 
changing or changing of thickness of the mem-
brane), two logical blocks C1 and C2 that simulate 
left right channels, ten E1-E10 showing elements 
of cilium’s axoneme interacting with calcium ions 
in the bend phase, two blocks E11-E12 showing 
elements of axoneme interacting with calcium ions 
in the return phase. Delay blocks: 

Delay of calcium ions in the channels controlled 
by potential (t

1
)

Delay of calcium ions in the channels controlled 
by changing of the membrane thickness (t2)

Delay of calcium ions due to diffusion up to the 
end of axoneme (between axoneme elements) (t3)

Delay of calcium ions due to diffusion from 
right channel to the left (t4)

Delay of calcium ions due to diffusion from left 
channel to the right (t5)

Next time characteristics are proposed in this 
model:  

Cycle of beating Tc =1/fk =0.2 s; 

Duration of bend phase Tb =9t3; 

Duration of relaxing phase after bend: Trb =t3 

Duration of relaxing phase after return: Trr =t2

+t5

Correlation of phases duration is known from 
experiments [5]: 

Tb+Trb+Trr =(4 -6)Tc 

Figure 2 Information model of synchronization 

Model was realized using Mathlab Simulink. On 
figure 3 you can see signal distributing during 
bend phase (on the upper graph) and distributing 
of signal during return phase (on the lower graph).

Figure 3 Distribution of signal 

CONCLUSIONS

This work describes structure and mechanism of 
cilium beating motion considering membrane 
transport systems and calcium ion as coordinating 
agent of this process. 

Its initiation and synchronization processes are 
modeled in Matlab Simulink. 

Researching of these processes will be contin-
ued and this model will be combined with mechan-
ical model of cilium. 
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A bst ract ! Defects in apoptosis signaling contribute
to drug resistance or chemo-resistance of tumor
cells. The identification of novel compounds and drug
targets involved in apoptosis regulation is still a
major roadblock to anti-cancer drug development.
This is due to the lack of a high throughput apoptotic
screening system. It will be beneficial to be able to
screen for compounds that specifically induce
apoptosis and systematically measure their dynamic
activities in real time under anti-cancer drug stimuli .
For this goal, this project is to develop fluorescence
reporters using lung (PC-9), breast (T47D) and liver
(HepG2) cancer cell lines for the profiling of the
intrinsic apoptosis pathways which involve the
transcription factor; nuclear factor kappa B (N F!B)
that initiate the transcription of c-IAP-2 gene.

I. INTRODUCTION

Apoptosis plays an essential role in development of 
many tumors such as cancer, autoimmune diseases 
and neurodegenerative disease.  The key factor of the 
survival of malignant cell is due to resistance towards 
apoptosis. Therefore, one of the main goals for 
oncologic treatment is to overcome resistance of
tumor cells towards apoptosis [1].The apoptotic 
response to stresses (e.g. anti-cancer drugs, 
deprivation of growth factors, or irradiation) is a 
complex process mediated by caspases activation. 
This is a result of coordinated regulation of pro- and
anti-apoptotic proteins. NFkB can activate the 
inhibitors of apoptosis proteins IAPs which are anti-
apoptotic proteins that directly inhibit caspases 
activities. Survival signals such as those coming from 
growth factor receptors can activate the transcription 
factor NFkB which then upregulate the expression of 
IAP [1]. Additionally, It has been thought that the 
synthesis and activation of IAPs are regulated by the 

transcription factor NFkB [2] Aberrant activation of 
NFkB is believed to activate the promoter of cIAP-2
gene, thus aberrant activation of NFkB promotes 
tumor growth by increasing transcription of genes 
that are anti-apoptotic such as IAPs. It was 
demonstrated that c-IAP-2 promoter gene contains 
three NFkB recognition sites located at -210,-197 and
-147 in the promoter of c-IAP2 gene. Therefore, 
tagging the promoter of c-IAP-2 with d4EGFP gene 
will allow us for real time monitoring of activation of 
NFkB. 

II. MATERIALS & METHODOLOGY

For the real time monitoring of NFkB activation,
three fluorescence reporter cell lines from human 
cancer cells will be developed using pcIAPp-
d4EGFP sensor plasmid. This plasmid contains c-
IAP2 promoter gene fused with florescence reporter 
gene d4EGFP. The obtained result from the stable 
transfected cell lines will be further used for drugs 
screening using Interleukin-1 that have the potential 
of activating NFkB, thus the binding between 
activated NFkB and its response elements could 
drive the GFP expression due to the presence of the 
three NFkB recognition sites on c-IAP2 promoter.

Biological and Chemical Materials

PC-9, human lung cancer cell line, HepG2, human 
liver hepatoma cells and T47D, human breast cancer 
cells will be used for the construction of reporter cell 
lines. RPMI (sigma,USA) growth media for PC-9,
MEM for HepG2 and a mixture of F12 and DMEM 
media for T47D will be prepared for cell culture.1X 
Phosphate-Buffered Saline (PBS) will be used for 
cell washing. Minimum Essential Medium Eagle 
(MEM, Sigma) will be prepared without serum and 
phenol red for visualization purpose. The plasmid 
pSyntata-d4EGFP sensors will be used for transient 
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transfection. G418 (Technologies, Inc) will be used 
in stable transfection. Interleukin-1 will be used to 
induce NFkB activation after in stable transfectioned 
reporter cell lines.

Transient & Stable Transfection

Each cancer cell type will be grown in 6 wells plate 
and maintained in growth medium at 37°C incubator 
with 5% CO2. When cultured cells reach 80% 
confluency, they will be respectively transfected with 
pSyntata-d4EGFP sensor using FuGENE-6 reagent. 
After two days of transient transfection, cells will be 
treated with G418 to insert the plasmid into their 
nucleus. After successful stable transfection, cells 
will be treated with Interleukin-1 to induce d2EGFP 
expression which is an indicator of NFkB activation. 

FACS Analysis & Sorting 

After two weeks of stable transfection, cloning rings 
will be used to select clones with GFP expression 
after stimulation. To select stable transfected 
colonies, cells after electroporation will be 
transferred to 10 cm dishes. After two weeks, 
fluorescence cell colonies will be marked on the 
bottom of culture dish using microscope. After 
marking, all the media will be aspirated and cells will 
be rinsed with 1X PBS. Cloning rings will be then
put on the marked places and then trypsin will be 
used to detach cells in the cloning rings. After 2 
minutes in incubation selective colonies will be 
detached and then growth medium will be put inside 
the cloning ring. Then cells suspension will be put 
into the 24-well plates and culture for approximately 
for one week with G418. After culture expansion,
three of the wells from 6 wells plate containing 
transfected cells will be used for the FACS analysis. 
Cells from each of the well will be trypsinized and 1
mL of cells suspension media will be transfered to 
FACS tubes for FACS analysis. 

III. RESULT 

F igure1.T47D stable transfected cells using Fugene6

F igure2.PC-9stable transfected cells using
electroporation

F igure 3. F A CS analysis images of transfected PC-9

IV. DISCUSSION 

While we are waiting for the final testing stage of the 
construction of the new pcIAPp-d4EGFP plasmid 
which use the pSyntataLUC as the backbone plasmid 
(requested from Lee Group) and replace the existing 
luciferase reporter gene with d4EGFP gene by our 
group, the above experimental results were done 
using another plasmid called pCaspase3-sensor. Fig.1 
shows a snap shot of one of the region in 6 wells 
plate with the best fluorescence images of T47D 
cells. The images indicate that pCaspase-3 sensor 
gene was transferred in the cytoplasm and caspase 3 
is inactive because of fluorescent protein has not 
been cut and translocalized into the nucleus. Fig.2 
shows the same result but for PC-9 cells. The above 
reported cell line will be further used for drugs 
screening using 2µM staurosporine that have the 
potential of activating caspase 3. Finally, in order to 
know how many cells have stable transfected 
pCaspase-3 sensor , FACS   analysis was successfully
performed with PC-9 cell line (figure 3). 
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Abstract — There are different methods to reclaim 
bulk material from hoppers and silos. One of these 

is the use of a conveyor belt. The calculation of the 
internal pressures in a hopper and the design of the 

feeder are very complex. Aim of the described 

project was to create a software program in order 
to dimension a hopper or silo and the belt feeder. 

The program was written in Visual Basic for 

Application which is integrated in Microsoft Excel. 
The calculation is based on valid standards, on 

standard literature and on own considerations.  

I. INTRODUCTION

Reclaiming bulk solids from hoppers by a belt feeder 
is commonly used when the hopper is used as storage 
in order to guarantee the steady flow of the material, 
or when efficient handling between non-continuous 
conveyors and a conveyor belt is required (“Figure 
1”). Beside, belt feeders provide a very cost effective 
method of feeding because of their low initial capital 
cost and high reliability [1]. Therefore, an accurate 
dimension is required. Due to the complexity of the 
calculating process, a proper verification often gets 
neglected resulting over-dimensioned feeders. The 
calculation-program described in this paper has the 
goal to make the design of hoppers and belt feeders 
easier and faster. 

Figure 1: Hopper and a belt feeder as an example 
for their use as link between non-continuous and 

continuous conveyors [2]. 

II. CALCULATION WORKFLOW

As can be seen in “Figure 2”, the program consists of 
nine forms. All required input data have to be entered 
in the following seven input forms. Before the 
calculation starts, all input data are checked. If a data 
is out of range, the program gets back to the relevant 
input form. The calculated output data are shown in 
two forms: one for the hopper data and one for the 
feeder data. 

Figure 2: Workflow of the software program 
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III. INPUT DATA

The software program needs a lot of input data for 
calculating. In order to guarantee user-friendly forms, 
all the input boxes were clearly arranged. 
Furthermore, several helping, schematic drawings are 
implemented in the forms (“Figure 3”). 

Figure 3: Screenshot of the fourth input form 

Most of the input data are related to the geometry 
of the bunker and the hopper. Moreover, certain belt 
characteristics have to be entered. Those are the 
weight and the bodywork of the belt, friction factors 
and safety parameters. The bulk material can be 
chosen out of a list of common bulk solids. 

IV. CALCULATION

The calculation is separated into three parts. In the 
first part, all input data are checked weather their 
value is within a certain range. If the data are correct, 
the calculation begins. If not, the program stops and 
shows again the relevant input form, where the user 
is forced to change the data.  

The second part contains the calculating of the silo 
and hopper loads, which is mainly based on the valid 
standard [3] and own considerations. Finally, the 
third contains the dimensioning of the belt feeder. 
This calculation is again based on the valid standards 
[3, 4] and standard literature [5, 6]. 

V. OUTPUT DATA

There are two output forms. The first one shows the 
maximum loads in the bunker and in the hopper 
(“Figure 4”). They are separated into vertical and 
horizontal pressures. The second output form 
contains the required power of the driving unit and 
belt strength. Also the discharge parameters as belt 
speed, volumetric and mass flow rate are shown. 
Further more the minimum required tension force is 
displayed, as well as maximum distance between the 
support rollers. 

In case of two- or three-parted belt guidance, the 
minimum required length for changing from the 
cavity to the flat run of the belt is also an important 
output data and shown on the second output form. 

Figure 4: Screenshot of the first output form 

VI. CONCLUSION

With this calculation program the dimensioning of 
a silo and belt feeder can be done in a very fast way. 
Furthermore, it is possible to compare different 
models varying in geometry or in the stored material 
very easily.  

For future prospects, the software is going to be 
expanded. A selection of different reclaiming units, 
such as screw conveyors or vibration conveyors will 
be implemented and the calculated results will be 
evaluated by experimental tests. 
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Abstract — This work shows the designing and 
development of the carrying frame of a device 
which serves to adjust the sensorial systems into the 
desired position. The main goal was to develop a 
working body shape, minimising the mass, maximis-
ing the stiffness, all this also regarding the manu-
facturing process which is casting. The carrying 
frame was designed in CAD system CATIA V5, step 
by step calculated with FEM analysis and optimised 
after. The final output was an aluminium cast satis-
fying all the requirements of the sponsor. 

I. INTRODUCTION

    There are already many examples of working 
sensory system positioners, however none of them is 
for comercial use nor is it fullfilling parameters re-
quired by the sponsor to be used in the way they 
demand. Therefore it was necessary to do a new step 
and develop a new device for positioning of sensory 
systems also with the object lock-on tracking func-
tion in real time.  

II. DESIGN REQUIREMENTS

    The device should have an observatory and moni-
toring function mainly in the military industry.  
The input requirements for the carrying frame design 
were: 

1. Stiff connection between the vertical and the 
horizontal axle drives 

2. Provide a covered space for all necessary elec-
tronics and controlling elements  

3. Ability to position sensory systems with 
maximum weight load up to 40kg  

4. Ability to withstand an impact force of 30G, 
while the vertical axle is out-positioned by 30° 

III. THE DESIGN ITSELF

     Figure 1 shows the topology and geometry of the 
final product developed in CAD system CATIA V5. 
From two possible shape concepts (shapes I,U) of the 

construction, the shape U was chosen, it provided 
better balance and inertia moments of the whole 
sensory systems positioner.  
     Whole body shape of the carrying frame is con-
ceived regarding the requirement of high load capac-
ity, minimal weight and with the space for electron-
ics. The cooling for the electronics is provided 
through out the body of the carrying frame and the 
covers on the sides which are heavily ribbed to pro-
vide larger cooling surface.  

Figure 1: Sensory system positioner assembly 

Shape of the carrying frame is not symmetrical. 
Figure 1 shows that the right side of the frame is 
longer. This is due the fact that this arm is disposable 
and interchangeable, which gives space to variate the 
lengths according to used sensory systems container. 
The overall width of the frame on Figure 1 is for the 
used setup 760mm. From the point of cast manufac-
turing process, the thickness of the walls in every 
spot is designed to be 10mm. The final mass of the 
carrying frame including the interchangeable left arm 
is 28kg. 

IV. OPTIMALISATION

The default material for the cast is an aluminium 
alloy AC-AlCu4Ti STN 42 1433, where the yield 
strength is 260MPa. When preserving the function of 
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the frame, the priority is it to maintain great stiffness 
to ensure that in the accidental state of 30G, any 
damage to the vertical axle and thus the sensory 
system won’t occur. Used for the whole optimalisa-
tion was the FEM analysis integrated in the CAD 
system CATIA V5, which is using the ANSYS 
solver. The first computed results showed big stress 
peaks in the critical spots. The task now was to dis-
tribute the stress from the critical spots to the body of 
the frame and so reduce the peak values of the stress 
which were twice as high as the yield strength of the 
material. Figure 2 shows the setup used for the FEM 
analysis.   

Figure 2: FEM analysis loading force scheme 

These forces are the results of decomposition of 
the main force which is produced by the total maxi-
mum weight of the sensory container (40kg) + 
weight of the vertical axle drive (20kg) and the 30G 
multiplication in 30° angle.  

With the step by step optimalisation and regarding 
the rules for minimising stress [1], better stress dis-
tribution was achieved lowering the maximums to 
acceptable 215MPa (according to von Mises, Figure 
3) which is lower that the material yield strength.

Figure 3: Stress distribution according to von 
Mises 

Maximum displacement has now the value of 
∆=4,5mm which is significantly lower then the ac-
ceptable maximum of 10mm. 

V. THE PRODUCTION

The parts of the carrying frame were cast sepa-
rately. For creation of the cores (used for casting) 
Rapid Prototyping technologies like Z-Cast and 
FDM were used. Figure 4 show the final casts. 

Figure 4: Casts of the carrying frame 

The next step was machining of the functional sur-
faces to create a final usable product. 

VI. CONCLUSIONS 

    On the Faculty of mechanical engineering at the 
University of Žilina the carrying frame of the sensory 
system positioner was developed and designed. It 
was designed in conjuncture with the sponsor re-
quirements, it was optimised and finally produced. 
The next step is assembling the whole construction 
and prepare it for the first testing.  
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Abstract — In this paper, we present a planar 

inductive displacement sensor which is used to 

measure ground reaction force (GRF), in order to 
determine the acting point of equivalent force ex-

erted on a foot of humanoid robot. The sensor is 

composed of two sensor elements. The first sensor 
element works independently and determines verti-

cal displacement which is proportional to normal 

force distribution. The second sensor element uses 
information obtained from the first sensor element 

in order to determine the horizontal displacement 

which is proportional to shear force distribution. 

I. INTRODUCTION

This paper proposes a new possible application of 
planar electromagnetic sensors which are the most 
common applicable in processes which require 
nondestructive evaluation. 

A planar inductive displacement sensor could be 
used as a ground reaction force (GRF) sensor to 
provide dynamic balance for legged locomotion. 
The sensor is constructed to detect normal, as well 
as shear loads. Force sensors applicable in robotics 
are mainly constructed to estimate the distributed 
normal forces [1], [2]. There are sensors which 
detect both normal and shear loads [3], but these 
sensors have a small force range and they have a 
problem with decomposing signals when both nor-
mal and shear loads signals exist. 

This paper addresses a simple force sensor for 
measuring GRF in order to preserve dynamic bal-
ance of the biped mechanism. 

II. THE SENSOR INSTALLED IN THE FOOT

Design, realization and input inductance measure-
ment of inductive displacement sensor are described 
in [4]. In this paper the aim is to implement the 
sensor in a foot of humanoid robot. The scheme of 
robot foot is depicted in Figure 1. The length of the 
foot is 300 mm. 

The positions of sensor elements, installed in ro-
bot foot, are schemed in Fig. 2. In each corner of 
the foot, the first sensor element is implemented. 

Between elements in the corners, the second sensor 
element is implemented as it could be seen in Fig-
ure 2. 

Fixed coils, of all sensor elements, are mounted 
on rigid part I. Short-circuited coils of all sensor 
elements are mounted on rigid part II. There are 
rubber springs between rigid part I and II, holding 
these parts in mutually parallel position when the 
foot is in swinging phase. When robot foot touches 
the ground, GRF acts upon the foot at the acting 
point. Rubber springs between rigid part I and II 
compress under influence of the force. Compres-
sion is proportional to normal and shear compo-
nent of the force. 

Figure 1: Scheme of robot foot. The length of the 
foot is 300 mm 

Figure 2: Position of sensor elements installed in 
robot foot 
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III. DISCUSSION

Depending on how the foot touches the ground it 
might happen that short-circuited coils make small 
3D rotations. For this practical application of the 
sensor, it was important to examine if the charac-
teristics of the sensor were almost the same when 
coils were not parallel. Two the most common 
cases were analyzed, when a short-circuited coil 
rotates around y-axis and when rotates around x-
axis.

Each element was electrically tested by Imped-
ance Analyzer HP4194A, at the frequency of 1 
MHz. Calculated results were obtained by simula-
tion tool developed in MATLAB. Calculated and 
measured results of input inductance LIN of the 
first sensor element, for angles between coils 

= 0°, = 0.4 ° and = 0.9°, are presented in 
Figure 3. 

There are small deviations between characteris-
tics for different angle  between coils. Results 
showed that deviations are negligible. Small devia-
tions between characteristics were obtained for the 
second sensor element as well for the case when 
coil B rotates around y-axis. Sensor gives correct 
information about displacement, regardless how 
the foot touches the ground.  

The aim is to use the sensor as GRF sensor, so it 
was important to examine if the absolute error of 
the acting point detection is acceptable. The abso-
lute error is introduced by measuring nonlineari-
ties and assembling uncertainties of the first sensor 
element and horizontal displacement of the coils 
(in x-direction). The foot was placed in the centre 
of coordinate system, as it is shown in Figure 1. 

Results, presented in Figure 4, show that for the 
most critical case, xR = 0, the absolute error is the 
largest. The sensor performs nonlinear measure-
ment which enables better foot actuation. When 
the acting point is farther from the foot edge, the 

Figure 3: Calculated and measured values of input 
inductance LIN of the first sensor element when 

coil B rotates around x-axis
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Figure 4: Absolute error of the acting point detec-
tion, introduced by measuring nonlinearities of the 

first sensor element. 

absolute error lessens. There is no absolute error 
when the acting point is in the middle of the foot, 
owing to equal normal components on the front 
and back part of the foot. Due to symmetry only 
the position of the acting point in the first half of 
the foot was analyzed. Calculated values of the 
acting point detection are acceptable. 

IV. CONCLUSION

This paper proposes a possible application of pla-
nar inductive sensor as GRF sensor. Results have 
showed that if the sensor is implemented in robot 
foot it should correctly detect displacement. Calcu-
lated deviations between acting point and measured 
acting point of exerted force are acceptable.  
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Abstract — A discrete vortex method is presented for the
analysis of the aerodynamics of bridge sections in a turbu-
lent flow and the associated aerodynamic admittance. The
turbulent upstream flow is modeled from semi-empirical spec-
tral densities for a turbulent flow in the atmospheric boundary
layer to capture realistic physical properties in the simulated
flow. A simulation of the Øresund bridge shows that the tur-
bulent velocity field generated by the simulated upstream flow
reproduces the spectral densities of the atmospheric boundary
layer flow. Furthermore the extracted aerodynamic admittance
shows excellent agreement to wind tunnel data.

I. INTRODUCTION

The two-dimensional (2D) discrete vortex methods are
presently being used by the bridge design industry to an-
alyze aerodynamic properties of bridge sections in a lam-
inar oncoming flow. The laminar flow simulations [1] are
used to calculate the mean aerodynamic forces at differ-
ent angles of attack, and the flutter derivatives, which are
used to analyze the aerodynamic stability of the bridge
section. By implementing a turbulent oncoming flow, an
investigation of the response of bridge sections to tur-
bulent flow is facilitated, including the aerodynamic ad-
mittance. The aerodynamic admittance acts as a spectral
transfer function between the turbulent fluctuations of the
oncoming flow and the resulting buffeting forces acting
on the bridge. Presented in this paper are simulations of
the Øresund bridge, which connects Copenhagen, Den-
mark and Malmö, Sweden. The bridge has a longest span
of 490 meters and has a double deck truss girder with a
geometry as seen in Figure 1.

II. THE DISCRETE VORTEX METHOD

The governing 2D Navier-Stokes equations are solved in
vorticity-velocity form

Dω

Dt
=

∂ω

∂t
+ (u · ∇)ω = ν∇2ω, (1)

where u = (u, v, 0) denotes the fluid velocity and ω ≡
∇×uez the fluid vorticity. ez = (0, 0, 1) is the unit vec-
tor perpendicular to the 2D plane, and ν is the kinematic
viscosity of the fluid. The convection-diffusion equa-
tion (1) is discretized using Lagrangian vortex particles

Figure 1: The instantaneous position of the vortex parti-
cles of the simulated flow past the Øresund bridge.
(- - -) The release ladder of the upstream vortex particles.
(−→) Definition of parameters.

(xi,Γi) and solved using viscous splitting [2]:

dxp

dt
= u(xi), and

∂ω

∂t
= ν∇2ω. (2)

The particle velocity (ui) is computed from the Biot-
Savart relation:

u(x) = U− 1

2π

np∑
i=1

Γiez × (xi − x)

|xi − x|2 . (3)

Γ denotes the particle circulation Γ =
∫ ∫

Ωp
ω dx dy,

where Ωp is the area occupied by the particle, and np

is the number of discrete particles. U is the free-stream
velocity. To reduce the computational cost of the sim-
ulation (3) is solved using a fast multipole method [3].
A no penetration and no-slip boundary condition on the
solid boundaries are satisfied using a boundary element
method (BEM). The BEM determines the unknown vor-
ticity at the boundary γ, by using vortex sheets of linear
varying strength. The aerodynamic forces acting on the
bridge section are computed by the pressure distribution
from the flux circulation at the boundary

1

ρ

∂p

∂s
= −∂γ

∂t
. (4)

s is the normal vector of the surface element and ρ the
density of the fluid.
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III. MODELING TURBULENT FLOWS USING
VORTEX PARTICLES

The turbulent oncoming flow is modeled by introducing
vortex particles upstream of the bridge section. The cir-
culation assigned to each of the upstream vortex parti-
cles, is calculated such that the velocity field, induced by
the particle cloud, achieves the same statistical proper-
ties as an atmospheric turbulent wind. This is done by
implementing a release ladder as seen in Figure 1. Time
signals of the velocity at each corner point are obtained
by Fourier transforming semi-empirical spectral densi-
ties of the velocity components u and v, proposed by the
ESDU [4]. The circulation of a released particle is then
found by integrating the instantaneous velocity field of
each cell

∮
S u · dr assuming a linear variation between

the corner points. dr denotes an element of the closed
curve S of the cell.

IV. SPECTRAL ANALYSIS AND RESULTS OF
THE SIMULATIONS

Figure 1 shows an instantaneous flow image of the sim-
ulation performed at Reynolds number Re = U c/ν =
104, where c is the chord length of the bridge section.
The velocity at an upstream sampling point as well as the
resulting aerodynamic forces acting on the bridge sec-
tion, are sampled at each time step of the simulation.
Using Fourier transforms, spectral densities of the ve-
locity and aerodynamic force signals are produced. The
noise of the spectra are reduced by basic signal process-
ing techniques e.g. windowing and averaging. The simu-
lated velocity spectra Suu and Svv (not shown) are found
in good agreement with the ESDU target spectra [4] in-
dicating that the simulated flow reproduces the statistical
characteristics of an atmospheric turbulent wind. Other
important properties of the flow e.g. turbulence length
scale and the spatial correlation of the velocity field, was
likewise found in good agreement with properties pro-
posed by ESDU [4]. The aerodynamic admittance of the
lift force χL and the pithing moment χM are defined as

χ2
L(k) =

SL(k)(
1
2ρUc

)2 [
4C2

LSuu(k) +
(
dCL

dα + CD

)2
Svv(k)

] (5)

χ2
M (k) =

SM (k)(
1
2ρUc2

)2 [
4C2

MSuu(k) +
(
dCM

dα

)2
Svv(k)

] . (6)

CL, CD, CM are the mean aerodynamic forces for lift,
drag and pitching moment and dCL

dα , dCM

dα their deriva-
tives with respect to the angle of attack α. In Figure 2
the simulated aerodynamic admittances are compared to

experimental data as well as thin airfoil theory presented
by Liepmann’s approximation of the Sears function [5].
Though the simulated aerodynamic admittances are sig-
nificantly higher than the Liepmann approximation, they
show excellent agreement to wind tunnel tests. On both
aerodynamic admittances a peak is identified at the re-
duced frequency fc/U = 1.80, where f is the frequency.
The peak is caused by vortex shedding at the trailing edge
of the bridge section cf. Figure 1.
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Figure 2: Aerodynamic admittance as function of the re-
duced frequency (fc/U ) compared to experimental data
and thin airfoil theory.

V. SUMMARY

A novel two-dimensional discrete vortex method has
been presented for the simulation of aerodynamic admit-
tance in bluff body aerodynamics. Simulations of the
aerodynamic admittance of the Øresund bridge are com-
pared to experimental data of wind tunnel tests showing
excellent agreement. The implemented turbulent flow
successfully reproduces the statistical and spatial char-
acteristics of an atmospheric boundary layer, making the
method a valuable tool in bridge design.
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Abstract — This paper presents a real-time 

obstacle avoidance method for mobile robots that 

has been tested in the Intelligent Ground Vehicle 

Competition (IGVC2009) and won 4th place out of 

50 participating schools. This method fuses data 

from multiple sensors (a laser range finder, 

orientation sensor, camera and encoders), and 
utilizes a 2D local occupancy grid. By generating 

three virtual arcs centered on the robot it provides 

early obstacle detection and a dynamic response. 

The robot can change its orientation as well as 

average speed, acceleration and its response time 

depending on the density of the obstacles and their 
proximity from the robot. This allows for achieving 

a faster, efficient and safe autonomous vehicle with 

a smooth trajectory without prior knowledge of the 

environment. 

 

 
I. INTRODUCTION  

The Intelligent Ground Vehicle Competition 
(IGVC) is an annual event which provides hands-on 
design experience for engineering students to build 
fully autonomous ground robots and compete 
among the teams at Oakland University, Michigan, 
USA in June every year since 1993.  In obstacle 
avoidance challenge, vehicles must negotiate 
around an outdoor obstacle course while staying 
within the 5 mph speed limit, and avoiding the 
obstacles on the track. The track is laid out on grass, 
with natural and artificial inclines, complex 
obstacle arrangements with switchbacks and center 
islands. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   The City College team has designed and built an 
autonomous robot (named Elvis as shown in Figure 
1) specifically aimed for the IGVC obstacle 
avoidance challenge; which has proved to be one of 
the most successful among the competitors in the  
IGVC’2009. It maintained first place in the 
competition in the first two rounds until the last 
round where one of the encoders failed, resulting 
the 4th place in final score board.   

Autonomous vehicles have been of interest to 
many researchers due to their wide applications in 
military, surveillance, and scientific exploration. 
Some of the popular methods for obstacle 
avoidance proposed before are the Potential Field 

Method (PFM) [1] and the Vector Field Histogram 
method (VFH) [2]. However these methods have 
limitations discussed in [3] and [4] that we have set 
to improve in our proposed method named Multi 
Range Arc Detection (MRAD). 
 
II. THE MULTI RANGE ARC 

DETECTION METHOD 
For IGVC’2009 competition, we developed a 

real-time obstacle-avoidance algorithm for fast 
mobile robots, named Multi Range Arc Detection. 
The method has a basic algorithm (called the pilot) 
for common easy obstacle avoidance and a more 
advanced algorithm (called the co-pilot) to extract 
the robot from traps. The method also considers the 
dynamics and kinematics of vehicles in motion and 
aims at generating smooth transitions between  

Figure 2: Red circles are detected obstacles, 
Green arcs are potential openings, Red arcs 
represent blocked path. 

 
Figure 1: Elvis 2009 
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states, without generating abrupt changes in heading, 
oscillations or stopping to acquire readings about the 
surrounding as previous methods did.  
MRAD method uses a local map, which is a two 
dimensional array representing the world in front of the 
robot. The robot is placed at the bottom center of the 
map with a set of three virtual concentric arcs centered 
around it, as shown in Figure 2. The arcs provide 
information on the number of openings available, their 
size, location with respect to the robot, and the density 
of obstacles and how far they are. Based on that 
information the robot changes its behavior. It could 
move fast forward and make shallow turns when a low 
obstacle profile exists, or move slow and make sharper 
turns when obstacles are cluttered and too close. We 
have developed two methods discussed below and we 
compared the results in section III. 

 
A. THE ONE ARC ALGORITHM 
 

The algorithm simply probes for obstacles along the 
perimeter of the arcs. When an arc is intersected by two 
or more obstacles, arc sections are formed. These arc 
sections are the potential openings between obstacles. 
The length and starting point of the arc is stored in two 
one-dimensional arrays. These arrays are then filtered 
based on the width of the robot and the opening that 
requires the smallest angle of deviation. In our case for 
IGVC, openings were also filtered based on whether 
they fell inside or outside the road lanes generated by 
the computer vision. After the final opening is chosen, 
the angle of deviation is commanded to the motor 
controller and the robot aligns itself with the center of 
the opening as it is approaching it in real time. 
 
B. THE MULTIPLE-ARC ALGORITHM 
 

In order to improve the performance the algorithm 
was reconstructed with three arcs. Each arc has different 
speed and PID parameter associated with it. Each arc on 
its own behaves as described in the one arc algorithm 
section however with its own preset parameters. The 
arcs are given hierarchy, from center out. The robot will 
respond to closer obstacles intersecting the inner arcs 
before it responds to farther obstacles detected by outer 
arcs. The parameters for the outer most arcs are set and 
tested based on spaced out obstacle settings. While the 
inner most arc parameters are set to most critical and 
high response tight fit situations. The middle arc is an 
intermediate solution for both extreme cases and it is 
usually the most active of all three arcs. The layering of 
arcs was tested and showed significant improvement 
over the single arc algorithm as discussed in section III. 

 
III. RESULTS 

 
The initial approach of a one arc algorithm was 

successful in traversing narrow and wide passages. After 
fine tuning the motor controller feedback system it did 

not experience any oscillations. It avoided various 
obstacle formations including switchbacks. 
However it often collided with close by obstacles   
as it avoided farther away ones. This result has led 
us to develop multiple arcs in order to expand the 
number of obstacles that can be tracked at once. By 
introducing three arcs, that trigger different 
dynamic behavior of the robot, we were able to 
solve the limitation of the one arc method and avoid 
even more difficult static and dynamic obstacles. 
The improvements allowed the robot to traverse the 
obstacle course making adjustments to its speed and 
rate of response before it reaches obstacles and as it 
passes through, which permits for continuous and 
more effective correction to the trajectory and 
successful obstacle avoidance.  
 
IV. CONCLUSION  
 

As part of participating in the IGVC 2009, we 
have developed an obstacle avoidance method 
which utilized cutting edge laser technology and 
computer vision. MRAD provided improvements 
over older obstacle avoidance methods by 
expanding the range of obstacle formations without 
experiencing oscillations, abrupt change in heading, 
failure to pass between obstacles and by increasing 
immunity to traps. The MRAD has proven its 
capability of traversing a complicated obstacle 
course at 5miles/hour without prior knowledge of 
the environment. Using the MRAD algorithm we 
set a record of 437 feet traveling distance and won 
the 4th place in the IGVC’2009 competition. 
 

   REFERENCES 
 

[1] I. Ulrich and J. Borenstei. VFH+: Reliable 
Obstacle Avoidance for Fast Mobile Robots. In 

Proceedings of IEEE Int. Conf. on Robotics 

and Automation, pages 1572-1577, May 1998. 
[2]   Y. Koren and J. Borenstei. "Real-time Obstacle 

Avoidance for Fast Mobile Robots." 
IEEE Transactions on Systems, Man, and 

Cybernetics, 19(5):1179-1187, Sept/Oct 1989. 
[3]  Y. Koren and J. Borenstei. Potential Field 

Methods and Their Inherent Limitations for 
Mobile Robot Navigation. In Proceedings of 

the IEEE Conference on Robotics and 

Automation,  pages 1398-1404, Sacramento, 
California, April 1991. 

[4]  Lu Yin and Yixin Yin. An improved potential 
field method for mobile robot path planning in 
dynamic environments. In Proceedings of the 

7th World Congress on Intelligent Control and 

Automation, pages 4847-4852, Chongqing, 
China, June 2008.

36



Efficient finite difference schemes for highly oscillatory linear ODE

Jens Geier and Anton Arnold (Faculty Mentor)
Analysis and Scientifi c Computing
Vienna University of Technology

Vienna, Austria
Email: Jens.Geier@tuwien.ac.at; Anton.arnold@tuwien.ac.at

Abstract — We sketch the ideas to derive an efficient and
accurate numerical integrator for the solution of highly oscil-
latory ordinary differential equations. While standard methods
would require to resolve the oscillations of the solution in or-
der to yield good approximations, the new difference scheme
can deal with much coarser stepsizes. An analytic WKB-
transformation is used to filter out the dominant oscillations.
The resulting ODE is much smoother and hence can be dis-
cretized on a much coarser grid. Additionally advanced nu-
merical methods are used to approximate the occuring highly
oscillatory integrals.

I. INTRODUCTION

We consider a vector valued, singularly perturbed, linear
initial value problem (IVP) on the bounded interval [a, b]
of the form

u′(x) =
i

ε
L(x)u(x) +B(x, ε)u(x) , (1)

u(a) = u0 .

Here, L,B are real valued, smooth matrix functions. L
is diagonal and has pairwise distinct eigenvalues. B and
its x-derivatives are uniformly bounded with respect to
the small parameter 0 < ε � 1. The solution u is highly
oscillatory and hence ordinary solvers like Runge-Kutta
methods have to use stepsizes which are far smaller than
the wavelength of the solution. Our goal is to derive fi nite
difference schemes that can use much coarser grids.

Such equations arise, e.g., as a computationally crit-
ical subproblem in mixed quantum-classical models of
molecular dynamics [JL]. Our motivation originates from
1D semiconductor device modeling. In a single band, ef-
fective mass approximation the 1D Schrödinger equation
reads

ε2ψ′′(x) + V (x)ψ(x) = 0 . (2)

For V > 0 the wave function is highly oscillatory and
hence one needs an effi cient numerical scheme. A spe-
cially designed integrator for this scalar problem (2) was
derived in [ABN]. It allows to use stepsizes which are
larger than the wavelength of the solution ψ. Further ap-
plications from semiconductor modeling include multi-
band Schrödinger systems. This leads to a singularly per-
turbed, vector valued, second order ODE system similar

to (2). If V is a positive defi nite matrix, the system (2)
can be transformed into (1) [LJL].

II. BASIC CONCEPT

The derivation of a hierarchy of fi nite difference schemes
for the IVP (1) consits of three parts:

1. An analytic preprocessing of (1) is used to ob-
tain an equivalent system which is less oscillatory
and hence much simpler to solve numerically, cf.
[ABN], [LJL], [HLW].

We use a WKB approximation of u to construct a
linear WKB-type transformation of (1). Let n ∈ N

and defi ne

y(x) := E∗
ε (x)

( n∑
j=0

εj Tj(x, ε)

)
u(x) .

The functions T0(x, ε), . . . , Tn(x, ε) and their x-
derivatives are bounded independent of ε and it is

Eε(x) := e
i
εΦ(x) , Φ(x) :=

∫ x

a

L(ζ) dζ .

The transformation takes into account the asymp-
totic nature of the solution u with respect to ε. This
yields

y′ = εn(E∗
εSε,nEε) y (3)

y(a) = y0 .

The matrix function Sε,n and its x-derivatives are
uniformly bounded with respect to ε.

2. Let y be the unique solution of (3) and let ξ ∈ [a, b].
It is well known, that y yields a series representa-
tion (limit of the Picard iteration) of the form

y(x) =

∞∑
j=0

εnj Ij(x)y(ξ) . (4)

The iterated integrals are inductively defi ned by set-
ting I0(x) = Id (identity matrix) and

Ij+1(x) =

∫ x

ξ

(E∗
εSε,nEε)(ζ) I

j(ζ) dζ. (5)
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In order to discretize (3) we choose the grid a =
x0 < x1 < · · · < xN = b. From (4) we have on
each subinterval [xk, xk+1]

y(xk+1) =

∞∑
j=0

εnj Ij(xk+1)y(xk) .

Truncating the series after the fi rst m + 1 (m ≥ 1)
terms yields the fi rst approximation step. Straight
forward estimates show that the truncation error is
of the order O(εn(m+1)hm+1).

3. Finally we use advanced numerical methods to
approximate the occurring highly oscillatory inte-
grals. The oscillatory entries of the matrix (5) are
of the form

I[f ](x) =

∫ x

ξ

f(ζ) e
i
εϕ(ζ) dζ , (6)

where |ϕ′(ζ)| ≥ δ > 0. We use an approach which
is similar to [O]. It uses the asymptotic nature of the
integral (cf. [IN], e.g.) in order to derive quadra-
tures with error bounds of the form O(εσhq). Here
the idea is to approximate f by a function p of the
form

p(ζ) = ϕ′(ζ)
ν∑

j=0

cj ϕ(ζ)
j .

Since I[p](x) can be integrated exactly by repeated
integration by parts, we defi ne the quadrature for
(6) by

Q[f ](x) = I[p](x) .

The function p is determined by a generalized Her-
mite interpolation problem.

These three steps yield a hierarchy of explicite one
step difference schemes for (3) which are asymptotically
correct as ε → 0.

III. DISCUSSION AND FUTURE WORK

For the fi nite difference schemes, constructed with the
concept from section II, we prove stability and error esti-
mates of the form O(ε2nhm). Our theoretical results are
confi rmed by numerical tests on an example taken from
[LJL] (cf. Figure 1). If the phase function Φ is exactly
known, than the error estimates carry over to the original
variables in (1). If Φ is obtained by numerical quadra-
ture, space step limitations similar to those in [LJL] has
to be used (typically h = O(

√
ε) for a 4th order quadra-

ture rule and m = 2).
The errors in previously existing schemes ([LJL], e.g.)

were only uniformly bounded in ε. Hence, even for
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Figure 1: An example with u ∈ C4. We plot the relative
L1-error vs. h for ε = 10−1, 10−2, 10−3 (red, green,
blue). Dashed line: ε uniform second order scheme from
[LJL], solid line: our new scheme with (n,m) = (1, 2).

known phase function Φ these schemes produce a dis-
cretization error as ε → 0. But our integrators, like those
in [ABN], are asymptotically correct as ε → 0 (in the
case of exact Φ), even on a fi xed spatial mesh.

As future work we plan to generalize the above ideas
to arbitrary diagonal matrices L(x), including eigenvalue
crossings. A second focus will be on the scalar equa-
tion (2) with a coeffi cient function V (x) that changes
signs, which is important in semiconductor modeling.
This involves the coupling of oscillatory and evanescent
regimes, as well as turning points in (2) (i.e. zeros of V).
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Abstract — Because of the conservative nature of imme-
diate reference counting, many reference count operations in
an interpreter are caused by local modifications, i.e., reference
changes on the stack and in local variables. Several solutions
alleviate this problem to a large extent, but most of these are
difficult to add to existing systems.
We present a simple but aggressive optimization technique that
is easy to implement and eliminates many of the unnecessary
reference count operations: On average a reduction factor of
0.6135 can be achieved, with a maximum reduction factor of up
to 0.3801—i.e., more than half of the executed reference count
operations can be eliminated.

I. MOTIVATION

Among the currently known automatic memory manage-
ment techniques, reference counting is one of the eas-
iest to implement. Since its inception in 1960 [1], it
has been used in many systems, among others LISP,
Smalltalk, Tcl, Perl, and Python. The benefits of the ref-
erence counting technique are i) that they immediately
reclaim memory when it becomes available, and ii) the
overhead for automatic memory management is propor-
tional to mutator activity [2].

In 1976, Deutsch and Bobrow observed that many ref-
erence count operations are necessary because of chang-
ing the local state, i.e., changes to local variables or the
operand stack [2]. Whereas the immediate reference
counting approach is interwoven with the mutator and
the objects, their next step was to separate the reference
count datum from the objects and remove the reference
count operations from the mutator. This separation al-
lows them to defer the actual processing of reference
count operations, which they do in a dedicated deferral
phase—similar to the garbage collection phase of other
approaches. Using a sophisticated setup involving mul-
tiple tables, they can decide during processing of the de-
ferred reference count operations whether they actually
need to execute a reference count operation or not. Mea-
surements of the Berkeley Smalltalk-80 system indicate
that this technique saves up to 80% of the reference count
operations [3].

Using the original observation of Deutsch and Bo-
brow, viz., the frequent reference count operations

caused by local state modification, we present an alterna-
tive approach to eliminate some of these reference count
operations for an immediate reference counting imple-
mentation.

II. IMPLEMENTATION

In an interpreter using immediate reference counting,
many of the actual reference count operations are un-
necessary, i.e., multiple increment and decrement oper-
ations are due to stack operations (i.e., pushing operands
onto the stack, and popping them off the stack again).
The following example illustrates this observation in the
BINARY MULTIPLY instruction of the Python 3.1 inter-
preter:

TARGET(BINARY_MULTIPLY)
w = POP();
v = TOP();
x = PyNumber_Multiply(v, w);
Py_DECREF(v); // 1.
Py_DECREF(w); // 2.
SET_TOP(x);
if (x != NULL) DISPATCH();
break;

Here, the lines marked with 1., and 2. respectively,
denote explicit decrementing the reference count of the
operands taken from the stack (v and w). Taken by itself,
this is the correct implementation of immediate reference
counting. However, within a larger context, i.e., a func-
tion in the from of a list of bytecodes, we find that very
often, actually, binary operations are preceded by corre-
sponding LOAD FAST or LOAD CONST operations. If
we take a look at the LOAD CONST operation, we find
the following implementation:

TARGET(LOAD_CONST)
x = GETITEM(consts, oparg);
Py_INCREF(x); // 1.
PUSH(x);
FAST_DISPATCH();

As we can see, in LOAD CONST the operand x
is explicitly incremented before it is pushed onto the
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Figure 1: Illustrating the flow of reference count opera-
tions on the stack.

stack. Therefore, in a sequence of bytecodes, e.g.,
[LOAD CONST, LOAD CONST, BINARY MULTIPLY],
the implementation executes four unnecessary refer-
ence count operations (namely two increments in the
LOAD CONSTs and the two corresponding decrements
in the BINARY MULTIPLY). In other words, the stan-
dard instruction implementation in the interpreter is con-
servative, i.e., it is safe to implement them this way be-
cause this ensures correctness of the reference counting
mechanics at all times—regardless of the fact that this
invariably introduces many unnecessary reference count
operations, too.

III. ABSTRACT INTERPRETER

We use an abstract interpreter to find sequences of such
unnecessary reference count operations and rewrite these
occurrences to derivatives of the original instructions
without the unnecessary reference count operations. In-
stead of pushing values onto the stack, or popping them
off the stack respectively, our abstract interpreter manip-
ulates a stack of tuples of reference count operation data.
The tuples themselves contain the following data:

– pointer to the instruction opcode,

– the number of explicit reference count operations
occurring in the implementation of that instruction,

– the number of implicit reference count operations
occurring in the implementation of that instruction.

Whenever our abstract interpreter processes an in-
struction that has a negative explicit reference count op-
eration datum, it checks whether its operands have corre-
sponding explicit positive reference count operation data.
If this is the case, we can eliminate all of these explicit
reference count instructions by rewriting them to their
more aggressive variant.

For instance, when our abstract interpreter executes
the multiplication operation (C, BINARY MULTIPLY)
of Figure 1, and Table 1 respectively, its negative ex-
plicit reference count datum indicates that two operands
are popped off the stack and their reference counts decre-
mented. Examining the reference count datum tuples of

Instruction Operand Stack
A, LOAD FAST (A, (1, 0))
B, LOAD CONST (A, (1, 0)) (B, (1, 0))
C, BINARY MULTIPLY (C, (-2, 1))
D, LOAD CONST (C, (-2, 1)) (D, (1, 0))
E, BINARY ADD (E, (-2, 1))

Table 1: Sequence of bytecodes with operand stack of
tuples of reference count operation data.

Benchmark Standard Optimized
binarytrees 48.6434% 51.3566%
fasta 59.6799% 40.3201%
mandelbrot 29.7181% 70.2819%
nbody 42.1835% 57.8165%
spectralnorm 25.1482% 74.8518%
Averages 39.8926% 60.1074%

Table 2: Percentages of standard instructions vs. instruc-
tions that could be optimized.

the two operands, the abstract interpreter finds that the
corresponding operands (A, and B in Table 1, leftmost
two arrows above the sequence of bytecodes in Figure 1)
have two explicit positive reference count operation data.
Consequently, the Py INCREFs in the LOAD * instruc-
tions can be eliminated along with the two Py DECREF
operations inside of the BINARY MULTIPLY instruc-
tion. Table 2 shows that on average, our technique is able
to rewrite about 60% of overall executed instructions into
more aggressive derivatives.

IV. CONCLUSION

We presented a simple, yet efficient technique to elim-
inate unnecessary reference count operations in stack-
based interpreters using immediate reference counting.
Our approach reduces the number of reference count op-
erations per bytecode by a factor of 0.6135: from an av-
erage of 2.2546 reference count operations per bytecode,
down to 1.4334 reference count operations per bytecode.

REFERENCES

[1] George E. Collins. A method for overlapping and
erasure of lists. Communications of the ACM,
3(12):655–657, December 1960.

[2] L. Peter Deutsch and Daniel G. Bobrow. An efficient,
incremental, automatic garbage collector. Communi-
cations of the ACM, 19(9):522–526, 1976.

[3] Scott B. Baden. High performance storage reclama-
tion in an object-based memory system. Technical
report, Berkeley, CA, USA, 1982.

40



Embedded Real-Time Panoramic Video Tracking System 
 

Karthik Mahesh Varadarajan and Markus Vincze (Faculty Mentor) 
Vision for Robotics, Automation and Control Institute 

TU Wien 
Vienna, Austria 

Email: {kv,mv}@acin.tuwien.ac.at 
 

 

Abstract  This paper presents the design and 
implementation of a novel Real-Time Panoramic 
NTSC Video Human Tracking System based on the 
Kalman Filter on a fixed-point TMS320C6416 DSP 
processor. The system acquires real-time pano-
ramic video captured on a spherical mirror in an 
indoor environment and processes the stream to 

detect and track humans in the scene. This paper 
offers three novel algorithmic contributions - (a) 
Radial histogram based foreground extraction (b) 
Dual rhombi human feature descriptor (c) Gradient 
crossing based human categorization, in addition to 
demonstrating a DSP based practical optimization 
framework for real-time tracking of humans. A 
processing rate of 10 Hz was achieved on the 720 
MHz, 16 MB SDRAM, 512 KB system with false 
alarm rates below 10%.  

I. INTRODUCTION 

Traditional tracking systems using a standard video 
camera input to analyze motion are often bound to 

-of-View. In this paper, an 
alternate scheme using a panoramic mirror-dome, 
and a Digital Signal Processing development board 
(the TI DSK 6416, coupled with a video daughter 
board) is used to remove this angular limitation and 
track moving objects with 360 degrees of freedom. 
Kanade et al [1] and Medioni et al. [2] had previously 
demonstrated tracking in high-resolution imagery 
from panoramic and omni-vision systems. This paper 
demonstrates the feasibility of reliable operation in 
low-resolution imagery, by building a set of algo-
rithms suited to achieve this in real-time. While algo-
rithms using local feature based tracking and recogni-
tion of humans (as well as edgelets, skin chroma, 
eigen faces, component based tracking, contour 
tracking) are impractical for low resolution video, 
novel global features presented here demonstrate 
suitability for reliable real-time human tracking. 

II. ALGORITHM 

The input to the system is the live feed from the 
video camera (in NTSC format, which is converted 
by the video daughter board into 352x288 CIF). The 
main framework of the algorithm can be described as 
below.  

A. FOREGROUND EXTRACTION 

Change detection based on a Gaussian model of the 
environment (background) using the luma channel is 
used for foreground extraction.  This background 
model is combined with the STGS (Spatio-Temporal 
Gradient Scale method) [3] to yield connected fore-
ground regions. For two consecutive frames I(r, , t-

1) and I(r, , t), the radial and angular (orientation) 
component images of STGS are defined as: 

Sr(x, y) = (I(r, , t-1) - I(r, , t)) / Ir(r, ); 
S (x, y) = (I(r, , t-1) - I(r, , t)) / I (r, );  (1) 

where, Ir(r, ) and I (r, ) are the radial and angular 
spatial gradients. Homogenous and dense regions in 
Sr or S  , after thresholding, identify foreground re-
gions. The background model is re-initialized every 
two minutes in order to avoid clutter in tracking. 
 
B. ACTIVITY AND ROI IDENTIFICATION 

In order to group foreground pixels into ROIs with 
minimum computation requirements, a radial histo-
gram (histogram of orientation bins across the full 
360o) has been used. Since, the ratio of the measure 
of change in position to the size of a person in the 
angular direction is much higher than unity (unlike in 
the radial direction) resolution in this dimension is 
crucial. A sliding window on the radial histogram 
yields reliable estimates for the number, location and 
pixel occupancy of objects in motion. In this scheme, 
the use of radial histograms and circular indexing has 
circumvented the issue of reverse aliasing (non-
mapping of the vertical bounds in the rectilinear 
image to same pixels, w.r.t to the pano-image). 
 
C. OBJECT ISOLATION & FEATURE DESCRIPTION 

Refinement in the form of resolution in the range 
direction is achieved for each object independently, 
using piecewise range histograms. The panoramic 
image is unwarped and rectangular ROI correspond-
ing to each object in motion is obtained. This posi-
tional and size information, along with a global color 
feature vector is stored in a memoized data structure 
updated every frame.  Instead of using a traditional 
global color feature descriptor like the mean or me-
dian (that suffer from distribution bias), a novel, yet 
robust and computationally simple feature descriptor 
is proposed. This descriptor uses a median of four 
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neighboring pixel values at each 
corner of dual rhombi (in Figure 1a, 
a red rhombus at  the upper segment 
of the human, with corners at the 
face, 2 upper limbs & torso - global 
shirt color and a vertical yellow 

rhombus in 
the lower - 
global color of 
trousers). 

 
D. DATA ASSOCIATION AND KALMAN TRACKING  

Data association, required to correlate moving ob-
jects across frames is accomplished using the object 
feature descriptor together with a weighted sum of 
absolute differences metric. The module also takes 
care of addition, deletion and update of object IDs, 
object crossovers, track stitching during temporal 
stationarity of the object and possible occlusions 
using track histories and memoization. A constant 
velocity Kalman filter is used to estimate the next 
possible locations for each object, thereby reducing 
the visual space of operation and computation load. 
Full-frame change detection and re-initialization of 
the filter is done every few seconds, to allow acquisi-
tion of new moving objects. In this model, the proc-
ess noise covariance Q was initialized with a low 
value while the measurement noise covariance R and 
the mean angular and radial velocities u, obtained by 
controlled runs. F, B and H system matrices are iden-
tities or have identity fringes. The error covariance 
matrix P was initialized with a high value along the 
diagonal since the measured values were more likely 
to be true. Convergence was attained in ~8 frames.  

 
E. HUMAN CATEGORIZATION 

The output of the above modules identify objects in 
motion. The objects are then categorized as humans 
or otherwise using a simple rule based confidence 
assignment employing contours detected for each 
object (based on the spatial derivatives estimated in 
A). At each of the three evaluation axes (Figure 1b), 
the number of contour crossings is determined. For 

the yellow axis, corresponding to the lower limbs, 
higher confidence is assigned for 2 or 4 (varies de-
pending on the type of garment, orientation & stance, 
feet separation). The blue axis, corresponding to the 
trunk (& possibly upper limbs) supports 2, 4 or 6 
crossings, while the red axis (head), 2 crossings with 
the enclosed distance lesser than at the trunk. 
   
III. DSP OPTIMIZATION 
System requirements mandated that all processing be 
carried out solely on the DSP, including the format-
ting of the final results for direct display on an exter-
nal monitor. Several algorithmic simplifications and 
optimization techniques were used to reduce space 
and time complexity enabling operation on the DSP. 
These include: (a) Instruction Level Optimization: 
Complete elimination of floats, doubles and function 
calls with divisions replaced by bit shifting, fixed 
point arithmetic and integer rescaling (b) Memory 
Optimization: Balanced use and re-use of variables 
stored in the different external memory banks to-
gether with the internal memory (c) Unique Looping 
Strategies: Use of a system of alternate reverse 
modulus indexing for stepping between rows of the 
image, instead of linear indexing thereby improving 
cache hit likelihood (d) Pipeline & Stack Manage-
ment, Linear Assembly & Library deployments.  
 

IV. RESULTS 
The output display includes an unwarped 360o view 
of the scene with overlays of contours of detected 
humans and chromatized object ID and confidence 
measures (blue being low confidence and red, high 
confidence) in the top row (Figure 2). A Radar-like 
display also shows the position of the humans in a 
polar coordinate system. A processing frame rate of 
10 Hz and a display rate of 4 Hz was achieved using 
the system. The false alarm rate was quite low (< 
10%) with the confidence measure testing to be rea-
sonably robust (over 50% confidence level was ob-
tained with 0.95 probability only for umans). 
 
V. CONCLUSION 
A real-time human tracking system based on a pano-
ramic imaging setup has been successfully demon-
strated. The number of humans being tracked and the 
reliability of tracks are dependent on the supported 
resolution of the DSK and its computation power.  
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Figure 1 (a) Dual rhombi feature 
descriptor (b) Evaluation axes for 
human confidence measurement 

Figure 2. (a) Tracking of one 
person with high confidence (red 

bar). (b) Tracking of two objects  
one with high confidence and the 

other (a chair) with near zero 
confidence (black bar) (c) Expe-
rimental setup with camera and 

panoramic mirror. 
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Abstract — The paper at hand evaluates a new optical mea-
surement system for monitoring of unstable rockfalls. The mea-
surement procedure is based on geo-referenced images which
are taken of the area to be monitored. Monitoring can be
achieved without using signalized measurement points.
The study consists of theoretical and practical tests. Evaluation
resulted in the optimization of the measurement configurations:
3D forward intersection reaches a positional error of 0.004m
for objects in 1000m distance. Improvement of the accuracy by
factor of four can be achieved by a method, resulting from lab-
oratory tests. Parameter-variations of the point detection algo-
rithm improve the obtained results.

I. INTRODUCTION AND MOTIVATION

Rockfall is a major type of natural hazard that kills or
injures a large number of individuals and causes very
high costs every year world-wide. In the United States
of America, annually rockfalls cause estimated damages
exceeding US$ 2 billion. Figures for Europe, Asia, in
particular China, Africa and South America may easily
exceed those for the US, not mentioning secondary ef-
fects such as interruption of important infrastructure fa-
cilities or losses for the tourist industry etc.

Life with threat becomes to calculable risk by the
geodetic deformation monitoring. An in-depth monitor-
ing concept with modern measurement technologies al-
lows the estimation of the hazard potential and the pre-
diction of life-threatening situations. The movements are
absorbed by sensors, placed in the unstable slope area. In
most cases, it is necessary to enter the regions at risk in
order to place the sensors and maintain them.

The motivation for the work at hand has been the de-
velopment and evaluation of a new optical geo-risk mea-
surement system.

II. THE OPTICAL DEFORMATION MONI-
TORING SYSTEM

At the Vienna University of Technology a concept for
optical deformation measurement was developed. It uses
image processing to select distinctive non signalized
points on the slope to observe them in the deformation
monitoring process. This is achieved by total stations
which have a CMOS sensor built in their optical path.
The instruments take images from the observation field
with a resolution of 5 megapixels. In the images, the gray
scale value information of the surface texture is used by
the OpenSURF algorithm to detect distinctive points. In

each measurement epoch the 3D coordinates of as much
object points as possible are assigned. The position of
each point can be tracked over time, to monitor deforma-
tion of the object. The combination of image coordinates
with the coordinates of the object is done by a compre-
hensive calibration of the system.

The Leica TCRA1201+ works with an angle measure-
ment standard deviation of 0.3mgon and a reflectorless
distance measurement accuracy of ±2mm ±2ppm. The
OpenSURF algorithm is assumed to achieve at least an
accuracy of one third of a pixel.

III. MEASUREMENT CONFIGURATIONS

The essential criteria for such a measurement system and
the sensor configuration is the distance between the two
sensors at the distance to the object. These values have a
direct impact on the accuracy of object point determina-
tion. To seek the highest accuracy for deformation moni-
toring, the measurement configuration has to be selected
accordingly.

Basically, two configurations are possible: (1) the po-
lar method and (2) the 3D forward intersection. A de-
tailed error propagation for both methods, using the ac-
curacies of the OpenSURF algorithm, angle and distance
measurement leads to the following results:

– The polar method results in homogeneous and
isotropic error ellipses, independent of the relative
position of the observation area (baseline 50m, ob-
ject distance 200m, positional error 0.002m).

– Forward intersection results in neither homoge-
neous nor isotropic error ellipses. They tend to
spread along the measurement direction axis (po-
sitional error 0.009m).

It seems, that polar method brings better results than
forward intersection. Practical tests showed, that polar
methods can only be used for distances up to 400m, be-
cause of the limited range of the reflectorless distance
measurement tool. Furthermore, the distance measure-
ment to all points is a time-consuming task. For these
reasons the forward intersection is the preferable way for
coordinate determination. The error propagation led to
the conclusion, that a ratio baseline to distance of two
to one gives best results. For example for an object dis-
tance of 1000m and a baseline of 400m the positional
error is about 0.028m. The optimized baseline of 2000m
decreases it to 0.015m. Further improvements, which will
be discussed later, can be achieved by a higher accuracy
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of the angle measurement. An angle measurement accu-
racy of 0.08mgon would result in a positional error of
0.007m. Improvement of the point detection algorithm to
0.1pixel results in a positional error of 0.004m.

IV. EVALUATION OF ACCURACIES OF SEN-
SOR COMPONENTS

To investigate the sensor behavior in motion, extensive
laboratory tests were performed. An image was recorded
50 times and the precise location of the total station was
saved each time. The set-actual comparison of the angles
confirmed the accuracy of 0.3mgon, given by the manu-
facture. Further calculations explored the offsets between
the reference image and each test image. This tool has
an accuracy of about 0.1pixel. These values were com-
pared to the readout angle differences of the total sta-
tion. It turned out, that there is a correlation coefficient
of about 0.94, which results in the assumption, that the
accuracy of the angle measurement could be improved at
least four times (0.08mgon), if the precise value of the an-
gles were readout once more after positioning. The rea-
son for this seems to be the engine of the total station,
which is not able to reach a better position accuracy than
0.3mgon. Once, the placement is done, the actual posi-
tion can be readout with a higher accuracy.

V. IMPROVEMENT OF POINT DETECTION

AND MATCHING

The two image-assisted total stations take images of the
same object part but with different sights. The points have
to be found in both images to determine their coordinates
by 3D forward intersection. For deformation monitoring
their position has to be measured over time. The same
points, which have been found in the reference measure-
ment must be assigned later again. Outdoor conditions
complicate this process, because of changing light condi-
tions. Especially climbing shadows are a problem for the
algorithm. Figure 1 shows two images, taken by the total
stations, and their histograms. The algorithm matched 10
points, but only one match was linked correctly.

Deep investigations regarding image pre-processing
turn out that neither morphological operations, nor fil-
tering out gray scale areas, or even median filters led
to improvements. A histogram equalization can improve
the results, but a contrast-limited adaptive histogram
equalization is most efficient. The operation window is
set to 8 × 8 pixel and the contrast enhancement limit
to 0.02. The determined shape is the bell-shaped his-
togram. These parameter set is representative for most
measurements (example shown in Figure 2). The suc-
cess rate of the matching could be risen form 10% to
60%. Further improvement can be achieved by variation
of the threshold of the OpenSURF algorithm. Obviously
best results can be obtained for values of the threshold
going towards zero.

The results were confirmed by a series of measure-
ments, carried out on a glacier in the Alps - the Pasterze.

Figure 1: Original images (different places and times)
and their histograms of grayscale values

Figure 2: After the image enhancement

VI. CONCLUSION

In this paper, the measurement configuration was opti-
mized concerning expenditure of time and accuracy. Lab-
oratory tests demonstrated a possibility to improve the
accuracy given by the manufacture four times. Further-
more, the problem of shadows as well as changing
light conditions in the images was saved, by image pre-
procession. More details can be found in [1].
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Abstract  Flow around cylinders have been 
investigated experimentally for a long time and has 

a very broad literature. Our recent investigations 
by PIV (Particle Image Velocimetry) technique and 

numerical simulation gave us the idea that the in-
vestigation of vortices shed can be important from 

the aspect of being able to find a possible relation-
ship between the vortices and the heat transfer from 

the cylinder[1,2]. The main objective of the present 
experimental investigation is to determine the tem-

perature- and velocity field around a heated cylin-
der for the case of low Reynolds number. The pre-

sent experiments were also carried out in a wind 
tunnel using PIV and Schlieren system. Results will 

be useful for designing of machine structure. 

I. INTRODUCTION 

Flow around unheated circular cylinders have been 
investigated experimentally for a long time and has a 
very broad literature. Object of the present examina-
tion is investigated also belongs to this topic: electri-
cally heated cylinder placed in a parallel flow in wind 
tunnel. The main question: how will change the 
structure of vortices shed by heating? It is a basic 
research, but the results will be useful for other re-
searching (such us: transmission line, filament, tube 
of heat exchanger, factory chimney, etc.).  
The first objective of this work is to determine the 
relationship between vortices shed by a cylinder 
(velocity field) and the structure of the instantaneous 
temperature field. This research project has been 
realized within the scope of the Hungarian-German 
Intergovernmental S&T co-operation program. 
Measurements have been carried out in the Labora-
tory of Fluid Dynamics, University of Magdeburg in 
Germany and Laboratory of Department Fluid and 
Heat Engineering, University of Miskolc, Hungary.  

II. MEASUREMENT OF VELOCITY FIELD 

Velocity field was measured with PIV (Particle Im-
age Velocimetry) technique. It is a non intrusive, 
indirect, whole field measurement technique. Figure 
1. shows the basic set-up. 

Flow direction

Test section of wind tunnel

Laser sheet

Heated

Cylinder

Camera

Vortices

Shed

 

Figure 1: Principle of PIV 

The measurement requires tracer particles (oil fog in 
this case) to observe the flow. The particles follow 
the flow and have to have almost the same velocity 
as the air. The laser sheet illuminates the measure-
ment area and the particles in the oil fog reflect the 
light. The reflected light is observed by a camera. 
The camera takes two consecutive pictures of the 
moving particles and copies them to a computer. 
Then the software can analyze the pictures and can 
calculate the vectors of velocity [1]. 

III. SCHLIEREN MEASUREMENT 

The basic optical Schlieren system uses light from a 
single collimated source shining on, or from behind a 
target object. Variations in refractive index caused by 
density gradients in the fluid distort the collimated 
light beam. The collimated light is focused with a 
lens and a knife-edge is placed at the focal point, 
positioned to block about half the light. In flow of 
uniform density this will simply make the photo-
graph half as bright. However in flow with density 
variations the distorted beam focuses imperfectly and 
parts which have focused in an area covered by the 
knife-edge are blocked. The result is a set of lighter 
and darker patches corresponding to positive and 
negative fluid density gradients in the direction nor-
mal to the knife-edge. Schlieren system measures the 
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first derivate of density in the direction of the knife-
edge [3]. Temperature is determined from density 
(refractive index). Principle of simply Schlieren 
System is shown in Figure 2.  

Lens Lens

Flow direction

Schlieren

knife edge

ScreenPoint

light source

2D-model

(unheated cylinder)

Lens Lens

Flow direction

Schlieren

knife edge

ScreenPoint

light source

2D-model

(heated cylinder)

 

Figure 2: Principle of Schlieren Measurement 
Technique 

IV. RESULTS 

Velocity Field was determined by PIV (see in Figure 
3.). Temperature of heated cylinder was 300 [oC]. 

 

Figure 3: Visualize flow field with oil fog 

A lot of PIV pictures were made in the first part of 
this project. Karman Vortex Street is shown in Figure 
3. Velocity vector fields were made from these pic-
tures by special PIV program. Oil fog (brighter place 
of picture) was needed for the PIV visualization [4, 
5]. Oil fog was vaporized by heat, so oil fog was not 
been the darker places of the picture. First idea was 
determined by this picture, because hotter places are 
shown by the darker places of picture. Next part of 
this project was to visualize the temperature field by 
the Schlieren Measurement Technique. A first result 
with Schlieren Technique is shown in Figure 4. and 
temperature of heated cylinder was 300 [oC]. 

 

Figure 4: Visualize temperature field 

Relationship between velocity- and temperature field 
is visualized by PIV and Schlieren picture. Good 
direction of this project was shown by these results. 
Schlieren measurement was made without oil fog 
(only hot air). Analyzing of this Schlieren picture is 
made in present part of this project. 
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Abstract  The goal of this work was to investi-

gate factors having influence on film drainage be-

tween droplets during their coalescence in presence 

of surfactants. Mathematical models have been 

solved with special tools developed for fourth-order 
PDE system problems. Results show film thickness 

evolution over time and radial position, as well as 

surface excess profile in form of graphs. Influence 

of the following physicochemical parameters of the 

system have been checked: interfacial tension, 

phase viscosity ratio, surface diffusivity of the sur-
factant, and others. 

I. INTRODUCTION 

Coalescence frequently occurs in industrial processes 
involving phase contact, such as extraction and mul-
tiphase reaction. Surfactants are also frequently pre-
sent as mixture additives or impurities. Film drainage 
is usually the slowest stage of coalescence and there-
fore it determines its effectiveness, vital in accessing 
effective surface of contacting phases. 

II. MATHEMATICAL MODEL 

Mathematical model describing film drainage con-
sists of a system of two partial differential equations 
(PDE), derived from Navier-Stokes equations and 
surface diffusion-convection equation. Equations are 
of a form: 

 (1) 

 (2) 

where h is the film thickness, t - time, r - radial posi-
tion,   surface excess. All the variables are in a 
dimensionless form. 

Initial conditions for the equations assume surfac-
tant concentration gradient on the surface of the 
drops (surface excess) and constant film thickness in 
small drainage region (flat area). The surface excess 
gradient creates the driving force for the process. 
Initial state of the system has been shown on Fig. 1. 

Boundary conditions assume symmetry at the 
geometrical centre of the system and constant film 
thickness and surfactant concentration far from the 
drainage region. 

 
Figure 1: Visualization of initial conditions for the 
equations 

 
Radii of both drops are assumed to be the same, 

ensuring symmetry in both directions. In case of 
drops with different radii, an equivalent radius is 
calculated as follows [1]: 

 (3) 

III. SOLVING TOOLS 

General strategy used to solve the above PDE system 
was to convert each PDE into a system of ODE (or-
dinary differential equations) and solve the system 
with an ODE solving procedure (this methodology is 
known as the Method of lines). The system (1) and 
(2) showed moderate stiffness and therefore a stiffly 
stable procedure has to be used for solving. 

The BGH (Brayton-Gustavson-Hatchel) method 
[2] has been selected, and a special procedure 
adopted to PDE solving (including alerts on instabili-
ties) has been developed. Auxiliary procedures were 
taken from [3]. Additional function calculating spa-
tial derivatives up to fourth order using Taylor series 
has also been developed. 

The biggest problem occured on the boundary of 
the calculation area. In the case of first and second 
order PDE, only 2 or 3 points are required to calcu-
late spatial derivatives, and in the case when bound-
ary values are given, no spatial derivatives are re-
quired (then the boundary time derivative equals to 
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zero). In the case of higher order PDE however, 
boundary problems become more complex, because 
5 (fourth order) or more points are required to calcu-
late each spatial derivative. 

The only precise solution of the boundary problem 
in such a case requires calculating two points outside 
of calculation area using boundary conditions for 
each boundary. It is easy in the case of boundary 
conditions when certain derivative values are given, 
but quite complex when a boundary function or some 
other value is given. In the second case calculation of 
the outside points (required for next-to boundary 
derivatives, even if the time derivative at the bound-
ary equals to zero and no boundary spatial deriva-
tives are needed) often requires solving a system of 
nonlinear equations using another procedure in each 
calculation step. 

The input function must return time derivative 
values and its Jacobian matrix (required for BGH). 

Therefore, the developed set of tools for solving 
PDE systems consists of: 

 ODE solving procedure (BGH) 

 functions for calculating spatial derivatives 

 solver for nonlinerar equation systems (quasi-
Newton) 

IV. RESULTS 

Calculations have been carried out on a mesh of 300 
to 500 equally spaced points, Figures 2 and 3 show 
evolution of film thickness and surface excess in 
time, while Figures 4 and 5 give a comparison of 
final profiles for different parameters. 

 
Figure 2: Film thickness profiles for equal time 
steps up to t = 2.9, Pe = 1, =1. 

 
Figure 3: Surface excess profiles for equal time 
steps up to t = 2.9, Pe = 1, =1. 

 
Figure 4: Final film thickness profiles for different 
Peclet numbers and viscosity ratios. 

 
Figure 5: Final surface excess profiles for different 
Peclet numbers and viscosity ratios. 
 
Results show that when surface diffusion of the sur-
factant is slower comparing to Marangoni convec-
tion, the drainage process takes about the same time 
(dimentionless drainage times were equal to 2.9, 2.5 
and 3.5 for Pe = 1, 10 and 10000), and the place of 
film collapse moves in the outside direction. 

Phase viscosity ratio  has larger influence on film 
drainage process, especially on the time it takes. As 
can be seen on Fig. 4 and 5, profiles change about the 
same as in case of varying Peclet number, however 
drainage times are: 0.4, 2.5 and 21.4 for phase vis-
cosity ratio of 0.1, 1 and 10 respectively. 
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Abstract — This study explores the performance 
of an airborne jet-train (AJT) that flies on a nearly 
frictionless soft porous track within centimeters of 
the earth’s surface. We first show that it is possible 
to support a 70 metric ton jet train on a confined 
porous material if its Kp is approximately 5x10-9

m2. We predict that one can achieve lift-off at only 
5 m/s if the porous material has a fiber radius of 
5µm and a solid fraction of 0.005. Furthermore, 
we predict that by using jet engines of 10,000 lbf 
thrust, one can accelerate to a cruising velocity of 
700 km/hr. Since energy expenditure is thrust times 
distance it would allow for huge fuel savings and 
greatly greenhouse emissions. 

I. Introduction 

One of the mysteries in the microcirculation is why 
the red cells have so little friction when they pass 
through tightly fitting capillaries. In 1996, scientists 
showed that the endothelial cells lining our capillar-
ies were coated with a very thin about 0.5µm fiber 
layer filled with plasma.[1] Shortly thereafter, a the-
ory was developed which indicated the red cells were 
skiing on this layer when they moved at low veloci-
ties < 20µm/s.[2] In [3] the authors showed that the 
value of the dimensionless permeability parameter α
for a red cell was nearly the same as for a human 
skiing, roughly 100, although they differed in mass 
by 1015. The biggest difference between the red cell 
and the human skiing is that there is a huge loss of 
excess pore pressure at the lateral edges of the ski. 
They also showed that the dimensionless lift in-
creases as α2 for large α and for α=100 the lift force 
is 10,000 times greater than classical lubrication 
theory. Such a huge lift force can be applied in sev-
eral applications such as lubrication theory in slider 
bearings or commercial transportations. In our new 

application, α=3000 and the lift is 10 million times 
greater than classical lubrication theory. [4]     

II. THEORETICAL METHODS 

A. EXCESS PORE PRESSURE AND AERODY-
NAMIC LIFT FORCE 

To determine the governing equations for the AJT 
which is moving on random soft, porous media  we 
consider an inclined planar lifting surface of length 
L is moving to the right with velocity U compress-
ing a soft porous material in a channel of width W 
with impermeable sidewalls. The fiber layer is firm-
ly attached to the flat, rigid, bottom boundary of the 
channel. Due to the tilt of the inclined moving up-
per boundary air is also pushed through the fiber 
layer in the x direction with a velocity u(x,t) that 
depends on the tilt parameter k = h1/h2 and the local 
variation of the Darcy permeability Kp. Using Dar-
cy equation and introducing the dimensionless vari-
ables the dimensionless pressure distribution is 
given by 

(1) 

where C1 can be found by 

(2) 

The dimensionless lift force F= FWKp(h2)/µL2U, 
where F is the dimensional lift per unit width, is the 
integral of (1). 

B. CHARACTERISTICS OF POROUS MEDIA 

The first parameter that needs to be determined is 
the permeability of the porous layer Kp. Initial 
studies suggest that Kp lies somewhere between 10-

9 m2 for fine snow powder and 10-10 m2 for goose 
down. One notes that for Kp=5x10-9 m2 the take-off 
speed is only 4.4 m/s. For the foregoing value of Kp 
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one would like to find the solid fraction and fiber 
radius of the porous material. This analysis is based 
on the Carman-Kozeny equation for random fibre 
array. We would like to find a porous material that is 
as soft as possible since the elastic restoring force of 
the fibers depends on the flexural rigidity, EI and 
since I or moment of inertia scales as fourth power of 
the fiber radius, for rf=5µm fibers elastic restoring 
force would be 16 times smaller than rf =10 µm. 
Thus, if the porous material has the solid fraction of 
less than 0.005 and the fibre radius of 5 µm this fiber 
is nearly frictionless. Experimental studies for the 
restorative properties of porous media show that for 
the maximum compression of 20% there is nearly 
98% instantaneous recovery for short duration loads 
of 5 sec, however, for compression time of more than 
5 min there will be 94% recovery after 15 min relax-
tion only when compression ratio is 20%. Confined 
compression tests in [5] show that a sizeable friction 
force can develop along the sidewalls due to the 
restrained radial expansion of the fiber layer. A sam-
ple of the polyester fiber-fill matrix with a uniform 
radius,  void fraction of 0.995, Darcy permeability of 
3.4x10-9 m2, 95% polyester and 5% silk is shown in 
Figure 1. 

Figure 1: (A) Sample of the fiber-fill material. (B)
A single filament of the fiber-fill to determine its 

radius.

III. RESULTS

From the generalized Darcy equation as velocity 
increases the pressure builds up and at velocity of 
100 m/s the pressure profile is almost the same as at 
4.4 m/s since the total lift force change a little. As 
velocity increases, the air force increases and at ve-
locity 4.4 m/s the rear wheel lift off but there is a 
small force about 1 metric ton on the front wheels 
one would like to elevate front wheels and become 
completely airborne. To do this we consider a very 
small airfoil at the front of the train car and rotate this 
to a 10 degree angle of attack, which is sufficient to 
balance the 1 metric ton load on the front wheel at 
speed of 50 m/s.  For a plane with 200 passengers 
50,000 lbf thrust jet engines are needed, however, as 
shown in Figure 2, because runway length and lift 

induced drag are not considerations, with a thrust of 
only 10,000 lbf which is less than 1/5 of commercial 
jets one can attain speeds approaching 670 km/hr in 
less than 2 min. Since energy expenditure is thrust 
times distance, fuel consumption should be less 
than 1/5 that of commercial jets. In addition, 
combustion products are not release high in the 
atmosphere where global warming effects are 
greatest. [6]  

Figure 2: Acceleration of AJT to cruising velocity 
as a function of time for three different thrust jets, 

5000, 10000, 15000 lbf.
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Abstract — This paper refers the results of 
combination of one permanent and four epoch-wise 

GPS networks extending in Central and South-
eastern Europe particularly focusing to Slovakia 

where the majority of data is available. Monitoring 

the earth’s crust deformations employing the GPS 
has a long history in this region. We took advantage 

from almost 17 years of epoch-wise and 10 years of 

permanent GPS observations. The input data were 
progressively reprocessed respecting the official 

rules for reprocessing. The combination was 

ensured by CATREF (Combination and Analysis of 
Terrestrial Reference Frames) software developed 

in IGN (Institute Geographique National) in 

France. Estimated velocity field based on 176 GPS 
stations is particularly discussed in this paper. 

I. INTRODUCTION

Central and South-eastern Europe is covered by 
numerous GPS networks of regional, national and 
continental importance. These projects are devoted to 
geo-kinematical investigations since early nineties. 
Results of these measurements were pretty 
inhomogeneous in the past. These inconsistencies 
were involved by reference frame changing, 
employing heterogeneous models and computation 
strategy. The great effort was devoted to reprocessing 
of these solutions in order to ensure its 
homogenization.  

In this experiment we operate exclusively with 
reprocessed data of one permanent and four epoch-
wise GPS networks extending in Central and 
Southeastern Europe. Taking into account that 
regional geo-kinematics of Slovakia is not frequently 
discussed in scientific community we tried to 
consider almost all data available in this region in 
order to understand its geo-kinematical behavior. 

II. AVAILABLE DATA

Homogenization of the solutions using the unified 
models and computation strategy was ensured by 
Bernesse GPS software version 5.0 [1]. We followed 
the general instructions for reprocessing given by 

CEGRN (Central European Reference Network) 
consortium. The main features of reprocessing were: 
processing at daily intervals (0-24 UT), celestial 
reference frame was realized by IGS (International 
GNSS Service) orbits and corresponding Earth 
Rotation Parameters since 2006, before this date the 
reprocessed data were used, constraints of 0.0001 m 
were applied to station positions of reference points 
in order to reference the network solution into the 
ITRF2005, station zenith delays were estimated at 
hourly intervals, Niell mapping function were 
applied, satellite and receiver antenna eccentricities 
were taken from the IGS05 absolute calibration 
model, ocean loading model FES2004 were used.  

Unified reprocessing strategy significantly 
contributed for homogenization of the individual 
solutions which were consequently submitted for the 
process of combination and velocity estimation in 
order to obtain homogenized velocity field of the 
investigated area. Five GPS networks were included 
to this experiment. Please notify that all of them were 
reprocessed according to the same rules.  

The highest quality data were provided by CEPER 
(Central European Permanent Network) network 
extending in Central Europe containing 56 
permanent stations. Investigated data cover the time 
span of almost 10 years of permanent GPS 
observations starting from 2000.00 to 2009.76. 

We considered 9 observation GPS campaigns 
(data from 1994 to 2007) of CEGRN (Central 
European Geodynamic Reference Network) network. 
CEGRN network is the most voluminous network in 
our experiment containing 90 stations located in 
Central and South-eastern Europe. Observations 
campaigns reach the length of 120 h per campaign.  

We considered also the networks of local and 
regional importance in order to investigate the 
regional geo-kinematics of Slovakia. The SGRN 
(Slovak Geodynamic Reference Network) network 
extends in Slovakia and consists of 33 epoch-wise 
points. Length of observation campaigns varies from 
36 to 120 h per campaign. 

Local network TATRY extends in Tatra 
Mountains in Slovakia. 12 observation campaigns 
covering the time span from 1998 to 2008 were 
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considered to the combination. Length of observation 
campaign varies from 72 to 96 hours. 

The geodetic network EMO was established in 
proximity of Nuclear Power Plant Mochovce in order 
to investigate its stability. It is small network with 22 
points observed 7 times from 2001 to 2009. 
Observation campaigns are no longer than 48 h.  

III. COMBINATION AND ESTIMATED 

VELOCITY FIELD

The input data included to the combination were 
provided in SINEX (Solution Independent Exchange 
Format) format containing the station positions and 
appropriate covariance matrix. General combination 
strategy of CATREF software is in details described 
in [2]. The combination procedure consists of two 
main steps: 

1. Individual combination – in this process the 
station positions and velocities of each 
individual network are estimated. 

2. Final combination – where individually 
combined solution are processed together in 
order to estimate stations positions and 
velocities of homogeneous field resulting 
from five GPS networks. 

Datum definition is based on minimum constraint 
approach [3] where the transformation parameters 
between two reference frames (individual and 
combined) are minimized. The most delicate step of 
the combination procedure is discontinuity 
identification. These phenomena are very often 
caused by antenna manipulations, earthquakes etc. 
We modeled 36 discontinuities at time series of 14 
permanent stations. Neglect of the notable 
discontinuities can unfavorably influence magnitude 
and orientation of final velocity estimates. Significant 
discontinuities were considered also in case of epoch-
wise networks. After this step we eliminated the 
outliers exceeding the 0.05 m level. Estimated global 
velocities were reduced for APKIM2005d plate 
motion model in order to obtain intra-plate velocities. 
Estimated velocity field is shown in figure 1. We can 
see northeast oriented velocities with magnitude up 
to 5 mm/year in Apennines and Adria region. 
Southeastern orientation predominates in Balkan 
Peninsula with magnitude up to 4 mm/year. Northern 
Europe is considered as stable with velocities up to 1 
mm/year. The region of Panonian Basin indicates 
east oriented vectors up to 2.5 mm/year. The 
situation in Slovakia is different. The velocities are 
oriented randomly with magnitude varying from 1 – 
4 mm/year. It is delicate to assume some correlation 
between our results and general stress sources 
(counter clock-wise rotation of Adria micro plate) in 

Slovakia. Possibly there is some correlation in 
southern part of Slovakia where eastern orientation of 
velocities predominates. 

Figure 1: Estimated velocity field as results from 
combination of five networks 

IV. CONCLUSIONS

This paper focus to combination and analysis of five 
GPS networks extending in Central and South-
eastern Europe since early nineties. Final set 
contained velocities of 176 sites. We modeled 36 
discontinuities at 14 sites. The results of the 
combination correlates with major stress sources in 
Europe excluding the situation in Slovakia where 
random oriented vectors predominates. 
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Abstract —

This paper presents a window-based method for solv-
ing the stereo matching problem. Our contribution is
to introduce the concept of connectivity for computing
adaptive support weights. We show that our new sup-
port weight computation strategy leads to improved dis-
parity maps. This is demonstrated on the well-known
Middlebury images. According to the Middlebury online
competition, the proposed algorithm is the top-performer
among all local stereo methods.

I. INTRODUCTION

The principle of stereo vision is to reconstruct 3D infor-
mation using two images that show the same scene, but
are recorded from slightly different viewpoints. The key
challenge in stereo vision is to find a corresponding pixel
in the right image for each pixel of the left image. This
is known as the stereo matching problem and represents
the topic of this paper.

The simplest strategy for solving the stereo matching
problem is a so-called local approach. Here, a support
window is centered on a pixel of the left image. This
support window is then displaced in the right image to
find a point of maximum correspondence. Local methods
apply an implicit smoothness assumption, i.e. all pixels
within the support window are assumed to have the same
depth (or equivalently disparity) values. This assump-
tion is systematically violated in regions close to dispar-
ity borders, which leads to the well-known foreground
fattening effect. This foreground fattening effect repre-
sents the inherent problem of standard local methods.

The idea of this paper is to explicitly identify those
pixels of the support window that are very likely to share
the same depth value. For example, consider figure 1a
where we want to compute an “optimal” support window
for the pixel marked by the blue rectangle. In figure 1b,
bright pixels represent pixels that are likely to have the
same disparity values as the center pixel. Our method
only uses those bright pixels in correspondence search
and hence avoids the foreground fattening problem de-
scribed above.

The key question that we have to answer is: “How can
we find those pixels that lie on the same disparity with
the center pixel?”. We solve this problem using the con-
cept of self similarity, i.e. if close-by pixels have similar
color values they are most likely also similar in disparity.
This concept has originally been used in [1], where the

( a ) ( b ) ( c )

Figure 1: Examples of adaptive support weight windows.
(a) Image patches. Support weights for the pixel marked
with a blue box shall be computed. (b) Our geodesic sup-
port weights. (c) Support weights computed by [1]. High
support weights are assigned to pixels that lie on a dif-
ferent disparity than the center pixel (see arrows). Our
connectivity cue can avoid such wrong segmentations.

likelihood that two pixels lie on the same disparity value
is computed by comparing their color values and spatial
positions. These two cues (color and spatial distance) are
motivated by the Gestalt theory. It is the contribution of
this work to introduce a third Gestalt cue, namely con-
nectivity. We state that two pixels should be connected
by a path in the image along which the color does not
change considerably. This connectivity cue leads to im-
proved adaptive support weight windows and hence to
improved matching results.

II. ALGORITHM

A. GEODESIC MATCHING

We implement the connectivity cue by using the geodesic
distance transform. The geodesic distance G(p, c) be-
tween two pixels p (any pixel inside the support win-
dow) and c (center of the support window) is defined as
the length of the shortest path from p to c in the color
volume. The geodesic distance is low if there exists a
path between p and c along which the color varies only
slightly (connectivity property). Geodesic distances are
then transformed into weights. We set the weights to be
inversely proportional to the geodesic distance, i.e. low
geodesic distance should convert into high weights. The
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Figure 2: Results on Middlebury images. The first row shows the results computed by our algorithm. The second row
shows a comparison against the ground truth by plotting disparity errors larger than one pixel.

function w() implements this conversion by

w(p, c) = exp

(
−G(p, c)

γ

)
(1)

with γ being a user-defined parameter that defines the
strength of the resulting segmentation.

Figure 1 shows examples of weight masks computed
using our method for some specified pixels in the Cones
and Teddy images taken from the Middlebury set [2].

Similar to standard local methods, we sum up the color
dissimilarity within the support window. However, the
important difference is that we make use of the computed
weights to avoid including pixels that lie on a different
disparity than the center pixel. Formally, the aggregated
matching costs for a pixel c at disparity d are computed
by

A(c, d) =
∑
p∈Wc

w(p, c) · f(p, p− d) (2)

with Wc representing all pixels of the square support
window centered on pixel c. The function f(p, p − d)
computes the color dissimilarity between a pixel of the
left image and a second pixel of the right image. We use
Mutual Information as a dissimilarity measure.

Finally, we determine the disparity dp of each pixel p
in the left image using local optimization (Winner-Takes-
All strategy):

dp = argmin
d∈D

A(p, d) (3)

where D represents the set of all allowed disparities.

B. OCCLUSION HANDLING

For occlusion handling, we apply left-right consistency
checking. The left-right check is known to be effective in
filtering out occluded pixels and mismatches. The dispar-
ity of an invalidated pixel p is propagated from neighbor-
ing pixels as follows. We estimate p’s first valid neighbor

to the left l and to the right r. The disparity dp is then
computed by min(dl, dr). This simple filling strategy
generates horizontal streaks. To eliminate these artifacts,
we apply a smoothening filter on the invalidated pixels.
We use a weighted median filter with the filter weights
obtained from our geodesic support weight windows.

III. EXPERIMENTAL RESULTS

We have used the Middlebury stereo benchmark [2] to
evaluate the performance of our algorithm. In our test
run, we use constant parameter settings (γ = 10 and Wc

= 31× 31 pixels). We plot our results on the Middlebury
images along with corresponding error maps in figure 2.

Our algorithm currently takes the 10th rank out of 74
submissions and is the currently best-performing local
method.

IV. CONCLUSION

In this paper, we have proposed a new support aggrega-
tion method for local stereo matching. The advantage
of our algorithm over previous work is that we imple-
ment the concept of connectivity. We have tested our
results using the Middlebury benchmark. According to
the tested results, our proposed geodesic support weight
algorithm is the top-performer among all stereo methods
that rely on local optimization.
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Abstract — In this paper we define a surface finite volume
method for the numerical solution of parabolic partial differen-
tial equations on closed manifold which in our case represents
the Earth surface. The main idea is based on approximation of
the surface by finite number of triangles and using the Green‘s
theorem for Laplace-Beltrami operator to define a weak for-
mulation of diffusion equation on the manifold. By the finite
volume approximation of the weak formulation we obtain a sys-
tem of linear equations which can be efficiently solved in each
discrete time step by an iterative solver. Using a semi-implicit
time discretization we extend the method to solve the nonlinear
Perona-Malik diffusion equation which at the same time reduces
a noise and keeps the edges and other details important for cor-
rect interpretation of the real data. In our application the initial
condition is given by the satellite model of disturbing poten-
tial ITG-Grace03s and we apply both linear Laplace-Beltrami
and nonlinear Perona-Malik type diffusion on closed manifold
to obtain filtered geodetic data on the Earth surface.

I. INTRODUCTION

Partial differential equations on surfaces occur in many
applications. For example, they arise naturally in fluid
dynamics and material science and more recently in im-
age processing. In this article we propose a the finite
volume approximation of parabolic equations on closed
surfaces and show how this can be used in geodetic data
filtering.

II. THE LINEAR DIFFUSION EQUATION

Conservation of a scalar quantity u on surface ω with dif-
fusive flux−k∇su where k is diffusivity coefficient leads
to the diffusion equation [2]

∂u

∂t
−∇s · (k∇su) = 0 (1)

on ω, where ∇s represents the tangential gradient.
Because our domain ω is closed 3D surface we do not
need boundary conditions. First, we consider k ≡ 1. So
the equation has the form

∂u

∂t
−∆su = 0, (2)

where ∆s is the so-called Laplace-Beltrami operator
which represents generalized Laplace operator on man-
ifold ω.

III. SPACE AND TIME DISCRETIZATION

In order to transform the continuous model (2) to a dis-
crete one, we have to define a finite volume mesh. The
finite volumes are defined using a dual grid derived from
a primary grid. Definition of our primary grid is straight-
forward, the Earth surface is represented by a set of
triangles obtained as subsequent division of 12-hedron
[3], see Figure 1. In such way we get nodes Xi which
are linked with its neighbors Qi in triangles Tiq , q =
1, . . . , Qi, for which Xi is a vertex.

Figure 1: primary grid

Finite volumes Vi are defined as polygons bounded by
straight lines that connects midpoints between Xi and its
neighbors and centre of gravity of triangle Tiq (see Fig-
ure 2). Time derivative ∂u

∂t is approximated by backward

Figure 2: finite volume
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difference uk−uk−1

τ , k = 1, . . . ,K where u(x, tk) = uk

represents numerical solution in the k-th time step and τ
is a time step size.

IV. WEAK FORMULATION AND ITS NUMER-
ICAL APPROXIMATION

Integrating the equation (2) in finite volume Vi and ap-
plying Green‘s theorem [2] leads to

∫
Vi

∂u

∂t
dx−

Qi∑
q=1

∫
∂Viq

∇su · �ηiqds = 0, (3)

where ∂Viq are portions of the boundary of Vi with nor-
mals �ηiq . This form is called a weak formulation of the
problem and provides a basis for our surface finite vol-
ume method. Suppose piecewise linear representation of
uk on triangles belonging to finite volume Vi. Then we
can state that ∇su is a constant and equal to

P k
Tiq

=
1

m(Tiq)

∫
∂Tiq

uk�niqds, (4)

where m(·) represent measure of a given set and �niq is
normal to boundary of triangle Tiq . Then equation (3)
can be written in the form

m(Vi)
uk
i − uk−1

i

τ
−

Qi∑
q=1

∫
∂Viq

P k
Tiq

· �ηiqds = 0. (5)

Since P k
Tiq

can be expressed by a combination of nodal
values uk

i of the approximate solution, (5) represents a
linear system of equations which is solved in every dis-
crete time step by the SOR iterative method.

V. THE PERONA-MALIK EQUATION

The regularized Perona-Malik model [4, 1, 3]

∂u

∂t
−∇s · (g(v)∇su) = 0 (6)

on the surface ω represents a generalization of (2) and
the classical Perona -Malik model which is widely used
in image processing for noise reduction. The function
g(v) is a diffusivity coefficient depending on the absolute
value of the smoothed tangential gradient of solution and
is often called an edge indicator. Function g(v) has the
form

g(v) =
1

1 +Hv
,H ≥ 0, v = |∇su

σ|2, (7)

where uσ is a solution of linear diffusion (2) after small
time step σ. Constant H controls the amount of diffu-
sion on edges, they are more conserved for higher values
of H . By the same strategy as for the linear diffusion
equation we obtain numerical approximation of nonlin-
ear model (6), the only difference is in more complicated
evaluation of diffusion coefficient.

VI. THE GEODETIC DATA FILTERING

In final part we present practical application of nonlinear
diffusion. Our goal is to reduce systematic noise from the
available satellite geopotential model ITG-Grace03s of
disturbing potential modeled by spherical harcomics up
to degree 180. The systematic noise of a ”stripping” type
is due to the truncation error. Figure 3 depicts the original
model ITG-Grace03s (above) and model after filtration
by the non-linear diffusion (below). One can see that the
main structures in the data are conserved while the noise
is removed.

Figure 3: results of non-linear diffusion filtering
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lution of the linearized fixed gravimetric boundary
value problem, Journal of Geodesy, Vol. 82, No. 1
(2008) pp. 15-29

58



High-Temperature Small-Signal Analysis of AlGaN/GaN HEMTs

Stanislav Vitanov and Vassil Palankovski (Faculty Mentor)
Advanced Material and Device Analysis Group

Institute for Microelectronics, TU Wien
Vienna, Austria

Email: {vitanov,palankovski}@iue.tuwien.ac.at

Abstract — Gallium Nitride high electron mobility transis-
tors (HEMTs) are considered for high-power high-frequency
applications at elevated temperatures. Consequently, a proper
modeling of the temperature behavior is important. We present
two-dimensional hydrodynamic simulations of AlGaN/GaN
HEMTs at high temperatures. The temperature dependence of
the small-signal characteristics of a quarter-micron device are
analyzed and compared to measured data.

I. INTRODUCTION

Several groups have studied the high-temperature DC op-
eration of AlGaN/GaN HEMTs [1, 2]. AC measurements
at elevated temperatures however are sparse: e.g. the
temperature dependence of the cut-off frequency is com-
pared to that of the transconductance [3]. Beside that,
the theoretical studies of GaN-based transistors at higher
temperature are also rare. There are few analytical mod-
els developed, however those are tailored for use in cir-
cuit simulation, not for device optimization. Therefore,
we have introduced a set of material and model param-
eters for the hydrodynamic simulation of AlGaN/GaN
HEMTs. The set was validated against experimental data
[4, 5]. In this work we use the calibrated simulation tool
to study the small-signal characteristics of a lg=0.25 µm
structure at elevated temperatures.

II. DEVICE STRUCTURE

The epitaxial structure used in this work was grown by
metal-organic chemical vapor deposition (MOCVD) on
semi-insulating SiC substrates. The layers consist of a
highly-resistive GaN buffer, followed by a Al0.22Ga0.78N
barrier and a thin GaN cap layer. The T-gate with a gate
length of lg=0.25 µm was defined by e-beam lithography.

III. SIMULATION SETUP

We perform two-dimensional hydrodynamic electro-
thermal simulations with our device simulator Minimos-
NT, which proved to be a suitable tool for the op-
timization of different GaN structures and the design
of new device generations [6]. Our choice of trans-
port model aims to achieve maximum accuracy com-
bined with computational efficiency. Since the drift-
diffusion transport model is not able to deliver accurate
results for sub-micron GaN FETs we employ the hydro-
dynamic transport model. Relevant physical effects, such
as self-heating, are accounted for. A thermal resistance

Rth=7 K/W at the substrate thermal contact is assumed.
This value lumps the thermal resistance of the buffer
layer and the substrate, and possible three-dimensional
thermal effects.

IV. SIMULATION RESULTS

The devices were measured and simulated at ambient
temperatures of 300 K, 365 K, and 425 K. Using an in-
terface charge density of 9.5×1012 cm−2 at the chan-
nel/barrier interface and a complementary charge of -
2.5×1012 cm−2 at the barrier/cap interface (both induced
by polarization effects) a very good agreement between
measurement data and simulation results for the transfer
characteristics and output characteristics of the device are
achieved. Our setup allows for a proper modeling of the
drain current at all three temperatures [5].

The RF device performance is studied by small-signal
AC analysis. The parasitic inductances and pad ca-
pacitances are LS=1 pH, LG=44 pH, LD=46 pH, and
CPGS=18 fF, CPGD=6 fF, CPDS=9 fF respectively. A
contact resistance of 0.2 Ωmm is assumed at all contacts
according to experimental data. Figure 1 compares sim-
ulated and measured extrinsic S-parameters in the range
100 MHz − 26 GHz at VDS=7 V and ID=260 mA/mm.
An excellent agreement is achieved in a wide temperature
range (300 K − 425 K).

Based on the established eight element small-signal
equivalent circuit (Figure 2), the small-signal parame-
ters are extracted from the simulated and measured S-
parameters at 10 GHz (Table 1). A good overall agree-
ment is achieved for all temperatures. The underesti-
mation of the gate-source capacitance CGS can be con-
tributed to parasitics between the gate fingers of the real
structure. The gate-source (RGS) and gate-drain (RGD)
resistances rise, which is more pronounced in the experi-
ment, can be attributed to a possible temperature depen-
dence of the contact resistances, which is not considered
in this work.

V. CONCLUSION

Using a calibrated set of material and model parameters
small-signal simulations of an AlGaN/GaN HEMT struc-
ture are performed. All relevant physical effects are ac-
counted for. Our simulations yield an excellent agree-
ment with the measured data and allow further studies of
the equivalent circuit parameters at high temperatures.
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(c) 425 K.

Figure 1: Comparison of measured and simulated
extrinsic S-parameters.
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Figure 2: Small-signal equivalent circuit.

T gm CGS CGD CDS gDS RGS RGD τ
[K] [mS] [fF] [fF] [fF] [mS] [Ω] [Ω] [ps]
300 33.7 116 34 31 1.38 7.3 26.1 1.74
300 34.7 150 39 29 1.02 6.5 21.3 2.17
365 28.5 115 34 30 1.21 9.1 30.6 1.91
365 29.6 143 40 28 1.00 9.3 28.5 2.32
425 25.2 113 34 29 1.1 10.9 35.2 2.08
425 25.4 141 41 27 0.94 12.2 36.5 2.53

Table 1: Comparison of intrinsic equivalent circuit
parameters extracted from simulated (dark) and
measured (light) S-parameters.
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Abstract — Services are a growing business 

sector in developed economies that share approxi-

mately three quarters of gross domestic product in 

UK. They are embedded more and more in manu-

facturing sector, i.e. 30-70% of the added value in a 
manufacturing company is related to services in-

gredient. However, for their unique characteristics, 

e.g. intangibility, high customer involvement, etc, 

managing such a project is a critical issue to make 

it successful. Adopting Lean philosophy to build a 

tool to plan and control a service project is the 
novelty of the research here. 

I. INTRODUCTION 
Lean was defined by researchers [1] as finishing the 
tasks in the optimal time at the right place from the 
first time in parallel with minimising and eliminating 
wastes and delivering only value to end customer and 
being flexible to change. Lean therefore is about 
maximizing value, reducing lead time, satisfying end 
customer [2].  

The research here is tending to develop a decision-
making model to help the project manager to plan 
and control a project, software project as a case 
study. This decision-making model will be based on 
the use of discrete-event simulation and the Analyti-
cal Hierarchy Process (AHP) to rank the different 
models (scenarios) in relations with their effect on 
project lead time.  

II. BACKGROUND OF SERVICES OPERA-
TIONS 

Although both service operations and manufacturing 
operations seek the same goal of adding only value to 
customers, there exist some unique characteristics 
that differentiate service operations as will follow [3]  
[4]. Those characteristics help in building a decision 
model to enhance their positive impact; 
a. High customer contact and active consumer 

participation in the process [4].   
b. Labour intensive.  

c. Intangible, variable and nonstandard output.  
d. Difficult to measure service quality and produc-

tivity. 
e. Services outputs cannot be stored.    
f. Less lead time needed compared to manufactur-

ing. 
g. Dependency on skilled personnel.  
 
The above characteristics help to visualise the envi-
ronment factors and constraints that service opera-
tions are controlled by. Planning of a service project 
should consider fast change in requirements and 
market demands. Short feedback loops is appropriate 
to enhance customer contact in a positive manner 
instead of increasing requirements volatility.  

III. RESEARCH METHODOLOGY 
Accordingly, the applicability of lean to enhance 
such environment is justifiable based on the goals of 
lean to support continuous improvements and team 
work. Therefore, the research here will adopt lean 
thinking and tools to improve the planning and con-
trol of a service project. The process will be mapped 
down and the different factors affecting its perform-
ance will be input to the simulation model [5]. Best 
practices of existing processes, i.e. software devel-
opment models as waterfall, spiral, V-model, etc, 
will be adopted in enhancing the mapped down proc-
ess.  

A. SOFTWARE PROJECT SIMULATION MODEL 
The software development process is being mapped 
down where the different activities occurring in each 
stage are identified. The phases are: 

1. Requirements phase. 
2. Discussion phase. 
3. Design phase. 
4. Prototype phase. 
5. Code phase. 
6. Test and Integration phase. 
7. Deployment phase. 
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Accordingly, a discrete simulation model that imi-
tates that environment is being implemented using 
SIMUL8 software program as shown in Figure.1. 

 

Figure 1: Software Process Simulation Model 

B. IDENTIFICATION OF OPERATIONS FACTORS 
Through literature review and a case study from a 
company in United Arab Emirates, 13 factors are 
being identified that play a major role in variability 
within the software project as shown in Table 1. 

Software Project Operations Factors 
1. Size of Project. 
2. Operation Time. 
3. Size of Team. 
4. Requirements Clarity. 
5. Requirements Volatility. 
6. Rework (bugs). 
7. Management Involvement. 
8. Customer Involvement. 
9. Inspection Level. 
10. Availability of Developers. 
11. Skills and Experience. 
12. Schedule Adherence. 
13. Communication Overhead 

Table 1: Operations Factors 

C. ANALYTICAL HIERARCHY PROCESS (AHP) 
AHP is a multi criteria decision-making methodol-
ogy that accepts subjective as well objective criteria 
to be included in project risk analysis [6]. It helps in 
modelling uncertainty and risk as it’s capable of 
deriving scales and values where measures for such 
situations and cases do not exist [7]. It is being used 
in different fields e.g. planning, choosing the best 
alternative, resource allocations, solving conflict, 
optimisation, prioritising risk factors, etc. 
The research here tends to apply AHP to rank the 
impact/effects of the operations factors, risk factors, 
and customer requirements on the Performance 
measurements. Figure 2 illustrates sample of the 
results of the effect of both operations factors on PM 
and risk factors on PM. 

The relationship between the previous mentioned 
factors is the core of the tended decision-making 

model. The model will provide an insight look at 
the different level of variability each factor plays 
on others. Hence, the project manager will be able 
to choose the best scenario based on the status of 
his project.  

 

 
Figure 2: Results of AHP 
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Abstract — Breakage and coalescence of toluene 
droplets in the system with dissolved non-ionic 

surfactant Tween 20 were considered. The surface 
active agent significantly decreases the rate of drop 

coalescence and increases breakage frequency. It 

also increases time, which is necessary to achieve 
the dynamic equilibrium between breakage and 

coalescence for performed series of experiments – 

with initially dominant breakage and for the situa-
tion when at the beginning of mixing (after the 

reduction of the impeller speed) only slow coales-

cence of immobilized droplets takes place.   

I. INTRODUCTION

Mixing of two liquids which are not miscible leads to 
changes in the drop size distribution because of two 
processes: coalescence and breakage. For drops 
which are bigger than Kolmogorov scale mechanism 
of deformation and breakage is determined by 
stresses generated by dynamic pressure fluctuations. 
Destabilizing forces compete with stabilizing forces, 
which are connected with the interfacial tension and 
the dispersed phase viscosity. Drops break up when 
forces generated by turbulence exceed stabilizing 
ones. Moreover, breakage takes place mainly in the 
impeller zone because in this part of tank the most of 
supplied energy is dissipated. 
Surfactant dissolved in the continuous phase de-

creases interfacial tension, immobilizes drop surfaces 
and slows down the liquid outflow from the film 
between two coming up droplets. Therefore, the rate 
of coalescence is remarkably smaller than for the 
system without the surface active agent.  

Coalescence and breakage of toluene droplets in 
the liquid – liquid system with non-ionic surfactant 
Tween 20 (CMC=0.06 mM) were considered. Non-
ionic agents are widely used for example in food, 
pharmaceutical, chemical and petroleum industry. 
Their main advantage is that they are electrically 
neutral. Therefore, in comparison with ionic surfac-
tants, non-ionic agents are less sensitive to the pres-
ence of electrolytes (such as mineral salts) in the 
medium [1].          

II. EXPERIMENTAL

Experiments were performed in a completely filled 
stirred tank of the diameter T=0.15 m and the height 
H=T. The vessel was equipped with four equally 
spaced stainless steel baffles of the width T/10 and a 
six-blade Rushton turbine of the diameter D=T/3. 
The tank was placed inside a square glass jacket, 
which served as a thermostat (25±0.1oC) and allowed 
on-line drop monitoring without optical distortion. 
The dispersion was photographed to measure drop 
size distributions. A high-resolution digital camera 
mounted on a stereomicroscope objective and placed 
close to the jacket wall was used in experiments. All 
details concerning the system, which was used to 
photograph the dispersion, are placed in [2].

The continuous phase was a mixture of double 
distilled water with dissolved surfactant whereas 
toluene was a dispersed phase, which occupied 5% of 
the dispersion volume. Tween 20 is soluble in both 
water and toluene but its solubility in the aqueous 
phase is much higher than in the toluene phase [1].

 First series of experiments were performed for 
dominant coalescence at the beginning of mixing 
after reduction of the impeller speed from N0=700 
rpm to N [3]. Second series of experiments (without 
impeller speed reduction) was performed to consider 
initially dominant drop breakage. When water phase 
achieved the temperature 25oC, toluene was added in 
the shortest time interval to the tank. Sequences of 
dispersion pictures were recorded for t=1min, 5min, 
10min, 30min, 1h, 2h and 3h (counting from the 
moment of toluene addition). In both series of ex-
periments three concentrations of Tween 20 and 
three impeller rotational speed were used: c=0.0012 
mM (N=350, 410, 450 rpm), c=0.003 mM (N=350, 
405, 460 rpm) and c=0.006 mM (N=350, 410, 460 
rpm).  

III. RESULTSAND DISCUSSION

Achieved distributions for N=410 rpm and for two 
concentrations of Tween 20: 0.0012 mM and 0.006 
mM are shown in Figure 1 and Figure 2.  
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Figure 1: Transient drop size distributions in the 
system 0.0012 mM Tween 20/water – toluene for 

initially dominant breakage; N=410 rpm 

Figure 2: Transient drop size distributions in the 
system 0.006 mM Tween 20/water – toluene for 

initially dominant breakage; N=410 rpm 

Big drops, present at the beginning of agitation, 
were susceptible to breakage stresses generated by 
turbulence and they broke up very fast into smaller 
daughter-droplets. Breakage slows down as the drop 
size decreases because of decreasing difference be-
tween dispersive and stabilizing forces. Stabilizing 
forces, which are directly proportional to interfacial 
tension and inversely proportional to drop diameter, 
decrease with decreasing interfacial tension so with 
increasing Tween concentration. On the other hand 
(when coalescence is taken into account), drop stabil-
ity is better for higher concentration of surfactant. 
Drop surfaces are better immobilized by adsorbed 
molecules of surfactant at c=0.006 mM than at 
c=0.0012 mM. Therefore, the liquid outflow from the 
film between two coming up droplets is hampered 
and coalescence slows down. Increase in Tween 20 
concentration from 0.0012 to 0.006 mM (N=410 
rpm) decreases the Sauter diameter, estimated after 
3h of agitation, from 125.75 to 66.18 µm.   

Transient drop size distributions measured after 
1h, 2h and 3h for 0.0012 mM Tween 20 (Figure 1) 
and after 2h and 3h for 0.006 mM Tween 20 (Fig-
ure 2) are very similar to each other. It means that 
the dynamic equilibrium between coalescence and 
breakage was achieved. 

Figure 3 is a comparison of the Sauter diameter 
estimated for two series of experiments, which 
were performed to show two different situations: 
initially dominant breakage and initially dominant 
coalescence ([3]).                  

Figure 3: Sauter diameter distributions for 0.0012 
mM and 0.006 mM Tween 20 for: initially domi-
nant breakage (B) and initially dominant coales-

cence (C); N=410 rpm 

Both curves for 0.0012 mM converged to the same 
value of Sauter diameter. The same result is observed 
for 0.006 mM Tween 20, what confirms that for 
these two different concentrations the dynamic equi-
librium between coalescence and breakage was 
achieved.  
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Abstract — One indispensable precondition for designing a
functional software product for the modeling and execution of
a computerized clinical practice guideline (CPG) is the com-
prehensive investigation of the different user groups involved
and the issues they encounter. This led us to conduct a compre-
hensive literature study about the tasks involved in modeling
a CPG into a formal representation as well as about the in-
formation needs of caregivers, i.e., physicians and nurses, and
last but not least the information needs of patients. We have
assessed and categorized the above mentioned information in
order to create a reliable starting point for the development of
a functional software tool.

I. INTRODUCTION

CPGs [1] are powerful tools to improve the quality of
healthcare [2, 3]. In recent years different software sys-
tems have been developed to support the design and ex-
ecution of CPGs [4, 5]. However, from the creation
of a computer-executable model of a CPG to its ac-
tual implementation in clinical care a variety of tasks
emerge, such as translating the medical knowledge of
a textual CPG, i.e., recommendations, into a computer-
interpretable model, applying a recommended therapy on
a patient, or answering clinical questions.

Unfortunately, there is a lack of comprehensive infor-
mation on (1) the different user groups of a software tool
to support all of these tasks, (2) what tasks these users
want to perform, and (3) what information is required for
it. However, this information is mandatory to make valid
decisions on the design of such a software product [6].

In this paper we give a short outline of our results;
for a detailed representation of investigated studies and
derived findings we refer to [7].

II. METHODS

We conducted a comprehensive literature review to in-
vestigate the information needs of different user groups.
We have looked for papers of specialized organizations
and journals focusing on medicine and medical infor-
matics. Besides, we have used general search engines to
look for scientific papers matching terms such as ‘clin-
ical practice guideline’, ‘nurse information needs’, etc.
Moreover, we have checked the reference lists of rele-
vant articles for additional information.

III. INFORMATION NEEDS OF MODELERS

The main task of a guideline modeler is to create a for-
mal guideline representation model of the original narra-
tive guideline. There are two basic types of formaliza-
tion: a model-centric approach and a document-centric
approach.

In any case, the modeler needs to know of which
components the target representation format is com-
posed (e.g., actions, decisions, states, sub-plans, and
branches) and in which way scheduling constraints are
to be modeled. Moreover, the modeler needs to iden-
tify the relevant guideline knowledge and to disam-
biguate this knowledge. The model-centric approach
involves steps like generating detailed data models of
clinical concepts and fundamental parameters and mod-
eling the guideline knowledge by means of a flowchart-
like graph. In turn, systematically marking up the
guideline and making knowledge elements indepen-
dent from the surrounding text are part of a document-
centric formalization process.

IV. CLINICAL INFORMATION NEEDS

In addition, we have investigated user expectations and
requirements that have to be considered in creating a clin-
ically useful software environment. An outline of basic
categories of clinical information needs derived from di-
verse studies is given in Figure 1.

Clinical
information needs

1 Information on
patient data

2 Information
relevant for
diagnosis

3 Information
about disease or

condition

4 Information on
management of

disease or
condition

5 Information on
prophylaxis

6 Information on
support for the

patient

7 Information
about impact on
family members

8 Institution
specific

information

9 Information
about other
healthcare
providers

10 References

Figure 1: Basic categories of clinical information needs.
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A. PHYSICIANS

As regards the information sought by physicians, a num-
ber of studies has been conducted, mainly in the form of
retrospective questionnaires, interviews, self-reports, and
observation.

According to these studies, the majority of questions
posed by physicians deals with therapy and especially
with all sorts of aspects associated with medication.
Physicians seems to have a great need for information
about the correct drug, its effectiveness, its side effects,
its dosage, and how long it should be taken. Diagnostic
questions also appear quite frequently as do questions
about patient data and questions about other health-
care providers. In contrast, questions concerning the
prognosis, the etiology of disease, etc. seem to be of
comparatively little concern, according the findings of
the investigated studies.

B. NURSES AND NURSE PRACTITIONERS

When focusing on the information needs of nursing
staff, it is interesting to note that there is little differ-
ence between the questions posed by nurses and what
the physicians want to know. The only real difference
seems to result from their different relationships to pa-
tients: nurses are interested in psycho-social support of
patients whereas physicians have not formulated such
questions in the studies investigated in this paper.

The main difference between nurses and nurse practi-
tioners is that the latter are more concerned with diag-
nostic issues than nurses. In accordance with the results
for physicians, nurses and nurse practitioners need most
information about treatment and diagnosis, in which
they require information about institution specific pro-
cedures and medication quite frequently.

C. PATIENTS

The information desired by patients is more voluminous
and differ qualitatively from either the questions formu-
lated by physicians or those formulated by nurses. Since
they are not only worried about illness itself but also
about the effects this illness has on family members,
precise information on circumstances they are likely to
expect when visiting other medical facilities, and, last
but not least, detailed information about available sup-
port, such as psycho-social support, is required.

In particular, patients require much more detailed in-
formation on emotional effects of their treatment and its
effects on their quality of life. As is to be expected,
prognosis and chances of recovery are also of major in-
terest for patients.

V. CONCLUSION

By providing categorized information from several stud-
ies and publications, we establish an information basis
necessary for the design of a useful software tool facili-
tating the modeling process and the execution of a CPG.
Depending on the potential and purpose of the individ-
ual tool, it may not be necessary (nor always possible)
to include all of these tasks and information needs, but
the decision as to which points to include and which to
leave out can only be made on the basis of such an all-
comprising list. We recommend that developers carefully
consider every single aspect presented in [7], as all of
these aspects have been formulated as modeling tasks or
as actual information needs in clinical praxis.
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Abstract — This paper includes  researches on 
designing tourist rocket plane, as a part of two 
stage space plane. The numerical calculations were 
made by software, using Euler’s equation system 
and multirid scheme. This paper contains subsonic 
and supersonic calculations of aerodynamic force 
coefficient. The results of this investigation are: 
evaluation of the stability margin, distribution of 
pressure coefficient and  distribution of Mach num-
ber.  On the basis of this result the shock wave at 
the rocket plane were noticed. 

I. INTRODUCTION 

The border between outer space and Earth’s atmos-
phere is placed 100 kilometres above the sea level -  
the Kármán line was accepted  by the FAI.  Everyone 
who cross a boundary becomes an astronaut.  In spite 
of high cost of  space flight, many people would like 
be an astronaut. The easiest and the cheapest way to 
visit the space is suborbital flight. Therefore in 2005, 
in Warsaw University of  Technology a concept of 
two stage space plane TOLA [1] for suborbital tour-
ism flight were created. This concept assume  design-
ing the carrier (BOLEK) and the rocket plane 
(LOLEK). This paper includes calculations only for 
rocket plane and omit influence of carrier. 

II. THE CONCEPT OF SPACE PLANE TOLA 

A. PROFILE MISSION 

The concept of space plane TOLA assume follow-
ing phase of mission “Figure 1”: 

• The rocket plane (LOLEK) is uplifted by 
the carrier  (BOLEK) to the attitude equal 
15 kilometres above the sea level where 
the objects are be separated.   

• BOLEK resumes to the airport, LOLEK 
rocket engine is turned on and flight to 60 
kilometres  above sea level where the en-
gine is turned off. 

• The rocket plane starts ballistic flight and 
achieves attitude over 100 kilometres 

above the sea level – cross a boundary of 
Earth’s atmosphere and outer space. 

• LOLEK glides using LEX vortex. 
It is similar to the mission performed  by White 
Knight + Space Ship One system [2]  
 

 
Figure 1: TOLA profile mission 

B. ROCKET PLANE GEOMETRY 

The rocket plane LOLEK “Figure 2”is designed for 
one pilot and two passengers. Geometry parameters 
of  LOLEK are in “Table 1”. The rocket plane is 
equipped with LEX, that will be used to generate 
vortex lift during return flight.  

 
 

Figure2: rocket plane LOLEK 
 

Reference area 14.56 m2

Reference length 2.986 m
Span 5.0 m
Sweep (wing) 47 deg
Sweep (LEX) 63 deg
NACA 63206  middle section  
NACA 0006    tip section

 
Table 1: geometry parameters  
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III. METHODS USED FOR CALCULATIONS 

The numerical calculations were made by software 
using Euler system of equations and multigrid 
scheme. Multigrid method is usually used to re-
duce cost of calculations. In this case multigrid 
algorithm  improves convergence characteristic. 
This method requires preparation of a grid to place 
it on model and blocks around.   In this case there 
are five levels of  the blocks. 

IV. NUMERICAL CALCULATION 

The numerical calculation were made for subsonic 
and supersonic inviscid flow. The range of angle of 
attack is 0,2,4,6,8 degree and  Mach number range is  
0.2, 0.5, 0.8, 1.1, 1.2, 1.3, 1.4, 1.5, 2.0, 2.5, 3.0, 3.5, 
4.0.  For high Mach number, the problem with results 
convergence appeared.  This problem could be 
eliminated by additional conditions CFL number and 
VIS0 .  

V. RESULT   

The figure below presents distribution of local Mach 
number. At 1.1 Ma speed the shock wave appears. 
The shock wave appears first on the wing and then 
shifts to nose “figure 4”. Next, the shock wave stands  
off   “Figure 5”. Finally, the shock wave is suctioned 
to the body “Figure 6”. On the basis of aerodynamic 
numerical results and position of the centre of gravity 
the stability margin was calculated. In this case for 
subsonic flow stability margin was negative. The 
rocket plane needs fly-by-wire system.  

 
Figure 4: Mach number distribution for Ma=1.1 

 
Figure 5 Mach number distribution for Ma=1.2 

 
Figure 6 Mach number distribution for Ma=2.5 

 
The Figure 7 presents diagram of lift coefficient 

and drag coefficient for angle of attack of 0 deg and 
8deg as a function of Mach number   

 
Figure 7: Graph of lift coeficient and drag 

coefficient as a function of Mach number  

VI. CONCLUSION 

The rocket plane needs modifications in geometry 
(particularly in shape of fuselage) so as to change 
disadvantageous distribution of pressure. What’s 
more, the shock wave appearing for low velocity 
causes increases of drag coefficient and drop of lift 
coefficient. Furthermore, centre of gravity is should 
be shifted, so as to change negative stability margin. 
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Abstract — Lean is acknowledged as one of the 

key tools for manufacturing organizations and ser-
vice industry to survive in the competitive environ-

ment. Lean approach focuses on continuous im-

provement by eliminating process waste. Lean crea-

tive problem solving plays a vital role in process 

improvement. One of main focus is the effect of 
Lean problem solving in production line perform-

ance measurements. The current research focuses 

on Lean creative problem solving techniques by 

examining the root cause of the problem. Lean 

creative problem solving method was developed by 

using simulation modelling techniques. 

I. INTRODUCTION 

A. LEAN MANUFACTURING  
Lean manufacturing provides remarkable productiv-
ity advantages, such as waste elimination, cost reduc-
tion, maximises customer satisfaction, higher quality 
products, shortening lead time, waste and cost elimi-
nation. But it is only possible when Lean is used as a 
tool of continuous improvement [1]. According to [2] 
Lean is, “A systematic approach to identifying and 

eliminating waste through continuous improvement, 

flow of material at the pull of the customer in pursuit 

of perfection”. Lean implementation is based on five 
simple principals. These principal are; define value, 
values stream mapping, process flow, pull system 
and perfection [3]. Lean has classified non-value-
added activities to seven wastes; over production, 
waiting, inventory or work in progress (WIP), over 
processing, transportation, over motion and making 
defective products [4]. 

B. LEAN CREATIVE PROBLEM SOLVING (CPS) 
Problem is an unwanted state or inefficiency in proc-
ess that can be avoidable by filling information gap. 
[5] has defined the problem as “Unwanted effect – 

something to be corrected or removed. It was 

brought out by some specific event or combination of 

events”. Problem solving methods classification is 
based on different application levels i.e. individual, 

group or organization. The main motive of lean 
creative problem solving is to removing process 
variation by continuous process improvement. Fig-
ure 1 shows six step process of lean creative prob-
lem solving (Lean CPS). Once problem is identified 
and defined it is essential to solve it by root cause 
[6]. 

II. ROOT CAUSE ANALYSIS 

C. ROLE OF ROOT CAUSE ANALYSIS (RCA) IN 
LEAN CPS 

Once a problem is identified the next phase is to find 
cause of that problem. Usually, there are several 
causes associated with a problem. RCA makes lean 
CPS process more effective, powerful, flexible by 
highlighting root cause of problem. From lean pros-
pective, RCA-CPS helps problem solvers to avoid 
the complications by fixing wrong problem. Solving 
wrong problem leads to wasting time, money, good-
will, personal energy and other vital resources [6]. In 
other words, RCA process is a tool to eliminate waste 
from the process of problem solving. Therefore, 
RCA can be used as a process of continuous im-
provement. Current research focuses on lean CPS 
using RCA. 

D. ROOT CAUSE ANALYSIS (RCA) 
RCA is an essential tool for lean creative problem 
solving process. [7] has defined root cause analysis 
as, “Root cause analysis is a systematic approach to 

identifying the cause and effect relationships of a 
problem and acting on those causes to prevent that 

problem from occurring again”. Using RCA frame-
work future incidents can be prevented by analysis of 
common cause of problem. RCA is essential not only 
to solve problem but also to prevent reoccurrence of 
problem. The major benefits of using RCA approach 
are; prevention culture, cross-functional teamwork, 
improved understanding, analysis and communica-
tion, proactive approach and waste elimination [7]. 
Potential cause of problem can be determined by 
using set of RCA tools. Three main tools are; cause–
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and-effect diagram (CED), interrelationship diagram 
(ID) and current reality tree (CRT). On the basis of 
complexity and severity of problem root cause analy-
sis process can be based on more than one tool. For 
example, CED diagram can be used in brainstorming 
session to develop possible causes and output of 
CED can be as an input to CRT for analysis of unde-
sirable effects [8]. The main motive of RCA process 
is to prevent reoccurrence of problem. Different 
researchers have defined different number of steps 
for root cause analysis process. However, RCA proc-
ess can be given in four simple steps; Identify Symp-
toms, List Apparent Causes, Create Hypothesis and 
Prove Hypothesis.   

III. THE RESEARCH METHODOLOGY 
Current research is based on both Qualitative and 
Quantitative methods. Data is collected using exist-
ing discrete simulation model and it follows lean 
creative solving process. Current research has used 
Taguchi Orthogonal Array method to investigate 
which factor has a greatest effect on wasting burgers 
or unhappy customer (7) i.e. to identify the main 
reason of wastes or having unhappy customers.. The 
array was linked to the simulation model which ac-
cordingly runs each experiment according to the 
factors and level associated with. Response variables 
were exported automatically at the end of each simu-
lation model (4000minutes) from the simulation 
model to the array; 

• Input Variables (Figure 2); Buffer Size 
(burgers), Cycle Time (mins.), Travel Time: 
(mins.), Shelf Life: (mins.), Interval Arrival 
Time (mins.). 

•  Response Variables (Figure 3 and 4): 
Happy Customers i.e. completed burgers 
and Upset Customers i.e. wasted burgers. 

 
 
 
 
 
Figure 2 (L9 Taguchi Automated Orthogonal Array) 
 

 
Figure 3 (Completed Burgers) 

 
Figure 4 (Wasted Burgers) 

Figure 3 – Figure 4 show that changing in the buffer 
size has a main effect on either completed and can be 
the main cause of wastes.  
Changing buffer size will not only help in improving 
throughput rate but will minimise the queuing time. 

IV. FUTURE WORK 
Once CPS-RCA process is implemented, the next 
phase is how to get the optimal results from the 
CPS-RCA process to make it more effective. Also, 
the root cause process needs to be flexible with 
changes in organisational needs and problem com-
plexity.  
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Trials Buffer Size C/T Travel Time Cook Shelf Life Interval Happy  Upset 

1 5 1 1 1 10 1 1197 16

2 5 1 1 2 15 2 1210 3

3 5 2 2 1 15 2 962 74

4 5 2 2 2 10 1 1105 107

5 10 1 2 2 10 2 909 127

6 10 1 2 1 15 1 1038 175

7 10 2 1 2 15 1 1105 107

8 10 2 1 1 10 2 909 127
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Abstract — In this work a method for increasing the buck-
ling load as well as the fundamental frequency of thin walled
plate structures is numerically and experimentally investigated.
Principle of this method is the introduction of residual stresses
into a plate via laser treatment. It is shown by both computa-
tional simulations as well as experiments that laser treatment in
form of continuous or pointwise heat introduction into a plate
can lead to such tensile-dominated membrane stresses which
further result in the desired stability increase.

I. INTRODUCTION

Especially in lightweight design stability losses (e.g. by
buckling) of constructions play an important role due to
the fact that they can occur without obvious indications
and also can result either in undesired or catastrophic
conditions for the structures affected, see for exam-
ple [1]. Classical procedures to improve the buckling sta-
bility and to increase the fundamental frequency of such
structures are, for example, increasing the thickness or
introducing beads into the structure. As for lightweight
designs additional mass through thickness increase and
also a change in appearance, resulting from introduced
beads, may not be desired, alternative methods have
come to application. Such an alternative method is the in-
troduction of residual stresses into the structure by means
of laser treatment. Thereby no adding of mass to the
structure and also no change of the structure’s original
shape occur.

II. MECHANISM OF THE METHOD

In [2] the increase of the buckling load as well as the
fundamental eigenfrequency of thin plate components by
introducing properly distributed residual tensile domi-
nated membrane stresses is shown. Introducing residual
stresses into a metal structure could be obtained by lo-
cally straining the material over its yield strength, see for
example [3]. Material yielding in the case considered
here is caused by thermally induced stresses as a conse-
quence of locally introduced heat by a laser beam.

The development of thermally induced stresses as well
as the distribution of residual stresses in a punctual laser

treated sheet metal plate is shown in Fig. 1.

0 10 20 30 40 50 60 70 80 90
plate width [mm]

-300

-200

-100

0

100

200

300

st
re

ss
 S

22
 [M

Pa
]

t = 0.00675s laser active
t = 0.5s           laser active
t = 0.534s      laser inactive
t = 500.5s      laser inactive

x

90 x 90mm

cut line y

Figure 1: Development of σyy(x)-stresses in a plate un-
der punctual laser heat treatment and residual stresses af-
ter cool-down of the plate.

III. NUMERICAL SIMULATIONS OF THE
LASER TREATMENT

For the FEM- (finite element method) model shell ele-
ments to discretise the thin plate were applied, and a fully
coupled thermo-mechanical simulation was performed.
At first a laser heat source, see [4], was simulated via an
instationary heat flux onto the plate surface acting during
a defined time period. The simulated temperature dis-
tribution of the instationary temperature-field during the
continuous work of a laser beam acting along a circular
path is shown in Fig. 2.

After deactivation of the heat source the cool-down of
the plate through convective heat transfer to the ambi-
ence, which was constrained to room temperature, finally
leads to residual stresses. This plate was then subjected
to a linear buckling as well as an eigenfrequency analy-
sis.
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Figure 2: FEM simulation result, temperature field re-
sulting from a laser beam acting along a circular path.

IV. RESULTS

Experimental results are shown in Fig. 3 where an un-
treated plate is compared to two plates treated by laser-
points of different laser intensity, arranged in a dot ma-
trix. The stiffening effect of laser treatment becomes
visible. The influence of laser intensity on this stiffen-
ing effect is shown, too, by comparing the three load-
displacement curves. Regarding fundamental frequency
increase Fig. 4 shows a comparison between different
laser treated plates. Especially continuously laser treated
plates show a considerable increase of the fundamental
frequency.

Figure 3: Measured load-displacement behaviour of
plates after different heat treatments.

The considered heat treatment by laser leads to ther-
mal distortions. In general, plates subjected to point-
wise laser treatment show far less residual distortions
than plates treated with a laser acting along a continuous
path.

V. CONCLUSION

It is shown that laser treatment might be a promis-
ing alternative method for increasing the buckling load

Figure 4: Comparison of plates with different laser treat-
ment, square of the fundamental eigenfrequency over
edge-load intensity.

and fundamental frequency of typical lightweight design
structures. Numerical simulation allows the computa-
tion of the effects of different laser treatments. This way
proper treatment parameters can be determined regarding
efficiency and reduction of undesired distortions.
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Oberflächenbehandlung mit Laserstrahlung.
Springer-Verlag Berlin Heidelberg, 1998.

72



Investigation on Nitromethane Combustion Mechanisms for 
Simulation of Micro-Detonations 

DI Severin Voglsam and Prof. Franz Winter
Institute of Chemical Engineering
Vienna University of Technology

Vienna, Austria
Email: severin.voglsam@tuwien.ac.at, franz.winter@tuwien.ac.at

Abstract - To simulate micro-detonations with high 

energetic fuels at high initial pressures basic 

knowledge about the combustion behaviour is 

needed. Therefore nitromethane (NM) was used as 
model fuel for nitrogen containing explosives. 

Different combustion mechanisms were compared 

and a parameter study was carried out to get 

knowledge of the behavior of the mechanisms over a 

wide pressure and temperature range.

I. INTRODUCTION

For development of a combustion facility CFD 
simulations of repeated micro-detonations in a nozzle 
are necessary. Therefore combustion mechanism and 
kinetics of a high energetic fuel have to bee 
investigated. 

II. HIGH ENERGETIC FUELS

If high energy output of explosion is needed 
nitrogen containing hydro carbons are taken into 
account. One obvious difference to the commonly 
used hydrocarbon fuels is that nitrogen and oxygen 
are contained in the molecular structure. These 
elements change the chemical reactivity in the 
following ways:

The nitrogen captured in the molecule 
generates N2

The oxygen contained in the fuel marks an 
oxygen source, therefore the oxidant is 
partly provided by the fuel molecule itself.

-molecules during the 
combustions, which implicate a very high 
energy output.

If the oxygen content is high enough the 
energetic material can be oxidized by itself 
whereby violent reactions can occur.

There is a variety of different high energetic 
materials, like explosives or propellants, available. 
For this research work just liquid explosives or 
propellants with special properties (low toxicity, 
simply hand able, good availability high energy 
output, high explosion/detonation velocity, 
knowledge of combustion/explosion kinetics and 

mechanism) are of further interest. All these 
properties are covered reasonable well by 
nitromethane (NM, CH3NO2

III. COMBUSTION MODELLING

) [1], a liquid 
explosive used as fuel for small engines and as 
component of explosives. NM has the simplest 
composition of all nitro alkenes, as a reason of that 
it is very useful for research. Based on the 
chemical kinetic research of nitro methane, the 
chemical modeling of many other nitro alkenes is 
performed [2].

For combustion modelling a combustion mechanism 
with kinetic data is necessary. There are different 
mechanism data available in the literature; These 
were compared reference to the mechanism size, 
temperature and pressure range and available 
experimental data.

Ref. Fuel/Oxidant
p 

[atm]
T [K] Spec. Reac.

M

[3]

NM-

decomp., 

NM/O2

1 –

n.s.
/Air

1100 -

2000
27 130

ZB 

[4]
NM-decomp. 0.4 - 2

676 -

1400
32 99

C [2]
NM, RDX, 

HMX/O2

1
/Air

1500 89 462

P [4] NM n.s. 676 - 771 n.s. 28

R [5]
NOx / CH4 20 -

100oxidation
600 - 900 62 54

Table 1: data of NM oxidation mechanism 
(M…Melius, ZB… Zhang, Bauer, C…Chakraborty,

P…Perche, R…Rasmussen, RDX…hexahydro-
1,3,5-trinitro-1,3,5-triazine, HMX…octahydro-

1,3,5,7-tetranitro-1,3,5,7-tetrazocine)

In table 1 different mechanism data are listed, the 
most useful mechanism for this problem case is the 
one developed by Rasmussen et al. [5]. This 
mechanism was developed for CH4 oxidation with 
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NOx, NM is included as an intermediate product, 
with all its oxidation and decomposition reaction 
steps. As a reason of its wide pressure range and the 
low number of species and reactions it is very useful 
for further CFD simulations of micro-detonations at 
elevated pressures.

To get knowledge about the combustion/explosion 
behavior of the mechanism, simulations of an 
idealized combustion system (Chemkin®, CHR, 
complete conversion of educts) were carried out. For 
these simulations two different reaction systems were 
investigated:

stoichiometric oxidation with O2

OHCONONOCH 222223 2

3

2

1

4

3
:

(1)

self decomposition reaction[6]:

)(2223 2

1

2

1

2

3

2

1
sCCOOHNNOCH (2)

IV. RESULTS AND DISCUSSION

The system mentioned before was simulated over a 
wide temperature and pressure range to get 
knowledge of the behaviour of the mechanism for 
both oxidation and self decomposition reaction. As 
results of the simulations the ignition delay times at 
different temperatures and pressures can be seen in 
picture 1 and 2.

Picture 1: Ignition delay of NM/O2 oxidation

The ignition delay times are several times lower 
compared to the standard hydrocarbons. The 
ignition temperatures at these simulations are 
between 420°C and 450°C (Literature value for 1
atm: 440°C [1]). The ignition at the self 
decomposition is nearly equal over the whole 
pressure range, but it is about one decade faster 
than the oxidation reaction ignition.

Picture 2: Ignition delay of NM self decomposition

The results shown in picture 1 and 2 are extrapolated 
to very high pressure and need to bee validated in the 
future. To include the mechanism to a CFD code
mechanism reduction has to be done.
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Abstract — Shape analysis is a static program analysis tech-
nique for discovering properties of heap-allocated data struc-
tures. It is crucial to finding software bugs or to verify high-
level correctness properties. Various analyses have been in-
troduced but their relation in terms of precision often remains
unclear as different analyses use different abstractions of the
heap.
The aim of our work is to compare the precision of shape anal-
yses. We propose a novel algorithm based on three-valued
logic that extracts alias sets from shape graphs. Smaller sets
are more precise and indicate a more precise underlying shape
analysis. Using this metric, we experimentally compare – for
the first time – the relative quality of the state-of-the-art graph-
based shape analyses and make recommendations concerning
the combination of analysis parameters.

I. INTRODUCTION

Shape analysis is a static program analysis technique that
approximates the structure of the runtime heap. It is
closely related to pointer alias analysis but has its focus
on the heap with dynamically allocated, recursive data
structures. Using shape analysis results, many questions
about the runtime heap can be answered at compile time.
Such information is crucial to finding software bugs or to
verify high-level correctness properties.

Various analyses have been introduced but their rela-
tive quality in terms of precision often remains unclear
as analyses cannot be compared directly due to different
representations of analysis results.

The aim of our work is to compare parametrized ver-
sions of shape analyses by the size of may-alias sets ex-
tracted from shape analysis results. Smaller sets of pos-
sible aliases are more precise and indicate a more precise
underlying shape analysis. We are thus able to experi-
mentally evaluate precision and analysis runtime trade-
offs for parametrized versions of shape analysis algo-
rithms that use different heap representations.

Parametrized versions of the state-of-the-art graph-
based shape analyses, SRW [1] and NNH [2], were im-
plemented for C++ using the SATIrE program analysis
framework [3]. Measurements using the aforementioned
metric show the relative quality of analyses and the im-
pact analysis parameters have on precision and runtime.
We are the first to show that the NNH shape analysis is
strictly more precise than SRW. Experimental results al-
low us to make recommendations concerning the combi-
nation of analysis parameters.

II. CONTRIBUTIONS

We implemented multiple instances of state-of-the-art
graph-based shape analyses for a subset of the C++ pro-
gramming language and developed an algorithm based
on three-valued logic that extracts alias information from
shape graphs.

Using this algorithm as a metric indicating the preci-
sion of the underlying shape analysis we are able to judge
the effects of individual analysis parameters on runtime
and precision of the analyses.

In detail, the contributions address theory, practice,
and assessment of shape analyses:

A. THEORY

We extended both the SRW [1] and the NNH [2] shape
analysis algorithms to model information flows from
function call sites to matching function bodies (inter-
procedural). In their original formulation the analyses
were intra-procedural.

We adapted the graph-based shape analyses from the-
oretical programming languages to a subset of C++.

We developed an algorithm for alias extraction from
shape graphs based on the technique described in Reps
et. al. [4]. Our algorithm improves precision in all cases
where objects in the heap are linked with two or more
indirections, e. g., linked lists with two or more elements.

B. PRACTICE

We implemented the shape analyses and integrated them
into the SATIrE program analysis framework where sub-
sequent program analyses can now use them as powerful
alias analyses.

We added automatic annotation of shape- and alias
analysis results to SATIrE. The results obtained by the
analyses are available as annotations to the SATIrE ab-
stract syntax tree, as annotations to a program’s source
code, or as graphical visualization of a program’s control
flow graph.

C. ASSESSMENT

We evaluated shape analysis abstractions and discovered
that SRW shape analyses cannot contain must-alias in-
formation. We found that the SRW algorithm does not
always perform a strong update. Both findings were not
previously published.
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III. FINDINGS

We systematically introduced five parameters to the
shape-based alias analyses to thoroughly evaluate their
effects on precision and runtime: (1) shape analysis al-
gorithm, (2) inter-procedural context information, (3) re-
taining temporary variables, (4) “common tails” exten-
sion, and (5) lazy/extensive alias testing. This results in
32 variations of shape-based alias analyses for our com-
parison.

Interpreting the observed results we were able to make
recommendations concerning the combination of analy-
sis parameters:

– Ignoring context information produced the worst
results and took the most time – always use context
information for shape analyses.

– We showed that the SRW shape analysis with an
extensive alias test cannot be more precise than the
lazy test on SRW graphs – always perform the lazy
test for the SRW analysis results to save time.

– NNH shape analysis and the lazy alias test pro-
duce a poor match: analysis runtimes are always
longer than with SRW but only in one case is the re-
sult (minimally) more precise; the higher precision
gained from NNH (and paid for by the longer anal-
ysis runtime) is lost in the lazy alias test as it merges
separate execution paths before the test which were
deliberately kept apart during analysis.

– Without temporary variables or the “common tail”
extension, SRW and NNH have comparable preci-
sion but SRW is roughly 5 times faster on our test
cases.

– Retaining temporary variables increased precision
for both SRW and NNH (23% and 21% smaller
alias sets, respectively) but also increased graph
sizes and therefore analysis runtime (3 times) –
here, the precision is expensive.

– The “common tails” alias test increased precision
only in combination with NNH, but then at no mea-
surable increased cost – a cheap precision increase
for an already precise analysis.

The number of may-aliases computed from the SRW-
or NNH shape analysis results is shown in Figure 1. A
more detailed discussion can be found in the first author’s
thesis [5].

In summary, we can say:

– NNH is strictly more precise than SRW in all ob-
served test cases

– The fastest variant is: SRW, with context infor-
mation, with lazy alias test, without common tails,
without temporary variables

– If more precision is required: NNH, with context
information, with extensive alias test, with com-
mon tails. Using our proposed metric we observed
a 28% gain in precision (reduced alias set sizes) at
36 times increased runtime for our test cases.
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Figure 1: Number of May-Aliases computed from SRW-
and NNH shape analysis results (fewer may-aliases are
more precise).

IV. CONCLUSIONS

Our work was the first to implement the NNH shape anal-
ysis algorithm. We extended state-of-the-art graph-based
shape analyses to be used inter-procedurally on a subset
of C++ and improved the precision of the established al-
gorithm to extract alias information from shape graphs.

Our work features the first comparison of the relative
merits of the two state-of-the-art graph-based shape anal-
yses termed SRW and NNH. We were thus able to an-
swer a theoretically and practically important question,
as to which is the more precise shape analysis, which was
open since 1999.
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Abstract — The aims of the research work pre-
sented in the following are enrichment and optimi-

zation of the turnaround management in industrial 

companies. Special emphasis is put on the concep-

tion phase of the turnaround strategy with regard to 

context, object, behaviour and time of a stepwise 

execution. The developed approach utilizes state-of-
science assessment methodologies for Integrated 

Production Systems (IPS) as the carrier of the most 

capacious potential for crisis recovery, puts them 

into the framework of repulsive crisis management 

and integrates possible deliverables into a compre-
hensive turnaround management concept. The ap-

proach has been validated in a practice project 

within the contract manufacturing industry.

I. INTRODUCTION

Due to the current economic situation, corporate 
crisis management is a topic of interest. The viru-
lent need for action in industrial practice has dis-
closed general and essential gaps in scientific ap-
proaches especially for repulsive crisis manage-
ment, viz. turnaround management [1]. In the con-
text of operations management, no methodology-
based approach has been developed to integrate the 
multiplicity of singular, proven countermeasures 
into a comprehensive, self contained framework. In 
order to ensure turnaround success, any turnaround 
concept has to be formulated comprehensively and 
thus supporting frictionless implementation [2].
Especially in a manufacturing context, the assess-
ment of order management in general can remarka-
bly contribute to specification and enrichment of a 
turnaround concept.

II. STATE OF SCIENCE

A. TURNAROUND MANAGEMENT WITHIN PRO-

DUCTION COMPANIES

In the context of this research work, turnaround man-
agement is understood as repulsive crisis manage-

ment and thus includes all measures and actions to 
overcome existential threat to the company [3]. As 
far as the body of knowledge about turnaround man-
agement is mostly practice-driven and case-specific, 
recent ideas are gaining more formalized approaches.
To that effect, general aspects like for example con-
text, object, behavior and time are considered during 
the definition process of turnaround strategy [4]. 
Concerning turnaround accomplishment, critical 
general success factors are commonly well-known 
and are derived from crises-unspecific and crisis-
specific context-variables.
With regard to production companies, current scien-
tific approaches show essential methodical weak-
nesses, especially when it comes to a prompt order 
management analysis in the forefront of a turnaround 
execution. Analysis results have to support contem-
porary backlash, but also conception of a sustainable 
transformation. From the classical optimization point 
of view, besides the financial situation, a comprehen-
sive, methodological analysis of organization, mo-
vables, real estate, systems and staff is necessary in 
order to gain adequate insight into the company sit-
uation [5].

B. INTEGRATED PRODUCTION SYSTEMS

Companies have executed several change and opti-
mization projects in order to improve profitability 
and competitiveness. Especially in manufacturing 
business, those efforts often led to conception and 
implementation of IPSs. Unifying all concepts, 
methods and tools valid for production optimization, 
IPS can be understood as regulation framework sup-
porting transparency, orientation and the elimination 
of waste. Nevertheless, a universal industrial stan-
dard for IPS has never been formulated [6].
For the most part, the IPS-concept is rooted in the 
Toyota Production System [7]. In continuous ad-
vancement and adaption also outside the automotive 
industry, companies as well as the scientific commu-
nity have gained an abstract, comprehensive under-
standing of IPS, especially containing non-
production units. Thus, the principles of Lean Man-
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agement can be communicated, implemented and 
documented over the whole company via an IPS [8].
In the context of business improvement for produc-
tion companies, an IPS can be seen as the most com-
prehensive starting-point to adapt the company’s
operational performance to changing market or situa-
tion requirements.

C. ASSESSMENT OF INTEGRATED PRODUCTION 

SYSTEMS

Due to the missing consistent understanding of IPS, a
coherent approach for the analysis of IPS requires the 
abstraction onto the general principles and approach-
es supporting Operations Excellence (culture, 5S, 
standardization, continuous improvement, balanced 
production, total productive management etc.). Those 
general principles, viz. assessment modules have to 
be completed or, if necessary, adapted following 
case-specific requirements (for example complexity 
reduction and modularization in order scheduling and 
processing). The target state in each module has to be 
defined according to general, branch-specific and 
situation-specific requirements; the latter especially 
depicting the necessity for short- to medium-term 
improvement. According to common evaluation 
schemes, the company’s performance can be quanti-
fied in each assessment module. Taking the compa-
ny’s improvement ability (capital backing, agility, 
motivation etc.) into consideration, the improvement 
path for the IPS can be derived and depicted for 
example in a roadmap.

III. METHODOLOGY FOR OPTIMIZATION OF 

TURNAROUND MANAGEMENT

As turnaround execution can be understood as im-
plementation of a turnaround concept, a methodical
approach for concept definition is needed. In the 
context of the present research work, the content of 
the turnaround concept is thus categorized in context, 
object, behavior and time [9]. Typically, a turnaround 
concept is comprehensive and at the same time fo-
cused on the main crisis recovery potential. In pro-
duction companies order management, which is 
formalized and documented in the IPS, plausibly 
shows the most capacious crises recovery potential. 
To that effect, during conception phase, the compre-
hensive IPS assessment can remarkably improve
effectiveness and target-orientation of the turnaround 
strategy. On the basis of the assessment results, the 
improvement strategy for the IPS and thus transfor-
mation strategy for order management can be derived 
by common, proven methodologies [10].
Additionally, the assessment methodology described 
above can be executed in different depth levels. Tur-
naround execution is normally characterized by inte-

raction of detailed analysis and implementation. 
Thus, rough analysis and contemporary implementa-
tion of singular, more reactive measures are followed 
by detailed analysis and stimulation of long-term,
comprehensive improvement initiatives. Here the 
described methodology can also significantly contri-
bute by disclosure of possible improvement paths. 

IV. METHODOLOGY IN INDUSTRIAL PRAC-

TICE

The approach described above has been validated in 
an industrial practice project. Subject was the 
achievement of a turnaround within a contract manu-
facturing company producing drive systems and 
components. The mentioned company has been ac-
quired out of insolvency. During the phase of turn-
around one of the three active divisions was closed,
the remaining two divisions were merged. Therefore, 
the company’s IPS had to be analyzed, adapted and 
optimized by the approach described above in order 
to re-achieve profitability. The project efforts were 
fertile; the company achieved successful turnaround.
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Abstract — A model for the carrier phase turbu-
lence in a fluid–particle flow based on the volume-
averaged equations for the kinetic energy of the 
carrier phase is considered. The model shows the 
trends observed by experiments, that is, small parti-
cles attenuate turbulence while large particles 
augment turbulence. The changes in turbulence 
intensity and the rate of kinetic energy dissipation 
are correlated with the particle loading and the 
ratio of the particle diameter to the turbulence 
length scale. 

I. INTRODUCTION 

Turbulent flows of fluid-particle suspensions are of 
practical importance. They enhance heat transfer, 
affect mixing of chemical species and transfer of 
momentum, including effects on the Reynolds 
stresses. It is well known that turbulent stresses affect 
such disintegration processes like deagglomeration 
and drop breakage. Examples of deagglomeration 
phenomena for different stress generation mecha-
nisms and their results on product quality were pre-
sented recently [1][2]. Effects of presence of particles 
on turbulence itself are referred to as turbulence 
modulation. Generally the presence of particles in 
turbulent flow is expected to result in:  
− complex unsteady motions of the particles that 

may result in non-uniform spatial distribution of 
the particles and, perhaps, particle segregation. 
Such motion can result in particle agglomera-
tion and deagglomeration 

− modifications of the turbulence itself caused by 
the presence and motions of the particles; the 
turbulence could be damped by the presence of 
particles, or it could be enhanced by the wakes 
generated behind particles. 

II. MODELLING OF TURBULENCE 

Experimental observations suggests that small parti-
cles tend to attenuate the carrier phase turbulence 
while large particles tend to augment the turbulence 
[3]. Furthermore, the magnitude of the change has 
been shown to scale with the particle concentration 
[4]. The fundamental mechanisms which are most 

often associated with turbulence modulation are that 
the wake of particles is responsible for the additional 
productions of turbulence while the particle-eddy 
interaction is responsible for the additional dissipa-
tion of turbulence. For dense flows the effect of par-
ticle-particle collisions introduces another route for 
which turbulence modulation can proceed. To ac-
count for the influence of particles on the carrier 
phase turbulence the model by Mando et al. can be 
used [5]. The source term corresponding to particle-
turbulence interaction is capable of predicting both 
attenuation and augmentation.  
Figure 1 shows predicted effects of particles on the 
turbulence presented as modification of turbulence 
intensity, �� � ���/��, where  �� and � are the tur-
bulence intensities for clear flow and particle–laden 
flow respectively, and  

  � � �2
3� �

� �⁄
/��  (1) 

The flow in a pipe was calculated using the standard 
� � � model in Fluent in order to find the starting 
values of kinetic energy for clear flow and afterwards 
to modify them. Modification were performed for: 
� � 998.2 kg/m�, � � 1003 · 10!" kg ms⁄ , and 
the pipe dimensions: $ � 0.04 m, & � 8 m. 

Figure 1. Turbulence modulation at the centreline of 
a vertical pipe, effect of particles mass fraction, C for 

different values of particles density, ρp. 

The local values of particle velocity and particle 
turbulent diffusivity can significantly differ from the 
local values of fluid ones. In order to calculate the 
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relative fluid-particle velocities, ∆�, a simple and 
relatively easy approach based on the Tchen’s theory 
is used as presented and extended by Hinze [6]. For 
phenomena in the inertial subrange of turbulence the 
acceleration was estimated from the Kolmogorov 
theory, following Levich approach [7],  

(∆)

(*
� ∆)+

,
  (2) 

where - represents the scale of particle motions, 
which is identified based on flow conditions. Once 
we know the velocity difference �.�� we can calcu-
late the value of dissipation energy due to the effect 
of particles presence. The particles are classified 
depending on the particle size and the inertia of the 
particles (relaxation time). In order to put the parti-
cles into the viscous regime they must satisfy the 
condition  /0 /1⁄ 2 1, where /1 is Kolmogorov time 
microscale  /1 � �3 �⁄ ��.4. Among the particles with 
the size from the viscous regime one can distinguish 
small particles, - 5 61, and very small particles, 
- 2 61. For the particles from the inertial subrange, 
-789 : 61 (large particles) we assume no direct 
viscous effects on their motions. For given scale of 
particle motions - one has different particle sizes ;, 
hence classification of ; depends on process condi-
tions. This shows that all, particle size, density and 
process conditions, determine if particles are large, 
small or very small. For liquid suspension small and 
very small particles are represented by micro- and 
nanoparticles of the size equal or smaller than Ko-
mogorov microscale.  

Figure 2. Relative increase of energy dissipation 
due to the presence of particles to energy dissipa-
tion of clear flow as a function of particle diame-
ter, (a) viscous subrange - small and very small 
particles, (b) inertial subrange - large particles, 

< � 4.3%. 

Figure 2 shows that for large enough particles effect 
of increasing particle size is smaller than effect of 
decreasing their number  

Figure 3. The concentration spectrum, effect of parti-
cle volume fraction, >. 

The effect of particle presence on local properties 
of turbulence should affect micromixing. This is 
observed as effect on concentration spectrum when 
particles are present, see Figure 3. Investigations on 
effect of particles on the test reactions (parallel com-
petitive reaction) are presently carried out.  
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Abstract — In this paper diploma-master thesis 
about modelling, hysteresis compensation and con-
trol of the piezoelectric stack actuator embedded in 
the nanometer-precise Hybrid Micropositioning 
Stage “M-511.HD” from company Physik Instru-
mente is presented. For modelling of the piezoelec-
tric actuator, the Generalized Maxwell model is 
used, while the additive hysteresis compensator 
used with the extended estimator model is devel-
oped for control purposes. The combination of 
hysteresis compensation measure and a feedback 
controller is also presented. Model formulation is 
validated by comparing results of simulations to 
experimental measured data. 

I. INTRODUCTION 
Piezoelectric materials (PZT) are widely used in 
many areas of technology and science. The 
piezoelectric actuators transform electrical signals 
into mechanical movements. However, PZT 
materials often exhibit nonlinear and rate-dependent 
hysteresis which severely limit system performance, 
such as giving rise to undesirable inaccuracy or 
oscillations, and it requires control design that can 
effectively accommodate such behaviour. 

A. HYBRID MICROPOSITIONING STAGE 
The availability of positioning systems that are able 
to follow trajectory paths in the range of several 
centimetres featuring a nanometer-range precision at 
the same time is very poor and task is demanding. 
The solution consists of a hybrid positioning system 
built through integration of a DC-drive in series with 
a PZT actuator. The Hybrid Micropositioning Stage 
(Piezo-Hybrid System) [1] is sketched in Figure 1. 
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Figure 1: Schematic model of Piezo-Hybrid Sys-
tem 

A ball screw is directly connected to the DC motor 
(M). Via the gearbox (G) on the ball screw the inner 
mass (marked with m1) is connected. The outer mass 
(marked with m2) is connected to inner mass. The 
connection between those two masses is realized 
using two springs and two piezoelectric stack actua-
tors (marked with P) connected mechanically in 
parallel. The third mass is inertial and presents the 
inertia moment for the rotational mass connected to 
the DC-drive. 

II. MODEL OF THE PIEZO-HYBRID SYSTEM 
For all three masses in the system, moment and force 
equations can be written. The state-space model is 
d(x)/dt=ƒ(x,u) and y=g(x,u), where states are marked 
with x, input with u, and output with y.  

B. MODEL OF THE PIEZOELCTRIC ACTUATOR 
The piezoelectric actuator model is chosen accord-

ing to [2]. The electro-mechanical model for the PZT 
actuator is shown in Figure 2. The element marked as 
MRC represents the Maxwell Resistive Capacitance. 
The MRC is the nonlinear part of the PZT behaviour. 
The voltage which appears on the terminals of the 
MRC, umrc, depends on the charge q generated by the 
input voltage for actuating PZT ceramic uin and the 
actual displacement of the actuator x. Connection 
between the mechanical and the electrical model is 
realized using the electromechanical transformer of 
ratio T. 
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Figure 2: Electro-mechanical model for PZT ac-
tuator 
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Model verification of the Piezo-Hybrid System is 
done by comparing simulation results with measure-
ment values. For the piecewise linear signal with 
falling amplitude excitation the calculated NRMSE 
(normalized root mean square error) is 0.277%, 
which very well  matches  the simulated and real 
model of the system. 

III. HYSTERESIS COMPENSATION 
The non-linear rate-independent hysteresis of the 
PZT materials has, according to the model presented 
in [2], an additive nature. In case of efficient hystere-
sis compensation the non-linear model of the piezo-
electric actuator becomes linear from the I/O point of 
view, because the influence of the MRC element is 
eliminated through the hysteresis compensation 
measure. In Figure 3. The response of the system 
with and without hysteresis compensation is given.  
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Figure 3: Compared response results with and 
without hysteresis compensation 

Excellent matching of the excitation signal and the 
response (compensated response overlaps excitation 
signal in Figure 3) confirm the approach applied.  

IV. CONTROL DESIGN FOR PZT ACTUATOR 
By adequate combination of hysteresis compensation 
and a feedback controller, a significant enhancement 
of the positioning quality can be achieved (Figure 4).  
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Figure 4: A compensated piezoelectric actuator 

By appropriate compensation of non-linearity, the 
feedback controller can be considered to operate, 
from its own point of view, as a linear plant. 

In this work, a PI controller feedback structure 
combined with the hysteresis compensator (featuring 
the estimator model) was used. A comparison dia-
gram for the response of the closed loop system in 
case of a step input signal is shown in Figure 5.  
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Figure 5: Comparison diagram for step response  

The advantage of the feedback controller used 
with the hysteresis compensator is significant. It is 
notable that, in this case, the design of more efficient 
control law is possible even in case of a simple linear 
controller. 

V. CONCLUSION 
The additive hysteresis compensation method applied 
in work presented here is feasible for use in real-time 
systems and FPGA’s (Field-Programmable Gate 
Array). The compensation results are verified by the 
experiments with the Hybrid Micropositioning Stage. 
It was shown that the hysteresis compensation may 
be successfully combined with a feedback control, 
resulting in a faster response and better trajectory-
tracking related to the non-compensated case. 
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Abstract  The aim of this contribution is to re-

port on a preliminary study of the explosion-

generated water waves using molecular dynamics 
methods. At this time we have developed two pro-

grams one of which allows studying the behaviour 

of explosives and the other modelling surrounding. 

The next task is to combine both programs into one. 

We hope to finish this work before the beginning of 

the Junior Scientists Conference and to present 
corresponding results. In this contribution, we re-

port on the computer simulation background and 

modelling the dynamic behaviour of two types of 

polymer explosives. 

I. INTRODUCTION 

The subject of explosion-generated water waves [1] 
is not as popular as other explosion effects, e.g., 
shock waves. Nevertheless due to high yield, near 
surface explosions are able to generate water waves 
of considerable magnitude. The theoretical approach 
to the problem is based mainly on the hydrodynamic 
phenomenology of wave generation and wave propa-
gation [1]. Contrary to that customary approach, we 
prefer to use molecular dynamics computer simula-
tion [2], because this method allows obtaining results 
without averaging micro-characteristics connected 
with individual particles. Besides molecular dynam-
ics in full measure fits the thesis formulated by 

task of physics is solution of 
nonlinear problems since it does not say in the Bible 
that the fundamental equations of physics must be 

In addition to that assertion, it should be 
added that the molecular dynamics approach has 
shown its effectiveness on studying a great variety of 
phenomena, e.g. radiation damage, fracture, nuclea-
tion and evolution of biological structures etc. [2], in 
particular it allowed modelling the action of shock 
waves on phospholipids in water [3].  
 The problem of modelling generation, 
propagation, and interaction of explosion waves with 
a target consists of three parts: how to model an 
explosive, how to model surroundings (in our case, 
water), and how to model interaction of waves gen-
erated with a target. In this paper we consider the 
first and the second parts.  

II. COMPUTER SIMULATION BACKGROUND 

A. MODELLING OF SURROUNDINGS 

As the surroundings was taken water. The previous 
3D computer simulations of water in the form of 

OH2  molecules [3] had come to conclusion that the 

structure of a water molecule is not as simple as it is 
usually deemed. Further special investigation has 
shown that for correct description it is necessary to 
use the bond-charge theory in which in addition to 
interatomic interaction one should take into account 
electronic interaction of covalent bond charges [4]. 
However such global approach could come to big 
difficulties of both computational character and un-
derstanding. For this reason, it was decided to take a 
simpler model for water changing a real OH2  mole-

cule by one particle. The interaction of the particles 
can be described with the help of potentials consid-
ered in [5].  

B. MODELLING OF EXPLOSIVE 

There is no difficulty in modelling a plane shock 
wave in water because here an explosive is excluded 
in fact from computer simulation [3]. As a result, we 
have only two systems: a target and surroundings. In 
the case of explosion-generated water waves, there is 
necessary to model also an explosive. In the basis of 
constructing the explosive model lays just the same 
reason as for the choice of water model. Instead of 
the computer simulation at the atomic level, we con-
sider henceforth the molecular dynamics models for 
the next level of approximation.  
 Many phenomena are connected with coo-
perative motions of atoms, e.g. phase transition. 
Modelling such phenomena does not require kno-
wing all the details of atomic structure; it is enough 
to be aware how many atoms act as a whole forming 
a cluster. For polymers the cluster is usually a small 
group of atoms corresponding to a monomer. In 
polymer physics, the cluster model in which atom 
groups play the part of interacting particles and be-
have as quasi-atoms is known as a bead model. Tran-
sition to this model simplifies the matter considerab-
ly. That is the reason why we use this model for 
polymer explosives. Besides at the first stage of 
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study, we restrict ourselves to 2D computer simula-
tions.  

III. MODEL OF EXPLOSION 

We have investigated the explosion of two types of 
polymeric explosives without surroundings. Their 
structures were not specified in advance but were 
obtained automatically as a result of folding by the 
method considered in [2]. After that they were sub-
jected to a uniform compression. As a result, the 
structures accumulated a large amount of elastic 
energy. Decompression simulated an explosion. The 
results are shown in Figures 1 and 2. 

 

 

Figure 1: Structure changes of the first polymer 
explosive during decompression.  

 In the first case the explosive is not de-
stroyed completely; in the second one there formed a 
lot of fragments. 
type of explosives is more effective for producing 
water wave, because the explosions were modelled 
without surroundings, in fact in vacuum. Resistance 
of surroundings is certain to change the results. 

 
Figure 2: Structure changes of the second polymer 
explosive during decompression.  
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Abstract — A novel two-scale approach to the diffuse light
scattering from rough surfaces is introduced in which the
Maxwell’s equations are solved using ab initio calculated
layer-resolved permittivities. Applied to a semi-infinite bcc
Fe/Fe(100) tribological sample, first results have shown that the
pointwise normal refraction vector of the rough surface layer,
e.g. , closely follows the inverse magnitude of the surface nor-
mal, at least for linearly polarized light and normal incidence.

I. INTRODUCTION

Experimental techniques applied to analyze rough sur-
faces are commonly optical ones, which e.g. , by moni-
toring the diffusely scattered light, quantitatively access
the roughness of these surfaces [1].

Beyond the obvious technological interest, an ab initio
(first-principles) investigation of the optical properties of
rough surfaces is also challenging because it implies a
suitable multiscale framework.

II. THEORY

Consider a multilayer system for which the layers are
numbered starting with the first bulk-like one (p = 1)
on top of a semi-infinite substrate, i.e. , the layer index of
the surface layer is p = N .

From an optical point of view, each layer p is seen
as a homogeneous, linear and anisotropic conductive
medium of complex permittivity ε̃p (ω), through which
the complex components of the electromagnetic field are
propagating in the form of plane waves �Wp (�r, t) =
�Wp exp [i (�qp �r − ω̃t)], where �Wp ∈ C

3, �qp = q0�np is
the complex propagation vector in layer p, with q0 be-
ing the propagation constant in vacuum, �np = ñpx �ex +
ñpy �ey + ñpz �ez is the layer-resolved complex refraction
vector.

Assume the origin of a global right-handed Cartesian
coordinate system S {x, y, z} fixed on the perfectly flat
interface between the topmost layer and the adjacent
one immediately below, with the z-axis perpendicular to
the interface and pointing into the vacuum. The point
P (xP , yP , zP ) on the rough surface at which the inci-
dent light hits the layered system is obtained by solving
the equation zP = ξ(xP , yP ) with respect to the dis-
tance rP of P from the origin of S {x, y, z}. The normal
�nN+1,⊥ and tangential �nN+1,‖ components of the com-

plex refraction vector on the vacuum side are uniquely
defined at the incidence point P . Thus, with respect
to a pointwise local right-handed Cartesian coordinate
system U {x′, y′, z′} with its origin in P and spanned
by �u⊥(P ) ≡ �ez′ , the tangential unit vector �u‖(P ) =

�nN+1,‖ /
∣∣�nN+1,‖

∣∣ ≡ �ey′ and �u‖(P )×�u⊥(P ) ≡ �ex′ , the
refraction vector ñN+1,x′ �ex′+ñN+1,y′ �ey′+ñN+1,z′ �ez′

has the components ñN+1,x′ = 0, ñN+1,y′ =
∣∣�nN+1,‖

∣∣
and ñN+1,z′ = �nN+1 · �u⊥(P ), respectively. The con-
tinuity of the tangential components of both electric and
magnetic fields at the boundary between the vacuum and
the surface layer [2], however, implies that only the tan-
gential components along the x′ and y′ axes are pre-
served, when the light enters the rough surface layer,
namely ñN,x′ = ñN+1,x′ and ñN,y′ = ñN+1,y′

After the permittivity tensor ε̃NS , determined with re-
spect to S {x, y, z} as only a function of the frequency
has been transformed into U {x′, y′, z′} via ε̃NU =
R ε̃NS Rt, where t denotes the transpose of the real ro-
tation matrix R, the third (discontinuous) component of
the refraction vector ñN,z′ �= ñN+1,z′ follows in the case
of the surface layer by solving the Fresnel (characteristic)
equation [3],∣∣ñ2

N δµν − ñN,µ ñN,ν − ε̃Nµν
∣∣ = 0 (µ, ν = x′, y′, z′) ,

(1)
which is of fourth order in ñN,z′ . For each of the

so-obtained normal modes ñ
(k)
pz′ (k = 1, . . . , 4), the

Helmholtz equation∑
ν=x′,y′,z′

(
ñ2
N δµν − ñN,µ ñN,ν − ε̃pµν

) EN,ν = 0 , (2)

with µ = x′, y′, z′, then provides all local Cartesian com-
ponents of the electric field �E(k)

N , which substituted into
Faraday’s law (curl Maxwell equation),

�HN = �nN × �EN , (3)

finally yield the magnetic field �H(k)
N with respect to

U {x′, y′, z′}.

III. COMPUTATIONAL DETAILS

In general, two different layered systems have to be con-
sidered to compute all permittivities needed as input for
the above so-called 2 × 2 matrix technique, cf. Ref. [4].
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In a first set of calculations, the permittivity tensor of the
substrate is determined using an appropriately large lay-
ered system situated between two semi-infinite bulk-like
blocks. The layer-resolved permittivities of the actual
semi-infinite layered system are then calculated position-
ing this between the previously obtained substrate and
the semi-infinite vacuum on the opposite side, of which
at least three layers are taken as belonging to the layered
system in order to correctly account for the charge on the
surface.

IV. RESULTS AND DISCUSSIONS

The layer-resolved optical conductivity tensors of bcc
Fe/Fe(100) used here were determined for a photon en-
ergy of �ω = 1.905 eV having 12 iron layers on top
of the semi-infinite bcc Fe(100) bulk. The surface on
bcc Fe/Fe(100) considered is a real machined one, which
firstly was wet ground by using a silicon carbide grind-
ing paper of P 1000 grit-size (ISO 6344). Three scratches
were then made on this ground sample with the Scratch
Tester Millennium 1000® , operated in the constant load
mode by applying a normal load of 5 N and using a tip
of type Rockwell C 50µ. The so-obtained rough sur-
face was imaged with a confocal white light microscope
(µSurf®), using a 20× magnification lens, which masks
an area of 800× 800 µm with a lateral (vertical) resolu-
tion of approximately 1.5 µm (0.07 µm).

By solving Eq. (1) in the case of linearly polar-
ized light, at normal incidence, the pointwise normal
modes ñ

(k)
Nz′ (k = 1, . . . , 4) within the surface layer

are immediately obtained with respect to the local frame
U {x′, y′, z′} and for each point on the rough surface.

Once transformed into the global (crystallographic)
frame S {x, y, z}, the Cartesian components of the
pointwise complex refraction vectors corresponding to
the normal modes within the surface layer are all found
to closely adhere to the structure of the rough surface, see
Fig. 1. The Cartesian components of the normal refrac-
tion vectors in S {x, y, z}, however, do not directly map
the roughness of the surface.

Re ñ
(3)
Nz, and accordingly all other Cartesian compo-

nents of the normal refraction vectors within the global
frame, are well-correlated to the inverse magnitude of the
pointwise normal vectors |∇ [z − ξ(x, y)]|−1. Indeed, by
closely inspecting this correlation, it seems that over a
relatively wide range of direction cosines between the
surface normal vectors and the z-axis, Re ñ(3)

Nz linearly
maps |∇ [z − ξ(x, y)]|−1.

V. SUMMARY

A two-scale approach to the diffuse scattering of light
from rough tribological/engineering surfaces has been
introduced and applied to semi-infinite bcc Fe/Fe(100).

First results show a linear correlation between the Carte-
sian components of the pointwise normal refraction vec-
tors and the inverse of the magnitude of the surface nor-
mal vectors.

Figure 1: Real part of the third, normal refraction vector
pointwise ascribed to the rough surface layer in the case
of bcc Fe/Fe(100), when the entire area is uniformly il-
luminated by a linearly polarized visible light at normal
incidence.
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Abstract — We present a novel stereo rig 
consisting of a single camera and two 
hemispherical mirrors. The unique features of the 
system include ultra-wide field-of-view (360x140), 
radial epipolar geometry and inexpensive single-
lobed mirrors. Unlike most other catadioptric omni-
stereo systems that require custom hyperbolic or 
parabolic double-lobed mirrors to satisfy the single 
viewpoint constraint (SVP), we relax this 
requirement under the assumption that the imaged 
points are located far from the locus of viewpoints
(caustic) of a spherical mirror. We demonstrate the 
performance of the system by computing a disparity 
image from a synthetic scene. 

I. INTRODUCTION.

Catadioptric stereo, like conventional stereo imaging, 
estimates depth of a 3D point by observing it from 
two viewpoints (i.e. triangulating). Unlike 
conventional stereo where the distinct viewpoints are 
generated by the relative displacement of the two 
cameras, catadioptric stereo generates distinct 
viewpoints by reflecting the scene in the two 
displaced mirrors.  The advantage of catadioptric 
stereo is its need for only one imaging device, 
alleviating the need for cross-camera calibration. 

II. STATE-OF-THE-ART

Generating real-time omni-directional stereo from 
co-axially aligned hyperbolic mirrors (Fig 1a) was 
demonstrated in [1].  In [2] Nayar et al introduce 
equivalent “folded” configurations which allow to 
collapse the system by placing the camera close to 
the focus of one of the mirrors (Fig 1b) and [3] 
implement a “folded” system with double-lobed 
hyperbolic mirrors. All of these systems satisfy the 
single-viewpoint constraint (SVP) by utilizing 
rotationally-symmetric mirrors with a hyperbolic 
cross-section. The advantage of an SVP mirror is that 
all of the imaged rays are focused at a single point, 
making the system equivalent to a perspective 
camera. 

Figure 1: Catadioptric stereo configurations 

III. DESIGN

Our work follows the systems outlined above in 
utilizing two coaxially-aligned, rotationally 
symmetrical mirrors and a single imaging device. 
However, we relax the single-viewpoint constraint 
(SVP) for three reasons: 1) the SVP constraint 
severely limits the topology of the mirrors to a subset 
of conic sections which require expensive precision 
manufacturing; 2) the vertical field of view can be 
improved dramatically with topologies that do not 
obey the SVP; 3) folded SVP systems require 
double-lobed mirrors (Fig 1B) which may not be 
readily available. 

Figure 2: Spherical omni-stereo configuration 
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The proposed system is illustrated in Figure 2. The 
components are two coaxially-aligned spherical 
mirrors with distinct radii (R, r) separated by distance 
H and a single perspective camera with a telephoto 
lens (8mm) with a focal point located near the 
surface of the major sphere. Rays projected onto the 
CCD whose angle is < θ indirectly observe the major 
sphere through its reflection in the minor sphere, 
while rays > θ observe the minor sphere directly. 
Such geometry produces a coded image such as the 
one of a simulated room in Figure 4a. The coaxial 
alignment of the mirrors and the camera guarantees 
that the epipolar lines are radially symmetric or 
vertical when unwrapped into a panorama. 

A. CONSTRAINTS

Spherical mirrors introduce error into triangulation 
because of the lack of SVP. It is desired that the 
image of the major mirror may assumed to be 
observed directly by the camera. This assumption is 
valid if the minor mirror obeys SVP over the small 
angular sector θ. The SVP is then approximately at 
the cusp of the sphere’s caustic. This assumption is 
satisfied when r<<R, or when H>>r. If H>>r, the 
SVP is located r/2 below the mirror’s surface parallel 
to the axis of radial symmetry. In addition, 
simulations indicate that the imaged 3D points must 
be farther than twice the radius of the major sphere to 
reduce the discrepancy between the actual and the 
estimated viewpoint to less than 1 degree in any 
viewing direction. 

B. OPTIMIZATION

We now show the relative significance of the 
parameters (R, r, H) in forming the optical 
characteristic of the system. Given a desired baseline 
(H), we attempt to optimize 1) the relative resolution 
of the imaged spheres (defined as R’/r’ in Figure 4a) 
2) the vertical field of view. We seek general 
guidelines for the relationship between R,r,H that 
will satisfy the set requirements.  

Figure 3: Configuration Space 

Referring to the R>>r constraint introduced earlier, 
the complete 3D RrH parameter space (not shown 
here) suggests that the effect of r becomes 
insignificant when R is at least 3r. From the RH
parameter space in Figure 3, it is evident that given 
baseline H, there is a fairly linear relationship 
between resolution, FOV and major radius. 

IV. EXPERIMENTS & RESULTS

The system was tested in a simulated room generated 
using POVray (open source ray-tracer). From (1) and 
(2), the optimum resolution ratio of ½ was chosen 
resulting in the values for R=20cm, H=30cm, r=4cm. 
The obtained configuration produces a vertical field-
of-view of approximately 143 degrees. Figure 4 
illustrates (a) original coded image, (b,c) unwrapped 
major and minor panoramas and (d) computed 
disparity image. 

Figure 4 a) Original Image b,c) inner, outer 
panoramas, d) computed disparity image 

These results indicate the feasibility of designing an 
ultra-wide field-of-view catadioptric stereo system 
using non-SVP spherical mirrors. The physical 
system is in the process of being constructed, and the 
next step is to evaluate its performance with real-
world noisy and imperfect optics. 
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Abstract — In this paper a novel method is presented which
allows one to numerically investigate the effect of roughness in
the contact interfaces. The method couples the finite element-
and boundary element methods (FEM-BEM) by also exploit-
ing, e.g. , the flexibility of the former one in modeling differ-
ent material properties, like the anisotropy of multilayers along
different loading directions. The method has been validated
for the frictionless ball-on-plate case, for which an excellent
agreement with the well-known analytical theory of Hertz has
been found. Here, our FEM-BEM method is applied to study
both frictionless and frictional contacts between real surfaces
for which the topography data were experimentally determined
by using a confocal white light microscope.

I. INTRODUCTION

Topographies of engineering surfaces are normally
rough. In practical application, when surfaces are
brought together, the contact occurs at multiple asperities
and results an area quite different from that assumed in
Hertz’s theory [1]. This feature is of major importance,
since the area of the real contact crucially determines
many physical properties such as the resistivity, heat
transfer, adhesion, stress distribution, friction and wear
between the bodies in contact. On the other hand, the dis-
tribution of the thickness of gaps between rough surfaces
has significant impact on mechanical seals. Furthermore,
the contact pressure and the real contact area play an im-
portant role in understanding most of the known mecha-
nisms in case of a dry friction.

In fact, the surface topography of real samples and in-
teraction between asperities can be almost straightfor-
wardly included in various numerical methods, where
solutions to the contact problem are obtained by solv-
ing the governing differential equations. Finite element
method (FEM) and/or boundary element method (BEM)
can be used for this purpose, in principle. Finite ele-
ment methods are widely applied in the contact model-
ing [2] since commercial packages offers advanced tools
for describing complex material behavior, loading con-
dition and structural responses (large deformation, crack
propagation, etc), as well as advanced mesh generation
tools. Disadvantage of finite element modeling is that the
upper limit of the number of elements can easily exceed
the allowable limits of the software and hardware. This is
due to the nature of rough surface which requires a large

number of fine mesh elements through entire volume, to
describe contacting solids. Therefore, the selection of
element type and meshing techniques affect the solution
directly, which is then quite obvious in case of more real-
istic three-dimensional (3D) rough contact analysis. This
makes FEM unsuitable for such type of analysis due to
the requirement of extremely large computation times.
To reduce the computation time and the size of the prob-
lem at least in one dimension, it is convenient to take
advantage on the boundary elements methods. BEM is
widely used in contact mechanics especially for 3D prob-
lems, where the only boundary of the contacting interface
is discretized into the small patches, reducing both the
size of the problem and the computational time. Apply-
ing BEM there is no need for further assumptions con-
cerning the surface isotropy, asperity shape, distribution
of asperity heights, slopes and curvatures.

Therefore the main objective of the present FEM-BEM
methods is to solve the normal and tangential contact
problem between two randomly rough surfaces where the
adopted calculation technique coupled uniquely the FEM
and BEM methods [3] and hence draws the advantages
of both the methods. The method can be applied for any
applications where the roughness is important [4].

II. THEORETICAL CONCEPT OF FEM-BEM

Our FEM-BEM method establishes a new approach for
the calculation of influence coefficients, which directly
relate the pressure and displacement, in sense that these
coefficients are always calculated based on an adequate
FE model and then are transferred into the BEM. A con-
tact problem is then solved and gap between two surfaces
in-contact (z1 and z2) can be expressed as

h = hi + (z1 + z2)− δ (1)

where hi is the initial gap and δ is rigid approach. Since
the bodies cannot interpenetrate each other, deformation
is necessary. This means that the contact pressure is pos-
itive inside contact where gap is zero and zero outside
the contact zone where gap is positive. Thus the con-
tact region can be determined by inequalities which are
expressed below:

inside contact p ≥ 0 and h = 0 (2)

outside contact p = 0 and h > 0 (3)
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Then, a relation between surfaces displacement uz and
contact pressure p in discretised shape given by:

uz = [C
(uz,p)
l,k ]p (4)

where Cl,k influence coefficients matrix establish rela-
tion between unit load and displacement which is com-
puted by FEM. However contact pressure p on each con-
tacting element is unknown, therefore an iteration pro-
cess is used to determine the contact pressure distribution
inside the contact region using variational description of
total potental energy formulation as expressed below

minV ∗ =
1

2
pT [C

(uz,p)
l,k ]p− pTu′

z. (5)

Solving the equation (5) by minimization and then up-
dating the surface displacement (4), the contact pressure
can be evaluated. No tension is permitted, thus the pos-
itive values of contact pressure determinate the real con-
tact area. The iteration is repaeted until the sum of all
positive pressures balanece to the given normal load.

III. PRACTICAL APPLICATIONS

Surface topographies were measured by using a µSurf®

white light microscope. This measurment exactly cap-
tures three-dimensional structures and complex geome-
tries (roughness) within the micrometer range as it can be
seen in Fig. 1. In this particular case we studied contact
problem between fibre-reinforced soft epoxy and stain-
less steel.

Figure 1: Detail view of measured topography

These surface topography data together with material
properties and coresponding load are then taken as
input for our FEM-BEM method. The results of contact
pressure distribution are shown in Fig. 2 right, where it
can be seen that contact pressure is highly irregularly
distributed over the surface. The reason for that is the
surface roughness which is one dominated factor.

Another important output from this simulation, which
is afterwards used as input for hydrodynamic calcula-
tions to establishe a oil leakage, is real contact area. For
a given load, the size of these contact area depends on the
mechanical properties and the surface topography of the

contacting bodies. Mechanical properties include: elas-
tic (Youngs) modulus, yield pressure and hardness. With
the parameters study it is possible to optimise oil leakage
between contacting surfaces. In this particular case one
can note from Fig. 2 left, that obtained real contact area
is only a small fraction of the nominal one (here around
4%).

Figure 2: Contact pressure and real contact area

Therefore these numerical findings may be used for
the design of multilayer systems as well as an input for
models on either smaller or bigger scale [5].
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Abstract — We present an eigenstructure assign-
ment-based method for multiple fault detection and 
isolation of actuator failures using fixed directional 
residuals. We prove that the projection matrix of the 
Fault Detection and Isolation (FDI) system is inde-
pendent of observer eigenvectors and provide an 
existence condition of this matrix.  Our eigenvector 
selection criterion is determined by the uncon-
strained minimization of a three-termed weighted 
performance index. We implement our FDI system 
in a vertical takeoff and landing (VTOL) aircraft 
subjected to bias failures and an initial mismatch in 
the vertical velocity.  Finally, simulation results 
show that our FDI system has superior capability 
and performance than that proposed earlier by 
Shen et. al.[1]. 

I. INTRODUCTION

Aircraft control effectors may fail at any time during 
system operation.  Flight control systems can be 
designed to prevent the catastrophic results due to 
these failures.  Vital to this is the Fault Detection and 
Isolation (FDI) process which essentially consists of 
first generating a residual (the fault indicator signal), 
and then using this residual to declare and possibly 
isolate the failure. All residual generation methods 
based on observers employ a model of the dynamic 
system.  However, in practice no accurate model is 
available. Hence, system disturbances, modeling 
errors, measurement noise, and failures are reflected 
in the residual values. Robustness of the FDI system 
is only possible if the fault component clearly domi-
nates the residual signal. Furthermore, FDI systems 
are expected to perform multiple fault isolation since 
different system components might fail simultane-
ously or non-simultaneously at any time during sys-
tem operation. 

Shen et. al.[1] show how to use eigenstructure as-
signment to confine the effect of each failure on the 
residual to a different fixed direction in the output 
space, and then present an eigenvector selection 
criterion for FDI robustness to unstructured uncer-
tainty and initial condition mismatches which is the 
minimization of the condition number alone.  We 

note that earlier results by Sobel and Banda [2] show 
that minimizing the condition number alone will not 
in general yield good error attenuation, therefore we 
study the approach in [2] to derive a new criterion for 
improved robustness of the fixed directional residu-
als.  

In this paper we present a new method for multiple 
FDI which involves the construction of subspaces for 
allowable eigenvectors, a projection matrix W which 
is eigenvector independent, and an eigenvector selec-
tion criterion determined by an unconstrained opti-
mization which minimizes a three-termed weighted 
performance index. The optimization is performed 
over the eigenvector parametrization vector variable 
α. We implement our FDI system in the VTOL air-
craft [1] and perform multiple simulations of the 
aircraft subjected to bias actuator failures and an 
initial mismatch in the vertical velocity state. Time 
responses show the capability and improved per-
formance of our FDI system [3]. 

II. MATERIALS & METHODOLOGY

For design purposes, plant and observer dynamics are 
treated separately.  We use the two aircraft inputs to 
apply eigenstructure assignment with output feed-
back to stabilize and shape the aircraft’s closed-loop 
dynamics.   

To provide multiple and robust FDI capability to 
the observer we perform system analysis in the time-
domain and z-domain, similarity transformation, 
construction of subspaces and optimization. Then we 
combine the aircraft and the observer dynamics in a 
single composite system, apply failure conditions,  
add initial mismatch, perform multiple simulations 
and compare the performance of our FDI system  to 
the one presented earlier by Shen et. al. [1]. 

This research mainly requires software for imple-
mentation, simulation and testing of the flight control 
system. 

III. RESULTS

The mathematical analysis of the system reveals that:  
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− The constant projection matrix W  [3] is given 
by, 

                   W=diag(1-λi)(CK)‡                              (1) 

where λi are the observer eigenvalues for 
i=1…p, and p is the number of possible faulty 
actuators, C is the output coefficient matrix, K
is the matrix modeling the fault effects on the 
system and (.)‡ indicates a left inverse. 

− Eigenvectors are determined by the construc-
tion of subspaces as described in [1].  How-
ever to minimize both the effect of unstruc-
tured uncertainty and initial mismatches on 
the residual, eigenvector selection must follow 
an unconstrained optimization [3] which 
minimizes the performance index,  

J=║WCV║·[β1║PTe(0)║+β2║PT║+β3║PTV║] (2) 

where V and P are the matrices which col-
umns are the left and right  observer eigenvec-
tors, e(0) is the initial mismatch, and βi  are  
weighting coefficients for i=1,2,3. 

Figure 1 and Figure 2 compare our FDI system (in 
black) to the earlier FDI system proposed by Shen et. 
al.[1] (in grey).  Figure 1 shows 100 runs of the 
VTOL aircraft subjected to first a bias fault of magni-
tude 2 at 2 ms and then a second bias fault of -3 at 6 
ms with and initial mismatch in the vertical velocity 
state of 10 knots.  Figure 2 shows the optimal condi-
tion numbers corresponding to the simulations in 
Figure 1. 

IV. DISCUSSION/CONCLUSION

We prove that the projection matrix W is independent 
from the observer eigenvectors V and P, and its exis-
tence is given by the linear independence of the col-
umns of CK. 

Figure 1: residual response vs. sampling index                 
(note: sampling period T=1 ms) 

Figure 2: optimal condition number vs. run time 
    (note: min[cond(P)]=4.1158) 

Figure 1 shows that the residual effectively detects 
and isolates multiple actuator failures, thus all design 
objectives were met. 

Figure1 and Figure 2 verify that minimizing the 
condition number alone does not guarantee good 
residual robustness to an initial mismatch in the sys-
tem.  On the other hand, our eigenvector selection 
criterion [3] yields an FDI system (in black) with 
superior capability and performance than that pro-
posed by Shen et. al.[1] (in grey). 
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Abstract

Let n = pr + 1 (p is a prime number) and let λ
be a partition on n. We can construct a p-core
tower from λ. A p-core tower is a combinatorial
tool used in the study of irreducible characters Sym-
metric Group. We classify all the p-core towers of
large hooks on n and use this to give an alternate
proof of the following result first published by Ba-
log, Olsson and Ono [1] ; the irreducible characters
indexed by long partition has prime power if and
only if n = pr + 1 and λ is a long hook. (With the
exception of a few cases.)

1 INTRODUCTION

A partition λ of an integer n, is the set
(λ1, λ2, · · · , λm) where λi’s are integers, such that
n = λ1 + λ2 + · · · + λm and λ1 ≥ λ2 · · · ≥ λm.
We set |λ| = ∑i=m

i=1 λi. It is well known that the ir-
reducible characters of the Symmetric Group S(n)
can be labeled by the partition of n. Let χλ be an
element of the set of irreducible characters of S(n),
and let χλ(1) be its degree. Given a prime num-
ber p, we say that χλ(1) is a prime power degree if
χλ(1) = pr for r ≥ 1. Balog et. al. classify all the
irreducible characters of S(n) with prime degree.
Specifically;

Let λ be a partition of n, Then χλ(1) = pr for
some prime p, r ≥ 1 if and only if one of the fol-
lowing occurs: if λ = (pr, 1) , λ = (2, 1p

r−1) and
n = pr + 1 or with the exception of a few cases.

Following [Balog et al.], we call a partition a
large hook if λ = (pr, 1) or λ = (2, 1p

r−1) . We
classify the p-core towers of all such large hook par-
titions. A consequence of this combinatorial analy-
sis is that irreducible characters of S(n) labeled by

large hooks necessarily have prime power degree.
This is shown using an approach of MacDonald [2]
relating p-core towers to character degrees of S(n)
and differs from Balog et al.

2 p-CORE TOWERS

Before constructing the p-core towers we need some
definitions. A partition λ = (α1, · · ·αt) can be vi-
sualized by means of a Young diagram [λ]. A
Young diagram is a finite collection of boxes ar-
ranged in left-justified rows, with the row sizes
weakly decreasing. The Young diagram associated
to the partition has αi boxes on the ith row. For
example the young diagram of λ = (9, 1)

(1)

Let σ be a box in [λ] then the hook length hλ(σ)
to be the number of boxes directly to the right and
directly below σ (including σ itself).

We define the p-core of λ to be a partition C0

that has no hook-lengths divisible by p, and the
p-quotient of λ is a family of partitions indexed by
Z/pZ.There is analogy to the division process of an
integer n by p where p-cores are the remainder and
p-quotient the multiple of p occurring in the divi-
sion. The 3-core and 3-quotient for λ = (2, 18) are

C0 = and λ0 = , λ1 = ∅, λ2 = ∅ respectively.

2.1 Constructing p-core towers

We construct the p-core towers as follows,

1
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• Start with a partition of n, take the p-core and
p-quotient.
C0 is the resulting p-core of λ, and {λi} where
i ∈ Z/pZ are the p-quotients.

– Set a0 = |C0| and n1 =
∑

i∈Z/pZ |λi| then
n = a0 + n1p

• Each λi we may have in turn a p-core C0
λi

and
p-quotients (λi0, λi1 · · ·λip−1)

– Set a1 = |C0
λi
| and n2 =

∑
j∈Z/pZ |λij |

then n1 = a1 + n2p

• Again each λij for 1 ≤ j ≤ p − 1 may have a
p-core and p- quotients... continuing this way
we see that this process terminates whenever
C0

λij···r = ∅
The P -core tower Cλ is defined as the following
union

Cλ = C0
⋃

C0
λi

⋃
· · ·

⋃
C0

λij···r−1
(2)

For example let λ = (2, 18) the 3-core tower is

C
0

= , C
0
λ1

= (3)

3 RESULTS

3.1 Classification of p-core tower of
long hooks

The p-core towers of a partition Cλ of large hooks
λ can be characterized as follows; If λ = (pr, 1), Cλ

has the following structure: For all j ≤ r− 1, C0 =
(p − 1, 1) and C0

i1,···,ij = (p − 1) exactly when
(i1, · · · , ij) = (p − 1, p − 2, · · · , p − 2). That is,
i1 = p − 1 and ij = p − 2 for all 2 ≤ k ≤ j. Oth-
erwise C0

i1,···,ij = ∅. and with a identical structure

for λ = (2, 1p
r−1)

3.2 p-adic valuations

Let νp be the p-adic evaluation on the integers so
that νp(q) = µ if pµ divides q but pµ+1 does not.
Let Hλ be the set of all hook lengths (including
multiplicities) of λ and let hλ be the product of all
the hook-lengths.
We know from the classical result of Frobenius

that the irreducible characters can be calculated

as follows χλ(1) = n!
hλ

. So looking at the p-adic
evaluation of n! and hλ we get

νp(n!) = (n− 2)/(p− 1) (4)

Since n = pr + 1.

νp(hλ) =

⎛
⎝n−

∑
s≥0

cs

⎞
⎠ /(p− 1) (5)

So

νp(χλ(1)) =

∑
i>0 ci − 2

p− 1
(6)

The structure of the P -core tower implies that
c0 = p + 1 and ci = p − 1 for 0 < i < r. By
elementary algebra νp(hλ) = r. Moreover if π is a
prime number such that π �= p then νπ(χ(1)) = 0.
We conclude that χ(1) = pr
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Abstract — The problems of developing and im-

plementing efficient parallel algorithm for solving 
elliptic curve discrete logarithm problem, based on 

Pollard’s rho method in the computational model 

SPMD are considered in this paper. Efficient paral-

lelized algorithm for Pollard’s method is offered in 

paper [1]. The authors of this paper research, how 
many central processes are needed and what pro-

portion of distinguished points is needed to be set to 

optimize an expected working time of this algorithm 

under the constraints of available memory; analyse 

the testing results of the developed program. 

I. INTRODUCTION 
The principal possibility of quick solving elliptic 

curve discrete logarithm problem is very important 
for modern cryptography. Nowadays there isn’t any 
efficient method to solve this problem over an arbi-
trary elliptic curve. The best of all existing methods 
is nondeterministic Pollard’s rho method, suitable for 
arbitrary finite cyclic groups. It has nevertheless 
exponential complexity. Natural way to improve the 
working time of this algorithm is to use parallel 
computing. 

The technology of message passing is the most 
widely used in parallel programming. Message pass-
ing systems implement a model SPMD (Single Pro-
gram – Multiple Data). In this model, each process 
executes the same program, but works with different 
data and has access only to part of the computer 
memory. 

The authors of [1] propose to use m processes for 
generating random sequences with the common 
iteration function. The collision should be searched 
only on a small subset of special distinguished points 
of the group, the points from which should be sent 
for the processing and storage to the central process. 
Thus, if the proportion of distinguishes points is very 
small, it can greatly delay the search of collision. 
Otherwise, when the group has a large size, required 
amount of memory can’t be available to the central 
process. 

The authors of this paper are studying in which 
cases it is efficient to use multiple central processes 

for storing and processing data; research the propor-
tion of the distinguished points to optimize the ex-
pected working time of algorithm, compare the theo-
retical and experimental results obtained during the 
testing of the developed program. 

II. ANALYSE 
As it was shown in [2], using a negation map, it is 

possible to search a collision on a set of the order 
approximately 0,5n, where n is the order of given 
group. Using the analyse of expected working time T 
of parallelized Pollard’s rho method, provided by [1], 
the expected working time is 

 1[ ]
2

n
E T

m

π
= +

θ
, (1) 

where m is amount of generating processes, θ is the 
proportion of distinguished points. 

Using the considerations, provided by [3], the ex-
pected amount of required to store and process mem-
ory is  
 [ ] 0,5E S n m= θ π + . (2) 

Let M be the amount of points, that can be lo-
cated on central processor, p – amount of all availa-
ble processes, x – amount of central processes, 

: 0,5A n= π . Hence, using (1) and (2), the optimi-
zation problem has to be solved:  

 

1[ ]( , ) min,

0 ( 1) ,
1 1

A
E T x

p x

A x M p

x p

θ = + →
− θ

< θ ≤ + −

≤ ≤ −

 (3) 

The analysis of this problem shows, that if the 
amount of all processes is small comparatively with 

M , then it’s enough to use one central processor 
and optimal value of θ can be found from the right 
inequality of (3), considered as equation. The consid-
eration of real situations shows, that effectiveness of 
this parallelized algorithm in the middle is 99%. 
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III. RESULTS 
For the realization of the given algorithm authors 

have considered elliptic curve discrete logarithm 
problem over the field GF(2n). Authors have devel-
oped a program on the programming language C++ 
using MPI (Message Passing Interface) libraries und 
have tested it on a supercomputer of the Russian 
State Kant University.  

As a result, the problem in the group of order 271 
on 100 processes was solved at the 50,2 hours with 
made 5,5⋅105 iterations and θ = 2-16. In the previous 
work of authors [4] was considered the classical 
Pollard’s rho method, and this time was spent only to 
solve problems in groups with order less than 253. 

Table 1 shows the results of testing the developed 
program in the group of order 43 bits on 48 processes 
with the memory restrictions of 32 Mbytes. In the 
table 1 s is the count of distinguished bits. 

s 
Amount of 
iterations, I 

Memory 
requires 

Time 
T, sec 

P = I/T 

2 1,04⋅105 1,45⋅105 8,76 1,19⋅104 
6 3,94⋅104 3,86⋅104 2,66 1,48⋅104 

10 6,28⋅104 3,95⋅103 0,85 7,41⋅104 
14 5,43⋅104 2,07⋅102 0,53 1,02⋅105 
18 1,15⋅105 2,73⋅101 1,1 1,04⋅105 
22 1,84⋅105 2,67 1,72 1,06⋅105 
26 5,72⋅106 2 52,8 1,08⋅105 

Table  1: The dependence of effectiveness of the 
algorithm on θ. 

 
In this case the value s = 2 was forecasted. But 

this great value of θ brings the great amount of itera-
tions and the value P = I/T of the algorithm’s produc-
tivity decreases fast 10 times because of necessity of 
sending and processing great amount of points.  

 

 
Figure  1: The dependence of P on s. 

 
Figure  2: Dependence of T on s. 

 
It’s shown from figures 1 and 2, that by small 

values of θ every process has fast maximal produc-
tivity, but very small values can’t bring the optimal 
working time. 

The figure 3 shows the testing results in the group 
of order 43 bits with the value θ = 2-14 by different 
values of the amount of all processes p. The black 
line matches the experimental mean values; the dot-
ted line matches the theoretical expected count of 
iterations. 
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Abstract — Instruction scheduling and register allocation
are two fundamental operations used in an optimizing com-
piler’s back-end. There is a well-known phase ordering prob-
lem between these two stages: Performing either stage first can
result in intermediate code that forces the other stage to make
suboptimal decisions.
We propose an optimistic integrated approach in which
scheduling is performed before register allocation, but where
not all scheduling decisions are final; rather, the register allo-
cator may use meta-information computed by the scheduler to
rearrange the order of certain instructions to find a good match
of register usage to the number of actually available registers.
We outline our intended approach and goals in this very early
work-in-progress.

I. INTRODUCTION

Two of the central activities in a compiler’s code gener-
ating back-end are instruction scheduling and register al-
location. The instruction scheduling phase takes a partial
order of machine instructions and attempts to compute a
total order that minimizes total execution time by over-
lapping computations that can be executed in parallel on
a processor with multiple functional units. For example,
a long memory load may be overlapped with a number
of quicker integer arithmetic instructions.

Register allocation attempts to map the values used by
the program into CPU registers for very fast access. A
central notion in register allocation is that of liveness:
A value is said to be live in the interval from the point
of its definition until its last use. Values that are live in
overlapping intervals and not known to be equal must be
allocated to different registers; if at some program point
more values are live than can be accomodated in the reg-
isters provided by the CPU, some of them must typically
be spilled to memory and reloaded at appropriate points
later in the program. As memory accesses can incur very
long delays, the register allocator should be careful to
minimize the number of spills executed by the program.

The two stages exhibit a well-known phase ordering
problem: Performing scheduling before register alloca-
tion may lengthen live ranges. This increases the num-
ber of conflicts and makes expensive spilling more likely.
Conversely, register allocation may assign the same reg-

ister to two otherwise independent instructions; this lim-
its the choices a later scheduling pass may make. Thus,
both possible orderings of independent scheduling and
register allocation phases can have an overall negative
effect on the program’s execution time.

II. INTEGRATED APPROACHES

Integrated approaches attempt to find a good trade-off
between the needs of instruction scheduling and regis-
ter allocation; a prominent example is integrated prepass
scheduling (IPS) [1]. In IPS, the scheduler attempts to
estimate the number of live registers after each sched-
uled instruction and lets this estimate guide its choice of
whether to schedule for latencies or registers. If the num-
ber of live registers becomes too low, IPS will switch
to a mode that prefers to schedule instructions that free
registers; if such scheduling steps succeed in increas-
ing the number of free registers above some threshold,
the scheduling mode is switched back to latency-oriented
scheduling.

IPS makes a good trade-off between scheduling to
minimize latencies and register usage; it is able to
produce considerably more efficient code than a non-
integrated approach. However, it may be more ‘pes-
simistic’ than necessary: When a value may be live in a
basic block, IPS always assumes that it will be allocated
in a register. It may therefore commit to a schedule with
very low register usage. However, it might be more prof-
itable to use more registers, if some values can be spilled
outside the block.

III. OPTIMISTIC SCHEDULING

We propose an optimistic integrated scheduling and reg-
ister allocation approach. Rather than prematurely com-
mitting to an overly conservative schedule, the optimistic
scheduler assumes that the primary objective is to mask
instruction latencies. It computes an appropriate sched-
ule, but it also generates meta-information to be used by
the register allocator to reschedule certain instructions if
this can help it to avoid spilling.

The register allocator in the optimistic scheme is a
linear scan allocator [2] which passes over the block in
scheduled order, allocating registers for each instruction.

97



When all machine registers are used up and the following
instruction needs an additional register, the usual alloca-
tor must spill one of the conflicting intervals to memory.
At this point, the optimistic allocator adds another op-
tion: Neither live range need be spilled if it is easy to
reschedule instructions to avoid the overlap of live inter-
vals. If this rescheduling succeeds, the non-overlapping
live intervals can both be allocated to the same machine
register without conflict.

The register allocator can thus override certain
scheduling decisions by more register-friendly alterna-
tives if they are needed, but it may also keep to the op-
timistic efficient schedule if actual register use is not as
high as estimated by the preceding scheduling phase. We
expect this scheme to be profitable and produce even bet-
ter code than pure IPS if we can find good heuristics to
enable rescheduling.

The planned optimistic instruction scheduler computes
the following meta-information during the preliminary
scheduling phase:

Possible scheduling points. The scheduler computes
for each instruction the earliest point where it could
be scheduled, given the partial schedule determined
up to that point. This is the point in the sched-
ule where the instruction became available because
all of its predecessors in the dependence DAG had
been scheduled. The instructions having an earli-
est scheduling point that precedes their position in
the actual preliminary schedule are candidates for
motion to an earlier point. An instruction’s lat-
est scheduling point is approximated by taking the
point just before its first scheduled successor; the
instruction may be delayed up to this point.

Register usage. For each movable instruction, we com-
pute the number of live intervals that start at the
instruction and the number of live intervals that end
there.

Once the preliminary schedule and meta-information
are computed, the modified rescheduling linear-scan reg-
ister allocator is started. At any point where no more reg-
isters are available, it attempts to reschedule instructions
as follows:

Candidate selection. The register allocator identifies all
candidates for motion to free a register for use at the
current point: These are either instructions that free
at least one register and can be moved to a point be-
fore the allocator’s current position, or instructions
that start live ranges and can be delayed to a point
past the current position. If there is more than one
candidate, one is chosen heuristically, taking into
account each candidate’s latency and register use.

Rescheduling. The chosen candidate is moved in the ap-
propriate direction, either to an earlier point to end

a live interval, or to a later point to delay the start of
a live interval. We attempt to find a most profitable
position, balancing the number of registers freed by
the instruction against the latencies of the preced-
ing instructions. The earliest scheduling points of
later instructions must be updated to preserve cor-
rectness.

Reallocation. Since moving the instruction to its new
position changes the number of available registers
after that point, the register allocator may have to
backtrack by reverting all register assignments af-
ter that point and starting again from there. To
avoid uncontrolled backtracking, we advance a bar-
rier pointer to ensure that future reschedule opera-
tions do not hoist code past the restart point.

If the register allocator does not have any profitable
instructions to reschedule, it chooses a virtual register for
spilling. This operation is the same as in the unmodified
linear scan allocator.

IV. IMPLEMENTATION AND EVALUATION

The rescheduling register allocation approach described
above is currently only at the planning stage. We intend
to implement it using the LLVM1 compiler framework.
The allocator’s compile time performance and the per-
formance of the generated machine code will be com-
pared against LLVM’s existing scheduler/allocator com-
binations and a version of IPS, of which we have imple-
mented a prototype. We expect the code generator based
on the rescheduling allocator to have competitive per-
formance and to generate better code than the other ap-
proaches. By tuning the heuristics for selecting which in-
structions to reschedule where, we will be able to inves-
tigate the costs and benefits of optimal or near-optimal
integrated scheduling and register allocation.
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Abstract — Aim of this paper is to introduce my 
research on university in field of parallel systems. 

This work shows importance of parallel execution 
time prediction in meaning of finding overheads 

and bottlenecks of parallel systems, but also in 

meaning of approximating the optimal size of clus-
ter. This research is focused on prime number and 

factorization algorithms, as those algorithms are of 

high complexity they are proper for observing their 
behaviour in parallel environment.  

I. INTRODUCTION

As parallel systems have become a working alterna-
tive to conventional sequential computer systems. 
The main advantage of parallel computer architecture 
is high performance which is provided at relatively 
low costs. Unfortunately, the parallel architectures 
demand new development methodologies and soft-
ware engineering considerations. There exists a great 
demand for performance engineering of parallel 
computer programs. [1]  

Performance prediction of applications on parallel 
systems is very important and can be used throughout 
the life-cycle of systems including design, implemen-
tation, optimization, procurement, installation, up-
grade, etc. Performance of parallel systems is often 
determined by many interacting factors and involves 
architecture of node and processor, interconnection, 
algorithm, implementation, compiler, operating sys-
tem, etc. Consequently, efficient and accurate per-
formance prediction is very difficult. With the devel-
opment of technology, current parallel systems are 
becoming increasingly complex and huge. It is un-
doubtedly a challenging problem to predict the per-
formance of parallel applications on such a complex 
and huge high performance computer system. [2]  

II. PRIME ALGORITHMS

Prime number algorithms and algorithm for 
factorization are not only proper algorithms for 
observing parallel behavior on such a complex and 
huge high performance computer systems, but are 

also a very actual theme in field of cryptography an 
security. [3]  

This research started with parallelization of basic 
prime algorithms such as Sieve of Eratosthenes and 
Trial division. Continued with optimization in 
parallel environment with emphasis on 
communication reduction. After implementation in 
C++ using MPI parallel interface, results on Fig.1 
and Fig.2 were measured.  

Figure 1: Parallel speed up of Sieve of 
Eratosthenes 

Figure 2: Parallel speed up of Trial division 

Sieve of Eratosthenes is very communication 
demanding and also space demanding algorithm. 
Therefore it is proper algorithm to observe 
communication cost on total time of computation.  

On other hand Trial division is communication 
less consuming, but is more computation demanding 
algorithm. It is proper algorithm to observe 
computation costs on overall run time. [4] 

99



III. PARALLEL PERFORMANCE PREDICTION

The goal of prediction is to help to find overhead and 
bottlenecks of parallel algorithm, during 
implementation. Also optimize the number of 
processes used to solve the algorithm problem 
(Fig.3). As will be shown later with increasing 
number of processes the overheads grow and 
efficiency decrease. Therefore prediction is an 
important task to do. Consequently, the basic 
assumption that parallel solution time (execution 
time) will be best factor to predict and optimize.  

Execution time of parallel algorithm, is define as 
time of computation and communication overheads. 

p)(ncommT(n,p)compT(n,p)parallelT ,   (1) 

n – size of problem 
p – number of processes 
Tparallel (n,p) – execution time of parallel 
application 
Tcomp (n,p) – pure computation time 
Tcomm (n,p) – total communication overheads 

Figure 3: Parallel solution time 

A. COMPUTATIONAL MODEL:

The calculation of Tcomp is straightforward since this 
simply requires execution of a problem on single 
processors. One of the major attractions of 
multiprocessors approach is that this time should be 
proportional to size of the problem on single 
processor. [5] 

B. COMMUNICATION MODEL:

More challenging task is to model Tcomm in a manner 
that will allow predictions to be made for large 
values of n,p. 

To transfer block of data (block containing s 
contiguous data unit) takes (ln + s/bn) time. Where ln

is network latency and bn is network bandwidth. For 
this model distribution bandwidth btrans is: [6] 
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By specifying network transfer bandwidth we can 
derive the total communication overhead. Some more 
dependence has to be derived for read and write time: 

trans
trans

b

n
t

 (3) 

Total communication overhead can be divided into 
reading data from one node, transferring them to 
another, and reading those data by second node.  

writetransreadcomm tttT (4)

To be able to predict execution times, we have to 
measure the parameters of the system: ln, bn, bi/o,
choose a block size s, and write the times tread, twrite,
ttrans and tcomp as function of number of nodes p. than 
based on formula (1) we can derive formula: 

0
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dp

pdTparallel

 (5) 

Solving formula (5) we can provide the optimal 
number of nodes p. 

CONCLUSION 

Aim of this research is to show importance of 
parallel performance prediction in meaning of more 
effective uses of parallel resources as well as 
optimization of prime algorithms. It was shown some 
models used for prediction and basic results from this 
research.
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Abstract FEM dynamic analysis of a three 

dimensional soil cut-out is investigated. The model 

is subjected to impulse load. Time history analysis 

is used. The surface dispalcement vibrations along 

the line starting in the middle of the model and 
ending at the boundary are analyzed. The shear 

wave velocities are estimated from the wave 

propagation. The changes in soil characteristics 

along with the assumed specific type of foundation 

will be investigated in the future. The verification 

of the results with intended in-situ tests will be the 
next step of our investigation. 

I. INTRODUCTION 

The soil vibration subjected to an impulse load is 
investigated. Only the rough approximation of rela-
tively sophisticated and demanding problem is pre-
sented here. The first aim was to create an applicable 
and realatively accurate computing model. The 
model is prepared such a way that it should be able to 
take into account easily the changes of characteristics 
of heterogeneous soil. It is assumed that the results 
will be compared to in-situ tests in the future.  

II. THE COMPUTING MODEL 

An APDL (ANSYS Parametric Design Language  
scripting language) macro file is prepared for model 
definition and analysis definition [4, 5]. Volume 
element SOLID 64 was used for creating the model. 
Only informative soil characteristics (Modulus of 
elasticity, Poisson  ratio, soil density and damping 
characteristics) are taken into account. These parame-
ters will considered according to engineering geo-
logical soil survey. Three dimensional barel type 
model was prepared for half space modeling, 200 m 
deep with an radius about 400m Figure 1 . In the 
future investigations the model must increase in 
length in order to minimize the wave reflection ef-
fects. Also the mesh is still coarse and must be re-
fined. Boundary conditions were considered as fol-
lows: zero displacements in the perpendicular direc-
tions to all boundaries.  
 

 

 

 

 

 

 

 

Figure 1: Solid model overview 

Model is divided on three parts. The first part 
called as reaches the 
space up to 50m radius from the middle. The mesh is 
quite dense here
starting with the radius 50m to the radius of 100m.  
The mesh is less fine in this region. The last part is 

m radius 100m to radius 400m.  
Mesh of the model centre is depicted in  

 

 

Figure 2: The mesh of the centre of the model 

One force-impulse load was applied in the midle 
of the model in the form according to Figure 3 . 
The dynamic response was calculated using time 
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history analysis with the time step 0.005 second. The 
impulse duration was 0.4seconds.  

 

Figure 3: Applied impulse load 

Real estimation of soil damping is very dificult be-
cause it depends on many factors like amplitude of 
vibration, frequency, and type of material, etc. [1, 2, 
and 3]. Because we are only at the beginning of our 
investigation, we have not studied this phenomenon 
to the core yet, so for the simplicity only average 
10% viscous damping was considered. 

III. RESULTS 

As it has been already mentioned the time history 
method was used based on the mode decomposition. 
So first 500 eigen modes were analysed first starting 
with the first eigen frequency of about 0,26Hz up to 
2Hz.  

The vertical displacements are shown gure 
ualy to 

the end of the model. Results  maximum values at 
distancies 50m, 100m and 400m from the middle of 
the model are described by four lines. Comparing the 
movement of the amplitude the shear wave velocities 
can be estinmated. In this case the average value is 
about 70-80m/s which are comparable to the soft clay 
upperlayer.  

This model is prepared also for taking into account 
the circuar foundation with piles. The model is capa-
ble to assume the discontinuity between the vertical 
surface of the foundation and the adjacent soil too. 
These effects will be investigated in the future.  

 
Figure 5: Model with circular foundation  

 
 

 

Figure 4: Displacements in meters with respect to 
time 
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Summary
The influence of controlled parameters of thermal cycle of welding (preheat temperature, current strength, 

temperature of post welding heat treatment) on mechanical characteristics of 30  steel multi-pass joint welds is 
considered. Regression linear dependencies of mechanical characteristics of high-strength alloyed 30X  steel 
multi-pass joint welds on controlled parameters of thermal cycle of welding are obtained and analyzed. It has been 
determined that the preheat temperature doesn’t highly influence on mechanical characteristics of 30  steel 
multi-pass joint welds.  An efficient technique of multi-pass joint welds for steels of this grade is developed.  

Preheat cycle and post welding heat treatment are widely used in domestic and foreign 
manufacture with the purpose of increasing resistance of high-strength steel joint welds to cold 
cracks. The temperature of the preheat cycle and post welding heat treatment can vary widely 
depending on chemical composition of steels, their thickness, joint weld type, manufacturing 
conditions and operation of weld-fabricated constructions.

Preheat cycle for single-pass welding of steels susceptible to tempering and cold cracks is 
an essential stage of the technological welding process. It prevents increasing temperature 
gradient and reduces welding stress in the product. In multi-pass welding autothermal treatment 
of each pass of joint weld takes place, i.e. the pass being performed heats the previous ones. The 
proper welding mode provides beneficial effect of autothermal treatment, while too high welding 
modes lead to joint weld overheating and causes cold cracks in tempered steels. This factors 
bring up the question of whether the preheat cycle in multi-pass welding is really necessary and 
whether it can be eliminated from the technological process thus providing a more efficient 
technique of multi-pass welding of steels susceptible to tempering. 

For manufacturing hydrocylinders (mechanized coal mining complex units) from high-
strength alloyed steel 30  all the techniques mentioned above are applied. Parts are welded 
using welding wire -08 2  in carbon dioxide in several passes in a narrow gap with 
preheating (up to 300-350°C) and with post welding heat treatment (at 600-650°C). This 
technological process allows to reduce diffuse hydrogen content in the joint weld, to decelerate 
cooling-down of metal in the joint weld and in the heat-affected areas, to increase the time of 
structural changes [1]. However applying the preheat cycle makes working conditions worse for 
welders and leads to greater energy and labour input [2].  

The aim of the project is to determine how mechanical characteristics depend on the 
controlled energy parameters in multi-pass welding of high-strength alloyed steels 30 .

A number of experimental tests was carried out in order to determine the dependence of 
mechanical characteristics of multi-pass join welds on thermal cycle welding parameters ( pre – 
preheat temperature, Iw – welding current strength, ht – heat treatment temperature). The 
experimental data were processed by means of complete factorial method [3]. The welding 
modes were developed with the help of computer calculation of thermal fields [4] so that reliable 
joint welds of steel samples 30  were produced with minimum heat input. A rotary pipe 
coupling 90mm in diameter with pipe wall thickness of 20mm was welded in carbon dioxide in 
several passes in a narrow clearance using welding wire -08 2  1.2mm in diameter. Welding 
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mode Ua = 26-27 B, Vw = 14-15 m/h was applied, the controlled parameters varied on two 
levels: current strength Iw1 = 170 A, Iw2 = 200 A, preheat temperature pre1 = 20 C, pre2 = 300 C
and heat treatment temperature ht1= 20 C, ht2= 600 C.

Mechanical tests resulted in dependencies of multi-pass weld mechanical characteristics 
upon thermal cycle welding parameters (Tpre, Iw, Tht), where the controlled parameters are 
expressed in terms of non-dimensional units ( 1 – pre, 2 – Iw, 3 – ht) varying from -1 to +1. 

1. Weld seam hardness (HB) dependency on controlled parameters.  

32132

3121321

875,0625,5
375,3375,3875,4125,3875,0375,165

xxxxx

xxxxxxxHB

2. Heat-affected area hardness (HRC) dependency on controlled parameters.  

32132

312131

5,025,0
125,15,0125,3125,1875,25

xxxxx

xxxxxxHRC

3. Temporal breaking strength  (MPa) dependency on controlled parameters.  

32132

3121321

188,7875,31
938,5125,2875,28688,2975,3938,610

xxxxx

xxxxxxxB

4. Impact toughness H  (J/cm2) dependency on controlled parameters.  

32132

3121321

375,8625,0
625,5792,4542,14375,6042,5958,135

xxxxx

xxxxxxxH

The obtained dependencies show the influence of the controlled parameter on mechanical 
characteristics of multi-pass joint welds of steel 30 . But these dependencies are not 
suitable for practical use because every new calculation requires transforming values of the 
chosen controlled parameters into non-dimensional units. Besides the dependencies above 
include a number of parameters which have no influence on the mechanical characteristics of 
multi-pass joint welds. To ease the work the dependencies 1 – 4 were transformed into 
mathematical linear models 1* – 4* which include only influencing factors and allow using the 
real values of the controlled parameters for calculations. Relative error of values determined 
according to models 1* – 4* is no more than 10% in comparison with the values obtained in 
models 1 – 4. 

1*. Weld seam hardness (HB) linear dependency on controlled parameters. Relative error 
is no more than 4.5%. 

htTwI TKIKHB 111,209 , 
KI = 0.2083 HB/ , 1T = 0.0168 HB/ C.
2*. Heat-affected area hardness (HRC) linear dependency on controlled parameters. 

Relative error is no more than 8.6%. 
htTprep TKTKHRC 25,30  , 

Kp = 0.008 HRC/ C, 2T = 0.0108 HRC/ C.
3*. Temporal breaking strength  (MPa) linear dependency on controlled parameters. 

Relative error is no more than 3.2%. 
htTwI TKIK 325,275  , 

K2I = 1.979 MPa/A, 3T = 0.099 MPa/ C.
4*. Impact toughness H  (J/cm2) linear dependency on controlled parameters. Relative 

error is no more than 10%. 
htTwIH TKIK 43199  , 

K3I =0.425 (J/ m2)/A, 4T = 0.05 (J/ m2)/ C.
The dependencies show that mechanical characteristics of multi-pass joint welds of high-

strength alloy steel 30  produced with welding wire -08 2  are strongly influenced by 
post welding heat treatment temperature Tht in operational range (20 – 600oC). As the 104



temperature Tht rises impact toughness increases and weld seam hardness decreases, that 
contributes to cold cracks resistance and thus improves reliability of a joint weld. However at the 
same time temporal breaking strength falls reducing bearing capacity of a joint weld. 

Increasing welding current strength Iw in operational range (170 – 200A) causes reduction 
of weld seam hardness and simultaneous reduction of impact strength and temporal breaking 
strength thus improving serviceability of a multi-pass joint weld. This is explained by increasing 
temperature of autothermal treatment of joint weld passes resulting from each next pass. 
However further increase of welding current strength is not advisable [5] because of rising 
temperature gradient which causes rise of welding voltage in a joint weld and as a consequence 
cold crack initiation and propagation. In order to prevent cold crack initiation it is optimal to 
weld steels susceptible to tempering at current strength Iw=180 – 190A with welding wire 
1.2mm. 

Preheat temperature has some influence on mechanical characteristics of multi-pass joint 
weld of steel 30 .When preheat temperature pre increases in chosen operational range (20 
– 300oC) hardness value in heat-affected area falls slightly. But preheat temperature has no 
significant influence on all other mechanical characteristics of multi-pass joint welds of 30
steel.

Eliminating the preheat cycle from the welding technological process of multi-pass joint 
welds of 30  steel allows to save about 3,000-4,000 liters per hour gas fuel (acetylene, 
natural gas) and up to 3,000–4,500 liters per hour oxygen required for preheating. Duration of 
the technological process of producing the hydrocylinder is also cut down. 

It is therefore concluded that the preheat cycle can be eliminated from technological 
process of producing multi-pass joint welds of tempered steels of 30  type as far as it has 
no significant influence on the mechanical characteristics of joint welds. The suggested 
technology allows to cut down labour, time, and energy input in welding this steel grade as well 
as to improve working conditions and productivity. 
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Abstract — Doors are significant landmarks for
indoor way-finding to assist blind people accessing
unfamiliar environments. Most existing algorithms
of camera-based door detection are limited to fa-
miliar environments with restricted features without
taking account of the diversity and variance of
doors in different environments. We present a ro-
bust door detection algorithm based on doors’
general and stable features (edges and corners).
Furthermore, we build a general geometric shape
model to detect doors by combining edges and cor-
ners. The robustness and generalizability of our
method are evaluated by a large dataset of door
images from a wide variety of environments. The
detection results demonstrate that our algorithm is
generic and robust to the changes of color, texture,
occlusion, illumination, scale, and viewpoint.

I. INTRODUCTION

Indoor environments are highly structured by artifi-
cial objects. Among these well-regulated objects,
doors play a significant role in providing entrance
and exit information, which can be further used for
autonomous navigation and self localization. There-
fore, the capability of efficient and reliable door
detection will benefit many autonomous and mobile
applications including robots and way-finding for
the blind or visually impaired people.

Existing door detection methods mainly differ in the
sensor system and features. Some door detection
methods obtain 3D information including visual data
and distance data by using binocular/trinocular stereo
or combining cameras with laser range finder and
sonar. These methods suffer the disadvantages of
high-cost, high-power, and complexity in the sys-
tems. Other methods [2] focus on monocular infor-
mation and use geometric and appearance features.
However, some appearance features such as color,
texture, or the gap under the door are not always
constant or present in different environments. In
order to develop a general, efficient, and robust door
detection method, we employ the geometric features
of edges and corners from a single camera.

II. DOOR DETECTION ALGORITHM

A. GEOMETRIC DOOR MODEL

The general geometric door model consists of four
corners and four lines of a doorframe, as shown in
Figure 1. Some corners of a door (see Figure 1(c))
are invisible due to occlusion. But the occluded verti-
cal lines and the horizontal axis of an image can still
form a corner. The geometric door model in our
algorithm bases on following assumptions: (1) at
least two corners of a doorframe are visible; (2) both
vertical lines of a doorframe are visible and nearly
perpendicular to the horizontal axis of the image; (3)
doors in an image have a certain width and a certain
length. In fact, these assumptions are easy to achieve.

Figure 1: Illustrations of geometric door model

B. EDGE AND CORNER DETECTION

In order to reduce the computational effort, the origi-
nal image with the size of 640×480 is first down-
sampled to the size of 320×240. The pre-process is
effective to eliminate the corners from highly
textured surface, meanwhile, preserve the corners of
door frames. The Canny edge detector is used to
generate a binary map, from which, contours are
extracted. Then a corner detector [1] is employed to
extract corners from contours. This corner detector
regards the endpoint of an open contour as a corner.
In our geometric door model, each occluded vertical
doorframe corresponds to an open contour.
Accordingly, the endpoint of an open contour
corresponds to the corner formed by an occluded
vertical line and the horizontal axis of an image. So,
regardless of occluded conditons, four door corners
can be extracted by this corner detector.

C. DOOR-CORNER CANDIDATES GROUPING

Any four corners from the detected corners can
form a possible geometric door model, named as
door-corner candidate. As shown in Figure 1(a), the
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corners are named as C1, C2, C3, and C4 in counter-
clockwise direction. L12 is the line connecting C1

and C2, Similarly for L23, L34, and L41. The ratio
between the length of Lij and the length of the di-
agonal of an image is measured by the variable Sizij.
The direction of Lij corresponding to the horizontal
axis of an image is measured by the variable Dirij.

Sizij =
���������	�
��
���

��
(1)

Dirij = ���� ��������
��
�� �
���
� (2)

Where (xi, yi) and (xj, yj) are the coordinates of cor-
ner Ci and Cj, DI is the length of the diagonal of an
image. Sizij is within the range of [0, 1]. Dirij is
within the range of [0, 90]. According to assump-
tions in Section II-A, Dirij and Sizij can be used to
eliminate door-corner candidates that cannot meet
the geometric relationship of four door corners.

D. MATCH COMBINING EDGES AND CORNERS

Each door-corner candidate represents an abstract
geometric model of 4 corners of a doorframe. The
line Lij connecting corner Ci and corner Cj can be
used as the reference to determine whether the door-
corner candidate matches to the real door frame in an
image. Before describing the matching process, we
first introduce the concept of “fill-ratio”. In Figure
2(a), the red dots and green lines correspond to four
corners and the detected edges. The red line L12 in
Figure 2(b) is the line connecting corner C1 and C2,
similarly for L34. In Figure 2(c), the red regions R12

and R34 are the masks expanding from L12 and L34. In
Figure 2(d), the lines with yellow color are the over-
lapped parts of the green edges in Figure 2(a) with
the red masks in Figure 2(c). The “fill-ratio” of cor-
ner Ci and Cj in an edge map is defined as

FRij =
����
��� (3)

Where Pij is the length of Lij, and OPij is the length of
the overlapped line. The length of a line is expressed
by the amount of pixels in this line. The “fill-ratios”
for corners C1, C2 and C3, C4 in Figure 2(a) are FR12 =
0.4783 and FR34 = 1.0000.

Figure 2 Definition of “fill-ratio”
If four “fill-ratio” values FR12, FR23, FR34, and FR41

are larger than a threshold T1 and the average value

of the four “fill-ratio” values is larger than T2, the
door-corner candidate corresponds to a real door in
the image. In the occluded condition, the “fill-ratio”
of two corners formed by two endpoints is set to T2.

III. EXPERIMENTAL RESULTS

To evaluate the performance of the algorithm, a
database of 193 images was collected from a wide
variety of environments. The database includes doors
with different colors, texture, and captured with
different viewpoints, light changes, and occlusions.
The algorithm achieves 91.7% detection rate with a
false positive rate of 2.9%. The results demonstrate
our algorithm is generic and robust for door detection
in unfamiliar environments. Figure 3 illustrates some
examples of successful detection results.

Figure 3 Examples of successfully detected doors

IV. CONCLUSION

In this paper, we present an image-based door detec-
tion algorithm based on the general features of edge
and corner. According to the proposed geometric
model, the detected corners are first grouped to door-
corner candidates. Then doors are detected as the
door-corner candidates with good match scores of the
edges of doorframes. Experimental results demon-
strate robustness and generalizability of our door
detection algorithm. Future work will focus on dis-
tinguishing doors from the large rectangular objects
by using more features and additional geometric
information.
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Abstract — This paper deals with the evolution of plane
curves and its application in image processing. The goal is
a design of suitable mathematical model and building a soft-
ware for semi-automatic segmentation of objects in medical
data sets. The main idea is the usage of a suitable vector field,
utilizing smoothed image information, which drives automati-
cally an evolving curve to the boundaries of segmented objects.
Such vector field can be given using image intensity gradient
and considering the local curvature of the evolving curve. The
mathematical model is then given by an intrinsic nonlinear par-
tial differential equation which is discretized numerically by the
flowing finite volume method. The examples of segmentation of
real 2D medical data are presented and discussed.

I. INTRODUCTION

Health care is momentous component of full-value
life. For this reason developing of medical softwares is
important. This work has been performed in coopera-
tion with TatraMed company in Bratislava. TatraMed
was founded in 1992 as a software house aimed to de-
velop health care diagnostics and planning systems based
on 3-dimensional patient image data model. Diagnos-
tics and planning of therapy using computers is usually
joined with reliable segmentation of medical data. This
paper describes the semi-automatic segmentation algo-
rithm which is fully practical, fast and implemented to
the medical software TomoCon.

II. VECTOR FIELD

The main idea of the method is based on usage of a
suitable vector field which drives an evolving curve to the
boundaries of segmented objects. The vector field can be
defined as [1, 4]

v(x, y) = −∇g(|∇u(x, y)|) , (1)

where u represents a smoothed image data. Scaling func-
tion g is defined as

g(s) =
1

1 + k s2
, (2)

where k is scaling coefficient.

III. CURVE IN A VECTOR FIELD

The evolving curve can be described by its position
vector r(t, s) and the evolution driven by the vector field

v is given by differential equation

∂tr = v. (3)

This model can detect edges of simple objects, but in
more complicated cases, results can be fairly inaccurate.

A. IGNORING TANGENTIAL VELOCITY COMPONENT

In general, we can describe curve evolution as mo-
tion in normal and tangential directions

∂tr = βN+ αT , (4)

where βN is normal velocity and αT is tangential ve-
locity. Tangential component of velocity vector doesn’t
change curve shape, only reparametrizes the curve, and
moves the points along the curve in tangential direc-
tion. Such movement in discrete evolution can cause
nonuniform distribution of points on the curve and se-
rious errors. If we ignore it, we eliminate this movement.
Therefore if we start from uniformly distributed initial
abscissa, the evolving curve is again almost uniformly
discretized. In this case (α = 0) we can rewrite (3) into
the form

∂tr = µ vN N , (5)

where µ is a parameter and a scalar vN is projection of
velocity vector v to the normal curve direction

vN = v ·N . (6)

B. REGULARIZATION BY CURVATURE

The model (5), which has already suitable velocity,
can be improved by incorporating the local curvature in-
formation. The curvature yields a sensitivity to distance
of neighboring points, which ties together points of the
curve. In this case, we can rewrite (4) into the form

∂tr = µ vN N + εkN , (7)

where ε is a parameter. The term kN represents curvature
vector. From the Frenet equations for curvature vector
we get kN = ∂sT = ∂ssr, where the position vector
r is a function of unit arc-length parametrization s and
time t. From this we obtain intrinsic nonlinear partial
differential equation for advection and diffusion of the
curve

∂tr = µ vN N + ε∂ssr . (8)
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Our discrete evolving curve is defined by the posi-
tion vector rmi , which represents the i-th discrete point
in time step m. If we use the finite element method with
mass lumping [2] or the flowing finite volume method [5,
6], we obtain

kiNi ≈ 2

hm
i+1 + hm

i

(
rmi+1 − rmi

hm
i+1

− rmi − rmi−1

hm
i

)
,

(9)
for i = 1, 2, ...n−1, where n represents number of points
of computed discrete curve and distances of the points,
hm
i in time m we obtain by

hm
i =

√
(xm

i − xm
i−1)

2 + (ymi − ymi−1)
2, (10)

where rmi = (xm
i , ymi ). Then equation (7), or equiva-

lently (8), is aproximated by

rm+1
i − rmi

τ
= µ vN Ni + (11)

ε
2

hm
i+1 + hm

i

(
rmi+1 − rmi

hm
i+1

− rmi − rmi−1

hm
i

)
,

from where we get the final numerical model for updat-
ing the evolving curve position vector in new time step

rm+1
i = rmi + τµ vN Ni +

(12)

τε
2

hm
i+1 + hm

i

(
rmi+1 − rmi

hm
i+1

− rmi − rmi−1

hm
i

)
.

IV. RESULTS

We implemented suggested model and numerical al-
gorithm (12) to the software TomoCon. Here we present
results of segmentation of medical data, see figures 1,2.
The segmentation by our method is precise, fast and
can be performed by physicians on-line in the semi-
automatic way.
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Abstract — With the thermo-kinetic software

MatCalc, simulations of the evolution of precipi-
tates in the course of thermo-mechanical treatment 

of 6xxx aluminium alloys (Al-Mg-Si) has been car-

ried out.

Precipitation sequence that occurs during age 

hardening of Aluminium alloy 6016 has been stud-
ied by using differential scanning calorimetry 

(DSC). A large number of changes in the precipitate 

microstructure occur in a precipitation sequence 

from the initially supersaturated solid solution and 

the stable Mg2Si phase. The sequence is as follows: 

Supersaturated solid solution Formation of clus-
ters composed of Al and Mg and / or Si coherent 

GP-Zones (Guinier-Preston zones) with high Al 

content coherent ß’’ precipitates semicoher-

ent ß’ precipitates 2Si) incoherent stable 

precipitates. Precipitation kinetics simulations show

good agreement with the experimental results.

I. INTRODUCTION

Aluminium alloys are an important group of alloys; 
especially Al-Mg-Si group which are widely used for 
automobile weight reduction. This kind of alloy (Al-
Mg-Si) is hardenable and often used  as body sheet in 
automobile industry. Numerous studies of the pre-
cipitation sequence of these alloys underline the 
industrial development and interest for light metals 
especially of this type of alloy.

Solution annealing at temperatures above 540°C 
followed by quenching to room temperature will 
create a supersaturated solid solution with an in-
creased amount of vacancies depending on quench-
ing rate and the dissolved elements. 

Generally the precipitation sequence can be de-
scribed as follows [1]:

SSSS vacancy-rich G.P. zones (Guinier-Preston 
zone) coherent ß’’ precipitates semi-
coherent ß’ precipitates incoherent ß (Mg2Si) 

All the stated phases are metastable and only ß 
(Mg2Si) is stable.

The transition from a SSSS with a high amount 
of quenched-in vacancies toward the 
process involving the formation of several inter-
mediate phases. In the literature these phases are 
given the general name GP zones, which are char-
acterized by a small size and a high degree of 
coherency with the Al-matrix. [2]

In alloys aged to peak hardness, needle-shaped 
precipitates are often found, comprised of the ’’
phase. Other than the stable Mg2Si ( ) phase 
which is well-known to possess the CaF2-type 
structure, the ’’ has the most reliably established 
crystal structure of type base-centred monoclinic 
Mg5Si6. [3] The ’’ phase is important because it 
gives optimum ageing and the best hardness.

Many experiments in the literature invariably 
report the presence of rod shaped precipitates in 
slightly over-aged specimens. Details of its crystal 
structure remain controversial.

Platelets of the phase are observed commonly 
in over-aged 6xxx alloys. 

II. EXPERIMENTAL

An aluminium alloy type 6016 with a composition 
of 0.43 wt% Mg and 1.02 wt% Si was used for 
differential scanning calorimetry (DSC). The tests 
were carried out in a TA Instruments DSC 2920 
Modulated DSC instrument, using a continuous 
heating rate of 5°C/min under pure nitrogen flow 
at a rate of 50 ml min-1.The samples were solution 
treated for 40 min at 540°C in a furnace and then 
quenched from the solid solution state into water 
(~ 25°C). An annealed pure aluminium disc of 
similar shape and weight was used as reference.
The output signals of the heat flow were in mW
and recorded with their corresponding tempera-
ture.
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III. MODELLING WITH MATCALC

MatCalc [4] is a software for various kinds of ther-
modynamic and kinetic simulations. The bases of the 
calculations are databases, which deliver descriptions
for thermodynamic stability, mobility and physical 
parameters. Precipitation kinetics can be simulated 
by nucleation and growth kinetics of individual pre-
cipitates, evolution of precipitate distributions and 
precipitation sequences of metastable and stable
phases. With a set of parameters, which is based on 
physical quantities, such as dislocation density or 
Young´s modulus of precipitation domain we are 
able to simulate the precipitation sequence of various 
kinds of aluminium alloys with different composi-
tions and different thermo-mechanical treatments. 
With proper simulation setup, we can predict precipi-
tation sequences and explain and suggest suitable 
heat-treatments for effective strengthening of Al-Mg-
Si alloys. Optimization of input parameters and cali-
bration of the model for Al-Mg-Si system has been 
carried out by comparing the DSC simulation and 
experimental results.

IV. RESULTS AND DISCUSSION

In the following, a comparison between DSC ex-
periment and simulated result will be explained and 
discussed. Based on the DSC experiments, the simu-
lations are carried out with the same heat-treatment 
procedure as that of experiment. In the experiment, 
the samples are solution treated at 540°C, then 
quenched with a given cooling rate of 500°C/sec and 
continuously heated with rate of 5°C/min. The calcu-
lated phase fraction evolution for an aluminium alloy 
with composition of 0.43 wt% Mg, 1.02 wt% Si and 
98.55 wt% Al is plotted in figure 1.
.

Figure 1: phase fraction AA6016

The simulated precipitation sequence is in good 
agreement with the experiment. 

The correct tendency of the simulation can be 
shown in figure 2 by comparing the calculated 
value of the heat flow with the data from the ex-
perimental DSC curve.

Figure 2: DSC scan (experimental and simulated) 
at a heating rate of 5°C/min

The experimental DSC curve (plotted with triangles) 
shows exothermic (formation of precipitates) and 
endothermic (dissolution of precipitates) peaks. The 
characteristics of the measured DSC curve can be 
reproduced well with the simulated data (continuous 
line). The exothermic precipitation peaks from ß’’ 
and ß’ are clearly observable in the figure. With just 
a few degrees difference between simulated and 
experimental values, it is possible to predict the for-
mation of different precipitates. By using the ex-
plained model is also possible to simulate isothermal 
heat treatments. Any arbitrary alloy composition 
and temperature-time cycle can be simulated and the 
maximum amount of ß’’ precipitates can be calculate 
accordingly. The model can be used to determine the 
optimum time and temperature conditions for a given 
composition to reach highest precipitation strength-
ening, often desired in technological application of 
this type of alloy.
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A bs tr ac t
Univa ri a te polynomi a l root-finding is an oldest
c l assic problem of computa t iona l ma thema tics,
which is st i ll an important resea rch topic, due to i ts
impa ct on computa tiona l a lgebra and geometry. We
describe an effic ient a lgori thm for approxima t ing
the polynomi a l roots numerical ly as the e igenva lues
of a uni ta ry diagona l plus rank -one ma trix. The
ma in tool we based on is the QR a lgori thm, which
exploits the semi sepa rable ma trix structure to
approxima te the e igenva lues in a fast and robust
way. We use the concept of the Moebius transfo r-
ma t ion at the ini t ia l stage to improve the perform-
ance of the resul t ing a lgori thm.

I. INTRODUCTION

Solving a univariate complex polynomial equation is 
a major research topic with highly important applica-
tions to many fields such as computer algebra, alge-
braic geometric computations and signal processing. 
It has received a lot of attention, and many attempts 
have been made to solve this problem, but it still 
remains an important research challenge. Various 
methods have been proposed to approximate poly-
nomial roots numerically [5, 6, 7, 8].

Many root-finder Algorithms have been given and 
are actually implemented as standard software in 
numerical libraries and environments such as NAG, 
IMSL, Mathematica and Matlab. Among the most 
popular root-finder algorithm, which is employed by 
the function roots of Matlab, is the QR algorithm to 
compute the eigenvalues of the companion matrix 
associated with the given polynomial. This algorithm 
use the QR iteration which is usually the method of 
choice for finding the eigendecomposition of a ma-
trix numerically [1, 4]. The matrix approach based on 
the QR process yields a norm-wise backward stable 
root-finding algorithm [2, 3], which produces good
results for most inputs, however, the resulting 
method is very space and time consuming which is a
serious drawback of this algorithm.

In the present work we describe an adaptation of the 
QR algorithm to fix numerical deficiency of the 
polynomial root-finder by using algebraic tools. 
Theoretically one may approximate all zeros of a 
polynomial in linear arithmetic time as well as in the 
optimal Boolean time.

II. MATERIALS AND METHODOLOGY
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III. IMPLEMENTATION

The following results are the numerical experiments 
for some well known polynomials by reporting the 
degree n, an estimate for the maximum condition 
number of the roots, the maximum, minimum and 
average absolute error of the computed root ap-
proximations over 100 experiments.

IV. CONCLUSION

In this work we have presented an efficient root-
finding algorithm based on eigenvalue computations 
whose memory requirements and computational cost 
is better than the algorithms known.
The results of numerical experiments show the ro-
bustness and the effectiveness of the proposed ap-
proach.!!
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Abstract — The aim of the following paper is to prove sta-
bility of a closed loop controller, applied to a gantry crane.
First, the controller is re-written in terms of a homogeneous
linear ODE in a Hilbert space. Based on this formulation
we show asymptotic stability of the controller using spectral
theory. By further extending this considerations and applying
Huang’s theorem, we can even prove exponential stability.

I. INTRODUCTION

We consider here a controller applied to a model of a
gantry crane, which consists of a cart of mass mw, which
moves horizontally along a rail, a chain of length L with
mass per length ρ, attached to the cart, and a load of mass
mp at its end, which is considered to be point-like. We
denote the horizontal deflection of the chain at distance
x from the cart by wc(t, x). In addition, we assume that
it is non-elastic, and that we can omit any effects due
to friction. Furthermore, we allow an external force F
to act upon the cart, which will make it possible to con-
trol the oscillations of the chain. The aim of the con-
troller is to determine F in such a way that the chain ap-
proaches a prescribed trajectory, e.g. the steady state with
non-oscillating chain. For further analysis it is thus suffi-
cient to consider only the function w, describing the error
between actual and desired trajetory. The function w sat-
isfies, up to rescaling in order to eliminate constants, the
following equations (cf. [1]):

∂2
tw(t, x)− ∂x(P (x)∂xw(t, x)) = 0, (1a)

∂2
tw(t, L) + ∂xw(t, L) = 0, (1b)

∂2
tw(t, 0) = F (t), (1c)

where 0 < x < L, t > 0, and P ∈ H2(0, L) is a strictly
positive function, describing the gravitational pull on the
chain at height x. To prove stability of the controller, we
need to find conditions on F such that the solution w of
(1) tends to zero for t → ∞ for each inital conditions
w(0, x) = w0(x) and ∂tw(0, x) = v0(x). Based on [1]
we make the ansatz

F (t) = ϑ1v(t, 0)+ϑ2∂xv(t, 0)+ϑ3w(t, 0)+ϑ4∂xw(t, 0),

with real coefficients ϑi to be specified later, and with the
notation v = ∂tw.

II. GENERATION OF A CONTRACTION
SEMIGROUP

For further analysis we need to introduce the Hilbert
space

H = {z = (w, v, ξ, ψ) : w ∈ H2(0, L), (2)

v ∈ H1(0, L), ξ = v(L), ψ = v(0)},

and the linear operator A : D(A) ⊂ H → H defined by

A :

⎡
⎢⎢⎣

w
v
ξ
ψ

⎤
⎥⎥⎦ �→

⎡
⎢⎢⎣

v
(Pw′)′

−w′(L)
F

⎤
⎥⎥⎦ . (3)

The domain of A is

D(A) :=
{
z = (w, v, ξ, ψ) : w ∈ H3(0, L),

v ∈ H2(0, L), ξ = v(L), ψ = v(0), (4)

(Pw′)′(L) = −w′(L), (Pw′)′(0) = F
}
.

Thus, the controller (1) can be written as an abstract ODE

ż(t) = Az(t), t > 0, (5)

with initial conditions z(0) = z0 ∈ D(A). Using this
notation we can now prove:

Theorem 1. Let A be the operator defined in (3) and let
there be constants a, b > 0 satisfying (a+b−1)2 < 4ab,
such that

ϑ1 =
ϑ3

b
− a, ϑ2 =

ϑ4

b
, (6)

and ϑ1, ϑ3 < 0 and ϑ2, ϑ4 > 0. Then A is the in-
finitesimal generator of a C0-semigroup of contractions
{T (t)}t≥0 on H. In particular (5) has a unique, non-
increasing solution.
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Proof. First we verify that 0 ∈ ρ(A), the resolvent set
of A, which implies that there is some λ > 0 such
that ran(A − λ) = H. Secondly we need to investi-
gate the dissipativeness of A, i.e. Re〈z,Az〉 ≤ 0 for
all z ∈ D(A). To this end we introduce the following
inner product on H :

〈z1, z2〉 :=α1

∫ L

0

[γ(Pw′
1)

′(Pw̄′
2)

′ + Pw′
1w̄

′
2] dx

+ α1γP (L)w′
1(L)w̄

′
2(L) + α2w1(0)w̄2(0)

+ α1

∫ L

0

(γPv′1v̄
′
2 + v1v̄2) dx

+ α1P (L)ξ1ξ̄2 + α2γψ1ψ̄2

+
1

2

(
ψ1 − 2α1P (0)w′

1(0) + 2α2w1(0)
)

· (ψ̄2 − 2α1P (0)w̄′
2(0) + 2α2w̄2(0)

)
,

where α1, α2, γ > 0 are arbitrary constants. With this,
we find that A is dissipative if conditions (6) hold.
Combining both results and applying the Lumer-Phillips
theorem finally yields the desired result.

III. ASYMPTOTIC STABILITY

In terms of contraction semigroups, asymptotic stability
means that limt→∞ ‖T (t)z‖ = 0 for all z ∈ H.

Theorem 2. If conditions (6) hold for the ϑi, then the
semigroup {T (t)}t≥0 generated by A is asymptotically
stable.

Proof. Due to Theorem 3.26 in [2] it is sufficient to prove
that 0 ∈ ρ(A) and A−1 is compact, and that Reλ < 0
for all λ ∈ σ(A). To show the compactness of A−1 we
show that A−1 maps bounded sets in H to bounded sets
in H3(0, L)×H2(0, L)×R

2, and then use the compact
embeddings H3(0, L) ⊂⊂ H2(0, L) ⊂⊂ H1(0, L). In
order to verify the desired properties of the spectrum, we
recall that A generates a contraction semigroup and that
A−1 is compact. Therefore it is sufficient to check that
A − iτ : D(A) → H is injective for all τ ∈ R. Thus
we need to show that the corresponding BVP only has
the trivial solution, which can be achieved by using the
conditions (6).

IV. EXPONENTIAL STABILITY

Definition 1 (Exponential Stability). A semigroup of
contractions {T (t)}t≥0 is exponentially stable if there
exist M ≥ 1, ω > 0 such that

‖T (t)‖ ≤ M exp(−ωt).

In order to show exponential stability of the contrac-
tion semigroup considered in this paper, we make use of
the following version of Corollary 3.36 in [2]:

Theorem 3 (Huang). Let A be the generator of
an asymptotically stable semigroup of contractions
{T (t)}t≥0. Then {T (t)}t≥0 is exponentially stable if and
only if

sup
τ∈R

‖R(iτ, A)‖ < ∞,

where R(λ,A) := (A − λ)−1 denotes the resolvent op-
erator.

Using Huang’s theorem we shall now prove the main
result:

Theorem 4. Let the conditions (6) hold. Then the semi-
group {T (t)}t≥0 with generator A is exponentially sta-
ble.

Proof. In order to apply Huang’s theorem we need to
show that the solution of the resolvent equation (A −
iτ)z = (f, g, g(L), g(0)) ∈ H satisfies the estimate

‖z‖ ≤ C(‖f‖H2 + ‖g‖H1), (7)

uniformly in τ ∈ R for some constant C > 0. The corre-
sponding boundary value problem on (0, L) reads

v − iτw = f, (8a)
(Pw′)′ − iτv = g, (8b)

−w′(L)− iτv(L) = g(L), (8c)
F − iτv(0) = g(0). (8d)

First, we substitute v by using (8a). In the remaining
BVP for w we eliminate the inhomogeneous terms in the
boundary conditions by adding an appropriate function
to w in the form of

h(x) =

∫ x

0

a1
P (ξ)

dξ + a0.

Now we explicitly solve the obtained BVP in terms of a
basis of solutions {ϕ1, ϕ2} of the homogeneous equation
(Pw′)′ + τ2w = 0. Due to the oscillatory behaviour of
the ϕi as |τ | → ∞, see [3] for details, we can estimate
the asymptotic behaviour of the explicit solution of the
BVP. This yields the desired estimates for w and v.
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Abstract — Text in signage plays very important 

roles in distinguishing different indoor objects such 

as bathrooms, exits, office doors, and elevators.  In 

this paper, we propose a method to extract and 

recognize text from indoor signage images for as-

sisting blind people independently access unfamil-

iar buildings. Text characters are first extracted 

from complex background and then binarized to 

black color in a clean white background. The off-

the-shelf optical character recognition (OCR) soft-

ware is applied to recognize the extracted text 

characters. Experiment results demonstrate that our 

proposed method can robustly extract text with 

different font size from chromatic background. 

I. INTRODUCTION

In order to recognize significant indoor information 
about the surrounding environments, OCR is applied 
to transform the text characters in signage from digi-
tal signals to ASCII codes. However, current OCR 
devices can only work well on text with black color 
in a white background. Indoor signage usually con-
tains text with complex background and multiple 
colors. We need to extract text characters from input 
images before they are inputted to OCR for recogni-
tion.

In images or video frames, indoor environments are 
filled with artificial objects shown from different 
perspectives. It is a challenging task to extract text 
characters from well shaped objects. Variations of 
text characters in font size and orientation lead into 
more difficulties in text extraction and recognition. 
Tran et al. [1] worked out the ridge points with local 
extreme intensity variation to describe text skeletons 
at a high-level resolution and text orientations at a 
low-level resolution, but the accuracy of ridge points 
is sensitive to background noise. Phan et al. [2] 
searched for text regions by calculating maximum 
gradient difference (MGD) in the Laplacian-filtered 
image. But it will be invalidated by inconsistent font 
size and sloped text line. In this paper, we propose a 
robust method for text extraction and recognition 
from indoor signage by using color uniformity and 
binary switch. 

II. TEXT EXTRACTION AND RECOGNITION

A. TEXT REGION DETECTION

To extract text characters, we first need to detection 
text regions in an image. Each text character gener-
ally contains one uniform color. Based on this obser-
vation, we develop a new method to detect text re-
gions by color uniformity and binary switch. We first 
employ a color reduction method to reduce the num-
ber of colors in the input image by using color statis-
tics and mean-shift algorithm [3]. We map each color 
into a quantization value and decompose the original 
image into several color layers, as shown in Figure 1. 
Each color layer consists of only two colors, in which 
white is background and the other is foreground. 
Then the algorithm in [2] is employed to detect text 
region within each color layer. A 1xN window is 
generated to calculate maximum gradient difference 
(MGD) in the Laplacian map of input image, as 
shown in (1). 

(1)

where .
HP(i) and VP(j) represent the horizontal projection at 
row i and vertical projection at column j of the image 
respectively. HP(i) is calculated by (2), if HP(i) is 
greater than a  threshold, row i is part of a text region. 
Similarly, VP(j) is calculated by (3) in the region for 
rows belong to text regions.

(2)

(3)

Primary text regions are obtained from above steps. 
However, larger text characters may be truncated 
because their additional parts lie in a smaller horizon-
tal projection without binary switches from other text 
characters. To overcome the limitation, we extend 
the area of primary text region according to those 
boundaries until it covers all the complete boundaries. 
If the size of extended region is less than a threshold, 
as shown in Figure 2, we use the extended region as 
the text region. Otherwise, we keep the primary text 
region.
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By reducing the scope of extraction, text region de-
tection enables the following steps to enhance effi-
ciency and accuracy. 

Figure 1: (a) Original image; (b-d) Color layers 

Figure 2: (a) Primary text regions; (b) Truncated 
boundary in a text region; (c) Extended text region 

B. TEXT LOCALIZATION

Each text character in signage can be located in the 
form of connected component by its edge points. 
Therefore edge detection is first performed in each 
text region and then we obtain bounding boxes of 
connected edge points, as shown in Figure 3. A 
group of constraints, including the area, the ratio of 
width to height and the number of nested bounding 
boxes, are used to filter out the non text bounding 
boxes.

Figure 3: Bounding boxes of connected edge 
points. The red boxes indicate the regions for fur-

ther text binarization. The green boxes are the 
non-text regions which are filtered out by prede-

fined constraints. 

C. TEXT BINARIZATION AND RECOGNITION

In preparation for text recognition by OCR, binariza-
tion is applied to obtain black text characters on 
white background as shown in Figure 4. Kasar et al.

[4] generated a dynamic threshold for each bounding 
box according to local pixel intensity of gray images. 
In our experiment, each color layer has already been 
a binary image, so we only set the foreground pixels 
as black. Text recognition transfers the text informa-
tion in signage from pixel intensity to ASCII code. 
Our experiment employs the open source software 

Tesseract-Ocr. Some recognition results are dis-
played in Table 1. 

Figure 4: (a-b) Extracted text from Figure 1(c);
(c) Extracted text from Figure 1(d) 

III. EXPERIMENT AND CONCLUSION

Experiments demonstrate that OCR understands most 
of text characters in signage extracted by our method. 
Some characters such as ‘P’ and ‘e’ are mistaken for 
‘F’ and ‘c’ respectively due to their irregular nota-
tions. Nothing except messy codes can be obtained if 
we input the image of signage directly into OCR. 
Text information on/around the signage is purified in 
the process of text region detection, text localization 
and text binarization. More efficient text recognition 
by training from priori knowledge will be designed in 
future to increase the rate of text recognition. 

Text images OCR outputs 

Text region (a) APPC 

Text region (b) Fic 

Text region (c) Rcffcshmcnts 

Table 1: Text recognition of Figure 4 
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Abstract  In many industrial applications, the 

waste of heat often occurs. This heat can be used 

as a source of energy for other equipment, which 

may partly or fully replace fuel or energy. One of 

the ways how to reduce costs on thermal energy is 

to recycle it again from waste heat with the use of 

thermal exchangers of various designs which 
depend on specific application. The article intro-

duces the opportunity to use this energy through 

regenerative devices. The carrying frame was 

designed in CAD system Pro/Engineer Wildfire 4.0 

I. INTRODUCTION 

Aluminum belongs to group of metals with very 
low density, but still it is the third most commonly 

i-
num is that it can also be completely recycled. The 
production process of primary aluminum uses a high 
amount of energy (production of 1 kg of Al uses 20 
kWh), therefore it is so energetically demanding that 

o . 
Considering the above - mentioned facts, captured 
energy from the process in form of heat, which 
would otherwise evaporate through the chimney 
system, would be of great use. One of the alternatives 
to make an effective use of such a thermal energy by 
regaining the heat is recuperation. This article focus-
es on detailed description of application of such 
mechanism in the industry.    

II. THE CONCEPT OF HEAT REGAINING 

SYSTEM LAYOUT 

The fact that burnt gas has a very high thermal 

exploitation of this potential. It can be either used 
as a source for pre warming of combustion air for 
natural gas burners or it can be used to heat up 
water (TV). Exploitation of this potential is done 
through application of thermal exchanger of burnt 
gas-air (Vt1) for pre warming of combustion air- 
heating up water TV (Vt2).  

The conceptual layout of the system, which re-
gains heat from smelting aggregate is shown in 
Figure 1. The system for regaining heat is de-
signed to ensure voluble operation of original 
structure of combustion tract in case the heat re-
gaining system is shut down. The exchanger of 
burnt gas-air (Vt1) will be designed in a way to 
maximize the heating capacity of combustion air 

ements of not 
passing through the maximum temperature of 

rate of 
air which will be heated and the air which will not 
be heated. These rates will be set up specifically to 
avoid passing through the maximum temperature 
of 250 tting down the heat ex-
changer Vt1, the flap K1 will close and the flap K2 
will open so that combustion tract operates in its 
original structure.  

The burnt gas while being in thermal exchanger 
(Vt1) keeps its high thermal potential so we suggest 
using this potential to heat up TV in burnt gas ex-
changer-water (Vt2). The water output temperature is 

y-
pass around flap K4 situated in front of exchanger to 
regulate this temperature.  

 

 
 
Figure 1: The concept of system for heat regaining 

from smelting aggregation. 
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III. CONSTRUCTION OF HEAT REGAINING 

SYSTEM  

The mechanism of heat regaining is a complex 
problem which is exposed to many external influ-
ences.  Figure 2 shows basic concept of exchanger 
layout, while after consulting this project with field 
specialists, this option was turn down mainly due to 
inappropriate placement of exchanger (Vt2). Sug-

service opening of the exchanger, which is necessary 
for cleaning of the pipes. The idea of production of 
pipelines which would deliver the burnt gas to Vt1 
was also turn down because the suggested method 
would rapidly increase the total costs as well as 
weight of the machine. 

 
Figure 2:  Primer concept of recuperation mechanism 

and its placement.  

 
Figure 3: Concept of already existing organization 

of burnt gas pipelines. 
 

The whole system of heat regaining will be 
placed on smelting furnace (Figure 3). The heat in 
form of burnt gas, which would normally go to 
waste, will be used to heat up primary combustion 
air for burners in thermal exchanger of burnt gas-
air. The pipelines which will be exposed to burnt 
gas will be made of heatproof steel with thermal 
endur  
     One of the critical points is bend with casement 
wall (Figure 4), which helps to overcome the angle 
of bend in which two or more pipelines are con-
nected to each other.  The bend construction is 
adjusted for regular cleaning because burns pro-
duced in smelting furnace tend to stick to the in-
side walls of the pipelines. A direct effect of such 
an inside pipelines pollution is declining heat 
transfer between two environments.  

 

 
Figure 4: Detailed picture of bent with casement 

wall. 

IV. CONCLUSION 

    The expenses connected to production and 
transport of energy has rapidly increased and this 
trend is forecasted to keep its upturning tendency.  
Limited resources a global upturn in energy con-
sumption require to establish steps which will 
restrict the consumption and built a base for more 
efficient usage of energy. Suggested recuperation 
mechanism fulfill these requirements and among 
others decreases the emission pollution in the air, 
this mechanism can be also used for other devices 
which produce heat as an left over product.  

REFERENCES 

[1] MALCHO, M. a kol.: 

technicko - 
2007,  

[2]  T. KUPPAN.: Heat exchanger Design, 2000 
[3] W. M. ROHSENOW, J. P. HARTNETT, Y. I. 

CHO.: Handbook of heat transfer, 3rd. ed., 1998  

120



121



122



Trabeculae Histology and Architecture for 
Modeling of Traumatic Brain Injuries 

Parisa Saboori and Ali Sadegh
Dept. of Mechanical Engineering, the City College 

The City University of New York 
New York, USA 

psaboori@gc.cuny.edu,saddegh@ me.engr.ccny.cuny.edu 

Abstract- Blunt head impact arising from 

vehicular collisions, sporting injuries, and falls 

leads to relative motion between the brain and 
skull and thereby traumatic brain injuries (TBI). 

Anatomically, human brain is encased in the skull 

and is suspended and supported by a series of 
fibrous tissue layers, dura, arachnoid, trabeculae 

and pia mater, filled with Cerebrospinal Fluid. 
These layers play an important role in 

transferring and damping the impact load to the 

brain.  
In this study we have investigated the histology 

and trabecular architecture (which has not been 

fully investigated) through our in-vivo and in-
vitro animal experiments. Impact loads were 

simulated by Finite Element analyses of the brain, 

using the experimental results. The srtains in the 
brain have been determined and compared with 

known TBI. 

INTRODUCTION:  

The human head is identified as the body region 
most frequently involved in life-threatening 
injuries. Extensive research based on 
experimental, analytical and numerical methods 
has sought to quantify the response of the human 
head to blunt impact in an attempt to explain the 
likely injury process.  Blunt head impact arising 
from vehicular collisions, sporting injuries, and 
falls leads to relative motion between the brain 
and skull and an increase in contact and shear 
stresses in the meningeal region, and leading to 
traumatic brain injuries.  
 It has been shown that subarachnoid 
space (SAS) trabeculae play an important role in 
damping and reducing the relative movement of 
the brain with respect to the skull, thereby 
reducing traumatic brain injuries, (Zoghi Sadegh 
2009). A few studies (e.g. Xin Jin et al. (2008)) 
have reported a wide range of trabeculae elastic 

modulus up to three orders of magnitudes. 
Therefore, the mechanical properties of the 
arachnoid- trabeculae-pia (ATP) complex have 
not been established in the literature. This is due 
to the fact that the trabeculae have a complex 
architecture and thus the interaction between CSF 
and the trabeculae is very difficult to model. Only 
the histology of the trabeculae in the optical 
nerves has been studied (H E Killer et al. (2003)).  
In this study we have investigated the histology 
and architecture of the trabeculae through our in-
vivo and in-vitro experiments. In addition, we 
have employed several modeling of the ATP 
complex and validated the models with the 
experimental results of Sabet et al. (2007).  

Materials and Methods

To investigate the histology and to identify the 
architecture of trabeculae the following 
experimental techniques were employed.  

A: In Vitro Fluorescent stain 

Several tissue samples from different regions of 
cadaver’s brain were prepared. Since the cadaver 
brain was already fixed by formaldehyde, the 
arachnoid had collapsed on the pia mater and CSF 
was drained. The separation technique involved 
several steps including confining the region and 
injection of Microfil (Silicone Rubber Injection 
Compounds) from flowtech, Inc, which solidifies 
quickly and keeps the two layers separated.  

The samples were sliced using vibrotom 
machine and were died through standard 
procedure for fluorescent microscopy. Note that 
since the tissue was already fixed in the 
formaldehyde the micro fill did not survived the 
staining procedure and it was wash out during the 
method but we were able to see the trabeculae 
structure and make a distinguish between pia and 
arachnoid matter. As shown in Fig. 1, it was 
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determined that the trabeculae are collagen base
tissue.

  b

Fig. 1: a: Trabeculae tissue under fluorescent light
form the brain (cadaver), b: microscopic view of
subarachnoid (top layer), the trabeculae and the
pia mater (the lower layer)

anning

50-300g and 2 to 3

  a 

B: In vivo animal experiment: Using Sc

Electron Microscopy

To further investigate the histology and the
architecture of the SAS trabeculae in vivo
experiments were performed using Sprague-

awley rats weighting 2D
months old. The objective of this experiment was
to fix and solidify the subarachnoid space and the
trabeculae while the animal is alive. Fig. 2a,
The blood vessels of the SAS were solidified with
injecting pre fixative flowed by fixative solution.
Then the animal was sacrificed and a sample of
the brain tissue was prepared for the Scanning
Electron microscopy.  Sample of the SEM image
is shown in Fig. 2b. 

  a   b

Figure 2- a: injection of fixative through left
ventricle of the heart of a rat. b: the SEM images
of the trabeculae (bar is 1µ)
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The abundant complex architecture h
trabeculae makes the modeling of the
subarachnoid space very difficult.  Several
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investigated. The FE model was created usi
MRI of a human subject and the Mimic Software,
as shown in Fig. 3. This model was validated with
the experimental results of Sabet, et al. (2007)
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CONCLUSIO

T
subarachnoid spac
vivo and in-vitro experiments using human
cadaveric brain tissues and rat brain tissues. The
results reveal that the trabeculae architecture is a
dense spider like tissue which has the shape of
rods and thin transparent layer (plane) of about 2
µ. The rod configurations consist of collagen
fibers that are expanded (tree branch like) at the
interface with the arachnoid. Micro blood vessels
were observed in the SAS and the trabeculae. It
also concluded that the simplification of the finite
element models could compromise the results.
The results of this investigation facilitate the
modeling of this region and shed light in the
mechanotransduction of the force through the
SAS region. More investigation in this area is
needed.
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Abstract 

The paper considers the problem of the approximation of 
complicated transfer functions (TF), which are met at 
synthesis of automatic control systems with distributed 
parameters (DPS) by fractional-rational functions. In 
order to solve this problem, a method which combines the 
advantages of images of time-varying functions, models of 

dynamical systems in the form of functions of real variable 
and numerical realizations is attracted.   
 

I. INTRODUCTION 
Transfer functions (TF) of objects with the distributed 
parameters and control systems of them (DPS) can contain 
irrational and transcendental components, and also high 
order fractional rational expressions [1,2]. Generally they 
are represented by the function 

B(p)
-

2A(p)( ) (p,e , p,chp,sh ap ,....)PW p W bp c , (1) 
which is called complicated because of difficulties of its 
next use. Difficulties are shown first of all in problems of 
synthesis of regulators when obstructions can be insupera-
ble. Therefore, it is necessary to replace TF (1) with frac-
tional-rational expression, attracting some proximity crite-
rions. 

1
1 1 0

1
1 1 0

....
( )

....

m m

m m

n n

n n

b p b p b p b
W p

a p a p a p a
,          (2) 

However this problem is also not so simple. So the 
most widespread frequency method not always allows to 
separate the real and imaginary components and, hence, 
allows to solve the problem [3]. Any variant of solving the 
problem is characterized by a high computational com-
plexity, and an acceptable accuracy of approach is ob-
tained at a rather high order of the approximate function 
(2). In this work possibility of reduction of mentioned 
limitations is considered. 
 
II. PRELIMINARY OBSERVATION 
For the goal achievement we will take an advantage of the 
real interpolation method (RIM) [4,5]. Attractive possibili-
ties of this method are based on two concepts. Firstly, the 
method operates on images of time functions, that allow 
replacing complicated problem with a simpler one. For 
example, at use of Laplace transformation, operations of 
integration and differentiation for functions in time do-

main ( )f t  are replaced with simpler actions on images 

( )F p - division and multiplication on complex variable 

p . Secondly, the  given method, keeping advantages of 

operational ways of the description of signals and systems, 
uses images  functions of a real variable. This feature 
allows to eliminate the imaginary component in variable 
p j  and  therefore,  it is get rid of the step of se-

paration of real and imaginary parts of mathematical mod-
els. 

For achievement this purpose,  use a real inte-
grated transformation  

0

( ) ( ) tF f t e dt , [ , ], 0C C ,          (3) 

which can be considered as a special case of the direct 
Laplace transformation when complex variable 
p j  degenerates into real variable p . This 

variant can be considered as one of special cases of Lap-
lace transformation. Other case, when 0  and 
p j , that is well-known.  

The further strengthening of possibilities of RIM is 
based on the numerical methods and computer technolo-
gies. In [4,5], the conversion from continuous functions 

( )F  to their discrete representations - to numerical cha-

racteristics ( ) ,  i=1,iF , where i  - number of  in-

terpolating points,  - dimensionality of the numerical 

characteristic. The conversion to such characteristics al-
lows to replace actions on functions ( )F  with numerical 
operations on their models and to use numerical methods 
and computer possibilities. In [4] possibility of using RIM 
for solving approximation problems of fractional-rational 
functions has been considered. In this paper the approach 
is generalized on complicated TFs. 

 
III. FORMULATION OF THE PROBLEM 

RIM application to solve approximation 
problem of complicated TF (1) by rational fraction (2), 
which can be presented in the form of equation 

( ) ( )PW p W p   proximity criterions of these func-
tions. The conversion to real functions and numerical cha-
racteristics allows to translate this equation with unknown 
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coefficients 1 1, ,.. ,m mb b b  1 1, ,..n na a a  into forms 

( ) ( )PW W
 
and 

( ) ( ), 1,  , 1P i iW W i m n .                (4) 
The approximation error in conditions of RIM can be 

presented by expression P( ) ( ) -  ( )W W W  and 

by an estimation 
max ( ) -  ( )PW W W  .                (5) 

The accepted designations allow to formulate the 
problem: it is required to find values of structural parame-
ters ,  m n  (If they are not given) and coefficients 

1 1, ,..m mb b b  1 1, , ,..n na a a  of the function (2), at which 
the below condition is executed or the estimation (5) is 
minimized. 

givenW W    (6) 

If it is necessary, estimations in time domain or in fre-
quency domain can be also used. 
 
IV. PROBLEM SOLUTION 
According to [4], we will translate the equation 

( ) ( )PW p W p  into the equivalent real form 

( ) ( )PW W .   (7) 
In this way, It is only neces-

sary to execute simple conditions which maintain the con-
vergence of corresponding integrals of the form (2). This 
can be reached by limiting the variable below 

[ , ], 0C C , i.e. by choosing value . It is neces-
sary to notice that in practical problems, when objects are 
stable, it is possible to accept 0  [4]. 

Thus the following transformations have a connection 
with receiving the discrete form of the description (7). For 
this reason,  define a set of interpolation points and 
then calculate characteristics ( ), 1,2,..,P iW i

 

and 

( ), 1,2,..,iW i . For simplicity, we will accept regu-

lar distribution of points, i.e. 1, 1,i i i . These data 
allow generating a proportion of the form (4): 

( ) ( ), 1,  , 1P i iW W i m n
     

(8) 

This proportion exactly is a system of  linear alge-

braic equations with respect to  required coefficients. 

Taking everything into account, the  identification  of 
coefficients from the system (8) is formally the solution to 
the approximation problem. However, it is necessary to 
execute one more step which assumes the performance of 
a condition (6) or, if it is unobtainable, the minimization of 
the error (5). In order to reduce magnitude of the estima-
tion (5), the iterative procedure is used, which is based on 
the displacement of interpolating points , 1,2,...,i i  
in compliance with a certain rule [4]. 
 
V. EXAMPLE  

For explanation of the considered method and detailed 
approach, we will produce results of approximation TF of 
an element, so-called «towing cable - underwater object» 
[6]: 

1
( )

(1.2483 ) (0.89 0.27). (1.2483 )PW
ch p p sh p

 

In figure 1, change of estimation W  which depends 
on change of the discretization step 1  for case 

4, 5m n  is shown. It is clear, that there is a possibility 

to choose such a value 1 , at which the error is minimal. 

 
Figure 1: The dependence graph 1( )W f

 
 

 
VI. CONCLUSION 
In this work, the approximation approach of complicated 
TFs, which is based on application of real interpolation 
method is presented. Results of approximation for a com-
plicated TF are produced. It is possible to assume, that 
accuracy of the solution of approximation problems will 
be increased if to use irregular distribution of points. This 
problem will be subject of further consideration. 
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Abstract — Term rewriting is a well understood and com-
monly used framework in theoretical computer science for pro-
gram analysis and program verification. An intuitive extension
of term rewrite systems are conditional term rewrite systems.
Yet, although they are more natural for certain tasks, they turn
out to be more complex to analyze. In order to better under-
stand and implement conditional term rewrite systems, various
transformations of such systems into unconditional ones have
been developed. In our work we analyzed existing approaches
for such transformations, presented a unifying framework for
them, and developed a new transformation that has certain ad-
vantages as compared to previous ones.

I. INTRODUCTION

A. MOTIVATION

Term rewriting is a widely accepted framework in the-
oretical computer science that derives from equational
reasoning. It is used for program verification and pro-
gram analysis, especially for functional-logic program-
ming languages. Conditional term rewriting is a more
expressive extension of rewriting that appears naturally
in many practical applications.

Due to the inherent recursion in the conditions, con-
ditional term rewrite systems (CTRSs) are considerably
more complicated to analyze. In order to be able to use
the much better understood setting of unconditional term
rewrite systems (TRSs) to reason about CTRSs, several
transformations have been defined (e.g. in [1]) in order
to eliminate conditions while preserving desirable prop-
erties of the original CTRS.

In our work in [2], we analyzed existing approaches
and compared them to each other. Partially based on
[2], in [3] we introduced a unifying framework for a
more coherent description of definitions and properties of
such transformations, and presented a novel transforma-
tion that has various advantages as compared to previous
approaches.

In the following we will briefly introduce CTRSs
and transformations of CTRSs via an example and then
sketch the ideas underlying our novel transformation.

B. PRELIMINARIES

CTRSs consist of directed equations (rules) that have
some application conditions. For instance, a logical not
can be defined as a CTRS with two rules δ1, δ2 in the

following way:

Rnot =

{
δ1 : not(x) → tt ⇐ x = ff
δ2 : not(x) → ff ⇐ x = tt

}

Equality in the conditions can be interpreted in many
ways. We will only consider here normal 1-CTRSs R,
i.e., in all rules l → r ⇐ s1 = t1, . . . , sn = tn of
R equality in the conditions is interpreted as the transi-
tive, reflexive closure→∗ of the rewrite relation. Further-
more, all right-hand sides of the conditions t1, . . . , tn are
irreducible (w.r.t. Ru = {l → r | l → r ⇐ c ∈ R})
ground terms, and all variables in the conditions and the
right-hand side r also occur in the left-hand side l.

II. TRANSFORMATION OF CTRSS REVIS-
ITED

In most transformations, conditional rules are split up
into two or more unconditional rules. For instance, using
so-called unravelings introduced in [1] the CTRS Rnot

is transformed into

U(Rnot) =

⎧⎪⎪⎨
⎪⎪⎩

not(x) → Uδ1(x, x)
Uδ1(ff, x) → tt

not(x) → Uδ2(x, x)
Uδ2(tt, x) → ff

⎫⎪⎪⎬
⎪⎪⎭

where condition evaluation is now done explicitly in
the unconditional system,

Using the transformation of [4] the arity of the not-
symbol is increased such that the conditions of both con-
ditional rules can be encoded in it. The additional ar-
guments initially contain ⊥ to indicate an uninitialized
condition:

R′
not =

⎧⎪⎪⎨
⎪⎪⎩

not′(x,⊥, z) → not(x, 〈x〉, z)
not′(x, 〈ff〉, z) → tt
not′(x, y,⊥) → not′(x, y, 〈x〉)

not′(x, y, 〈tt〉) → ff

⎫⎪⎪⎬
⎪⎪⎭

The CTRSRnot is confluent and terminating. This im-
plies that on all possible rewrite paths, we always obtain
a unique normal form. In order to simulate conditional
rewrite sequences in a transformed TRS, we also want
to obtain unique unique normal forms in the transformed
TRS that correspond to normal forms in the original sys-
tem.
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This property is not satisfied by the unraveling
U(Rnot). Consider the term not(tt). In Rnot, for δ1
the condition tt →∗ ff is not satisfied so that we can
only apply δ2. Therefore not(tt) only rewrites to ff . In
U(Rnot), not(tt) rewrites to ff , but also to Uδ1(tt, tt)
which is irreducible. We would now have to back-
track from Uδ1(tt, tt) to not(tt) and try different rewrite
paths.

The transformed TRS R′
not does not require back-

tracking, because as for Rnot we get unique nor-
mal forms: not′(tt,⊥,⊥) → not′(tt, 〈tt〉,⊥) →
not′(tt, 〈tt〉, 〈tt〉) → ff

The transformation of [4] yields satisfactory results
for left-linear confluent constructor CTRSs, but for other
confluent CTRSs it may still result in non-unique normal
forms:

R =

{
f(g(x)) → x ⇐ x = 0
g(s(x)) → g(x)

}

is transformed into

R′ =

⎧⎨
⎩

f ′(g(x),⊥) → f ′(g(x), 〈x〉)
f ′(g(x), 〈0〉) → x

g(s(x)) → g(x)

⎫⎬
⎭

The term f(g(s(0))) (that corresponds to f ′(g(s(0)),⊥)
in R′) only has the normal form 0 in R, but in R′ we
also obtain f ′(g(0), 〈s(0)〉). Observe that in the latter
term the matcher for x in the g-subterm (0) is different
from the matcher for x used in the conditional argument
(s(0)).

Later, in [5] a transformation was defined that guaran-
tees unique normal forms for all confluent CTRSs:

R′′ =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎩

f ′(g(x),⊥) → f ′(g(x), {x})
f ′(g(x), {0}) → {x}

g(s(x)) → {g(x)}
f ′({x}, z) → {f ′(x,⊥)}

g({x}) → {g(x)}
s({x}) → {s(x)}
{{x}} → {x}

⎫⎪⎪⎪⎪⎪⎪⎪⎪⎬
⎪⎪⎪⎪⎪⎪⎪⎪⎭

This transformation is syntactically rather complex and
furthermore our experiments also showed drawbacks
concerning efficiency: The purpose of the circum-fix
symbol {.} is to “reset” conditions that may block fur-
ther rewrite steps. The term f ′(g(s(0)),⊥) rewrites
to f ′({g(0)}, 〈s(0)〉) which can be further rewritten to
{f ′(g(0),⊥)} and {0}. A drawback of {.} is its com-
plexity and the fact that it resets conditional arguments
“too often”.

In [3] finally, we developed a new transformation that
is sound for preserving normal forms for a large class of
confluent CTRSs without the specific drawbacks of [5].
In our approach, we try to avoid that conditions get “out

of sync” with other arguments. We therefore encode con-
ditions in all subterms of a conditional rule, that overlap
with another rule. Using this novel approach, our exam-
ple system R is transformed into

R′′′ =

⎧⎨
⎩

f(g′(x,⊥)) → f(g′(x, 〈x〉))
f(g′(x, 〈0〉)) → x
g′(s(x), z) → g′(x,⊥)

⎫⎬
⎭

Now the term f(g′(s(0),⊥)) yields the rewrite sequence

f(g′(s(0),⊥)) → f(g′(s(0), 〈s(0)〉)) → f(g′(0,⊥))

and finally we obtain the only normal form 0, as in R.

III. CONCLUSION AND PERSPECTIVES

In our work we have analyzed existing transformations
from CTRSs into unconditional systems and, based on
our findings, developed a new transformation with good
syntactical and also practical properties.

In our future PhD research we plan to extend our ap-
proach to larger classes of CTRSs, to implement and
evaluate it, and to use it for interesting application areas,
e.g. for inversion of equational / functional programs via
CTRSs.
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Abstract — Clinical studies usually involve analyzing and
interpreting data gathered from numerous patients at differ-
ent locations, in the course of which doctors are required
to collaborate and synchronize their documentations. This
can be a rather tedious and time-consuming task, making
it especially prone to errors. Personal patient data is re-
garded as sensitive, making it necessary to separate it from
the gathered clinical data. This is usually done by employ-
ing pseudonymization schemes on all data. Since collaborating
locations might use different pseudonymization techniques, a
system is needed to consolidate all pseudonymized data and, if
necessary, pseudonymize it beforehand. Such a scheme is pro-
posed in the master thesis described in this paper. So far, an
early prototype has been created and core enhancements to the
main project have been implemented.

I. INTRODUCTION

In medical science a plethora of data can be gathered dur-
ing both research and treatment of patients. In order to
accumulate statistically significant amounts of data med-
ical researchers must collaborate across institutions. This
task can be greatly facilitated by ensuring adequate sup-
port from information systems.

SPICS (Secure Platform for Integrating Clinical Ser-
vices) is an agile Software Product Line (SPL, [1]) ap-
proach to this task, designed to tailor the end product
to the varying needs of the different documentation pro-
cesses in different medical fields of expertise. Any col-
lection of sensitive personal data is subject to strict legal
limitations (e.g. [2]). Compliance to these restrictions
is one of the most important requirements, which can be
realized by applying a pseudonymization or anonymiza-
tion strategy. Pseudonymization in this context describes
a strategy that is applied to a set of combined sensitive
personal and scientifically relevant data. By doing so,
both types of data will be separated, making the set of
additional data, when viewed seperately, unrelated to any
specific person. But unlike with anonymization, it is pos-
sible to recover the original associations if the proper key
is known.

Given this basis the thesis proposes an architecture for
a distributed system to be used as an enhancement to

the already existing SPICS project, enabling users to ex-
change pseudonymized clinical data and the according
data structures. This work includes the design and im-
plementation of the proposed architecture as well as the
evaluation and comparison of the resulting system and
related approaches.

II. PROBLEM DESCRIPTION

SPICS currently consists of a web application, built mod-
ularly to fit several different use cases. Depending on
customer needs, patient data can be stored in any of the
following ways:

Excel sheet: Data is stored in an externally managed
Microsoft Excel sheet. Pseudonymization is done
manually by the medical doctor in this case.

HIS (Hospital Information System): Data is stored in
a proprietary data source, usually under the control
of a hospital or some other kind of medical service
center. Pseudonymization is done by the mecha-
nism connecting SPICS to the externally managed
data source.

Patient register: Data is stored in a separate data
source, deployable in combination with SPICS.
Similar to HIS storage it is completely physically
separated during operation.

SPICS internal data source: Data is stored SPICS in-
ternally, in the same data source as the according
clinical data. In this case, no pseudonymization is
done by itself.

In all these scenarios the end-user interface is a basic
web browser. The data model holding the clinical data
of any given documentation can be chosen freely and in-
dividually by any staff member authorized to do so for
that particular documentation. To consolidate this data
from all participating SPICS systems, a scheme, that acts
as a layer above all of them, is needed. After the clin-
ical data has been individually pseudonymized on the
different systems, this layer gathers all of it and maps
it to a common data structure, thus rendering the differ-
ent pseudonymization schemes transparent to any user
accessing the consolidated data.
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III. APPROACH

In accordance with the basic architecture and the tech-
nologies used in SPICS, a prototype was designed. As
research continues it will be compared with results of
related work (e.g. [3]). In recent years a number
of publications have been made on the subject of TMF
(Telematik in der medizinischen Forschung)1, with [4]
being a suitable reference regarding best practices and
standards compliance.

The platform’s design allows for a basic SPICS in-
stance to be enhanced by plugins. Making use of this
it is possible to differentiate three major parts of imple-
mentation:

Enhancing the core: The data model has been modified
to allow unique identification of entities. Also, a
new feature has been implemented, enabling dy-
namic updates to custom data structures.

Implementing the client plugin: Any SPICS instance
serving as a local interface to users is regarded as
a client instance. By deploying the client plugin,
an instance will be able to communicate with a
SPICS master instance, as depicted in Figure 1. The
proposed architecture allows for the integration of
pluggable filters, which are used to prepare the clin-
ical data for transport. In addition, in the case of
patient data being stored SPICS internally, these fil-
ters can perform on-the-fly pseudonymization be-
fore data exchange.

Implementing the server plugin: The instance holding
the centralized data source consisting of the com-
bined pseudonymized input of all subordinate
SPICS client instances is considered the master in-
stance. Data on this machine can also be accessed
via a web browser, but the view will always be lim-
ited to pseudonymized entries. All related capabil-
ities can be utilized by deploying the server plugin.

Unlike telemedicine, where real time communication
is crucial (see for example [5]), data replication to the
master SPICS instance can be designed asynchronously.
The underlying technology stack for the implementation
will be based on the J2EE standard enhanced by the
JBoss Seam2 framework.

Apart from the implementation current tasks include
further research on architectural patterns and related le-
gal basics. Adherence to special requirements like legal
conformity can be ensured by continuous revision of the
architecture. Finally a series of appropriate user accep-
tance and performance tests will be used to verify the
selected approach described in this work.

1http://www.tmf-ev.de/
2http://www.jboss.com/products/seam/

SOAP, SSL

HTTPS

HTTPS, WS-Security, etc.

HTTPS

Intranet

SPICS master instance

SPICS

HTTPS

Intranet

SPICS

Clients

Patient Register

HIS

(sensitive

patient data)Clients

Figure 1: Prototype architecture

IV. CONCLUSION

Consolidating transparently pseudonymized data from
clinical studies is an extensive task. Different end-user
environments and pseudonymization schemes have to
be considered, and a general fallback pseudonymization
mechanism must be implemented to ensure data integrity
and smooth integration. An attempt to solve this problem
has been made, and up until now an architectural draft
has been created and implementation is underway, while
in parallel research on design and legal conditions con-
tinues. In the end the suitability of the solution will be
evaluated by acceptance and performance tests.
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Abstract — The development of pedestrian navi-

gation and guidance services for indoor envi-

ronments is a challenging research topic. As 
satellite positioning (GNSS) does not usually 

work indoors, alternative technologies have to 

be employed. In our approach in the project 
UCPNAVI (Ubiquitous Carthograpy for Pedes-

trian Navigation) active RFID (Radio Frequency 

Identification) in combination with INS (Inertial 
Navigation Systems) is employed for positioning. 

The most accurate positioning method using 

RFID is location fingerprinting. In this study the 
principle of operation of location fingerprinting 

and the visualization of the fingerprints is dis-

cussed.

I. INTRODUCTION

Radio-frequency identification, or RFID, is a 
technology for data transmission via radio waves 
with or without line-of-sight contact. Nowadays, 
the technology of RFID is also used for position-
ing, because the location estimation can be based 
on RSSI (received signal strength indication) 
which is a measurement of the power present in 
a received radio signal. The receiver can com-
pute its position using various methods based on 
RSSI (e.g. range-based positioning using trilat-
eration, location fingerprinting). Three different 
methods have been developed in a research 
project at the Vienna University of Technology, 
i.e., cell-based positioning, trilateration using 
ranges to the surrounding RFID tags deduced 
from received signal strength measurements, and 
RFID location fingerprinting (see Fu and Ret-
scher, 2009). This contribution concentrates on 
the positioning of a pedestrian user with location 
fingerprinting.  

II. POSITIONING USING ACTIVE RFID

Thanks to the RFID technology, data can be 
transmitted from RFID tags to a reader via 
radio waves even without line of sight contact. 
The transmitted data might include the ID and 
the information of the position of the RFID 
tags. In the presented work only one reader but 
several active tags are used. The user is 
equipped with a portable RFID reader (e.g. a 
reader in form of a PCMCIA card that can be 
plugged into a laptop) and the RFID tags are 
placed in the surrounding environment at 
known locations (so-called active landmarks). 
If the user moves within the surrounding of the 
RFID tags, the tags’ ID, signal strength RSSI, 
known location and time can be obtained. The 
position is a function f as shown in equation 
(1): 

position (t) = f (ID, RSSI, known location) (1)

at a certain time t (see Fu and Retscher, 2009).  

III. RFID LOCATION FINGERPRINTING

The principle of operation of RFID location 
fingerprinting is similar to that used in WiFi 
networks (see Retscher et al., 2007). Here the 
measured signal strength is used directly to 
obtain the location of the user. In an off-line or 
training phase the RSSI is measured at known 
locations in the test area to all surrounding 
RFID tags. The measured values are stored in 
a database. Then in the positioning phase (or 
so-called on-line phase) the current RSSI 
measurements obtained at a unknown location 
are compared to the values in the database to 
estimate the position fix. The current location 
of the user is calculated using the Nearest 
Neighbour in Signal Space (NNSS) algorithm. 
This algorithm uses the Euclidian distance 
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between the strength of the signal and the
fingerprint in the database in the so-called
signal strength space. Positioning accuracies
on the 1 to 2 m level can be achieved. Finger-
printing can therefore be used in indoor envi-
ronments as it provides a sufficiently high
level of positioning accuracy.

For the visualization of the location fingerprints
a software has been developed in our study (Pon-
gracz, 2010). Figure 1 shows an example of a 
location fingerprint in an office building of the
Vienna University of Technology which was
used as a test bed for our system development.
By a simple mouse click on the floorplan the
location fingerprint for that particular location
can be represented from the database of RSSI
measurements from the off-line phase. Then the
current location fingerprint can be compared
with the one from the database for position fix-
ing and the user’s location is obtained if the
location fingerprint is correctly matched.

IV. CONCLUSION

RFID tags transmit useful information such as 
ID, position and signal strength to the RFID 
reader. This information is recorded in a data-
base and can be used for determination of the

position of the RFID reader. Based on the prin-
ciple of RSSI measurement location fingerprint-
ing has been employed. To study the location
fingerprints a software has been developed for 
their on-line visualization.
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Abstract — Liquid crystals are currently being 

synthesizing from gallic acid derivatives, including 

rufigallol, by utilizing ‘click chemistry’ conditions, 

allowing for efficient protocol. The synthetic 
routes insert ether connected alkynes to the pheno-

lic cores. The alkynes attached will react with long 

chain azides of varying lengths via the azide-

alkyne [3+2] Huisgen cyclo-addition. The final 

discotic liquid crystal will be analyzed by various 

methods including differential scanning calorime-
try and x-ray diffraction. The synthetic protocol is 

in progress and the proper compounds are being 

purified for ‘click’ reaction conditions.

I. INTRODUCTION

Considering the three phases of matter, a liquid 
crystal seems almost as a paradox; a substance is 
either a solid or a liquid. Yet for some compounds,
they can exist in a state containing properties of 
both solid and liquid. Like a solid, they can main-
tain a general sense of orientational order yet they 
lose positional order. Like a liquid, the molecules 
of a liquid crystal are fluid and have random mo-
tion but they remain orientated in a definite direc-
tion.

Experiments have been performed in the past 
and the liquid crystal has been associated more 
with the liquid phase rather than solid. This is 
because the latent heat from liquid crystal to liquid 
is smaller in magnitude then that for solid to liquid 
crystal [1]. This fact contributes to understanding 
the physical properties of a liquid crystal and its 
various applications. 

Discotic liquid crystalline phases are characterized 
by disc-like molecules that can exhibit nematic or 
columnar phases. One attractive feature of these 
discotics is that energy and charge migration occurs 
quite efficiently along the columns, or �-stacks. This 
is achieved by the seamless fusion of molecular mo-
bility with order. The liquid crystalline materials with 
the �-stacks have their charge migration accelerated 
along the stacking direction due to the significant 

orbital overlap between adjacent � systems [2]. Some 
potential applications that exploit these characteris-
tics include photoconductors and photovoltaic solar 
cells. 

A popular synthetic strategy for preparing discotics 
involves the esterification or etherification of poly-
phenolic aromatic cores using aliphatic acids or alkyl 
halides. Such reactions have been proven inefficient 
due to a strenuous purification procedure. The lack of 
efficient synthesis and purification methods available 
is one of the major problems preventing the large-
scale commercialization of discotics.

In the current approach, the rigid backbone of the 
liquid crystal will consist of gallic acid derivatives. It 
will be comprised of a phenolic core that will induce 
the efficient �-stacks. Two synthetic routes are taken; 
one including rufigallol, which is prepared from 
gallic acid, and another modifying the attachments on 
gallic acid itself.

II. SYNTHETIC SCHEME

The main approach to synthesizing the liquid crystals 
involves modifying gallic acid in two different ways. 
One includes preparing rufigallol, Figure 1;

by condensing gallic acid (118 mmol) with an acid
catalyst, sulfuric acid (1.18 mol). The product was 
collected with 32% yield. This reaction is the com-
mon method for preparing rufigallol, however it is 
results in a product that requires purification to con-
tinue with hydroxyl group modifications necessary 
for ‘click’ conditions.

The purification of the product follows the well-
known protocol for synthesizing rufigallol [3]. In 
order to efficiently purify the compound, the hy-
droxyl groups are protected by reacting the impure 
rufigallol with acetic anhydride. With the hydroxyl 
groups protected by acetate connections, recrystal-

O

O

OH
OH

OH
OH

HO

HO
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lization rids the product of impurities. The product 
was collected in 70% yield. With the impurities re-
moved, the product is de-protected from the acetate 
groups by adding hydrochloric acid, pyridine, and 
glacial acetic acid. This results in pure rufigallol. 

Another approach that modifies gallic acid for li-
quid crystal preparation, involves applying the ether-
linked alkynes directly to the starting material, Figure 
2;

This same reaction, under different equivalent ratios, 
is being applied to pure rufigallol. In both methods, 
the � stacks create the efficient charge mobility nec-
essary for a liquid crystal. 

With the direct modification of gallic acid, the car-
boxyl group was restored by a saponification reac-
tion. The alkynes will be ‘clicked’ to a long chain 
azide that will create the fluidity of the crystal. With 
subsequent synthesis procedures, two molecules of
the gallate derivative will be joined and in such a 
way to produce a theoretically efficient liquid crystal.

III. RESULTS

Thus far, pure rufigallol has been prepared in large 
quantities for the subsequent synthesis reactions. 
Before the de-protection of the acetate modified 
rufigallol, the compound was characterized by vari-
ous methods, including 1H NMR, Figure 3;

 (CDCl3: ppm(�) 8.08, Ar-H; 2.33, 2.35, 2.46, Ar-O-
C-(O)-CH3). Upon integration, the correct ratio was 
found between the aromatic hydrogen’s and the hy-
drogen attached from the acetate group (1:9).

In the other approach for obtaining the liquid crys-
tal, gallic acid was first reacted with propargyl bro-
mide so that all available hydroxyl groups become 
ether-linked alkynes. The product was also analyzed 
via 1H NMR. Providing correct integration and peak 
values.

The following synthesis step involves reforming 
the carboxyl group on the gallate derivative. The 

saponification product of interest was isolated and 
purified via column chromatography, Figure 4;

(CDCl3: ppm(�) 7.38, Ar-H; 4.72, 4.89, Ar-O-CH2-
R; 3.60, C=CH)
The correct ratio was found between the aromatic, 
alkyl, and alkyne hydrogen (1:3:1.5). The product 
was also analyzed via mass spectroscopy. The com-
pound produced the correct peak providing a molecu-
lar weight of 285 g/mol. 

IV. FUTURE DIRECTION

Continuing with the synthetic scheme, the rufigallol 
requires the alkyne attachments. The current strategy 
is being re-evaluated to provide optimal results. Once 
the six alkyne groups are attached to the aromatic 
core, it will be ready for click chemistry reaction 
conditions. 

The gallate synthesis scheme is also continuing 
and is currently undergoing click chemistry condi-
tions and being purified. Once it is isolated, it will be 
reduced with LiAlH4 and oxidized with PDC to pro-
duce a gallate derivative that contains a clicked tri-
azole ring, and an aldehyde group instead of a car-
boxyl group. By utilizing Schiff Base reaction condi-
tions, a large scaffold that contains three phenol rings 
for efficient charge mobility. 

Once prepared, the liquid crystals will be analyzed
and applied towards photovoltaic applications.
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Abstract — In this study, the mechanical and 

thermal properties of nanoclay reinforced thermo-

plastic and thermoset resins are investigated at 
various temperatures. The effect of nanoclay rein-

forcement was elicited by varying its weight per-

centage from 0% to 10% in the nanocomposite. 
Three different polypropylene (PP) resins were 

studied. The temperature was varied from -65°F    
(-54ºC) to 160°F (71ºC). Nanoclay reinforced 

epoxy specimens were also studied. To predict the 

experimental results a micromechanical model 
based on the Mori-Tanaka formulation was devel-

oped. The results indicate that the addition of 

nanoclay to PP leads to a stronger and stiffer 
nanocomposite. It was also found that the strength 

and stiffness of the PP are reduced drastically at 

higher temperatures. However, nanoclay rein-
forcement somewhat mitigates this deterioration. 

The comparison of the theoretical and experimen-

tal results indicates that the Mori-Tanaka formula-
tion may be a useful tool in predicting these me-

chanical properties. 

I. INTRODUCTION

In recent years there has been heightened interest in 
developing nanoclay reinforced composites due to 
their improved performance at high temperatures 
under various loading conditions, including impact 
[1-9]. It is believed that the reinforcement of 
thermoset and thermoplastic polymers with nanoclay 
may improve not only the strength and stiffness of 
the material, but also fire retardancy and smoke 
toxicity, thus providing better protection to 
personnel in civilian and military vehicles. The aim 
of this research project is to conduct a 
comprehensive study to determine the properties of 
nanoclay reinforced thermoplastic and thermoset 
polymers under various loading conditions, 
including impact, by varying the nanoclay 
reinforcement from 0% to 10% and the temperature 
from -65°F (-54ºC) to 160°F (71ºC). To elicit the 

effect of resin, three different resins, namely, 3371 
PP, PP Borealis and Total Petrochemical (TP) 3868 
PP are used. Tensile and impact loads are 
considered. Nanoclay reinforced epoxy specimens 
are also studied. To predict the experimental results 
a micromechanics model supplemented with Finite 
Element calculations is being developed. 

II. EXPERIMENTAL AND THEORETICAL
RESULTS AND DISCUSSION

Even though we have extensive experimental 
data, due to space limitation here we present some 
representative results to depict our findings. First 
we present the results for 3371 PP reinforced with 
nanoclay and subjected to tensile loading. Type I 
dog-bone shaped specimens with 0%, 1%, 3%, 
6% and 10% nanoclay (by weight) were tested 
under tensile load at room temperature. Then the 
temperature was varied from -65°F (-54ºC) to 
160°F (71ºC) and the tests repeated. Testing at 
low  temperatures is continuing. Figure 1 shows 
the effect of increased nanoclay reinforcement on 
the mechanical properties of the resulting nano-
composite. As the weight percentage of nanoclay 
increases from 1% to 10% the ultimum stress and 
the stiffness of the material increase perceptibly. 
It must be noted that PP based nanocomposites 
display significant deformation before failure. 
Figure 2 depicts the effect of high temperature 
(160 F=71 C) on the properties. It is first noted at 
the higher temperature the strength and stiffness 
are reduced significantly compared with those at 
room temperature. However, the addition of 
nanoclay somewhat mitigates this deterioration. 
Next specimens with three different PP formula-
tions and the same 3% nanoclay reinforcement 
were subjected to tensile loading at room tem-
perature. The results shown in Figure. 3 indicate 
that the PP resin formulation may have drastic 
effects on the properties of the nanocomposite, 
especially failure elongation. Some of the results 

* This work was supported by US ARMY – TARDEC under contract  
    #W56HZV-09-C-0569 
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for nanoclay reinforced 3371 PP specimens are 
summarized in Table 1. The results indicate that 
with increasing nanoclay reinforcement the 
Young’s Modulus and ultimate stress increase.   

Figure 1: Comparison of stress-strain curves of 
3371 PP specimens with varying percentages of 
nanoclay reinforcement 

Figure 2: Comparison of stress-strain curves of 
3371 PP at room temperature and 160ºF (71ºC) 

Table 1. Properties obtained experimentally for 
nanoclay reinforced 3371 PP specimens 

To predict the properties obtained experimentally, 
a micomechanics model based on the Mori-
Tanaka formulation [10] and supplemented with 
Finite Element results was developed. Figure. 4 
shows the comparison of the normalized Young’s 
modulus obtained experimentally and using the 
Mori-Tanaka model for various weight fractions 
of nanoclay reinforcement. The results indicate 
that the Mori-Tanaka formulation may be a useful 
tool in predicting the properties of 
nanocomposites. 

Figure 3: Comparison of stress-strain curves for 
3371 PP, PP borealis and TP 3868 PP with 3% 

nanoclay reinforcement 

Figure 4: Comparison of normalized Young’s 
moduli obtained experimentally and from Mori-
Tanaka calculations. 
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Abstract — We established a model in which each 

tubulin dimmer protein is an electric element with a 
capacitive, resistive and negative incrementally 

resistive property due to polyelectrolyte nature of 

microtubules (MTs) in cytosol. The particular 
attention was paid to the role of nano-pores (NPs)

existing between neighbouring dimmers within a 
MT wall which exhibit properties like ionic 

channels. These NPs are candidates to explain 

some properties of MTs resembling to unipolar 
transistors enabling the rectification and 

amplification of ionic currents.

I. THE ELEMENTS OF A MODEL OF MT

Microtubules (MTs), polymers of tubulin dimers,
are very important cytoskeletal structures implicated 
in different cellular activities (cell morphology, 
intracellular transport, chromosome, segregation, cell 
stiffness control, memory, consciousness and 
pathogen infections). In vivo MT cylinders have 13 
protofilaments, as shown in Fig. 1(a). The external 
and internal diameters of MTs are 25 and 15nm, and 
the length can reach up to 10-15 m in a cell. The 
dimensions of a constituent tubulin dimer are 
4×4×8nm, and there are 13 dimers from 13 
protofilaments considered as an elementary ring of 
MT in our model [1]. An important point is that 
every tubulin has a long thin flexible tail (TT) 
protruding out from the MT cylinder (every dimer 
has two TT). These TTs have an important role in 
electric capacitance in our model, as shown Fig. 1(b).

Figure 1: (a) Sketch of MT cylinder 
(b) Tubulin dimer charge distribution with TTs .

Every MT attracts positive counter ions close to its
surface, while negative ions of cytosol are repelled

such that a cylindrical depletion area is created 
around the MT. The width of this depleted layer (DL) 
is called the Bjerrum length lB, defined by equating 
the Coulomb attraction energy of the ions with the 
thermal energy: e2

0 lB)=kBT. Taking 
e=1.6×10 C, 0=8.85×10 F/m, =80 and
kB=1.38×10 J/K, for the physiological temperature 
T= 310K we obtain lB = 6.7×10 m.   

We first estimate the capacitance of an above
mentioned elementary ring (ER) of the MT with 
dimensions depicted in Fig. 2(a). In order to estimate 
the capacity of an ER, we use the well-known 
expression for a cylindrical capacitor:

.
1ln

2 0
0

R

l

l
C

B

                  (1)

Figure 2: The geometry of a MT with ionic cloud and 
depleted layer clearly depicted.

Besides and 0 already used, we take parameters for 
ER (without TTs): l=8nm, lB=0.67nm and R=12.5nm, 
then obtain C0

MT=0.8×10 15F. In the same way, 
considering an extended TT as a smaller cylinder 
with length lTT = 4.5nm and radius RTT=0.5nm, we 
calculate the additional capacitance C0

TT, for 26 TTs 
contained in the single ER, using the same formula, 
i.e. Eq. (2), and obtain C0

TT=1×10 F. Thus, the total 
maximal capacity of the ER with TTs is now:
C0=C0

MT+C0
TT=1.8×10 15F.

The straightforward calculation performed in [1]
revealed that the order of magnitude of the 
inductance of an ER in MT is of the order of L~10-15

H. This is very small value regarding pertaining 
reactive resistance. Thus, the role of inductance in 
this model could be safely ignored.
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The last step is modeling of the thermal resistance
of the n-th ER. Recent sophisticated measurements in
vitro [2] gave the following value of MT 
conductivity: m/S01.015.0 . If we now take 

that the resistivity within an IC around a MT (with 
the thickness ) is roughly homogeneous, the 
resistance of the ER with length l=8×10-9m, and the 
area A , see Fig. 2.a, and 2.c, is estimated to be 
of the order of:

.1034.0
2

1 9

R

l
R               (2)             

II. SOLITONIC IONIC-CURRENT ALONG MT

On the basis of above estimations for the resistive 
components of the ER of a MT we are now in the 
position to establish the corresponding model. A 
typical section scheme is shown in Fig. 3.

Figure 3: An effective circuit diagram for the n-th ER 
with characteristic elements for Kirchoff’s laws.

Applying Kirchoff’s low to ladder of ERs, we have

,1 nn
n

nn vG
t

Q
ii    .1 nnnn iRvv      (3)

The ERs capacitance C0 must change with an 
increasing concentration of counter-ions due to the 
shrinking of flexible -TTs. This implies that the 
charge on this capacitor diminishes with increased 
voltage in a nonlinear way as follows:

.10 nnn vbvCQ                     (4)

Now, we pay attention on the role of NPs in the 
context of negative incremental resistance
(conductance) discovered by Eisenberg’s group [3]. 
We upgraded this idea by choosing the conductance 
of NPs to have the form dependent of voltage

.-10
dt

dv
GG n

n                  (5)

Introducing the characteristic impedance of our 
system Z=1/(C0 ) and establishing new function 
u(x, t), un=Z1/2in=Z-1/2vn, we can safely expand un in a 
continuum approximation using a Taylor serie in 
terms of a small spatial parameter l (the length of a 
dimmer). Now, we get
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We proceed by imposing the condition that third term 
in above equation should be zero. This condition 
enables that the ohmic loss could be balanced by 
fresh ions injected from NPs since these act as ionic 
pumps in suitable voltage regime.

It is now the important step to go over to 
dimensionless variables. The characteristic time of 
charging ER-capacitor C0 is =RC0 and the 
characteristic velocity of spreading the ionic wave is 
v0=l/ . Introducing joined space-time dimensionless 
variable =x/l-st/ , where is s=v/v0, and then the 
dimensionless current W=i/i0, with i0 being the peak 
value, we have the form of ordinary differential 
equation:
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After two successive integrations with the 
appropriate boundary conditions, we finally obtain
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with =1/ . This solution we will call ionic cloud 
soliton (ICS). Interestingly, the nonlinearities in NP 
conductance and TTs capacity have the opposite 
signs. This is the consequence of the fact that 
pumping of positive ions (potassium) by NPs from 
MT lumen causes diminishing of TTs capacity, and 
vice versa. The opposite signs of two nonlinearities 
lead to increase of amplitude of ICS, but do not affect 
its width and speed.
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Abstract — The development of organic light emit-
ting diodes (OLEDs) has gained rising scientific 
and commercial interest in recent years due to their 
potential application in electronic devices. A set of 
light emitting organic compounds 3 (Scheme 1, 
R=CH3) containing an oligothiophene linker com-
bined with a triarylamine type cap has been de-
scribed in literature [1]. Based on these compounds 
modifications concerning structural and electronic 
properties of the cap moiety are being investigated. 
Depending on the conjugation length n and the 
electronic properties of substituent R, these com-
pounds are expected to show different electro-
optical properties. 

I. INTRODUCTION 
In recent studies we could show a reliable and 
convenient synthetic approach to new promising 
substances containing a cap-linker-cap system 3 
using Suzuki cross-coupling of boronic esters 1 
with α,ω-dibromo-oligothiophenes 2 applying an 
NHC-allyl-palladium catalyst (Scheme 1). 

 

Scheme 1: Synthesis of cap-linker-cap type OLEDs 

II. CAP SYNTHESIS 
The aim of further research is to investigate the elec-
tronic influence of various substituted caps on the 
electro-optical properties of 3. The substituent R 
varies from electron withdrawing groups such as –F, 
–CN and –NO2 to electron donating groups such as 
–CH3,–OCH3, –SCH3, –tBu and –TMS. 
The ligand accelerated Ullmann condensation (per-
formed in refluxing toluene) is the key step to most 
of the substituted bromotriphenylamines 4a-h  
(Scheme 2). 
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Scheme 2: Synthesis of triphenylamines 4a-h and boronic 

esters 1a-g 

Further conversion to boronic esters 1a-g was 
achieved by lithiation using n-BuLi and subsequent 
quenching with pinacol isopropyl borate (PINBOP®). 
Isolated yields of triphenylamines 4a-h obtained via 
Ullmann condensation and further conversion to 
boronic esters 1a-g are shown in Table 1. 
Isolation of 4c in sufficient purity was unsuccessful 
due to its instability and therefore the corresponding 
boronic ester 1c could not be obtained. 
 

Entry R Yield of 4  Yield of 1 
a 
b 
c 
d 
e 
f 
g 
h 

-Me 
-OMe 
-SMe 
-F 
-tBu 
-TMS 
-H 
-NO2 

74 % 
76 % 
43 % 
70 % 
61 % 
60 % 
77 % 

   <10 %* 

89 % 
86 % 

- 
91 % 
79 % 
85 % 
74 % 

- 

Table 1: Isolated yields of 1 and 4 containing various 
substituents R                       * GC/MS yield 

Unfortunately, the synthetic route to 4h via Ullmann 
condensation led to unexpectedly low yields  
(Table 1). A different approach was found in nucleo-
philic aromatic substitution according to literature 
[2,3] (Scheme 2). 
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Surprisingly, the lithiation of 4h in order to synthe-
size 1h was not successful. This could be attributed 
to the poor solubility in common solvents. To  
circumvent this problem, the better soluble 5 was 
synthesized by nucleophilic aromatic substitution of 
p-fluoronitrobenzene with p-iodoaniline (Scheme 3). 
 

N II NH2F NO2

O2N

O2N

base, DMSO
2

5  
Scheme 3: Nucleophilic aromatic substitution leading to 5 

 
Although lithiation of 5 using n-BuLi was successful, 
further reaction with pinacol isopropyl borate, how-
ever, could not be achieved. An alternative synthetic 
route was found in PdCl2(dppf)-catalysed Miyaura-
borylation of 5 with pinacolborane (Scheme 4) ac-
cording to literature [4]. 

 

 
Scheme 4: Miyaura cross coupling of 5 with pinacolbo-

rane 

III. SYNTHESIS OF END-CAPPED  
OLIGOTHIOPHENES 

The key step to α,ω-disubstituted oligothiophenes 3 
was realized by Suzuki-Miyaura reaction  
(Scheme 1). Cross-coupling of 1a-h and 2 applying 
an NHC-allyl-palladium catalyst (Scheme 5) led to 
cap-linker-cap systems 3 in good to excellent yields.  
 

 
Scheme 5: NHC-allyl-palladium catalyst 

IV. SPECTROSCOPIC DATA 
Characterization of electro-optical properties of the 
synthesized cap-linker-cap systems was accom-
plished by photoluminescence spectroscopy. In order 
to compare the electronic influence of the substituent 
R, the received data of 3g was used as reference 
system. In Figure 1 the relation of conjugation length 
to the wavelength of the emitted light is shown.  
 
 

 
Figure 1: Photoluminescence data of 3g 

 
A significant redshift can be observed corresponding 
to an increasing number of repetitive thiophene linker 
units. Thus, tuning of the emitted colour from light 
blue to yellow is achieved by varying the conjugation 
length (n=1-3) of the oligothiophene moiety. 
In Figure 2 the emission spectra of 3a, 3b and 3g are 
compared. 
 

 
Figure 2: Photoluminescence data of 3a, 3b and 3g  

 
In comparison to 3g, 3b has shown the most promi-
nent redshift which can probably be attributed to the 
electron-donating properties of the -OCH3 group. 
Hereby further tuning of the emitting colour might be 
achieved by alternative substituents R. 
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Figure 1: Synthetic pathway towards cap-linker-cap type OLEDs 
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Abstract — Organic electronic thin film devices 
have gained raising interest due to their variety of 
applications coincided with an enormous commer-
cial potential.[1] Organic compounds, consisting of 
an oligothiophene linker structure combined with a 
triarylamine type cap system as described in litera-
ture[2] have been modified regarding electronical 
properties in our ongoing research projects. This 
contribution reports the impact of planarized sub-
structures on electrooptical properties. 

I. INTRODUCTION 
Organic electronics are beginning to emerge as 
significant inroads into the commercial world, and 
if the field continues to progress at its current, 
rapid pace, electronics based on organic materials 
will soon become a mainstay of our technology in 
everyday life.[1] 
In order to perform effective and extensive re-
search on various properties of these materials, a 
reliable synthetic route is presented which allows 
various structural and electronic modifications of 
the initial structure 4 (R=H) (Figure 1).  

II. SYNTHETIC PATHWAY 
The synthetic approach is a building-block-like 
system consisting of caps and linkers. 
 

The cap system was synthesized starting with a cop-
per-induced Ullman condensation to give triaryl-
amine systems. This was then converted to the corre-
sponding boronic ester derivates 1, required in the 
Suzuki cross coupling reaction, which is the key step 
of the overall pathway. 
 

III. RESULTS 
The efficiency of this synthetic route, using an 
NHC-allyl-Pd catalyst (2 mol %, Figure 2) in 
aqueous media at 80°C for 1h is shown in Table 1.  
 

Compound 4 Catalyst Yield [%][a] 

Diphenyl 

Carbazole 

3 

3 

92 

95 

Table 1: Results of the Suzuki cross coupling reac-
tion; [a]: Isolated yields (n=1) 

 
Figure 2: NHC-allyl-palladium catalyst 

Triarylamine systems show twisted configurations 
between the aryl C-atom and the N-atom which 
affect the orbital interactions (Figure 3). In con-
trast, using condensed triarylamine systems yields 
rigidified and planarized cap substructures result-
ing in a hyposochromic shift in photoluminescence 
spectra (Figure 4). 

  
Figure 3: Torsion angles of triarylamine structures; 
free rotation (left), condensed system (right)
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(a) 

 
(b) 

�
Figure 4: Photoluminescence spectra: electronic and 

structural modifications; (a) triarylamine  
system; (b) condensed triarylamine system�

IV. OUTLOOK 
For further investigations on these effects, the next 
step is to apply the planarized linker moieties 
(Figure 5) in combination with rigidified caps 1 
(carbazole derivates) to give an overall flattened 
cap-linker-cap system. 
 
 

�

Figure 5: Modifications on the linker system 

These linkers are synthesized by lithiation and 
coupling reactions. Planarization is obtained by 
incorporation of anellated thiophene moieties.  
 

REFERENCES 
[1] Forrest, S. Nature, 2004, 428, 911 – 918. 
[2] Noda, T.; Ogawa, H.; Noma, N.; Shirota, Y. 

Advanced Materials, 1997, 9 (9), 720 – 722. 
 
 
 

146



A Study of Thermo-mechanical Properties of Composite Materials 
Reinforced with Polyhedral Shaped Particles 

A. Rasool and H. Böhm (Faculty Mentor) 
Institute of Lightweight Design and structural Biomechanics 

Vienna University of Technology 
Vienna, Austria 

Email: ar@tuwien.ac.at,hjb@tuwien.ac.at

Abstract — The present work uses the unit cell 
method for the determination of the effective 

thermo-elastic properties of particle reinforced 
composites. The geometries of the unit cells are 

generated by an in-house C++ code which can 

provide periodic arrangements of randomly distrib-
uted particles of regular polyhedral shapes, such as 

cubes, octahedra and tetrahedra. The resulting 

geometries are then analysed by a Finite Element 
code. The dependence of macroscopic thermo-

elastic properties, namely, the Young’s modulus, E, 

Poisson number, , bulk modulus, K, shear 
modulus, G and the coefficient of thermal expan-

sion, , of the composite on the shapes and the 

volume fraction of its constituents is studied. 

I. INTRODUCTION

The effective properties of composite materials de-
pend on many factors such as volume fraction, shape, 
size and spatial distribution, orientation and material 
properties of its constituents, namely matrix and 
reinforcements. To estimate these effective proper-
ties, the basic modelling strategies in continuum 
micromechanics are: 

Description of microgeometries on the basis of 
statistical information. 

Mean Field Approaches
Variational Bounds 

Study of discrete microstructures  
Periodic Microfield Approaches (unit cell 
method) 
Embedded Cell Approaches 
Windowing Approaches 

In the literature, most discrete microstructure models 
for particle reinforced composites have made use of 
spherical inhomogeneities [1]. 

In the present work, the Periodic Microfield Ap-
proach is systematically applied to arrangements of 
polyhedral particles. Generating the required volume 
elements (VEs), which must contain suitable num-
bers of non-colliding polyhedral inhomogeneities at 
some given volume fraction, is the first and core part 

of this project. These computer-generated VEs are 
then meshed for use in Finite Element Analysis. 

II. POLYHEDRAL PARTICLE MODELS

A stand-alone C++ program generates geometries for 
the composite materials as shown in Figure 1. The 
code consists of two parts. 

Random Sequential Insertion (RSI) algorithm. 

Generates periodic unit cells of non-colliding 
polyhedral particles of random sizes, orienta-
tions and positions. The collision checker al-
gorithm uses the method of separating axes to 
find the distance between pairs of polyhedral 
particles. 

Random Shaker (RSH) Algorithm. 

The unit cell generated with RSI is com-
pressed and, if necessary, particle positions 
are adjusted to obtain higher particle volume 
fractions.

Figure 1: Periodic multiparticle unit cells with a 
particle volume fraction of 20%, particles of equal 

size and a) cubic b) octahedral c) tetrahedral 
shapes 
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III. DISCRETIZATION AND FINITE ELEMENT 

ANALYSIS

The microstructures generated are then meshed using 
appropriate mesh sizes which are computationally 
economical as well as accurate. Periodicity boundary 
conditions are applied and the linear thermo-elastic 
behaviour is evaluated with the Finite Element code 
ABAQUS (3DS, Dassault Systèmes). 

IV. RESULTS

A number of particle arrangements containing the 
same volume fraction, 20%, of equally sized particles 
for each of the three polyhedral shapes are analysed. 
The material properties used for matrix and inclu-
sions are given in Table 1. 

E [ Pa ]  *106 [ °K-1 ]

Matrix 1 0.33 10
Particles 10 0.1 1

Table 1: Constituent material parameters of matrix 
and particles 

For each particle shape the elastic tensors are en-
semble averaged over 5 different phase arrange-
ments, the result being slightly anisotropic. The 
maximum variance of the individual tensor compo-
nents in ensemble averaging is of the order of 10-4.
The anisotropic tensors are made orthotropic by 
setting to zero the appropriate components, a typical 
result (for octahedral reinforcements) being  

1.972 0.855 0.849
0.855 1.976 0.852 0
0.849 0.852 1.978

*
0.567 0 0

0 0 0.563
0 0 0.569

0

E

Tensors of cubic symmetry are then generated by 
averaging over appropriate components, the result 
typically showing Zener anisotropy parameters close 
to unity. Finally, isotropic elasticity tensors are ob-
tained, which are used to evaluate effective elastic 
moduli. An analogous procedure is followed for the 
effective coefficients of thermal expansion. The 
resulting material parameters can be compared with 
the Hashin-Shtrikman bounds (HSB) [2] and the 
three-point bounds (3PB) [3] evaluated for spheres of 
equal size [4]. 

The above bounds pertain to macroscopically iso-
tropic composites, a condition that is only approxi-
mately fulfilled by the numerical results. Neverthe-

less, good agreement between the bounds and the 
numerical estimates can be observed from Table 2. 

HSB 3PB Tetra Cube Octa 
L 1.41 1.42 E

 [Pa] H 2.15 1.50 
1.53 1.48 1.47 

L 0.21 0.29 
H 0.34 0.31 

0.30 0.30 0.30 

L 0.54 0.543 G
[Pa] H 0.86 0.578 

0.59 0.57 0.57 

L 1.22 1.22 K
[Pa] H 1.45 1.24 

1.25 1.23 1.22 

L 6.12 7.56 *106

[K-1 ] H 7.73 7.72 
7.49 7.62 7.64 

Table 2: Comparison of the effective thermo-
elastic parameters obtained for the different parti-
cle shapes at a reinforcement volume fraction of 

20%. Analytical bounds are given for comparison. 

A clear shape dependence of the effective 
moduli is evident, with tetrahedral particles giving 
rise to the highest values of the Young’s, shear and 
bulk moduli, which have the “most pointed” verti-
ces. 

V. CONCLUSION

A method for computer generating periodic volume 
elements for composites reinforced by regular poly-
hedral particles was developed and applied to evalu-
ating the thermo-elastic behavior of such inhomoge-
neous materials. The same phase arrangements and 
Finite Element meshes will be used to study the 
influence of particle shapes on the inelastic mechani-
cal responses and on the diffusive (e.g., heat conduc-
tion) behaviors of particle reinforced composites. 
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Abstract — In this paper, an advanced solution for 

detecting natural gamma ray with scintillation 

detector and charge-couple device (CCD) is shown. 

These measurements are very important for accu-

rate and reliable spectroscopy of gamma photons. 

The original solution for gamma photon detection is 

performed by merging scintillation detector with 

photomultiplier tube. Also we discussed about other 

possibilities for the detection of gamma photons. 

Optical power and energy meter PM300E was used 

for photon power measurement from scintillation 

crystal. 

I. INTRODUCTION

The photon sources have been implemented in vari-
ety of applications. The main characteristics of the 
photon sources are wavelength and the power of the 
emitted photons. These characteristics are specific 
for different photon sources and applications [1]. 

The CCD image sensor can be implemented in 
several different architectures. The most common are 
full-frame, frame-transfer and interline. The distin-
guishing characteristic of each of these architectures 
is their approach to the problem of shuttering. Our 
intention is to use interline CCD to couple with scin-
tillation detector. 

II. ORIGINAL GAMMA DETECTION

There is a wide range of scintillation crystals but 
sodium iodide activated by thallium (NaI(Tl)) has 
long been the scintillation standard. NaI(Tl) has good 
performance, economical price, high luminescence 
efficiency, very good spectroscopic performance and 
no significant self absorption of the scintillated pho-
tons.  

NaI(Tl) detectors incorporate a NaI(Tl) crystal 
mounted on a photomultiplier tube (PMT). That is 
shown on “Figure 1“. The NaI(Tl) crystal emits a 
flash of photons proportional to the energy of the 
gamma ray that interacts with the crystal. The PMT 
detects these photons and amplifies the detected 
photons to yield a proportional quantity of 

charge. This charge is converted into a voltage pulse 
by a charge sensitive preamplifier. 

Figure 1: NaI(Ti) detectors. 

The pulse can be discriminated by a window type 
(upper and lower level) Single Channel Analyzer 
(SCA) and then counted, or these pulses can be dis-
played as a histogram of pulse heights representing a 
spectrum of energy.  

III. CCD VS PHOTOMULTIPLIER 

A. COMPARISON CCD WITH PHOTOMULTIPLIERS

Advantage compared to photomultipliers: 
1. Excellent linearity of output current as func-

tion of incident light. 
2. Spectral response from 190nm to 1100nm 

(silicon), longer wavelengths with other 
semiconductor materials 

3. Low noise 
4. Ruggedized to mechanical stress 
5. Low cost 
6. Compact and light weight 
7. Long lifetime 
8. High quantum efficiency 
9. No high voltage required 

Disadvantages compared to photomultipliers: 
1. No internal gain 
2. Much lower overall sensitivity 
3. Response time for many designs is slower 
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B. GAMMA DETECTION WITH CCD 

Advantages of CCD elements are the main reason for 
the origin of this work or finding improved solution 
for the measurement of natural gamma radioactivity. 
A solution for CCD gamma ray detector is scintilla-
tor coated on a tapered fiber-optic bundle direct cou-
pled to a CCD element.  Block diagram of CCD 
coupled with crystal is shown on “Figure 2“. 

Figure 2: Block diagram of CCD gamma ray 
detector 

IV. OTHER OPTIONS FOR DETECTION

The other opportunities of gamma ray detection are 
divided as indirect and direct gamma ray conversa-
tion because of the methodology that is used. 
1. Indirect conversation - Photons produced by the 
interaction of gamma ray in the scintillator are con-
verted to charge by the a-Si. 
2. Direct conversation - Electrons produced by the 
interaction of gamma ray in Se are collected in the 
storage capacitors of each pixel. 

V. MEASUREMENT EQUIPEMENT

For the measurements Dual Chanel PM300E Series 
Power and Energy Meter with sensor S120UV [2] 
were used “Figure 3“. It is measured photon power 
output from scintillation detector. Measurement 
showed that the photon power output from scintilla-
tion detector is enough to be registered on the CCD 
element. Also measurement carried out to choose the 
appropriate CCD element. 

Figure 3: PM300 with optical sensor S120UV 

VI. CONCLUSION

Besides new scintillators and CCD elements, 
further improvements in spatial resolution and 
energy resolution may be obtained by the reduc-
tion of noise in the CCD and read-out electron-
ics.
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Abstract — The objective of herby research was to 

propose a method for fabrication of biodegradable 

matrices – scaffolds for bone tissue engineering 
application. Increasing problems of tissue loss after 

bone tumors and cysts resection, bone fractures and 
difficulties with availability of bone tissue for bone 

grafting are the main needs of developing the artifi-

cial materials to heal damaged bones. Applying 
appropriate, biodegradable material with porous 

architecture, which may allow osteoblasts to adhere 

the material surface and cell proliferation, it is 
possible to reconstruct the missing/damaged tissue. 

In this work the authors describe a method  for the 

developement of the scaffold by agglomeration of 
chitosan (CH) microspheres. The authors present 

results concerning the biological and physical 

characterization of fabricated materials.  

I. INTRODUCTION

For many years scientists have been looking for 
suitable materials to be applied as bone tissue substi-
tutes. However, the best solution has not been found 
yet. Tissue engineering imposes a number of de-
mands that tissue engineering products need to meet. 
So far many materials have been proposed as tissue 
replacements. Among these there are metals, ceram-
ics, natural and artificial polymers and their compo-
sites [1]. Chitosan is the copolymer of D-
glucosamine and N-acetyl D-glucosamine. On a mass 
scale it is produced from chitin which builds exoske-
letons of crustaceans. It is biodegradable, non toxic 
as well as possesses antibacterial and antiviral prop-
erties. It is commercially available in different  mole-
cular weight and degree of deacetylation. From the 
technological point of view it may be easily trans-
formed into different shapes and forms. So far a lot 
of research concerning chitosan’s potential use in 
medicine was published. Tissue engineering also 
appreciated chitosan unique features and  there have 
been many methods of obtaining bone scaffolds 
proposed so far [2]. In herby work there is a novel 

technique described, which is based on agglomera-
tion of chitosan microspheres [3]. 

II. MATERIALS AND METHODS

The fabrication process is multistage and con-
sists of the following steps: spheres extrusion, pH 
neutralization, matrix formation by compressing 
and bonding the spheres using solvent and cross-
linking agents, rinsing and drying. The most im-
portant part of the process is the spheres bonding. 
Microspheres ggt stuck together in presence of 
solvent and cross-linking agent influence. The 
acetic acid dissolves external surfaces of the sphe-
res to make them bond together. Microspheres 
were  produced by using 4% w/v chitosan solution 
in 5% v/v orthophosphoric acid. Spheres were 
extruded using infusion pump to precipitation bath 
consisting of NaOH solution.  They were produced 
with constant speed, while precipitation bath was 
continuously blended. Dried microspheres were 
placed in syringe, poured with the acetic acid, 
compressed between the plungers of the syringe 
and subjected to STPP or glutaraldehyde (GA) 
treatment [4]. Then they were neutralized, washed 
and dried. Authors studied the influence of cross-
linker type on materials morphology, mechanical 
properties, degradation and cell culture. 

III. RESULTS

The technique, presented above allows to gene-
rate porous materials with controllable shape, pore 
size distribution and their interconnectivity 
(Fig.1). Volumetric porosity of fabricated mate-
rials equals about 40%. Both sphere diameters and 
scaffold dimensions may be adjusted to the exis-
ting needs by using different size of needle and 
another moulder for material shape.  
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Fig. 1. Photograph of agglomerated scaffold (a); 
CT scan (b); microphotograph of pore (c) SEM 

observations of morphology (d) 
   

It was found that the type of cross-linkers used 
had a significant effect on material morphology. 
Differences between the cross-linkers effect on 
material  surface are shown in the Fig. 2.

Fig. 2. Influence of cross-linker type on materials 
morphology; comparison of ionically and cova-

lently cross-linked chitosan with the use of STPP 
(a) and glutaraldehyde GA (b) 

Degradation of the materials proceeded for 3 
months. It was observed that materials cross-
linked with STPP revealed faster weight loss than 
those not subjected to cross-linking process. It was 
probably caused by primary hydrolysis of chito-
san’s bonds during long cross-linker influence, 
which lasted even 48 h. 

Mechanical properties of the materials were al-
so evaluated. Authors marked Young modulus on 
the basis of linear parts of stress-strain curves and 
the received values are performed in the Table 1. 
As it is clearly seen cross-linking process signifi-
cantly improved mechanical strength of the scaf-
folds and all the cross-linked samples, related to 
those not cross-linked, appeared to have almost 
two times higher Young modulus. 

Influence of cross-linker  
concentration 

Influence of cross-
linking time 

Samples’ 
name 

Young 
Modulus  
[MPa] 

Samples’ 
name 

Young 
 Modulus  
[MPa] 

not cross-
linked 

104,7 
not cross-
linked 

104,6 

1%  STPP 
24h 

187,0 
1h  5%  
STPP 

212,8 

3%  STPP 
24h 

144,8 
24h 5% 
STPP 

135,6 

13% STPP 
24h 

144,8 
48h 5% 
STPP 

114,4 

Table 1 Mechanical test results 

Since cytotoxicity is one of the most significant 
criterion of scaffold practical use, materials were 
tested in vitro. Viability of cells MG63 (Osteosar-

coma) on chitosan matrices were evaluated 
through 3 days of incubation. Observation of cells, 
both during the culturing as well as after the end of 
it, confirmed good condition of the seeded cells. 
Their morphology was typical for correctly devel-
oping osteoblasts. In addition XTT assay proved 
that the majority of developed composite materials 
did not display toxic properties and viability val-
ues were enclosed in the range of 20 and 102 %. 

IV. CONCLUSIONS

We found that due to polyphosphates presence 
scaffolds tend to have more compact and tight 
structure. Cross-linked materials had significantly 
improved stiffness and elastic modulus was similar 
to natural bones. Cells’ culturing also produced 
satisfactory results and the material is promising 
as far as its potential usage for bone tissue engi-
neering application. 
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Abstract — In this work we introduce a new 
prototype of readout electronics called AL-
PHADET, which was designed for the purpose of 
alpha-particle detection by using a floating base 
BJT detector. This is an FPGA based system, which 
provides many advantages at the stage of prototyp-
ing and testing detector. The general scheme of the 
board is discussed in a paper. We also present 
results of electrical characterization of AL-
PHADET. The results are very promising, with all 
input channels showing proper linearity and good 
noise properties.  

I. INTRODUCTION

Silicon radiation detectors are generally well suited 
for detection of alpha-particles. In particular, the 
bipolar junction transistor (BJT) detector can be 
efficiently used to this purpose owing to the internal 
amplification effect, which provides high output 
signal levels that relax the constraints in the design of 
the read-out electronics [1]. Nevertheless, alpha-
particle detection by using a floating-base BJT detec-
tor has not been fully exploited so far, and only re-
cently we have reported experimental results that 
demonstrate the feasibility of this approach [2]. 
Floating-base configuration is indeed very conven-
ient since it minimizes power consumption thus 
allowing for portable devices with battery power-
supply [3].  

Our previous experiments included two types of 
functional tests: pulsed laser test, which was used to 
emulate particles, and test with 241Am alpha source. 
The BJT output was fed to a readout chain consisting 
of a transimpedance amplifier and a digital signal 
oscilloscope [2]. Basing on these results, we have 
later implemented a completely digital, FPGA based 
readout electronics, which was called ALPHADET 
(from ALPHA DETection). This readout electronics 
allows measuring values of charge generated by 
alpha particle in a silicon bulk without using either 
oscilloscope or analog electronics.  

In this work we report on the ALPHADET board 
and on related results of its thorough characteriza-
tion. It is shown that ALPHADET is perfectly suited 

to read out signal from BJT detector when it is used 
for alpha-particle detection.  

II. ALPHADET BOARD

The main principle of digital readout electronics for 
BJT-detector was described in [3], and [4]: the cur-
rent pulses produced by BJT-detector when particle 
hits it are digitized by DDC112 (or analogous com-
ponent from the same family), and the digitized sig-
nal is processed by microcontroller and transferred to 
user PC. The DDC112 converter has current input 
instead of voltage input as many ADC components 
do, which makes it perfectly suitable for the purposes 
of alpha-particle detection by BJT detector. The next 
version of this readout electronics is ALPHADET 
board, which has an FPGA as a main processing unit. 
The choice of FPGA as a core of a readout system 
gives few advantages at a prototyping stage. First of 
all, it is possible to implement good debugging facili-
ties on the board, which allows programming and 
reprogramming FPGA much faster, and also moni-
toring all signals on the board. Second, it is possible 
to use a convenient USB connection between the 
board and user PC, which gives an advantage of on-
the-fly processing of acquired data.  

Figure 1: Scheme of ALPHADET board 

The general scheme of the board is depicted in 
Fig.1. The current signal is digitized by DDC114, 
then digital signal is processed by FPGA, stored in 
internal FIFO memory of FPGA, after that the pack-
ets of information are transferred to user PC via USB 
microcontroller. The actual layout of the board in-
cludes four layers. That is a consequence of routing a 
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large amount of signals and of the necessity to have 
proper ground and power planes.  

III. CHARACTERIZATION OF ALPHADET
BOARD 

The first type of test performed is very similar to 
described in [4]. The characterization is done by 
injecting known charge packets into the input chan-
nels of ALPHADET board and then comparing the 
measured charge with the injected charge. The very 
first analysis is a linearity test; the results can be seen 
in Fig. 2. The range of input charge values is quite 
large, in order to account for the large values of 
charge that BJT detector can collect and internally 
amplify when an alpha particle hits it. Simple calcu-
lations show that for a 5.5-MeV alpha particle and an 
average gain of BJT detector 500, the output charge 
would be ~120pC.  

From the acquired data, charge occurrence dia-
grams were built (see the inset in Fig.2 as an exam-
ple). All subsequent analysis was made on the basis 
of Gaussian fit of charge occurrence diagram, so 
points in Fig. 2 represent mean values of the charge 
distributions, and show a very linear behavior, e.g., a 
standard deviation of the linear fit is σ = 0.53 pC. 

Figure 2: ALPHADET calibration curve. An ex-
ample of charge occurrence diagram that was used 

to build calibration curve is shown in the inset 

Then, we compared different ALPHADET boards 
(prototypes A and B); In order, to keep testing condi-
tions for both boards as similar as possible, the com-
parison was made between same channels of the 
boards. It was found that Equivalent Noise Charge 
(ENC) for board B was ~600 electrons rms, while for
board A it was ~2400 electrons rms. This large dif-
ference in ENC may be ascribed to the fact that board 
B features better shielding of input channels and also 
that a thermal pad under DDC114 component was 
grounded in board B and left floating in board A. 
Since board B is better, we have characterized all its 

input channels. The results of the test are shown in 
Fig. 3, along with linear fits of the data. It is clear that 
channels 3 and 4 have smaller values of ENC than 
channels 1 and 2, which means that those channels 
should be preferred when precise measurements have 
to be done.  

Figure 3: Noise characterization of input channels 
of board B 

CONCLUSIONS

New FPGA-based readout electronics was de-
signed, fabricated and implemented for BJT detec-
tors. Different tests were implemented in order to 
characterize this electronics, and proved that the 
designed board can efficiently be used for the pur-
pose of alpha-particle detection by BJT transistor. 
Next functional tests (laser test and 241Am source 
test) of electronics connected to a BJT detector are 
under way in our lab. 
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Abstract — In this study, the anisotropic linear elastic prop-
erties of our skeleton’s basic construction unit - the bone lamel-
lae - are calculated by using a finite element unit cell method.
The model accounts for different fibril orientation patterns in-
side the lamellae. The stiffness results are used to evaluate
the indentation modulus in arbitrary directions in the lamella
plane. The obtained indentation moduli of the model are re-
lated to experimental indentation results. The predicted in-
dentation moduli are generally close to the reported experi-
mental results. However, lamellae consisting of the classical
orthogonal- and twisted plywood patterns, do not comply with
the measured stiffness differences between the longitudinal and
circumferential direction. This study is a step towards a deeper
understanding of the structure – mechanical function relation-
ship of bone lamellae.

I. INTRODUCTION

Lamellar bone is the most abundant bone type in many
mammals including humans. Its macroscopic mechan-
ical properties result from its hierarchical composition
on lower length scales. On the micron scale, lamellar
bone consists of lamellae (width 5-7µm) forming os-
teons and cortical walls. The bone lamella itself is com-
posed of parallel layers of mineralized collagen fibrils
whose alignment rotates according to characteristic pat-
terns “Figure 1”. The relationship between this complex
inner structures and the mechanical properties of bone
and its lamellae is still barely understood.

This study helps to bridge this gap. The anisotropic
elastic properties of single bone lamellae with different
fibril orientation patterns are computed using a finite ele-
ment unit cell method and related to nanoindentation ex-
periments. The investigation covers the classical orthog-
onal and twisted plywood patterns [1] and the 5-sublayer
pattern [2].

II. METHODS

A unit cell model can be used to assess the effective lin-
ear elastic behavior of inhomogeneous materials [3]. If
the examined material consists of infinite periodic phase
arrangements, it is possible to define a periodically re-
peated volume, the unit cell, to which the investigations
may be limited without a loss of generality for static anal-
ysis “Figure 2”.

The lamella unit cell is composed of 100 element lay-

Figure 1: a) Osteon, formed by bone lamellae with the
haversian channel in the center. b) Inner structure of a
single lamella, revealing the alternating fibril orientation
in parallel layers.

ers in lx-direction to resolve the fibril orientation vari-
ation in the lamella smoothly. The material orientation
in each element layer is constant and defined by the
faxfayfaz-system which is rotated by the angle θ around
the lx-axis, depending on the relative position ξ in the
cell. The input material properties are obtained from a
previously published model for a mineralized bone fibril-
array and are constant throughout the study [4].

By applying 6 canonical loadcases on the unit cell (3
tensile, 3 shear), the complete anisotropic stiffness tensor
of the homogenized bone lamella can be calculated.

III. RESULTS AND DISCUSSION

“Figure 3” shows the predicted homogenized in-plane
Young’s moduli lE and indentation moduli lEind of sin-
gle bone lamellae and 3D-visualizations of the according
fibril orientation patterns. The results of the nanoindenta-
tion experiments in ly and lz direction of osteonal lamel-
lae are shown as red dots [5].

Generally all computed results are either inside or
close to the standard deviation range of the experimen-
tal measurements.

The orthogonal plywood fibril orientation pattern ac-
cording to [1] defines the bone lamella as two orthogo-
nal fibril layers. The twisted plywood pattern defines the
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Figure 2: a) The fibril-array material rotates depending
on the relative position ξ in lamella thickness. b) View of
the finite element unit cell.

bone lamella as a stack of continuously rotated fibril lay-
ers. For both patterns, the global indentation moduli ra-
tios add up to lEind,z/

lEind,y = 1.0. This result is quali-
tatively different to the experimental nanoindentation re-
sults, which report a global ratio of lEind,z/

lEind,y =
1.25, suggesting different mechanical behavior for the
lamella in the longitudinal and circumferential direction.

The 5-sublayer pattern of [2] defines a single bone
lamella to be composed of 5 sublayers of different thick-
ness. The fibrils rotate progressively about 30◦ in succes-
sive sublayers. This structure allows for different proper-
ties in the longitudinal and circumferential direction with
lEind,z/

lEind,y = 1.16, which is closer to the experi-
mental data.

IV. CONCLUSION

The unit cell model predicted anisotropic elastic proper-
ties of bone lamellae close to reported experimental re-
sults.

The study revealed a conflict between the orthogonal-
and twisted plywood fibril orientation patterns and the
ratio of the measured indentation moduli of bone lamel-
lae. It seems that the variety of bone lamella types may
be higher than previously assumed.
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Abstract - Due to increasing demands for 
renewable, environmentally-friendly means of 
energy generation and production, there is an 
impetus to design cheaper and more efficient 
systems to harness energy from natural sources.  
Solar energy is one such natural energy resource.  
We aim to design, fabricate and test a simple,
cost-effective photovoltaic device capable of 
exceeding the efficiency of current solar systems 
through the incorporation of both single-walled 
carbon nanotubes (SWCNT) and Cadmium 
Selenide quantum dots (CdSe QDs), embedded in a 
polystyrene (PS) or a poly(3-octyl thiophene) 
(P3OT) polymer matrix.  We synthesize the CdSe 
QDs, purify the SWCNT, and spin-coat solutions 
of these nanostructures onto quartz disks to 
produce multi-layer, transparent films.  We report 
consistent absorption and non-linear optical 
characteristics of tested samples.

INTRODUCTION

We plan to fabricate a dual-nanostructure 
photovoltaic device and investigate the electrical 
and optical properties of this device.  By 
demonstrating that the efficiency of a quantum 
dot-carbon nanotube based photovoltaic device 
exceeds that of the current industry standard, we 
may have a prototype for a device that may be 
incorporated into future, large-scale solar systems 
as a more efficient means of energy production.  
The quantum dots are to act as photo-absorption 
centers and the carbon nanotubes are to act as 
electrical conduits connecting the quantum dots to 
the electrodes of the solar cell, thus making the 
quantum dots part of the electrical circuit.  
Quantum dots are used on account of their high 
quantum efficiency, high surface to volume ratio, 
as well as their optical non-linearity.  The choice 
of carbon nanotubes is based upon their 
infinitesimal diameter and resulting large surface 
area to volume ratio, resilient structural integrity 
and high-speed carrier transport capabilities 
facilitated by ballistic conductivity [1,2,3].

METHOD

CdSe QD SYNTHESIS

5ml of CdNTA and 0.6ml of decylamine were placed 
in one beaker and 7.5ml of Na2SeSO3 was placed in 
another beaker.  The beaker temperatures were equal-
ized in a 55oC water bath for 2-3 minutes, then com-
bined and stirred.  5ml of toluene were added to the 
mixture, then stirred and cooled for 5 minutes.  Tolu-
ene addition was repeated until 20 ml was added to 
the quantum dot (QD) solution, followed by RTP 
cooling for � an hour.  The CdSe QDs were then 
separated from the water suspension by decantation, 
combined with a polymer solution (0.05g of polysty-
rene (PS)/1ml of toluene), and sonicated for 48hrs 
before being stored in multiple, small, sealed cuvettes 
in a refrigerator.

SWCNT PROCESSING

100mg of unpurified SWCNT were heated at 470oC
for 1 hour.  The sample was cooled down in air, 
washed with HCL, sonicated for 30 minutes, centri-
fuged at 6000 RPM for 5 minutes and then at 13000 
RPM for 5 minutes. The HCL was pipetted out and 
the SWCNT were washed three times via sonication 
in distilled water (30 minutes) and centrifuging 
(6000rpm for 5 minutes then 1300rpm for 5 min-
utes).  The distilled water was extracted via pipette 
and the SWCNT were dried at 100oC.
The SWCNT and QDs were characterized in the 
following combinations: SWCNT, SWCNT + PS, 
QD, QD + PS, SWCNT + QD, and SWCNT + QD + 
PS.

THIN FILM APPLICATION

The film making procedure is as follows: the spin-
coater was set, with a clean quartz disk, at 100rpm.  
The sample was added drop-wise to the disk center 
until the entire surface was covered.  The speed was 
slowly increased to 1000rpm, maintained for 20 
seconds and slowly reduced to 200rpm to dry for 20 
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minutes.   The speed was ‘jerked’ to 2000rpm to 
flush out excess sample on the disk underside.  New 
layers were added using the same procedure.
Each material was characterized for its absorption 
spectrum (using a Perkin Elmer Lambda 19 absorp-
tion spectrometer) and two-photon absorption and 
non-linear refractive index characteristics (using 
open and closed aperture Nd:YAG z-scans, respec-
tively) both in solution and in film.

DISCUSSION

Figure 1 shows the absorption spectrum of CdSe 
QDs in toluene in a 1mm path length quartz cuvette.  
The absorption peaks at 415nm, 350nm and 380nm 
all confirm the QDs ability to effectively absorb at 
very specific wavelengths in ambient light.  Practical 
QD based solar cells contain a variety of QDs of 
various absorption wavelengths facilitating device 
sensitivity over a wide spectrum of light.  This is due 
to the fact that absorption wavelength can be tuned 
by means of varying the quantum dot size based on 
the surfactant used.  Figure 2 shows the absorption 
spectrum of SWCNT in chloroform and P3OT in a 
5mm path length quartz cuvette.  The single absorp-
tion peak at 440nm indicates efficient absorption at 
that wavelength due to the high level (~3.25 abs) of 
the absorbance peak.  This curve was taken as a 
measure of efficiency - to determine the absorption 
ratio of QDs to SWCNT. The calibration curve of 
Figure 3 was taken using CS2 – the symmetric peak 
and dip indicates good laser alignment and the 
smoothness of the curve confirms a stable beam.  
Once this curve was obtained, it is clear that the z-
scan setup is properly calibrated and hence, z-scan 
measurements on the un-characterized samples can 
proceed.  Future work will focus on similar charac-
terization of both the CdSe QDs and SWCNT encap-
sulated in a PS  polymer matrix. Finally, a multi-
layer, dual-nanostructure film will be deposited on a 
quartz plate with ITO electrodes and further analyzed 
via radiometric studies for energy conversion effi-
ciency.

Figure 1: Absorption spectrum of CdSe QDs in a 
1mm quartz cuvette

Figure 2: Absorption spectrum of SWCNT in
              P30T and chloroform in a 5mm

             path length quartz cuvette

Figure 3: 2mm aperture NLO reference z-scan of  
CS2at 8uJ and 1064nm
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Abstract — We report the design, fabrication and 
operation of coherently coupled ring cavity surface 

emitting quantum cascade lasers, emitting at wave-

lengths around 8 µm. Special emphasis is placed on 

the evaluation of optimal coupling parameters and

approaches. These structures of coupled quantum 
cascade lasers can be adducted for the formation of 

2 dimensional coherent emitting intersubband-laser 

arrays with enhanced optical output power, build-

ing a fundamental base for a broad field of applica-

tion for medical, scientific as well as industrial 

purposes.

I. INTRODUCTION

Quantum cascade lasers (QCLs) [1] are electrically
pumped semiconductor devices with emission 
wavelengths, ranging from the mid infrared (MIR) to 
the terahertz (THz) spectral region. In contrast to 
conventional semiconductor lasers whose optical 
emission is based on transitions between the 
conduction and the valence band, QCLs utilize 
intersubband transitions that are characterized by 
designable transition energies. Recently, our group 
demonstrated the feasibility of producing symmetric 
low divergency optical beams, single-mode 
operation, reduced thresholds and enhanced radiation 
efficiency by introducing ring cavity surface emitting 
lasers (RING-CSELs) [2,3]. Moreover, this type of 
novel resonator represents an ideal elementary
building block for two-dimensional laser arrays,
where coherent coupling plays an important role 
since it results in a significant enhancement of the
spatial and spectral brightness. Here, we describe 
different coupling strategies of two MIR RING-
CSELs and deduce the optimal parameters to 
establish a robust coherent operation. 

II. COUPLING STRATEGIES

In order to realize structures of coupled RING-
CSELs, two fundamental approaches were applied, 
direct coupling and evanescent field coupling (EFC),
see Figure 1(a) and (b). While the first method 
describes a design, where the involved cavities are 
electrically connected, the latter introduces coupling 

of two separated lasers over their evanescent field. 
This stands for coupling of the mode fractions that
leak out of the sidewalls.

Figure 1: The two applied coupling structures. (a) 
Two over a passive ridge waveguide (gray) 
coupled RING-CSELs (black). (b) The EFC struc-
ture with a gap of 1 µm.

III. REALIZATION

The experiments were performed using
InGaAs/InAlAs superlattices grown on InP substrates 
by molecular beam epitaxy. The active region of this 
heterostructure is formed by a 4-well design with a 
double phonon resonance, emitting at a nominal 
wavelength of 8.05 µm. All presented coupling 
structures are based on high performance RING-
CSELs with 400 µm outer diameter and a ridge 
width of 10 µm, as recently published by our group 
[4 and references therein]. A second order distributed 
feedback (DFB) grating on the top of the cavity acts 
as a Bragg reflector, serving for surface light 
emission in the spectral region of about 1240 to 1290 
wavenumbers. The waveguiding structures were
formed by means of reactive ion etching (RIE). For 
the top contact, a 300 nm gold layer was evaporated 
on a 330 nm passivation layer of SiN that ensures
electrical insulation to the subjacent heterostructure.
In case of the EFC designs, the coupling region was 
designed to be free of any gold and silicon nitride 
deposition in order to provide optimal coupling 
conditions. This uncoated area is generally designed 
to hold a lateral dimension of 50 µm around the 
closest point of the two cavities.
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Figure 2: Even after a temperature red-shift of ring 
1, both rings couple to common emission wave-
numbers what is indicated by the sharp peaks in 
their emission spectrum for combined operation. 

IV. RESULTS

As results we can present the confirmation of 
evanescent field coupling of two intersubband lasers 
over an air gap of 1 µm. For this purpose, a structure 
of two equivalent RING-CSELs is used. A
meaningful proof for coherent coupling is shown in 
Figure 2. A change in the refractive index just for one 
cavity was generated by adding a certain offset DC-
current. This consequently obtained red-shift yields a 
deviation of the single emission peaks of the two 
cavities. For independent operating lasers, this would 
form shoulders in the overall emission spectrum. In
the present coherent coupled structure, however, the 
single RING-CSELs still couple to a common 
emission wavelength which is indicated by the 
maintenance of sharp peaks without shoulders. For 
single operation of one ring, the intercavity losses 
(the losses into the other, inactive cavity) are 
determined to hold 18 percent of the overall 
waveguide losses.

Furthermore, for direct coupled cavities with dif-
ferent resonator geometries, a considerable increase 
in mode selectivity could be shown. Due to the di-
verse mode conditions in the different cavities, the 
Vernier effect causes the support of only those emis-
sion modes that match both resonators. Figure 3
shows the far field of two RING-CSELs that are 
directly coupled over a straight ridge waveguide of 
the dimensions 400 x 10 µm, including the almost 
single mode emission spectrum (left inset). The ex-
periments were performed at room temperature and 
pulsed operation (100ns/5kHz). The far field was 
recorded at a distance of 20 cm.

V. DISCUSSION AND CONCLUSION

In summary we present the design, fabrication and 
operation of direct and evanescent field coupled 
structures including their utilization for enhanced 
mode selectivity. Direct coupled cavities are robust, 
easy to fabricate structures that are suited for steady

Figure 3: Shown is the far field and the emission 
spectrum for the mode-selective structure, de-
picted in the right upper inset.

combined lasing of single devices, while EFC-
designs, are preferred for tasks, where both of the 
coupled cavities are supposed to be either separately 
or combined pumped. This flexibility opens a wide 
field of applications where coherent operation of an 
arbitrary number of QCL devices is desired.
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Abstract — Pyridine is a very important and inter-

esting heterocycle due to its presence in different 

natural products and other bioactive compounds. 

Hence, the modification of the pyridine nucleus is a 

versatile and highly competitive research area. The 

aim of this work is the synthesis of 3-

(aryl/alkyl)amino-2-aryl substituted pyridines. The 

first step is a selective Pd-catalyzed Buchwald–

Hartwig coupling reaction on 2-(methylthio)-3-

iodopyridine to form 3-aminosubstituted pyridines. 

The second step is a Liebeskind-Srogl coupling 
reaction at the 2-position of the amino substituted 

pyridine to get to the desired products in good 

yields and a minimum number of steps. 

INTRODUCTION

The pyridine ring system is regarded as one of the 
most interesting heteroaromatic ring systems due 
to its presence in numerous natural products and 
biologically active substances.1 The modification 
of the pyridine nucleus is therefore a versatile 
research area. As transition metal catalyzed cross-
coupling reactions are among the most important 
tools for C-C and C-X bond formation in modern 
synthesis,2 we decided to use this tool to decorate 
the pyridine scaffold. Although transition metal 
catalyzed reactions are already well know on pyri-
dine, the present study focuses on the synthetic 
strategy to obtain 3-amino (aryl/alkyl) 2-aryl sub-
stituted pyridines, an area where efficient methods 
are still rare. This new approach towards the func-
tionalization of pyridine is not only synthetically 
important, it can also be used in novel synthetic 
routes towards established bioactive compounds 
(e.g. Figure 1).  

Figure 1 

Compound I exhibits activities related to the nico-
tinic acetylcholine receptors. It is a potential drug 
for the treatment of Alzheimers and other diseases 
connected to organic brain damage.3

Within this study, we have investigated two very 
well known transition metal catalyzed reactions, 
the Buchwald-Hartwig4 and Liebeskind-Srogl5

cross coupling protocol. 

RESULTS AND DISCUSSION

The synthesis of 3-aryl/alkyl amino 2-aryl substi-
tuted pyridines consists of two steps. The first step 
in the reaction sequences is the Pd-catalyzed ami-
nation reaction which was established as one of 
the most versatile and powerful synthetic strate-
gies currently available and had been successfully 
applied in the synthesis of aryl- or alkyl-amino 
substituted pyridines. However, only few examples 
of Pd-catalyzed amination reactions on 3-halo-2-
(alkyl/arylthio)pyridine are known in the litera-
ture.6 Due to the fact that the methylthio group is 
inert under the conditions of the Buchwald-
Hartwig cross coupling reaction no selectivity 
problems arise. The formation of the C-N bond 
took place selectively in the 3-position. Initial 
experiments were performed with sodium tert-
butoxide as base. With switching to Cs2CO3 a 
higher tolerance for functional groups could be 
achieved (Table 1). 

Table 1 
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Product Nr. Time(hrs) 
Yield 

(%) 

1a 3 68 

1b 16 82 

1c 40 58 

The second step is a Liebeskind-Srogl coupling 
reaction of an N-substituted-2-(methylthio)-
pyridine-3-amine using arylboronic acids as cou-
pling partners. After removal of the solid Cs2CO3

by filtration and evaporation of the solvent the 
product of step 1 was used without purification. 
Copper(I) thiophene-2-carboxylic acid (CuTC) 
was used as additive.7 Yields given in Table 2 are 
yields over both reaction steps. 

Table 2 
Product Nr. Yield (%) 

2a 52 

2b 79 

2c 61 

2d 58 

2e 62 

2f 63 

2g 51 
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Abstract - This paper describes the characterisa-
tion of dielectric LTCC(Low temperature Cofired 

Ceramic)-tapes by means of a capacitive method 

(frequency range: 100 Hz - 40 MHz) and the proce-
dure of complex permeability determination for 

ferrite materials using short coaxial sample holder 

(frequency range: 300 kHz - 1 GHz). The measure-
ment of complex permittivity is based on accom-

plished formulas, and obtained results are ex-

plained. For computer control measurement, a 
user-friendly program has been developed. The 

principle, sample holder and extracting of complex 

permeability from measured S-parameters is pre-
sented. In order to verify proposed methods, the 

results of measurements are compared with those 
obtained from data sheet.

I. INTRODUCTION

For many researches is important to be ac-
quainted with material permittivity and permeabil-
ity and theirs dependence on frequency, tempera-
ture and the applied electric or magnetic field. On 
low frequency range, one of the best measurement 
methods is the capacitive method. For this method 
sample holder is commonly realized in a parallel 
plate capacitor version. The commonly used meth-
ods for magnetic material determination at high 
frequency are mainly based on the coaxial line 
method. 

II. PERMITTIVITY MESUREMENT 

Permittivity, in general, is not a constant, as it 
can vary with the frequency of the applied field, 
the temperature, the humidity, the position in the 
medium, and other relevant parameters.  

From the capacitance of plate capacitor the real 
part of complex permittivity deduced 

0' ( ) / (r Cd S) ,                             (1) 

where d is distance between the plates (thickness of 
LTCC tape) and S is size of the plate area. Imagi-

nary part of complex permittivity can be obtained 
from measured Q factor with following equation 

'' ' tan '/r r r Q ,                 (2) 

where tan is total dielectric loss tangent  

tan 1/ Q .                          (3) 

A simple plate capacitor, which is made of one or 
two layers of LTCC tape placed between two thin 
silver layers – electrodes, is presented in Figure 1. 

Figure 1: Fabricated samples 

Capacitance and Q factor of this sample-capacitor 
are obtained using impedance analyzer (IA), HP 
4194A, operating in a frequency range from 100 Hz 
to 40 MHz. For remote control of the instrument, 
automatic download of measured results and calcu-
lating dielectric permittivity from measured capaci-
tance, a special software was developed. 

Measured capacitance values are directly con-
verted to real part of permittivity applying the in-
house software and obtained results are shown in 
Figure 2.

Figure 2: Real part of permittivity vs.  
frequency 

As shown in Figure 2 permittivity of tape CT 
700 has greater permittivity at lower frequency 
values but also greater decreasing rate than CT 707 
sample [3].  
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Calculated loss tangent of CT 707 have bigger 
growth than loss tangent of CT 700 as shown in 
Figure 3. 

Figure 3: Loss tangent vs. frequency 

III. PERMEABILITY MESUREMENT

High frequency measurement of complex per-
meability is in most case based on the coaxial line 
method. Two different coaxial line cells have been 
used. The first one was for large core diameter up 
to 10mm (F19) and the other one was an original 
50  for small cores up to 7mm outer diameter 
(F14). The short circuit produced a maximum 
magnetic field and a minimum electric field near 
the sample, thus making the short circuit technique 
particularly suited for the measurement of the 
magnetic properties, such as permeability of the 
test sample. 

Figure 4: Schematic of the cross section of 
sample holder with toroidal sample and ferrite 

samples 

When the sample is inserted into the holder, the 
whole system is completely closed and then con-
nected thought the APC-7 connector to the previ-
ously calibrated impedance analyzer.  

For the description of the complex permeability 
of a sample under test we can use corresponding 
complex impedance Z and Zair, measured with and 
without magnetic core, respectively 

                                                       ,        (4) 

where d1 and d2 denote the inner and outer diame-
ters of the toroid, respectively, h is the height of 
the toroid and f is the frequency. Complex perme-
ability is therefore calculated from the difference 

between the impedance of coaxial sample holder 
with and without toroidal sample. The Vector 
Network Analyzer (VNA), Agilent E5071B, 
measures the complex reflection coefficient, ,
which is recalculated to the input impedance of the 
cell (with or without sample), Zin, according to the 
following equation: 

~
1

~
1~

0ZZin
,                     (5) 

with Z0=50  characteristic impedance of the 7mm 
test port. 

In order to verify proposed method two test 
samples of NiZn material indicated as F14 and 
F19 are used [4].  

F14 

       Frequency [Hz] 

F19 

      Frequency [Hz] 

Figure 5. Calculated results for real and imaginary 
part of complex permeability for F14 and F19 

IV. CONCLUSIONS 

In this paper a capacitance measurement method 
is presented with IA covering a frequency range 
between 100 Hz and 40 MHz and also permeabil-
ity measurement with VNA and short coaxial 
sample holder in frequency range between 300 
kHz and 1 GHz.  Obtained results show a good 
agreement with manufacturer’s specified data 
[3,4]. 
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Abstract - Most existing polarimetric-plane 

array (FPA).FPAs use arrays of conventional wire 

grid polarizer oriented at 0°, 45°, 90°, 135°. The

main problems with this approach for multi-

wavelength polarimetric FPAs are: the pixel size is 

decreasing for advanced, large format FPAs. With 

the pixel size being only be a few times the 

wavelength of detection, large amounts of fresnel 

diffraction occur, leading to crosstalk and low 

polarization extinction ratios. Furthermore 

traditional wire polarizers are not highly 

wavelength selective and additional and separate 

wavelength filters are required. The polarizer 

array presented here aims to eliminate fresnel 

diffraction, achieve high extinction ratios with 

minimal crosstalk anddramatically increase the 

performance and, or lower the costs of a broad 

array of photonic devices through component 

integration. 

INTRODUCTION

Optical sensors provide accurate and reliable 
measurements and have many advantages over 
traditional electronic sensors. The advantages 
include: capability of remote operation, high 
sensitivity, immunity to electromagnetic 
interference, size and weight. Harsh environments, 
such as high temperature or pressure, strong 
electromagnetic interference can adversely affect 
the proper functioning of conventional sensors. 
Optical sensors can be used where extreme 
physical conditions render conventional sensors 
ineffective. This is due to their sensing techniques 
that rely on the sensors material selection and 
mechanical design [1]. Polarimetry is the 
measurement and interpretation of electromagnetic 
wave polarization. This includes waves that have 
been reflected, diffracted, refracted or transmitted 
through a material [2]. Polarimetric control of the 
light flow permits development of devices that 
separate polarization components of an incident 
beam. Polarimetric sensors have very high spectral 
resolution, are cost effective and lightweight.
Applications of sensors extend from solar cells to 
photonic chemical and biological sensors.
Metamaterials are metallic or semiconductor 
composites whose properties depend on their
structure rather than its chemical composition. A
metamaterial can bend an incident ray resulting in a 
reversed internal direction of the ray and a 
negativeindex of refraction of the material [3].

METHODOLOGY

Anomalous transmission (AOT) is an 
experimentally verified phenomenon in which, 
incident light on a metal film with periodic 
apertures, is almost wholly channeled through the 
apertures and emitted on the opposite side. This 
principle of AOT and hole arrays are employed in 
the design of the polarizer array. Photonichybrid 
crystals used in the metal structures will function 
as: 1. polarization beam splitters

2. wavelength filters 
3. antireflection coating 
4. electrical contacts. 

The steps required for development of the
fabrication of the polarizer array include: designing 
and modeling, fabricating and testing.

1. DESIGN AND MODELING
The design was created and simulated using 
Ansoft’s HFSS and Sonnet’s CST software. 
Transmission properties of single rectangular 
dielectricaperture was observed in order to 
identify what structure dimensions andmaterial 
properties gave rise to the highest anomalous
transmission values.Figure 1 (left) shows 
traditional polarizer designs that can be used 
with existing FPA devices. In figure.1 (right),
using broad frequency sweeps to determinethe 
frequencies at which light-channeling cavity 
modes areexcited The selective aperture array  
allows for low-crosstalk and high polarization 
extinction ratio.

Figure.1: Schematic of traditional wire polarizer 
(left). Schematic of metamaterial polarizer array 
(right)

2. FABRICATION
Fabrication of the FPA was carried out using 
conventional CMOS procedures, thereby 
eliminating alignment errors, fresnel diffraction, 
light scattering.
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3. TESTING 

The set up shown in Figure 2 will be used to 
characterize the fabricated structure. Transmission, 
power and polarization extinction ratios of the 
stricter would be measured.

Figure.2: Optical characterization setup 

RESULTS

Simulated results showed that the single aperture 
was drawing in and transmitting light from an area 
10 times larger than itself.

CONCLUSION

From the aperture drawing in and transmitting light 
from an area 10 times larger than itself, high 
polarization extinction ratio was achieved. Future 
work will involve testing the fabricated device and 
integrating the polarizer onto focal plane array. The
polarizer array has application in environmental 
remote sensing.
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Abstract — Within this contribution, we wish to 
report a set of protected tetrahydroisoquinolines 
(THIQs) as substrates for indolation using simple 
copper salts as catalysts. N-protected and 
unprotected THIQ could be used as starting 
materials. The influence of the protecting group 
(PG) will be discussed, as well as the influence of 
different copper salts. Furthermore, extension of the 
substrate scope from indoles to electron rich arenes 
as coupling partners tested on isochromane and 
THIQs will be discussed in detail. 

I. INTRODUCTION 

Functionalized, nitrogen-containing heterocycles 
constitute a widespread structural motif in 
biologically active compounds and an invaluable 
template for chiral auxiliaries in asymmetric 
synthesis [1]. In particular, tetrahydroisoquinolines 
(THIQ) and indoles are common substructures in 
natural products [2,3]. Activation of sp3 C–H bonds 
adjacent to nitrogen in heterocycles gained 
prominence in organic synthesis. In this respect, 
transition metal catalyzed cross-coupling reactions of 
various reactive functional groups have shown to be 
powerful methods of constructing C–C bonds. The 
next logical step would be to use C-H bonds on both 
reaction partners for the C-C bond forming step. This 
approach is much more challenging and less 
examples were reported. 

Z. Li and C.-J. Li recently reported the successful 
introduction of functionalized indoles into N-arylated 
tetrahydroisoquinolines (THIQs) in good yields (49 – 
79 %) [2]. 

N
H

N

N
H

N

+
overnight

5 mol % CuBr
TBHP

Scheme 1: Indolation of N-Phenyl THIC 

However, the N-phenyl group can not be cleaved 
after the indolation step which limits the utility of 

this transformation. Therefore, it would be beneficial 
to use a removable protecting group (PG) instead, in 
order to allow a larger set of further manipulations 
after the initial indolation step. Within this 
contribution we report on an improved protocol for 
CDC on THIQ which allows for the use of a 
removable directing group. 

II. RESULTS AND DISCUSSION 
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Scheme 2: Indolation of protected THIC 

Various protected tetrahydroisoquinolines (THIQs) 
were synthesized according to the literature [4-9]. 
Among the investigated protecting groups, the Boc-
protecting group afforded the best product yield, in 
the indolation process followed by the benzyl-, CBz-, 
acetyl, and camphorsufonyl group. Tosyl- and PMB-
protecting groups are ineffective in this CDC 
reaction. Thus, the Boc-protected THIQ was 
subjected to  indolation reactions with a set of 
functionalized indoles. 
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Scheme 3: Indolation of Boc-THIQ 

 

Table 2: Indolation of Boc-THIQ 
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CDC with functionalized indoles and Boc-protected 
THIQ gave reasonable yields of the desired products. 
Having electron withdrawing- (entries 6, 7, 10) or 
donating groups (entry 5) at C5 position of the indole 
did not show any significant influence on the product 
yield under the present reaction conditions. A free 
amine functionality was not tolerated (entry 3). 
Besides indole, also other ring systems could be 
applied (entry 11 & 12) although lower yields were 
obtained in these cases. 
Unfortunately, this CDC reaction is only limited to 
indoles, since benzofurane, benzothiophene, and 
benzimidazole did not show any conversion.  
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Scheme 4: Comparison of PG-pathway with 
unprotected THIQ indolation approach 

To our delight, indolation could be achieved in 
reasonable yield even without N-protection of THIQ. 
This result is very competitive since the unprotected 
indolated THIQ can be obtained in a single step 
compared to a three step sequence when protection 
and deprotection steps have to be performed. 
Nevertheless, comparison of the overall yield shows 
that the PG pathway is with 64 % significantly higher 
than with the direct indolation approach (48 %). 
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Scheme 5: CDC of various methoxybenzenes to 
THIQ and isochromane 

 
Next, it was tried to extend the substrate scope of the 
transformation to other coupling partners besides 
(aza)indoles. Electron rich arenes were tested with 
THIQs and isochromane starting materials. To our 
delight, 1,3,5-trimethoxybenzene (entry 5) gave a 
good yield of 76% in the reaction with BOC 
protected THIQ. Also 1,3-dimethoxybenzene (entry 
7) showed product formation in 41% yield. Anisol on 
the other hand is not activated enough and no 
arylated THIQ was formed. Here, BOC-protection of 
THIQ proved to be necessary since the free NH 
group gave no product formation (compared to 76% 

for the N-BOC protected THIQ). Additionally, this 
arylation reaction is not limited to THIQ but also 
isochroman can be used as substrate however, lower 
yields are obtained. Still, this is an interesting 
extension to existing protocols since the substrate 
scope regarding the coupling partner is considerably 
broadened. 

 

 

Table 3: CDC of various methoxybenzenes to THIQ 
and isochromane 

III. CONCLUSION 

Indolation of functionalized indoles could be 
achieved in reasonable yields even without using a 
protecting group for THIQs. The usage of 
copper(II)nitrate as catalyst could increase the 
product yield in comparison to copper(I)bromide. 
Furthermore, the substrate scope could be broadened 
to azaindoles. It could be shown that electron rich 
arenes are suitable coupling partners for THIQ and 
isochromane. 
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Abstract — In materials such as sodium cobaltate disorder
and electron-electron correlation affect the electronic structure
in a non-trivial manner. With the aim of treating both effects si-
multaneously, we develop an algorithm where disorder and cor-
relation are considered on the same footing. Dynamical mean
field theory (DMFT) models electron-electron correlation and
the coherent potential approximation (CPA) is applied to de-
scribe a system with two non-equivalent and stochastically dis-
tributed lattice sites. The algorithm is then employed to com-
pute the resistivity and the high thermopower of NaxCoO2. Un-
derstanding the reason for the thermoelectric properties of this
material leads the way to new technical applications.

I. INTRODUCTION

In this work we describe an algorithm to compute the
electronic structure of a disordered material in the pres-
ence of strong electron-electron correlations. The non-
interacting bandstructure which represents the input for
the actual computation is extracted by the local density
approximation (LDA [1, 2]). Electron-electron corre-
lation are included via the dynamical mean field the-
ory (DMFT [3, 4]). In order to consider binary disorder,
we replace the single site of the DMFT algorithm, by two
sites coupled to the same self-consistently determined
dynamic mean field (coherent potential approximation,
CPA). With this scheme, we computed the interacting
spectrum for NaxCoO2. Resistivity and thermopower can
be evaluated with linear response theory starting from the
LDA+DMFT+CPA spectra and the LDA group velocity.
For NaxCoO2, we show that the bandstructure constitutes
the main feature responsible for the thermopower, since
holes highly outmatch electrons in terms of group veloc-
ity. However it is the interplay of disorder and corre-
lation which leads to an additional enhancement of the
thermopower.

II. LDA+DMFT+CPA APPROACH

For the computation of the non-interacting electron struc-
ture the local density approximation (LDA) is employed.
This very successful approach relies on the simplification
of the solid state Hamiltonian

H =
N∑

n=1

{
−�2∆n

2me
+Vion(rn)+

1

2

∑
n
=m

e2

4πε0

1

|rn − rm|
}

(1)

where N is the number of electrons, Vion(rn) is the
Coulomb potential of the ions and rn is the position of
the nth electron. In the LDA this Hamiltonian is replaced
by an effective single-electron problem with an effec-
tive potential Veff(r) which depends on the density of the
other electrons (Kohn-Sham equations).

A. DMFT

The LDA bandstructure εn(k) provides a first informa-
tion of the transport properties, such as the group veloc-
ity ∇εn(k). However, since electron-electron correla-
tion effects are taken into account only rudimentarily, an
additional tool has to be applied: dynamical mean field
theory (DMFT). In this scheme, the lattice problem is re-
placed by one site surrounded by a self-consistently de-
termined electron bath, cf. Figure 1. In contrast to static
mean field approximations the mean field in DMFT de-
pends on the energy or, equivalently, on time. In the pic-
ture of Feynman diagrams, DMFT corresponds to the in-
clusion of all irreducible local diagrams for the self en-
ergy which is therefore local in space Σ(k, ω) = Σ(ω).
Note that the DMFT approximation becomes exact for a
lattice with infinite nearest neighbors, but represents al-
ready a very good approximation for several 3d systems.

B. CPA

A single-band disordered system with two non-
equivalent sites α, β with stoichiometric occurrence xα,
xβ = 1 − xα, respectively, can be modeled by an adap-
tion of the Hubbard Hamiltonian

Hdis =
∑
k

ε(k)nk + U
∑
i

ni↑ni↓︸ ︷︷ ︸
HHub

+∆ε
∑
i∈β

ni (2)

where nk and ni are electronic occupation number oper-
ators of state k or at the site i, respectively, U is the cor-
relation, and ∆ε the disorder potential. To include corre-
lations and disorder, we expanded the (existing) DMFT
algorithm by means of coherent potential approxima-
tion (CPA), where the single site in the dynamic bath is
replaced by two sites α, β with a difference∆ε in on-site
potentials connected to the same self-consistently deter-
mined dynamic mean field, cf. Figure 1. In the first step
of the algorithm, two electronic propagatorsGα, Gβ cor-
responding to the two different sites are computed. Then,
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Figure 1: The single-orbital lattice problem with on-
site Coulomb interaction U and the DMFT approxima-
tion (top) where one site with interaction U is coupled to
a frequency-dependent and self-consistently determined
mean field G−1

0 and the Coherent potential expansion of
DMFT (bottom) where two sites α, β with on-site poten-
tial εα = 0 and εβ = ∆ε, respectively, are coupled to the
same dynamical bath G0.

the total (frequency-dependent) Greens function reads

G(ω) = xαGα(ω) + (1− xα)Gβ(ω). (3)

III. LINEAR RESPONSE

In Linear Response Theory the thermopower is given by
the fraction of two response functions

S :=
kB

T

K1

K0
= [V/K], (4)

where K0 = σ is the electrical conductivity (ρ := 1/σ
is the resistivity) and K1 is the electrical response to
an external temperature gradient ∇T . Evaluation of the
electric current-heat current linear response function by
means of Feynman diagrams leads to the expression

S = − kB

|e|T
∑

k |∇ε(k)|2 ∫ dω A2(k, ω) ω ∂f(ω)
∂ω∑

k |∇ε(k)|2 ∫ dω A2(k, ω) ∂f(ω)
∂ω

(5)

with the LDA group velocity ∇ε(k), the DMFT spectral
function A(k, ω) and the Fermi function f(ω). In the
thermally activated energy region, i.e. O(kBT ) around
ω = 0, one thus considers holes A(ω < 0, k) and elec-
trons A(ω > 0, k) which contribute to the thermopower
according to their group velocity ∇ε(k). In contrast to
the conductivity σ the additional ω in K1 leads to pos-
itive (holes) and negative (electrons) contributions to S.

Hence, an asymmetry in A(k, ω) or ∇ε(k) is important
for a high thermopower, which is the case in NaxCoO2,
where the group velocity of holes is much higher than the
one for electrons [5].

IV. NUMERICAL RESULTS FOR NAXCOO2

Sodium cobaltate, which consists of trigonal sodium and
cobaltate layers where oxygen atoms coordinate the Co
atoms in distorted octahedra, shows a very large ther-
mopower O(100 µV/K) at room temperature in experi-
ment [6]. The partial occupation of the Na sites gives rise
to two inequivalent sites Co+3 (xNa=xα) and Co+4 (1-
xNa=xβ). From the LDA [7] we expect that the a1g band
is mainly responsible for transport which is modeled by
a tight-binding approximation.

A. RESISTIVITY AND THERMOPOWER

In our analysis (shown in detail on the poster) we
compare the resistivity ρ and the thermopower S for
NaxCoO2 computed by our LDA+DMFT+CPA scheme
with U = 3.5 eV and ∆ε = 0.55 eV to experiment. The
results for xNa = 0.7 at T = 290 K, ρ = 1.3 mΩcm and
S = 64 µV/K, nicely match with experiment, support-
ing the choice of a rather large ∆ε = 0.55 eV since the
resistivity is directly connected to the disorder potential.

B. EFFECTS OF DISORDER AND CORRELATION

To investigate the importance of disorder and correlation
in this system, we expanded our study fixing T = 290
K and vary U and ∆ε. The results are summarized as
follows: The non-interacting ([U = 0,∆ε = 0]) ther-
mopower declines by 50 % when the disorder ∆ε is in-
creased to 0.55 eV with no correlation U=0. A stronger
disorder leads to an insulating phase due to alloy band
splitting. On the other hand, increasing the disorder po-
tential ∆ε for non-zero correlation U = 3.5 eV recovers
the large thermopower with the maximal value at [U=3.5
eV,∆ε = 0.8 eV]. Thus, the combined effect of disor-
der and correlation appears essential for an explanation
of the (thermo) electric properties in NaxCoO2.
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Abstract — A concrete, during its life,
undergoes the volume changes. Within very early
age (plastic state) it is called plastic shrinkage
what imposes cracking of concrete directly above
inserted steel reinforcement. Except of unsightly
cracks it also enables ingress of water and
deleterious substances and thus shorten durability
of concrete and service life of the structure.

Elimination of plastic shrinkage may be operated
by two theoretical means, varying either in material
base and the effect, which are to be tested and
verified. First concept is based on reduction of
cracking by additional synthetic fiber
reinforcement. Second concept is based on
providing pseudo-external water to hydrating
cement paste from inserted fine reservoirs in form
of saturated lightweight aggregate.

I. INTRODUCTION

Plastic shrinkage is one of the volume changes of
fresh concrete. In this (plastic) state, the bonds
between hydrating cement particles or rigid bonds
between binder and filler are still not formed [1].

External, visible to the naked eye, shows of plastic
shrinkage occur by the action of different settlement
in the form of cracks namely in the areas of somehow
restricted settlement of cement paste. The typical
example of this are may be concrete above inserted
steel rod [1].

There, behind the plastic shrinkage, stands
generally one principle – loss of water (consumption
by hydration as well as evaporation). This way, the
voids in cement paste are to be formed. The voids are
partially filled with capillary solution what leads up
to formation of menisci at the interface air-liquid.
Following Young-Laplace equation (1) we can
calculate the capillary tension. PCAP, where γ is
surface tension (N/m), θ is contact angle between
pore fluid and solids (rad) and r is radius of menisci
(m). Once we know this, we may further assume loss
of water due to hydration to be constant and deal just
with loss by evaporation. In first phase, so called bled
water evaporates rapidly and then rate of evaporation
has attempt to fall down. By this, the second phase

begins where particles of colloid cement paste
consolidate themselves what result in overall
settlement of the system (as it is still fluid) [2]. At
this phase the tension PCAP according to equation (1)
[3]shows at full power and brings cement particles
closer to each other what draws water from inside of
the system to the surface. By this mechanism the
system becomes denser and the rate of water loss
remains constant until the critical point [2].

CAP

CAP
r

P
θγ cos2 ⋅⋅−= (1)

The critical point (simply) is a short period of time
when the system is no longer able to consolidate and
is about to become a solid structure. It is generally
adopted assumption that the critical point refers to
initial time of concrete cracking or time when
concrete is most susceptible to cracking [4].

II. SIGNIFICANCE

Cracks in concrete exposed to aggressive
environment always act contrary to long service life
as the harmful agents penetrate to concrete easier and
deeper. Significance of cracking prevention rises
along importance and costs of the structure.

III. ASSUMPTIONS & "CURING" CONCEPTS

We strongly believed that plastic shrinkage cracking
could be prevented (or at least reduced) by following
means.

First concept was based on adding several types of
fine polymer fibers (PF) in various doses into
changeless concrete mixtures. Added and hopefully
uniformly distributed polymer fibers were expected
to carry over stresses arose within drying out of
concrete surface [5].

According to second approach, the plastic
shrinkage cracking should be eliminated by partial
replacement of normal-weight aggregate (NWA) by
saturated light-weight aggregate (LWA) [4] acting
like internal reservoirs keeping cement paste
saturated [6] and thus hindering to develop stresses in
cement paste.
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IV. TESTING & EVALUATION METHODS

For testing we used several standardized and, let´s
say, progressive testing methods briefly described
hereinafter. Tests of both concepts were performed
on appropriate samples for whose description is no
place here.

Testing of PF reinforced concrete was performed
in accordance with ASTM C 1579-6 [7] based on
software analysis of pictures of concrete cracks
formed in weakened area of the samples. An
outcome variable called crack reducing ratio (CRR)
calculated according to equation (2) says how
effectively fibers in the mixture act, where wMOD,C is
an average crack width in sample with modified
concrete and wREF,C is an average crack width in refe-
rence sample.

%1001
,

, ⋅⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−=

CREF

CMOD

w

w
CRR (2)

Testing of second approach (using LWA) was
performed by non-contact laser measurements of
settlement of cylinder mortar samples [8,9] with
different doses of LWA. Specimens were
simultaneously standing on automated scales
capturing their actual weight in time or, if you want,
loss of water thru evaporation. Furthermore, there
were also carried out the tests of X-Ray absorption of
the samples with and without LWA [4]. X-Ray
absorption was interpreted on the basis of relation
between density of saturated cement paste and
intensity of X-Ray detected on a sensor. Within
testing of LWA mixtures, there was either used
ASTM C 579-06 procedure on concrete samples with
different doses of LWA.

V. RESULTS & CONCLUSIONS

Analyzed data of PF concrete indicate that usage of
fine polymer fibers may significantly reduce plastic
shrinkage cracking (see Table 1) and thus prolong
concrete durability. Here, it must be noted, PF do not
solve the driving principles of volume changes, but
more uniformly distribute and carry over developed
stresses. As may be seen at Table 1, The most
Effective seem to be short monofilament fibers at
dose of circa 60% of commonly recommended by
their producers.

Fiber Length(") – Dose (lbs) CRR (%)
Plain (without fibers)
M0,5"-0,75
M0,5"-1,00
M0,75"-0,50
M0,75"-1,50
F1,0"-1,00
F1,0"-1,50

0,00
90,70
93,38
64,20
90,46
44,66
63,86

Table 1: Efficiency of fibers
Results of second approach proved expected

behavior of cementitious systems. Regarding
consumption of water from LWA to maintain
cement paste saturated, the X-Ray test confirmed
theory of empty of different pores. The
evaporation and settlement data also proved
anticipated behavior when higher dose of LWA
causes higher overall evaporation and lower
settlement what results in increase of cracking
reduction (CRR) seen in Tabale 2.

Mixture (dose of LWA ) CRR (%)
0,0%
6,0%
10,0%
18,0%

0
65
89
100

Table 2: Efficiency of LWA
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Abstract — Energy loss magnetic chiral dichroism is a new
technique for the analysis of magnetic moments in the transmis-
sion electron microscope. Recent developments made it possi-
ble to investigate magnetic moments on the nanometer scale. In
this work, applications of this technique to magnetic nanopar-
ticles, magnetotactic bacteria, and alloys for spintronic devices
are presented. In addition, unprecedented insights into the
nature of inelastic electron–electron scattering can be gained
from the numerical simulations shown.

I. INTRODUCTION

The transmission electron microscope (TEM) has been
used widely for both structural and chemical analysis
for several decades. With modern instruments, sub-
nanometer resolution can be achieved readily, and even
sub-Ångström resolution has been reported [1].

Of particular interest for investigating electronic prop-
erties of a sample is electron energy loss spectroscopy
(EELS). With EELS it is possible to obtain information
about the angle- and energy-resolved integrated scatter-
ing cross section for the interaction of the fast probe elec-
tron with the electrons of the sample. Hence EELS is
the method of choice for a wide variety of experiments,
ranging from the measurement of optical properties over
the determination of the composition of the sample to the
investigation of bindings [2].

A fairly new technique is energy-loss magnetic chiral
dichroism (EMCD) [3]. With it, it is possible to investi-
gate the interaction of the probe electron with the angular
momenta of the electrons in the sample. Hence one can
observe magnetic moments and — by application of sum
rules [4] — spins.

Recent developments in the field have made it possi-
ble to study the EMCD effect on the nanometer scale [5].
This is not only of interest to fundamental research, but
also to modern applications such as spintronic devices,
magnetic nanoparticles and high-density magnetic stor-
age media. Furthermore, it can be applied to biological
samples such as magnetotactic bacteria [6] as is demon-
strated in this work.

II. APPLICATIONS

A. EMCD SIGNAL PARAMETER DEPENDENCE

Inelastic electron–electron interaction is a complex
field. One possible description employs the quantum-
mechanical concept of the density matrix formulation
[7]. With it, it is possible to predict the signal strength as
a function of numerous parameters such as sample thick-
ness or sample tilt [8].

Figure 1 shows the thickness dependence of the
EMCD signal in hcp-Co. It is in good agreement with
literature and reveals that the relative dichroic signal in-
deed has a complicated form. Such simulations are in-
valuable for the planning of experiments, in particular of
new applications such as the investigation of multi-layer
systems or dopant atoms.
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Figure 1: Thickness dependence for hcp-Co. Below each
2D map, the integral relative EMCD signal in % is plot-
ted.

Such investigations are important not only for the un-
derstanding of the fundamental principles involved. It
also provides a valuable tool for any experimenter to eas-
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ily plan an experiment and quickly determine its feasibil-
ity.

B. HEUSLER ALLOYS

Heusler alloys are half-metallic ferromagnets with 100%
spin polarization of the conduction electrons. They
are used, e.g., as soft-magnetic electrodes in tunnel-
magneto-resistance (TMR) devices and have a promising
future for a variety of applications, including spintronics
and biological sensors [9].

Due to their soft-magnetic nature, they are ideal for
EMCD measurements, and because typical Heusler lay-
ers are only of the order of a few to a few tens of nanome-
ters, good spatial resolution is essential. Figure 2 shows
typical EELS spectra measured in EMCD geometry. The
difference signal shows a pronounced feature at the L3

edge, which indicates magnetic ordering of the 3p elec-
trons in both magnetic substances in the alloy.

Figure 2: EMCD spectra of a 40 nm Co2MnSi Heusler
layer. Left: Mn edge, right: Co edge.

C. MAGNETOTACTIC BACTERIA

The EMCD technique was also applied successfully to
biological samples. In the present case, the bacterium
magnetospirillum magnetotacticum was studied. These
bacteria use biomineralization to produce chains of mag-
netic Fe3O4 nanoparticles, which they utilize for align-
ment and orientation in the magnetic field of the Earth.

Figure 3 shows an EMCD map of such a bacterium.
It is clearly visible that different nanoparticles along a
chain could not only be resolved easily in image mode
but also in the EMCD map. This is an amazing re-
sult since biological samples require the usage of a low
electron beam intensity, while for good EMCD measure-
ments one generally needs a large electron dose.

Figure 3: EMCD measurements on a magnetotactic bac-
terium. Top: bright field image, lower left: EMCD map
with one of five particles in EMCD position, lower right:
line traces over all five particles.
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Abstract  In the present work the epoxy-

functionalization of polypropylene (PP) by peroxide-

initiated grafting of monomers with tailored molecu-

lar structure with respect to compatibility with PP, 

which were synthesized by straight-forward chemis-
try,  was studied. The modification of PP was carried 

out in solution and by reactive extrusion with varying 

monomer and initiator concentration. For compari-

son, commercially available glycidyl methacrylate 

(GMA) was also grafted to PP. Solution grafting of 

the methacrylates resulted in degrees of grafting 
(DG) of 1-3%, whereas with the maleimide DG of 4-

9% were achieved. Melt grafting of GMA led to 

products with a DG similar to the solution grafted 

samples. With the novel hydrophobic methacrylate 

much higher DG were achieved, clearly showing the 
beneficial effect of the hydrophobic molecular struc-

ture.  

I. INTRODUCTION 

The free radical initiated functionalization of poly-
olefins has received considerable attention in recent 
years and has become a method largely used from an 
industrial point of view. The applications of modified 
polyolefins are usually based on the enhancement of 
adhesion between apolar polyolefins and polar sub-
strates (polyamides, polyesters, coatings, glass, inor-
ganics, metals, and paper) [1]. One of the most im-
portant challenges facing melt free radical grafting is 
to obtain a sufficient amount of grafted monomer 
onto the polymer backbone while retaining the me-
chanical properties of the virgin polymer. The me-
chanical properties and processability of PP are mar-
kedly affected by graft copolymerization of vinyl 
monomers, depending largely on the number, size, 
location, and compatibility of the grafted moiety with 
the backbone polymer [2,3]. Because of the inert 
structure of PP and the comparatively high polarity 
of monomers used for PP-functionalization, a homo-
genous state of mixedness usually cannot be realized. 
In the present work the synthesis and grafting of 
epoxy-functional maleimides and methacrylates 
containing long-chain aliphatic spacers to improve 
the solubility in the polymer melt was investigated. 

II. SYNTHESIS 

The epoxy-maleimide (MI-Epo) was synthesized in 
three steps (Scheme 1). Maleimide 2 was obtained by 
esterification of acid 1 and undecenol in emulsion 
droplets in water with p-dodecyl benzene sulphonic 
acid (DBSA) as catalyst. Epoxidation of the vinyl 
group with m-chloroperoxy benzoic acid was feasi-
ble in nearly quantitative yield. 

 
 
 
 
 
 
 
 

 
 
 
 
 
 

Scheme 1: Synthesis of MI-Epo  
 
The epoxy-methacrylate (Met-Epo) was synthe-

sized by epoxidation of undecenol, followed by reac-
tion of precursor 3 with methacrylic anhydride 
(Scheme 2). 

 
 
 
 
 
 
 
 
 

Scheme 2: Synthesis of Met-Epo 

III. GRAFTING  EXPERIMENTS 

Graft copolymers (Figure 1) were prepared by graft-
ing in solution and by reactive extrusion with 2,5-
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dimethyl-2,5-bis-(t-butylperoxy)-hex-3-in (Luperox) 
as initiator. For comparison also commercially avail-
able glycidyl methacrylate (GMA) was grafted to PP.  

 
 
 
 
 
 

 
 

 
Figure 1: PP graft copolymers  

 
Solution grafting was performed in 1,2-

dichlorobenzene at 150°C under inert gas atmosphere 
[reaction time: 2h, c(monomer): 1-6 mol%, 
c(Luperox): 1-10 wt%]. Melt grafting was carried out 
as reactive extrusion in a Haake Minilab Extruder at 
230°C with a screw speed of 90 rpm and a residence 
time of 5 minutes. The PP granulate was impregnated 
with the monomer (0.1-2.0 mol%) and 2 wt% initia-
tor before it was filled into the extruder. 

IV. ANALYSIS  

The degree of grafting [DG(%) = (weight of grafted 
monomer)/(weight of PP)x100] was determined by 
FT-IR-analysis (KBr pellets). The carbonyl band at 
1740 cm-1 was monitored and as internal reference 
the PP band at 2723 cm-1 was chosen. For IR meas-
urements the samples were dissolved in 1,2-dichloro-
benzene and precipitated in acetone.  

A calibration curve was established using mixtures 
of PP and the respective homopolymers. Grafting 
efficiency (GE) was calculated according to: GE(%) 
= (weight of grafted monomer)/(weight of monomer 
charged)x100.  

V. RESULTS 

A. SOLUTION GRAFTING 

Solution grafting of GMA and Met-Epo with 1% 
Luperox resulted in DG of max. 1%, hardly affected 
by the amount of charged monomer, and a strong 
decrease of GE. An increase of MI-Epo concentra-
tion also resulted in a decrease of GE, but compared 
to the methacrylates significantly higher DG were 
achieved (3.5-7.0%). 

Grafting experiments with 1 mol% monomer 
showed that with increasing concentration of Lu-
perox DG strongly increased (Figure 2). The values 
obtained for both methacrylates (1-3%) were nearly 
identical, whereas with MI-Epo DG of 4 up to 9% 
were obtained.  

 

 
 

Figure 2: Influence of initiator concentration 
 
Grafting of MI-Epo resulted also in significantly 

higher GE (41-90%) than grafting of methacrylates 
(GEGMA: 7-30%, GEMet-Epo: 16-45%). The better 
results obtained for MI-Epo can be explained by the 
fact that maleimides do not tend to undergo thermally 
initiated homopolymerization. 

B. MELT GRAFTING 

As shown in Figure 3, melt grafting of GMA led to 
products with a DG similar to solution grafted sam-
ples. With Met-Epo much higher DG (2.4-3.3) were 
achieved, clearly showing the beneficial effect of the 
aliphatic spacer, which strongly increases the solubil-
ity in the polymer melt.  
 

 
 

Figure 3: Influence of monomer concentration 
 

Grafting of MI-Epo is currently under investiga-
tion. Taking into account the thermal stability of 
maleimides in general and the very hydrophobic 
molecular structure, very high DG and GE should be 
feasible.  
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Abstract — The ionic complex [SiCl3(HMPA)3]
+ 

[Fe(CO)4SiCl3]  is presented, product of an iron-
silicon bond cleavage in the starting compound 
cis-Fe(CO)4(SiCl3)2 caused by addition of hexa-
methylphosphoric triamide (HMPA). The reaction 
progress was monitored by 1H, 31P, 13C and 29Si 
NMR measurements. Thermolysis of the single 
source precursor cis-Fe(CO)4(SiCl3)2 results in 

generation of the novel compound Fe2(CO)6( 2-
SiCl2)3. Both compounds were unequivocally char-
acterized by single crystal X-ray diffraction. Reac-
tion mechanisms are presented based on density 
functional theory calculations. 

I. INTRODUCTION 

Transition metal silicides, especially iron and 
cobalt silicides are of great interest because of 
their promising physical properties. Design of 
different shapes and sizes of those bulk materials 
offers new opportunities in thermoelectric, photo-
voltaic and catalytic applications [1,2]. The current 
work is focused on nanoscaled iron and cobalt 
silicides. Zybill et al. proposed a mechanism for 
the gas phase decomposition of Fe(CO)4(SiCl3)2 
involving an intermediate silylene complex formed 
by SiCl4 elimination, leading to iron silicide layers 
on a glass substrate [3]. During our re-
investigation of this reaction, unexpected forma-
tion of the new ionic complex 
[SiCl3(HMPA)3]

+[Fe(CO)4SiCl3]  and the silylene-
bridged complex Fe2(CO)6( 2-SiCl2)3 was ob-
served. Density functional theory calculations 
were carried out to elucidate possible elementary 
reaction steps [4,5].  

II. RESULTS AND DISCUSSIONS 

A. [SiCl3(HMPA)3]
+[Fe(CO)4SiCl3]  

Addition of an excess of HMPA to a [D8]toluene 
solution of cis-Fe(CO)4(SiCl3)2 and sonication at r. 
t. led to a single new product within 10 min. A 
conversion of 86 % was calculated from the 1H 
NMR experiment. IR measurements in toluene 

solution showed four absorptions in the carbonyl 
region of the spectrum. Scaled frequencies obtained 
from calculations carried out as part of the compu-
tational study, reproduced the experimental results 
remarkably well and showed that the doubly degen-
erate E vibration of a trigonal bipyramidal 
Fe(CO)4X compound with C3v symmetry is split 
into two energetically different vibrations. Colorless 
crystals grown by slow diffusion of n-hexane into a 
saturated toluene solution were chosen for X-ray 
diffraction measurements, which revealed the ionic 
complex (see Figure 1).  
 

 
Figure 1: Ortep plot of 

[SiCl3(HMPA)3]
+[Fe(CO)4SiCl3]  

 
The cleavage reaction of an Fe–Si bond by HMPA 
was investigated by density functional calculations. 
Two possible pathways can be imagined (see Figure 
2): a mechanism involving an intermediate silylene 
complex or direct Fe–Si bond cleavage. 
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tion of [SiCl3(HMPA)3]
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Contrary to what has been postulated for the gas-
phase decomposition of cis-Fe(CO)4(SiCl3)2 [3], its 
reaction with HMPA does not result in SiCl4 elimi-
nation and formation of a (base-stabilized) metal 
silylene complex. Although one Fe–Si bond is bro-
ken, no transfer of chlorine from the second SiCl3 

ligand is possible. This was confirmed by DFT 
calculations. 

B. Fe2(CO)6( 2-SiCl2)3 

In an attempt to prepare iron silicide nanoparticles, 
we carried out thermolysis of cis-Fe(CO)4(SiCl3)2 
under different conditions. To this end, the solid 
complex was sealed in a glass vial under argon and 
heated to 350 °C for 30 min. After cooling to room 
temperature the vial was opened, and FeCl2 and 
yellow, needle-shaped Fe2(CO)6( 2-SiCl2)3 were 
obtained. This complex crystallized in the highly 
symmetric space group P63/m. The iron atoms are 
octahedrally coordinated with a facial arrangement 
of the carbonyl ligands and three bridging dichlo-
rosilylene ligands connecting the two metal cen-
ters (see Figure 3).  
 

 
Figure 3: Ortep plot of Fe2(CO)6( 2-SiCl2)3 

 
The different outcome of the thermolysis reaction, 
compared to that reported by Zybill et al. [3], 
prompted us to re-calculate possible intermediates 
for this reaction. An alternative mechanistic ration-
ale for SiCl4 formation during thermolysis of cis-
Fe(CO)4(SiCl3)2 is proposed based on DFT calcula-
tions. The proposed mechanism involves chlorine 
abstraction by a SiCl3 radical generated from homo-
lytic Fe-Si bond cleavage, involving a singlet-triplet 
intersystem crossing. We have not yet investigated 
whether further thermolysis of Fe2(CO)6( 2-SiCl2)3 
results in the formation of iron silicides. 
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Abstract — Experiments have been carried out to 

investigate the effect of inclination on the rate of 
upward flame spread over combustible solids and to 

receive data for further CFD simulations. Flame 

spreading characteristics and spreading rates are 
measured and compared for thin and thick solids. 

The flame spread rate increased with increasing 
inclinations because of the flame interaction to the 

surface. A critical angle was found to be at an in-

clination of 20-30°.First simulations with the CFD 
model FDS show too high values for the flame 

spread rate and the problematic in simulating igni-

tion and sustained burning. 

I. INTRODUCTION

Flame spread over combustible solids is a fundamen-
tal and a highly dangerous phenomenon in a fire. 
Although there are several studies for flame spread in 
positions like wall, floor, ceiling or corners (e.g.[1-
2]) there is little research concerning the flame 
spread phenomenon on inclined surfaces. It has long 
been recognized that a critical angle of the burning 
surface can increase the hazard with regard to fire 
growth potential than does a floor or wall configura-
tion, [3], but still deeper understanding of the mecha-
nism of flame spread is essential.  

Recently more advanced options of fire spread 
modeling have become available to engineers. CFD 
models, like FDS, can also be applied to predict 
flame spread and fire growth [4] but still are in need 
of validations and further studies. The aim of this 
study is to provide information for applicability of 
CFD models with regard to flame spread. The pre-
sent paper examines the top side upward flame 
spread in horizontal and vertical orientations as well 
as several inclinations in between and presents first 
simulations with FDS. 

II. EXPERIMENTS

To test the flame spread rate on thin and thick mate-
rials a test apparatus and a new measurement tech-
nique has been developed to examine the flame 
spread behavior and velocity under different inclina-
tions. 

Cellulose sheets and PMMA, cut into rectangular 
shape 300 mm length and of 100 mm in width, were 
selected as the fuels for the thin respectively the thick 
material in the current study. PMMA was supplied in 
5 mm thickness. The materials where tested in a test 
apparatus which enables to study the flame spread 
under different, infinitely adjustable, inclinations. 

The flame spread rate can be defined through the 
burn out front and/or the pyrolysis front, which can 
be identified through visual observation (reach a 
defined line), temperature criterion (ignition tempera-
ture, maximum temperature) or special material 
criterion (e.g. “bubbling” surface for PMMA) For the 
present study a measurement instrumentation was 
developed to define the flame spread rate with date 
collection through “conductive-line-measurement”. 
The disconnection of a conductive line through the 
pyrolysis front enables the determination of the flame 
front on the surface. For thick materials as PMMA 
the transient gas phase temperature above the PMMA 
surface was used for the determination of the flame 
spread.

The flame spread rate was also determined by 
measuring the distance and the elapsed time to pass 
between different positions on the surface with visual 
observations and video processing. 

III. RESULTS

The newly developed “conductive-line-
measurement” technique was found only suitable for 
thin materials, but not for thick porous materials and 
materials which are melting or being conductive 
itself. 

The present study compares the results of different 
flame spread measurements at different inclinations. 
Spreading rate measured by temperature based meth-
ods versus visual observations differ 2% for horizon-
tal orientation and increase to 28% for vertical orien-
tation. The scattering of the results increase in gen-
eral with increasing inclinations, for all results inde-
pendent of the measurement technique and flame 
spread criterions. 

Figure 1 and Figure 2 illustrate the average upward 
flame spread rate at different angles on Cellulose 
sheets and PMMA surfaces. With increasing inclina-
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tion the flame spread rate increases and the angle 
between the flame flow and the surface decreases, 
until the flame is nearly totally attached to the sur-
face.
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Figure 1: average flame spread rate at different 
angles on cellulose sheets  
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Figure 2: average flame spread rate at different an-
gles on PMMA surface 

In the present study the critical angle was found 
when the inclination angle reached 30°, and results in 
an abrupt increase of the flame spread rate. In previ-
ous studies the critical angle was found to occur at an 
inclination of 15°-30° [5-6]. Between 30°-50° for 
Cellulose sheets respectively 30°-60° for PMMA the 
flame spread rate almost stays constant. It is uncer-
tain and in need of further validation if this “plateau” 
is a flame spread phenomenon or a test specific in the 
present study. As assumed the maximum flame 
spread is at the vertical orientation, but the deviation 
at 90° reaches 150%. 

IV. CONCLUSION

The following observations were made based on the 
flame spread experiments: 

The “conductive line”-measurement technique 
for the determination of the pyrolysis front 
seems only applicable for thin materials, but 

not for porous materials and materials melting 
or being conductive. 

The flame spread rate can be defined with dif-
ferent criterions, the scattering between the 
different criterions increases with increasing 
inclinations.  

The critical angle was found at 30°, as shown 
in the abrupt increase of the flame spread rate. 

Within inclinations of 30°-50° for Cellulose 
sheets respectively 30°-60° for PMMA the 
flame spread rate was found to be nearly con-
stant, but is in need of further validation. 

First simulation with FDS show an overestimated 
flame spread rate on horizontal PMMA surfaces. 

Further work in this study will include FDS simu-
lations of the flame spread over Cellulose sheets and 
PMMA surfaces in vertical and horizontal orienta-
tions as well as on inclined surfaces. 
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Abstract — In this work the fabrication of W/Cu 

composites with 8 different copper contents from 
82wt%Cu to 15wt%Cu by the spray drying process 

was investigated. Spray dried precursor powders 
have been reduced under hydrogen and were ana-

lysed by XRD, REM, light optical microscope 

(LOM) and oxygen-analysis. To achieve samples 
with full density the green-bodies have been sin-

tered at 1120°C. The CTE and the thermal con-

ductivity (TC) of the composites were analyzed. 
These characterized composite powders were used 

to fabricate a functionally graded material which 

can be employed as an interlayer in the ITER 
divertor module. In the last part of the work the 

functionally graded interlayer was brazed on 

CuCrZr, Carbon fibre-reinforced carbon (CFC) 
and tungsten to realize a mock-up.  

I. INTRODUCTION

W/Cu composites have a wide range of applica-
tions due to their extraordinary properties. They 
combine the high thermal and electrical conductiv-
ity of copper with the low thermal expansion coef-
ficient of tungsten. For this reason W/Cu compos-
ites are used to create functionally graded interlay-
ers for the ITER divertor. (see figure 1) 

Figure 1: flat-tile design of the divertor mock-up 

Enormous heat loads can result in temperatures up 
to 550°C [1] and high stresses at the interface 
plasma facing material (PFM) and heat sink mate-

rial. The integration of a graded interlayer could 
reduce the thermal stresses and avoid the damage 
of the device. 

The conventional methods for the fabrication of 
these composites are infiltration of a porous tung-
sten skeleton with liquid copper, and the sintering 
of W/Cu powder mixtures [2]. The composites for 
the FGM must show a high density and a homoge-
nous structure to provide optimal thermal proper-
ties. To avoid the introduction of small amounts of 
sintering additives, which have a negative influ-
ence on the thermal properties [3], the spray dry-
ing process seems to be a method with high poten-
tial. The solution of both precursors leads to a 
mixture on a “molecular level”. 

II. EXPERIMENTAL

The W/Cu composites were prepared by dissolving 
ammoniummetatungstate and coppernitrate in water 
and subsequent spray drying. The powder obtained 
by spray drying was reduced under hydrogen. The 
copper rich composite powders (82wt%, 71wt%, 
59wt% and 50wt%Cu) were reduced at 250°C and at 
720°C. On the other hand the tungsten-rich powders 
(42wt%, 29wt%, 20wt% and 15wt%Cu) were re-
duced again at 250°C and subsequently at 870°C. 
The microstructure of the reduced powders was ana-
lyzed via REM. To evaluate the degree of reduction, 
the oxygen content of the powders were also ana-
lyzed via LECO O2-analyser. 

The investigations of the sintering parameters in-
cluded the uniaxial compaction with a pressure of 
300MPa and the calculation of the green density. The 
green-bodies were sintered in liquid phase at 1120°C. 
The sintering time was adapted separately for each 
contents of copper in the composite. The 82wt%Cu 
sample was sintered for 4h in contrast to the 
15wt%Cu sample which was in the first step hot 
pressed at 1020°C and 18MPa, and afterwards sin-
tered for 8h.

The microstructure observation of the 8 compos-
ites was carried out with a LOM. Additionally the 
density of the sintered specimens through the ar-
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chimedes-principle, as well as the CTE and the ther-
mal conductivity were measured. 

Figure 2: Schematic draw of the fabricated mock-
up 

The functionally graded interlayer was built up by 
stacking 4 copper rich composite powders and the 4 
tungsten-rich composite powders and subsequent 
compacting the two layered samples with a pressure 
of 300MPa. The graded green bodies were hot 
pressed at 1020°C and 18MPa and sintered in liquid 
phase. In the last processing step the two graded 
specimens were brazed to CuCrZr on the copper-rich 
side of the mock-up, and to CFC on the tungsten-rich 
side. Thin foils of GEMCO (Cu12Ge0.25Ni–alloy) 
and Cu-ABA (Cu3Si2Al2.25Ti – alloy) were used as 
brazing materials. Figure 2 shows the schematic 
design of the fabricated mock-up.  

III. RESULTS

The investigated process to fabricate W/Cu compos-
ites leads to good results for the microstructure and 
density of the 82wt%, 71wt%, 59wt%, 50wt% and 
42wt%Cu specimens. The experiments could illus-
trate that a relative density of 97% is possible to 
reach for the 82wt%Cu sample. In contrast to this 
presented result, the density of the 15wt%Cu speci-
men couldn’t raise up to more than 73% theoretical 
density (TD). 

Apart from the increasing porosity in the direction 
of decreasing copper content a very homogeneous 
and fine microstructure could be achieved. The mor-
phology of all 8 W/Cu composites is shown in figure 
3. The thermal properties including the thermal con-
ductivity and the coefficient of thermal expansion 
were measured for all composites except the three 
samples on the tungsten rich due to their low density 
after sintering. For the 82wt%Cu composite a ther-
mal conductivity of 351,3 ±4,0W/m*K, and a CTE of 
17,54ppm/K were determinated. In contrast the 
15wt%Cu sample had shown a TC of 245,0 
±4,6W/m*K and a CTE of 12,21ppm/K. 

The experiments to fabricate a graded W/Cu inter-
layer result in the production of two separated speci-
mens, as a result to the high thermal stress and the 
high shrinkage during sintering. The two interlayer 
parts were brazed to CuCrZr and CFC respectively to 
pure tungsten. Successful results were received for 
the system CuCrZr-GEMCO-copper rich gradient 
and the system tungsten-GEMCO-tungsten rich 
gradient.  

Figure 3: Morphology of all 8 W/Cu composites 
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Abstract - High-Mn austenitic steels offer a very 

favorable combination of strength and ductility. 
Therefore, they have recently been proposed for the 
manufacture of structural car body parts. These steels 
exhibit Portevin - Le Chatelier macroscopic plastic 
localization type phenomena at room temperature, 
evidenced on tensile curves firstly by isolated stress 
peaks, corresponding to the nucleation of deformation 

bands, which travel along the tensile axis, and then by 
serrations, due to static deformation bands. These 
plastic instabilities have been studied during tensile 
tests at strain rates between 0.0004 and 0.3 s-1 utilizing 
either optical video recording, a thermographic 
camera, or a system of optical measurement of the 
punctual deformation on the specimen surface. 
 

I. INTRODUCTION 
 
High-Mn austenitic steels offer a remarkable 
combination of strength and ductility; (Rm>1100 MPa 
and A>50%),[1] that makes them extremely interesting 
for their application in the car industry. However, 
steels used in this field, in addition to showing high 
tensile strength, must also display high biaxial ductility 
to allow the deep drawing of complex shapes, as well 
as the capability to absorb large quantities of energy 
during crash-tests and thus preserve passenger safety 
during vehicle impact. As deformation increases, high-
Mn steels exhibit, not only dislocation slip, but also 
twinning phenomena; [2] these twin boundaries act as 
obstacles to the dislocation movement, in the same way 
as grain boundaries.[1] In addition, these steels exhibit 
Portevin - Le Chatelier type macroscopic plastic 
localization phenomena if subjected to tensile tests 
carried out at room temperature, [3-4] probably due to 
dynamic interaction between mobile dislocation and 
diffusing solute atoms (DSA, Dynamic Strain Ageing). 
In general, the PLC effect reveals itself with the 
appearance, on flat tensile specimens, of localized 
deformation bands along the whole the width of the 
specimen. Three types of bands can be distinguished: 
type A bands which propagate continuously along the 
tensile axis; type B bands which exhibit an intermittent 
propagation, and finally type C, which appear almost at 
random in the sample without propagation. The 
nucleation of a new PLC band is associated with the 
irregularity of tensile curves (stress-strain curves), as 
serrations or local variations of stress value.[5] In this 

work, the localized PLC deformation phenomena, are 
examined in a quantitative way using two non-
destructive wide-spectrum systems, without contact, 
one thermo graphical and the other optical 
extensimetrical. In particular, since strain mechanisms 
are associated with a thermal effect, the measure of 
punctual temperatures on the surface of the samples 
during tensile tests may effectively help in the 
observation of the progress of those same tests. In fact, 
the thermographic method has already been used for 
the evaluation of deforming phenomena, both plastic 
and elastic, [4-6] which are generally associated with 
variations in the temperature in the range of 0.1-10°C. 
 
II. EXPERIMENTAL DETAILS 
 
The steel to be studied was formed into sheets 1.5 mm 
thick and subjected to chemical, metallographic and X-
ray analysis. Tensile tests were carried out under 
displacement control at four different cross-head 
speeds, namely 0.05, 0.5, 5 or 39 mm/s, corresponding 
to strain rates of 0.0004, 0.004, 0.4 and 0.3 s-1. During 
a few preliminary tests, [4-5] an optical video camera 
was used to film the surface reliefs of previously 
polished samples influenced by the PLC effect, 
whether transitory or persistent. Also thermographic 
measurements or optical extensimetry were used. 
The thermographic tests were carried out using a 
thermo camera NEC TN7102, responsive to a range of 
wavelength of 8-14 µm. The thermographic data was 
worked out using the software MicroSpec_RT (specific 
for the thermo camera used), using different methods. 
First, by utilizing the video film, it was possible to 
identify the moments and the positions of nucleation of 
a band of type A or C on the surface of the sample, the 
directions of propagation of type A bands and the 
inclination of type C bands (type B bands were not 
observed); this information was then correlated to the 
stress-strain curves. Moreover, by looking at the trend 
of the maximum temperature during the test at 4 
different points fixed on the axis of the specimen, the 
rates of propagation of type A bands could then be 
estimated, in addition to the increase in temperature 
due to their transit. The optical analysis of the strain 
was executed with a CCD camera and the software 
Aramis 6.1. This software permits the calculation of a 
planar displacement field, comparing a sequence of 
images acquired in successive instants of time with 
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each other,  so as to develop a strain map (axial and 
transverse) of the surface of the specimen during axial 
deformation in function of time and position. The shifts 
are determined by comparing subsequent positions of 
colored elements on the surface of the specimen, with 
stochastic shape and dimension.  
 
III. RESULTS AND DISCUSSION 
 
Plastic uni-axial behavior of a steel with a composition 
of 22% Mn, 0.5% C was studied. The optical and 
electronic microscopy and the XRD analysis show that 
the produced steel is constituted by only one rather 
homogeneous and isotropic, austenitic phase, with an 
average grain size of 3 µm. Both the intensity and the 
width of the peaks of X-ray diffraction vary noticeably 
after the tensile test due to the different 
crystallographic orientation of austenite and because of 
the generation of dislocations and mechanical twins, 
whereas no peaks ascribable to bct-martensite or hcp-
martensite were observed after the deformation.  
The tensile curves obtained at different strain rates 
show an inverse relation between flow stress and strain 
rate, something that can promote unhomogeneous 
plastic strain phenomena.[5] In fact, during tensile 
tests, local strain phenomena, of Portevin-Le Chatelier 
type, were observed, constituted by type A bands 
(moving through the sample axis) and type C bands 
(static). As the strain rate increases, the start of PLC 
phenomena arises at a higher value of strain, up to its 
disappearance at the strain rate of 0,3 s-1. These strain 
bands are observed by thermography and optical 
extensimetry. The maps of punctual axial strain, 
obtained using the second method, permit the detailed 
analysis of type A bands, and confirm that, when an A 
band is active, the strain is totally localized in that 
same band, as had already been hypothesized on the 
basis of the effect of the transit of a band in the range 
of measurement of a mechanical strain gauge.[4] 
Moreover, optical extensimetry and thermography, 
underline the fact that the nucleation of an A band is 
contemporary to a stress peak on the stress-strain 
curve, whose formation can be explained in this way: 
normally the local strain rate  in an active type A band 
is higher than the average strain rate of the whole 
sample, therefore the stress is lower than that necessary 
for a homogeneous deformation and rises to this value 
when the band reaches the head of the specimen and 
disappears; straight away, a new band appears and the 
stress returns to its previous value.  
The study of both the speed of the propagation of type 
A bands and of the strain relative to the same bands, 
conducted by thermography and optical extensimetry, 
gives coherent results, if we consider the statistic 
nature of the phenomena and that the two methods 
were carried out during different tensile tests, because 
they needed different preparations of the surface of the 
specimens. As the total strain of the specimen 
increases, the propagation rate of type A bands 
decreases, while the true strain and the local rise in the 
temperature due to each band increases. This latter 

thermal effect is certainly caused by the increase in 
both the strain by the bands and of the flow stress of 
the material (strain hardening). The optical analysis of 
strain reveals the cumulative effect of successive type 
C bands, while thermography permits the study of each 
one individually; in particular, it has been verified that 
each serration of the stress-strain curve (stress fall) 
corresponds to the nucleation of a new C band, and that 
sequences of contiguous C bands occur, although 
separate, that altogether constitute a front of strain that 
cross the specimen in the axial direction, in coherence 
with previous observations of the phenomena. 
 
IV .FIGURES 
 

 
Figure 1: Tensile test at a strain rate of 0.0004 s-1. 
Instants of nucleation of type C bands, series of 
successive thermo graphic frames (a). Transit of an A 
band observed by optical analysis of strain (b). 
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Abstract — A method for covering polyurethane 

surface with hydrophobic polymer layers is pre-

sented. Hydrophobicity of biomaterials surfaces

decreases platelet adhesion, which is a desirable 

effect in term of implants hemocompatibility. In 

presented work polyurethane was grafted with sili-

cones or fluorocarbons. Diisocyanates were used as

linker molecules. Spectroscopic surface analysis 

(FTIR) reveals high efficiency of grafting reaction. 

Contact angle measurement indicates significant 

increase of hydrophobicity. Acoustic microscopy

analysis confirmed homogeneity and smoothness of 

fabricated layers.

I. INTRODUCTION

The aim of presented research was to develop a 
method for manufacturing hemocompatible coatings 
for blood-contacting devices. Application of artificial 
organs is substancially limited by biomaterial-
associated thrombosis, which involves platelet at-
tachment and activation [1-3]. These phenomena 
might lead to fibrin production and clot formation, 
which are highly unwanted effects – clots can impair 
the function of the medical device or, in more drastic 
situation, obstruct patient’s blood vessels, leading to 
strokes or even death [1]. Thus, there is a need to 
modify the surface of materials, in order to produce 
highly hemocompatible layers. 

It is proved that wettability is significant parameter 
in term of hemocompatibility of biomaterials [4,5].
Hydrophobicity of implants decreases platelet adhe-
sion, which is an initial event in biomaterial-blood 
interactions [1]. Hence, we developed a method for 
surface modification of polyurethane with the aim of 
obtaining hydrophobic layers. Polyurethane was 
chosen as a polymer basis for further modification 
due to its good biocompatibility and excellent phys-
ical-mechanical properties. As a modifying agent 
hydrophobic polymers – silicones (polydimethylsi-
loxane) and fluorocarbons (octafluoropentanol) were 
used. Diisocyanates were used as linker molecules. 
Polydimethylsiloxane as well as octafluoropentanol 
contains hydroxyl groups that are able to react with 
isocyanate group. As a result, a chemical bond be-
tween polyurethane and a modifying polymer occurs.

II. MATERIALS AND METHODS

A. MATERIALS

Polyurethane discs (Chronathane, P-75A) were ob-
tained from CardioTech. 4,4�-Methylenebisphenyl 
isocyanate (MDI), polydimethylsiloxane hydroxy-
terminated (PDMS) and octafluoropentanol (PFC) 
were purchased from Sigma-Aldrich. Organic sol-
vents – toluene, tetrahydrofuran and dimethylforma-
mide were all obtained from Chempur.

B. SURFACE MODIFICATION

The modification was performed as folllows. Poly-
urethane discs (diameter 4 cm, thickness 2 mm) were 
partially dissolved in a dehydrated tetrahydrofu-
ran/dimethylformamide solution (in the ratio of 7:3). 
The second step was immersing polyurethane discs 
in toluene solution containing 20% (w/v) of MDI.
The reaction ran for 120 minutes at 40°C. 

In the next reaction step, the reacted PU discs with 
MDI were immersed in a toluene solution containing
15% (v/v) PDMS. Reaction was conducted for 24 h 
under nitrogen atmosphere, the temperature was 
maintained at 40 °C.

After the reaction, discs were rinsed with toluene 
to remove unreacted PDMS and MDI from the sur-
faces and dried.

All solvents used in reactions were dehydrated 
utilizing molecular sieves. Reactions were carried out
in sealed containers.

C. SURFACE ANALYSIS

Modified surfaces were analysed using Fourier trans-
form infrared spectroscopy (FTIR) and scanning 
acoustic microscopy (SAM). Contact angle was 
determined with the use of a sessile drop optical 
method.

III. RESULTS

A method of grafting hydrophobic layers onto polyu-
rethane surface is presented. In the first step of reac-
tion isocyanate groups react with polyurathane.
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Figure 1: FTIR spectra of  PU, PDMS
and PU grafted with PDMS

Figure 2: FTIR spectra of PU, PFC 
and PU grafted with PFC

Figure 3: Values of contact angle: PU, PU grafted 
with PDMS, PU grafted with PFC

The second step involves reaction between free iso-
cyanates groups onto polyurethane surface with
hydroxyl groups in modifying agents – PDMS or 
PFC. 

The effectiveness of grafting reaction was con-
firmed by FTIR analysis. Figure 1 shows FTIR spec-
tra of unmodified PU, PDMS solution and PU 
grafted with PDMS. After reaction with PDMS,
characteristic bands for silicones at 787 (Si-C stretch-
ing), 1011 (Si-O-Si stretching) and 1257 cm-1 (CH3

symmetric deformation of Si-CH3) appeared in PU 
spectrum. The spectrum of PU grafted with PFC is 

shown in Figure 2. Bands at 1085, 1123, 1162 cm-1

(C-F stretching) indicate the presence of PFC onto 
PU film.

Figure 3 ilustrates differences in contact angle 
values between unmodified PU and PU grafted with 
PDMS/PFC. The results of the sessile drop meas-
urements showed that after grafting, the contact angle 
of PU increased from 66° (unmodified PU) to 113° 
(PU grafted with PDMS) or 118° (PU grafed with 
PFC).

Surface of samples was also examined using 
acoustic microscopy. SAM analysis confirmed 
homogeneity and smoothness of fabricated layers.

IV. CONCLUSSIONS

Presented method allows to obtain smooth, homoge-
nic and hydrophobic layers onto polyurethane surfa-
ce. It is presumed that hydrophobicity of medical 
implants surface allows to avoid unwanted events 
such as biomaterial-associated thrombosis. In order 
to examine implant-blood interaction, presented 
materials will be put to a set of tests in near future.
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Abstract — Skid resistance of dense road surface 
layers beside the texture profile also depends on the 

polishing resistance of fine and coarse aggregates. 
This paper details a new Austrian evaluation back-

ground for the polishing resistance of sand using a 

Wehner/Schulze testing device of the latest design. 
It will be showed that the polishing resistance be-

tween coarse and fine aggregates differs, thus sepa-

rate requirements for different particle sizes are 
necessary because only the combination of highly 

polishing resistant sand and gravel enables a sus-

tainable skid resistance of road surface layers. 

I. INTRODUCTION

To ensure the safety of road users during driving 
manoeuvres, e.g. deceleration or cornering, at high 
speed on wet conditions an adequate skid resistance 
level of the wearing courses is required. Both the 
actual and the time-dependent development of skid 
resistance mainly depend on the polishing resistance 
of coarse (> 2 mm) and fine (  2 mm) mineral aggre-
gates used in surface layers. Previous studies con-
ducted on basalt and blast furnace slag showed that 
the polishing behaviour of coarse and fine aggregates 
may differ due to the microcrystalline surface struc-
ture and dependent on aggregate size due to different 
mineral constituent [1]. 

II. POLISHING RESISTANCE OF AGGRE-

GATES

Wearing courses stressed by heavy traffic load are 
exposed to a polishing effect which develops be-
tween a rotating wheel and the road surface while the 
vehicle is de- or accelerating. Due to this polishing 
effect the micro-texture (amplitudes with wave-
lengths less than 0.5 mm) of aggregates exposed to 
wheels will be levelled. Depending on the kind of 
wearing course (e.g. asphalt concrete, stone mastic 
asphalt, etc.) requirements regarding the polishing 
resistance of sand and/or gravel are stipulated. Fine 
aggregates of limestone before and after a polishing 
impact are shown in Figure 1.  

Figure 1: Grains of sand before (left) and after 
(right) the polishing process [2]. 

In the Austrian standard requirements concerning 
the polishing resistance of mineral aggregates are 
given merely with regard to the PSV (Polished Stone 
Value) [3], tested on stone chippings 8/11 mm. No 
specific specifications are set for the sand fraction 
0/2 mm. To determine the polishing resistance of 
sand the test procedure according to Wehner/Schulze 
can be applied. 

III. POLISHING TESTS ON AGGREGATES

In Europe so far only one method using an acceler-
ated polishing wheel and a skid tester for measuring 
polishing resistance of coarse aggregates is standard-
ised [3]. However more devices were developed for 
determination of polishing resistance of coarse and 
fine aggregates, e.g. the Wehner/Schulze device. 

A. PSV – TEST PROCEDURE

Determination of polishing resistance of aggregates 
using the accelerated polishing wheel and the skid 
tester is very widespread throughout Europe. For this 
test single sized particles (7.2/10 mm) are used to 
make curved specimens, which are subjected to two 
three-hour stages of simulated polishing using coarse 
and fine emery corundum. Afterwards the test 
specimens are washed and their skid resistance is 
measured using the pendulum skid tester. The value 
obtained is the so-called PSV. Preparation of test 
specimens as stated in [3] is limited to coarse aggre-
gates only. 
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B. WEHNER/SCHULZE DEVICE

The first Wehner/Schulze polishing machine was 
developed in Berlin during the 1960’s. With this 
device aggregate, concrete or asphalt slabs produced 
in the laboratory as well as cores with 225 mm di-
ameter obtained directly from road surfaces can be 
tested. Modifications of the old design led to the 
testing device shown in Figure 2. 

Figure 2: Wehner/Schulze device at TU Vienna 

The polishing is done by a rotating head with three 
rubber covered conical rollers rotating at 500 rpm. 
For increasing the polishing effect a water-quartz 
mixture is added. After 90.000 passes the test speci-
mens are washed and a friction coefficient is meas-
ured using a friction measurement head with three 
rubber sliding shoes. During the friction measure-
ment process first the rotating head is accelerated to a 
tangential speed of 100 km/h. While water is being 
added the rotating head is then lowered onto the 
specimen surface. As the test head decelerates the 
friction coefficient is measured against speed. The 
sliding friction coefficient at 60 km/h is reported as 
the PWS (Polishing value Wehner/Schulze). 

IV. EVALUATION BACKGROUND FOR SAND 

POLISHING RESISTANCE

To establish an evaluation background for sand pol-
ishing resistance eleven samples of sand (laboratory 
code G 201 - G 211) were examined. In Figure 3 the 
PWS values obtained are shown. 
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Figure 3: PWS for sand fraction 0.2/0.4 mm 

The test routine included sand sources with well 
known high polishing resistance, sand with high 
carbonate content and fractured gravel with high 
quartz content. With a threshold for the PWS set at 
0.50 [-] six samples of sand (54.5 %) meet the crite-
rion and guarantee an adequate supply of sand with a 
sufficient high polishing resistance for pavement 
construction in all Austrian regions. 

To compare the polishing resistance of fine and 
coarse particle sizes from the same rock sources, the 
PSV according to EN 1097-8 [3] was examined as 
well. In Figure 4 the PSV is compared to the PWS of 
grain-size fraction 0.2/0.4 mm. Data points near the 
diagonal line indicate rock sources with the same 
polishing resistance for both sand and gravel. Data 
points above the line stand for rock sources those 
coarse aggregates (7.2/10 mm) have a higher polish-
ing resistance than the sand and vice versa. 
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Figure 4: Correlation between PSV and PWS 

As shown in Figure 4 polishing behaviour of 
coarse and fine aggregates from the same rock or 
stone source may significantly differ. Due to these 
differences, separate requirements for fine and coarse 
aggregates are necessary, because only the combina-
tion of highly polishing resistant fine and coarse 
aggregates enables a sustainable skid resistance of 
road surface layers. 
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Abstract — The internal architecture of an

AlSi12Ni alloy is studied by synchrotron- and 
light-optical tomography. It is shown that the alloy 

is formed by a soft -Al matrix and  20 vol% of a 
harder three dimensional network of eutectic Si 

and aluminides located in the interdendritic space. 
The effect of this network on the strength and 

thermal cycling creep resistance is studied in 

terms of connectivity, contiguity and morüphology 
of the harder phases. The AlSi12Ni alloy shows 

~25% increase of high temperature strength and 

~30% decrease of minimum strain rate in com-
parison with an unmodified AlSi12 alloy even after 

24h of spheroidisation treatment at 540°C due to 

the conservation of the interconnectivity and con-
tiguity between the aluminides and the eutectic Si.  

I. INTRODUCTION

Ni is used to improve the high temperature 
strength of Al-Si piston alloys by forming stable 
aluminides [1-2].  
Conventional two dimensional (2D) metal-
lographic methods are not sufficient to study inter-
connected structures and complex morphology. 
Therefore, 3D microstructural characterization 
such as scanning electron microscopy of deep 
etched samples [2], Focused ion beam tomography 
(FIB) [3], light optical tomography (LOT) [4] and 
synchrotron x-ray computed tomography (sXCT) 
can be used.  
The objective of the present work is to analyze the 
effect Ni and Fe aluminides revealed by LOT and 
sXCT on the room and high temperature strength 
and themal cycling creep (TCC) resistance of 
AlSi12Ni alloy. 

II. EXPERIMENTAL

A. MATERIALS

An AlSi12Ni alloy, an AlSi12 alloy and an 
AlSi1.1 alloy (without eutectic Si) were produced 
by squeeze casting. The alloys were investigated 

in as cast (AC) state and after a spheroidization 
treatment (ST) at 540 oC for 24 hours.  

B. LIGHT OPTICAL TOMOGRAPHY

Samples of AlSi12Ni alloy in both conditions were 
polished with a force of 20N for 1 min after grinding. 
This step was repeated for 29 times and microstruc-
tures were acquired with light optical microscope 
used for 3D reconstructions.  

C. SYNCHROTRON X-RAY COMPUTED TOMOGRA-

PHY

Phase and absorption contrast sXCT was carried out 
at the ID19 beamline at the European Synchrotron 
Radiation Facility (ESRF) in Grenoble, France. The 
energy used was 29 keV. The sample in AC state was 
scanned and afterwards subjected to the ST for both 
AlSi12 and AlSi12Ni alloys. The same samples were 
scanned again to get the same region before and after 
ST.

D. COMPRESSION TESTS

Compression tests were carried out at room tem-
perature (RT) and at 300oC in AC and ST condi-
tions at a strain rate of 1x10-3 s-1.

E. THERMAL CYCLING CREEP

TCC experiments were carried between RT and 
300°C for the AC and ST conditions under con-
stant tensile stress of 40 MPa up to failure of the 
specimen.  

III. RESULTS AND DISCUSSION

The contrast achieved with LOT between Si and -
Al is good enough to segment both phases in AC 
condition, while sXCT gives more reliable statisti-
cal results because the analyzed volume is ~ 4000 
times bigger than LOT. The total volume fraction 
of aluminides in AC and ST condition is about 8 
vol.%.    
The study of the interconnectivity is based on the 
relative size of the largest particle in the analyzed 
volume. The biggest aluminide particle in 
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AlSi12Ni AC alloy, accumulates about 66% of the 
total content of analyzed aluminides and yields a 
sphericity ~0.01. The same aluminide particle after 
the ST is shown in Fig. 1, yielding a sphericity 
~0.02. The biggest Si particle in the AlSi12Ni ST 
alloy in the same volume accumulates about 20% 
of the total Si content as shown in Fig. 1. In con-
trast, the biggest Si particle in the investigated 
volume of the AlSi12 ST alloy accumulates only 
about 0.3 % of the total Si content. The addition of 
Ni to AlSi12 alloy retards the disintegration of the 
eutectic Si during ST. 

Figure 1: Largest particle of Ni aluminides (green) 
+Si (purple) in AlSi12Ni ST alloy 

Typical true-stress vs true-strain curves of the 
AlSi1.1, AlSi12 and AlSi12Ni alloys in both con-
ditions obtained during compression at RT and 
300oC are shown in Figure 2.  
The AlSi12Ni AC alloy shows about 8% higher 

max at RT and 50% higher max at 300 oC than 
AlSi12 AC alloy. 
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 Figure 2: compression tests on AlSi1.1, AlSi12 and 
AlSi12Ni alloys at RT and 300 oC

Fig. 3 shows the strain rate vs time obtained dur-
ing the TCC tests for both alloys in both condi-
tions. The AlSi12Ni AC alloy shows 55% lower 
minimum strain rate, 30% longer TCC life and 

35% lower strain to fracture than the AlSi12 AC 
alloy. 
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Figure 3: strain rate vs. time curves of AlSi12 and 
AlSi12Ni alloys obtained during TCC. 

The significant improvement in high temperature 
strength and higher TCC resistance for the 
AlSi12Ni AC alloy is achieved by a load transfer 
from the Al-matrix to the 3D network formed by 
the eutectic Si and the aluminides. The AlSi12Ni 
ST alloy still retains about 25% higher strength at 
300oC, 45% lower minimum strain rate and 200% 
longer TCC life than AlSi12 ST alloy This is due 
to the conservation of interconnectivity and conti-
guity between the eutectic Si and the aluminides 
(Fig. 1). The decrease of strength and TCC resis-
tance in AlSi12Ni alloy with ST is due to the mor-
phological changes of the eutectic Si and the alu-
minides during exposure at ST temperature. 
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Abstract — This paper presents an innovative 

design of a cheap, wireless, passive LC sensor as 

well as its application for monitoring of water con-
tent in construction materials. The sensor was made 

on a single-sided printed circuit board (PCB) with 

cooper for conductive segments. Since the dielectric 
constant of water was much higher compared with 

that of the test samples, the presence of water in the 

samples increased the capacitance of the LC cir-
cuit, thus decreasing the sensor’s resonant fre-

quency and water content has been determined for 

clay brick. Measurements were conducted using the 
instrument HP 4194A Impedance/Ghain-Phase 

Analyzer.

I. INTRODUCTION

It is important to monitor the water content and re-
duce the effects of moisture damage in civil construc-
tions. In civil engineering, a common method of 
measuring water content of a portable object is by 
measuring the exact values of its mass before and 
after drying. This method is time consuming and the 
heating process for removing the water may affect 
the quality of the material or samples. In a more 
recent technology, water can be detected and meas-
ured using wireless technology. Application of wire-
less technologies also reduces maintenance complex-
ity and costs [1]. Sensors integrated into structures, 
machinery, and the environment, coupled with the 
efficient delivery of sensed information, could pro-
vide tremendous benefits to society [2-3]. In the 
construction industry there is a need to monitor a 
number of parameters such as the impact of vibra-
tion, humidity, material fatigue, and others, to have 
insight into the building state. In that way it is ensure 
a complete rehabilitation at the time, especially for 
objects that are vulnerable to environmental influ-
ences [4] 

The paper describes a completely new design of LC 
wireless sensor and its application for measuring 
concentration of moisture in building materials (as a 
sample was used clay brick). The influence of tem-

perature (in the range from 25ºC to 240 ºC) on the 
resonant frequency of the sensor has been also inves-
tigated. The whole LC sensor is made in one conduc-
tive layer and there is no need for any post-soldering 
process or adding extra conductive layers. This sim-
plifies the fabrication and measurement process as 
well as reduces the sensor’s ultimate cost.    

II. DESIGN OF THE LC SENSOR

The main features of the proposed sensor are a sim-
ple design, low fabrication costs and it does not re-
quire any power source. The sensor was made in one 
metal (copper) layer providing excellent adhesion to 
building materials in which it is necessary to measure 
the water content. It is also possible to insert the 
sensors in building materials (concrete, mortar etc.) 
during the construction of walls or floors and after 
that with a handheld instrument to measure the reso-
nant frequency and based on the measured data to 
monitor water content and decide if there is a need 
for the appropriate protection against moisture.  

Figure 1: The top view of the fabricated LC sen-
sor.

Moreover, possible applications could be the meas-
urement of moisture in various building materials 
and certain structure elements of heritage buildings, 
indoor pools, masonry buildings, and in many other 
places and circumstances where there is a need to 
have insight into the dampness change. The top view 
of the fabricated sensor is shown in Figure 1.  
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A. THE EXPERIMENTAL SETUP

The resonant frequency f0 is defined as the fre-
quency at the maximum of the real part of the 
impedance (resistance), and the zero-reactance 
frequency fz is the frequency where the imaginary 
part of the impedance (reactance) goes to zero. To 
relate f0 and fz to sensor’s inductor and capacitor, 
the sensor is represent with a parallel connected L 
and C. The capacitor is also in parallel with a re-
sistor R to represent the capacitive loss [5]. The 
resonant frequency and zero-reactance frequency 
are related to the R, L and C values as given by: 

LC
f

2

1
0   (1) 

22

11

2

1

CRLC
f z   (2). 

In the pool water is set some of these building 
materials. In the middle of the clay brick (for ex-
ample) is positioned the LC sensor. A loop an-
tenna is placed around the sensor structures and 
the other terminals were connected to the HP 
4194A Impedance/Gain-Phase Analyzer. Building 
brick was standing on ceramic coasters to ensure 
that brick would be in the water around 10 mm in 
height. 

B. RESULTS AND DISCUSSION

Figure 2 depicts the dependence of the resonant 
frequency as a function of the percentage of water 
content in clay brick. From these measured data 
can be seen that the resonant frequency changes 
from 27.11 MHz to 25.07 MHz, and the percent-
age of water in the range from 1% to 16.4%. The 
variation of resonant frequency is 2.04 MHz, while 
water concentration was changed for 15.4%. 
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Figure 2: The variation of the sensor’s resonant 
frequency as a function of water absorption of clay 

brick. 

Dependence of the resonant frequency as a func-
tion of the temperature at clay brick (without water 
influence) is presented in Figure 3. It can be seen 
from this figure that the resonant frequency 
changed from 27 MHz to 26.1 MHz, for tempera-
ture changes in the range from 25ºC to 240 ºC.  
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Figure 3: Resonant frequency as a function tem-
perature for dry clay brick. 

III. CONCLUSIONS

This paper has presented LC wireless sensor and its 
use for measuring the concentration of moisture in 
building materials. Measurement results show almost 
linearly dependence resonant frequency on the con-
centration of moisture. The proposed cheap and 
simple PCB sensor can be successfully used for 
detection of water content in different building mate-
rials.
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Abstract  The aim of the present work was to 

investigate the decomposition of polyethylene glycol 

(PEG) in electroplating baths. A model mixture 

composed of oligomeric and polymeric glycols was 

used to evaluate the suitability of various chroma-

tographic methods for the analysis of PEG-
degradation products. Since electroplating baths 

contain a high amount of different salts and are 

strongly acidic, several methods to extract PEG and 

its breakdown products were investigated. Chroma-

tographic analysis and determination of the total 

organic carbon content of electroplating baths used 
under different process conditions revealed that 

temperature and flow of current are the main pa-

rameters leading to chain break down, and that 

high amounts of volatile products are formed by 

anodic oxidation.  

I. INTRODUCTION 

It is well known, that zinc-chromium alloys offer a 
better corrosion resistance for steel sheets than com-
mon zinc plating. To achieve a proper co-deposition 
an additive is needed to shift the cathode potential of 
zinc and chromium to similar values. A widely used 
additive is polyethylene glycol with a molar mass of 
6000 Da (PEG6000). It is known that the concentra-
tion as well as the degree of polymerization of PEG 
play an important role and that PEG breaks down at 
the conditions of electrodeposition, but only very few 
information concerning the influence of process 
parameters such as time, temperature and current 
density on the rate of breakdown of PEG and the 
structure of the degradation products is available 
[1,2]. In the present work electroplating baths used 
under different process conditions were analyzed to 
identify the main parameters leading to chain break 
down. Since electroplating baths contain a high 
amount of different salts and are strongly acidic, they 
usually cannot be analyzed directly. Thus several 
methods to isolate PEG and its breakdown products 

were investigated. To evaluate the suitability of vari-
ous chromatographic methods a model mixture con-
taining oligomeric and polymeric ethylene glycols 
(chain length n = 1 - 136) was used.  

II. ISOLATION OF PRODUCTS 

Three types of electroplating baths were investigated, 
namely baths from a laboratory scale galvanic metal 
deposition with defined process parameters, baths 
from a pilot plant for coil coating of steel sheets, and 
baths from a laboratory scale galvanic metal deposi-
tion, where the electrodes were separated with a 
membrane. The composition of the acidic baths (pH 
2) is shown in Table 1.  

 
Substance Content [mol/l] 

Zn2+ 

Cr3+ 
Na+ 
PEG6000 

0.8  1.5 
0.2  0.5 
0.45 

-4 

 
Table 1: Composition of galvanic baths  
 

The baths were neutralized with NaOH, which solves 
the problem of high acidity and high Zn-Cr-content, 
but generates a huge amount of fine precipitate. The 
precipitate was removed by filtration and centrifuga-
tion, resp., and was extracted with tetrahydrofurane 
(THF). The aqueous supernatant was evaporated and 
the residue was also extracted with THF. The com-
bined THF-extracts and also the aqueous supernatant 
were used for analysis. In addition, degradation 
products were isolated by continuous liquid-liquid 
extraction with CH2Cl2 without prior neutralization. 

III. ANALYSIS 

The model mixture and the mixtures of isolated deg-
radation products were analysed by several chroma-
tographic methods. For thin layer chromatography 
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(TLC) various staining methods were used because 
of the lack of UV-active functional groups (iodine 
vapour, modified Dragendorff reagent, Ce(IV)-
ammonium nitrate/phosphomolybdate). For analysis 
by gas chromatography (GC) the mixtures were 
silylated and as detectors a flame ionization detector 
(FID) and an mass detector (MS) were used. The 
molar mass distribution of the products was deter-
mined by gel permeation chromatography (GPC). 
For analysis by reversed phase high performance 
liquid chromatography (RP-HPLC) an evaporative 
light scattering detector was used, because gradient 
elution is necessary for a sufficient separation.  

In contrast to the so far described analytical meth-
ods the quantification of the total organic carbon 
(TOC) content was feasible without any pre-
treatment of the acidic electrolytes. The samples 
were combusted in a stream of air with the help of a 
catalyst and the formed CO2 was quantified by IR-
spectrometry. Such measurements do not give any 
information about the chemical structure of the de-
composition products, but deliver accurate results of 
the overall remaining carbon, and a loss of carbon 
indicates the formation of volatile degradation prod-
ucts.  

IV. RESULTS 

A. MODEL MIXTURE 

Detection of glycols with chain lengths <4 by TLC 
was only achievable with an Ammoniumcer(IV)-
nitrate/Phosphormolybdat dipping reagent. Different 
eluent mixtures were used, but it was not possible to 
get a good separation. Silylated glycols up to a chain 
length of n=10 could by detected by GC-FID. GC-
MS showed to be less sensitive, but offers the advan-
tage of an unambiguous identification of degradation 
products. Separation by GPC was found to be rather 
limited, but the results were reproducible and defined 
PEG-standards allow an accurate determination of 
the molar mass. By RP-HPLC the model mixture 
could be separated in several fractions, but no clear 
assignment of the signals was possible even after 
spiking because of a very low signal intensity in the 
case of short chain glycols and shifting retention 
times due to strong interactions with the stationary 
phase. 

B. USED ELECTROPLATING BATHS 

GC analysis of aqueous supernatants, THF- and 
CH2Cl2-extracts revealed that continuous liquid-
liquid extraction is the best method to isolate degra-
dation products. With the help of GC-MS several 
breakdown products were identified. Oxidation leads 
to organic acids like glycolic acid and oxalic acid, 

respectively. Also ethyl-terminated glycols and, as 
expected, a broad range of glycols of varying chain 
length were found. Although thermo-oxodative deg-
radation of PEG should result in the formation of low 
molecular weight alcohols, aldehydes and formiates, 
none were detected. This may be due to the fact that 
these compounds are volatile, easily oxidizable and 
sensitive towards hydrolysis, respectively. GPC 
analysis showed chain breakdown and a broadening 
of the molecular mass distribution, both at the anode 
and cathode. Nevertheless the decomposition rate 
was higher at the anode. 

TOC analysis revealed a significantly different 
degradation behaviour of PEG in the anodic and 
cathodic region of the baths. Although GPC showed 
a decrease of molecular weight in the cathodic re-
gion, nearly no loss of organic carbon was observed. 
On the other hand the organic carbon content at the 
anode strongly decreased, which indicates that an-
odic oxidation is the main decomposition process in 
this region, whereas the cleavage of etherbonds is the 
reason for the decrease of molecular mass at the 
cathode. TOC analysis also showed that an increase 
of temperature and of the flow of current accelerates 
degradation.   

V. CONCLUSIONS 

Although PEG is known to be rather stable in acidic 
aqueous solutions, it is highly unstable in acidic 
electrolytes. Oligomeric glycols as well as oxidation 
products are formed. High temperature and current 
flow accelerate the decomposition, generating espe-
cially at the anode oxidation products and highly 
volatile compounds. 
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Abstract – Asymmetric C-1 substituted 
tetrahydroisoquinolines are very interesting 
compounds due to their biological and 
pharmacological properties. The aim of this work is 
an efficient one-pot-synthesis of triazole-substituted 
tetrahydroisoquinolines via enantioselective C-H 
bond activation of the sp³ C-H bond of the  
prochiral benzylic CH2 of N-phenyl-
tetrahydroisoquinoline and the terminal alkyne of 
propinoic acid, followed by decarboxylation and a 
click-reaction with various azides.

INTRODUCTION 

The formation of C-C bonds via transition-metal 
catalyzed C-H bond activation is a challenging 
reaction in organic synthesis and of great interest[1]. 
Therefore, enantioselective C-H bond activation 
will have a great impact on both conceptional and 
practical asymmetric synthesis. Since only a few C-
H activation reactions leading to chiral structures 
have been reported so far[2-6] and often their 
mechanism is still not clear, there lies a challenge in 
achieving enantioselective C-C bond formations 
based on activation of sp³ C-H bonds of prochiral 
CH2 groups in N-heterocyclic structures, such as 
tetrahydroisoquinoline. Tetrahydroisoquinoline 
alkaloids with a stereocenter at the C-1 carbon exist 
widely in nature and are compounds of high 
interest, due to their biological and pharmacological 
properties[7],[8]. 

Figure 1: General structure of saframycins, biologically 
active compounds with a tetrahydroisoquinoline core, used 
as antitumor antibiotics  

 Main synthetic methodologies of constructing this 
stereogenic center are diastereoselective and 
enantioselective nucleophilic addition, Friedel-
Crafts reaction and asymmetric hydrogenation of 
acyclic or cyclic imines or iminium intermediates, 
including Pictet-Spengler, Bischler-Napiralski or 
Pommeranz-Frisch reactions[9]. There has already 
been developed an efficient copper catalyzed cross-
dehydrogenative coupling (CDC) method with 
copper triflate/Pybox as catalyst system and t-
BuOOH as oxidant, leading to alkynyl 
tetrahydroisoquinolines, which are potential D3 
dopamine receptor ligands in neurological and 
neuropsychiatric therapeutics (Scheme 1)[6],[10].  

N
+

Ph

cat [Cu] (10 mol%)
L (15 mol%)

t-BuOOH, THF
Ar, 50 °C, 2d

*
N

Ph

yield: 67%, ee: 63%

Scheme 1: Cu(I)-catalyzed Coupling of N-Phenyltetra-
hydroisoquinoline with phenylacetylene

Based on these studies, efforts were made in 
creating chiral tetrahydroisoquinoline derivatives 
with terminal alkynyl groups, which were further 
converted to other functionalities, such as triazoles, 
via copper-catalyzed click reaction. 
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RESULTS AND DISCUSSION 

The synthesis of C-1-substituted tetrahydro-
isoquinolines with a terminal alkyne group was 
carried out as a 2-step one-pot reaction. Since 
acetylene is not very easy to handle, the carboxyl-
protected derivative propinoic acid was chosen as a 
substrate. The carboxy-group could be easily 
cleaved off in situ, since decarboxylation of alkynes 
under copper catalysis was recently reported in the 
literature[11]. Variation of catalysts and solvents led 
to I or II in yields ranging from 30 to 80 % 
(Scheme 2).

N
+

COOH

N

R N3

N

N N

N

R

N

N

I

II

III

Scheme 2: Alkynylation/ Decarboxylation and click reaction 
on N-Phenyl-tetrahydroisoquinoline

In further experiments I will be converted with 
various azides to III via a copper catalyzed click 
reaction[12]. Compounds III are supposed to show 
metal coordination properties and will also undergo 
examination for biological activity. The aim of this 
work is to develop a 3-step one-pot 
alkynylation/decarboxylation/click reaction that 
provides easy access to N-phenyl-1-triazolyl-
tetrahydroisoquinoline ligands. Additionally, this 
reaction sequence shall be carried out in a 
continuous flow reactor instead of a classical batch 
reactor.  

Within this contribution, optimization of reaction 
conditions for the individual steps as well as the 
one pot procedure will be presented. Additionally, 

the exploration of the substrate scope especially 
regarding the azide coupling partner will be 
discussed. 
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Abstract — Dimethyldioxirane (DMDO) was pre-
pared in >100 mmol scale using a 30 L reaction 
vessel and further used for the divergent synthesis 
of new β-selective glycosylation reagents (glycosyl 
donors).  

I. INTRODUCTION 
Dimethyldioxirane (DMDO) is a frequently used 
reagent in organic synthesis. The most common use 
is the epoxidation of alkenes, oxidation of amines to 
nitro compounds, sulfides to sulfoxides or sulfones 
and even oxidation of inactivated hydrocarbons is 
possible using DMDO (fig. 1) [1].  
 

 
 

Figure 1: Applications of DMDO 
 

Due to mild oxidation conditions and good selec-
tivity for olefins, DMDO is considered the reagent of 
choice for epoxidation, and in nearly all circum-
stances is as good as or better than peroxyacids such 
as meta-chloroperoxybenzoic acid (m-CPBA). 

DMDO is usually prepared from acetone with po-
tassium peroxymonosulfate (scheme 1) yielding only 
a dilute solution (approximately 0.05-0.1 M) [1]. 
This is still a problem if a higher amount of oxidizing 
agent is needed. The inefficiency of this method is 
not the resulting price of the reagent (due to cheap 
starting materials), but the dimension of the reaction 
vessel.  
 

 
 

Scheme 1: Preparation of DMDO 

II. APPLICATION IN GLYCOCHEMISTRY 
DMDO plays an important role in glyco- or carbohy-
drate chemistry, since it is used for the diastereose-
lective epoxidation of glycals [2] (scheme 2). This 
reaction is not only used for direct glycosylation, but 
also for selective reactions on the free C2-hydroxyl 
group after nucleophilic opening. 
 
 

 
 

Scheme 2: DMDO epoxidation of glycals  
(Pg = protective group, NuH = nucleophile) 

 
Since the protective group on C2 is able to control 
the diastereoselectivity of the glycosylation by 
neighbouring group participation, we used the 
DMDO-approach for the development of new glyco-
sylation reagents for the synthesis of glucosides 
(phase-II-metabolites) of biologically interesting 
molecules (e.g. mycotoxins).  

III. RESULTS AND DISCUSSION 

A. LARGE SCALE SYNTHESIS OF DMDO 
 

For the preparation of DMDO a described procedure 
[3] was modified and up-scaled by a factor of more 
than 10.  

A 30 L reaction vessel (Iludest®) containing a 
mixture of 4 L acetone, 5.5 L water and 3 kg sodium 
bicarbonate, was equipped with two cooling traps 
and a vacuum pump at the exit.  Both condensers, 
which are part of the Iludest®-system, and the receiv-
ing flask were all cooled to -40°C using a cryostatic 
temperature regulator from Lauda® (fig. 2). 
Nitrogen was passed through the reaction vessel, 

while solid potassium peroxymonosulfate was added 
in 10 portions (0.7 kg each) at intervals of 15 min-
utes, stirring the mixture vigorously at room tempera-
ture and applying simultaneously a slight vacuum 
(approx. 400 mbar). The effluent was collected as a 
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yellow solution consisting of dimethyldioxirane in 
acetone, mainly in the receiving flask (2.3 L), and an 
appreciable amount of 0.2 L in the cooling traps.  

 

 
 

1: condensers cooled to -40 °C 
2: receiving flask cooled to -40 °C 

 

Figure 2: Iludest® Reaction vessel 
 
 

The concentration of the prepared DMDO-
solution was determined using a thioanisole oxida-
tion assay (scheme 3), followed by NMR measure-
ment and simple integration of the sulfoxide and 
sulfide phenyl protons respectively. From resulting 
ratio a concentration of 0.045 M DMDO in acetone 
was calculated.  
 

 
 

Scheme 3: Thioanisole oxidation assay for  
DMDO-content determination 

B. APPLICATION IN CARBOHYDRATE CHEMISTRY 
 

New glycosylation reagents were synthesized using 
the prepared DMDO solution starting from 3,4,6-tri-
O-benzyl-D-glucal and 3,4,6-tri-O-(tert-butyldi-
methylsilyl)-D-glucal. By epoxidation and nucleo-
philic opening by reaction with thioethanol, p-
thiocresole and tetrabutylammonium fluoride differ-
ent leaving groups (X) were introduced at the ano-
meric centre and finally a participating protective 

group was installed at the free C2-hydroxyl group  
(scheme 4).  

These diastereoselective glucosyl donors are able 
to be deprotected in only one step using mild and 
orthogonal reaction conditions.  
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Scheme 4: Synthesis of new glycosylation reagents 

using DMDO epoxidation as key step 

IV. CONCLUSION AND OUTLOOK 
Dimethyldioxirane was prepared in large scale 
(>100 mmol per run) in a 30 L reaction vessel. The 
concentration was determined and the stability tested 
over a period of 6 months. 

The achieved amount of this reagent was applied 
in the divergent synthesis of new glucosyl donors. 
Testing of this glycosylation reagents and reaction 
optimization is currently under investigation. 
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Abstract — The reaction kinetics of catalytic CO 

oxidation on a polycrystalline Pt foil consisting of [100]-, 

[110]- and [100]-oriented domains has been studied by a 

combination of photoemission electron microscopy 

(PEEM) and mass spectroscopy (MS) under high vacuum 

reaction conditions (~10-5  mbar). Using PEEM, the local 

kinetic phase transitions in the reaction have been ob-

served in situ, whereas the global kinetics was obtained 

by MS, so that the role of the individual domains in the 

reaction and their contribution to the global kinetics 

could be analyzed.

I. INTRODUCTION

The catalytic oxidation of CO to CO2 is the most 
extensively studied surface reaction. On platinum 
metals the reaction follows a Langmuir-Hinshelwood 
kinetics and shows bistable behaviour in a certain 
parameter range. This means that two steady states 
may exist during the reaction, depending on the 
CO/O2 pressure ratio and temperature: a low-
reactivity state when the surface is CO covered and a 
high-reactivity state when the surface is oxygen cov-
ered. Cyclic variation of parameters, e.g. of the CO 
pressure at constant O2 pressure and temperature 

results in a hysteresis of the CO2 production rate RCO2 

with distinct points a and b  (see inset in Fig. 1) 
marking kinetic transitions from the active to inactive 
state and vice versa. From a and b values obtained 
at different temperatures, so-called kinetic phase 
diagrams can be obtained which are useful to de-
scribe the behaviour of the reaction system in pa-
rameter space. Such phase diagrams are already well 
documented in literature for various metals single 
crystal surfaces [1, 2]. In the present work we study a 
more complex system, namely a polycrystalline Pt 
foil, by means of photoemission electron microscopy 
(PEEM) and mass-spectroscopy (MS), in order to 
reveal the role of the individual crystallites, of the 
domain boundaries and of defects on the reaction 
kinetics.  

II. EXPERIMENTAL

The experiments were performed in an ultrahigh 
vacuum chamber (base pressure: 10-9 mbar) equipped 
with a PEEM, a quadrupole mass spectrometer, and 
sample preparation facilities. The Pt foil was cleaned
by repeated cycles of sputtering with Ar+ ions at
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Fig. 1. (a) PEEM image of polycrystalline Pt foil. Differences in the work function of dif-
ferent surface regions are reflected in the local brightness of the image and allow identifica-
tion of the crystallographic orientation of particular domains. (b) Kinetic phase diagram for 
CO oxidation on Pt foil as obtained by in situ mass spectroscopy. The inset shows the 
hysteresis of CO2 production rate at cyclic variation of CO pressure at constant O2 pressure 
and temperature. The a and b values used for the phase diagram are indicated. 
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1 keV and consecutive annealing to 973-1073 K for 
30 min. High purity reactive gases (O2: 99.999%, 
CO: 99.997%) were used.  
In a PEEM the magnified image of the sample sur-
face is created by photoelectrons emitted from the 
imaged regions due to UV or X-ray excitation (a 
deuterium lamp with photon energy of ~7 eV was 

used in this study). The parallel imaging principle of 
PEEM allows a real-time visualisation of the CO 
oxidation reaction on a mesoscopic scale [3]. Since 
the yield of photoelectrons is related to the local 
work function values, regions with different work 
function can be distinguished and different domains 
on the Pt foil can be identified by comparing the 
work function values for the (100), (110) and (111) 
single crystal Pt planes (Fig.1a). 

III. RESULTS AND DISCUSSION

Varying the CO partial pressure at constant oxygen 
pressure and at constant sample temperature, the 
hysteresis curves in RCO2 for the Pt foil were obtained 
using MS (Fig. 1). Plotting the transition points a

and b vs. the sample temperature leads to the global 
kinetic phase diagram (valid for the whole sample 
surface; Fig. 1b). 

A comparison of the kinetic phase diagram of the Pt 
foil with that of a Pt(111) single crystal reveals a shift 
of the phase diagram of polycrystalline Pt to lower 
temperatures and higher CO pressures. We attribute 
this effect to the presence of domain boundaries on a 

polycrystalline material and their prominent role in 
triggering the phase transition. An additional deliber-
ate roughening of the surface by sputtering leads to 
an additional shift of the bistability region to higher 
CO partial pressure since adsorption sites of higher 
activity (with lower coordination numbers) are cre-
ated by sputtering. 

The kinetic phase diagrams such as that presented in
Fig. 1 originate from a superposition of the reactive 
properties of different domains, which may differ 
significantly from each other. It is now challenging to 
obtain the local kinetic phase diagrams for particular 
domains of the polycrystalline environment. In the 
present study we utilize in situ PEEM to determine 
the local reaction kinetics and local kinetic transi-
tions.. Due to the different work functions of the CO 
and oxygen covered Pt surface the transition points a

and b can be identified for individual domains, due 
to the sharp decrease/increase in image intensity in a 
plot of the local PEEM intensity vs. CO pressure. In 
this way, domain-specific kinetic phase diagrams can 
be obtained.  

(111) (100) (110)

Fig. 2. PEEM video-frames of CO oxidation 
reaction on a polycrystalline Pt foil consisting 
on of [100]-, [110]- and [100]-oriented do-
mains  illustrating the kinetic transition from 
the active (oxygen covered) to inactive (CO 
covered) steady state. Particularly local 
changes on (100)-oriented domain are visible. 
T = 453K, pO2 = 1.3x10-5 mbar,  pCO is varied 
in the 10-5 mbar range. 

ACKNOWLEDGEMENT

Technical support by. J. Frank (IMC, TU Vienna) is 
cordially acknowledged. 

REFERENCES

[1]  M. Berdau, G.G. Yelenin, A. Karpowicz,  
M. Ehsasi, K. Christmann, J.H. Block,  

       J. Chem. Phys. 110 (1999) 11551. 
[2]  Y. Suchorski, R. Wrobel, S. Becker, H. Weiss,  

J. Phys. Chem. C, 112 (2008) 50. 
[3] G. Ertl, Angewandte Chemie, 120 (2008) 3579, 

and references therein. 

200



Magnetic Avalanches in Molecular Nanomagnets 

Lukas Zhao and Myriam P. Sarachik (Faculty Mentor) 
Department of Physics 

The City College of New York 
New York, NY, USA 

Email: lukaszhao@gmail.com 

Abstract — The magnetization of the prototypical 

molecular magnet Mn12-acetate exhibits a series of 
sharp steps at low temperatures due to quantum 

tunneling at specific resonant values of magnetic 

field applied along the easy c-axis. An abrupt 
change of the direction of the magnetic moment of 

such a crystal can also occur as an avalanche, 
where the spin reversal proceeds along a “defla-

gration” front that travels through the sample at 

subsonic speed. We show experimental results that 
have been obtained for the ignition temperature and 

the speed of propagation of magnetic avalanches in 

molecular nanomagnets. Fits of the data to the 
theory of magnetic deflagration yield overall quali-

tative agreement. 

I. BACKGROUND

Mn12O12(CH3COO)16(H2O)4 (referred to hereafter as 
Mn12-ac) was first synthesized by Lis in 1980 [1]. 
The magnetic core of Mn12-ac has four Mn4+ (S=3/2) 
ions in a central tetrahedron surrounded by eight 
Mn3+ (S=2) ions. The ions are coupled by superex-
change through oxygen bridges with the net result 
that the four inner and eight outer ions point opposite 
directions, yielding a total spin S=10 [2]. While there 
are very weak exchange interactions between mole-
cules, the exchange between ions within the magnetic 
core is very strong, resulting in a rigid spin 10 unit 
that has no internal spin degrees of freedom at low 
temperatures. To lowest order, the spin Hamiltonian 
is given by: 

.         (1) 

The first term denotes the anisotropy barrier, the 
second is the Zeeman energy that splits the spin-up 
and spin-down states in a magnetic field, and the last 
term, H’, contains all symmetry-breaking operators 
that do not commute with Sz.

As illustrated by Figure 1, the spin’s energy can be 
modelled as a double-well potential, where one well 
corresponds to the spin pointing “up” and the other to 
the spin pointing “down”. A strong uniaxial anisotro-
py barrier of the 66K yields doubly degenerate 
ground states in zero field. 

Figure 1: Left: Double-well potential in the absence 
of magnetic field showing spin-up and spin-down 
levels separated by the anisotropy barrier. Right: 

Double-well potential for the N=2 step in a magnetic 
field applied along the easy axis. 

Figure 2: Local magnetization measurement and 
sensor position versus the time of arrival of the peak. 

II. SPIN REVERSAL BY AVALANCHES

As first reported by Paulsen and Park [3], Mn12-ac
crystals sometimes exhibit a sudden complete rever-
sal of magnetic moment during a field-swept meas-
urement. This phenomenon, also observed in other 
molecular magnets, was attributed to a thermal runa-
way (avalanche) in which the relaxation of magneti-
zation toward the direction of the field results in the 
release of heat that further accelerates the magnetic 
relaxation. Direct measurements of the heat emitted 
have confirmed the thermal nature of the avalanches 
[4-6]. 

A. MAGNETIC DEFLAGRATION

Time-resolved measurements of the local magnetiza-
tion using an array of Hall sensors placed on the 
surface of Mn12-ac crystals show that a magnetic 
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avalanche propagates through the crystal at subsonic 
speed in the form of a thin interface between regions 
of opposite magnetization [7]. Figure 2 shows traces 
recorded during an avalanche by sensors placed in 
sequential positions near the center of a Mn12-ac
sample, and a plot of the sensor position versus the 
time of arrival of the peak. 

From a thermodynamic point of view, a crystal of 
Mn12-ac in a magnetic field opposite to the magnetic 
moment is equivalent to a metastable (flammable) 
chemical substance. For “magnetic deflagration”, the 
role of the chemical energy stored in a molecule is 
played by the difference in the Zeeman energy. 

B. AVALANCHE SPEED

Using micron-sized Hall sensors, local time-resolved 
magnetization measurements show that the speed of 
the avalanches is enhanced at the resonant fields 
where tunnelling occurs.  Figure 3 shows avalanche 
speed in various external fields. 

Figure 3: Avalanche speed vs. longitudinal field 

The speed of propagation of an avalanche is de-
scribed approximately by the expression: 

,             (2) 

where U is the barrier against spin reversal, Tf is the 
flame temperature at or near the propagating front 
where energy is released by the reversing spins,  is 
the thermal diffusivity, and 0 is an attempt time. In 
these studies, avalanches were controllably triggered. 
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Abstract   
The PhD research carried out is concerning the cul-

ture of design material, which nowadays is increa-

singly characterized by a particular attention to 
environmental aspects and to a sensitive approach 

for several human needs (functional, relational and 

perceptive ones). 

The research has been started from the need to pro-

vide students and designers with a material library, 
called MATto (MATerial at Politecnico di Torino), 

about innovative materials those will be described 

using perceptive adjectives and eco-efficiency indica-

tors at same time: therefore analyzed materials are 

deeply involved in the development of project con-

cepts. 

The paper will deal with the explaining of the metho-

dology to approach the evaluation of materials and 

the innovative metaproject of MATto library. 

I. INTRODUCTION 

The pre-set objective is to formulate a method of 

sensory analysis and material eco-compatibility, 

analysed according to technical, expressive parame-

ters and according to eco-efficiency indicators, 

which are adopted for describing the materials that 

constitute the fundamental core of the material li-

brary of the Course of Industrial Design Studies at 

Politecnico di Torino. The equipment used consists 

of various instruments dedicated to the sensations 

perceived by man, such as the Sensotact®, the first 

tactile reference created by Renault, and software 

and databases featuring different methods of analys-

ing the eco-efficiency of materials; however, the 

fundamental instrument on which the sensory analy-

sis is based upon is man, with his varied ability to 

grasp the principle perceptive characteristics of ma-

terials. The materials, analysed both from a technical 

point of view and from an expressive-sensory and 

environmental sustainability point of view, are 

strongly relevant to the development of the project 

concepts, used in various sectors and also become an  

instrument for devising, developing, analysing and 

any subsequent verification, also using instruments 

such as an Eye-Tracking Machine, of the meta-

design and design concepts. 

II. MATERIALS MULTISENSORIALITY  

The general objective of the research is to formulate 

a method of, shareable and transferable, sensory 

analysis, which takes in account any research already 

carried out and the simplifications, to make the re-

sults easy to understand.  

Because today an eco-compatible design is funda-

mental for the correct production of goods, the re-

search involves particular attention on analysing the 

aspects, which define the environmental impact of 

the materials, in order to develop a quantitative and 

qualitative description, which will then become the 

effective guide for the designers. 

A specific objective is the creation of a simplified 

reference tool and guide for designers when manag-

ing expressive-sensory aspects of materials. The 

which define the sensory characteristics of materials 

and which will be applied in material libraries to 

complete the methods of description and classifica-

tion of all materials collected. 

The starting point of the research carried out on 

material libraries, Italian and foreign, real and virtual 

archives, place of research and documentation, 

which collect, classify and place the materials in 

order.  

In particular, analyses were carried out on the differ-

ent methods used to define the sensory features of 

the materials and subsequent methods used to clas-

sify and describe them used by every structure. The 

criteria classification are the most varied, based on 

information such as the physical-technical-

mechanical characteristics, production costs, infor-

mation about the manufacturing company and fea-

tures relating to softness, hardness, transparency,... 

These parameters have been evaluated and compared 

203



to estimate the first group of adjectives and other 

description forms of the sensory characteristics. 

Attention was subsequently directed at studying the 

methods and instruments (technical and hu-

man/empirical) of sensory analysis used by research 

centres, laboratories and universities to describe the 

materials from a tactile, visual, olfactory and audi-

tory point of view. Consequently, every sense was 

individually analysed and corresponding sensory 

adjectives were defined. The materials on which 

these experiences were carried out are several of 

those contained in the material library MATto, 

which, today, stores approximately 500 samples of 

innovative material particularly used in the field of 

design and architecture. The descriptive adjectives 

are defined for each sense and used to compose a 

sensory vocabulary, which completes the classifica-

tion method of the material libraries. Inside the vo-

cabulary the adjectives are specified according to a 

scale of values (from 0 to 100), which has been iden-

tified based on the results of different analysis ses-

sions, 

20/30 people, untrained and trained, to test the mate-

rials and describe them using specific instruments); 

the scale of values immediately quantifies the char-

acteristic described by the adjective. 

III. MATERIALS ECO-COMPATIBILITY  

Furthermore, the research investigates the environ-

mental sustainability aspect of the materials, taking 

into account biocompatibility and eco-compatibility 

and providing basic information regarding energy 

consumption, toxicity and possible close to death 

scenarios, quantitative information, which will be 

put alongside qualitative indications, characterised 

by a heavy project cuts since there are no materials 

more or less sustainable, but sustainable methods of 

use. 

Any data referring to material eco-compatibility is 

grouped according to macro-areas of belonging, such 

as ethics, use of materials with a reduced impact on 

the environment, extending material shelf-life; pa-

identified inside these macro-areas and their evalua-

tion methods (overall material energy, distance from 

the manufacturing company of the material from its 

-

lines have been drawn up, proving extremely useful 

when evaluating materials suited to a sustainable 

product. 

IV. ONCOMING DEVELOPMENT 

In this way, MATto is given an unequivocal method 

of classification and research based, also, on the 

sensory aspects and eco-compatibility parameters of 

materials. 

The study also takes into account the use of non-

verbal methodologies and instruments such as the 

Eye-tracking machine, which have become a means 

of carrying out a final inspection in an irrational way 

of choices made according to different criteria (tech-

niques, costs, characteristics, sensory and environ-

mental characteristics). Eye-tracking is a technique, 

which allows the analysis of eye movements made 

by the user during exploration, for example, of a web 

site or whilst observing an object; it has been de-

signed to study the behaviour of the human eye as it 

reads an image or a product. Eye-tracking analyses 

can be carried out on real models, virtual models 

(images) or on a project concept (outlines): analyses 

carried out on real or virtual models generates feed-

back, which directly affects the choice of materials, 

whereas analyses carried out on a concept gives the 

designer a projection of appreciation of the future 

product. 
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Abstract — This study shows some results of the 
peroxide-intiated melt grafting of glycidylmethacry-

late (GMA) onto high density polyethylene (HDPE) 

and polypropylene (PP) using a mini extruder. The 

influence of processing parameters such as tem-

perature, screw speed and reaction time was inves-

tigated, and the effect of monomer concentration on 
the degree of grafting is also pointed out in this 

study. The best processing parameters for grafting 

GMA onto HDPE were found to be 210°C, 90 rpm 

and 5 min, resulting in grafting degrees of 3.5 wt%. 

First results of grafting GMA onto PP show that the 
optimal processing temperature is 230°C and that 

compared to HDPE lower degrees of grafting are 

achieved.

I. INTRODUCTION

The free radical initiated functionalization of poly-
olefins in processing equipment like extruders has 
received considerable attention in recent years and 
has become a method largely used from an industrial 
point of view. One reason for the high level of com-
mercial interest is that extruders uniquely can handle 
pure high viscosity polymers. They can melt, pump, 
mix, compound, and devolatilize them, and these are 
also the needed characteristics for a chemical reactor. 
Comparing a reaction in an extruder to one done in 
solvent, the advantages are: elimate the energy of 
recovery of the diluents, no solvent emission, and 
most of the plant equipment and the space it occupies 
can be saved.1 The applications of polyolefins func-
tionalized in the molten state are usually based on the 
enhancement of adhesion between apolar polyolefins 
and polar substrates.2-4  

In this study, the epoxy-functionalization of high 
density polyethylene (HDPE) and polypropylene 
(PP) by “reactive polymer processing” was investi-
gated.

II. EXPERIMENTAL

Grafted samples were prepared by using a co-rotating 
mini extrusion equipment (Figure 1). As initiator di-
tert-butyl-peroxide (DTBP) was used.

The free radical grafting mechanism of GMA onto 
polyolefins (PO) is shown in Figure 2.

REACTIVE EXTRUSION

Polyolefins, initiator (2 wt%) and monomer were
pre-impregnated in a mixture of petrolether and ethyl
acetate. After removal of the solvents the mixtures
were put into the co-rotating extruder for melt graft-
ing. Several processing parameters were varied to 
point out the optimal reaction conditions, and the 
amount of GMA was varied to investigate the effect 
of monomer concentration.

Reaction temperature: 180, 185, 190, 200, 210, 
220, 230, 240, 250, 260, 270, 280°C.

Screw speed: 50, 60, 70, 80, 90, 100 rpm.

Figure 2. Mechanism of free radical 
grafting of GMA onto polyolefins

Figure 1. Haake Minilab-Extruder
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Reaction time: 1, 2, 3, 4, 5, 6, 7 minutes

Monomer concentration: 1, 2, 3, 4, 5, 6, 7, 8 
wt% GMA.

CHARACTERIZATION

The degree of grafting was determined by FT-IR 
spectroscopy by monitoring the carbonyl band and 
typical polyolefin bands as internal reference. Repre-
sentative spectra are shown in Figure 3. Calibration 
curves were established using mixtures of the neat 
polyolefin and polyglycidylmethacrylate (PGMA).
Prior to analysis the samples were dissolved in xy-
lene and precipitated in acetone to remove ho-
mopolymer and residual monomer.

III. RESULTS

A. EFFECT OF PROCESSING PARAMETERS

The influence of the processing parameters on
grafting of GMA onto HD-PE is shown in Figure 
4, 5 and 6 (5% GMA, 2% DTBP).

Optimization of the processing parameters using
PP as substrate is currently under investigation. 
First results show that the optimal processing tem-
perature for PP is somewhat higher (230°C).

B. EFFECT OF MONOMER CONCENTRATION

Grafting of GMA using the optimized processing 
parameters resulted in an increase of DG up to 
3.5% at 6% GMA (Figure 7). A further increase 
did not result in higher DGs due to the poor com-
patibility of GMA with the polymer melt. 

First results of grafting GMA to PP indicate that 
compared to HDPE lower degrees of grafting are 
achieved.

REFERENCES

[1] M. Xanthos. Reactive Extrusion: Principles and 
Practice. Hanser, 1992.

[2] S. Al-Malaika. Reactive Modifiers for Polymers.
Blackie:London, 1997.

[3] G. Moad. The Synthesis of Polyolefin Graft Co-
polymers by Reactive Extrusion. Prog. Polym. 
Sci. 24, 81-142, 1999.

[4] K. Jarukumjorn. Melt Free Radical Grafting of 
GMA Monomer onto LDPE: Effects of Initiator 
and Monomer Concentration. Journal of Ubon 
Ratchathani University, 13-18, 2003.

Figure 3. FT-IR spectra of HDPE (a), PE-g-
GMA (b) and PGMA (c)

Figure 4. Effect of temperature (HDPE)

Figure 7. Effect of GMA concentration
(HDPE)

Figure 5. Effect of screw speed (HDPE)

Figure 6. Effect of reaction time (HDPE)
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Abstract — Two species of polyatomic carbon-
hydrogen molecules, Ethylene, C2H4, and 1,3-

Butadiene, C4H6, are experimentally investigated by 
coincidence momentum imaging with the COL-

TRIMS technique using 25 fs laser pulses from a 

Titanium-Sapphire laser system. We demonstrate 
that the external laser field’s properties driving the 

internal molecular dynamics have negligible influ-

ence on the decision to follow a given fragmenta-
tion pathway in three-body fragmentation of polya-

tomic molecules. 

I. INTRODUCTION

Short, strong laser pulses induced polyatomic mo-
lecular fragmentation may happen along many dif-
ferent pathways. In a three-body fragmentation two 
involved fragmentation steps can happen in a sequen-
tial or concerted manner [1]. The objective of this 
study is to elucidate to which extent the internal 
molecular degrees of freedom and the external laser 
field dictate the decision to follow a given fragmenta-
tion pathway. We investigate the influence of laser 
pulse intensity and polarization state on the pathway 
decision. Two species of polyatomic carbon-
hydrogen molecules, Ethylene, C2H4, and 1,3-
Butadiene, C4H6, are investigated by coincidence 
momentum imaging with the cold target recoil ion 
momentum spectroscopy (COLTRIMS) [2] tech-
nique using 25 fs laser pulses from a Titanium-
Sapphire laser system. 

II. EXPERIMENTAL RESULTS

In our analysis we focus on channels where at least 
one proton is ejected. Protons are special because (i) 
they can easily and quickly migrate within the mole-
cule prior to Coulomb explosion [3], (ii) they can be 
ejected with remarkably high energy [4], and (iii) 
their bonds may break at a faster time scale because 
of the large C-H bond vibration time constant. We 
identified the following fragmentation channels of  

C4H6 and C2H4:
3+ + + +C H H + C H + C H4 6 2 2 2 3

       (1) 

3+ + + +C H H + CH + C H4 6 3 3 2
       (2) 

3+ + + +C H H + CH + C H4 6 2 3 3
       (3) 

3+ + + +C H H + CH + CH2 4 2
         (4) 

3+ + + +C H H + H + C H2 4 2 2
         (5) 

We first concentrate on the fragmentation path-
ways of 1, 3-Butadiene. In a sequential three-body 
fragmentation process the momenta imparted to the 
fragments during the first and the second fragmenta-
tion step, ~pI and ~pII, respectively, can be derived 
in the molecular frame of reference from the final 
momenta of the three measured moieties [1]. Figure 
1(a) shows pII vs pI for the three reaction channels 
(1)-(3) measured for a laser peak intensity of 
1.5x1014 W/cm2. The appearance of two distinct 
elongated vertical and horizontal regions for each of 
the channels unambiguously proofs that all the frag-
mentations happen sequentially. For each of the three 
channels two sequential pathways (proton ejected 
during the first or the second step) are possible. Be-
cause the first fragmentation step takes place from a 
triply charged parent molecular ion and the second 
one only from a doubly charged ion, a higher energy 
is imparted to the proton during the first fragmenta-
tion step. Consequently a high and a low energy peak 
can be seen in Figure 1(b), where the proton energy 
for the three reaction channels is plotted. The relative 
and absolute heights of the two peaks reflect the 
probability to occur of the corresponding pathway. 
The molecule fragments most probably via channel 
(1) (red line), and the proton first pathway is used 
approximately twice as likely as the proton second 
pathway. Fragmentation along channel (2) (blue line) 
happens second most likely, but almost exclusively 
via the proton first pathway, as is reflected by the 
negligible low energy peak. The least probable chan-
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nel is (3) (green line), and for this channel both 
pathways are equally likely. 

                (a)                                     (b) 

               (c)                                      (d) 

Figure 1: Experimentally obtained three-body 
momentum coincidence spectra, kinetic energy 
release and proton energy spectra for 1,3-
Butadiene and Ethylene, respectively. 

In order to investigate the influence of electron 
wave packet recollisions, field driven internal elec-
tron polarization and associated charge density local-
izations on the pathway decisions, we repeated the 
experiment on 1, 3-Butadiene with circular polariza-
tion, for which all of the mentioned effects are absent. 
The laser peak intensity was the same. To study the 
effects of laser peak intensity we repeated the ex-
periment with linear polarization and a higher inten-
sity of 5x1014W/cm2. The results of them agree 
within experimental errors with the one obtained for 
linear polarization and 1.5x1014W/cm2. The three 
curves in Figure 1(b) lie on top of each other for 
every channel. While the non-existant intensity de-
pendence of the pathway decisions could be ex-
plained by intensity clamping effects due to a finite 
focal volume, it is remarkable that the molecules 

exposed to circular light fragment along the same 
pathways with the same probability as for linear 
polarization, although the above mentioned dynami-
cal interactions with the laser field are not present. 

We conducted the same experiments for a smaller 
molecule of the same chemical class–Ethylene, C2H4.
We identified one channel, (4), where a single proton 
is ejected, and another very pronounced three-body 
fragmentation channel, (5), where two protons are 
ejected, see blue line in Figure 1(d). As can be seen 
in the bottom panel of Figure 1(c), there are not only 
one horizontal and one vertical region for this chan-
nel, but also events in between them. This means the 
protons can either be ejected concertedly or sequen-
tially. This channel allows us to study the transition 
from a concerted fragmentation to a sequential one. 
Coming back to the question whether the pathway 
decisions are sensitive to the laser pulse properties, 
we carried out the same three experiments as for 
Ethylene. The pathways of both channels, (4) and (5), 
were unaffected by the polarization state and the 
intensity of the laser pulse. 

III. CONCLUSION

Using coincidence momentum spectroscopy we 
show that the external laser field’s properties driving 
the internal molecular dynamics have negligible 
influence on the decision to follow a given fragmen-
tation pathway in three-body fragmentation of polya-
tomic molecules. 
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Abstract — Pyridine is a very important and inter-

esting heterocycle due to its presence in different 

natural products and other bioactive compounds. 

So the modification of the pyridine nucleus is a 

versatile and highly competitive research area. The 

aim of this work is the synthesis of 2-

(aryl/alkyl)amino-3-aryl substituted pyridines. The 

first step is a selective Pd-catalyzed Buchwald–

Hartwig coupling reaction on 2,3-dichloropyridine 

to form 2-aminosubstituted pyridines. The second 

step is a Suzuki-Miyaura coupling reaction at the 3-

position of the amino substituted pyridine to get to 

the desired products in good yields. 

INTRODUCTION

The pyridine ring system is regarded as one of the 
most interesting heteroaromatic ring systems due 
to its presence in numerous natural products and 
biologically active substances.1 The modification 
of the pyridine nucleus is therefore a versatile 
research area. As the transition metal catalyzed 
cross-coupling reactions are one of the most im-
portant tools for C-C and C-X bond formation in 
modern synthesis,2 we decided to use this tool to 
decorate the pyridine scaffold. Although transition 
metal catalyzed reactions are already well know on 
pyridine, the present study focuses on the synthetic 
strategy to obtain 2-amino (aryl/alkyl) 3-aryl sub-
stituted pyridines, an area where efficient methods 
are still rare. This new approach towards the func-
tionalization of pyridine is not only synthetically 
important, this approach can also be used in novel 
synthetic routes towards established bioactive 
compounds (e.g. Figure 1).  

Figure 1 

Compound I exhibits multiple activities. To name 
only a few, it can be used in the treatment of hepa-

titis C3a,b as well as in the treatment of hypercho-
lesterolemia.3c Within this study, we have investi-
gated two very well known transition metal cata-
lyzed reactions, the Suzuki-Miyaura4 and Buch-
wald-Hartwig5 cross coupling protocol. 

RESULTS AND DISCUSSION

The synthesis of 2-aryl/alkyl amino 3-aryl substi-
tuted pyridines consists of two steps. The first step 
in the reaction sequences is the Pd-catalyzed ami-
nation reaction which was established as one of 
the most versatile and powerful synthetic strate-
gies currently available and had been successfully 
applied in the synthesis of aryl- or alkyl-amino 
substituted pyridines. However, only few examples 
of Pd-catalyzed amination reactions on bishalo-
genated pyridines are known in the literature.6 2,6-
Dichloropyridine, 2,3-dichloropyridine, and 3,5-
dichloropyridine were successfully applied in 
selective C-N cross-coupling reactions with aro-
matic amines.6b In case of symmetric 2,6- and 3,5-
dichloropyridine, only a single C-N cross-coupling 
took place leading to a defined product. In case of 
2,3-dichloropyridine, the C-N bond formation took 
place selectively in the more activated 2-position. 
Although selective, these protocols have two ma-
jor drawbacks: First of all, 20 equivalents of base 
(K2CO3) are required in order to obtain complete 
conversion and, second, reaction times were rather 
long (18 hours typically). To shorten the reaction 
time and minimize the amount of base, the amina-
tion reaction was carried out under microwave 
irradiation to achieve yields comparable to the 
literature, however, in much shorter time (Table 1) 

Table 1 
Product Time(min) Yield (%) 
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1a 30 81 

1b 30 82 

1c 45 68 

1d 45 81 

1e 30 52 

2a 16h* 62 

* Reaction was carried out with conventional heating at 
150°C. 

The second step is a Suzuki-Miyaura coupling 
reaction of a N-substituted-3-chloropyrdine-2-
amine using arylboronic acids as coupling part-
ners. Although recent developments in Suzuki-
Miyaura coupling reactions have broadened the 
scope to include arylchlorides as substrates, the 
Suzuki-Miyaura coupling of 3-chloro pyridine has 
not been extensively studied. 

Table 2 
Product Time (h) Yield (%) 

3a 16 92 

3b 16 99 

3c 16 87 

3d 16 67 

3e 16 89 

3f 16 60 

We have used the literature known protocol for the 
Suzuki reaction with different ligands. As no con-

version was observed at room temperature, higher 
temperature (150°C) was applied. Two ligands, II

and III, gave best results with K3PO4 as base as 
described in literature7 and III turned out to be 
superior to II. However, the use of K2CO3 gave far 
better results. So the appropriate reaction condi-
tions were K2CO3 as base and III as ligand. 
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Abstract  The development of novel optimized 

organic materials for TPIP (Two-Photon-Induced 
Photopolymerization; photoinitiators (PIs) and 

monomers) is essential. The lack of commercially 

available Two-Photon-Absorption (TPA) initiators 

and the growing influence of TPIP, has made this 

topic a promising area of research. We have re-
cently shown that the novel cross-conjugated D- -

A- -

and containing triple bonds are highly efficient in 

TPIP processes [1]. The synthesis of targeted 

derivatives containing double and triple bonds in 

the conjugated backbone allowed establishing 
structure-property relationships [5]. 

I. INTRODUCTION 

Two-photon polymerization (TPP) is a new and 
modern technology in solid freeform fabrication [3]. 
With the development of NIR ultra-short pulsed 
laser systems in the past few years, Two-Photon-
Induced Photopolymerization has attracted much 
attention in the last decade due to its promising 
applicability in the field of micromechanical and 
micro-optical devices, 3D optical data storage, 
polymer-based optical waveguides on integrated 
circuit boards, and the like. These parts can be used 
e.g. in polymer-based photonic and microelectrome-
chanical devices (MEMS), which are beyond the 
capabilities of other (linear) structuring methods. 
NIR lasers and the nonlinear process allow deep 
penetration of light with negligible interaction with 
the resin and therefore photopolymerization occurs 
only in the focal point of the laser giving the ability 

fabrication resolution down to 250 nm and surface 
roughness well below 50 nm (Figure 1) [4].  
For the photoinitiation process organic molecules 

with large TPA cross-sections have been the subject 

of detailed research in the last few years because 

commercially available photoinitiators are not effi-

cient enough. Optimized photoinitiators (PIs) are 

essential for nicely shaped structures fabricated by 

means of TPA-based methods. The common struc-
tural feature of TPIP initiators consists of a cross-
conjugated D- -A- -D-based electron system in-

-system and 

a functional group capable of acting as an acceptor. 
We have synthesized a series of novel PIs (Figure 2) 

with an absorption maximum at around 400 nm. 

 

 

 

 

 

 
 
 
 
 
 
 

Figure 1: SEM image of a structure fabricated by 
means of TPA 

II.   RESULTS AND DISCUSSION 

A. ESTABLISHMENT OF STRUCTURE-ACTIVITY 

RELATIONSHIPS  

For the characterization of the initiators, UV-Vis 
absorption and emission measurements were carried 
out., TPP structuring tests were additionally carried 
out. 
The presented PIs were compared with commercially 

available PIs and with a high potential PI well known 

from literature [2] and tested by the determination of 
their two-photon absorption cross-section values at 
800 nm using open aperture Z-scan analysis as well 
as performing TPP structuring tests under the same 
conditions [5]. In the TPIP structuring tests, the 
ideal building parameters for each initiator were 
determined by changing the laser intensity, feed 
rate, and shape size using the same molar photoini-
tiator concentrations, since the determination of the 
TPA cross-section gives only information on the 
absorption behavior similar to the extinction coeffi-
cient -photon absorp
Law. Structure-property relationships were studied 

and we attempted to undertake steps towards the 
optimization of novel photoinitiator structures syn-
thesized by our research group. We desired to ac-
complish the modification of all three main struc-
tural features of novel highly active TPA photoini-
tiator compounds since special optimized PIs are 
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necessary in order to fulfill the requirements for 
high resolution structuring.  

B. OPTIMIZATION OF STRUCTURES  

Part of our objective consisted of the evaluation of 
the different mechanisms of photoinitiation by TPA 
initiators. 

Different donor and acceptor functionalities and 
derivatives containing double and varying numbers 
of triple bonds in the conjugated backbone allowed 
for further refinement and optimization of the re-
quired properties. Since solubility of the resulting 
novel initiators decreases with the increasing size of 
the delo -system, we additionally intro-
duced structural modifications ameliorating solubil-
ity, for example through the use of longer or 
branched alkyl chains on the donor moiety of the 
molecules. By using optimized parameters, struc-
tures with lines about 250 nm wide could be ob-
tained at photoinitiator concentrations as low as 
0.05 wt%.  
 

 

 

 
 

Figure 2: Structural modifications and different 

qualities of formed microstructures 

CONCLUSION 

In this work we presented the synthesis and structure- 
activity evaluation of novel cross-conjugated D- -A-
-  / 

or containing triple bonds. Our novel compounds 
have shown high efficiency in TPIP processes, de-
monstrating higher activities and broader structuring 
windows than previously known TPIP photoinitia-
tors.  
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Abstract — In this study a novel type of hydrogel 
biomaterial prepared from human albumin and 
oxidized dextran are described. Prepared hydrogels 
were compared with similar, already known 
biomaterial made of gelatin with the same cross-
linking agent. Obtained biomaterials, made of 
various ratios of dextran and human albumin or 
gelatin, showed different cross-linking density and
structure, now then different swelling ratios and 
degradation rate in PBS (phosphate buffered 
saline). Prepared biomaterials were applied as a 
sealing coating for Dacron vascular grafts by dip 
coating. Water permeation studies of such 
composite vascular grafts revealed that presented 
hydrogels are effective sealants for knitted Dacron 
grafts. Moreover, mentioned hydrogels are 
biodegradable, what could be beneficial for graft 
healing and tissue ingrowths.  

I. INTRODUCTION

Vascular grafts are widely applied in surgery to 
bypass or replacement a segment of diseased artery. 
Application of such artificial vessel is also less 
invasive then autografting, due to the lack of 
additional autograft vane sampling surgical 
procedure. Knitting grafts are more frequently used 
clinically because of their high porosity, what 
supports healing, but on the other hand causes 
bleeding [1]. Thus, before the surgery, graft is 
sealed with the patient blood cloth what encourages 
the growth of neointima [2]. Unfortunately, this 
procedure demands additional amount of patient’s 
blood and creates thrombogenic surface. Therefore, 
vascular prosthesis are pre-sealed with coatings 
from animal proteins (collagen, gelatin), crosslinked 
with formaldehyde or glutaraldehyde [3], [4], which 
are unfortunately known for their toxicity and 
cancerogenic properties. Thus, a new type of 
hydrogel which does not produce toxic effects or 
inflammatory response, and have antithrombegenic 
properties is needed. As an example, the novel 
hydrogel biomaterials for vascular graft’s sealing, 
preparing from human albumin (Alb) cross-linked 
with oxidized dextran (DexOx) is described in this 

study. Alb hydrogels were compared with already 
knwon biomaterial made of gelatin (Gel) with the 
same cross-linking agent. 

II. MATERIALS AND METHODS

DexOx was prepared by periodate oxidation of 
dextran (MW = 70kDa) followed by the dialysis 
purification [5]. The oxidation degree of DexOx 
was determined by hydroxylamine hydrochloride 
method [6]. Hydrogels were prepared by mixing 
DexOx and protein solutions (5% and 10%) in 
different ratios. Swelling and degradation studies 
were conducted in PBS. A porous structure was 
examined under scanning electron microscopy 
(SEM). The pieces of Dacron vascular graft were 
dip coated with various hydrogels. Obtained 
composite grafts were subjected to water 
permeability tests at elevated pressure (120 
mmHg).  

III. RESULTS AND DISSCUSION

A. MORPHOLOGY OF HYDROGELS

The DexOx/Gel and DexOx/Alb hydrogels were 
transparent and brownish in colour. Figure 1 depicted 
SEM image of dried hydrogels, revealing highly 
porous structure. There is an observable influence of 
the DexOx content to the networks construction and 
appearance. 

B. SWELLING STUDIES

Figure 2 showed the obtained results of swelling ratio 
study. For DexOx/Alb hydrogels, somewhere around 
60% of DexOx content, the ratio of aldehyde groups 
in DexOx to available amine groups in Alb is equal 
to 1. This results in the high crosslinking densities so 
in the lowest swelling ratio. Excess of either 
aldehyde groups or amine groups in the preparation 
leads to the lower crosslinking densities so to the 
higher swelling ratios. 
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Figure 1: SEM image of  8:2 DexOx/Alb hydrogel 

For DexOx/Gel hydrogels, the CU decreased with 
increase in the DexOx content from 20 to 80%. Thus, 
it can be inferred that the Gel has much more 
available amine groups than Alb, which can be a 
result of its fibrillar (linear) structure. 

Figure 2 : Swelling ratios of DexOx/Alb and 
DexOx/Gel hydrogels 

C. HYDROLYTIC DEGRADATION

Examined hydrogels degraded due to the simple, non 
enzymatic hydrolysis. The mass losses were faster in 
the first 3 days, and then degradation slowed down. 
Obtained results showed that hydrolytic degradation 
depended on both corssliniking density and 
hydrolytic susceptibility of DexOx and proteins. The 
higher the DexOx content results the quicker 
hydrogel degradation process.  

D. PROPERTIES OF HYDROGEL COATED 

VASCULAR GRAFTS

Dryed coating grafts were stiffer than uncoated. 
When immersed in saline for a few minutes they 
became soft and flexible as without the coating. 

The water permeation value obtained for unsealed 
grafts was about 1400 (ml/cm2/min). Both 

DexOx/Alb and DexOx/Gel hydrogels showed to be 
an effective sealants. Application of the second 
coating layer (preparing from 10% solutions) 
reduced water permeability below 1ml/cm2/min. 

IV. CONCLUSIONS

Our study showed that DexOx/Alb hydrogel 
coating for Dacron graft provides a ready to use 
leakage free vane prosthesis without the need of 
pre-clotting. This application can be beneficial due 
to the fact, that albumin is a natural component of 
blood and is known to prevent protein and 
thrombocytes adhesion and dextran was already used 
as a thrombolytic agent. In the future,  investigation 
into biological properties of sealed grafts in contact 
with human endothelial cells is planed.  
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Abstract — In the present work the theorem of stationar-
ity of the potential energy is used to find the equilibrium dis-
tance between two carbon onion layers, modeled as continuum
shells and coupled via van der Waals interactions. The equi-
librium distances received for different double layered carbon
onion structures compare well with results obtained by simpli-
fied methods proposed in literature for plane graphene. How-
ever, the displacement results of the simplified models, which
– in contrast to the method described here – do not cover any
curvature effects, are not satisfactory.

I. INTRODUCTION

In continuum mechanics modelling of carbon nanostruc-
tures the atomistic structures are represented as contin-
uum shells, see e.g. [1]. Thus, the question of a correct
representation of the van der Waals (vdW) interactions
between these continuum shells arises. The aim of the
present work is to transform vdW interactions between
discrete atoms on neighboring carbon onion layers to a
formulation that can be used in a continuum mechanics
model of such structures. This is achieved by using the
theorem of stationarity of the potential energy.

II. METHODOLOGY

The vdW interactions between discrete atoms can be de-
scribed using the non-bonded Lennard-Jones potential

V (d) = 4ε

»“σ

d

”12

−
“σ

d

”6
–
, (1)

with σ and ε as Lennard-Jones parameters and
d =

√
R2

1 +R2
2 − 2R1R2 sin(θ) cos(γ) as the atom dis-

tance, see e.g. Figure 1. For a double layered carbon
onion as depicted in Figure 1 the total potential energy
due to vdW interactions can be calculated as the sum of
the potentials of all interactions between atoms on the
two neighboring shells. In the present work the num-
ber of atoms located on each layer is represented by their
area density ρ = 4

3
√
3a2

0

with a0 as the equilibrium bond
length of plane graphene. Thus for the total potential en-
ergy VT due to vdW interactions one finds
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10

πZ
0

2πZ
0

I1 sin(θ)dγdθ, (2)

with I1 = R2
20

πZ
0

2πZ
0

V sin(θ)dγdθ, (3)

Figure 1: Distance between two atoms located on neighboring
onion layers.

where I1 is the potential energy describing the vdW in-
teractions between one atom on the inner layer with all
atoms on the outer layer. The integration must be carried
out over the surfaces of the undeformed layers, otherwise
the number of atoms on the layers would change during
deformation, leading to a non-conservative system. After
some lengthy calculations the total vdW potential energy
VT is obtained as

VT = C1
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To calculate the total potential energy of the double lay-
ered system the deformation energy of the individual lay-
ers has to be considered as well. Assuming constant
membrane stiffness kS of the individual layers the de-
formation energy of a single onion layer can be written
as

Ui =
1

2
kS(∆Ri)

2 (8)

where ∆Ri is the radial displacement of layer i. Thus
the total potential energy Π of a double layered onion can
be obtained as Π = VT + U1 + U2. Applying the theo-
rem of stationarity of the potential energy one receives a
system of two equations

∂Π

∂R1
= 0,

∂Π

∂R2
= 0 (9)
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for the two unknowns R1 and R2 which can be solved,
e.g., with the Newton-Raphson algorithm.

III. RESULTS

The equilibrium distance of different double layered
onion configurations is calculated using the following pa-
rameters:

a0 = 0.142 nm ε = 0.00239 eV σ = 0.3415 nm

E = 4840GPa h = 0.075 nm ν = 0.19

The values for E, h, ν can be found in [1] and agree
with those derived in [2], and the values for ε and σ
are taken from [3]. With these parameters the membrane
stiffness ks can be calculated as kS = 8Ehπ

1−ν . For para-
metric investigations the initial radius R10 of the inner
layer is varied from 0.35 nm to 20 nm, and initial dis-
tances αI = 0.32, 0.34, 0.36, 0.38 nm are used. The re-
sults obtained are compared with those of two methods
(M1 and M2) which use pressure/distance relations de-
rived for plane graphene. In both methods the curvature
effects on p are disregarded. M2 assumes that the pres-
sure p depends nonlinearly on the interlayer distance α

p =
C33

6

»“σ

α

”10

−
“σ

α

”4
–

(10)

with C33 = 36.5GPa, see [4]. In M1, which is
a linearized form of M2, the pressure p depends lin-
early on the change of the distance: p = C∆α. There
C = C33/α0 with α0 = 0.3415 nm as the equilibrium
distance for plane graphene. The equilibrium distances

Figure 2: Equilibrium distance of two onion layers depending
on the initial radius of the inner layer and the initial value of the
distance.

obtained with M1 (vdW linear), M2 (vdW nonlinear) and
the approach presented here (vdW onions) are depicted
in Figure 2. For initial gaps strongly different from α0

the results differ only slightly, and if αI is close to α0

the different methods deliver almost the same results.
For large initial radii R10 the equilibrium distance ap-
proaches α0 for all three methods. The situation is dif-
ferent for the deformations of the shells, see Figure 3 for

Figure 3: Radial displacements of the inner layer depending on
the initial radius.

the deformation of the inner layer. The results obtained
with M1 and M2 are in good agreement with each other,
but the displacements obtained with the current approach
are significantly different, especially for large radii.

IV. CONCLUSION

The presented approach delivers almost the same re-
sults as other methods underlying simplifying assump-
tions if the equilibrium distances of the shells are con-
cerned only. However, for the deformations the more ex-
act results differ significantly from those of the simplified
methods. The accuracy of the displacements has a strong
influence on the stresses in the shells. This appears to be
important in studying the stability of carbon onions.
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Abstract — The optical conductivity σ(ω) and the optical
spectral weight W (T ) of high-temperature superconducting
cuprates have been investigated in the normal phase up to 500
K by means of dynamical mean field theory (DMFT) calcula-
tions. While the low-T quadratic behavior can be captured by
a renormalized Sommerfeld expansion, for the deviations ob-
served at T > 250 K a Fermi liquid description of renormalized
quasiparticles (QP) seems not applicable.

I. INTRODUCTION

The high-temperature superconducting cuprates repre-
sent a very challenging topic in the field of strongly cor-
related electron system. Naturally most of the analysis
addresses the low-T behavior including superconductiv-
ity and pseudogap state. However, strong correlations
also influence the physical properties of these materials
at high temperatures, as it is the case for the linear resis-
tivity beyond the Ioffe-Regel limit.
A quantity which contains essential information about
electronic correlations is the optical spectral weight (or
partial sum rule) defined by

W (Ωc, T ) =

∫ Ωc

0

dω σ(ω, T ). (1)

σ(ω, T ) is the real part of the optical conductivity. For
Ωc →∞ the so-called f-sum rule is recovered which im-
plies that W is proportional to the charge density of the
system (and therefore independent of the temperature).
However, for a finite cut-off Ωc the temperature behav-
ior of this “restricted” sum rule provides significant in-
formation about electronic correlations in the system. If
Ωc is chosen in such a way that only the lowest conduc-
tion band contributes to W one can analyze the system
within an effective one-band model. Experimentally this
frequency Ωc corresponds to a minimum in σ(ω) for ω
close to the plasma frequency of the system. Anoma-
lies in the sum rule W (T ) due to strong correlations have
been studied in the low-T regime (up to 300 K) both from
the experimental [1, 2] and the the theoretical [3] point of
view. In the present paper we extend the latter study to
temperatures up to 500 K.

II. HUBBARD MODEL FOR THE CUPRATES

Superconducting cuprates have a layered crystal struc-
ture. Cu-O planes alternate with layers containing heavy
ions, which act as a charge reservoir. The interesting

physics takes place within the Cu-O planes which we
model by the two-dimensional Hubbard Hamiltonian on
a simple cubic lattice,

H =
∑
ijσ

tijc
†
iσcjσ + U

∑
i

ni↑ni↓, (2)

where ciσ (c†iσ) are annihilation (creation) operators for
fermions of spin σ on site i and niσ = c†iσciσ is their
density. For a fixed lattice site i, the sum over j in the
first summand of Eq. (2) spans the nearest neighbors (t),
the next-nearest neighbors (t′) and the next-next-nearest
neighbors (t′′) of i. Reasonable values for these param-
eters are obtained by both theoretical calculations (DFT)
and experimental results (photoemission) 1. The param-
eter U is chosen according to [4] 2.
We investigate the system at optimum (hole)doping, i.e.
with an average electron density of 0.84 electrons per Cu-
atom.

A. DMFT CALCULATIONS

We used DMFT [5, 6] - a nonperturbative method - to
solve the Hamiltonian Eq. (2). DMFT maps the lattice
problem onto an effective single site problem whereas
the effect of the neighboring sites on the given site is ex-
pressed through a dynamic mean field G0(ω). We stress
that in contrast to a static mean field DMFT takes local
(i.e. temporal) fluctuations fully into account, all spatial
correlations beyond mean field are neglected however.
The DMFT calculation provides the Green function of
the system which reads

G(ω,�k) =
1

ω + µ− ε(�k)− Σ(ω)
(3)

for a square lattice. Here Σ(ω) is the self-energy which is
purely local in the case of DMFT. ε(�k) denotes the band-
structure of the problem (a Fourier transform of the hop-
ping matrix tij). The �k-integrated imaginary part of the
Green function is proportional to the (interacting) density
of states. In Fig.1(a) such a spectral function is shown for
the lowest temperature under consideration (T = 100K).
The interacting spectrum is characterized by three main
features: (i) a (Z-renormalized) quasiparticle peak at the

1In the present paper we use t = 0.3 eV, t′ = −0.075 eV and
t′′ = 0.0375 eV.

2U = 12t = 3.6 eV
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Figure 1: (a) Density of states N(ω) for the interacting
system at T = 100K . The inset shows the density of
states N0(ω) for the noninteracting system. Dashed lines
mark the Fermi levels at ω = 0. (b) Optical conductivity
σ(ω) at T = 100K . The arrows indicate contributions
stemming from transitions between different domains of
the spectrum.

Fermi level ω = 0 (with Z = (1 − ∂Σ(ω=0)
∂ω )−1), (ii) the

lower Hubbard band and (iii) the upper Hubbard band at
ω ≈ U = 12t = 3.6 eV which is well separated from the
two other domains.
The inset in Fig. 1(a) shows the corresponding density
of states for the noninteracting system. Notice that the
Fermi energy is relatively far from the van Hove singu-
larity (VHS). Hence, effects stemming from the VHS like
a strong enhancement of the T -dependence of the chem-
ical potential do not play an important role here.

B. OPTICAL CONDUCTIVITY

From the DMFT Green function G(ω,�k) the optical con-
ductivity is computed - except for a purely numerical
prefactor - as

σ(ω) ∝
∑
�k

(
∂ε(�k)

∂kx

)2 ∫
dν �G(ω,�k) �G(ω+ν,�k)×

× f(ν)− f(ω + ν)

ω
, (4)

where f(ν) = (eν/T + 1)−1 is the Fermi function. In
Fig. 1(b) the DMFT results for σ(ω) at T = 100K are
shown. One can clearly identify the Drude peak, stem-
ming from transitions within the quasiparticle peak, the
mid-infrared (MIR) contribution related to transitions be-
tween the quasiparticle peak and the lower Hubbard band
as well as high energy contributions at ω ∼ U which are
due to transitions to the upper Hubbard band. In order to
include the Drude peak and the MIR contribution in the
optical integral W (T ) we have to integrate σ(ω) up to its
minimum at about 2.5 eV. This would correspond to an
experimental situation where only contributions from the
lowest conduction band are taken into account.
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Figure 2: The DMFT result (red diamonds) for W (T )
is compared with the noninteracting system ( grey line).
Furthermore the quadratic fit of the DMFT result (purple
line) and the quadratic fit of the noninteracting system
renormalized by the DMFT quasiparticle renormalization
factor Z = 0.14 (green line) are shown.

C. OPTICAL SUM RULE

We investigated the restricted optical sum rule up to T =
500K and compared it to a Sommerfeld expansion

W (T ) � W0 −B0T
2 + C0T

4. (5)

For a noninteracting system such an expansion certainly
works. The question is, however, up to what extent a sim-
ilar scheme holds also for a correlated system. In first ap-
proximation, assuming that a Fermi liquid (FL) descrip-
tion is still valid, one expects the Sommerfeld coefficients
to be renormalized by correlations as B → B0/Z and
C → C0/Z

3 on the basis of a simple dimensional argu-
ment.
As shown in Fig. 2 this dimensional rescaling works rel-
atively good only for the coefficient B (i.e. in the low-T
regime). The curve W = BT 2 (green line) reproduces
correctly the DMFT data (red diamond, purple line) in
the region of the T 2 behavior. In contrast the renormal-
ization of C0 leads to completely unphysical results for
W (T ) as the blue curve in Fig. 2 indicates. This leads
to the conclusion that at high temperatures (where the T 4

term would be dominant) scattering processes between
QP cannot be longer neglected, limiting the validity of a
picture based on renormalized QP to the low-T regime
(up to 250 K). Our theoretical analysis would certainly
benefit from comparison with new infrared spectroscopy
studies as those in [1, 2], but performed on a wider T -
range.
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Abstract — A slip-casting process for the manufac-
turing of polysilazane-derived ceramic microparts 

with alumina fillers was investigated. The first aim 
was to produce stable powder suspensions in cyclo-

hexane using polyvinyl pyrrolidone as dispersant. A 

sedimentation test was performed to characterize 
suspension stability. The best results could be 

achieved when using an ultrasonic processor for 

2 h or a magnetic stirrer for 24 h. 
A high accuracy in reproducing small features 

was obtained in a slip-casting process with self-

made polydimethylsiloxane (PDMS) soft moulds 
and a subsequent cross-linking of the polymer at 

110 °C for 72 h. 

I. INTRODUCTION

Microparts gain in importance as they are used e.g. as 
acceleration and pressure sensors in the automotive 
industry and various other branches of technology. 
Ceramics in general and alumina in particular show 
excellent mechanical characteristics in combination 
with a relatively low density and are therefore an 
interesting choice as micropart materials [1].  

The manufacturing of ceramic microparts using 
the powder route is however very limited because of 
the need of very complex and therefore expensive 
original moulds. Direct shaping techniques such as 
slip-casting are preferable alternatives [2]. 

In order to form ceramic microparts via slip-
casting, a binder phase is necessary to yield green 
bodies with a sufficient strength to enable demould-
ing without any damage. By using polymer-derived 
ceramic (PDC) precursors, the production of green 
bodies with high green strength is possible. The 
subsequent polymer-to-ceramic conversion by pyro-
lysis leads to the formation of a ceramic binder 
phase. Depending on the used polymeric precursor, a 
high ceramic yield and an improvement of mechani-
cal properties of the composite can be achieved [3].  

This work investigates the possibility of forming 
PDC microparts via a slip-casting process using 
polydimethylsiloxane (PDMS) soft moulds and 
PTFE crucibles. 

II. EXPERIMENTAL

A. MATERIALS

A commercially available liquid polysilazane 
(Ceraset PSZ 20, Clariant) was used as preceramic 
polymer with 1 wt.% dicumyl peroxide (DCPO; 
Merck) as the curing agent. As ceramic fillers, Al2O3

powders (CT 3000 SG and CT 1200 SG, Almatis)
with medium particle sizes (DS50) of 0.5 µm and 
1.3 µm respectively, were used. Cyclohexane 
(Merck) was used as solvent and polyvinyl pyrroli-
done (PVP; VWR) was used as dispersant. 

B. SLURRY PREPARATION

PSZ 20, 2 wt.% PVP (based on amount of polymer) 
and 60 wt.% cyclohexane (based on amount of filler) 
were mixed for 15 min before alumina was added. 
The ratio of PSZ 20 and alumina was varied between 
10:90 vol.% and 90:10 vol.% for a scheduled quanti-
ty of 15 g PDC powder. The mixing was carried out 
either with a magnetic stirrer (mixing time 2 h and 
24 h) or with an ultrasonic processor (Hielscher

UP400S; mixing time 2 h). The longer mixing time 
and ultrasonic processing were applied to slurries 
with a polysilazane-to-alumina ratio of 40:60 vol.%. 

C. SEDIMENTATION TESTS

The dispersion characterization was carried out using 
a conventional sedimentation technique [1]. After 
mixing, the prepared slurry was transferred into a test 
tube, sealed with a plug to minimize the evaporation 
and held in a vertical position without disturbance.  

The initial height of the suspension was logged as 
h0, while the height h of settled alumina was recorded 
after 24 h. A height ratio (h/h0) close to 1 indicates a 
stable suspension. 

D. SLIP-CASTING

The prepared slurries with a polysilazane-to-alumina 
ratio of 40:60 vol.% were filled into PTFE crucibles 
and into self-made PDMS soft moulds and left over 
night to evaporate excess solvent. The cross-linking 
step was executed at 110 °C in a heating cabinet for 
72 h. 
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III. RESULTS AND DISCUSSION

To investigate the effect of the polymer on the stabil-
ity of the ceramic suspensions, different ratios of 
polymer to alumina were investigated. The results are 
shown in Figure 1.  

Especially CT 3000 SG showed an increase in sta-
bility when more polymer was used, which indicates 
a stabilizing effect caused by the polysilazane. This 
effect could also be found with CT 1200 SG at higher 
polymer contents. Around a ratio of 50:50 vol.% a 
decrease of slurry stability could be observed. The 
reason behind this has to be investigated in further 
work.

A great improvement of the slurry stability could 
be achieved by increasing the mixing time to 24 h or 
using the ultrasonic processor. Figure 2 shows the 
results of the sedimentation test for CT 1200 SG at 
different mixing times and methods. “M” stands for 
magnetic stirring and “S” for ultrasonic processing. 

After a mixing time of 24 h, the aforementioned 
decrease of slurry stability could not be observed. 
This is probably due to an improved mixing effect 
and thus better stabilization of alumina powder by 
the dispersant. When using the ultrasonic processor 
no additional improvement of slurry stabilization by 
PVP addition could be noticed.  
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ratio on the stability of the suspension (2 wt.% 

PVP, mixing time 2 h) 
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Figure 2: Influence of mixing time and method on 
the stability of the suspension (ratio polysilazane-

to-alumina 40:60 vol.%) 

After slip-casting and drying, the resulting green 
bodies showed an even, dim surface after the solvent 
had evaporated. By using PTFE moulds, the compos-
ites containing the fine CT 3000 SG showed cracks 
during the cross-linking step. With the coarser 
CT 1200 SG, the composites did not show cracks 
until cooling to room temperature, probably due to an 
excessive cooling rate. 

With a self made PDMS soft mould – a Lego brick 
was used as template – it was possible to cast the fine 
“LEGO” lettering by using CT 3000 SG as filler 
(with polysilazane-to-alumina ratio of 40:60 vol.%). 
The original Lego brick and the cast and cross-linked 
green body are shown in Figure 3. 

Figure 3: Template (left) and produced green body 
after cross-linking (right) 

It could be shown that it is possible to reproduce 
fine details of a template by carefully adjusting the 
process parameters during slurry preparation, slip-
casting and polymer cross-linking. Pyrolysis of the 
produced green bodies has to be carried out in order 
to obtain the final PDC microparts. The manufactur-
ing of individual master moulds (e.g. by lithographic 
methods) would enable the production of ceramic 
microparts in requested shapes for possible future 
applications. 
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Abstract — Long alkyl chain capping agents in-
crease the compatibility between inorganic and 
organic moieties at the interface in polymer nano-
composites resulting in a better dispersibility of 
inorganic nanobuilding blocks in the organic ma-
trix. However such long alkyl chains tend to form 
very well ordered structures which can decrease the 
dispersibility because of interparticle alkyl-bilayer 
formation. In our work we investigate ZrO2

nanocrystals with 22 nm diameter and present two 
strategies to overcome this effect: On the one hand 
the mixing of two different capping agents can 
break this ordering phenomenon and on the other 
hand flexible chains like polysiloxane may not form 
such structures. The alkyl chain ordering is investi-
gated via infrared spectroscopy and the aggrega-
tion behaviour is studied via dynamic light scatter-
ing and small angle x-ray-scattering. 

I. INTRODUCTION

Inorganic-Organic nanocomposites are a promising 
class of new materials combining a great diversity of 
properties in one material, homogeneously on a 
nanoscale level. As an example, typical properties of 
inorganic solids like high mechanical toughness,  
optical or magnetic properties can be combined with 
typical properties of polymer materials like the rela-
tive easiness of profiling via injection moulding or 
extrusion, or for coating applications. Though, the 
components are inherently incompatible, capping 
agents are used to increase the interfacial incompati-
bility and thus necessary to yield homogeneous mate-
rials. Commonly, long chain alkyl chains are often 
applied in literature reports. However such alkyl 
chain capping agents tend to form very well ordered 
structures like self assembled monolayers (SAM) 
even on the surface of the nanobuilding blocks, espe-
cially if the nanoparticles have a flat curvature, as 
this work will show. In some cases this can lead to a 
decrease in dispersibility due to the formation of 
thermodynamically very stable bilayers between the 
nanoparticles [1] (Figure 1). As a model system to 
investigate on this effect we have selected ZrO2

nanocrystals where strong SAM-formation can occur 
at the crystal facets. As anchor group for the capping 
agent we use phosphonic acid groups which cova-
lently attaches to the zirconia surface.  

Figure 1: Interparticle Alkyl-bilayer formation 
leads to strong particle aggregation 

II. RESULTS AND DISCUSSION

A. ZIRCONIA NANOCRYSTALS

Zirconia nanoparticles have been synthesized from 
an oxychloride precursor under hydrothermal condi-
tions. X-ray diffraction studies revealed that these 
particles show the monoclinic ZrO2 phase. Transmis-
sion electron-microscopy (TEM) (Figure 2) revealed 
that these particles are small uniform single crystals 
with a spherical equivalent diameter of 22 nm (dy-
namic light scattering). 

Figure 2: TEM-image of ZrO2 nanocrystals 
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B. ORDERING AND DISORDERING OF LONG AL-

KYL CHAINS ON NANOPARTICLE SURFACES

In this study, phenylphosphonic acid was added in 
different percentages to dodecylphosphonic acid at 
threshold saturation concentration and the resulted 
ordering of C12-chains was then investigated via IR 
spectroscopy. The packing of the alkyl chains in the 
trans configuration leads to strong lateral interactions 
of the methylenegroups in the alkylchain which shifts 
the C-H resonance to lower wavenumbers [2]. Disor-
dering of a well ordered SAM@ZrO2 was observed 
when different capping agents, such as phenyl phos-
phonic acid and dodecyl phosphonic acid, were used 
in the surface-modification (Figure 3). 

Figure 3:  Disordering long alkyl chain SAM with 
phenyl, the CH-resonance represents the ordering 

SAXS measurements and data analysis using the 
model from Pedersen et al. [3] revealed that the 
random packing of particles, represented by the hard 
sphere volume fraction η, in powder is decreasing  
one order of magnitude with decreasing alkyl chain 
ordering (Figure 4). 

Figure 4:  Particle Aggregation increases with in-
creasing long chain capping agent percentage 

Also Dynamic light scattering measurements showed 
enhanced dispersibility in organic liquids for disor-
dered SAM@ZrO2. The flat surface of the ZrO2

crystals and thus the nanoscopic curvature are con-
sidered to play a major role regarding the observed 
effects as in literature it is described that for nanopar-
ticles with spherical curvature strong SAM-formation 
does not occur in this size range for this reason [4]. 

C. USE OF FLEXIBLE CHAIN CAPPING AGENTS

Analogous polydimethylsiloxane chain phosphonic 
acids (12 chain atoms) have been used for surface 
modification of the ZrO2 nanocrystals. Dynamic light 
scattering experiments have shown that the aggrega-
tion of the particles in organic liquids was decreased 
compared to similar alkyl chains (C12). 

III. CONCLUSIONS AND OUTLOOK

Flat, even nanodimensional, surfaces, like the studied 
ZrO2 nanocrystals consist of, allow well ordered 
SAM formation when long alkyl chains are attached 
which increases the particle aggregation.  The latter 
could be overcome by (i) applying a mixed 
monolayer or (ii) using flexible polysiloxane chains. 
This work shows how the molecular composition 
effects nanoscopic sites and thus macroscopic pro-
perties like homogeneity (transparency) of inorganic-
organic systems.  
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Abstract — The continuously accelerating techno-
logical progress generates a high demand for new 

materials with unique properties. In this emerging 
field, hybrid materials show properties not accessi-

ble with conventional materials. A detailed under-

standing of the chemistry of precursors for the 
preparation of hybrid materials on a molecular 

level is a prerequisite for a deliberate design of new 

materials. 
In this work the synthesis and characterization of 

yttrium alkoxides modified with -ketoesters is 

reported. Three types of oxo/hydroxo/alkoxo clus-
ters were obtained, the two nonanuclear clusters 

Y9O(OH)9(O
iPr)8(

iprac)8 and Y9O(OH)9(
iprac)16

and the tetranuclear cluster [Y2(OH)(iprac)5]2 (O
iPr 

= isopropoxide; iprac = isopropyl acetoacetate). 

The compounds were characterized by crystallo-

graphic and spectroscopic methods. 

I. INTRODUCTION

Hybrid materials are a relatively new and fascinating 
class of materials. Within this class, inorganic-
organic hybrid materials play an important role, 
combining characteristics of the inorganic and or-
ganic phase, resulting in improved or even new prop-
erties. The development of mild synthetic methods 
for inorganic materials like the sol-gel technology led 
to a boost in the development of inorganic-organic 
hybrid materials. 

For the use in sol-gel processing, the reactivity of 
metal alkoxide precursors has to be controlled. Par-
tial substitution of OR groups in metal alkoxides by 
organic ligands is a powerful tool for tuning the 
structural and chemical behavior of the alkoxides, 
e.g. the reactivity during hydrolysis in sol-gel proc-
essing [1]. The use of ligands additionally bearing 
functional groups allows introducing organic func-
tionalities into sol-gel precursors. This opens new 
possibilities for the synthesis of sol-gel derived inor-
ganic-organic hybrid materials, where the inorganic 
and organic parts of the material are directly linked. 
Understanding the chemistry and structures of those 
precursors is a prerequisite for the deliberate design 

of and use in the preparation of novel metal oxide 
based materials. 
Yttrium alkoxides are of great interest as precursors 
for inorganic-organic hybrid materials. Well defined 
building blocks for the incooperation into organic 
matrices can be obtained because of the tendency to 
form well-defined oxo-clusters of higher nuclearity. 
Additional, yttrium is a model to other lanthanide 
based systems, which, due to their optical properties, 
can be applied for the preparation of functional mate-
rials. 

II. RESULTS

Y5O(OiPr)13, a typical yttrium alkoxide precursor, 
was modified with the ß-ketoester isopropyl aceto-
acetate (iprac-H) in different molar ratios. The ob-
tained products were isolated and characterized by 
crystallographic and spectroscopic methods. 

A. Y9O(OH)9(O
iPr)8(

iprac)8

Reaction of Y5O(OiPr)13 with one equivalent of iprac-
H per yttrium in toluene led to a crystalline product, 
identified as Y9( 5-O)( 4-OH)( 3-OH)8( -
OiPr)8(

iprac)8 (Figure 1). 
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Figure 1: Molecular structure of 
Y9O(OH)9(O

iPr)8(
iprac)8.
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The cluster is built from two Y5 square pyramids 
connected by their vertices, exhibiting a C4 axis. The 
core structure is further stabilized by formation of 
hydrogen bonds between the 3-OH and the keto 
carbonyl oxygens of the iprac-H ligands. 

B. [Y2(OH)(iprac)5]2

[Y2( 3-OH)( -iprac)3(
iprac)2]2 (Figure 2) was ob-

tained as crystalline product by the reaction of 
Y5O(OiPr)13 with three equivalent of iprac-H per 
yttrium in toluene. 
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Figure 2: Molecular structure of  
[Y2(OH)(iprac)5]2.

The cluster is a dimer of two Y2 units. Two types 
of iprac ligands are present, one exhibiting a terminal 
chelating binding mode and the other a bridging 
chelating binding mode, connecting two Y centers by 
the keto carbonyl oxygen. All OiPr groups from the 
parent alkoxide are replaced. 

C. Y9O(OH)9(
iprac)16

Y9( 5-O)( 4-OH)( 3-OH)8( -iprac)8(
iprac)8 (Figure 3) 

was obtained from [Y2(OH)(iprac)5]2 by crystalliza-
tion from chloroform. 
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Figure 3: Molecular structure of 
Y9O(OH)9(

iprac)16.

This cluster has a Y9 cluster core similar to 
Y9O(OH)9(O

iPr)8(
iprac)8, again stabilized by the 

formation of intramolecular hydrogen bonds. The 
OiPr groups are replaced by additional iprac ligands 
coordinating in a briding chelating binding mode, 
similar to the -iprac ligands in [Y2(OH)(iprac)5]2.

III. CONCLUSIONS

Reaction with isopropyl acetoacetate is a versatile 
method for the modification of yttrium isopropoxide, 
leading to three new yttrium clusters, depending on 
the molar ratios and reaction conditions applied. 
Y9O(OH)9(O

iPr)8(
iprac)8 and [Y2(OH)(iprac)5]2 were 

directly obtained for the reaction of Y5O(OiPr)13 with 
iprac-H, whereas Y9O(OH)9(

iprac)16 was obtained 
from [Y2(OH)(iprac)5]2 by recrystallization from 
chloroform. 

The results show the importance of the Y9 struc-
tural motive in yttrium cluster chemistry and conco-
mitantly the close relation and interconvertibility 
between the Y4 and Y9 structures. All clusters are 
capable of being used as building blocks in inorgan-
ic-organic hybrid materials. Y9O(OH)9(O

iPr)8(
iprac)8

contains residual alkoxo groups, making it capable of 
undergoing further sol-gel reactions. 
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Abstract — Particle-stabilized emulsions are widely 
used in many technological applications. Here we 
describe the preparation and stability of emulsions 
stabilized by sol-gel synthesized anatase nanoparti-
cles. The influence of different parameters, such as 
pH, salt concentration, and contact angle, on the 
efficiency of these particles in stabilizing emulsions 
was investigated. Subsequently, the anisotropic 
environment was used for the synthesis of so called 
'Janus' nanoparticles. 

I. INTRODUCTION

Colloidal particles are commonly used as emulsifying 
agents, since Pickering in 1907 [1] discovered their 
ability to stabilize emulsions. The stability of 
'Pickering' emulsions depends on various parameters. 
Finkle et al. stated that the stability and the type of 
emulsion that is formed depend on the wetting ability 
of water and the oil phase for the particles [2]. Briggs 
found that for the stabilization of emulsions, the parti-
cles need to form a stable interfacial film. For this 
reason, the particles need to be in a state of incipient 
flocculation. Using titania nanoparticles as emulsifying 
agents can lead to various applications taking advan-
tage of their photocatalytic activity, UV-absorption, the 
good mechanical properties or the positively charged 
surface at pH below 6 (in contrast to the negatively 
charged silica surface above pH 2). Upon addition of 
hydrophobic coupling molecules to the oil phase of the 
emulsion, a promising tool for the introduction of 
photocatalytic properties on organic surfaces is 
achieved. 

II. RESULTS AND DISCUSSION

The most important properties that influence the 
stability of Pickering emulsions are the wettability 
of the particles and the interactions between the 
particles. The contact angle can be adjusted by vary-
ing the surface properties or the polarity of the oil 
phase. The interactions between the particles can be 
adjusted by varying the pH, electrolytes and particle 
concentration. Using sol-gel synthesized anatase 
nanoparticles with a mean diameter of 6 nm, we 
have investigated the influence of particle concen-

tration, pH, NaCl concentration, solvent polarity and 
addition of amphiphilic coupling agents on the 
emulsion stability. To form a stable interfacial film 
it is necessary that the particles are in a state of 
incipient flocculation. The state of flocculation can 
be regulated by adjusting the pH, particle concentra-
tion or electrolyte concentration. Figure 1 shows the 
pH of flocculation for different NaCl and particle 
concentrations with cyclohexane as the oil phase. 
Flocculation occurred at lower pH when salt or 
particle concentration was increased. 

Figure 1: pH of coagulation depending on NaCl 
concentration and particle concentration (●0.5 wt%, 

■ 1 wt%, ▲ 2 wt% particles) 

Emulsions were prepared by addition of 20 vol% 
cyclohexane, n-hexane or toluene to a 0.5, 1, or 2 wt% 
suspension of the nanoparticles under agitation with an 
IKA® T25 Ultra Turrax® dispenser at 15000 rpm. The 
stability of the emulsions was measured by tracking 
the changes of the oil-emulsion and the emulsion-water 
interfaces. The total volumes of the released oil or 
water phase can be calculated from the height changes 
of the interfaces. Figure 2 shows the stability of emul-
sions without salt and with 0.1 M salt concentration, 
depending on the pH.  
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Figure 2: Stability of emulsions to coalescence with 
1 wt% particles depending on the pH and NaCl 

concentration. Re-emerged oil phase (in % of the 
totally added oil phase) after 20 minutes: ■: without 

NaCl, ●: with 0.1 M NaCl. 

For emulsions without salt, the highest stability was 
obtained at pH 3.2, whereas emulsions with 0.1 M 
NaCl were most stable at pH 2.8. These results are in 
agreement with the measured flocculation points of 
suspensions without NaCl (pHFlocculation = 3.9) and with 
0.1 M NaCl (pHFlocculation = 3.4). The stability of the 
emulsions was increased by addition of salt (Figure 2). 
The contact angle at the oil-water-solid interface has a 
high impact on the stability of Pickering emulsions. 
Thus, the influence of the polarity of the oil phase on 
the emulsion stability was investigated by comparing 
the stabilities of emulsions with cyclohexane, hexane 
and toluene. Emulsions with highly apolar cyclohex-
ane as the oil phase were found to be more stable than 
emulsions with the more polar oil phase toluene. 
Upon addition of hydrophobic coupling molecules to 
the oil phase of the Pickering emulsion, the particles 
can be functionalized anisotropically. The addition of 
dodecyl phosphonic acid (DPA) increased the stability 
of the emulsions drastically, because a differentiated 
surface was created and the mobility of the particles 
was decreased. FT-IR measurements revealed a cova-
lent interaction to the titania nanoparticle surface (Fig-
ure 3) and thermogravimetric analysis (TGA) showed 
less mass loss compared to particles with full surface 
coverage. 

Figure 3: FT-IR spectra of DPA (down) and anatase 
nanoparticles anisotropically modified with DPA (up) 

III. CONCLUSIONS

The critical coagulation concentration of NaCl de-
creases with increasing pH, because the positive sur-
face charge is higher at lower pH. The efficiency of the 
particles in stabilizing an emulsion is highest at pH 
values slightly below the coagulation point, where they 
are in a state of incipient flocculation. Moreover, the 
stability of emulsions can be increased either by addi-
tion of salt in the water phase or by addition of hydro-
phobic coupling molecules in the oil phase. The addi-
tion of hydrophobic coupling molecules also allows the 
formation of 'Janus' nanoparticles. 
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Abstract  This paper shows first results of the 

chemical modification of technical lignins. Lignin, 

extracted from annual plants by the alkali process, 
and Mg-lignosulfonates from a sulfite pulping proc-

ess were reacted with propylene oxide and oleic 

acid chloride, respectively, to increase the hydro-

phobicity. For analytical purposes, the lignins were 

also acetylated. Prior to modification the raw mate-

rials were thoroughly characterized and the prod-
ucts were analysed by FT-IR and NMR spectros-

copy. With alkali degraded lignin both reactions 

worked well and hydrophobic esters and graft co-

polymers were obtained, whereas the lignosulfonate 

derivatives were still water-soluble.  

I. INTRODUCTION 

Lignin is the second most abundant natural polymer, 
exceeded only by cellulose, and is available in huge 
amount as byproduct of the paper and pulp industry. 
The slow decline in available oil reserves during the 
early 21st century is making lignin an important 
source of chemicals and materials for our future 
society. Lignin has a long history as a waste product 
for which functional uses are sought, but currently 
the majority of lignin is still burned to cover up the 
energy demand of the pulping process (~ 98%). [1] 

The aim of the present work was to chemically 
modify lignin, which has a rather polar structure due 
to the high amount of functional groups introduced 
during the extraction from the plants. Hydrophobiza-
tion should result in an improvement of its perfor-
mance in blends with apolar polymers such as polyo-
lefins. 

II. RAW MATERIALS  

Chemically lignin consists of differently linked 
phenyl propane units and is an irregular polymer with 
a three dimensional complex structure (Figure 1).     
The extraction process changes the physical and 
chemical properties of the polymer, and the molecu-
lar structure is getting even more complex. Com-
pared to native lignin lignins recovered by the alkali 
process have a lower molecular weight, some car-
boxylic acid groups, and a higher content of hydroxyl 

groups. During the acid sulfite pulping some sulfonic 
acid groups are - position of the lignin 
polymer. Lignosulfonates are heavily contaminated 
with sugars, terpenes, lignans and salts. 

 

 
 

Figure 1: Lignin structure 
 
The lignins used in this work were a lignin from 
annual plants, extracted by the alkali process (Pro-
tobind 2400), soluble in diluted NaOH, and a wa-
ter soluble technical Mg-lignosulfonate from the 
sulfite pulping process (Lenzing AG; aqueous 
suspension, ~60% dry matter). The lignins were 
characterized before use. Prior to analysis and any 
modification the Mg-sulfonates were converted 
into free sulfonic acid groups by treatment with an 
ion exchanger (Amberlite IR 120H) and the water 
was evaporated. The content of different function-
al groups (Table 1) was determined according to 
known methods [2]. 
 

 Functional 

Groups 

Alkali  Lignin Lignosulfonate 

OH phenolic  1,73 mmol/ g 1,65 mmol/g 
COOH 2,34 mmol/g 0,37 mmol/g 
SO3H  ----- 1,6 mmol/g 

 

Table 1: Lignin characterization 
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III. CHEMICAL MODIFICATION  

As shown in Figure 2, the lignins were esterfied 
with oleic acid chloride (A) and propoxylated (B) 
to increase the hydrophobicity. For analytical 
purposes the unmodified lignins and the propox-
ylated products were acetylated (C).   
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Figure 2: Lignin modifications 
 
The reaction mixtures obtained by esterification with 
the fatty acid chloride (molar ratio acid chloride:OH 
= 1.2:1) were poured into water, and unreacted fatty 
acids, which formed an organic layer, were sepa-
rated. In the case of alkali lignin the esters (L-O) 
precipitated as a sticky mass, whereas reaction of the 
lignosulfonate did not lead to water-insoluble esters. 
 
Propoxylation of alkali lignin was carried out in an 
autoclave [molar ratio (OH+XH):propylene oxide = 
1:20). [3] A viscous liquid was obtained, which was 
dissolved in acetonitrile, and homopolymer was 
removed by extraction with hexane. Propoxylation of 
lignosulfonate is currently under investigation. 
 
Acetylation with an excess of acetic anhydride (10 
ml/g) resulted in products soluble in CHCl3 in the 
case of alkali lignin and L-P, acetylated lignosulfo-
nate was found to be still water-soluble.  

IV. CHARACTERISATION 

The modified lignins were characterized by NMR 
and FT-IR spectroscopy. IR spectra of L-P and 
alkali lignin did not show significant differences 
due to the structural similarity. Nevertheless, the 
CH3-signal at 1375 cm-1 indicated successful pro-
poxylation. Comparison of spectra of L-O and 
alkali lignin clearly confirmed esterification with 
oleic acid (Figure 3).  

  
 

Figure 3: FT-IR spectra of L-O (A) and alkali 
lignin (B) 

1H-NMR spectra of L-P showed that propylene 
oxide chains were successfully grafted to lignin. A 
comparison of NMR spectra of L-Ac and L-PAc 
made it possible to ascertain that nearly all phenol-
ic hydroxyl groups had reacted with propylene 
oxide. Signals at 5.3 ppm in spectra of L-O could 
be unambiguously assigned to the protons of the 
oleic acid double bond (Figure 4).  
 

 
 

Figure 4: 1H-NMR spectrum of L-O  

 

ACKNOWELEDGEMENT  

This work was done within the frame of the pro-
, an initiative of the 

Austrian Federal Ministerial of Transport, Innova-
tion and Technology.  

REFERENCES 

[1] J. J. Meister. Modification of Lignin. J. Macro-
mol. Sci.-Polym. Rev., C42(2), 235-289, 2002. 

[2] Stephen Y. Lin, Carlton W. Dence, Methods in 
Lignin Chemistry, Springer Verlag, 1994.  

[3] W. De Oliveria, W.G. Glasser. Engineering Plas-
tics from Lignin. XVI. Starlike Macromers with 
Propylene Oxide. J. Appl. Polym. Sci., 37, 3119-
35, 1989. 

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 ppm

0
.
8
4
5

1
.
2
2
2

1
.
5
8
5

1
.
9
5
5

1
.
9
8
3

2
.
2
6
2

2
.
2
9
7

2
.
3
3
9

2
.
5
4
2

2
.
7
2
3

3
.
6
1
7

4
.
1
8
2

5
.
3
0
6

6
.
8
9
1

7
.
8
9
7

8
.
4
0
0

8
.
8
2
5

6
6
.
6
8
9

8
.
6
2
1

3
.
4
0
0

1
.
4
5
1

8
.
8
7
1

4
.
6
1
3

2
.
5
8
2

2
.
2
3
5

1
.
0
8
5

0
.
2
9
9

0
.
7
7
5

5.3 ppm

228



���������	
��	���
�������
��������
����
������
������	�����������������

���������������������
������������������������������
��
������������ ���
��
	���
 ����������	����!"#��������
���

�
���$%#�����������
����&�
�	����'�����(
)����	�������*������
����	�
�����������

+����
�,��-��������� ���������
+����
��*	���


.�
��/���������������	���
��������

��������� � �$ ��������
�	��
 �
�
��
��	���� ����

��
����
� 	�����
�
�	�����������
����	���
	���	���

���
�	�
��
����	�
�����
������	����
�����
����

��	�
���
������
��	����	���
�������	������
����� �

�	���
������	��������	���
�
��
��	�����	�
��

��	������
�������
�	�
������������	�����������


�

����	�
	������	����	�����	�
����������
	���	�

����
�	���
�����������	�
	��
����
	��������
�

� �

����	��
�	�����
�����	���������������	���
����
	���

�	�	��	�
��
�
������	���
������	������	���	��
��� �

������	������	�	�����	�
	���

 �.�* 0'�1�)��2�*� 00���0��10���* 0'�

 ������������-���3���������
�����������
�����
3$
3�������������
��������������3��
�����������	���
�
�����
������3����4����	����	
��	���
���	������	��
������
���3���
����������3������	
��	���
������

�����-����
�������������	
��	���������	���
������
�
�����������������3�
����
����������
�!��$.�������
������
���5674�
)� ������ � �� � ��3��-� � ��� ���������� ����������� ����

�
������ � ��
3 �
33��-��� �
����
���� ������� � �����
�������	����������������	���
�3�����������
3����
3
�������������������	��	������
�	��
���
���	������
���
����������
�����
�������34� ����	������	��������
�
-�
��������������
3������
�������-����������������
��
5874��������������
������3���	������������$�
����
�$
��������3��-����������������������
����
������$
�
���
������������
�������	�4��	����������������
��
���3
�������
������������� ��
33�������������������

����-�������	���������3�����
������-�����������

������3��	���
���	�����
������	��	���597��������$
��
�����3����5:74

*;�); .<�* .����0,�.�1.;1.��. .1 0�

 ������
����������
����������3��������������3����=$
3�������������������$�3�����=3��������5>7��������
��
������
������	��������������������	������3����������

���4
�	����	��?@�
����
�����
33���
�������������
�

�
�����$�3���
� � ��
3 �
�� � �
�3��� ���
�� � 
� � ����$

��
�����
���������
3�������������
�������������������34�
 ���������
�������	�����	�����������������-
3��
$
�����	���������3�
��3
��������������!��$.�������
������
���������
����4� ��������
����
�������
���
�����
��	������������������������
��3��3
�
����������
���������	�����������������4
 ���������������	������������3���
��������
��
�����

�������
�������3�����������
3���
����3
������������$
��� � ��	��	�� � 3��-����� � �
���
� � 
�������� � �� � ����
�
���������
��4� �������������������������������
�
��������	�������������������
����	�����
��
�����
���:>���������������3���������������4� ���	�������
�������
�������������
������������A�8�����B�A�9���
��$
�������������8$���������	����	��?@�������
�����$
�	������
��
3���
����������������������������
�>C��
�
���
���������������������	����������4�
 ���
����3��3
�
�����
��������������
����=������


�����������	����������������������������������������
�����������
��	�����
��
3���	������D48@��������������
������������������������������
����3���������������
���������4� ����������������������
����������	����
�����
3��������������������������������������������4�
 ���3�����������������������
������	33���������
��
�����������	������������=���
�������������
��������
�
��������
�����������
���4� ���������3
��������	���
�����������������������������������
��
-
�
�����3��$
��������3���	�����
��
���-
�������������	��������3��$
��� � 3��3������
� � �� � ��� � 
����� � �������� � 3
����

����������
-���	���4�����
������
��
�������	���
��

��-� � ��� � ��
������ � ���3��
�	�� � �� � !��$.�������
������
���������
���-
����������
���
��������������
���
�������
�!�����
���-��������������	����4�
 �����
����
����������
������������
�������

�������3��������3���������4� ���������
���������
���
�������������������
�����������������
����������������
���������������������
�����������������������������������
3�����������	��
�������
�������������
�����������$
���������� � ������� � ���4 � )� � 	��
�� � ����� � � � 
 ���
��
3�������	��������64D?�3���
���������3����������
�
������
����������������������������D4EE4�
 ���3����������������������3���	���
��
��	������

�
�����	������������
�����	��� �
����3	�����
���

229



���� !"#�$%"�!�&�$ %"

�
������
��-�������������������
��������������������
���
���
����
�4�)�������������
���6�����3��
������	$
����� �
 ��
��	��$!����� �� � 5E7 ���	3�	���� ����

-
�
�����3�������������	��4
�

���	���6/�����
�����������
�3�������
���������-����

�����
�������
�����
�������-���

��0 0;��1* 1�);<� �.�* 0')1�!,��

 ���3���
��������
�3����������
����
��
�����
�����
���������������
�����������
������
������	��������
��
	������4�)�������3���
������������������
������
������������������
������	�������������������
�������
����3���
���������
�3�������������
�������
�����
����$
�
�����������
�������
�������
���������-���4
)��
��
�������������������������=���������������-�$

�������������������
���3���������������������3���
�$
��������������
�������3���������3��������
���=���
$
����$���	�����������������
������
������8E�������
�������� ��� � ��� � ��
������4 � �� � 
����	������ ����
$
-��	���
������
��������-�������������������������$
�������������������
-��
������������
����
��
��������
��	
���������������������������4
*���3���������F���	���6G����������������������$

�
�� � ��� �3�������� � ��� � 
 �������3������ �� � �����
���
���������
���������	������������3��������������
���
��
������
�����
������������
-��
���6DD�3��������$
�������
-������������������������4� �	�����3���
�����
���3�
��������������
��������������8>C��������������
3�����������������
����� ��
������
�	�
����������$
�����������
��������
������4
��� ��-��������������������-
���������
������-$

�������������
������
���-
���
�����4� �	������������
������
���������������
�������������
��������������
�
�����3�����4���� � ���3��
�	���
��-��H6DCI�����

���� �� � ��� ��	��� ��
����� ���
����
 �
 �3�����
��
�	��� ��� �3
������4 � ��� �������� � �
�� �3������
���
3�����������	����
������
���
����������
��3���
�$
������������	����������������
���
���
�����������-��4

0, �00I

1����
������������3������������������������
������
��	������3�����������
	��������������
�����
����$
�
-��	�����������
��
���������������	�4�*�������
���������������������������������������
���	
��	��
�
����3���
��������6���������
������������������
��
�-��
����������
��
������������
����
��������4�
�	����������
��������3�����������3���������	����
������3�����
����������
�����3���
����-���4

*1I;0��.�<'.; �

�� � ��
���	��� � 
���������� � ���
���
� � 	33����
���������+����
�,��-��������� �������������$
���
� � �����
� � ��� � �	������
� �'
���� � 
�� � ����
.	��3�
��,�����&1�)'0;0(4

�.�.�.;1.�

567� �14�%4���������
����4������4 �!��$.�������
������
���� � �� � ���	�� � �
�� � 1
��������
,��-�����������8DD84

587 � � %4 � �������� ��4 � �J���� �  4 ��4 � �J�����
F*������'�����
��3	�
�����������
�������
	��
��� ��
3G� ����4 ���-4 �����4 �?9� �99K?2
9:D6�&6KKK(4

597 �'4 �  ������� � �4 � <����� � �4 � �
������� � �4�
'
���� 4�!�����)4�!
�$%��3��� 4����	����
%4���������
���� �F'	����
��� �
�������3�
��� � -��
���� � 
����������
��3	�
����G� ��
*33�4����4�����4�K8��8>:6D8�&8DD?(4

5:7�'4� �	3����%4�<��������!4��
��	����<4��	��$
��� ��4�.�������%4�*�������.4�*4�������
F*��������������
���3������3���	���������
�
�
�
���� ��3��� ��3���
� �������
-���G� ����4�
��-4�����4�KK��DE9ED6�&8DD@(4

�5>7�'4������
�����4���������4�<������Ä4���	�� 4�
�
	���!4�������
���%4���������
�����L�*�
���3�� � ������
��� � �����$
��� � ��������L��
03�4�����4�9:��8>K$8E6�&8DDK(4

5E7��4��
��	���!�������4�Å4� ����%�	���
6@@���8@�&6K>E(4

230



Research KBrF4 Synthesis by Fluorination of Potassium Bromide 
 

Shagalov Vladimir, Sobolev Vasiliy, Ostvald Roman 
E-mail: tpurom@mail.ru 

 

Abstract  In this paper the process of interac-

tion of KBr and F2 was studied in order to obtain 
KBrF4. The 3-stage mechanism of the process was 

proposed. The product obtained by this technique 

was analyzed by titrimetric methods and by the me-

thod of thermal decomposition. It is shown, that 

fractional conversion of overall reaction is 70%. 
 

Oxidative fluorination is interesting for the anal-
ysis of geological ore for its content of noble met-
als, their oxidation and transferring to dissolved 
state. Using of fluorine oxidants does not lead to 
losses of osmium and ruthenium, in contrast to the 
classical methods, based on the use of oxygen-
containing oxidants. The method of oxidative fluo-
rination is faster, than chloride methods, more de-
composition level is achieved, and there are no spe-
cial accessories and devices required. [1, 2] 

Application of bromine threefluoride (BrF3) as 
fluorine oxidant and processing its perspective 
complex compounds is shown in this paper. 

Due to its high oxidizing capacity, BrF3 can 
completely oxidize the whole amount of noble met-
als. The noble metals could be divided into two 
groups on the relative kinetic propensity to oxida-
tion of BrF3 [3]. 

 Fast-soluble metals  Ag, Au, Ru, Ir, Os. 
 Slow-soluble metals  Pt, Pd, Rh. 

Metals of the first group interact in a complex 
multistage mechanism through the formation of 
coordinating fluorides. In general, there are follow-
ing reaction schemes [3]: 

6 Ag + 8 BrF3 6 Ag[BrF4] + Br2, (1) 
2 Au + 4 BrF3 2 [BrF2

+][AuF4
-] + Br2, (2) 

6 Me + 16 BrF3 6 [BrF2
+][MeF6

-] + 5 Br2, (3) 
where   Ru, Os, Ir. 

Highly soluble complexes [BrF2
+]2[PtF6

-], 
[BrF2

+]2[RhF6
-] and the adduct with the following 

composition -  PdF3 BrF3 are formed in interaction 
process of BrF3 with metals of the second group [3]. 

In spite of all the possibilities discussed above, 
the widespread using of bromine threefluoride in 
the laboratory and industrial practice is difficult 
because of high chemical and corrosion activity of 
this reagent and necessary of some specific skills 
and techniques to ensure safety when handling with 
BrF3 [3]. Alternatively, it was recently proposed to 
use the complex compound of BrF3 with a KF - 
KBrF4, which at room temperature is a stable 
powder and has a much lower chemical and corro-

sive activity, therefore it is more convenient for 
work and storage, and much safer to handle than 
liquid BrF3.  

This reagent shows its excellent fluorinating 
properties in the molten state at increased tempera-
tures (more than 330 ), processes with its partici-
pation are completely safe and can be implemented 
in any analytical laboratory [4]. 

There is still relevant to develop new technolo-
gies, in spite of a number of methods of the synthe-
sis of the reagent [5, 6]. Nowadays, all methods are 
associated with the need to obtain BrF3 as a sub 
reagent. A perspective method that avoids the high 
complication of the process is to obtain KBrF4 from 
potassium bromide and elemental fluorine.  

KBr + 2F2 KBrF4 (4) 

Authors studied the interaction of potassium 
bromide with fluorine in a nickel reactor of the ver-
tical type with a continuous measurement of the 
mass of the sample during the entire experiment. 
The results are presented in figure 1.  

 

 

Figure 1: Dependence of mass change of 

potassium bromide from time in the process of 

fluoridation by fluorine at 60  
 
As a result of the research, a 3-stage mechanism 

of the reaction (4) was proposed. At the first stage 
(segment AB) fluorine, as a most electronegative 
element, replaces the bromine in conjunction with 
potassium, reaction (5), which reduces the mass of 
the sample. The gaseous bromine forms during the 
reaction. 

At the second stage, bromine interacts with fluo-
rine in the gaseous phase. The mono , three  and 
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pentafluoride of bromine (BrF, BrF3, BrF5) could be 
the products of such interaction, reaction 6, 7, 8. 
According to the literature presented in [6], BrF and 
BrF5 have much less complex formation ability than 
threefluoride of bromine; therefore, the authors 
suggest that the formation of BrF and BrF5 will not 
lead to KBrF4. 

2KBr + F2 2,  (5) 
Br2 + F2 BrF,  (6) 

Br2 + 3F2 BrF3,  (7) 
Br2 + 5F2 BrF5,  (8) 
KF + BrF3 KBrF4,  (9) 

At the third stage the interaction of BrF3 with KF 
(reaction 9) is took place. As a result increasing of 
the sample mass is happened. 

Results of fluorination were analyzed by the ratio 
of first and final weights and by titrimetric methods 
of analysis [7]. As it is consequent from figure 1 the 
first stage proceeds up to 69.2%. The third stage 
(segment ) proceeds almost completely, frac-
tional conversion is 99.5 %. For the overall reaction 
(4) the fractional conversion is 69 %.  

Also the KBrF4 obtained by the interaction of the 
KBr and F2 was analyzed by thermal analysis on the 
SDT Q600. Diagram obtained by the thermal analy-
sis shown on figure 2. 
 

 

 2: Thermogram of  KBrF4  

obtained by KBr fluorinating.  

 
Two pronounced endothermic effects at 192.4 

and 248.6  could be found on the diagram. As it 
shown at reference [2] it could be connected with 
changing of lattice type and incongruent melting of 
KBrF4, however these effects were registered at 
higher temperatures [2]. 

When doing the analysis it could be noticed, that 
mass loss is 69.27 % from stoichiometric one. This 
coincides with the data mentioned before when 
doing the analysis of sample synthesis process. 

So, this paper describes the new type fluorinating 
agent synthesis. As the result of the synthesis 
process, the 3-stage mechanism of the process was 
proposed. The product obtained by this technique 
was analyzed by the method of thermal decomposi-
tion. It is shown, that fractional conversion of over-
all reaction is 70%. 
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Abstract — In this work the process of particle 

segregation in flowing suspensions is described 

based on models by Phillips and co-workers [5]. 
Method described in [5] is combined with several 

rheological models for spherical particlecs and the 

concept of Jeffery orbit [2] to describe migration of 
non-spherical particles. Electroviscous effects are 

discussed as well.  

INTRODUCTION

Segregation of particles is an important aspect 
of suspension flow phenomena. It influences 
the flow and suspension structure with 
significant effects on the aggregation and 
filtration processes. Segregation results from 
fluid-particle and interparticle interactions, 
which can be described using the relatively 
simple model of Phillips and co-workers [5]. 
The model is modified in this work by 
combining it with rheological models valid 
for the regime of concentrated suspensions. 
Also, introducing the concept of Jeffery orbit 
[2] to the model, the effect of particle shape 
on migration of non-spherical particles is 
considered.  

I. SEGREGATION OF PARTICLES IN
STATIONARY COUETTE FLOW 

Phillips and co-workers [5] considered 
suspension of hard spheres behaving as a 
Newtonian fluid. Constitutive description of 
the suspension flow is divided into two parts. 
First, an expression for the stress tensor is 
written in the form characteristic for the 
Newtonian fluid 

=                                   (1) 

In the second part viscosity is represented as a 
function of the solid's volume fraction. 
Conservative balance equation for particles in 
an Eulerian frame is in this model given in the 
form  

12K2a

)2(cK2a=
Dt

D

 (2)

Equations (1) and (2) are constitutive 
equations for concentrated suspensions of 
spherical particles in nonuniform shear flows. 
Comparison of predicted r̂  distribution for 

0.45=  and 0.55 with experimental data by 
Phillips [5]. was obtained using the model [5] 
with viscosity predicted from the model of 
Krieger [3] and several other rheological 
models [1,4] valid for concentrated 
suspension regime, as presented on Fig.1. 
Fig.1 shows that accuracy of modelling is 
very good when the models of Marona-Pierce 
[4] or Barnea i Mizrahi [1] are applied. Fig 1 
show the effect of the average volume fraction 

0.01= , 0.1, 0.3, 0.5 in Couette flow on 

the local volume fraction profile r̂  and 

velocity profile ruu max
ˆ/  based on the 

models mentioned above. 
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Fig.1 Model predictions for spherical particles 
(Couette flow): a)The distribution of local 
concentration value b) non-dimensional velocity 
profile. 

II. INFLUENCE OF PARTICLE SHAPE

The models of non-spherical suspensions are 
developed from the Jeffery [2] orbit theory. The 
effect of shape is expressed by the aspect ratio R .

Fig. 2. Effect of particle shape (Couette flow): 
a)The distribution of local concentration value b) 
non-dimensional velocity profile. 

Fig. 2 shows the distribution of local concentration 

and velocity in Couette flow for 0.5=  in based 

for spherical particles and dilute suspension of 
ellipsoidal particles with aspect ratio = 2R . In this 
work there are more results of calculations to 
check sensitivity of the flow and segregation to the 
aspect ratio of particles up to R=20.  

CONCLUSIONS
Presented results show that proposed methodology 
has general character and can be used to describe 
suspension flows. Also the first electroviscous 
effect that is caused by the resistance of the ionic 
cloud to the shear-induced deformation of the fluid 
can be considered using this method. 
 The influence of the primary electroviscous effect 
can be expressed by the primary electroviscous 
coefficient, p, that is a function of  potential and 

the fluid properties and can be expressed in the 
form  

p)(1
2

5
1= 0 (3)

with p given by Booth [6] in the form  

2
2

2 ~
(b)BZZ(b)b)C(1

5

24
=)

~
p(b, (4)

and introduced to the model. Results of 
calculations are presented in this work.  
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Abstract — 2,4,5-Trisubstituted imidazoles repre-

sent a common structure in bioactive molecules. As 

the conventional route of synthesis via cyclization 

reactions allows only limited since symmetric sub-

stitution patterns, we investigated the selectivity of 

Pd-catalyzed cross-coupling reaction protocols 

such as the Suzuki-Miyaura reaction to introduce 

different substituents into the imidazole ring system. 

Therefore, N-protected 2,4,5-tribromoimidazole 

was stepwise coupled with various aryl-boronic 

acids to yield the desired 2,4,5-triarylated imida-

zoles. In the next step, an efficient method for the 

one-pot reaction has been developed. 

I. INTRODUCTION

2,4,5-Trisubstituted imidazoles exhibit a large variety 
of biological activities such as antimicrobial or anti-
inflammatory activities [1]. Therefore the synthesis 
of these products is a highly versatile and competi-
tive research area. 
The conventional synthetic route to such compounds 
is represented by the cyclo-condensation of dike-
tones, ammonia, and corresponding aldehydes (see 
Scheme 1) [2].  

Scheme 1: Conventional route for the synthesis of 
trisubstituted imidazoles 

The disadvantage of this method is the inflexibility of 
the substitution pattern as substituents at C4 and C5 
are usually equal. The reason for this is that only 
diketones carrying the same aryl residues on both 
sides give a defined product. If an unsymmetrically 
substituted ketone is applied, mixtures of regioisom-
eric products are formed which are difficult to sepa-
rate. Therefore, we have investigated the selectivity 
of Pd-catalyzed cross-coupling reaction protocols 

such as the Suzuki-Miyaura reaction as a tool to 
introduce different substituents into the imidazole 
ring system via a C-C bond formation [3]. While 
individual coupling reactions are well established, the 
modular combination of a sequence of iterative and 
methodologically related steps offers the prospect of 
reaction automation, ultimately. This is a highly 
appealing aspect in modern medicinal chemistry and 
drug discovery, as access to large compound libraries 
is enabled.  
Hence, multi-step transformations of this type have 
received significant attention in the most recent lit-
erature. This new approach allows the synthesis of 
highly diverse trisubstituted imidazoles in a most 
efficient and facile manner, including known bio-
logically active compounds and their structural ana-
logs. 

II. RESULTS AND DISCUSSION

The synthesis of 2,4,5-trisubstituted imidazoles con-
sists of three Pd-catalyzed cross-coupling reactions 
performed stepwise and applying the Suzuki-
Miyaura protocol utilizing 2,4,5-tribromoimidazole 
as simple and easily accessible building block. Cross-
coupling reactions on mono- or di-halogenated imi-
dazoles are a common and well-studied tool for C-C 
bond formation in the synthesis of mono-arylated 
imidazole [4]. Furthermore, cross-coupling reactions 
on tri-halogenated imidazoles in 2 and 5 positions 
were already reported [5]. However, a triarylation of 
imidazole in 2, 4, and 5 position using a Pd-catalyzed 
cross-coupling protocol has never been demon-
strated, so far. 
First, reaction conditions and conversion monitoring 
for all steps had been established. It turned out, that 
for the first and second coupling step HPLC and GC 
analysis were necessary in order to carefully monitor 
the reaction progress. In the third coupling step only 
HPLC analysis could be applied since the triarylated 
imidazoles displayed insufficient volatility for GC 
analysis.
In the first step, the aryl boronic acid reacts with the 
most activated bromine atom in 2-position. In gen-
eral, the reaction is performed in a non-polar solvent 
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such as toluene (see Scheme 2) to obtain high selec-
tivity. The reaction time depends on the arylboronic 
acid/ester. 

Scheme 2: First cross-coupling step

The second step consists of the cross-coupling reac-
tion with the bromine atom in 5-position (Scheme 3). 
Therefore, polar conditions such as wa-
ter/dimethoxyethane mixtures are used since ex-
tremely long reaction times were observed in the case 
of non-npolar solvents. When applying polar solvents 
reaction times are even shorter than in the first step. 

Scheme 3: Second cross-coupling step 

The last step is the conversion of the bromine atom in 
4-position (Scheme 4). The reaction can be per-
formed under the same conditions as the second step. 

Scheme 4: Third cross-coupling step 

Several representatives of differently 2,4,5-
trisubstituted imidazoles have been synthesized via 
the above protocol. Various substituted arylboronic 
acids were used and the electronic as well as steric 
effects of the substituents investigated. 
Extending the methodology, a one-pot protocol is 
currently under development and first trials were 
promising concerning yields and selectivity. Further 

investigations regarding the substrate scope are al-
ready underway in our laboratory. 
Finally, the deprotection of the benzyl group was 
carried out in good yield under hydrogenation condi-
tions on a first model compound. 

Scheme 5: Deprotection of the benzyl group 
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Abstract —Triarylated 1,3-azoles are an important 
substance class which contains many examples with 
biological activity or interesting properties in mate-
rial sciences.1 An efficient and modular synthesis of 
those compounds is therefore highly desirable. So 
far, most contributions on this topic were relying on 
step wise procedures to obtain the title com-
pounds.2,3,4 This synthetic sequences often included 
elaborate functional group interconversion reac-
tions, which decrease the efficiency of the overall 
process. In this contribution, a sequential one pot 
arylation is presented which selectively leads to 
2,4,5-triarylated thiazoles within a few hours start-
ing from 2,4,5-tribromothiazole. 

INTRODUCTION

Triarylated Thiazoles are an important substance 
class concerning biological activity. As an example a 
lead structure of an anti-obesity drug is depicted in 
Figure 1. For such biological studies it is necessary to 
synthesize a broad substance library containing a lot 
of derivatives. Via former synthesis approaches this 
was always associated with tremendous synthetic 
efforts. One example is depicted in Scheme 1. 

Figure 1: Anti-obesity drug lead structure 

The one-pot protocol demonstrated within this work 
shortens the synthesis of such triarylated systems 
considerably. Starting from readily available 2,4,5-
tribromothiazole it is possible to selectively cross-
couple each aryl substituent via the Suzuki-Miyaura5

protocol. Addition of the corresponding arylboronic 
acids step by step leads to the desired substitution 
pattern in a convenient and short synthesis giving 
good yields. 

Scheme 1 

RESULTS AND DISCUSSION

For applying the one-pot strategy it was first of all 
necessary to synthesize the adequate precursor, 
namely 2,4,5-tribromothiazol. This short synthesis is 
shown in Scheme 2. 

Scheme 2 

Subsequently, the cross-coupling conditions for each 
individual step were optimized. Naturally, this was 
not done in one-pot but on purified intermediates. It 
was found, that the cross-coupling in position 2 re-
quired an apolar solvent in order to obtain good se-
lectivity. Toluene was identified as best performing 
solvent. For the second and third coupling step more 
polar conditions (DME/H2O) were needed. Overall, 
conditions shown in Scheme 3, were found to give 
the best yields, although a solvent exchange is neces-
sary in the one-pot process after the first coupling 
step to circumvent 2,5-bisarylation. 
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Scheme 3 

The overall sequence was then carried out in a 
stepwise manner. Tribromothiazole, boronic acid, 
catalyst and base were put together and heated for 
several hours. After complete conversion the 
product was purified via column chromatography. 
This procedure was repeated twice to generate the 
trisubstituted thiazole derivative shown in Scheme 
4. The same compound was then prepared in a one 
pot fashion giving much higher yield compared to 
the stepqise protocol (42 vs 16%!). 

Scheme 4 

To demonstrate the feasibility and the associated 
advantages of a one-pot synthesis, the same proce-
dure was carried out without purification after 
each single coupling step. So a more facile one-pot 
protocol concurrently displaying higher yields 
could be established. Furthermore the versatility of 
such a protocol was demonstrated on a broad 
range of different aryl substitution patterns (Table 
1). Thereby it could be proved that various triary-
lated thiazole derivatives are accessible from tri-
bromothiazole. 

Entry Product Yield [%] 

1 42 

2 46 

3 44 

4 36 

5 26 

6 50 

7 42 

8 35 

9 43 

Table 1 
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Abstract — Selective and epitaxial growth of Si-

nanowires was achieved by using octachlorotrisi-

lane (OCTS-Si3Cl8) as a new precursor and Au as 

catalyst. This was done by using chemical vapor 

deposition in a 3-zone hot wall furnace utilizing 

the VLS-mechanism. The NWs grew along the 

(111) direction and the influence of growth dura-

tion, process temperature, substrate pre-treatment 

and feed gas composition on the NW synthesis was 

studied. The yielded NWs were characterized by 

SEM, HRTEM and EDX. We also succeeded in 

growing NWs with Pt, Cu, Ni and In as catalysts. 

I. INTRODUCTION

Nanoscale materials have gotten a lot of scientific 

attention during the last years. Due to their small size 

and special chemical and physical properties smaller 

and more efficient application in the field of elec-

tronic devices are hopefully expected. In detail 

bio/chemical sensors [1], light emitting devices with 

extremely low power consumption [2], nanoelectron-

ics [3], solar cells [4], and catalysis [5] are already 

thoroughly investigated. For such specific applica-

tions the growth process and technique must be 

adjusted in an appropriate way. Among all growth 

techniques, those employing vapour-phase methods, 

like thermal evaporation, laser ablation [6], MBE [7] 

or chemical vapour deposition [8] in combination 

with vapour-liquid-solid (VLS)[9] or vapour-solid 

growth techniques, have been proven to be most 

versatile regarding the composition and morphology.  

During this work we concentrated on CVD utiliz-

ing the VLS-mechanism. Common precursors for 

this purpose are SiH4 [8], SiCl4 [10] and Si2H6 [11].

Instead of one of those we used Si3Cl8. To our best 

knowledge this precursor has not been used for 

growing Si-NWs yet. 

II. EXPERIMENTAL 

Si-NWs were grown in a hot wall atmospheric pres-

sure chemical vapour deposition (APCVD) appara-

tus, using OCTS as precursor. The main components 

of the growth apparatus are a horizontal tube furnace 

(68 cm long) with three separately controlled heating 

zones, a quartz tube connected to a gas supply and a 

pumping unit.   

Si (111) substrate pieces were cleaned with ace-

tone, rinsed in propan-2-ol and blown dry with nitro-

gen. Next the samples were dipped into buffered 

hydrofluoric acid (7:1) to remove any native oxide 

followed by a water rinse. Subsequently Au colloids 

of various sizes or a 2 nm thick Au layer were depos-

ited by sputtering as a catalyst for VLS-NW-growth.

The samples were then taken to the furnace and 

heated to temperatures between 400°C and 900°C to 

observe the influence of temperature. After that the 

precursor was applied by routing the He (100 sccm) 

through a saturator leading to a partial pressure of 

0.03 mbar OCTS in the feed gas. The total growth 

time was usually 60 minutes.  

The geometry and morphology of the as-

synthesized Si nanostructures were determined by 

SEM. The detailed structural analysis was performed 

by HRTEM and elemental analysis was done by 

EDX. 

III. RESULTS 

Figure 1 shows the SEM images of typical 

nanostructures observed at growth temperatures of 

900°C, 800°C, 600°C, and 400°C, respectively 

when Au colloids with a diameter of 80 nm are 

used as catalysts.  

For the highest growth temperature of 900°C 

(Figure 1a) we observed NWs of various appear-

ances and sizes. For the typical growth duration of 

60 min the length and width of the rods varied 

typically from 2 to 20 µm and 50 to 500 nm. We 

observed catalytic particles atop of most of them 

which could also be confirmed by means of EDX. 

The particle is also a little bit thicker than the wire 

in most cases and consists of a mixture of Au and 

Si, which precipitates from the oversaturated par-

ticle during cooling.  
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Figure 1: SEM pictures of typical nanostructures 

grown with OCTS 

At the lower temperature of 800°C (Figure 1b) we 

observed nanowires each with a catalytic particle 

atop, which is expected for NW growth according to 

the VLS mechanism. In contrast to the nanostruc-

tures observed at 900°C, the NWs appeared perfectly 

straight without kinks and show a more narrow dis-

tribution of the NW diameter; around 100 to 150 nm.

Their length ranged from 5 to 10 µm.  

The NWs that were grown at 600°C are far 

shorter, but for all of them we observed a catalytic 

particle atop (Figure 1c). They are shorter than 1 µm 

and their diameter varies from 100 to 200 nm. 

At the lowest temperature of 400°C (Figure 1d) 

just the nucleation of NW-growth could be observed. 

There tail like structures are starting to emerge from 

the catalyst particles. 

In subsequent experiments with smaller colloids 

of 10 and 30 nm, the diameter of grown NWs also 

decreased corresponding to the colloid size; down to 

40 nm in some spots. On the other side usage of a 

sputtered 2nm-layer of Au proved to yield thicker 

and less uniform NWs. 

With growing experience of this process we re-

ceived a high yield of epitaxial grown Si-NWs for a 

30 min tempering of the samples at 800°C in He 

atmosphere prior to the growth at 700°C; most of 

them vertically aligned. These NWs were investi-

gated by means of HRTEM and showed to grow 

along the (111)-direction.  

It was also tried to apply H2 to the growing at-

mosphere, but it just proved to thicken the wires 

considerably at 900°C and completely prevented 

NW-growth at 800°C and below. In the latter case 

also characteristic triangular etching pits occurred. 

Etching intensity increases not only with tempera-

ture, but also with the amount of deposited catalyst. 

In following experiments we also succeeded in 

growing NWs with Pt, Cu, Ni and In instead of Au.  
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Abstract — Omega (n)-3 fatty, such as 
eicosapentaenoic acid (EPA) and docosahexaenoic 
acid (DHA), are associated with decreasing 
coronary heart disease and playing a role in 
several brain functions. The expression of heart 
fatty acid-binding (HFABP), in both the heart and 
the brain, seems to be crucial for controlling the 
levels of n-3 fatty acids. The mechanism for these 
interactions remains unclear at the cellular and 
molecular level. 15N-labeled HFABP was expressed 
and purified for studies in solution using NMR 
spectroscopy. HFABP titrations with EPA, DHA 
and oleate reveal chemical shift differences between 
the unbound (apo) and ligated (holo) forms 
suggesting chemical interactions. Multi-
Conformation Continuum Electrostatics simulated 
titrations propose a group of residues that might 
have long and close range electrostatics 
interactions in the apo and holo HFBAP. The 
residues that present pKa shifts upon binding, like 
Arg106, Arg126 and Tyr128, may play a role 
interacting with the carboxyl group of the fatty 
acids. NMR studies and computer simulations will 
complement these structural studies.

I. INTRODUCTION

Fatty acid–binding proteins (FABPs) are abundant 

~15-kDa cytoplasmic proteins expressed in almost all 

mammalian tissues. Heart type FABP (HFABP) is 

highly expressed mainly in cardiac muscle and in 

skeletal muscle, and to a lower extent in the brain.
1

Its physiological role is the transport of hydrophobic 

long-chain fatty acids from the cell membrane to 

their intracellular sites of metabolism. The amounts 

and balance of polyunsaturated fatty acids such as 

omega-3 (n-3) and omega-6 (n-6) fatty acids become 

crucial in controlling inflammatory responses and 

clinical conditions resulting from eicosanoids

pathways. It has been reported that n-3 fatty acids are 

essential for normal growth and development and 

may play an important role in the prevention and 

treatment of coronary artery disease, hypertension, 

diabetes, arthritis, other inflammatory and 

autoimmune disorders, and cancer.
2
 The interaction 

of these fatty acids with HFABP could lead to 

changes in their effective concentrations, thus 

moderating the trafficking and delivery of these 

ligands to or from other proteins, specific membrane 

domains, or nuclear hormone receptors. In this study 

a series of titrations were performed in order to 

examine the structural basis of HFABP binding to n-

3 ligands by monitoring altered chemical or magnetic 

environments. 

II. MATERIALS & METHODOLOGY

A. PURIFICATION, EXPRESSION AND NMR

EXPERIMENTS 

The recombinant [U-
15

N] protein was overexpressed 

in E. coli and purified by established 

chromatographic methods.
3
 For apo-HFABP 

samples, the uniformly 
15

N-enriched purified proteins 

were concentrated to 0.2 mM in pH 6.0, 7.0, and 7.4 

phosphate buffer containing 50 mM NaPi, 5 μM
EDTA, 5% D2O, and 0.02% sodium azide. Six 

complexes of ~0.2 mM 
15

N-HFABP with EPA, 

DHA, or oleate (OLA) with the ratios 1:0.4, 1:0.8, 

1:1.2, 1:1.6, 1:2.0 and 1:3.0 were prepared for the 

titration experiment at ph 7.4. The 2D 
1
H-

15
N-

Heteronuclear Single Quantum Coherence (HSQC)

experiments where carried with the apo-HFABP and 

the holo-HFABP with ratios indicated before. 

B. COMPUTER SIMULATIONS

Multi-Conformation Continuum Electrostatics 

(MCCE) calculates the equilibrium conformation and 

ionization states of protein side chains, buried waters, 

ions, and ligands at a defined pH. Preselected choices 

for atomic positions and ionization states for side 

chains and ligands were used.
4

The protein side chain 

motions are simulated explicitly while the dielectric 

effect of solvent and bulk protein material is modeled 

by continuum electrostatics. The experiments were 

ran using the protein data bank file of human HFABP 

1HMS. OLA was bound to the protein and the file 

was modified to remove the waters and the ligand. 

The titrations were run for the apoHFABP and two 

holoHFABP, bound to OLA and EPA. 
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III. RESULTS

HSQC spectra of apo and holo HFABP show

chemical shifts suggesting interactions with the 

ligands “Figure I”. HSQC spectra for the titration 

series with EPA, DHA and OLA show similar 

results. 

Figure I: HSQC spectrum for apo-HFABP (black) and 

holo-HFABP (gray) after 3:1 EPA in pH 7.4

IV. DISCUSSION/CONCLUSION

The chemical shift peak assignments will be carried 

out for both the apo and holo HFABPs. This analysis 

will provide structural information about the ligand 

binding interactions. In order to avoid any ambiguous 

peak assignments 3D HSQC-TOCSY and HSQC-

NOESY experiments will be carried out for both the 

apo and holo HFABPs.

Figure II. (a) Cartoon diagram of apo (darker) and 

holo HFBAP (lighter) bound to oleate. (b) Cartoon 

diagram of Holo HFABP bound to oleate, showing 

the plausible hydrogen bonds to ARG106,

ARG126 and TYR128.

After computer simulations for the apo and holo 

HFABP, models were generated using Pymol for the 

structure of the comformers that are more highly 

occupied after montecarlo sampling “Figure II”.

From the protein structures the following patterns of 

interaction: the COO
-
 group interacts with R126 and 

Y128 and indirectly with R106 through a water 

bridge. This was confirmed through the computers 

simulations but also other residues might play a role 

in this stabilization. THR53 is in close proximity 

with the COO- and might form part of the hydrogen 

bond network. There is a series of residues that have 

significant pK shifts upon binding of both EPA and 

OLA. The pK shifts in residues such as GLU72, 

ASP76, ARG78, HIS119 could be due to the waters

removed from the cavity upon ligand binding.  

Residue LYS79 pKa value shifted from 11.08 to 

0.279 upon binding of OLA. This data suggest that 

the chemical environment of the cavity favors neutral 

charges for the areas that interact with the 

hydrophobic part of the ligand, whereas the residues 

that interact with the carboxyl are more stable in their 

ionized form. The computer simulations will be 

carried out for mutants of the residues that presented 

changes in the holo form. This will help evaluate the 

changes the ligand binding and for plausible 

hydrogen bond networks. 

HFABP could be a major component in the 

regulation of n-3 fatty acids in both the heart and 

brain. These structural studies protein-ligand 

interactions may lead to the better understanding of

the mechanism of controlling the cellular levels of 

these ligands.
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Abstract  The aim of this work was to develop 
materials for writing optical waveguides into flexi-
ble polydimethylsiloxane (PDMS) layers by means 
of laser structuring techniques. An important appli-
cation would be the connection of optical compo-
nents on flexible circuit boards in the communica-
tion technology. Well known techniques from the 
literature are based on the concept of photolocking. 
To avoid the additional step of swelling the low 
refractive PDMS matrix with the photocurable 
monomer, we present two concepts wherein curing 
of the PDMS matrix is possible in the presence of a 
variety of monomers. Classical radical polymeriza-
tion was employed with a set of high refractive 
monomers that meet the requirements of optical 
interconnects. Optical waveguides were successful-
ly written into the silicone matrix by two-photon 
polymerization. 

I. INTRODUCTION 

Two-photon polymerization (2PP) is a new and mod-

ern technology in solid freeform fabrication [1]. It 

allows the fabrication of sub-micron structures from 

a photopolymerizable resin yielding 3D structures 

with a theoretical spatial fabrication resolution down 

to 120 nm[2]. The fact that 2PP only takes place in 

the focus of the laser beam allows for mastering tasks 

as connecting two optical components with 

waveguides that are already embedded in a solid 3D-

block of transparent material. Inscription of 

waveguides in 3D therefore requires materials and 

methods suitable for a selective refractive index 

change in a preformed material block. Our concepts 

to attain a suitable refractive index change for 

waveguiding are based on selective 2PP of mono-

mers within a preformed flexible matrix. The first 

successful approach in our group was to swell Si-H 

addition cured PDMS (Elastosil RT601) with a mix-

ture of acrylate compounds with higher refractive 

index and a photoinitiator [3]. Some first very prom-

ising 2PP experiments for the structuring of 

waveguides were performed in swollen PDMS 

specimens as it is impossible to carry out addition 

curing in the presence of acrylates. Our concept of 

using acetoxy curing systems provided a solution for 

this problem: the acetoxy curing agent exclusively 

reacts with the hydroxyl groups of polysiloxane 

chains and leaves acrylates unaffected. Thus we were 

able to improve on our first approach by reducing the 

process time and the change in volume. 

II. RESULTS AND DISCUSSION 

A. SELECTION OF MONOMERS 

For our application, only monomers with a higher 

refractive index than the corresponding polysiloxane 

matrix came into consideration. Candidates had to 

exhibit proper compatibility with the host material. 

With respect to the boiling point it was important that 

substances were volatile enough to be removed under 

vacuum, but on the other hand they should not 

evaporate significantly during the structuring proc-

ess.  
After screening a large variety of suitable acrylic 

monomers, acrylic acid isobornyl ester (AIB) turned 

out to be the best option for applying it together with 

conventional PDMS silicone rubbers as excellent 

compatibility is given due to the hydrophobic residue 

of AIB. Despite the worse compatibility of 1,4-

butanediol diacrylate (BDA) with PDMS and lower 

refractive index compared to AIB, this monomer has 

been selected recently as a crosslinking agent in a 

mixture with AIB, as it helps to adjust the extent of 

swelling due to its poor compatibility [3]. The high-

est refractive index of an acrylic monomer that com-

bined the above mentioned criteria was 2-

phenylthioethyl acrylate (PTEA).  

B. WAVEGUIDE MATERIALS 

In this work we present 3 waveguide materials, 

whose components are given in Table 1. The first 

material was produced by swelling addition cured 

PDMS with a mixture of monomers, whereas in case 

of the other two materials the polysiloxane matrix 

was mixed with the monomer prior to a condensation 

curing process. Exposure to UV-light yielded highly 

refractive polysiloxane-polyacrylate hybrid materials. 
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Unreacted monomer was finally removed at reduced 

pressure and elevated temperature. 

 

System. Matrix Monomers Mode 

1 
Elastosil 

RTV 601¹ 

AIB/BDA 

 
Swelling 

2 

PDMS, 

silanol termi-

nated² 

AIB/BDA 

 
Mixing 

3 

Dimethyl-

diphenyl-

siloxane 

copolymer, 

silanol termi-

nated² 

PTEA/ 

BDA 

 

Mixing 

 

¹ Si-H addition cured; ² acetoxy cured 

Table 1: Composition and preparation mode of 

waveguide materials 

C. TESTING OF WAVEGUIDE MATERIALS 

An important property of waveguide materials is the 

refractive index. In case of our concept waveguide 

materials became increasingly hazy due to incom-

patibility of matrix and photopolymer at higher pho-

topolymer contents so it was important to get a high 

refractive index change at lower photopolymer con-

tents. In Figure 1 this correlation is depicted for the 

systems of Table 1. 

 

 

Figure 1: Linear relation of refractive index and 

photopolymer content of waveguide materials  

 

 

For all materials the increase in refractive index is 

around 0.001 per percent of polyacrylate content 

which is more than sufficient for waveguide applica-

tions.  

D. WAVEGUIDE STRUCTURING 

Finally we wanted to prove that it is possible to mi-

crostructure waveguides via 2PP using system 1. 

Therefore, a PDMS film was swollen for 20 h with a 

monomer mixture of AIB and BDA (2:8) and 0.5 

wt% of N-DPD[4] as photoinitiator. Subsequently 

waveguide structures were written in a depth of 

375 µm with a setup for 2PP shown elsewhere.[5] 

Removal of the unreacted monomer in the non-

illuminated areas resulted in waveguides, which are 

shown in Figure 2. 

 

 

Figure 2: Waveguides written at different laser power 

CONCLUSION 

In this work we presented a new process of manufac-

turing waveguide materials by raising the refractive 

index of polysiloxanes with interpenetrating acrylic 

photopolymers and avoiding the swelling step. The 

refractive index increase was confirmed and prelimi-

nary 2PP experiments were carried out.  
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Abstract Baeyer-Villiger monooxygenases 
(BVMOs) were recognized as highly versatile bio-
catalysts for oxygenation of ketones to esters or 
lactones. A prominent transformation of such en-
zymes is the stereoselective oxidation of cyclic 
and/or aliphatic ketones to chiral lactones/esters 
which are interesting building blocks for the synthe-
sis of bioactive- and natural compounds. However, 
due to number of reasons, large-scale application 
was not enforced on a satisfactory level, so far. 
Here we report that structure guided consensus 
based approach for the improvement of thermal 
stability of biocatalysts could be successfully ap-
plied to a flavin monooxygenase for the first time. 
Cyclohexanone monooxygenase (CHMO) originat-
ing from Acinetobacter NCIB 9871 was chosen for 
this study. 

I. INTRODUCTION 

Despite many favorable qualities of redox-

biocatalysts as well as their potential as a greener 

alternative to chemical catalysts, their limitations in 

stability towards many types of reaction media (or-

ganic solvents, high pH) or elevated temperatures 

and the requirement of expensive cofactors often has 

prevented their implementation for industrial-scale 

application in the synthesis of fine chemicals and 

pharmaceuticals. Recent methods like rational and 

combinatorial protein engineering, aided by compu-

tational tools and structure-guided principles to re-

duce library sizes have been used to improve the 

stability of biocatalysts. Alternatively, due to data-

driven protein engineering, homology-based methods 

and combinations of both, deeper insights have been 

gained into a more specific and not even random 

optimization process of various biocatalysts.  

Within the last decade of research the industrial in-

terest in selective oxidative biocatalysts has increased 

considerably. One important representative of this 

class of enzymes are Baeyer-Villiger mono-

oxygenases (BVMOs, Figure 1) that have been iden-

tified as very valuable and efficient catalysts of 

chemo-, regio-, and/or enantioselective oxygenation 

reactions[1]. A prominent transformation of such 

enzymes is the stereoselective oxidation of cyclic 

and/or aliphatic ketones into chiral lactones/esters 

which are interesting building blocks for the synthe-

sis of bioactive- and natural compounds [2]. Unfor-

tunately, due to limited stability, requirement of very 

costly NADPH as cofactor, and stoichiometric 

amounts of molecular O2, large-scale application was 

not enforced on a satisfactory level so far.  

In this study we present the development of a ther-

mostable cyclohexanone monooxygenase from 

Acinetobacter sp. (CHMOAcineto) based on the struc-

ture-guided consensus concept [3]. Figure 1 shows 

the homology approximation of CHMOAcineto in 

which two structurally diverse domains, a -helix 

area (grey -sheet (black) can be seen. To 

strengthen the stability of the protein (e.g. via salt 

bridges, hydrogen bonds), possible mutations, based 

on the above described data-driven protein design, 

-helical domains of 

the protein.  

  

O

O

O

 

Figure 1: Baeyer villiger oxidation by Monooxy-

genase.also displaying homology approximation of 

CHMOAcineto (57% identity to 3GWD, CHMORhodo). 

II. EXERIMENTAL 

A. MUTAGENESIS 

CHMO originating from Acinetobacter sp. was cho-

sen as model enzyme to work on. The list of potential 

mutations was developed based on the structure-

guided consensus approach [4]. Specific mutations 

were introduced by in vitro site-directed mutagenesis 

concept, using Stratagene kit. After successful 

mutagenesis plasmids were isolated using the Wizard 

Plus SV Minipreps DNA Purification System 
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(Promega) and BL21 (DE3) bacteria were freshly 

transformed before screening and biotransformations. 

BL21 (DE3) cells were made competent by treatment 

with CaCl2 and transformed with plasmid DNA by 

incubation on ice and heat shock at 42°C according 

to general procedures [4] Overexpression of the 

desired constructs was determined by crude SDS-

page gel analysis. 

B. CRUDE CELL EXTRACT 

Crude protein isolation and a suitable screening to 

test thermostability of the new CHMO-mutants were 

performed according to already established protocols. 

Protein expression was carried out under the follow-

ing conditions: Fresh TBAmp medium (200mL) was 

inoculated with 2% (4mL) of an overnight preculture 

of recombinant E. coli strain (CHMO-mutants) in a 

500mL baffled Erlenmeyer flask. The culture was 

incubated at 120 rpm at 37°C on an orbital shaker for 

about 2 hours (OD590: 0.7), and then IPTG was added 

to a final concentration of 0.8mM. The culture was 

incubated for 24h at 120 rpm at 24°C. The cells were 

harvested by centrifugation at 4°C (6000 x g, 10min) 

and pellets was resuspended in PBS buffer (1X, 

5mL, pH=7.4) and protease inhibitor (phenylmethane 

sulfonyl fluoride; ds, 

cells were sonicated (50% amplitude, 10 sec on and 

60 sec off, 6 cycles, 4°C). Cell debris was separated 

by centrifugation (10,000 x g, 15min, 4°C). Crude 

cell lysate (CE) was divided into 0.5mL aliquots and 

stored at -20°C until further use. Protein concentra-

tion of CE was estimated by Brad  

using Protein Assay (Bio-Rad). Bovine serum albu-

men was used as standard for the calibration curve. 

Overexpression was confirmed by running CE on a 

crude SDS-PAGE. 

C. GENERAL PROCEDURE FOR CE THERMOSTA-

BILITY SCREENING 

The thermostability screen was performed in 96-well 

 

(5mg/ml) in Tris/HCl buffer (50mM, pH= 8) in du-

plicate. Heat shock treatments were given at different 

temperatures (37°C, 45°C, 50°C, 55°C, and 60°C) 

for 60 min. 2-phenylcyclohexanone (2mM;test sub-

strate) and cofactor regeneration system [glucose-6-

-6-

phosphate dehydrogenase (1U)] were added to make 

the reaction was determined via GC analysis.  

III. RESULTS AND DISCUSSION 

In a first set of experiments we tried to investigate the 

mutant proteins via thermostability screening. All 

mutants predicted were screened along with CHMO-

wt. Mutants showing best stability at higher tempera-

tures were selected. We observed a significant differ-

ence between CHMO-wt and some of our new mu-

tants. We created a second generation of mutants by 

combination of best performing candidates of the 

single site modification study. For this purpose 

N477D_Q473K/R was selected as base in which 

additions were made. These triple and quadruple 

mutants showed significant increase in thermostabil-

ity (Figures 3). 

 

 

Figure 3: Screening of CHMO-mutants at different 

temperatures.  

IV. CONCLUSION 

In summary, a significant improvement of thermo-

stability of CHMO-wt was obtained in some mutants. 

The success rate for favorable mutations is 50% 

within 1st stage. Based on these results, we also 

obtained a significant increase in stability of 

CHMOAcineto for second generation mutants. Subse-

quent studies are presently ongoing. 
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Abstract — We present a novel thermal flow 
sensors embedding four thin-film germanium 
thermistors in a silicon-nitride membrane. The 
appropriately arranged thermistors act as heat 
sources and as temperature sensors 
simultaneously. The self-heating based flow 
transduction mechanism combine advantages of 
the hot-film and the electrocalorimetric flow 
sensors. With respect to comparable 
electrocalorimetric flow sensors, the power 
requirement is reduced by more than an order of 
magnitude. This feature is beneficial for remote 
sensing applications and crucial for measuring the 
flow of fluids that endure only slight temperature 
elevations.

I. INTRODUCTION

Calorimetric flow sensors consist of a miniaturized 

heat source in combination with spatially separated 

four thermistors Rth,1-4, all embedded in a thin 

membrane. The novel thermal transduction method 

presented in this work combines the calorimetric and 

the hot-wire transduction principle. The sensor fea-

tures four thin-film germanium thermistors and con-

nected to form a Wheatstone bridge. They act as 

localized heat sources and as temperature sensors at 

the same time (hot film transduction). However, 

each thermistors resides in close vicinity to the other 

three devices, resulting in a further (i.e., 

calorimetric) contribution to its excess temperature. 

This interaction enables the extraction of the flow 

direction from temperature differences. Hence, the 

observed excess temperature of each thermistor 

depends on its own power dissipation, on the heat 

supplied by the other thermistors, and the convective 

heat transfer.

II. FLOW SENSOR DESIGN

Fig. 1 shows the photomicrograph of the flow sensor 

chip. The multilayered sensor membrane consists of 

the SiO2 and Si3N4 wafer coating, and the top passi-

vation layer SiNX. Four thermistors are 

symmetrically arranged regarding to a centric 

chromium resistor, which was not utilized in our 

presented transduction principle. Each thermistor 

consists of a thick germanium film, which is 

contacted by four metal strips (Ti-Au-Cr sandwich). 

The schematic cross section of the sensor is shown in 

Fig. 3. 

III. MEASUREMENT AND RESULTS

For the measurements of nitrogen gas flow rates, the 

silicon chip was incorporated in the wall of a 

miniaturized flow channel. This was achieved using a 

PCB (Printed Circuit Board) of about 0.8 mm 

thickness. A milled recess accommodates the sensor 

chip flush with the surface of the PCB. The PCB 

forms the bottom of a rectangular flow channel with 

the dimensions 1.2 × 0.5 mm² (Fig. 2). Mean flow 

velocities of N2 of up to 20 m/s were established by a 

standard 2 liter/min mass flow controller. The 

voltage across the bridge UB, as well as the total 

dissipated power P
B

total =ISUP·USUP depend on the 

thermistor resistance values and hence on the flow 

velocity. For a typical thermistor resistance of 80 k

at room temperature and a constant supply current of 

70 µA the total dissipated power Ptotal amounts to 

approximately between 300-400 µW. This value is 

an order of magnitude below the typical power 

consumption of comparable calorimetric flow 

sensors [1]. 

Figure 1: Photomicrograph of the flow sensor 

chip. Membrane size: 0.5 × 1 mm². 
Figure 2: Sensor chip incorporated in the wall of 

miniaturized flow channel. 
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Fig. 4 shows measured and FEM-simulated [2] 

results of the wall mounted sensor. Evaluating UB, an 

excellent sensitivity for mean air flow velocities 

below 2 m/s can be found. For higher flow velocities, 

this output characteristic saturates and even becomes 

ambiguous. With increasing flow velocity, all 

thermistors are cooled down and their electrical 

resistance increases. The good agreement of 

modelled and measured data confirms the basic 

assumptions of the modelling approach. 

B

The dynamic characteristics were investigated by 

means of FEM-simulations. The simulated response 

of UB and U

Figure 3: Schematic cross section of the flow 

sensor. Rth,1-4 are used as active elements. 

Substrate thermistors (ST) measure the ambient 

temperature. 

Figure 5: Simulated relative response of the 

bridge voltage UB and the voltage at the bridge 

supply terminals USUP.

IV.   CONCLUSION

We investigated a novel thermal flow sensors 

transduction method which combines advantages of 

the calorimetric and the hot-wire transduction 

principle. The high temperature sensitivity of the 

thermistors combined with properly designed 

resistance values results in sub-1mW power demand 

for gas-flow transduction, as confirmed by 

measurements. Evaluating the bridge voltage, an 

excellent sensitivity is achieved at low flow 

velocities. Furthermore, the voltage at the bridge 

supply terminals USUP, is also available as a 

transducer output signal offering a wide 

measurement range in conjunction with a relative 

long rise time of up to 20 ms. 
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B SUP to large flow steps is shown in Fig. 5. 

The rise time depends for both functions on the 
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Abstract — Ordered packing occurs when 
particles of the same size, shape, and surface 
charge are assembled into a monolayer. For 
example, a mixture of sulfated polystyrene (sPS) 
particles in water can be assembled into a 
hexagonally close-packed structure via a convective 
assembly technique. An interesting case arises when 
sPS-Au Janus particles are used. Instead of close-
packed hexagonal arrangements, the particles 
arrange into a randomly-packed monolayer. We 
hypothesize that the packing order observed in the 
Janus particle monolayer is a function of the 
interaction forces between adjacent particles and 
the substrate. 

I. INTRODUCTION

Particle monolayers have the potential to be used as 

templates for the fabrication of novel optical and 

electronic devices. The use of Janus particles 

(asymmetrically functionalized particles) adds an 

additional level of functionality since they can be 

used to build structures that are not accessible with 

homogeneous particle monolayers. Studying the 

packing order of Janus particles in monolayers thus 

provides insight into the type of materials that can be 

developed.   

Figure 1 shows homogeneous sPS particles 

arranged into a close-packed hexagonal arrangement 

while gold-capped Janus particles show irregular 

packing. 

Figure 1: SEM image comparing monolayer 

packing order of: (a) 2.4 µm diameter sPS and (b) 

2.4 µm diameter gold-capped Janus particles.[2] 

Our study focuses on understanding why 

functionalizing a part of the particle leads to the 

clusters seen in Figure 1b and predicting parameters 

affecting the packing order of the Janus particle 

system.   

Using Colloid Probe Atomic Force Microscopy 

(CP-AFM) the interactions forces between sPS, Au, 

and the glass substrate are measured. Current 

methods for preparing CP-AFM probes make using 

Janus particles as probes exceptionally difficult 

because the orientation of the gold cap is unknown 

unless imaged by scanning electron microscopy 

(SEM). Thus, for our study we approximate the 

interactions of the Janus particles by employing 

homogeneous sPS and Au particles. 

II. EXPERIMENTAL

Surface force measurements between sPS-sPS, sPS-

glass, sPS-Au, Au-sPS, Au-glass, and Au-Au are 

measured in ionic solution. Note, the convention 

used throughout this paper is probe-surface, i.e., 

force measurements denoted ‘sPS-Au’ occur between 

an sPS probe and a gold surface. 

A. CANTILEVER PREPARATION

Tipless silica cantilevers (MikroMasch), with 

spring constants ranging from 0.03 to 1.75 N/m, 

are calibrated using the method developed by 

Sader et al.[3] Prior to particle attachment the 

resonant frequency and Q-values are determined 

using the AFM. Knowing these values and the 

actual length and width of the cantilever, the 

spring constants (kz) are calculated. Particles are 

then glued centered near the front of the cantilever 

using a two component epoxy mixture.  

B. PREPARATION OF SURFACES AND SALT 

SOLUTIONS

The glass substrate surface is prepared by cleaning a 

glass cover slip with a dichromate-sulfuric acid 

solution. A gold-coated crystal of a quartz crystal 

microbalance is used as the gold surface. A 

monolayer of annealed sPS is used in lieu of sPS 

particles because the particles detach from the 

surface during measurement. Deionized water is used 

to prepare aqueous salt solutions with concentrations 

of 0.1 and 10 mM NaCl. 
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C. SURFACE FORCE MEASUREMENTS

The interaction forces are measured according to the 

method of Ducker et al.[4] Force pulls are triggered 

at 50 nm at an approach rate of 0.845 Hz with 10752 

data points per pull and a ramp size of 500 nm. 10-20 

curves are collected in six different locations on each 

surface and a minimum of 50 curves are used to 

determine the deflection sensitivity and to calculate 

the average adhesion values. 

III. RESULTS

In Figure 2, the approach curves obtained for the 

(a) sPS-Au and (b) Au-sPS systems in 0.1 and 10 

mM NaCl solutions show that the attractive and 

repulsive DLVO forces are a function of the 

Debye length. 

a)

sPS-Au in NaCl: Force curve (approach)
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Figure 2: Representative force curves for sPS-A

and Au-sPS systems in 0.1 and 10 mM NaCl.

Furthermore, the sPS-

(Fig. 2a) can

u

Au 10mM approach curve 

to gold than the Au probes to the annealed 

sPS substrate.

 be fitted to a van der Waals force with a 

Hamaker constant of 8 x 10-21 J, which is of the right 

order of magnitude for this system. As seen in Figure 

2b, the Au-sPS system behaves quite differently. One 

possible explanation is that the surface charge of the 

sPS changed during the annealing process resulting 

in the salt-independent interaction of two neutral 

surfaces.

Figure 3 reveals that the sPS probes show a higher 

adhesion 

sPS-Au and Au-sPS in NaCl: Adhesion
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Figure 3: Adhesion distribution of sPS-Au and Au-

sPS systems in 0.1 and 10 mM NaCl solution.
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ic force microscope. Nature, 

The difference is likely a result of using an

annealed sPS surface rather than an untreated sPS

ticle. An alternative explanation may be th

e higher adhesion in the sPS-Au system is 

caused by a polymer bridging effect. Future 

studies will determine if the annealing process 

changes the surface charge of the sPS or if the 

polymer bridging is the dominant interaction.  

Current studies are focusing on making Janus 

particle monolayers under the same ionic solution 

conditions (0.1 and 10 mM NaCl) at which 

rface forces were measured. The actual particle 

orientation will be characterized using scanning 

electron microscopy. Together with the interaction 

forces a model explaining the Janus particle 

monolayer packing as a function of ion 

concentration will be developed.   
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Abstract — The Suzuki cross coupling has been 
established as one of the most powerful tools in 
organic synthesis, despite the need of high-priced 
catalyst systems. As the Suzuki cross coupling is, 
among many other applications, the last step in the 
synthesis of a new class of potential OLED com-
pounds [1], there is a growing demand for effective, 
inexpensive and stable catalysts. The main target of 
this work is to compile a set of test reactions for 
evaluating catalysts for the Suzuki cross coupling 
on the one hand and to find a reliably working 
combination of catalyst, base and solvent for the 
coupling of α,ω-bis(4-aminophenyl)oligothiophenes 
on the other hand.  
 

I. INTRODUCTION 
As there is both an increasing commercial and scien-
tific interest in organic light emitting devices the 
intention of our research group was to break into this 
promising field of material science. As there has 
already been presented a convenient synthetic ap-
proach to a set of light emitting organic compounds 
based on structures reported in literature [2] the fur-
ther research is split into several fields such as varia-
tion of the cap structure substituents, prediction of 
electrochemical properties via computational chemis-
try and optimization of the cross coupling reactions. 
The latter includes improvement of the reaction con-
ditions as well as the search for new catalyst systems 
in order to achieve better accessibility of the ap-
proved OLED compounds. Scheme 1 shows the 
main structure of an OLED material. 

 

 

Scheme 1: α,ω-Bis(4-aminophenyl)oligothiophene 

 

II. THE RESEARCH OBJECTIVE  
The key step of this OLED compound synthesis is a 
Suzuki cross coupling reaction connecting the tri-
arylamine cap to the oligothiophene linker (see 
Scheme 2). Therefore optimization of this reaction in 
order to get higher yields and better upscaleability is 
a matter of high interest. To gain deeper insight into 
the optimal reaction conditions, a broad screening 
using a representative set of model compounds and 
known as well as new catalysts was performed. 

 

 

Scheme 2: Final step of synthesis of potential 
OLED compounds  

 
Scheme 3 shows the reaction system used for the 
screening to evaluate the reactivity of chloride and 
bromide and the differences in reactivity between 
toluene and thiophene. An overview of the conver-
sions depending on base and solvent will be pre-
sented.  
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Scheme 3: Screening reaction system 

 

Scheme 4 shows the catalysts tested up to now. 
These catalysts include the well-known 
tetrakis(triphenylphosphine)palladium(0) 4 as a reli-
able catalyst system, Ni complex 1 which is believed 
to act with added triphenylphosphine as an analogue 
for 4, Ni-ferrocene complex 2 as a promising alterna-
tive to costly Pd catalysts and the state-of-the-art 
NHC-allyl-palladium catalyst 3, which has already 
been successfully in use in our group.  
 

 

Scheme 4: Structures of evaluated catalysts 
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Abstract — The target of the presented project was 
to build up a selective fluorescent marker system,
wherein fluorescein, as the chromophor, should be 
attached to a free thiol group via an aliphatic 
spacer. The synthesis, which was done in a three 
step process, was tested with Victoria blue R as a 
model substance for the chromphor. Due to the 
introduced thiol group, the fluorescent marker is 
able to attach to Michael-acceptors under mild 
conditions. This opens a broad field of applications. 
At the moment, the marker system is tested for the 
determination of reactive double bonds in hydro-
philic carbohydrate based microspheres as well as 
for its ability to label free maleimide groups on the 
surface of grafted polyolefines. 

I. INTRODUCTION

Since the composition of modern polymers has be-

come more and more complicated due to modular 

design or several modification steps, polymer charac-

terisation has gained importance. Therein fluores-

cence microscopy has some major advantages com-

pared to other analytical methods:

A very low limit of detection is possible. 

A 2-D image of the concentration of the target 

structure is achievable. 

If the marker is equipped with a selective attach-

ing group, the usage in very complex matrices is 

no problem. 

So a fluorescence marker system was built up, in 

which fluorescein was used as the chromophor, be-

cause of its high quantum efficiency and good 

chemical characteristics. Since the marker molecules 

are sterically demanding, they were also equipped 

with an aliphatic spacer, which makes sure that, even 

if there are a lot of targets in a small area, each target 

can be labelled by a marker molecule. Furthermore, 

the spacer increases the compatibility of the marker-

system with nonpolar matrices such as polyolefins.

As the attaching group a thiol was chosen, because of 

its ability to undergo Michael addition with nearly 

every Michael acceptor. 

II. SYNTHESIS

The synthesis was done in a three step process 

which is shown in Figure 1. The whole procedure 

was tested with Victoria blue R as a model substance

(VB-marker). The chromphor (5-aminofluorescein or 

Victoria blue R) was armed with an aliphatic spacer,

which was capped with bromide via the carboxylic 

acid chloride group. The sulphur functionality was 

brought into the structure by potassiumthioacetate. 

The protecting acetyl group was removed under basic 

conditions which released the active marker. 
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Figure 1: Synthesis of mercapto-functionalized 

dyes

The synthesis works under mild conditions and prod-

uct yields are good to excellent for the model sub-

stance as well as for the fluorescein marker. 

III. APPLICATIONS

A. SURFACE GRAFTED POLYOLEFINS

Many surface modification methods for polyolefins

have been developed in the last several decades in 

different fields of application. One of them is liquid 

phase photograft polymerization of vinyl monomers 

containing epoxy or 1,3-diketo groups using benzo-

phenone as hydrogen abstracting photoinitiator [1]. A

typical surface photografting procedure is shown in 

Figure 2.
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Figure 2: Surface photografting 

An until now for surface modification scarcely con-

sidered type of monomers are maleimides, which are 

known to be photoactive and, therefore, are able to 

abstract acidic protons like a Type II photoinitiator

[2]. Thus, the structure of grafted layers can be ex-

pected to be strongly crosslinked due to hydrogen 

abstraction within the monomer. Because of this 

effect, there are most probably reactive maleimide 

groups left in the surface coating (Figure 3). To 

detect such maleimides and their spatial distribution 

our fluorescence marker should be the perfect tool. 

Figure 3: Surface photografting with hydrogen 

abstracting maleimides 

For the VB-marker, the maleimide concentration was 

found to be too low, to observe any dyeing of the 

surface of the PP films. First experiments with the 

fluorescence marker showed an irregular distribution 

of the fluorescence on the surface (Figure 4). 

Figure 4: Fluorescence microscope image of sur-

face grafted PP-foil with labelled free maleimides

B. HYDROPHILIC MICROSPHERES

Carbohydrate based carriers for affinity chromatog-

raphy and immobilization of biomolecules can be 

synthesized as microspheres (Figure 5) by suspension 

polymerization using galactaric acid based mono-

mers [3,4].
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Figure 5: Preparation of hydrophilic microspheres

These polymers always have a large amount of re-

sidual double bonds. Because of their neighbourhood 

to the carboxylic group, these double bonds are good 

Michael-acceptors and, therefore, a possible target 

for the mercapto-functionalised dyes. Treatment of 

these polymers with the VB-marker resulted in an 

obvious blue coloration. The fluorescence marker 

was already used to attach to the still reactive double 

bonds in a galactaric acid methacrylamide based 

polymer powder (Figure 6). Current work deals with 

labelling such double bonds in the microspheres. 

Figure 6: Image of the fluorescence-labelled 

polymer powder
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Abstract — Starting from commercially available 
γ–glucuronolactone and 3,4,6-tri-O-acetyl-D-glucal 
fully benzyl- and silyl-protected glucuronals were 
synthesized as starting materials for the develop-
ment of new diastereoselective glucuronyl donors.  

I. INTRODUCTION 
Enzymatic glucuronidation is a main pathway during 
human metabolisation of toxins, active ingredients 
and other xenobiotics. This so-called phase-II-
transformation increases the water-solubility of these 
compounds and therefore the excretion out of the 
human body. 
Since modern analytical techniques made the de-

tection of phase-II-metabolites like glucuronides 
possible, the interest in synthesis of these compounds 
is still growing. Applications of synthetic glucuron-
ides range from the use as reference materials in 
agrobiotechnology (e.g. “masked mycotoxins”) to the 
development of pharmaceuticals [1]. Further these 
compounds are very important in metabolomics 
research. 

II. β-SELECTIVE GLUCURONIDATION 
Basically the formation of two isomers of glucuron-
ides (α- and β-anomer) is possible, but enzymatic 
glucuronidation leads always to β-conjugates (fig. 1).  
 

 
 

Figure 1: Different anomers of glucuronides 
 

Due to this fact it is necessary to use diastereose-
lective synthetic strategies yielding only the β-
anomer to avoid needless loss of starting material or 
difficult separation problems. 

This diastereoselectivity could be achieved using 
participating protective groups (e.g. esters) which are 
able to provide the so-called anchimeric effect by 
blocking the α-position of the oxocarbenium-

intermediate formed during chemical glucuronidation 
after activation of the anomeric leaving group  
(fig. 2).  
 

 
Figure 2: Diastereoselective glucuronidation  
(X = leaving group; Pg = protective group) 

Acetyl and benzoyl protective groups are most 
commonly used in carbohydrate chemistry, espe-
cially in oligosaccharide synthesis, but may cause 
problems in the synthesis of glycoconjugates, due to 
the lower stability of most of the target molecules 
compared to saccharides under deprotection condi-
tions.  

By reason of that problem we decided to develop 
and synthesize diastereoselective glucuronyl donors 
using new protective group strategies including mild 
and orthogonal deprotection conditions. 

III. SYNTHETIC STRATEGY 
Silyl and benzyl ethers are also widely used protec-
tive groups, easily deprotected by reaction with fluo-
ride reagents and palladium catalyzed hydrogenation 
respectively. The essential disadvantage of these 
groups is the missing participation in glycosylation 
reactions leading to anomeric glycoside mixtures.  

We try to avoid this problem by using participating 
groups also cleaved under conditions used for silyl or 
benzyl ethers on C2 of the glucuronyl donor 
(trimethylsilyl- and benzyloxycarbonyl protective 
group respectively), introduced after epoxidation of 
fully benzyl- and silyl-protected glucuronals (fig. 3). 

 

 
Figure 3: Retrosynthetic analysis of glucuronyl 
donors back to different protected glucuronals 
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IV. RESULTS AND DISCUSSION 
Starting from γ-glucuronolactone methyl 3,4-di-O-
acetylglucuronal was synthesized via different new 
and also known methods basically using the same 
reagents. Finally an optimized one pot procedure 
over 4 steps was developed and applied to yield the 
product in 47 % overall (fig. 4). 

 

 
 

Fig. 4: Synthesis of methyl 3,4-di-O-acetylglucuronal 
 
After deacetylation under Zemplén conditions 

TBDMS-protection was carried out using TBDMS-
Cl and imidazole for the synthesis of methyl 3,4-di-
O-(tert-butyldimethylsilyl)glucuronal. Alkaline hy-
drolysis of the methyl ester and esterification with 
trimethylsilylethanol, which was synthesized from 
ethyl 2-bromoacetate over 2 steps, 1-Ethyl-3-(3-
dimethylaminopropyl)carbodiimide (EDCI) and 4-
(dimethylamino)pyridine (DMAP) yielded the de-
sired product trimethylsilylethyl 3,4-bis-O-(tert-
butyldimethylsilyl)glucuronal (fig. 5). Trimethyl-
silylethyl-protection was chosen due to the low sta-
bility of silyl esters during common glucuronidation 
conditions (e.g. Lewis acids). 
 

 
 

Figure 5: Synthesis of trimethylsilylethyl 3,4-bis-O-
(tert-butyldimethylsilyl)glucuronal 

 

Benzylation of the deacetylated methyl glucuronal 
using different procedures didn’t lead to the desired 
product. Deprotonation with sodium hydride in THF 
or DMF as well as Lewis acid catalyzed reaction 
with benzyl 2,2,2-trichloroacetimidate gave only 
complex product mixtures. A possible major side 
reaction is the deprotonation at C5, which was also 
observed on comparable structures as described in 
the literature [2]. 

Benzyl 3,4-di-O-benzylglucuronal was therefore 
synthesized starting from 3,4,6-tri-O-acetylglucal. 
After complete deacetylation by reaction with potas-
sium carbonate in methanol, regioselective mono-
silylation at C6 was performed using triisopropylsilyl 
chloride (TIPS-Cl) and imidazole at -15°C. Benzyla-
tion of this product was carried out by deprotonation 
with sodium hydride and reaction with benzyl bro-
mide. After deprotection of the TIPS-group by reac-
tion with tetrabutylammonium fluoride (TBAF), 
Dess-Martin oxidation to the aldehyde was carried 
out nearly quantitatively followed by Pinnick reac-
tion and esterification of the carboxylic acid to yield 
benzyl 3,4-di-O-benzylglucuronal as the desired 
product (fig. 6). 
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Figure 6: Synthesis of benzyl 3,4-di-O-
benzylglucuronal 

V. CONCLUSION AND OUTLOOK 
Fully silyl- and benzyl-protected glucuronals were 
successfully prepared via different synthetic routes 
and are now available as starting materials for the 
synthesis of new innovative glucuronyl donors in 
carbohydrate chemistry.  
First epoxidation experiments using dimethyldi-
oxirane (DMDO) showed quantitative conversion to 
the corresponding epoxide. Nucleophilic opening and 
introduction of the participating protective group at 
C2 is currently under investigation. 
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Abstract — The ability to selectively destroy can-
cer cells through synthetic molecules would greatly 
facilitate the development of more efficient and 
milder treatments for carcinomas. One compound 
class which shows this activity are 4-arylated-2-
anilinothiazoles. Conventional synthetic routes 
towards such compounds are cumbersome and the 
synthesis of a compound library would require 
tedious and long work. We want to present a practi-
cal way for synthesizing a large variety of poten-
tially active compounds using generally applicable 
reaction protocols. 

I. INTRODUCTION

Small synthetic molecules that are able to induce 

autophagic cell death in cancer cells will be impor-

tant pharmacological tools for developing efficient 

treatments for carcinomas resistant to standard 

chemo- and radiotherapy. Hay et al. have recently 

presented a number of 4-pyridylanilinothiazoles that 

show selective cytotoxicity against renal cell carci-

noma cells [1]. The general structure for such active 

compounds is shown in figure 1. 

Figure 1 

The route as presented in [1] is shown in Scheme 1. 

In order to introduce different substituents in N-

position, the corresponding N-phenylthioureas have 

to be prepared which limits the ease and elegance of 

the synthesis. To obtain different substitution patterns 

on the thiazole ring various haloketones would have 

to be synthesized which is not possible with sub-

strates sensitive to the applied bromination condi-

tions. To facilitate the synthesis of a compound li-

brary our group has been investigating alternative 

routes to obtain products similar to those synthesized 

by Hay et al. [1]. 

Scheme 1 

II. RESULTS AND DISCUSSION

In the first approach shown in Scheme 2 we 

planned the sole use of metal-catalyzed coupling 

reactions to get to the desired products.  

Scheme 2 

To investigate the Buchwald-Hartwig coupling in 

the first step, 2-bromothiazole 1 and aniline 2 were 

used as model compounds. First experiments car-

ried out with conventional palladium-ligand sys-

tems [2],[3] as catalysts showed the predominant 

formation of the by-products N-phenyl-N,N-

bithiazoleamine 4 and 2,2’-bithiazole 5 over N-

phenylthiazolamine 3 (Scheme 3). Through varia-

tion of base, solvent, temperature, catalyst and 

catalyst loadings the formation of the by-products 

could not be prevented. Only the use of 10.0 equi-

valents of aniline 2 could give the desired product 
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in 52% yield. Experiments with dihalogenated 

thiazoles and the use of N-methylaniline instead of 

aniline 2 gave slightly better results, but still the 

highest isolated yield was only 45%. 

Scheme 3 

The nucleophilic substitution reaction catalyzed by 

0.5 equivalents of p-toluene sulfonic acid in i-
PrOH under refluxing conditions as shown in 

Scheme 4 presented a good alternative to the 

Buchwald-Hartwig coupling since it gave good to 

excellent yields also with substituted anilines. 

Three of the examples are shown in Table 1. How-

ever our experiments showed that in the presence 

of a second halogen in the thiazole ring, the reac-

tion did not proceed. Carrying out the reaction 

under microwave irradiation at elevated reaction 

temperatures led to dehalogenation and again for-

mation of N-phenylthiazoleamine 3.

Scheme 4 

X  RNHR‘  
reaction 

time  
yield  

Br  
NH2

3d  83%  

Cl  

1.5d  97%  

Cl  
1.5d  98%  

Table 1 

Andersen et al. described the bromination reaction 

of N-phenylthiazoleamine 3 with yields over 90% 

[4]. In our hands the procedure led only to poor 

yields varying between 3 and 10%. Bromination of 

BOC-protected N-phenylthiazoleamine 6 with 1.1 

equivalents of n-BuLi in THF and bromine as 

shown in Scheme 5 proceeded with a yield of 86% 

of 7. Through a halogen-dance reaction, the 4-

bromothiazol-analogue 8 can be obtained almost 

quantitatively. Substituents can then be introduced 

through Suzuki-Myaura cross coupling reactions 

with the corresponding boronic acids. Alterna-

tively, the Stille reaction can be used for the intro-

duction of the thiazole substituents through cou-

pling with the corresponding stannanes. Our group 

has obtained moderate to excellent yields applying 

only 0.05 equivalents of Pd-catalyst [5],[6]. The 

BOC-protecting group can be easily cleaved off 

either during or after the cross coupling step.  

S

N

N

O

O

1) n-BuLi (1.1 equiv.)
2) Br2 (1.1 equiv.)

THF -80°C S

N

N

O

O

(6) (7)

halogen-dance

Br S

N

N

O

O

Br

(8)

Scheme 5 

In summary we have presented an alternative 

pathway for the quick synthesis of a compound 

library of potential autophagic cell death inductors 

applicable in biological screening. In the future 

our research will be focusing on the discovery of 

an alternative pathway possibly allowing the fur-

ther reduction of synthetic steps. 
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Abstract — A novel method was developed to syn-
thesize 3-D networks built-on silica nanoparticles. 
Therefore functionalized silica nanoparticles bear-
ing either a chloride or an imidazol end group were 
reacted via a nucleophilic substitution reaction. 
Furthermore the halide anions of the constructed 
ionic silica networks were exchanged to different 
anions. Various salts were investigated, KPF6, 
NaBF4 and LiTf2N. The anion metathesis was fol-
lowed by means of X-ray powder diffraction (XRD) 
and changes in the structure of the network studied 
with small angle X-ray scattering (SAXS). This 
method allows tailoring of the physico-chemical 
properties of such new hybrid materials.  

I. INTRODUCTION 

We recently developed an original strategy for the 
synthesis of ionic silica nanoparticles network. This 
strategy starts with the modification of previously 
synthesized silica nanoparticles with functionalized 
silanes. These particles were prepared via the well-
studied Stöber method [1], a sol-gel process. This 
procedure allows, through control of the reaction 
parameters, the design of silica particles with a very 
narrow size-distribution in the nanometer range. 
Afterwards the particles were modified separately 
with either 3-chloropropyltrimethoxysilane or N-(3-
trimethoxysilylpropyl)imidazol (Scheme 1).  
 

Cl N
N

+ SiO2SiO2

+
NNSiO2 SiO2

Cl-  
 

Scheme 1: Construction of silica networks 
 
Subsequently the particles are mixed in a molar ra-

tio of 1:1 whereupon a nucleophilic substitution 
reaction took place. This results in the formation of 
an extended nanoparticles network. 

The nature of the anion, inducing strong or low coor-
dination to the cation, in such ionic systems tremen-
dously influences its physico-chemical properties [2], 
like among others the hydrophilicity. To take advan-
tage of this feature, an exchange of the chloride anion 
to less coordinating and sterically more demanding 
ones, PF6

-, BF4
- or Tf2N

-, was performed. Therefore 
the obtained powders were suspended in acetone and 
mixed with the respective salts, KPF6, NaBF4 or 
LiTf2N in a mass ratio of 1:1 (Scheme 2). The re-
placement follows a common anion metathesis reac-
tion [2]. 
 

+
NNSiO2 SiO2

Cl-

+
NNSiO2 SiO2

+ NaBF4
- NaCl

BF4
-  

 
Scheme 2: Anion exchange from Cl- to BF4

- 

II. RESULTS AND DISCUSSION 

To prove the success of the metathesis reaction, 
powder XRD pattern of the obtained salts after 
washing were recorded for every system and dif-
ferent anion (Figure 1). After complete metathesis 
the signals corresponding to the formed salts, 
NaCl, KCl and LiCl, next to the starting salts, 
should be visible.  
Regarding the first two patterns these two com-
pounds, NaCl and KCl can clearly be identified 
(marked in figure 1). Since the starting salts are 
introduced in a large excess the rest of the signals 
can be attributed to these compounds, NaBF4 and 
KPF6. 
In the third pattern (Figure 1C), the reaction was 
carried out using LiTf2N, so LiCl should have 
been formed. Since LiCl is a very hygroscopic 
compound and a water uptake occurred during the 
measurement, only an amorphous peak in the pat-
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tern can be detected, which is an indirect indica-
tion for a successful anion exchange. 
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Figure 1: XRD pattern of the salts obtained  
after filtration of the hybrid material  

(A: NaCl, B: KCl, C: LiCl) 
 
Further elemental analysis was carried out to 
evaluate the quantitative yield of the metathesis 
reaction (Table 1). The chloride concentration of 
the starting compound was taken as reference.   
 

 w% Cl yield %

Cl- 6.50
BF4

- 0.98 85 
PF6

- 2.61 60 
Tf2N

- 5.20 25 
Table 1: Results of elemental analysis 

 
It can be seen that the yield decreases with the 
increasing size of the newly introduced anion. A 
possible explanation of these results is the stronger 
stacking of the imidazolium units in the materials 
with exchanged anions, which is evidenced by 
SAXS measurements (Figure 2). 
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Figure 2: SAXS measurements of  

hybrid networks with different anions 
 
Looking at the SAXS results, the peaks at 5 nm-1 

can be attributed to the short range order of the 
imidazolium rings. This indicated that the imida-

zolium-based network structure remains un-
changed. 

Accordingly, the evolution of additional peaks 
around 9 nm-1, in particular for PF6

- and Tf2N
-, can 

be detected. A possible explanation could be an 
arrangement of the imidazolium units in the form 
of a one-dimensional chain. This arrangement may 
be favoured by the incomplete metathesis reac-
tions for PF6

- and Tf2N
-. 

III. CONCLUSION 

Via the use of functionalized ionic linkers, based on 
imidazolium units, short-range ordered networks 
consisting of silica nanoparticles were successfully 
constructed. Further the anion of the system was 
exchanged via a metathesis reaction using different 
salt, KPF6, NaBF4 or LiTf2N. The exchange was 
monitored by means of XRD and reaction yield 
evaluated by elemental analysis. The influence of the 
exchange on the silica nanoparticles network was 
investigated with SAXS. It turned out that the imida-
zolium-based framework of the network was un-
changed in the case of small anions.   
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Abstract — The aim of this study was to examine how mate-
rial properties and placement of bone cement affect the stiffness
of augmented vertebral bodies compared to the non-augmented
state and the load transfer. Vertebral body slices were scanned
with a HR-pQCT and tested in compression before and af-
ter augmentation with standard and low-modulus PMMA ce-
ment. Pressure sensitive films were placed between both load-
ing plates and the slice to study the endplate load transfer.
Vertebral stiffness is increased significantly only if the filling
reaches to both endplates. The modulus of the cement has no
significant influence on the stiffness but on the endplate load
transfer. Both cements are equivalent regarding vertebral stiff-
ness after augmentation. For the low-modulus cement a more
uniform pressure distribution across the endplate is obtained.

I. INTRODUCTION

The percutaneous augmentation of vertebral bodies with
PMMA bone cement, known as vertebroplasty, is a com-
mon treatment for osteoporotic compression fractures.
Vertebroplasty increases vertebral stiffness and strength
particularly in case of osteoporosis [1, 2], but also in-
creases the risk of adjacent vertebral body failure due to
altered load transfer [2]. Chevalier et al. [3] showed that
many parameters like the material, volume and place-
ment of the cement affect the stiffness, strength and load
transfer of the treated vertebral body. The limitations in
[3] such as rigid boundary conditions due to embedding
and the small number of samples were eliminated in this
study which should provide a more accurate insight into
the change of the mechanical behavior of augmented ver-
tebral bodies. The experimental spring stiffness and end-
plate load transfer of the vertebral bodies before and af-
ter augmentation is compared. The effect of the cement
modulus and the type of filling is investigated. The mod-
ulus of the bone cements has no effect on the stiffness of
the augmented vertebral body but on the endplate pres-
sure distribution.

II. METHODS

The study comprised 38 vertebral bodies (T9-L5) from 6
female and 5 male spines (age 44-82). The cortical end-
plates were removed by two parallel cuts (300 CP, Exakt
Gmbh, Germany) and both sides were polished (P500,

Figure 1: Experimental setup.

PM5, Logitech Ltd, Scotland) to obtain plane and paral-
lel surfaces.

All samples were scanned with a HR-pQCT
(XtremeCT, Scanco Medical AG, Switzerland) im-
mersed in 0.9% saline solution at 82 µm isotropic
resolution in a custom made Pexiglass chamber.

For each sample a positioning sheet wwas prepared in
order to align the specimen with the reference system of
the loading plate. The upper loading plate was allowed
to rotate by means of a ball joint. To eliminate the ma-
chine compliance the displacement of the upper loading
plate was measured with three displacement transducers
(WA20, HBM, Germany). Further details of the experi-
mental setup are described in [4]. Before augmentation
all samples were tested in the elastic range with a maxi-
mum force of 1000 N.

The injection of the standard and low-modulus cement
(preparation described in [5]) was performed via a uni-
pedicular approach by an experienced surgeon. The aug-
mented slices were again tested in compression within
the elastic range with pressure sensitive films (Prescale
LLW, Fujifilm, Germany) positioned between both com-
pression plates and the slice. The pressure sensitive films
were removed and the slices were tested till failure. Af-
ter augmentation the specimens were scanned again. The
cement distribution was classified into endplate and cen-
tral filling depending on whether the cement reached to
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Figure 2: Calibrated pressure sensitive film.

both endplates or not.
The apparent modulus was computed as the maximum

slope of the measured force displacement curve divided
by the mean cross sectional area of the slice. In order to
obtain the pressure distribution from the gray value of the
scanned pressure sensitive films calibration sheets were
prepared and a calibration curve determined using the
software GODAV (Klaus Hoffmann, IKL, Vienna Uni-
versity of Technology) Figure 2.

III. RESULTS AND DISCUSSION

Figure 3 shows the apparent modulus for the standard and
low-modulus cement group before and after augmenta-
tion. For endplate fillings the apparent modulus of the
augmented slices is significantly higher than before aug-
mentation. In case of a central filling this difference is
smaller and not significant. The apparent modulus is
not significantly different between both cement groups
(p = 0.9924) for endplate fillings. The elastic modulus of
the standard and low-modulus cement was 2306.0±89.1
MPa and 969.6± 70.2 MPa.

The results of the pressure sensitive films (Figure 4)
showed that the average pressure in the cement region
is significantly higher than the average pressure of the
whole slice. The average pressure in the cement region is
smaller for the low-modulus cement, but not significant.

Figure 3: Apparent modulus of the slices with standard
error (solid lines) and confidence interval (dashed lines).

Figure 4: Average pressure for the whole slice and the
masked cement region with standard error (solid lines)
and confidence interval (dashed lines).

IV. CONCLUSION

The results suggest that low-modulus bone cements are
equivalent to standard cements with respect to the verte-
bral stiffness after vertebroplasty. For the low-modulus
cement a more uniform pressure distribution across the
endplate is obtained.
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Abstract —The paper presents a new method of 
preparing O1/W/O2 multiple emulsions containing 
phenyl salicylate by one-step emulsification in the 
Couette-Taylor Flow contactor and the results of an
active agent (phenyl salicylate) release. The kinetics 
of the salol release was measured for multiple 
emulsions prepared under different operation con-
ditions in the continuous CTF contactor. A theoreti-
cal mathematical model to predict an active agent 
release from multiple emulsions is proposed. The 
model release profiles are in good agreement with 
the experimental data. 

I. INTRODUCTION

The multiple emulsions are systems composed of 
inner and membrane phases dispersed into an outer 
continuous phase, e.g. O/W/O, O1/W/O2, W/O/W, 
W1/O/W2 (O-organic phase, W-water phase or an 
aqueous solution), Figure 1. Multiple emulsions are 
increasingly used in numerous fields of the appli-
cations such as pharmaceutics, cosmetics, food 
and environmental technologies. 

Figure 1: The O1/W/O2 multiple emulsions 

The specific structure of multiple emulsions, 
consists of small droplets of membrane phase that 
have, in turn, smaller droplets of internal phase 
inside them, makes them useful for separation 
operations, prolonged and controlled release [1]. 
Using multiple emulsions we can, e.g. prevent 
degradation of an active agent, improve dissolu-
tions of insoluble substances, mask the taste and 
smell of active ingredients. 

In view of the numerous uses of emulsions in 
different technologies works on new methods of 

their preparation are still under interest of chemi-
cal engineering. A two-step emulsification method 
is the most common of multiple emulsions preparing 
[1]. In this paper a new one-step preparation method 
of multiple emulsions in a liquid-liquid Couette-
Taylor flow (CTF) contactor are proposed [2-4]. This 
study presents an influence of operation conditions
on a emulsion structure (drop size distribution, pack-
ing volume, stability) which is important for release 
kinetics. 

This paper presents experimental results and 
modeling of the release process based on a theoreti-
cal mass transfer model of an active agent release 
rate from O1/W/O2 multiple emulsions [5, 6]. 

II. EXPERIMENTAL

The O1/W/O2 emulsions were prepared in the 
Couette-Taylor flow (CTF) contactor under different 
operating conditions: the rotational frequency of the 
inner cylinder 1830rpm and 2330rpm, the gap size 
1.5mm, the initial concentration of salol 10% and 
20%, the volumetric flow rate of oils and water 
phases O1/O2 = 0.5 and W/O2 = 0.1, Figure 2. 

Figure 2: The CTF contactor 

To prepare the emulsion, the membrane phase (ge-
latin aqueous phase with 5% sucrose at 80oC), inter-
nal phase (phenyl salicylate in liquid paraffin at 
80oC) and the external phase (liquid paraffin at 20oC) 
were introduced into annular gap between the cylind-
ers of the CTF contactor. The samples of collected 
emulsions were placed into standard stirred tank and 
the release process was conducted at external stirring 
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of 100, 250 rpm and at the temperature of 37±0.5oC 
[4, 6]. Release of active agent from internal droplets 
to external continuous phase was measured using 
spectrometric technique. In this study, salol was used 
as a model drug. 

Some exemplary results of the release rate experi-
ments are presented in Figure 3, as the function of the 
cumulative mass fraction release on the release time 
for different preparation conditions. 
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Figure 3: The influence of the emulsion structure 
depending on preparation conditions in the CTF 

contactor on the release kinetics: 
n-the rotational frequency of the inner cylinder, 

cin-the initial concentration of salol, R-the radius of 
the membrane phase drops, ri-the radius of the inter-

nal phase drops, φ–the volume packing 

III. MATHEMATICAL MODEL

The mechanisms of the release process was consi-
dered as diffusion of an active agent within the 
membrane phase drops and diffusion/convection 
transport outside. A theoretical mass transfer model 
describes the release process based on the five para-
meters: R-the radius of the membrane phase drops, ri-
the radius of the internal phase drops, φ–the volume 
packing of the membrane phase drops by internal 
droplets, D–the molecular diffusivity of an active 
agent in the membrane phase, h–the external mass 
transfer coefficient. The proposed mass transfer 
model for prediction active agent release from mul-
tiple emulsions was found to provide a good fit with 
experimental release profiles, as shown in Figure 4. 
More details about proposed model can be found at 
publications [5, 6]. 

IV. RESULTS AND DISCUSSIONS

The new method of preparing O1/W/O2 multiple 
emulsions which contain phenyl salicylate by one-
step emulsification process in the Couette-Taylor 
Flow contactor was proposed. The experimental 
results shown the importance of emulsions structure 
which is tied to the operating conditions in CTF 

contactor on the controlled release kinetics of the 
active agents loaded in the internal dispersed oil 
phase. 
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Figure 4: The comparison of model results with 
experimental data 

The theoretical model results were examined by 
comparison with the experimental data. The obtained 
model release profiles were in good agreement with 
the experimental data. 

REFERENCES

[1] A. Aserin, Multiple Emulsion: Technology and 
Applications, John Wiley & Sons, Incorporation, 
United States of America. 2008. 

[2] E. Dluska, R. Hubacz, S. Wronski, Liquid-liquid 
Couette-Taylor flow contactor for Multiple 
Emulsions, 7th Italian Conference on Chemical 
and Process Engineering, AIDIC–Conference 
Series, ISBN 88-900775-7-3, Italy,Vol.7, 107-
114, May 2005. 

[3] E. Dluska, A. Markowska, One-step preparation 
method of multiple emulsions entrapping reac-
tive agent in the liquid-liquid Couette-Taylor 
flow, Chemical Engineering and Processing: 
Process Intensification 48, 438-445,2009. 

[4] E. Dluska, A. Markowska, Regimes of multiple 
emulsions of W1/O/W2 and O1/W/O2 type in 
the continuous Couette–Taylor flow contactor, 
Chemical Engineering and Technology 33, 113-
120, 2010. 

[5] S. Wronski, V. Vladimirov, A. Adach, Model-
ling of mass transfer from multiple emulsions. 
Proceedings of the 16th International Conference 
on Process Engineering and Chemical Plant De-
sign, Berlin, 75-83, 2006. 

[6] E. Dluska, A. Markowska-Radomska, Mass 
transfer model for predicting component release 
from hierarchical dispersed system of micro or 
nanoscale, Biochemical Engineering Journal, 
BEJ-D-10-00090, 2010. 

266



Titania and Silica Nanoparticles linked through novel phosphate-
silane coupling agents and core shell structures 

1Mohsin Raza, 2Guido Kickelbick 

1Vienna University of Technology, Institute of Materials Chemistry, Getreidemarkt 9, 1060 Vi-
enna, Austria, 2Saarland University, Inorganic Solid State Chemistry, Dudweiler-Am Markt 

Zeile 3, 66125 Saarbrücken, Germany. 
mraza@mail.zserv.tuwien.ac.at 

Abstract — In recent years, much work has 
been focused on titania nanoparticles particularly 
because of their photocatalytic properties. In this 
study we show how titania nanoparticles can be 
functionalized with Stoeber silica nanoparticles 
through phosphate-silane coupling agents having 
different spacers in between. We have synthesized 
two coupling agents; OP(OMe)2-CH2-CH2-CH2-
Si(OMe)3 (CA1), and OP(OMe)2-CH2-Ph-
Si(OMe)3 (CA2). Titania and silica nanoparticles 
were linked to the coupling agents in two steps. 
FT-IR and NMR results showed that titania is 
exclusively attached to phosphate group and the 
silica nanoparticles are attached to silicon func-
tion. Titania-silica core-shell nanoparticles were 
synthesized by using tetraethoxy silane and dieth-
oxydimethyl silane as precursors for silica shell. 
HR-TEM and line scan EDX confirm the presence 
of silica shell of around 5nm around titania. 

I. INTRODUCTION

In recent years titania nanoparticles have been stud-
ied extensively because of their Photocatalytic prop-
erties [1]. Among the three phases of titania: anatase, 
rutile and brookite, only anatase is photocatalytically 
active. Titania layers have been extensively used for 
the self cleaning coatings on glass. . An attachment 
to organic supports, such as polymers is very difficult 
because titania has the ability to decompose these 
substrates under UV light. To avoid this phenomenon 
two methods were used to link titania to a photocata-
lytic inactive silica coating which can protect an 
organic support: (i) application of phosphate silane 
coupling agents and (ii) creation of a silica shell 
around the titania nanoparticles. For the first ap-
proach novel coupling agents were designed which 
allow an attachment to titania and silica surfaces 
selectively using a phosphonate and trialkoxysilane 
group, respectively. [2]. The silica-titania core-shell 
nanoparticles were formed using a two precursors 
approach.  

II.  TITANIA LINKED TO SILICA NANOPAR-

TICLES THROUGH COUPLING AGENTS

Anatase titania nanoparticles with diameter of 10-
20nm were synthesized by a sol-gel method [3]. 
Anatase phase was confirmed by XRD while DLS 
and TEM were used for size measurement. Silica 
nanoparticles were synthesized by well known Stoe-
ber method [4] with some changes. Particle size of 
silica nanoparticles was 40nm measured by DLS and 
TEM. Coupling agents were synthesized by Arbu-
zov’s reaction [5] and were characterized by NMR. 
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Functionalization of titania with coupling agents 
was carried out in two steps. In the first step we 
added titania nanoparticles to a solution of coupling 
agent and left it for stirring at room temperature for 

Figure 1: Schematic representation of syntheses of 
coupling agents and attachment of Silica and Tita-
nia particles to them where R is [–CH2-CH2-CH2-] 

for CA1 and [–CH2-Ph-] for CA2. 
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two days and in next step silica sol containing silica 
nanoparticles was added and stirred for two more 
days. The same experiment was repeated under re-
fluxing conditions as well. Presence of P-O-Ti vibra-
tional peak at 1250-1050cm-1 and shift in 31P from 
43ppm to 34ppm in case of CA1 and from 41 to 
30ppm in case of CA2 confirm the bonding of titania 
to coupling agents through phosphate group. In 29Si 
NMR, the presence of tSi peak at -61ppm and qSi 
peak at -105ppm confirm the bonding of silica 
nanoparticles to coupling agents.    

III. TITANIA-SILICA CORE-SHELL STRUC-

TURES

Core shell titania nanoparticles were prepared by 
using sol gel titania nanoparticles and commer-
cially available titania P25 Evonik nanoparticles as 
core and silica shell was created around them 
under basic conditions using a mixture of tetraeth-
oxy silane (TEOS) and diethoxydimethyl silane 
(DEDMS) as precursor for silica. The resulting 
core shell structures were calcined at 400°C for six 
hours. HR-TEM shows a thin silica shell of less 
than 5nm around titania core which is confirmed 
by line scan EDX measured from outside the par-
ticle to its middle. On the border region Si signal 
is higher than Ti due to the silica shell but Ti 
dominates in the middle of particle.   

  

Figure 3: line scan EDX of silica-titania core shell 
structure 

Effect on the photocatalytic activity of titania 
nanoparticles was investigated by photo degradation 
of methylene blue by titania nanoparticles and core-

shell titania nanoparticles separately. It was noticed 
that photocatalytic activity of titania nanoparticles 
was three times suppressed by the creation of silica 
shell in both the cases. 

IV. SUMMARY

We have successfully synthesized anatase titnaia and 
silica nanoparticles with good control on their size. 
We have synthesized phosphate-silane coupling 
agents. Titania and silica nanoparticles were linked 
successfully through these coupling agents. In the 
second part of work we have synthesized core-shall 
nanoparticles by creating thin silica shell of less than 
5nm around titania nanoparticles.  
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Abstract — Material properties used in Finite Elements Anal-
ysis of a range of inhomogeneous materials, including biomate-
rials, are often evaluated from nanoindentation measurements.
These material properties assigned to each element are a cru-
cial factor in models validation - especially for hierarchical
structured materials, like mineralized tissues. This study shows
the differences in the elastic properties of animal model tissue
- mineralized turkey leg tendon (MTLT) - evaluated from nano-
and microindentation using protocols with different final inden-
tation depth and different hydration states.

I. INTRODUCTION

Better understanding of structural and mechanical prop-
erties of bone at all hierarchical levels can improve the
possibilities of diagnosis and treatment of bone metabolic
diseases. Nanoindentation is a popular technique used for
accessing the elastic properties of inhomogeneous mate-
rials at the micro- and nanolevel.

Figure 1: Indentation imprint in MTLT.

Nanoindentation involves the application of controlled
load to the surface to induce local surface deformation
(“Figure 1”) with monitoring of load and displacement
during the loading and unloading. Elastic properties like
hardness and for rate-independent, elasto-plastic materi-
als, also indentation modulus can be evaluated based on
elastic contact theory [1]. For isotropic materials, the in-
dentation modulus is directly correlated to elastic mod-
ulus and Poisson’s ratio. For anisotropic materials, like

bone and other mineralized tissues, indentation modulus
is related to the stiffness tensor with more complex func-
tion, but can be evaluated using iterative schemes [2].
With the inverse procedure [3], transverse isotropic or or-
thotropic constants can be evaluated from indentations in
two or three orthogonal directions, respectively. These
material properties can than be used in Finite Element
models.

II. MATERIALS AND METHODS

A. SAMPLES - WHY TURKEY LEG TENDON?

The MTLT tissue is a structural and mechanical model
for the mineralized collagen fibrils, also occurring in
bone. The structure of this tissue is approximately trans-
verse isotropic, much simpler than bone tissue.
Mineralized parts of digital flexor tendons of domestic
turkey were used in this study. Total of 20 samples (10
axial and 10 transverse orthogonal sections) were em-
bedded in epoxy resin, cut into thin (1mm thick) slices,
mounted to glass slides and polished using a semiauto-
matic polishing machine.

B. NANOINDENTATION IN DRIED AND PHYSIOLOGI-
CAL CONDITIONS

Many available so far nanoindentation results of mineral-
ized tissues were obtained in dried state. Due to the im-
portant role of hydration in collagen properties, nanoin-
dentation in physiological conditions is gaining accep-
tance.
In the track of this study indentations were performed in
both dried and physiological conditions using the Nano-
Hardness Tester, CSM Instruments. Nanoindentation in
physiological conditions was performed in specially de-
signed fluid cell. Hank’s Balanced Salts Solution was
used as rehydration medium.

C. ESTIMATION OF TRANSVERSE ISOTROPIC ELAS-
TIC CONSTANTS

The theoretical model of Swadener and Pharr [2] corre-
lating the indentation modulus of anisotropic material to
all elastic constants and the indentation direction was in-
verted to evaluate the experimental data obtained in the
two orthogonal directions.

Three-dimensional representation of the elongation
modulus ε(n) as a function of a direction vector n with
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the bulk modulus κ(n) were superimposed to visualize
the resulting stiffness tensors (“Figure 3”).

III. RESULTS

A total number of over 2500 indentations were performed
on 20 orthogonal MTLT samples in both dry and physi-
ological conditions. All indentations were performed us-
ing Berkovich indenter and conducted in load control and
maximal displacement limits of 500, 1000, 1500, 2000 or
2500nm. Indentation protocol involved trapezoidal load-
ing/unloading with constant rate of 120mN/s with 30 sec-
onds holding time at maximum load to minimize the vis-
coelastic and/or viscoplastic effects.
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Figure 2: Indentation modulus changing with hydration
level and final indentation depth. The bold markers repre-
sent physiological conditions of indentation and the non-
bold the dried state.

The indentation moduli obtained in the same samples
differed significantly (p=0.05) depending on the final in-
dentation depth and physiological conditions. Only the
500 - 1000nm indents in axial direction and both condi-
tions were not significantly different.
Samples after rehydration show significant decrease in
elastic properties. The mean indentation modulus in
axial and transverse direction were respectively 14 and
66% lower in physiological conditions than in dried state
(“Figure 2”).

IV. CONCLUSIONS

Microindentation in trabecular vertebral bone tissue
showed 29% decrease of stiffness in physiological state
[4]. The MTLT tissue tested wet in axial direction shows
lower elastic properties drop, while the drop in the trans-
verse direction is much higer than in bone. This can
be explained with the different arrangement of the min-
eralized collagen fibers constituting both tissues - very
complex, orthotropic in bone and simpler, transverse-
isotropic in MTLT. The transverse MTLT samples show
large swelling affect due to free sufrace proteoglycans
presence, what causes large differences in elastic proper-
ties evaluated in dry and physiological conditions.
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Figure 3: Representation of the elongation modulus ε(n)
as a function of a direction vector n with the bulk modu-
lus κ(n). The shape of the surfaces represents ε and the
colour represents κ.

The clear trend of increasing indentation modulus with
decreasing penetration depth can be observed (“Fig-
ure 2”). The trend extends over the differences caused by
the material’s microstructure at the differend hierarchi-
cal levels. Mineralized collagen fiber bundles observed
in MTLT’s microstructure are about 20µm in diameter,
whereas the indentation imprint sizes calculated from the
Berkovich tip geometry range from 3.5µm for the 500nm
deep indents, till 17.5µm for the 2500nm indents.
Based on these experimental results a correction curve,
taking into account the indentation protocol, can be pro-
posed. Further studies are required in order to determine
the underlying principles of the size effects in nanoinden-
tation of mineralized tissues.
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Abstract — The aim of this study is to develop new 
materials for cardiovascular tissue regeneration. 
Two different approaches were undertaken. Photo-
polymers on the one hand enable us to create 
3-dimensional cellular grafts by additive manufac-
turing. Electrospun (bio)degradable thermoplastic 
urethane elastomers on the other hand perfectly 
mimic the extracellular matrix. In both cases the 
large surface should promote the ingrowth of new 
tissue and therefore benefit the regeneration. 

I. INTRODUCTION

Cardiovascular disease remains one of the leading 
causes of death in industrial countries. Up to now 
autologous vessels have been the preferred graft 
materials for diseased vascular segments smaller than 
6 mm in diameter. Unfortunately, the number of 
appropriate vessels is limited in many patients be-
cause of previous vessel harvest or poor quality. So, 
still there is the need for tailored, biocompatible, 
biodegradable and functional biopolymers with 
3-dimensional, bio-inspired structures as scaffolds 
for guided tissue regeneration. The mechanical prop-
erties of materials designated for vascular tissue 
replacement are of crucial importance [1]. The elastic 
modulus, the tensile strength as well as the suture 
tear resistance have to be optimized. Our two ap-
proaches for new materials are photopolymers and 
thermoplastic urethane elastomers. We design our 
materials to be (bio)degradable since tissue regenera-
tion is based on the controlled substitution of the
artificial material with new natural tissue. 

Photopolymers can be structured by additive manu-
facturing techniques (AMTs) e.g. DLP (digital light 
processing, Figure 1, left) as applied in this work to 
create grafts with a defined cellular structure as seen 
in Figure 1 right. 

Thermoplatic urethane elastomers can be processed 
by electrospinning (ES, Figure 2, left). The random 
orientation of the fibers (Figure 2, right) perfectly 
mimic the extracellular matrix (ECM). 
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Figure 1: DLP (left) and structure concept (right).
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Figure 2: Schematic of electrospinning (left) and 
SEM of fiber orientation (right) [2]. 

II. PHOTOPOLYMERS

In previous studies, a large variety of different acry-
late-based monomers was screened [3-5]. Some 
fulfill the basic material requirements for vascular 
tissue regeneration but still have some drawbacks 
especially concerning the suture tear resistance. 
Therefore thiol-ene systems [6] were introduced to 
form another polymer architecture with linear or 
branched chains instead of rigid networks (Figure 3). 
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Figure 3: The different network architectures. 
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The new thiol-ene system based photopolymers 
match with the mechanical properties of natural 
blood vessels and also have sufficient suture tear 
resistance. A similar system has already been suc-
cessfully processed with DLP (Figure 4). 

����

Figure 4: Manufactured conduits. 

III. THERMOPLASTIC ELASTOMERS

Segmented thermoplastic urethane elastomers 
(TPUs) are composed out of two different moieties –
the hard- and the softblocks [7] (Figure 5). 
� ��������	
 �������	
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Figure 5: Thermoplastic urethane elastomers. 

In preliminary studies the mechanical properties of 
segmented TPUs were examined for the model case 
of the commercial TPU Pellethane. By the modifica-
tion of soft-block length and the ratio of chain ex-
tender moduli ranging from 9 to 89 MPa at tensile 
strengths between 6 and 41 MPa and ultimate elon-
gations from 770 to 900% could be achieved. These 
tendencies were also found for the electrospun mate-
rials. We could also show that the substitution of the 
aromatic 4,4'-methylene diphenyl diisocyanate 
(MDI) with the aliphatic hexamethylene diisocyanate 
(HMDI) – to avoid toxic aromatic amines as potential 
degradation products - only causes minor loss of 
strength. To obtain degradable TPUs our concept is 
to incorporate cleavable bonds into the polymer 
chain. For this purpose, lactid- and ethylene glycol-
based cleavable chain extenders (Figure 6) were 
used.  
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Figure 6: Cleavable chain extender. 

The expected degradation products showed no cyto-
toxicity up to a concentration of 1mM in in-vitro 
tests. 
Degradation studies were performed in phosphate 
buffered saline (PBS) at 110°C in the autoclave to 

accelerate the process. Surgical PLA was used as 
reference. TPUs with different chain extender 
showed different behavior. The DET and EDLA 
containing TPUs degrade with a lower rate than PLA 
(10 and 20%) while the EGLA containing TPU de-
grades twice as fast. 
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Abstract: we carried out Z-scan experiment to 
measure two-photon absorption cross section of 
a series of two-photon induced photo-initiators 
synthesized in order to three dimensionally 
micro structuring via two-photon induced photo- 
polymerization. We employed a laser system 
producing pulses having minimum 25 fs 
duration which can be stretched up to 400 fs and 
maximum 1 mJ pulse energy centred at 800 nm. 
The Highest two-photon absorption cross 
section was measured to be 318 GM. we also 
examined the effect of material flow rates on Z-
scan signal which led to improvement of two-
photon absorption more than two times.   

1. INTRODUCTION

TPA in molecular systems using near infrared 

ultra-short pulsed laser systems has attracted 

much attention of researchers due to its potential 

applicability in the field of future photonics such 

as two-photon induced photo- polymerization 

(TPIP) [1], 3D optical data storage [2], photonic 

crystals [3]  and many more. This wide range of 

capability for TPA has encouraged many 

researchers to make much effort to design and 

synthesize organic molecules having a 

significantly higher TPA cross section than 

common materials. 

Z-scan technique, which was first introduced 

by Sheik Bahae et al. in 1989 [4] is a very 

sensitive technique  and very easy to perform. 

As a brief explanation, in an open aperture (OA) 

Z-scan experiment, a nonlinear medium is 

translated along the beam propagation direction 

through the focus of a tight focused laser beam 

and the transmitted laser energy through the 

sample is measured as a function of sample 

position.  

In this paper, we report our measurement of 

TPA cross section in a series of two-photon 

induced photo-initiators for TPIP investigated 

using OA Z-scan technique at the wavelength of 

800 nm and 100 fs pulse duration [5]. We also 

show the influence of materials flow rates on the 

OA Z-scan signal.  

2. EXPERIMENTS 

2.1. SAMPLE PREPARATION  

The fluorescence dye standards (Rhodamine B 

and Rhodamine 6G) were bought from Sigma-

Aldrich and used as a reference dye to test the Z-

scan setup. The novel two-photon initiators 

(M3K, M2K, B3K, P3K, R1, R2, and M3P) 

were synthesized. Detailed information therefore 

can be found elsewhere. All initiators were 

dissolved in tetrahydrofuran (THF) as all 

compounds showed a sufficient solubility in this 

solvent [5].

2.2. Z-SCAN EXPERIMENT

We used an ultra-short laser system 

(FEMTOPOWER Compact PRO). This system 

delivers 1 mJ pulses with a repetition rate of 1 

kHz. The minimum pulse duration is 25 fs 

which can be stretched up to 400 fs. The self-

programmed computer software analyzed the 

intensity of individual laser pulses and also 

handles the movement of the translation stage as 

well as the entire data acquisition process.  

3. RESULTS AND DISCUSSION

Figure 1 shows Z-scans of a 0.2 mm thick 

cuvvete filled with B3K using 100 fs laser 

pulses having a pulse energy ranges from 30 nJ 

up to 220 nJ. It is easily observed that absorption 

is proportional to pulse energy as expected for 

TPA.

Figure 2 shows Z-scans of B3K performed 

with the same 220 nJ pulse energy but for 

different flow rates. As seen in Figure 2, for the 

case when the material flows, the absorption is 

almost two times higher than that of when there 

is no flow rate. The reason behind this 

phenomenon is called photo-degradation. 
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The same experiments were carried out for all 

components. Fitting the experimental data to a 

theoretical curve in (1), we extracted the TPA 

cross section for all components as given in 

Table 1. 
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         (1)
Where x=z/zR and q0= LeffI0. zR is the 

Rayleigh length,  I0 is the maximum on-axis 

intensity at the focus, Leff  is the effective length 

of material and  is TPA coefficient which is 

going to be measured.

Table 1: TPA cross section 

Figure 1: Z-scans of B3K using 

 different pulse energies. 

Figure 2: Z-scans of B3K using 220 nJ  

pulses but for different flow rates. 

4. CONCLUSION  

We have accurately measured TPA cross section 

for a series of two-photon induced photo-

initiators. Some of these synthesized TPI such as 

B3K and P3K revealed high TPA as a good 

candidate for TPIP in particular that they 

showed a very weak fluorescent that means, the 

absorbed energy is exploited to solidify and 

polymerize the material and is not lost through 

emitting fluorescence. An enhancement more 

than two times was absorbed for TPA in all 

samples when we employed a syringe pump to 

flow materials which prevents materials at the 

laser intersection from destroying during 

exposure (photo-degradation).  
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Abstract — We regard a break scheduling problem originat-
ing in the area of supervision personnel. The objective is to
assign breaks to an existing shiftplan under consideration of
various constraints reflecting legal demands, ergonomic crite-
ria and staffing requirements. We propose a new method based
on memetic algorithms to obtain good solutions for this prob-
lem. This metaheuristic approach is influenced by various pa-
rameters, for which we experimentally evaluate different set-
tings. We compare our method to an existing min-conflicts
based algorithm using publicly available benchmark instances.
The memetic algorithm returns improved results on all the in-
stances.

I. INTRODUCTION

In many working areas, breaks are recommended or
mandatory due to characteristics of the tasks to be per-
formed. Examples can be found in all areas where high
concentration is crucial during working time, such as
monitoring or supervision tasks. After a given time of
continuous activity, an employee is supposed to take pe-
riods of break time in order to recover. Additionally, the
employer might require a given number of staff to be ac-
tive, i.e. not to be on break, during each timeslot.

We regard a real-life problem, BSP, originating in
the area of supervision, where breaks are to be sched-
uled for given shifts such that no constraints are violated
and compliance with staffing requirements is optimised.
In literature, break scheduling problems are mainly ad-
dressed as part of the so-called shift scheduling prob-
lem, where shifts are scheduled along with breaks, i.e.
in [1, 2]. Other than these works, BSP considers shifts as
part of the input while the objective is to find an optimal
break assignment within the shifts. Beer et al. [3] pro-
pose a min-conflicts algorithm for this particular problem
and report experimental results for publicly available in-
stances.

Our contributions include a new approach to optimise
BSP based on memetic algorithms proposed by [4], a de-
tailed parameter analysis and an NP-completeness proof
for BSP with fixed break domains as input. We report
improved results on the all of the benchmark instances
presented by Beer et al. in [3].

II. PROBLEM DEFINITION

The break scheduling problem (BSP) regards a shiftplan
that consists of consecutive timeslots, shifts starting and
ending in defined timeslots, staffing requirements and

constraints on the distribution of breaks within a shift.
One shift represents exactly one employee on duty. Two
or more shifts may overlap in time.

We refer to a timeslot in a particular shift as slot. Each
slot can be assigned the value 1 (1–slot) for a working
employee, 0 (0–slot) for an employee on break or 0′ (0′–
slot). 0′–slots are assigned to those and only those slots
that directly follow a sequence of 0–slots.

A break is a set of consecutive 0–slots within a partic-
ular shift. The first slot is referred to as break start, and
the last slot as break end. A break is associated to exactly
one shift.

A work period is a set of consecutive 0′- or 1–slots
within a particular shift.

The input of a BSP instance is a tuple (k,S, τ, ρ, C):
k is the number of timeslots. Given k, we define a set

of timeslots T = {1, 2, ..., k}. In our real-life prob-
lem, one timeslot equals a period of five minutes.

S denotes a collection of shifts. A shift S is set of
consecutive timeslots: ∀S ∈ S : S ⊆ T and
∀ti ∈ S : ti+1 − ti = 1

τ(|S|) is a function that maps each shift length to a value
denoting the number of 0–slots that are to be as-
signed within a shift with length |S|. This is also
referred to as breaktime.

ρ(t) is a function that maps each timeslot t to a required
number of 1–slots in t. This is also referred to as
staffing requirements.

C is a set of constraints {C1, C2, ..., C5}, each defining
restrictions on locations and sequences of 0-, 1- and
0′–slots within a shift.

Note that for each shift, C and τ induce a set of legal
distributions of 0–slots depending on the shift’s length.

A sample instance of BSP with a possible solution is
depicted in figure 1.

The objective is to find an assignment A of 0-, 0′- and
1–slots for each shift, such that:
(i) The number of 0–slots in each shift S is τ(|S|).
(ii) Each slot directly following a break is a 0′–slots.
(iii) All constraints imposed by C are satisfied.
(iv) The following objective function F (A, T ) is min-
imised: Let B be an instance of BSP, A an assignment
for B and T the set of timeslots. Let ω(A, t) be the num-
ber of 1–slots in timeslot t according to A.
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ρ

T

S1

S2

S3

S4

S5

t1 t2 t3 t4 t5 t6 t7 t8 t9 t10 t11 t12 t13 t14 t15 t16 t17 t18 t19 t20

2 2 1 0 0 2 2 0 1 2 3 3 0 1 3 2 2 0 3 3

1 1 1 00 0 1 1 00 00 0 1 1

1 1 00 0 1 1 0 0 1 1

1 1 00 0 1 1 0 0 1 1

1 1 1 00 0 1 1 00 0 0 1 1

1 1 00 00 0 1 1 00 0 1 1

work period

break

1-slot

overcover undercover

t11

3

1

1

1

1

1

t17

2

0

0

0

Figure 1: A sample instance of BSP with solution

O(A, T ) =
∑
t∈T

max(0, ρ(t)− ω(A, t)), undercover in t

U(A, T ) =
∑
t∈T

max(0, ω(A, t)− ρ(t)), overcover in t

Then F (A, T ) = wo ·O(A, T ) + wu · U(A, T ), wo and
wu being weights for over- and undercover respectively.
Usually wo > wu.

We prove NP-completeness for BSP under the condition
that a set of possible break assignments for each shift
length D(|S|) is part of the input. This is proven by re-
duction from X3C.

III. A MEMETIC ALGORITHM FOR BSP

An individual consists of a solution represented by a set
M of memes and a penalty value for each meme. A meme
represents a set of shifts that greatly overlap in time. E.g.
in Figure 1 one meme is constituted by {S1, S5} and
another by {S2, S3, S4}. Each shift is contained in ex-
actly one meme. A meme’s fitness is the weighted sum
of staffing requirement violations in all timeslots that are
covered by the shifts contained in the meme. The meme-
pool is the set of all memes contained in a population, i.e.
a set of individuals.

The algorithm starts with the initialisation of a set I
of individuals: For each individual i ∈ I , each shift S is
assigned τ(|S|) break time such that all constraints in C
are satisfied. This is done by a stochastic method based
on the concept of small temporal problems proposed by
[5], which allows us to find an assignment of breaks in
cubic time w.r.t. |S|. The penalty values for all memes
are set to 0. Then the following steps are executed in a
loop until a given timeout:
(1) Estimation of best combination of memes: Create
an individual containing only the best memes that can be
found in the current meme pool.
(2) Determine the individual with best fitness value.
Mark this individual as elitist.
(3) Interaction: Except for the elitist, replace each indi-
vidual in I with a new individual by randomly selecting
memes from the current meme pool.
(4) Mutation and improvement: For each individual in
the current population, select a set M ′ of memes with
preference for those with a low penalty value. Mutate
each m ∈ M ′ by randomly selecting a shift contained in
m and re-assigning all breaks using the same algorithm

as in the initialisation. Then perform a local search on M ′
as follows: (i) Randomly select a break contained in any
shift in M ′, (ii) randomly select one of two neighbour-
hoods, (iii) compute the selected neighbourhood, (iv)
perform the step that improves the objective value of the
solution most, or at least does not worsen it and start
again with (i). The loop ends when for l · |M ′

B | iterations
only worsening moves could be found. M ′

B refers to the
set of breaks contained in M ′. After the local search, up-
date the penalty values for all memes in M ′: All memes
that improved their fitness, reset penalty to 0, all others
increase penalty by 1.

We use two different neighbourhoods: (1) Single as-
signment: All possible timeslots a break can be re-
assigned to without violating any constraints. (2) Dou-
ble assignment: All possible values a break and one of
its neighbouring breaks can be re-assigned to without vi-
olating any constraints. In both (1) and (2) it is possible
that two breaks are joined to form one longer break.

The following parameters influence the performance
of the algorithm: The population size |I|, the number of
memes |M ′| an individual may select for local improve-
ment and the number l of steps the local search is allowed
to continue without improvements.

We evaluated different parameter settings on six out of
30 benchmark instances and ten runs on each instance.
Each instance was run on one core of a QuadCore In-
tel Xeon 5345 with 48GB RAM. We benchmarked this
machine in order to compare our results with those pub-
lished in [3]. The timeout according to this benchmark
was set to 3046 seconds.

The results for each parameter were tested for signif-
icance using factorial analysis of variance. The follow-
ing parameter settings performed best: |I| = 4, |M ′| =
|M | · 0.2. We set an upper and lower bound ll and lu for
l. l is set to ll for the first iteration and in the following
iterations to min(l+1, lu) if no improvement was found,
and to max(l − 1, ll) if an improvement was found. Of
the values tested for ll and lu, ll = 1 and lu = 5 per-
formed best.

The final series of experiments comprised all bench-
mark instances, 20 of them real-life and 10 randomly
generated. Our algorithm returned improved results for
all instances compared to Beer et al. [3].
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Abstract — We present Statistical Vector Routing (SVR), a
protocol that efficiently deals with the dynamics shown by com-
munication links of wireless networks. It assigns virtual coor-
dinates to nodes based on the statistical distribution of their
distance from a small set of beacons. The distance metric pre-
dicts the current location of a node in its address distribution.
Our initial results from a prototype implementation over real
testbeds demonstrate the feasibility of SVR.

I. INTRODUCTION

Dealing with unreliable and highly dynamic wireless
links is a major challenge in establishing stable point-
to-point routing in wireless networks. The prevalent ap-
proach in existing routing algorithms is to restrict com-
munication to neighbors with consistently high quality
links, identified by a long-term link estimator. As a re-
sult, this approach leaves out neighbors with intermit-
tent connectivity that often achieve significantly better
routing progress and throughput than the long-term links
chosen by existing routing protocols [2]. Similarly, in a
sparse network, a node might have no high-quality neigh-
bor in its communication range, requiring a mechanism
to deal with unstable connectivity.

A common approach of virtual coordinates based
point-to-point routing is Beacon Vector Routing (BVR)
[1], which assigns virtual coordinates to nodes based on
their hop distances to a small set of beacons. The next
hop towards a certain beacon is selected based on the
long-term link quality calculated over a time frame in the
order of minutes or even hours to ensure a stable rout-
ing topology. However, in a dynamic1 network, a node’s
address will frequently change due to recurrently chang-
ing distances to beacons. For example, Figure 1(a) and
1(b) show the development of a node’s distance from a
beacon over time and the corresponding probability of
these distances, respectively. In such a dynamic scenario,
assigning static addresses to nodes would often result in
an inconsistent routing topology, thereby introducing sig-
nificant overhead due to regular updates in the address
database.

To overcome this limitation in virtual coordinate based
routing protocols, we introduce SVR, a coordinate sys-
tem based on the statistical distribution of a node’s dis-

1We only employ the dynamics that occur due to frequently
changing link qualities and node failures.

tance from a set of beacons. The basic idea is that a node
learns from its past addresses and calculates a probabil-
ity distribution of its address vectors. It then advertises
this distribution to other nodes in the network instead of
a static current address. All other nodes predict the cur-
rent location of a node in its address distribution. For ex-
ample, the simplest prediction would be to calculate the
mean for each address vector component (i.e. the mean
distance to each beacon). SVR, as it is based on the sta-
tistical distribution of the nodes’ location in the network,
eliminates the need to use expensive link estimation.

II. STATISTICAL VECTOR ROUTING

The basic design goal of SVR is to account for short-term
link dynamics in the network and to provide a consis-
tent routing topology even in the existence of links with
highly variable qualities. In doing so, SVR also provides
the opportunity to utilize intermediate links that are very
important for routing [2], rather than limiting communi-
cation only to long-term stable links. Previous studies
[2] have shown that these intermediate links alternate be-
tween good and bad quality, allowing the transmission of
packet bursts while they are temporarily available.

A. ADDRESS ALLOCATION

In SVR, every node periodically broadcasts two address
vectors: (1) statistical address vector; an address vector
of the form < p1(n), . . . , pm(n) >, where pi(n) is the
distribution of the hop count to the ith beacon over an in-
terval n, and (2) current address vector; the minimum
hops to all the beacons in t, the current beacon interval2,
and updates these vectors according to the messages re-
ceived from its neighbors. Each neighbor is considered
alive and usable for transmission as long as at least one
beacon message is received from it within an interval n.
A node only considers another node as a neighbor if it
has a bidirectional link with it, i.e. both nodes hear bea-
con messages from each other. However, there is no link
estimation used to establish these addresses in the net-
work.

2t represents one beacon interval and n represents multiple
beacon intervals: n = bt, where b is a constant.
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(a) Development of hop distance
from a beacon.

(b) Distribution of hop dis-
tance from a beacon.

Figure 1: A node’s distance from a beacon varies signifi-
cantly over time.

B. ADDRESS PREDICTION

SVR uses three mechanisms to predict the coordinates of
the destination depending upon the location of the for-
warding node: (1) far away nodes (e.g. more than three
hops away) simply use the mean of the destination’s ad-
dress distribution to forward the packet in the right direc-
tion, (2) a node within a certain vicinity (e.g. two to three
hops away) calculates its own shift in the address distri-
bution and expects a similar shift in the destination’s co-
ordinates to predict its current location, and (3) one hop
neighbors use the destination’s current address vector
to forward packets directly. The intuition behind using
these three different mechanisms is that it is more prob-
able to predict the destination’s current location closer
to it, as nearby nodes are expected to experience similar
transmission conditions.

C. ROUTING METRICS

In this section we introduce the routing metrics to real-
ize the address prediction mechanism of SVR. The goal
is to choose a next hop p which minimizes the remain-
ing distance to the destination d. The address prediction
mechanism of SVR utilizes multiple routing metrics. For
example, far away nodes use a simple sum distance met-
ric over the mean coordinates to ensure that the packet is
heading in the right direction towards the destination.

δsk(p̄, d̄) =
1

|Ck(d)|
∑

i∈Ck(d)

(p̄i + d̄i) (1)

where p̄i represents the mean distance of neighbor p to
beacon i, calculated as p̄i = 1

n

∑n

r=1
pi,r, where pi,r is

the rth entry in the address distribution for pi, a node’s
address vector component for beacon i. Ck(d) is the set
of the k closest beacons to d. However, δsk(p̄, d̄) is not the
only metric that can be used for greedy forwarding, other
metrics, such as sum of differences δbk(p, d) [1] would
work as well.

Similarly, the nearby nodes use gaussian distance to
utilize the best links currently available for transmission.
The intuition behind the use of gaussian distance is to
select a next hop whose address vector showed minimum

(a) Reduction in coordinate range in
SVR.

(b) Increase in inter-
val lengths of stable
coordinates.

Figure 2: SVR’s mean coordinates result in smaller range
(i.e. difference between max and min hop distance re-
duced by 65% at -25dBm) and longer intervals (i.e. du-
ration of stable coordinates increased by 45% at -0dBm).

variance over an interval n, i.e., its coordinates were
more stable than those of other neighbors in that period.
In doing so, it is possible to use long range intermediate
links currently reliable for transmission.

δgk(p, d̄, d
2) =

⎛
⎝ ∑

i∈Ck(d)

(pi − d̄i)
2

d2i

⎞
⎠

1
2

(2)

where d2i is the variance of the destination’s address dis-
tributions. It is calculated as d2i = 1

n

∑n

r=1
(di,r − d̄i)

2.
SVR utilizes multiple routing metrics over stable sta-

tistical addresses to ensure that the packet is being for-
warded in the right direction while exploiting the lo-
cal transmission conditions to achieve better routing
progress.

III. INITIAL RESULTS

The current implementation of SVR is written in TinyOS
2.x for the IEEE 802.15.4 based Tmote Sky platform.
Figure 2(a) and 2(b) show the stability of SVR’s coor-
dinates across the whole network when compared to the
current coordinates calculated after every beacon inter-
val. As discussed earlier, SVR reduces significant com-
putational and transmission overhead by eliminating the
need to use expensive link estimation.

A complete implementation of SVR’s concept and a
thorough evaluation with regard to routing performance
and scalability are the next steps in our future work.
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Abstract — Within this paper we present our novel friend in-
jection attack which exploits the fact that the great majority of
social networking sites fail to protect the communication be-
tween its users and their services. In a practical evaluation,
on the basis of a public wireless accesspoints, we furthermore
demonstrate the feasibility of our attack. The friend injection
attack enables a stealth infiltration of social networks and thus
outlines the devastating consequences of possible eavesdrop-
ping attacks against these services.

I. INTRODUCTION

In this paper we present a novel attack to infiltrate social
networking sites (SNSs) by exploiting a communication
weakness of social networking platforms. Our results
suggest that today’s most popular SNSs including Face-
book, Friendster, hi5, Tagged.com as well as orkut are
vulnerable to our friend injection attack. Within an ex-
periment we evaluated the feasibility of our friend injec-
tion attack on basis of Facebook. Gaining access to the
pool of personal information stored in SNSs and the infil-
tration of social networks poses a non-trivial challenge as
SNSs providers start to devote more resources to the pro-
tection of their information assets. Our friend injection
attack depicts a new method to circumvent state-of-the-
art protection mechanisms of social networking services.

We created a proof-of-concept application named
”friendInjector“ which injects friend requests into
unencrypted social networking sessions. We were able
to perform our attack at a rate of one injection every
1.8 minutes via wireless access points. Even though
our evaluation was based on a relative small number
of users, our attack can be carried out easily on a large
scale by motivated attackers. Given the vast number of
SNSs users (e.g. Facebook claims to have more than
350 million active users [1]) this could have devastating
consequences.

The major contributions of our work are:

– Our friend injection attack, a novel attack on social
networks which enables the retrieval of protected
profile content.

– An evaluation on the feasibility of our friend injec-
tion attack on basis of public wireless access points.

– Further advanced attack scenarios based on unen-

crypted social networking sessions.
– A discussion on protection measures against our

friend injection attack.

A. RELATED WORK

Gross and Acquisti [2] as well as Jones and Soltren [3]
were amongst the first researchers to raise awareness for
information extraction vulnerabilities of SNSs. While
their techniques were rather straightforward (automated
scripts which retrieve web pages), their results eventu-
ally led to security improvements of social networking
services. Recent publications devoted to information ex-
traction from SNSs introduced elaborated methods such
as the inference of a user’s social graph from their public
listings [4] or cross-profile cloning attacks [5]. Informa-
tion harvesting from social networking sites thus became
a non-trivial problem.
The leakage of personal information from these plat-
forms creates a remarkable dilemma as this informa-
tion forms the ideal base for further attacks. Jagatic [6]
showed that they could increase the success rate of phish-
ing attacks from 16 to 72 per cent using ”social data“.
The findings of [6] have furthermore been confirmed by
the experiments of [7]. Social engineering is yet another
attack where information on a future target forms the
starting point for attackers and because of the emerging
SNSs usage the whole attack might eventually be auto-
mated [8]. Existing attempts to extract information from
SNSs focus on the application layer and can thus be mit-
igated by adapting a specific social networks’ applica-
tion logic. Our friend injection attack, in contrast, is car-
ried out on the network layer, which the great majority of
SNSs providers fail to secure.

II. PROOF OF CONCEPT IMPLEMENTATION

Our novel attack on user privacy within social networks
is based on the fact that all communication between
clients and SNSs is unencrypted. The only exception is
the authentication process, which is encrypted using TLS
in some cases. The HTTP protocol, which is used for
communication between web services and web browser,
is stateless. HTTP cookies are thus used for client track-
ing, personalisation and most importantly for session
management. They were introduced by Netscape in 1995
in order to provide state-fullness for the HTTP protocol
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and therefore provide a better user experience for web
services. In case of SNSs, after a user authenticates her-
self, a cookie is used to keep track of her session, includ-
ing a hashed, shared secret between client and server.
As this cookie is transmitted unencrypted over the net-
work, the communication is vulnerable to cookie hijack-
ing. Hence, by tapping network traffic it becomes pos-
sible to extract authentication cookies and to submit re-
quests on behalf of the victim.
In case of social networking sites, the ability to inject re-
quests into an active session, has drastic consequences.
On one hand sensitive information can be extracted and
on the other hand malicious attacks can be carried out via
innocent users.

A. FRIENDINJECTOR APPLICATION

As a proof of concept application, we implemented the
friend injection attack on basis of Facebook because it
claims to be the biggest social networking site at the time
of writing. We used the Python scripting language to cre-
ate our ”FriendInjector” application. Fig. 1 summarises
the different steps that are involved in our novel attack.
(1) In a first step we use the dpkt library to tap into net-
work traffic and parse received packets. Once a legiti-
mate Facebook session has been found, the FriendInjec-
tor application clones the complete HTTP header of the
retrieved packet, including: the user agent string, session
cookies, and accepted file formats and languages. (2)
The cloned HTTP header is then used to request the URI
containing the invitation form of Facebook. This second
step is necessary in order to retrieve the specific form
ID which is different for every user to mitigate cross-site
scripting attacks. (3) Once both a valid HTTP header
and the specific invitation form ID have been collected,
the FriendInjector script sends a spoofed friend invita-
tion request via the mechanize library to Facebook using
a predefined Email address. (4) In case the attack has
been successful, Facebook sends a friendship request on
behalf of the victim to the attacker’s Email account. The
email notification in step four is used to verify if the at-
tack has been successful. If multiple legitimate sessions
by the same user are detected over time (every time a user
clicks a link or posts content within Facebook) this gets
detected and no friend injection occurs.

III. RESULTS AND DISCUSSION

Our attack is based on the network layer and is com-
pletely undetectable to the victims and as our results
suggest even to social networking providers. Within a
practical evaluation we furthermore showed the feasibil-
ity of our novel attack on basis of public WLAN access
points. Given the sensitive personal information that so-
cial networking services contain, a large scale friend in-
jection attack would have devastating consequences. In
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Social networking session
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Figure 1: Proof-of-concept friend injection attack

order to mitigate friend injection attacks social network-
ing providers ultimately have to fully support HTTPS.
At the time of writing however, the great majority of ser-
vices fail to protect their users against malicious eaves-
droppers and injection attacks.
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Abstract — The semantic heterogeneity of Open 
Source Software (OSS) development projects comes 
from the using of different tools and models by the 
various stakeholders. These differences make the 
process of integration become difficult, since the 
project managers should recognize the different 
structure of the tools and models for analyzing the 
state of the projects. This manual analysis is costly 
and error prone. In this work we propose a seman-
tic web technology approach to bridge these seman-
tic heterogeneities, by using engineering knowledge 
base (EKB). The EKB enables mapping between 
local and domain ontology layers to allow querying 
the local tool knowledge using the domain-level 
knowledge and syntax. We empirically evaluate the 
feasibility of an EKB-based project monitoring 
system based on real-world data. 

I. INTRODUCTION

Stakeholders in open source software (OSS) usu-

ally come from heterogeneous backgrounds and use a 

range of tools and models for developing and manag-

ing their common software. For example, the devel-

opers may use SVN for managing source code ver-

sions and mailing lists for communication between 

developers that become the use case for this paper. 

In the OSS development projects, the stakeholders 

often work globally distributed and in different time 

zones. Therefore, the project managers need to be 

able to manage and monitor the status of the project 

and how the people work, e.g., by monitoring the 

level of communication between the stakeholders. To 

address this goal, project managers often use a quan-

titative measurement approach for managing and 

monitoring the status of the projects, i.e., finding 

related issues in SVN and mailing list for a certain 

projects. Further analysis to identify related informa-

tion across data sources gets conducted manually, 

which is costly, error-prone, and often takes too 

much time for the analysis results to be useful for 

decision making. 

In this paper we propose the use of a semantic web 

technology approach called engineering knowledge 

base (EKB). The principle of EKB is using ontology 

to model the project/domain knowledge that are used 

and understood by all stakeholders and tools. Con-

cepts in this model are then mapped to local tool data 

models, which model common domain concepts in 

different ways. Based on this mapping queries to the 

domain knowledge can be resolved via the mappings 

by local tool data queries. 

We will check the feasibility of querying the on-

tologies in EKB written in SPARQL1 format with the 

case from an open source project. The major result is 

the easier definition of queries on project data origi-

nating from heterogeneous background.  

II. RESEARCH ISSUES

The core challenge for OSS development project 

managers is to get stable domain concepts but vary-

ing encoding of a concept in local tools. The current 

approach is by working on variety of local tool data 

model. The domain model stays “virtual”, i.e., is not 

explicitly modeled. Our approach is by explicitly 

model the domain data model and map to tool mod-

els (similar to Global-as-View) by using EKB [1]. 

EKB is a repository that holds all knowledge on 

project data models and user information that is rele-

vant for OSS development. EKB consists of two 

ontology layers. The first layer contains the common 

domain knowledge, while the second layer describes 

the local tool knowledge. Mappings between local 

and domain ontologies allow querying the local 

knowledge by using the domain ontology syntax. 

The research issue is how to evaluate the feasibil-

ity of using EKB for bridging semantic heterogenei-

ties comparing to the traditional database approach. 

We will use Apache Tomcat2 project as a test bed.

III. EVALUATION

To give better understanding on the approach pro-

posed, we will illustrate a project manager use case 

to analyze relationships across heterogeneous data 

1 http://www.w3.org/TR/rdf-sparql-query/ 
2 http://tomcat.apache.org/ 
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sources, for example between mailing list and SVN. 

The domain concept concepts consist of all concepts 

used in OSS development projects, the local tool 

concepts consist of the concepts used in mailing list 

and SVN tools. The mappings are done between 

interrelated local tool concepts and domain concepts, 

to integrate the different concepts across the 

tools/models. The queries from the project managers 

will be done to the domain concepts, which will be 

continue by resolution with the local tool concepts, in 

SVN and mailing lists ontologies. 

Database approach. The using of database ap-

proach demands the use of a common homogeneous 

database. Hence there should be some efforts done to 

change the different models and formats of data from 

heterogeneous sources and stored in homogeneous 

database. Then the project manager can use the data-

base and query the repository. There are several 

weaknesses with this approach: (a) the different 

structures from heterogeneous data sources need to 

be reconciled for using the common repository; (b) 

updates and synchronization between the data 

sources and the common repository have to be re-

peated each time new data entries update the local 

data source; and (c) reconfiguration of the data 

sources, e.g., adding new data sources to the monitor-

ing system, breaks the automation of this approach. 

EKB approach. The EKB approach demands the 

local tool concepts stored in the separate ontologies 

from the domain concepts ontology. The mapping of 

related concepts is done from the local tool ontology 

to the domain concept ontology, makes the transla-

tion between different local ontology possible. This 

approach is more suitable than the implicit transfor-

mation with the previous approach, because the pro-

ject managers don’t have to transform each different 

concept into homogeneous model and they only have 

to deal with the domain concept ontology to know 

further about the local tools ontology. 

The example of query given by the project manag-

ers to find the relationships between mailing list and 

SVN ontologies can be seen in listing 1 that uses a 

simplified OWL3 syntax. The data from different 

stakeholders are stored the SVN and mailing list 

ontologies, which are mapped to the domain concept 

ontology. The project managers make query to the 

domain concept ontology which then continues to the 

local ontologies. The result from the local ontologies 

is returned to the project manager via domain con-

cept ontology. 

From this evaluation, we can learn that EKB ap-

proach benefits on flexible and efficient model for 

transformation of data between tools. The limitations 

are the cost to design the EKB and performance of 

3 http://www.w3.org/TR/owl-semantics/ 

ontology technology which is depend on the size of 

the ontology. 

SELECT (?a) WHERE {domain:build.xml 
domain:relatedWith ?a} 
mailinglist:build.xml owl:equalTo  
domain:build.xml 

SELECT (?b) WHERE  
{mailinglist:build.xml mailing-
list:hasAffectedArtifact ?b} 
Result: b = mailing-
list:build.xml_890256 

mailinglist:build.xml_890256 
owl:equalTo domain:build.xml_890256 
SVN:build.xml_890256 owl:equalTo  
domain:build.xml_890256 

SELECT (?c) WHERE  
{?c SVN:hasAffectedArtifact 
SVN:build.xml_890256} 
Result: c = SVN:SVN_890256_build.xml 

SVN:SVN_890256_build.xml owl:equalTo 
domain:SVN_890256_build.xml 

Result: a = domain:SVN_890256.xml 

Listing 1.  EKB query example to find a related SVN 

entry from the mailing list issue. 

IV. CONCLUSION AND FUTURE WORK

In this paper, we have explained the EKB approach 

as a semantic web technology approach to address 

important aspects of the semantic heterogeneity chal-

lenge in the OSS development projects domain. By 

separating the level of ontologies in EKB, the com-

plexity of querying can be reduced, while still makes 

the approach feasible to be done. 

Future work includes make empirical measure-

ment on the efforts needed, especially for adding new 

data sources to the project monitoring system. This 

could be useful for better decision making support on 

the status of the project, since a wider range of de-

velopment knowledge sources in the project can be 

included for analysis. 
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Abstract — Diagnosis is an important field of Artificial Intel-
ligence. Recently, Console et al. proposed a framework for de-
centralized qualitative model-based diagnosis. The basic idea
is to decompose a complex system into subsystems, each of
which gets a local diagnoser assigned. The global diagnosis
is computed by “asking” the local diagnosers, while some in-
formation may remain private. A detailed complexity analysis
and an implementation are missing. Therefore, we introduce
extended definitions, define related problems and analyze their
complexity. For each problem an upper bound is determined. If
we allow slight modifications we can prove the completeness in
two cases. Using these theoretical results, we propose datalog
encodings that match the complexity. Finally, these encodings
are evaluated using the datalog system DLV.

I. INTRODUCTION

In [1], Console et al. describe a decentralized diagnostic
framework. In this framework, the system to be diag-
nosed is split up in multiple subsystems, each of which
gets a so-called local diagnoser assigned. When an er-
ror occurs, a central supervisor will invoke these local
diagnosers (via a common interface) in order to generate
(maybe competing) diagnostic hypotheses that represent
the explanations for the observed error. This decentral-
ization has two positive impacts on the framework. First,
it is assumed that the complexity decreases if we split
the system model in local models each of which contains
fewer variables. Then, the local systems will be easier
to overlook and manage. Second, it is supported by the
framework that there may be different suppliers of the
components and that the connection between the subsys-
tems may change. In the model of the local diagnosers,
qualitative variables which represent the deviation from
the expected value (see [2]) are used. In addition, the
formalism of Console et al. has a strong relation to “clas-
sical diagnosis” – i.e. to the notion of partial diagnoses
introduced by De Kleer, Mackworth and Reiter [3].

We focus on the task of the local diagnosers, since the
supervisor only needs to invoke the local diagnosers and
to merge the returned results with the current hypothe-
ses. First, we introduce several definitions from [1] in
a way which is more suitable for the complexity analy-
sis. Each local diagnoser is equipped with a local model

∗This work was supported by the Austrian Science Fund (FWF),
project P20704-N18.

M� which can be seen as a database table, where the
columns represent variables and each row represents an
assignment to these variables. The domain of a variable
is either {+, 0,−} or {ok }∪̇Ω where Ω is a nonempty,
finite set. Intuitively Ω contains all other failure-modes of
the component, while the variables over {+, 0,−} are in-
put/output variables. A variable assignment assigns to a
variable some value from its domain. An assignment is a
set of variable assignments. An assignment α is an exten-
sion of an assignment β iff β ⊆ α. Furthermore, we say
that an assignment α is consistent with a model M� iff
α �= ∅ and there is some row in the model table that is an
extension of α. The assignment ω� represents the inter-
nal information of the local diagnoser, which will never
be given to the supervisor. Now we can give a definition
of an admissible assignment. Notice that the definition
presented here is a slightly modified (but equivalent) ver-
sion of the definition given in [1].

We say that an assignment γ is an admissible assign-
ment w.r.t. (M�, ω�) if:

i. γ is an extension of ω�

ii. γ is consistent with M�

iii. Let M�,γ be M� , restricted to those rows which
are extensions of γ. Further, let M�|X be the
projection of M� on X , then it must hold that
M�,γ |VAR(M�)\VAR(γ) � M�|VAR(M�)\VAR(γ)

We extend this definition by saying that an assignment
is an admissible extension w.r.t. a model M�, local obser-
vations ω� and an input assignment α (usually given by
the supervisor) iff it is an admissible assignment which
also extends α. The notions of admissible assignments
and extensions are the “key notions” of the decentral-
ized formalism presented in [1]. An assignment is to-
tal iff it assigns a value to each variable occurring in the
model. Notice that for total assignments condition (iii.)
in the definition of admissibility vanishes. If we also al-
low the entries in the input/output columns to be x/y,
where x, y ∈ {+, 0,−}, x �= y, we speak of allowed al-
ternative values. The idea here is that x/y is matched by
either the value x or y.

II. RESULTS

The results presented here are discussed in more detail
in [4]. Based on the definitions for decentralized diagno-
sis, we define several problems which are relevant for the

291



generation of the diagnostic hypotheses and especially
important for the tasks of the local diagnoser. We are
able to show that checking the admissibility and finding
some admissible extension are both tractable. As soon
as we impose minimality restrictions (as it is done by the
local diagnosers), the complexity increases. If we also
allow alternative values in the model table, we are able
to show the NP hardness respectively co-NP hardness of
two problems. In addition, we show an upper bound on
the complexity for all defined problems. Below we de-
scribe the defined problems briefly.

∃-Ext: “Is there some admissible extension at all?”

∃-NT: “Is there some nontotal, admissible extension at
all?”

ISEXT: “Is a given assignment an admissible exten-
sion?”

PARTOF: “Is a given variable assignment contained in
some admissible extension?”

NECESSIN: “Is a given variable assignment contained
in all admissible extensions?”

The membership results are listed in Table 1. The rows
indicate the imposed minimality criterion (no restriction,
subset minimality or cardinality minimality), while the
columns denote the considered problem.

∃-EXT ∃-NT ISEXT PARTOF NECESSIN

– P NP P P co-NP
⊆ – – co-NP ΣP

2 co-NP
≤ – – co-NP ∆P

2 [log n] ∆P
2 [log n]

Table 1: Membership results of the discussed problems.

For the following result (Theorem 1) we assume that
alternative values are allowed in the model table.

Theorem 1. The problem ∃-NT is NP-complete, while
the problem ISEXT≤ is co-NP complete.

Building upon the theoretical results of the complex-
ity analysis, we present datalog encodings (i.e. pro-
grams) utilizing various fragments of disjunctive datalog
(cf. [5]). Therefore, the purpose of the complexity anal-
ysis is twofold, on the one hand to gain information re-
garding the intrinsic complexity of the problems and on
the other hand to gain deeper insights on which datalog
fragment to choose. Thus, for each encoding, we have
chosen the fragment of the datalog language that fits the
complexity of the problem to be encoded best.

Finally, we evaluate experimentally the previously in-
troduced encodings using the datalog system DLV (see
e.g. [6]). This evaluation is performed using randomly
generated instances. Taking the complexity of the prob-
lems into account, the runtime results matched our ex-
pectations. The evaluation results of computing all sub-
set minimal, admissible extension, when M�, ω� and the
input assignment α are given, are depicted in Figure 1.
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Figure 1: Plot of the runtime: computing all ⊆-
minimal, admissible extensions.

Notice that this encoding solves the most difficult prob-
lem. If we consider the ΣP

2 data-complexity of the used
datalog fragment, we are quite satisfied with the results.
One can see that the number of variables increases the
runtime more dramatically than the number of rows does.
Therefore, it is a good strategy to increase the number of
local diagnosers and reduce the number of variables used
by a local diagnoser.

III. CONCLUSION

We have briefly introduced the decentralized diagnostic
formalism of Console et al. and presented the most im-
portant definitions. The complexity results give an upper
bound for each defined problem. In addition, we are able
to show the hardness of two problems under natural as-
sumptions. Finally, we have given some information on
the datalog encodings and their performance.
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Abstract — The landscape of web mapping has 
changed in the past few years. After years of pro-
prietary and commercial solutions dominating the 
market, free software tools and easily accessible 
geo data started to democratize web mapping by 
enabling non-experts to disseminate geographic 
information on the web. The new generation of web 
mapping tools fills the gap between simple and 
complex solutions with a multitude of different 
tools. With a growing number of tools, the selection 
of a suitable tool for a certain use case gets more 
difficult. This work categorizes the spectrum of 
possibilities according to technological concepts. 
Based thereon a “Decision Support Tool” is de-
rived which helps users to find a suitable concept 
for implementing a web mapping application. 

I. INTRODUCTION

Since the mid-1990s the Internet was used for pub-

lishing maps. The so called web mapping needed 

another decade to become a mass phenomenon. This 

was mainly based on the fact that easy to use systems 

were not available before 2005. Accessing online 

maps became an everyday task for most of the Inter-

net users and some of them soon started to generate 

new content – by creating or digitizing new geodata 

(e.g. OpenStreetMap, Wikimapia, Geotagging) or by 

combining geodata and information that were already 

online to mashups of higher information content. 

Tools and technologies that enable non-expert users 

to generate geo content are referred to as neogeogra-
phy [1].  

In the early time of neogeography traditional car-

tographers were eager to be separated from these new 

map makers and the pros and cons of the two disci-

plines were heavily discussed (see [2], [3], [4], [5]). 

But in recent years the tendency of map makers to 

connect with cartographers and vice versa can be 

seen. This results in systems and tools that are as 

complex as cartographers are used to and as flexible 

and easy to use as map makers are used to. But it also 

results in a high number of systems with complex 

characteristics and features, which makes it hard for 

the user to choose one that matches the task. This is 

where this work wants to help by suggesting a classi-

fication that makes concepts of web maps compara-

ble and by providing a decision support tool (DST), 

which assists in choosing a concept for implementing 

a thematic map. 

II. CLASSIFICATION OF WEB MAPS

For selecting a specific web mapping tool it is essen-

tial to compare existing technologies. One way of 

doing this is to use classifications. Several authors 

developed classifications of web maps: [6], [7], [8], 

[9]. We evaluated these classifications for the use in 

our DST, but due to a lack of applicability we propo-

se a classification by technology concepts. 

Starting point of our classification is the so-called 

map stack, which is used to describe a set of compo-

nents that build a web map (see [10], [1]). Instead of 

stacking components on top of each other, which 

implies a hierarchy, we propose a circle of compo-

nents as shown in Figure 1, with the following five 

categories:

1. base map data: the spatial data the web map is 

based on, which can be characterized by the 

keeping and the source of the data 

2. mapping server: the software, which outputs 

the data as maps and controls their server-side 

functionalities  

3. mapping user interface (UI): the UI library, 

that displays the map on the client-side and 

combines it with the thematic data, which can 

be differentiated in pure browser based, 

browser-plugin based and desktop application 

based

4. web application: the application embedding 

the map  

5. thematic data: the thematic layer, which can 

be further characterized by its data sources 

and formats 

The proof of concept was done by applying the 

concept on several very different technologies for 

web mapping. Figure 2 shows how the component 

circle can be implemented for a specific web map-

ping tool. The concept was applicable to all tested 

technologies. By applying the component circle 

concept on a high number of web mapping technolo-

gies we got the underlying data base for our DST. 
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Figure 1: Proposed component circle with  

sub-categories 

III. THE DECISION SUPPORT TOOL

The DST is a web-based tool that guides the user 

through several questions about a map project, cover-

ing the following areas: 

1. Which requirements and wishes shall the map 

project meet? 

2. What are the map maker’s prerequisites? 

3. Who are the target users of the map? 

At the end the DST informs the user about map con-

cepts that match his needs best. The DST is imple-

mented with HTML, CSS and JavaScript, as well as 

XML and XSLT. 

IV. CONCLUSIONS

The developed DST was not yet tested with a high 

number of test persons of the target group. Such tests 

would help to improve the system by evaluating the 

current questions and possible answers. Testing the 

system with experts with an open interrogation  

afterwards could make the DST helpful for produc-

tive use. However, the first tests of the tool show a 

tendency towards higher individualization in web 

mapping with less proprietary solutions and more 

niche products that serve the needs of a specific user 

group. 
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Figure 2: Example of implementing the  

component circle for a Google Maps mashup 
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Abstract — Interaction Nets are a novel model of computa-
tion based on graph rewriting. Their main properties are par-
allel evaluation and sharing of computation, which leads to ef-
ficient programs.
However, Interaction Nets lack several features that allow for
their convenient use as a programming language. In this pa-
per, we describe the implementation of an extension for pattern
matching of interaction rules. Furthermore, we show the cor-
rectness of the implementation and discuss its complexity.

I. INTRODUCTION

A. OVERVIEW

Models of computation are the basis for many program-
ming languages. They allow for reasoning on formal
properties of programs such as their correctness and ter-
mination (i.e., whether a program eventually halts). An
example is the λ-calculus, which is the basis for func-
tional programming languages such as Haskell.

Interaction Nets are a relatively new model of com-
putation based on graph rewriting. They enjoy several
useful properties that give them great potential for a fu-
ture programming language. In this paper, we introduce
a method for extended pattern matching which allows for
the formulation of more powerful interaction rules. We
describe our recent contribution, an implementation of
the extended pattern matching, and discuss its properties.

This paper is organised as follows: The next subsec-
tion gives a short introduction to Interaction Nets. In
Section II., we introduce extended pattern matching and
outline its implementation. Finally, we present a conclu-
sion and give an outlook on further research.

B. INTERACTION NETS

Interaction Nets were first introduced in [1]. A net is a
graph consisting of agents (nodes) and ports (edges).

��
��
α

�

� �· · ·x1 xn

Computation is modeled by rewriting the graph, which
is based on interaction rules. These rules apply to two
nodes which are connected by their principal ports (de-
noted by the arrow). For example, the following two

rules model the addition of natural numbers (encoded by
0 and a successor function S):
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This simple system allows for parallel evaluation of pro-
grams: If more than one interaction rule is applicable
at the same time, they can be applied in parallel with-
out interfering with each other. In addition, nets share
computation: If an expression appears multiple times in
a program, it is evaluated only once.

II. NESTED PATTERN MATCHING AND ITS
IMPLEMENTATION

The simplicity of interaction rules brings a disadvantage:
Only the two nodes that are connected via their princi-
pal ports are relevant to the rule. This makes it hard
to express functions that depend on more than two non-
variable symbols, or in other words, have a more compli-
cated pattern. Consider a function that finds and returns
the last element of a list:

l a s t Cons ( x , N i l ) = x
l a s t Cons ( x , xs ) = l a s t xs

The first rule pattern includes three function symbols:
last, Cons and Nil. Since interaction rules are restricted
to two function symbols per rule pattern (the names of the
agents), one has to introduce an auxiliary rule to model
this function:

l a s t Cons ( x , xs ) = aux x xs
aux x N i l = x
aux x Cons ( y , ys ) = l a s t Cons ( y , ys )

To counter this problem, Interaction Nets with nested
patterns were introduced [2]. Nested rules allow for pat-
tern matching of more complicated functions. The bene-
ficial properties of Interaction Nets are preserved if the
nested rules are of a specific form (i.e., well-formed).
Moreover, it is possible to transform nested rules into or-
dinary ones by introducing auxiliary rules, much like in
the example above.
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The first author contributed to this research by imple-
menting nested pattern matching in the Interaction Nets
based prototype programming language inets [3]. The
corresponding theoretical description of this work was
presented at the workshop RULE’09 [4]. In the remain-
der of this section, we outline the main ingredients of the
implementation.

The implementation consists of two parts:

1. Verification of the well-formedness of interaction
rules

2. Translation of nested rules into ordinary rules

Verification of well-formedness The well-formedness
property of a set of interaction rules ensures that there is
no overlap between rules: A given pair of agents (with
nested arguments) must not match more than one rule.
Otherwise, the rules cannot be applied in a determinis-
tic fashion which leads to inconsistent results. The algo-
rithm in inets tries to falsify this condition of the rule set:
It searches (exhaustively) for two nested patterns that can
match the same net. The condition is falsified if and only
if the set of rules is not well-formed. A formal proof can
be found in [4, 5].

Rule translation We now give an overview of the ac-
tual translation of nested rules. This is done as follows:
The inets compiler reads source code and builds an ab-
stract syntax tree (AST) which is further compiled into
byte code and later C source code. Our translation func-
tion rewrites ASTs that represent nested rules into ASTs
that represent ordinary interaction rules. The back end of
the compiler remains unaffected by the translation. Over-
all, our translation function is similar to the compilation
schemes defined in the original paper [2]. We summarise
the translation algorithm in the following steps:

1. A rule is found in the AST. If the rule has a nested
pattern, its well-formedness is verified.

2. If the rule is well-formed, it is translated: The first
nested argument is removed from the rule and an
auxiliary rule is generated. This rule is appended to
the AST.

3. The remaining nested agents are not (yet) trans-
lated. They are resolved by translating the auxiliary
rule.

4. The AST is traversed until the next (unprocessed)
rule is found.

This algorithm allows for an arbitrary number of nested
patterns (i.e., the number of nested agents in a nested
rule) and an arbitrary pattern depth.

Properties of the translation We show that the algo-
rithm is terminating: The translation function either fails
(due to a non well-formed rule) or yields a set of ordi-
nary interaction rules. The idea behind the formal proof
is to show that the number of rules and nested patterns
decreases with each call of the translation function.

The time and space complexity of the algorithm can be
described as follows: The time complexity of the transla-
tion is O(n2) where n is the sum of the number of rules
and nested patterns in the input rule set. This is due to
(one part of) the well-formedness check that compares
each rule with every other rule (n(n−1)

2 checks are per-
formed). Space complexity is linear with the number of
input rules. For a more detailed complexity discussion,
the reader is referred to [5].

III. CONCLUSION AND OUTLOOK

In this paper, we have given a short introduction to In-
teraction Nets and their extension through nested pat-
terns. We have contributed to this field of research
by implementing a translation algorithm for nested pat-
terns in the Interaction Nets based programming lan-
guage inets. This algorithm includes verification of the
well-formedness of rules. Moreover, the translation han-
dles programming language features that are not part of
the original definition of the translation. Some impor-
tant examples are data values of agents (integers, floats,
strings,. . . ), side effects (declaration and manipulation of
variables, I/O) and conditions.

Nested pattern matching can serve as a basis for fur-
ther language extensions for Interaction Nets. These ex-
tensions are pursued in the context of the PhD project of
the first author which is funded by the Austrian Academy
of Sciences (ÖAW) and the Vienna PhD School of Infor-
matics.
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Abstract — In this paper, we present an Approximate Lin-
ear Minimum Mean Square Error (ALMMSE) fast fading chan-
nel estimator for Orthogonal Frequency Division Multiplexing
(OFDM). The ALMMSE channel estimator utilizes the knowl-
edge of the structure of the autocorrelation matrix given by
the Kronecker product between the time correlation matrix
and the frequency correlation matrix. Simulation results show
that the proposed ALMMSE channel estimator allows to move
with about 25 km/h higher velocity than the Least Squares (LS)
channel estimator in realistic scenarios.

I. INTRODUCTION

An essential part of modern wireless communications re-
ceivers is the channel estimator whose quality has a direct
impact on the data throughput. Today’s wireless commu-
nication systems are designed to provide data rates also
to high velocity users. The channel of a high velocity
user is changing rapidly during a subframe. In order
to estimate fast fading channel estimation sophisticated
techniques have to be employed.

II. SYSTEM MODEL

The n-th received Orthogonal Frequency Division
Multiplexing (OFDM) symbol yn at one receive antenna
port can be written as

yn = Xnhn +wn, (1)

where the vector hn contains the channel coefficients
in the frequency domain and wn is additive white zero
mean Gaussian noise with variance σ2

w. The diagonal
matrix Xn = diag (xn) comprises the data symbols xd,n

and the pilot symbols xp,n permuted by a permutation
matrix P on the main diagonal

xn = P
[
xT
p,n xT

d,n

]T
. (2)

The length of the vector xn is K corresponding to the
number of subcarriers. Note that according to Equa-
tion (2), also the vectors yn, hn and wn can be divided
into two parts corresponding to the pilot symbol posi-
tions and to the data symbol positions.

III. STATE-OF-THE-ART CHANNEL ESTI-
MATION

In this section, we present two typical state-of-the-art
channel estimators that are used as a benchmark for
our Approximate Linear Minimum Mean Square Error
(ALMMSE) channel estimator [1].

A. LS CHANNEL ESTIMATION

The Least Squares (LS) channel estimator [2] for the pi-
lot symbol positions is given as the solution to the mini-
mization problem

ĥLS
p = argmin

ĥp

∥∥∥yp −Xp ĥp

∥∥∥2
2
= X−1

p yp. (3)

At the non-pilot symbol positions, the remaining chan-
nel coefficients are obtained by two dimensional linear
interpolation. The LS channel estimator does not require
knowledge about the channel and noise statistics and can
be implemented with low complexity.

B. LMMSE CHANNEL ESTIMATION

The Linear Minimum Mean Square Error (LMMSE)
channel estimator requires the second order statistics of
the channel and the noise. It can be shown that the
LMMSE channel estimate is obtained by multiplying the
LS estimate with a filtering matrix ALMMSE [3]

ĥLMMSE = ALMMSEĥ
LS
p . (4)

The LMMSE filtering matrix is given as

ALMMSE = Rh,hp

(
Rhp,hp + σ2

wI
)−1

, (5)

where the matrix Rhp,hp = E
{
hph

H
p

}
is the channel

autocorrelation matrix at the pilot symbols, and the ma-
trix Rh,hp = E

{
hhH

p

}
is the channel crosscorrelation

matrix.

IV. ALMMSE CHANNEL ESTIMATION

In the following section, we briefly discuss the
ALMMSE fast fading channel estimator, which approx-
imates the LMMSE channel estimator. The main idea is
to make use of the structure of the channel autocorrela-
tion matrix, assumed to be given by

Rh � Rtime ⊗Rfreq, (6)
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where Rtime is the time correlation matrix and Rfreq is
the frequency correlation matrix. The Kronecker struc-
ture assumption of the channel autocorrelation matrix
Rh corresponds to independent time- and frequency-
correlation.

Let us consider the following problem

min
Bfreq,Ctime

E

{
‖H−BfreqĤLSC

T
time‖2F

}
, (7)

with the channel H = [h0, · · · ,hNs−1] and the LS chan-
nel estimate ĤLS = [ĥLS

0 , · · · , ĥLS
Ns−1]. Here, Ns de-

notes the number of OFDM symbols, Bfreq and Ctime

are matrices of dimension K ×K and Ns ×Ns, respec-
tively. ‖ · ‖F refers to the Frobenius norm.

We assume, that the eigenvectors of matrices Bfreq and
Ctime are the same as of the frequency and time corre-
lation matrices, respectively. Therefore, just the eigen-
values of the matrices Bfreq and Ctime have to be found.
Using the vectors λtime, λfreq, λCtime

and λBfreq
, that

store the eigenvalues of the corresponding matrices, so-
lution to this problem can be reformulated as

λtimeλ
T
freq./

(
λtimeλ

T
freq + σ2

w11
T
)
≈ λCtime

λT
Bfreq

,

(8)

where 1 is the all ones vector and ./ denotes element-
wise division. This is a so-called rank-one approxima-
tion, where the best approximation is achieved when tak-
ing the left and right eigenvectors corresponding to the
largest singular value, and having one of them scaled by
it

λCtime
= σmaxumax, (9)

λBfreq
= vmax. (10)

The ALMMSE channel estimate utilizing the rank-one
approximation of Equation (8) is given by

ĤALMMSE = BfreqĤLSC
T
time, (11)

where the matrices Bfreq and Ctime are given by

Bfreq = Ufreqdiag
(
λBfreq

)
UH

freq, (12)

Ctime = Utimediag
(
λCtime

)
UH

time. (13)

V. SIMULATION RESULTS

In this section, we present simulation results and dis-
cuss the performance of the different channel estimation
techniques. All results are obtained with an Long Term
Evolution (LTE) Link Level Simulator, developed at the
Vienna University of Technology [4].

In Figure 1 we present the data throughput of the LTE
physical layer at SNR=20 dB using CQI=10 over user
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Figure 1: Throughput of the LTE system at a
fixed CQI=14 using different channel estimators at
SNR=20 dB

velocity. It can be observed that with increasing veloc-
ity the throughput is decreasing. The LMMSE estima-
tor outperforms the remaining channel estimator. Up to a
certain velocity, about v = 175 km/h the performance of
the proposed ALMMSE channel estimator is close to the
LMMSE estimator. A user is able to move 25 km/h faster
while achieving the same throughput, if the ALMMSE
estimator is utilized instead of the LS estimator.

VI. CONCLUSION

In this paper we investigated the performance of some
known fast fading channel estimators and our ALMMSE
channel estimator. The ALMMSE channel estimator is
able to outperform the LS estimator and up to a velocity
of about 175 km/h it achieves a throughput performance
close to the LMMSE estimator. The next step is to ana-
lyze the complexity of the ALMMSE estimator and the
huge performance loss compared to LMMSE at high user
velocities.
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Abstract — In Peer Data Management Systems, several au-
tonomous data peers are combined to a larger system by defin-
ing semantic relations between their data. Because cycles in
these relations often render many important reasoning tasks un-
decidable, defining the semantics of such systems turned out to
be challenging. De Giacomo et al. (2007) proposed a theoreti-
cal framework that allows for an arbitrary topology of the data
network, applying a weaker semantics (compared to the often
used first-order logic) to the mappings. We report on a proto-
type implementation of this framework, present first evaluation
results and state our findings during implementation.

I. INTRODUCTION

Peer Data Management Systems (PDMSs) are an ap-
proach to combine the flexibility of Peer-to-Peer (P2P)
systems with the expressiveness and rich semantics of
databases. In PDMSs, data is assumed to be distributed
over several autonomous peers, each of them offering
(parts of) their data through its peer schema, and defining
semantic relations between their own schema and other
peers. Unlike in similar settings like e.g. Multi- or Fed-
erated Databases, these relations are defined locally be-
tween pairs of peers, hence no kind of global coordina-
tion is needed, and peers are allowed to join and leave the
system at will. Possible application scenarios include,
among others, enterprise information integration or per-
sonal and scientific data sharing and collaboration. An
example PDMS is depicted in Figure 1.

Since this idea was first described and formalised in
[1], several suggestions for the formal definition and
the semantics of such systems have been given (e.g.
[2, 3, 4]). A natural way to define the semantics is by ex-
tending data integration [5] and data exchange [6] sys-
tems to an arbitrary number of peers. But this requires
either to restrict the allowed topology of the P2P net-
work (e.g. [7]) or to apply a weaker semantics (like e.g. in
[8, 9]) to the mappings between two peers, as otherwise
the main reasoning tasks become undecidable. Based on
the latter approach, [10] presented a formal framework
for a PDMSs that even allows an efficient (w.r.t. data
complexity) evaluation of the important reasoning tasks.

The main goals of this work were to create a prototype
implementation of this framework that could be used as

∗This work was supported by the Vienna Science and Technology
Fund (WWTF), project ICT08-032.
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Figure 1: An example PDMS built from the databases of
two research groups (P1, P2) and a public database (P3).

basis for further research; to use this prototype to test the
practical feasibility of the approach, and to identify prob-
lems and possibilities for extentions. All results men-
tioned here have been presented in detail in [11].

II. THE PDEI-SYSTEM

Due to the lack of space, we give a mainly intuitive de-
scription of the framework proposed in [10], referred to
as Peer Data Exchange and Integration (PDEI) system.
It is formalised as a tuple S = 〈P, CE , ME , CI , MI〉,
where P is a set of peers (resp. their schemas), CE and
CI are sets of both, TGDs and EGDs (both being special
types of first-order formulae) defined over single peer
schemas and interpreted according to their first-order se-
mantics. ME and MI are sets of TGDs, defined be-
tween two peers with the semantics to exchange certain
answers only. While tuples and equalities enforced by
CE and ME are required to be materialised in the peer
instances (as in data exchange), the information derivable
from CI and MI is only taken into account for query an-
swering, but it is not materialised (as in data integration).

For example, in Figure 1, m1 and m2 ∈ MI could
be used by P1 and P2 to provide mutual access to their
data (without copying it), while m3 and m4 ∈ ME could
actually copy the final results of their research to P3.

The two main tasks in a PDEI-system are to materi-
alise those data implied by ME and CE but not derive-
able by MI and CI , and to support query answering over
peer schemas, taking the information implied by MI and
CI into account. This is accomplished by adapting the
well-known chase procedure from data exchange to the
semantics of PDEI-systems on the one hand, and query
rewriting along CI on the other hand. To maintain decid-
ability of these tasks, some local restrictions are imposed:
CE has to be weakly acyclic, CI is restricted to key- and
foreign key constraints, and the combination of CE and
CI has to be stratified (for details, see [10]).
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III. IMPLEMENTATION AND RESULTS

To the best of our knowledge, we created the first pro-
totype PDMS based on this framework. It consists of
the implementation of a PDEI-peer in Java, based on
the DEMo system [12], a data exchange and core com-
putation prototype. The data at each peer is stored in
an RDBMS (currently e.g. HSQLDB and PostgreSQL
are supported). The configuration of a concrete peer in-
stance is done using XML configuration files specifying,
among others, the local constraints and mappings from
other peers. Thereby, every peer instance is completely
autonomous and can freely define mappings from other
peer schemas to its own schema. As all coordination re-
quired is done decentralised between neighbouring peers,
no global coordinator is required. For the communication
with other participants, every peer implements a webser-
vice interface which is invoked by its neighbours.

We had to adopt the original framework to overcome
some problems we discovered during implementation.
First, we found an inaccuracy in the query answering al-
gorithm, which in some settings would return a wrong
answer (see [11] for a complete example), as it does not
take the key constraints from CI into account. We also
resolved some ambiguities in the definition of the chase
procedure for the PDEI-system concerning the handling
of labelled nulls. Furthermore we discovered some un-
expected behaviour of the system, arising from the inter-
play between constraints from CI∪MI and CE∪ME . To
overcome one of them, we use a stronger notion of strati-
fication than the one defined in [10]. However, resolving
all of them (e.g. another issue leads to the materialisa-
tion of duplicated tuples when running the chase several
times) was beyond the scope of this work.

Finally, we report on some preliminary evaluation re-
sults. Already for small instances with up to 6 peers
and only about 100 facts in the initial state, the chase
for a PDEI-system with CI = MI = ∅ (E-chase) takes
up to 40 seconds1. As our focus for the prototype was
not on performance, and when considering the evalua-
tion results of the DEMo system presented in [12], this
still lies within the expected, reasonable scope. In simi-
lar settings, also the chase for CI ∪MI �= ∅ (EI-chase)
takes only about 50% longer than the E-chase, which still
could be regarded to be acceptable when taking into ac-
count the additional requirements for the EI-chase. How-
ever, even for very small settings consisting only of a
single peer, two relations and a single TGD, the EI-chase
does not scale reasonable with the number of facts.

So far our observations suggest that these negative re-
sults for the EI-chase occur only if both, CE ∪ME and
CI ∪MI are nonempty. For settings with CE = ME =

1Intel Core 2 Duo 6600 with 2.4GHz, 2GB RAM, Ubuntu Linux
9.04 and HSQLDB, neglectable network latency because all peers are
running on the same PC.

∅, i.e. for pure P2P data integration systems, the chase
(hence query answering) performs just as the E-chase.
Hence, while exchange and integration mappings on their
own seem to work well, together they show several draw-
backs, both on the formal and the performance side.

Future work includes solving the remaining open is-
sues with the semantics, extending the framework by in-
consistency handling and supporting the propagation of
metadata annotations for the data between peers.
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Abstract - Current productive activities squander 
most of the natural resources and discard a signifi-
cant percentage: to give an example, coffee beans 
make up only 3.7% of coffee bushes. By adopting the 
methodology of the Systemic Design, according to 
which the output (waste) of one production process 
become the input (resources) of another, it becomes 
possible to propose a new production setup that can 
metabolize all types of waste. In specific I would like 
to present the project of a software, developed in 
collaboration with Neosidea Group, that can help 
companies, according to their business purpose or 
geographical location, to organize themselves into 
"ecological networks" to achieve production that 
moves towards zero emissions by means of sustain-
able management and valorization of waste.

I. INTRODUCTION

Current production processes do not fully exploit 

natural resources and discard a significant percentage. 

To exemplify, think of beer manufacturers that extract 

only 8% of the nutritional elements contained in bar-

ley or rice for the fermentation process [2], while all 

the rest of the resource is thrown away as waste. To 

restrain this phenomenon we need to create an instru-

ment for making the changes needed on the level of 

the management, organization and procurement of 

energy and resources. We can start seeing the impor-

tance of creating an IT instrument for study and analy-

sis based on the concept of an open-loop system that 

can help neighbor companies, according to their busi-

ness purpose or geographical location, to organize 

themselves into "ecological networks" to achieve 

production that moves towards zero emissions by 

means of sustainable management and the valorization 

of waste. These enterprises could reach a condition of 

reciprocal advantage by allowing the reutilization of 

the materials put out by their production processes. 

This tool would connect the various systems on a 

regional level and ultimately on a global level. Ac-

cording to the systemic methodology, production 

systems are observed according to their internal and 

external relations [1] (with related industries), for the 

purpose of energy use, emissions control, procure-

ment, the transportation of material and the manage-

ment of outputs on the territorial level. 

II. SYSTEMIC TOOL

In specific, we propose the definition, design and 

realization of a system, the Systemic Software, for 

processing information based on evolved technologi-

cal systems that can acquire, catalog and organize 

information relative to the productive activities in the 

area of study, the outputs produced and the inputs 

required as resources; this data is acquired and orga-

nized in terms of quantity, type, quality and geo-

graphical location on the territory. We start with the 

premise that the availability of new raw materials 

must definitely be measured according to type, quan-

tity and quality; but it is essential to also evaluate their 

geographic location. This is the added value that Sys-

temic Software offers companies and the community 

in which they are located. The processing system, 

developed in collaboration with Neosidea Group, was 

also supplemented with the function of geo-locating 

business is and materials and this provides a solution 

and that gives not only information regarding new 

areas of application of the outputs but also determines 

with precision and localizes by territory the flows of 

material within a local network whose nodes are rep-

resented by the companies present on that territory: by

doing this valorize and encourage local economies and 

provide an accurate evaluation of market opportunities 

in areas not yet using and benefiting from the systemic 

approach. This technology makes it possible to obtain 

different levels of information regarding new business 

opportunities related to the companies on the network. 

Thanks to the development of a structured implemen-

tation logic based on the systemic vision, the informa-

tion processing instrument or systemic software, is 

able to provide further information to set up new pro-

duction chains and new flows of materials and serv-

ices in favour of all the businesses who join the initia-

tive thanks to a constant updating and comparison 

among the systemic logics for reusing materials, local 

productive activities and the territory itself. 
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Figure 1: Creation of new flows of material and 

new business opportunities in a hazelnuts systemic 

growing. Data are obtained by querying the out-

put/input Systemic Software.

The functions [3] of the software are:

1. producers of waste would be able to determine 

which local companies could use their outputs as 

resources in their production process;

2. it tells input-seekers which companies produce 

outputs they can use as resources;

3. it informs different producers about new business 

opportunities on the local territory that have pre-

viously remained hidden;

4. it is an efficacious instrument for evaluating the 

entire production process and becomes an instru-

ment for providing feedback.

Therefore this system can give useful and reliable 

information regarding one’s current production pro-

cess: if you enter the type of waste produced by your

company as a search criterion, and the Software gives 

no results for possible reutilization of your outputs, 

this means your current production process makes 

waste that cannot be reused or recycled. It means your 

company produces items by using inputs and proces-

ses that do not comply with the vision of an open 

system. Therefore we have observed the need to im-

plement certain changes within the production line, for 

example to reassess current inputs and substitute them 

with others that are more environmentally sustainable.

The huge amount of data obtained by using Systemic 

Software is a precious asset and a vital platform for 

scholars of the environment, researchers, ecologists, 

public agencies, local administrators and, obviously, 

for entrepreneurs. The last mentioned actors will be 

able to work in a more sustainable way. 

III. CONCLUSIONS

The advantages of such approach are environmental 

and economic; among these the most important goal is 

to reduce the cost of waste treatment and therefore 

increase the profits from selling the company's out-

puts, reducing environmental costs, such as the con-

sumption of energy, pollution and traffic caused by 

the transportation of materials; the use of already 

existing materials in loco removes the need to exploit 

virgin raw materials. It is an indispensable instrument 

for gaining thorough knowledge about one's own 

territory, discovering and valorizing its potentialities 

by sharing the knowledge of different people and 

entities and enabling collaboration participated in by 

all of the actors involved. 

REFERENCES

[1] Bistagnino, L. Ispirati alla natura. Slowfood n. 34, 

Slow Food Editore, Bra (CN). 104-105, 2008.

[2] Capra, F. The Hidden Connections. Doubleday,  

New York. 2004.

 [3] Ceppa, C., Campagnaro, C., Barbero, S., Fassio, 

F. (2008), New Outputs policies and New connec-

tion: Reducing waste and adding value to outputs. 

In proceedings of the International Conference 

Changing the change, Turin, Italy. July 2008.

302



Meta-Reasoning in Multi-Context Systems∗

Antonius Weinzierl and Michael Fink, Thomas Eiter (Faculty Mentors)
Institute of Information Systems
Vienna University of Technology

Vienna, Austria
Email: {weinzierl,fink,eiter}@kr.tuwien.ac.at

Abstract — Multi-Context Systems are an expressive frame-
work for non-monotonic information exchange between hetero-
geneous knowledge bases. We present an approach to allow
reasoning about information flow in such systems. The ap-
proach relies on rewriting techniques and therefore requires
no extension of the Multi-Context System formalism. This al-
lows analysis and reasoning about the information flow in such
systems which is useful for tasks like resolving inconsistency.

I. INTRODUCTION

We extend Multi-Context Systems (MCS) with meta-
reasoning capabilities using a certain form of rewriting.

MCS allow heterogeneous knowledge bases (called
contexts) to exchange information (called beliefs) using
non-monotonic bridge rules of the form

(k : s) ← (c1 : p1), . . . , (cj : pj),

not (cj+1 : pj+1), . . . ,not (cm : pm). (1)

A bridge rule encodes the information flow that belief
s holds in context k if belief pi holds in context ci for
1 ≤ i ≤ j and belief p� does not hold in context c� for
j < � ≤ m. Such rules encode potential information
exchange and allow reasoning between knowledge bases.

Meta-reasoning then is to reason over the information
exchange itself. Meta-reasoning has many applications
if it is allowed to interact with the normal (object-level)
reasoning of a system. Consider, for example, an inconsis-
tent system, i.e., a system where the information exchange
leads to self-contradicting knowledge. Meta-reasoning
can then deduce the causes of the inconsistency and re-
store consistency by modifying the information flow.

There are many other applications of meta-reasoning
like information flow analysis or ensuring that the infor-
mation flow adheres to some specification.

In the following we present a transformation-based
approach to let an MCS reason about its information flow.

II. PRELIMINARIES

A heterogeneous nonmonotonic MCS as introduced in [1]
consists of contexts, which comprise knowledge bases in
underlying logics, and bridge rules to control the infor-
mation flow between contexts.

∗This work was supported by the Vienna Science and Technology
Fund (WWTF) under grant ICT 08-020.

A logic L = (KBL,BSL,ACCL) consists, in an
abstract view, of the following components:

– KBL is the set of well-formed knowledge bases of
L, each being a set (of “formulas”).

– BSL is the set of possible belief sets, where the
elements of a belief set are “formulas”.

– ACCL : KBL → 2BSL is a function describ-
ing the semantics of the logic by assigning to each
knowledge base a set of acceptable belief sets.

This concept of a logic captures many monotonic and
nonmonotonic logics, e.g., classical logic, description
logics, modal logics, default logics, circumscription, and
logic programs under the answer set semantics.

A bridge rule can add information to a context, depend-
ing on the belief sets which are accepted at other contexts.
Let L = (L1, . . . , Ln) be a sequence of logics. An Lk-
bridge rule r over L is of the form (1) where 1 ≤ ci ≤ n,
pi is an element of some belief set of Lci , k refers to the
context receiving information s. We denote by hd (r) the
formula s in the head of r.

Definition 1 A multi-context system (MCS) is a collec-
tion M = (C1, . . . , Cn) of contexts Ci = (Li, kbi, bri),
1 ≤ i ≤ n, where Li = (KBi,BSi,ACCi) is a logic,
kbi ∈ KBi a knowledge base, and bri is a set of Li-
bridge rules over (L1, . . . , Ln). In addition, for each
H ⊆ {hd (r) | r ∈ bri} we have kbi ∪H ∈ KBLi , i.e.,
bridge rule heads are compatible with knowledge bases.
By brM=

⋃n
i=1br i we denote the bridge rules of M .

A belief state of an MCS M = (C1, . . . , Cn) is a se-
quence S = (S1, . . . , Sn) such that Si ∈ BSi. A bridge
rule (1) is applicable in a belief state S iff for 1 ≤ i ≤ j:
pi ∈ Sci and for j < l ≤ m: pl /∈ Scl .

Example 1 Let C1, C2 be databases holding different
knowledge and C3 a small answer-set program which im-
ports knowledge from the other contexts. The knowledge
bases are:

kb1 = {a.} kb2 = {b.}
kb3 = {⊥ ← a, not c.}

The bridge rules of the system are

r1 = (3 : a)← (1 : a).
r2 = (3 : b) ← (2 : b).
r3 = (3 : c)← (2 : c).
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C3 is inconsistent, but it is not clear how such a situation
could be avoided. By the use of meta-programming, the
cause of the inconsistency can be removed.

III. META-REASONING

This section gives a transformation for MCSs such that in
the transformed system reasoning about the information
flow of the system, i.e., meta-reasoning is possible. The
basic idea is to route all bridge rules of a given MCS M
through a new context cm. In the remainder, we call the
bridge rules brM of M the object-level bridge rules.

Definition 2 For an object-level bridge rule r ∈ brM of
form (1) the transformation tr(r) is a set of bridge rules:

(cm:rbody) ←(c1:p1), . . . , (cj :pj),

not (cj+1:pj+1), . . . ,not (cm:pm).

(k:s) ←(cm:rhead).

In the transformed system, the context cm can explicitly
observe which bridge rules are applicable using the belief
rbody . The belief rhead represents the head of r and cm
must contain a rule connecting both to assure that the
original semantics of the system is retained. Such a rule
might be:

rhead ← rbody .

Note that cm can also interrupt information flow if it does
not unconditionally connect head and body of an object-
level bridge rule. Therefore counterfactual reasoning on
bridge rules is also possible. In the following definition of
the meta-resoning transformation, we dismiss this option
as we require cm to always connect head and body of a
rule. Therefore the transformed system is guaranteed to
have the same information exchange as the original one
at the cost of allowing only analysis without influence.

Definition 3 Let M be an MCS, the meta-reasoning
transformation for M is an MCS M ′ such that:

– M ′ contains all contexts of M and new context cm,
– its set of bridge rules brM ′ is {tr(r) | r ∈ brM},
– for all rules r ∈ brM and any belief state S =
(S1, . . . , Sn, Scm) the logic Lcm of cm is consistent
and fulfills:
rhead ∈S′

cm iff rbody ∈Scm , and rbody ∈S′
cm iff

rbody ∈Scm , for any S′
cm ∈ ACCcm(kbcm ∪ Scm).

The last item ensures that cm does not interfere with
object-level bridge rules and that it connects head and
body of such rules correctly. Therefore the following
proposition directly follows from this definition.

Proposition 1 Let M ′ be the meta-reasoning transfor-
mation of an MCS M , r ∈ brM . For each equilib-
rium S = (S1, . . . , Sn) of M , exists an equilibrium
S′ = (S′

1, . . . , S
′
n, Scm) of M ′ with Si = S′

i and r is
applicable in S iff rbody ∈ Scm .

Example 2 We give a meta-reasoning transformation of
our previous example using ASP as logic of cm. Con-
texts of the transformed system M ′ are C1, . . . , C4, and
additionally cm. Bridge rules of M ′ are:

r1 = (cm : r1,body)← (1 : a).
r2 = (cm : r2,body)← (2 : b).
r3 = (cm : r3,body)← (2 : c).
r1 = (3 : a) ← (cm : r1,head).
r2 = (3 : b) ← (cm : r2,head).
r3 = (3 : c) ← (cm : r3,head).

and the knowledge base of cm is given by

kbcm = {ri,head ← ri,body . 1 ≤ i ≤ 3}

The transformation also can be used to compute all
inconsistency diagnoses of an inconsistent MCS, if the
restrictions on cm are loosened. Confer [2] for more infor-
mation on diagnoses and a precise definition. Intuitively,
a diagnosis is a tuple (D1, D2) of sets of bridge rules
where the first contains rules that are to be removed and
the second rules that are to be made unconditional, such
that the resulting MCS is consistent.

Example 3 Computing all diagnoses of our running ex-
ample is possible cm with rules:

kbcm = {ri,head ← ri,D1
, ri,body .

ri,head ← ri,D2
.

ri,D1
∨ ri,D2

∨ ri,unchanged .}
Introducing further bridge rules allows to feed the ob-

tained knowledge on information flow back to the original
contexts. These are then able to reason about the conse-
quences of their beliefs.

IV. CONCLUSION

We gave a transformation to allow meta-reasoning in
Multi-Context Systems, i.e., reasoning on information
flow between contexts. This forms the foundation to re-
solve inconsistency in MCS on the basis of preferences
and other relations.
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Abstract — This work analyzes the error statistics of the
UMTS radio communication at link-level and how it is affected
by the power control, by means of measurements and simula-
tions. This information allows to optimize transmission power
and to apply cross-layer optimization techniques such as un-
equal error protection. By use of a high-level Markov model
we perform simulations and besides we provide an approxima-
tion for it. We show that the outer-loop power control is the
only mechanism which effects the link-level error statistics. The
measurements are consistent with the simulation results.

I. INTRODUCTION

Modern Wide-band Code Division Multiple Access
(WCDMA) communication systems such as Univer-
sal Mobile Telecommunication System (UMTS) need a
power control mechanism for proper functionality. It re-
duces the transmit power of every User Equipment (UE)
to a value that fulfills the required throughput and Block
Error Ratio (BLER). The power control mechanism en-
hances the system-wide data throughput as the mutual
interference created by the users is reduced [1].

The uppermost power control instance in WCDMA is
called Outer Loop Power Control (OLPC). It is a con-
trol loop reaching form the UE to the Core Network
(CN), implemented to achieve a defined BLER by adjust-
ing the Signal to Interference Ratio (SIR) target value.
This task bears difficulties because of the low required
BLER (0.1% – 1%), which cannot be measured accu-
rately within the required response time of the control
loop. The exact implementation of the OLPC is not de-
fined in the UMTS-standard [2], but a frequently used
algorithm has been proposed in [3]. In the following re-
ferred to as jump-algorithm. This work is focusing on
the impact of the jump-algorithm on the link-level error
statistics.

The jump-algorithm works as follows. If the Radio
Network Controller (RNC) in the CN receives a correct
data block from a UE, it communicates the UE to lower
the SIR by lowering the transmit power. If an erroneous
data block is received, the UE has to rise the SIR. The
ratio between the hight of up-step and the down-step, K,
defines the BLER by

BLER = 1/(K + 1). (1)

If, for example, the BLER should be 1%, the up-step has
to be 99 times the down-step. Equation 1 defines the
mean error probability but no other error statistics. The
absolute step size is a open system parameter, which can
be optimized.

II. MODELING

The jump-algorithm can be model by a discrete-time
Markov chain; the SIR-target values have to be quantized
with a granularity of the down-step size and each of this
quantized values represents a Markov state. Furthermore
there are two transition probabilities leading to state j,
the first is the error probability PE,j−K in the Kth state
below j, the second the probability of a correct received
data block PC,j+1, equivalent to 1− PE,j+1, in the state
above j. Hence the equilibrium equation for state j is

πj = πj+1(1− PE,j+1) + πj−KPE,j−K , (2)

from which the state probabilities πj can be calculated
[4]. Figure 1 shows the state probabilities (dashed)
and its corresponding error probabilities (solid), result-
ing from three different computer simulations.

Knowing both series PE,j and πj , the error statistics
can be calculated by

PG,n =
∑
j

πjPE,j

n−1∏
m=0

(1− PE,j+K−m)PE,j+K−n.

(3)
Thereby PG,n is the probability that the gap between two
errors is n data-blocks long. Possible realizations of this
series are shown in Figure 2. The variations shown by
the dashed curves are due to different absolute step sizes
but constant ratio K.

Please note, that all the error probability curves in
Figure 1 lead to almost the same probability of error
gap-lengths, with maximum differences below 1% of the
maximum value, see the solid curve shown in Figure 2.
The fact that extremely different error probability curves
result in similar statistic for error gap-lengths, makes
the OLPC algorithm independent from low-level proce-
dures. A large variety of error probability patterns can
be brought to a desired gap-length statistic by using the
jump-algorithm and setting the values for the ratio K and
the absolute step-sizes properly.
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Figure 1: PE,j and πj over SIR values (K = 20)

To gain better understanding of the transformation of
the series of error probabilities PE,j into the correspond-
ing series of gap-length probabilities PG,n we developed
an approximation for it,

γj =
∞∏
i=j

(1− PE,i), (4)

πj ≈ (PE,j · γj) ∗ cK,j ,

PG,n ≈ (PE,j · πj) ∗ (γ−j−K−1+n · PE,−j−K+n).

The auxiliary series γj is the probability of reaching the
state j from a very high state by only down-steps. cK,j

denotes the series of constant values 1/K and length K
and ∗ denotes the convolution operator. The approxima-
tion is more accurate for fast increasing PE,j series.

III. MEASUREMENTS

We performed measurements in a live UMTS network,
by means of a passive monitoring tool called METAWIN.
It was developed in a earlier research project, in coop-
eration with the Forschungszentrum Telekommunikation
Wien (FTW), see [5]. We recorded data for 30 min-
utes and evaluated nearly 500 phone calls. Uplink pack-
ets were inspected, which have variable data rate (0 – 4
kbit/s), a spreading factor of 64 – 256 and 1 – 2 transport
blocks per transmission time interval.

The resulting error statistic are depicted in Figure 3.
The solid line shows the measured distribution function
and the dashed line shows a numerical fit of the above
described model. Thereby the assumed error probabil-
ity function has the shape of a Gauss error function.
The maximum difference between measurement and fit-
ted model is below 5%.

IV. CONCLUSION

In this work we analyze the influence of the UMTS
OLPC algorithm on the link-level error statistics. Simu-
lation results reveal that the error statistics are nearly in-
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Figure 2: PG,n over gap-length (K = 20)

dependent from all underlying radio procedures and pa-
rameters. They are mainly defined by the jump-algorithm
of the OLPC. We derived a descriptive approximation of
the error statistics. To reinforce the results we performed
measurements in a live UMTS system.
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The growing demands for the quality of the transmission of the constantly expanding 

information content forces developers of the radio equipment to raise the bandwidth to 

superhigh frequencies (SHF). In the same time the mobility and dimensions of the device has 

the higher and higher importance. A filter on surface acoustic waves (SAW-filter) became an 

essential part of majority of telecommunication systems and devices because of a number of 

its advantages. 

The history of the SAW-devices invention starts in early 1885, when Lord Reighley 

predicted the existence of surface acoustic waves and described them. The need of the newer 

and better SAW-devices invention with preset parameters started then and is in progress with 

the growth of the technical progress tempo and the extension of abilities of engineers. 

Even though the first interest to SAW was connected practically only with the usage in 

seismology, later – in non-destructive control, but the largest progress of last years in his field 

is connected with it’s usage in signal processing systems such as radio-electronic equipment 

used in next field of techniques: mobile telecommunications (GSM, CDMA, WCDMA UMTS, 

WiMAX, WiFi, Ethernet,base stations etc.), TV-broadcasting and reception, systems of collective TV 

reception; radio-broadcasting and reception; video surveillance systems and systems of 

objects and processes control; radiolocation and navigation systems; different sensors and 

transducers; automotive systems – Intelligent Transport Systems; advanced security systems; 

equipment for military purposes; air- and space-equipment; medical equipment etc. 

The creation relevance of a SAW-filter adequate mathematical model and a computer-

cided design (CAD) is proved with the fact of their constantly growing demand connected 

with the development of communication tools. More precise account of second-order effects 

allows to decrease the time for design for 25% under improvement of the quality. 

The analysis of the work of a SAW-filter in the mode of excitation and registration is 

made, and the scientifically-based mathematical model of  an interdigital transducer (IDT) is 

built. This model reflects qualitive and quantitive characteristics of the process in the most 

fully way with an account of the second-order effects.  Frequency characteristics (FC) of a 

single electrode, a pair of electrodes, a multielectrode IDT, a split and a polyphase electrode 

and also an expression for amplitude multipliers for Rayleigh waves are found. Frequencies of 
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noneffective and the most effective excitation of IDT are shown. The influence of geometrical 

dimensions of IDT on the value of those frequencies and magnitude of output signal was 

shown. The optimum quantity of electrode pairs of IDT for the reception of the highest 

magnitude of output signal is defined. 

The marketing research of the modern market of SAW-devices state on the basis of 

the world-leaders was made. At the time of the business correspondence with representatives 

of the first-rate producers of SAW-devices the data that describes state-of-the-art of this area. 

The comparison of the produce amounts for three last years was made and the positive 

tendency, measured in about 5% of the annual grows was marked. The lion’s share of the 

market is owned by such largest companies as Murata Manufacturing Company, Epcos AG, 

Vectron International etc. Processed data was received from representatives from eight 

countries such as Ukraine, Russia, Netherlands, Germany, Japan, North Korea, USA, and 

Great Britain. Thereby about 6 billions pieces of SAW-filters to the sum of 1.2 billions Euros 

per year are being produced in the world. 

The Computer-Aided Design (CAD) of SAW-filter in the mode of excitation was built 

with Delphi-7. Also such programming mediums as MatLab and MathCad was used while the 

research. To vary dimensions of SAW-filter, number of used electrode-pairs, change the 

material of the piezoelectric plate is possible in the given CAD and to see the result of such 

variations in graphical form of the FC of the SAW-filter and calculated frequencies of 

maximums and minimums of the FC. 

Next researches in this area will be connected with nonlinear surface acoustic waves 

and their excitation, reception and propagation. 
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Abstract — Schema mappings play an important role in sev-
eral areas of database research – above all in data integration
and data exchange. The foundation of optimizing schema map-
pings has been laid in a recent paper by Fagin et al., where
new concepts of “equivalence” between two schema mappings
have been introduced, namely data exchange equivalence and
conjunctive query equivalence. These are natural relaxations of
logical equivalence. Fagin et al. proved important properties
of these relaxed notions of equivalence, which clearly demon-
strated their potential in optimizing various kinds of schema
mappings. We investigate the potential of the relaxed notions
of equivalence in optimizing schema mappings that consist of
source-to-target tuple-generating dependencies (s-t tgds) and
target equality-generating dependencies (target egds).

I. INTRODUCTION

Schema mappings are high-level specifications that de-
scribe the relationship between two database schemas.
They are an important tool in several areas of database re-
search, notably in data integration [1] and data exchange
[2]. Over the past years, schema mappings have been ex-
tensively studied. The question of schema mapping opti-
mization has been raised only recently [3].
A schema mapping for relational databases is given by
two schemas, called the source schema and the target
schema, as well as a set of dependencies describing the
relationship between the source and target schema. De-
pendencies are specified by some logical formalism, the
most important ones are tuple-generating dependencies
(tgds), which are a generalization of foreign-key con-
straints, and equality-generating dependencies (egds),
which are a generalization of key constraints. Dependen-
cies are usually established from the source schema to
the target schema, called source-to-target (s-t) dependen-
cies, or by so called target dependencies, which allow the
user to express integrity constraints on the target. Further
details can be found in [2].
One of the main reasons for the success of the relational
data model has been the early development of techniques
for optimizing queries, that is, replacing a query by an
equivalent one, which is more efficient to evaluate. In [3],
Fagin et al. laid the foundation for schema mapping op-
timization. By optimization we mean the replacement of

∗This work was supported by the Vienna Science and Technology
Fund (WWTF), project ICT08-032.

a schema mapping by a simpler but (for a specific task)
“equivalent” one. Since dependencies are based on logi-
cal formalisms, the natural concept of “equivalence” be-
tween two schema mappings is logical equivalence.

Gottlob et al. [5] presented several criteria for sim-
plifying a set of s-t tgds preserving logical equivalence.
In particular, natural simplifications are the elimination
of redundant (i.e. logically implied) dependencies and
the elimination of redundant atoms from a dependency.
Gottlob et al. also developed an algorithm for replacing
schema mappings consisting of s-t tgds and target egds
by simpler, logically equivalent ones. However, logical
equivalence is so strict that optimization of target egds is
impossible to a large extent [5].

Fagin et.al. [3] introduced two new concepts of “equiv-
alence”, which allow one to consider schema mappings
that are not necessarily logically equivalent, but indis-
tinguishable for specific purposes. These are data ex-
change equivalence (DE-equivalence), which equates
schema mappings with the same behaviour for data-
exchange, and conjunctive query equivalence (CQ-
equivalence), which equates schema mappings that have
similar conjunctive-query answering behaviour. Both are
natural relaxations of logical equivalence.

Fagin et al. [3] investigated the additional potential for
optimizing schema mappings when considering one of
the relaxed notions of equivalence. In particular, they
proved sufficient criteria under which a schema mapping
given by second-order tgds (which allow some quantifi-
cation over functions) or by s-t tgds plus target tgds may
be replaced by a set of s-t tgds only. Fagin et al. proved
several important properties of these relaxed notions of
equivalence, which clearly demonstrated the potential of
these notions in optimizing various kinds of schema map-
pings. However, they only considered the case of tgds.
The situation for schema mappings containing target egds
has not been explored so far. Note that target egds are an
important concept which allows one to express crucial
properties like key constraints.

We investigate the potential of the relaxed notions of
equivalence in optimizing schema mappings that consist
of s-t tgds and target egds. On the one hand, we want
to clarify if the relaxed notions of equivalence allow for
additional optimization possibilities compared to logical
equivalence. On the other hand, we also analyze several
decidability questions. There are three major questions.
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– Optimizing s-t tgds. What is the additional poten-
tial for optimizing the tgds if one of the relaxed
notions of equivalence is applied? In case of map-
pings consisting of s-t tgds only, the three notions of
equivalence coincide [3]. Hence, in this case, no ad-
ditional simplifications are possible. However, for
mappings containing also target egds, the situation
might change.

– Optimizing target egds. It can be easily shown that
there is additional potential for optimizing the egds
under relaxed notions of equivalence. Indeed, DE-
equivalence allows us to remove egds which would
not be considered redundant under logical equiva-
lence. Yet additional power in optimizing the egds
is gained by considering CQ-equivalence. On the
other hand, it is by no means clear if the detection
of redundant egds and associated optimization tasks
are decidable under the relaxed notions of equiva-
lence.

– Decidability of Equivalence. Decision procedures
for logical equivalence have already been known for
a long time [6]. For schema mappings consisting
of s-t tgds only, the decidability of DE- and CQ-
equivalence is clear, since DE- and CQ-equivalence
coincide with logical equivalence [3]. However if
target egds come into play, then the three notions of
equivalence are different and separate decision pro-
cedures are needed. In fact, the decidability of DE-
equivalence and CQ-equivalence for schema map-
pings consisting of s-t tgds and target egds has not
been explored so far.

II. MAIN RESULTS

In [4], we investigate schema mappings which include
target egds in addition to s-t tgds. Target egds are crucial,
since they are generalizations of e.g. key constraints. We
can give the following answers to the main open prob-
lems stated before.

– Optimization of tgds. We formally define a broad
class of optimization problems in terms of arbitrary
real-valued target functions defined on the s-t tgds.
We show that DE- and CQ-equivalence do not give
us additional power compared to logical equiva-
lence for all of these optimization problems.

– Optimization of egds. The relaxed notions of equiv-
alence give us additional power compared to logical
equivalence for natural optimization problems like
subset- or cardinality-minimality of the egds. How-
ever, we show that all these optimization tasks are
undecidable in case of DE- and CQ-equivalence.

– Undecidability of DE- and CQ-equivalence. We
show that DE- and CQ-equivalence are undecidable
for mappings consisting of s-t tgds and target egds.
To this end, we show how one can simulate the
computations of a Turing machine by appropriate
schema mappings. The difficulty in this construc-

tion is that – in contrast to mappings containing tar-
get tgds – we do not have the power of recursive dat-
alog rules at our disposal. Nevertheless, we are able
to reduce the Halting problem of Turing machines
to the co-problems of DE- and CQ-equivalence.

In summary, we show that for optimizing the tgds, the
relaxed notions of equivalence have essentially the same
power as logical equivalence. In contrast, for optimiz-
ing the egds, we gain additional power by using relaxed
notions of equivalence, but various natural optimization
tasks are undecidable. We also show that the relaxed no-
tions of equivalence themselves are undecidable.

III. CONCLUSION AND FUTURE WORK

While many crucial open questions have been answered,
new ones have emerged.

– Decidable fragments. How can we constrain
these schema mappings so that either DE- or CQ-
equivalence becomes decidable? This search for
decidable fragments is an important step towards
practical optimization.

– Boundaries of undecidability. Conversely, we
would like to find out which special cases still re-
main undecidable. For instance, do DE- and CQ-
equivalence remain undecidable if we restrict the
mappings to functional dependencies or even to key
dependencies? Answering these and similar ques-
tions might shed further light on the nature of the
relaxed notions of equivalence.

We have focused on schema mappings based on s-t tgds
and target egds. However, the study of schema mapping
optimization with relaxed notions of equivalence has just
started. Similar investigations of the potential for opti-
mization should be conducted for other types of schema
mappings. Moreover, decidability questions analogous to
those investigated should be studied for these other types
of schema mappings as well.
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Abstract — Heterogeneous nonmonotonic multi-context sys-
tems are a framework for knowledge based systems, consisting of
decentralized nodes which are interlinked to allow pointwise in-
formation exchange. Semantics is defined in terms of equilibria,
which are well defined if all system parts are fully known. How-
ever, in realistic scenarios, the behavior of some nodes is only
known partially. For those scenarios, we introduce an approach
to specify partial behavior using partially defined Boolean func-
tions, and show how to under- and overapproximate so-called
output-projected equilibria, which are witnesses for equilibria.

I. INTRODUCTION

Heterogeneous nonmonotonic multi-context systems
(MCSs) [1] are a framework for interlinked knowledge
based systems, which allows to represent many current
formalisms for reasoning about knowledge. MCSs are
especially relevant to the Semantic Web, where decentral-
ized nodes interact via pointwise information exchange.

In an MCS, these nodes are called contexts, and se-
mantics is defined in terms of equilibria, which are stable
states of beliefs at each context.

Output-projected equilibria are a projection of equilib-
ria to the ‘belief interface’ between different contexts in a
system. They are witnesses for equilibria and can there-
fore be utilized to incrementally evaluate MCS semantics.

In practice, semantics of some context may be known
only partially, as not every knowledge base in the Seman-
tic Web is fully disclosed, either to protect intellectual
property, or because a context is a black box system with
only vague specifications of its functionality.

To address this scenario, we define a representation for
partial knowledge using partial defined Boolean functions,
and investigate under- and overapproximation of output-
projected equilibria in MCSs using this representation.

II. PRELIMINARIES

A heterogeneous nonmonotonic MCS [1] consists of con-
texts, each composed of a knowledge base with an under-
lying logic, and a set of bridge rules which control the
information flow between contexts.

The concept of a logic we use here is an abstraction for
many monotonic and nonmonotonic logics, e.g., classical
logic, description logics, modal, default, and autoepis-
temic logics, circumscription, and logic programs under

∗This work was supported by the Vienna Science and Technology
Fund (WWTF) under grant ICT 08-020.

the answer set semantics.
Formally, a logic L=(KBL,BSL,ACCL) consists

of a set of well-formed knowledge bases KBL, a set of
possible belief sets BSL, and an acceptability function
ACCL. Intuitively, each knowledge base kb ∈ KBL is
a set of well-formed formulas, the belief sets are possible
consequences of knowledge bases, and ACCL provides
the semantics, i.e., it takes some kb as argument and re-
turns all belief sets which are consequences.

A bridge rule adds information to a context, depending
on the belief sets which are accepted at other contexts.
Given a collection L = (L1, . . . , Ln) of logics, an Lk-
bridge rule r over L is of the form

(k : s) ← (c1 : p1), . . . , (cj : pj),

not (cj+1 : pj+1), . . . ,not (cm : pm). (1)

where k refers to the context receiving information s, and
(v : p) denotes belief p at context Cv . We denote by hd(r)
the formula s in the head of r.

Definition 1 A multi-context system M = (C1, . . . , Cn)
is a collection of contexts Ci = (Li, kbi, br i), 1 ≤ i ≤ n,
where Li is a logic, kbi ∈ KBi a knowledge base, and
bri is a set of Li-bridge rules over (L1, . . . , Ln).

We denote by IN i = {hd(r) | r ∈ br i} the set of bridge
rule heads at context Ci. Similarly, the set OUT i of
output beliefs contains all beliefs p of context Ci which
are contained in the body of some bridge rule in MCS M
in the form of a literal ‘(i : p)’ or ‘not (i : p)’.

A belief state of an MCS M = (C1, . . . , Cn) is a se-
quence S = (S1, . . . , Sn) such that Si ∈ BSi. We denote
by app(R,S) the set of all bridge rules r ∈ R that are
applicable in S, where a bridge rule (1) is applicable iff
for 1 ≤ i ≤ j: pi ∈ Sci and for j < l ≤ m: pl /∈ Scl .

Equilibrium semantics selects certain belief states of
an MCS as acceptable. Intuitively, an equilibrium is a
belief state S, where each context Ci takes the heads of
all bridge rules that are applicable in S into account, and
accepts Si. The formal definition is as follows.

Definition 2 A belief state S = (S1, . . . , Sn) is an equi-
librium iff, for 1 ≤ i ≤ n, the following condition holds:

Si ∈ ACCi(kbi ∪ {hd(r) | r ∈ app(br i, S)}).
The following method for calculating witnesses for

equilibria of MCSs is given in [2].
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1. Guess for each context Ci a subset Ai of the output
beliefs OUT i.

2. Interpret each set Ai as a set of output beliefs at
context Ci, and use it to evaluate applicability of
all bridge rules. As a result, for each context we
obtain a set Bi ⊆ IN i of bridge rule heads, which
are added by rules applicable with respect to Ai.

3. Finally, we check for each context Ci, whether it
accepts a belief set Si for knowledge base kbi ∪Bi

s.t. Si exactly reproduces output beliefs Ai.

Formally, that last check is defined as follows:

∃Si ∈ ACCi(kbi ∪Bi) : Si ∩OUT i = Ai. (2)

Each guess S′ = (A1, . . . , An), where that check suc-
ceeds, is a witness for an equilibrium S ∈ EQ(M). This
witness S′ corresponds to the projection of equilibrium S
to output beliefs of M , and we call S′ an output-projected
equilibrium. Given an MCS M , we denote by EQ′(M)
the set of all output-projected equilibria in M .

In the following, if we refer to ‘equilibria’ then we
always mean ‘output-projected equilibria’.

III. INCOMPLETE INFORMATION

We now show how to represent part of a context’s behav-
ior by a partially defined Boolean function (pdBF). This
allows to deal with MCSs where some contexts Ci is not
fully specified.

Formally, a pdBF pf is a function from B
k to B ∪ {�},

where B = {0, 1} and ‘�’ stands for undefined. A pdBF
is characterized by its sets of true points T (pf ) = {�I |
pf (�I) = 1} and false points F (pf ) = {�I | pf (�I) = 0}.

In the following, we denote by�I and �O the Boolean vec-
tors (bitmaps) corresponding to sets of bridge rule heads
I ⊆ IN i and output beliefs O⊆OUT i, respectively.

To specify partial behavior of some context, we repre-
sent the check formalized in (2) by a pdBF pf : arguments
of pf are two Boolean vectors corresponding to Ai and
Bi, pf returns 1 (resp. 0, or �) if (2) for the corresponding
sets is true (resp. false, or not specified).

A pdBF pf is compatible with a certain context Ci, if
the true and false points of pf reflect real behavior of Ci.

Definition 3 Formally, a pdBF pf is compatible with the
semantics of context Ci in an MCS M iff f(�I, �O) = 1
implies that there exists some O′ ∈ ACCi(kbi ∪ I) s.t.
O = O′ ∩OUT i, and moreover f(�I, �O) = 0 implies that
there is no O′ ∈ ACCi(kbi ∪ I) s.t. O = O′ ∩OUT i.

A Boolean function (BF) f is a pdBF with no ‘�’ values.
If we know such a BF f , and it is compatible with context
Ci, we can use f as an oracle for check (2) in the above
algorithm, so we can calculate equilibria without know-
ing kbi or ACCi. We denote by EQ′(M [i/f ]) the set
of output-projected equilibria of M , obtained using the
above algorithm, with f used for the check (2) (instead of
using kbi and ACCi).

IV. APPROXIMATION

Given a pdBF pf compatible with some context Ci, we
know that true points correspond to ‘yes’ answers of
check (2) and false points correspond to ‘no’ answers.

If, for some context Ci, we only know a compatible
pdBF pf , we can use it to approximate output-projected
equilibria as follows.

We denote by pf the BF where we replace all unknown
values of pdBF pf by 0. This represents the assumption,
that Ci accepts only input/output combinations which are
known true points in pf . Therefore, each equilibrium
in EQ′(M [i/pf ]) is an actual equilibrium of M , but we
might miss some equilibria due to unknown points.

Similarly, we denote by pf the BF where we set all
unknown values of pf to 1. Then the set EQ′(M [i/pf ])
contains all actual equilibria in M , plus possibly some
non-actual equilibria, because of wrongly assumed true
points.

Formally we obtain the following result.

Proposition 1 Given an MCS M and a pdBF pf compat-
ible with context Ci of M , the following holds:

EQ′(M [i/pf ]) ⊆ EQ′(M) ⊆ EQ′(M [i/pf ]) (3)

This result easily generalizes to the case of multiple par-
tially known contexts.

Furthermore, if S′ ∈ EQ′(M [i/pf ]) ∩ EQ′(M [i/pf ]),
then this S′ is an actual equilibrium of M .

V. DISCUSSION

In summary, our results allow to approximate output-
projected equilibria of MCSs without requiring full knowl-
edge about all parts of the system. For some cases we
can even obtain certain information about actual output-
projected equilibria.

To the best of our knowledge, this issue has not been
addressed before. A related approach are notions of ap-
proximate entailment as in [3], however these notions are
motivated by computational efficiency, and they do not
consider lack of information about knowledge bases or
semantics, as we do.
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Abstract — User Interfaces augmented with additional se-
mantics about the User aim at automatically presenting the in-
formation to the end User depending on the User’s Profile and
hence, enhancing User interaction with the web. We present
a User Profile Ontology which formally describes the informa-
tion about the User. This Ontology can be used by context-
aware adaptive interfaces to automatically generate the suit-
able User interface to a wide range of Users, especially for
Users with disabilities and older Users.

I. INTRODUCTION

The Web has in recent years, grown exponentially in size
and in terms of the usage of the information and commu-
nication technologies, thus many people have improved
their quality of life, especially people with disabilities
and older people.
Accessibility for these people can be improved in many
ways, e.g., improving communication access. Ontolo-
gies are one of the key enabling technologies for explor-
ing the information in numerous possible ways [1]. Their
exploitation for accessibility would accelerate the eIn-
clusion and improve the eQuality for people with spe-
cial needs in the digital world. It is possible to formally
specify the concepts in ontologies so that the interac-
tion is made conformant with the needs of the task at
hand, and User abilities. The final output is presented
using additional devices and techniques called the Assis-
tive Technologies like screen readers, usage of Alt−text
etc ,which are standardized by the Web Content Accessi-
bility Guidelines (see WAI).
The User profiling approach is the semantic knowledge
about a User’s individual abilities, needs, characteristics
and interests, which may be represented with Ontology.
Furthermore, the concept of an automatic User Interface
generation can be very beneficial so that interfaces are
not chosen in advance but rather could be generated in
real-time upon the semantics in the User Profile. Knowl-
edge about the User may be acquired via explicit or im-
plicit means. An explicit approach requires active User
involvement to provide the information (User interroga-
tion). In our case we adopt the latter strategy since the
User may not able to achieve the required tasks.

II. WEB ACCESSIBILITY

A Web application is accessible if Web Users with dis-
abilities can perform all the navigational tasks with ease
[2]. Blind people also rely on audio to perform naviga-
tional tasks. Hence for Web navigation to be usable to
such Users, the navigation steps and representative ob-
jects should be intuitive to the audio User without loss of
efficiency and effectiveness.
From a technical point of view, Web accessibility corre-
sponds to making possible to any User, using any User
agent (software or hardware) to understand and interact
with a Web site, despite of disabilities, languages or tech-
nological constraints. In short, the Web should be usable
by everyone. Anyone using any technology for browsing
the Web should be able to visit any site, obtain the infor-
mation it provides, and interact with the site as required.
Thanks to the Semantic Web which provides the ways
for formal information representation of Web resources,
whatever the amount, the content type and heterogeneity
of these resources, we develop the User Profile as Ontol-
ogy since techniques like RDF and OWL together with
ontologies are the key elements in the development of
the next generation User Profiles.

III. USER PROFILE ONTOLOGY

Using an Ontology to model the User Profile has already
been proposed in various applications like web search
and personal information management[3].
Ontologies as a notion have already been introduced in
the context of User profiling. However, ontologies used
in relation with User Profiles are mostly limited to tax-
onomies of User interests and are application-specific,
with each one having been created specifically for a par-
ticular domain. Bearing in mind that for most applica-
tions profiling is restricted to able-bodied User, our pur-
pose is to build a User Profile Ontology for Users with
disabilities and older Users.
Yu et al. proposed in [4] that the same User can have
many Profiles. At a given point in time, one of these Pro-
files is the one corresponding to the current User’s ac-
tivity and request. An interesting approach is described
in the Doppelgäger User Modeling System [5]. In this
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approach, the User Profile is divided into particular do-
main submodels and conditional submodels. Although
the model is very flexible, this system lacks a concrete
vocabulary for the User Profile.
For the creation of the Ontology we adopted an Ontology
cited in [6] which was created in a top-down approach;
firstly selecting important general concepts, which were
later enriched and specialized.
Our initial User Profile Ontology started out quite simple
and reflected a typical User Profile in terms of seman-
tic distinction on different subProfiles. At this point, the
User Profile Ontology was composed manually, however
in the future it is planned to implement an automated
generation of the OWL-file. In the User Profile Ontol-
ogy, several User concepts were defined in order to give
meaning to the mining results and propose adapations.
The final version of our User Profile Ontology is built
around five subProfiles which are all subclasses of the
class Profile i.e. ActivityProfile (ActivitiesAndParticipa-
tions, ...), SocialProfile (Email, ...), PhysicalProfile (Dis-
ability, ...), SpacePositionProfile (Place, ...) and Psycho-
logicalProfile (Preferences, ...).

Figure 1: Class hierarchy in UPO

Figure 2: List of properties

A. ONTOLOGY DESCRIPTION

The User Profile Ontology (UPO) has been defined in
OWL, the Web Ontology Language. As Ontology edi-
tor, we have used the Protégé-OWL Editor1. In order to
enable broad tool support, and to ensure computational
completeness and decidability, the Ontology has been de-
veloped with the aim to conform to the OWL-DL sub-
set of the OWL Ontology language. Figure 1 shows the
class hierarchy of the Ontology, whereas Figure 2 shows
the list of created properties, Object Properties (blue for
color prints respectively gray for Black and White prints)
as well as Datatype Properties (green for color prints re-
spectively light gray for Black and White prints).

IV. CONCLUSION AND FUTURE WORK

In this paper, we presented a User Profile Ontology. The
contributing factors, i.e., the environments factors are
certainly very helpful to capture the whole knowledge
about the User. These are brought in form of ontologies
which may be combined with the UPO Ontology and
then accessed by inference mechanisms for automatic
generation of interfaces.
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Abstract — In recent years the technical development of
Information and Communication Technologies (ICT) went on
quickly, but the interface with which these devices are dealt
with, mostly remained unchanged. The use of traditional in-
terfaces like mouse, keyboard or mobile phones turns out to
be a great challenge for the elderly. This thesis investigates
the possibilities of Tangible User Interfaces (TUI) to make the
benefits of new ICTs for elderly users available. The main fo-
cus of this thesis lies on the analysis of user interaction with
a TUI prototype (TanCu). Finally the results of the investiga-
tion are evaluated and presented as design implications for a
user-centred development of intuitive technologies with TUIs.

I. INTRODUCTION

Demographic forecasts for both Austria and the EU show
a clear trend: the population is getting older. The number
of people over 60 years is increasing, the number of peo-
ple aged between 0 and 14 is declining. Technological
developments in the field of new communication tech-
nologies like E-Mail or mobile phones can help to sup-
port communication and social interaction of the growing
number of older people.

However, age-related changes in cognitive or sensory
abilities make it difficult to interact with traditional user
interfaces like mouses or keyboards. Although the im-
pacts of aging are very different from one person to ano-
ther, there are physiological and cognitive declines which
are generally associated with increased age: reduction of
general cognitive speed and cognitive control (working
memory) [1], decline in spatial cognition and fluid intel-
ligence [2], slower neuronal response time and decline in
general sensory abilities [3].

To make the advantages of modern ICTs accessible to
elderly people, it is necessary to develop technologies
with usable interfaces, which consider the needs of the
elderly and provide an intuitive interaction.

II. TANGIBLE USER INTERFACE

TUIs combine physical environments with digital in-
formation. In contrast to Graphical User Interfaces
(GUIs), where generic input devices are used to manip-
ulate graphical interface elements on a screen, digital

information can be directly manipulated by interacting
with tangible objects [4]. The form of these objects can
be chosen freely, so it is possible to integrate TUIs in the
user’s domestic environment. Well known objects can be
used as part of the TUI, which makes it more intuitive to
use and more useable for the elderly than traditional user
interfaces.

Despite those advantages of TUIs, the characteristics
of older adults (summarised briefly in section I.) are im-
portant considerations during the design process.

III. DESIGN

The existing guidelines for user interface design for older
adults are mostly directed to the design of GUIs, remote
controls or mobile phones. In this thesis, the design rec-
ommendations suitable for technologies with TUI have
been extracted from various sources (e.g. [5]).

However, to ensure that a technology meets the user’s
needs, it is necessary to involve its users in the design
process. This doesn’t mean to just ask them if they are
satisfied with the finished product or not. The user inte-
gration has to take place throughout the entire develop-
ment process [3].

IV. WORKSHOPS

In the practical part of this thesis several methods of user
participation have been applied in the context of work-
shops. Therefore, a TUI prototype called TanCu (TAN-
gible CUbes) was developed which allows users to send
simple text messages via E-Mail or SMS (Figure 1).

TanCu consists of a base station made of wood with an
embedded Arduino board, an Optimus-Mini-Three Key-
board for the transmission confirmation, two webcams
for the image processing at the bottom side of the base
station and two cubes, with which the recipient and the
content of the message are determined. On the first,
yellow cube, pictures of the most frequent contacts of
the user are visible. The second cube, which is col-
ored black, contains symbols showing frequent reasons
to contact the persons on the yellow cube. On each side
of the cubes are fiducial symbols which can be tracked
by the reacTIVision software [6]. To send a message, the
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Figure 1: Prototyp TanCu

user has to put the cubes on the equally coloured areas at
the topside of the base station.

The workshops consisted of a usability test, which
was recorded on video, followed by an interview with
the participants. There were five workshops, each with
one participant. The workshops took place at the partici-
pants’ home to ensure a pleasant atmosphere (Figure 2).
The participants of the workshops were selected by their
chronological, cognitive or biological age and by their
previous experience with modern ICTs.

The aim of the usability tests was to find out whether
the user interface of TanCu providing an interaction
mechanism with cubes is intuitive and easy to learn.
Therefore, the participants were asked to send a message
to one of the contacts, e.g. “I want to go shopping” to
one of his or her children. The difficulty of this task was
that the participants had no prior information of appear-
ance and function of TanCu, so they had to figure out for
themselves how to perform the task. The next task was
very similar to the first one. The participants had to send
another message to one of the contacts, but this time they
already knew how to accomplish the task. In this way,
the time required to perform the task could be compared.

After the usability tests have been finished interviews
with participants were conducted to obtain their views
on TanCu and the interaction with the tangible interface.
Both the usability tests and the interviews were recorded
on video for later analysis.

V. RESULTS

The data analysis has shown that the operation of the in-
terface could be easily learned by the participants. The
first interaction task has been completed in an average
time of 5,6 minutes, the second interaction task in just 30
seconds.

Through the participation of potential users it was pos-
sible to identify many opportunities for the further de-
velopment of TanCu. For example, one participant sug-
gested to write the text “yellow cube” and “black cube”
next to the areas at the top side of the base station, where
the cubes are positioned. That could be a further indi-

Figure 2: Workshop participant

cation of the use of the device. A major problem was
the alignment, in which the cubes were positioned on the
base station. It has been assumed that users will place
the cubes with the desired picture of the recipient respec-
tively the symbol of the message content to the top. But
some of the users placed the cubes with the desired pic-
ture to the bottom.

The analysis of the workshops resulted in recommen-
dations for the design of intuitive technologies for older
adults. Most important is the involvement of potential
users in the design process. When the user involvement
is well organized and well conducted, it is an excellent
way to detect design gaps and to gain innovative ideas
for product development.
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Abstract — This research aims at analysing the 
technical opportunities of a renewable energy in-
frastructure for Austria, using a static modelling 
approach. Bottom-up modelling is used for the most 
sensitive parts of the system, due to high energy 
consumption, efficiency potentials or conflicts with
non-energetic biomass use. Varying the parameters 
allows examining the effects caused by enforcing 
and reducing various energy supply and conversion 
technologies.
The results show that the Austrian energy demand 
can be covered by using domestic renewable energy 
sources only, even with the technologies already
existing.

I. INTRODUCTION

In 2005 the energy carrier demand in Austria has 

been 1,440 PJ of which 1105 PJ were used energeti-

cally [1]. Fossil fuels counted for about 75% of the 

total amount causing corresponding effects on the 

climate. Due to the lack of fossil resources in the 

country the main parts had to be imported.

In Austria the largest amount of energy is used in 

the transport sector. The overall efficiency in this 

sector these days is about 30% due to the broad use 

of combustion engines [2]. A widespread use of 

electric drives would save essential amounts of en-

ergy in this sector. For heating and hot water in 

buildings similar amounts of energy are needed as in 

transportation. Improving the thermal properties of 

buildings would lead to a sizable reduction of effec-

tive energy in this area.

The aim of this research is to analyse ways how to 

cover the energy service demand of Austria out of 

domestic renewable energy sources. The necessary 

structural and behavioural changes should be visual-

ised. Biomass can either be used as an energy carrier 

or for bio products, such as food, animal feed or 

furniture. This trade-off must be taken into account.

II. METHODOLOGY AND APPROACH

To reach this goal a static process model of all the 

different energy demands versus all the different 

energy sources available per year is developed. The 

implementation of many parameters on both sides 

allows for changing the settings easily.

On the supply side agriculture and forestry is mod-

elled bottom-up due to the various possibilities of 

using biomass resources. On the demand side bot-

tom-up modelling is used for space heating and hot 

water, as well as transportation due to high saving 

and efficiency potentials.

Varying the parameters allows examining the ef-

fects caused by enforcing and reducing various en-

ergy supply and conversion technologies.

III. FUNCTIONALITY AND BASIC PARAME-

TER SETTINGS OF THE MODEL

The concept of this model is to calculate the amounts

of energy carriers producible out of renewable pri-

mary energy sources on the one hand. On the other 

hand the necessary amount of energy carriers to 

satisfy energy services is calculated. The combina-

tion of technologies can be configured on both sides. 

A comparison between supply and demand is carried 

out for the four energy carrier groups: electricity, 

biogas, liquid biofuels and solid biofuels. Average 

losses in transportation of these energy carriers are 

considered as well.

A. SUPPLY OF ENERGY CARRIERS

The objective of modelling the supply side is to re-

trieve a relation between available resources and the 

achievable energy carrier supply. For photovoltaic, 

agriculture and forestry the surface area is consid-

ered, for water, wind and geothermal primary energy 

is considered. The supply of solar thermal systems 

and heat pumps is modelled on the demand side due 

to the strong interrelation with the location of the 

service. The basic parameter settings for the supply 

side of the model reflect mid to long term potentials 

of energy carriers in Austria that seem to be sustain-

able.

Regarding the use of biomass sources the follow-

ing assumptions have been made: The production of 

food and animal feed is the same as in the year 2005.
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Remaining agricultural area is partly used for provid-

ing biodiesel and biogas. The commercial use of 

forests is intensified. As it is assumed for energy 

carriers, ligneous resources for non-energetic use that 

are imported nowadays have to be provided out of 

domestic sources. Wood products are partly used as 

energy carriers after their lifetime. According to 

these assumptions it results, that the energy carrier 

potential out of woody biomass is lower than the 

amount of wood energetically used today.

B. LARGE-SCALE CONVERSION OF ENERGY CAR-

RIERS

Three different types of installations are modelled as

large scale conversion of energy carriers in this ap-

proach: heat oriented combined heat and power 

(CHP) plants for providing process steam in industry 

and power oriented CHP plants for providing com-

munal electricity, each working with biogas or solid 

biomass fuels, are considered. Medium scale heat 

plants using solid biomass fuels are modelled to 

satisfy the demand of district heat that cannot be 

supplied by other sources.

C. ENERGY CARRIER DEMAND

The objective of modelling the demand side is to 

gain a relation between effective energy and the 

necessary energy carrier demand. For space heating 

and transportation also a relation between effective 

energy and energy services is modelled. The basic 

parameter settings for this part of the model reflect 

the Austrian energy demand situation of the year 

2005. The existing domestic energy service demand 

is satisfied by the technologies used today. Detailed 

modelling of energy service demand in space heating 

and transportation allows for choosing realistic com-

binations of efficient technologies for the scenarios.

Changes in the structure of service demand can also 

be visualised. Furthermore, energetically usable roof 

surface areas, potentially usable for photovoltaic and 

solar thermal installations, are calculated based on

the building stock, that is implemented in the 

detailled modelling of the space heating demand.

IV. SCENARIO ANALYSIS

The basic parameter settings of the model show, that 

the renewable potentials of electricity are signifi-

cantly higher than the existing demand. By contrast, 

solid, liquid and gaseous energy carriers out of bio-

mass sources cannot substitute for today’s used

amounts of fossil energy carriers.

In this study three consecutive scenarios are calcu-

lated, all simulating changes on the demand side of 

the energy system. In a first step the effective energy 

demand for space heating is drastically reduced. This

lower specific heat demand can then be satisfied by 

mainly using low temperature heating systems such 

as solar thermal and heat pumps. In densely popu-

lated areas district heating is also employed partly 

provided by reusing industrial waste heat. In a third 

step the technologies in transportation are changed.

Local traffic is mainly carried out by electric drives, 

for longer distances biogas and liquid biofuels are 

used additionally. Long distance traffic of goods is 

partly shifted to the railway, too.

Table 1 shows the effects of the described changes 

on the balance between supply and demand of energy 

carriers. While considerable electricity potentials still 

remain unused, the main parts of missing biomass

fuels can be substituted.

[PJ/a]
Supply – Demand

Old New

Electricity +137 +87

Biogas -84 -60

Liquid Biomass -133 -5

Solid Biomass -255 -63

Table 1: Balance between supply and demand

of energy carriers with the basic parameter

settings and post scenarios

V. CONCLUSIONS

The research showed that there are opportunities to 

satisfy Austria’s energy service demand out of do-

mestic renewable sources, even with technologies

already existing. However, significant adaption in 

infrastructure is necessary. The changes described in 

the scenario analysis lead to a far better supply situa-

tion. An intensified introduction of electricity could 

even lead to a full coverage of the existing demand, if 

the problems resulting of the temporal differences of 

supply and demand can be solved.

Paths of how to reach a renewable energy infra-

structure economically, environmentally and socially 

sustainable should be investigated as further steps.

For further reading refer to [3].
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Abstract —The NRCS-CN, an index for estimating
runoff generated from a given rainfall, mainly 
depends on land use/cover and antecedent moisture 
conditions. Thus, temporal and spatial variation of 
land cover and soil moisture must be taken into 
account when estimating the CN. To achieve this 
goal, leaf area index and soil moisture data, from 
MODIS and AMSR-E, respectively, are used. Also, 
rainfall and streamflow in situ observation, and 
greenness fraction from MOPEX database are used 
to analyze the variation of CN over time. This 
research will focus on analyzing the seasonal 
fluctuation of the CN using the above-mentioned 
data; and the subsequent estimation of runoff which 
we expect to be a more realistic and accurate 
approach than the traditional NRCS-CN method.

I. INTRODUCTION

Since the United States Department of 

Agriculture Natural Conservation Service (USDA-

NRCS) released the CN methodology in the 

national engineering handbook, section 4 (NEH-4) 

[1], it has undergone criticism and continuous 

review(s) within which are: Hawkins (1973) 

proposed a new expression to estimate CNs based 

on gaged values or rainfall and runoff [2]. Boznay 

(1989) outlined some of the questionable features 

of the method regarding CN less than 40 and the 

predetermined portion of S for initial abstraction

(Ia=0.2S) which is dependent on the changing 

watershed’s characteristics [3]. Also, Michel 
(2005) proposed a model that accounts for some 

structural inconsistencies in the NRSC-CN 

methodology [4], and later Sahu and Mishra 

(2007) proposed an overhauled version of 

Michel’s model [5]. Geetha, Mishra et al. (2007) 

developed a model that incorporates an antecedent 

moisture amount dependent on antecedent 5-day 

rainfall rather than the antecedent moisture 

condition triad described by NRCS [6]. 

The advent of remote sensing has opened a wide 

spectrum of new data and ways to obtain and 

analyze information that otherwise was not 

feasible or limited in the past. On the other hand, 

further discussions have and will arise as to the 

applicability of remote sensed imagery either for 

overhauling certain features in the NRCS-CN 

method or for developing new algorithms to 

estimate surface runoff based on retrieved data 

from satellites. 

The main goal of this study is to investigate the 

seasonal variation of the CN and assess the role 

that land use/cover (LULC) conditions are playing 

in this variation. Ultimately, an adaptive CN will 
be proposed to account for change in surface 

conditions as well as antecedent moisture 

conditions to determine the CN.

II. NRCS-CN BACKGROUND

The CN is a dimensionless index developed by 

USDA-NRCS to represent the potential for storm 

water runoff within a drainage basin, given by:
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where Q is the direct runoff (mm), P is the rainfall 
(mm), S is the potential maximum retention (mm).

Originally, for CN estimation a series of lookup 

tables, found in NHE-4, are needed. These tables 

were developed based on land use/treatment, 

surface conditions, hydrological soil type 

classified from A through D, with infiltration 

capacity decreasing from A to D. The CN serves

to estimate S in Eq (2) which, along with P, is then 

substituted into Eq (1a or 1b) to estimate Q:

            254
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Soil moisture condition before runoff starts is 

another important factor influencing CN. In CN 

estimation, adjustments need to be made according 

to the 5-day antecedent moisture condition (AMC) 

which is classified into the following triad:

       CN1:dry, but above wilting point;

CN2: average (found in look-up tables);

CN3: wet (saturated soil);

adjustment equations for AMC are [7]:

2

2
1

01281.0281.2 CN

CN
CN     (3)

2

2
3

00573.0427.0 CN

CN
CN      (4)

In 1973, Hawkins developed an alternative 

method to estimate observed CNs from P and Q 

gaged values. The maximum retention, S, is

calculated using Eq (5), and then substituted into 

Eq (2) which is solved for CN.

PQQQPS 5425 2      (5)

An initial attempt to estimate a NRCS-CN 

global map using remotely sensed data from 

AMSR-E pointed out the importance of having 

readily available information on runoff for 

forecasting purposes especially in flood-prone 

areas without in-situ data [8].

Weissling, Xie et al. (2009) utilized remotely 

sensed proxies and developed an algorithm for 

surface runoff estimation that reflected the 

temporal and spatial variation of the soil moisture 

conditions as the NRSC-CN does not properly 

account for that [9]. 

III. APPROACH AND ANTICIPATED RESULTS

Soil moisture is affected by the type of soil and 

land cover. Land cover governs the amount of 

water infiltrated through the surface, and therefore 

is a key parameter for understanding the soil 
hydrology dynamics. Neither land use/cover 

(LULC) nor all processes (i.e. soil moisture and 

vegetation growth) affected by this variable are 

static processes. Moreover, the soil moisture 

content is an important source of variability in 

predicted runoff magnitudes [10].  The NRSC-CN 

methodology, as originally developed, cannot 

competently and accurately account for the 

changeable nature of the CN itself since it was 

initially conceived based on, among others, LULC 

and antecedent moisture condition (AMC) which 

are variable over time [8]. Therefore, this study is 

intended to develop an algorithm able to account 

for the aforementioned variability of the CN over 

time by means of remotely sensed proxies.

CN and greenness fraction of 17 watersheds in 

the United States with area less than or equal to 

259 km
2 (< 100 mi2) were initially analyzed. 

Figure 1 shows the seasonal variation of these two 

parameters over a selected watershed in New 

Jersey. We restricted our analysis to watersheds

having a limited extent in order to minimize the 

time lag between discharge and rainfall which may 

affect the calculation of CN.

CNs were estimated according to Hawkins‘

approach and using discharge and rainfall 
observed from January 1948 to December 2003. 

Figure 1: Seasonal variation of CN and Greenness 

Fraction 

The obtained CNs show significant variation in 

spring and fall. CN shows to be less variable as 

greenness fraction increases. Also, the CN
trendline shows a plateau (CN values near 60 and 

greenness fraction above 50%) from April through 

September. Maximum and minimum values were 

repeatedly observed in February and September, 

respectively. The CN variability is most likely 

related to changes in surface conditions and 

mainly to changes in vegetation cover.

The previous findings indicate the importance of 

considering information on soil moisture and

vegetation to update the CN values. Remotely 

sensed products are, in this context, invaluable 

source of information. 
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AUTHORS’ INSTRUCTIONS

Further analysis in different watersheds of the 

United States with area greater than  259 km2 and

less than or equal to 1,295 km2; and greater than 

1,295 km2 (> 500 mi2) will continue to investigate 

the relationship between the CN-surface conditions

and watershed size.

ACKNOWLEDGMENTS

This study was supported and monitored by 

National Oceanic and Atmospheric Administration 

(NOAA) under Grant NA08NES4280019. The 

views, opinions, and findings contained in this report 

are those of the author(s) and should not be construed 

as an official NOAA or U.S. Government position, 

policy, or decision.

REFERENCES

[1] Natural Resources Conservation Service (NRCS). 

Hydrology. National Engineering Handbook, 

Supplement A, Section 4, Chapter 10. USDA-

NRCS, Washington DC, USA. 1972.

[2] Hawkins, R. H. Improved Prediction of Storm       

Runoff in Mountain Watersheds. Journal of 

irrigation and Drainage Division 99(4): 519-523, 

1973.

[3] Bosznay, M. Generalization of SCS Curve 

Number Method. Journal of Irrigation and 

Drainage Engineering 115(1): 139-144, 1989.

[4] Michel, C., V. Andreassian, et al. Soil 
Conservation Service Curve Number method: 

How to mend a wrong soil moisture accounting 

procedure? Water Resources Research. 41, 2005.

[5] Hawkins, R. H. Improved Prediction of Storm       

Runoff in Mountain Watersheds. Journal of 

irrigation and Drainage Division 99(4): 519-523, 

1973.

[6] Geetha, K., S. K. Mishra, et al. Modifications to 

SCS-CN Method for Long-Term Hydrologic 

Simulation. Journal of Irrigation and Drainage 

Engineering 133(5): 475-486, 2007.

[7] Ponce, V. M. and R. H. Hawkins. Runoff Curve 

Number: Has It Reached Its Maturity? Journal of 

Hydrologic Engineering 1(1):11-19, 1996.

[8] Hong, Y. and R. F. Adler. Estimation of global 
SCS curve numbers using satellite remote sensing 

and geospatial data. International Journal of 

Remote Sensing 29(2): 471 – 477, 2008.

[9] Weissling, B. P., H. Xie, et al. Evaluation of 

NRCS curve number and MODIS time-series 

proxies for antecedent moisture condition. Civil 
Engineering and Environmental Systems 26(1): 

85 – 101, 2009.

[10] Jacobs, J. M., D. A. Myers, et al. Improved    

Rainfall/Runoff Estimates Using Remotely 

Sensed Soil Moisture. Journal of the American 

Water Resources Association 39(2): 313-324, 

2003.

327



328



Adsorption of Pd, Pt and Rh on Austrian soils – determination of 
sorption isotherms 

Esther Herincs 1, Walter Wenzel 2,1, Stephan Hann 2,2, Andreas Limbeck 1

1 Institute of Chemical Technologies and Analytics 
2,1 Institute of Soil Science 

2,2 Department of Chemistry, Division of Analytical Chemistry 
1 Vienna University of Technologies 

2 University of Natural Resources and Applied Life Sciences 
Vienna, Austria 

Email: esther.herincs@tuwien.ac.at

Abstract — While improvement in air quality is an 
important benefit of catalytic converters, the use of 
these devices has led to widespread release of 
platinum group elements (PGE) into the 
environment. Transformations of the emitted 
particles lead to the formation of reactive and 
bioavailable species, which can be accumulated in 
soils, sediments, plants and other living organisms. 
However, although some studies already have been 
done, information about the environmental 
pathways of PGEs - from automobile emission to 
biological accumulation - is still very sparse. In this 
contribution the sorption of platinum, palladium 
and rhodium on Austrian soils with varying soil 
characteristics is investigated to derive additional 
information about mobility and retention of PGE in 
the environment. 

I. INTRODUCTION

In order to reduce pollutant emission of CO, HC 
and NOx automobile catalytic converters were 
introduced in Europe in the late 1980s, hereby 
raising a new problem of releasing platinum group 
elements. Thermal and mechanical conditions 
during vehicle operation result in abrasion of the 
used catalysts (Pt, Pd, Rh) hereby involving the 
release of small particles into the environment via 
exhaust fumes. [1,2] Due to environmental 
transformations reactive and bioavailable species of 
the emitted metals can be formed, which can be 
accumulated in soils along roadsides, transported by 
runoff to waters and deposited in sediments. Thus 
accumulation in plants can take place leading to 
concerns about their possible effects on human 
health and living organisms, as studies have shown 
the allergenic and cytotoxic properties of some PGE 
compounds. [1-3] 

In recent years some studies have been done to 
investigate the distribution, mobility and retention 

of PGEs in soils [4], as in this contribution on three 
Austrian soils.

II. EXPERIMENTAL

A. REAGENTS AND MATERIALS

All used chemicals were of p.a. grade purity or 
higher. Certified stock solutions of Pd, Pt and Rh 
were purchased from VWR International. 
Aluminium oxide for thin layer chromatography 
(Fluka) was used for the micro-columns for on-line 
pre-concentration.  

High purity water was obtained by double 
distillation of deionised water and used throughout 
the experiments. 

The soil for investigation was incubated with Ca-
nitrate solution of same conductivity as the soil and 
shaken with solutions of various PGE concentrations
(2; 5; 20; 50; 500; 1500; 3000; 5000µg/L) for 
sorption experiment. All vessels (PE, HDPE) were 
acid washed (cleaned and at least 3 hours in 5% 
HNO3) and rinsed 3 times with distilled water (Milli 
Q) before use. 

B. INSTRUMENT

A Thermo Scientific ICP-AES spectrometer (iCAP 
6500 series) equipped with an APEX E sample 
introduction system (nebuliser, cyclonic chamber) 
has been used for multi-element analysis of Pd, Pt 
and Rh. The flow injection and pre-concentration 
system consisted of activated alumina micro-columns 
with fittings for connection with the two six-port two 
position injection valves (VICI, USA). 
Transportation of reagents and sample solution was 
performed by the peristaltic pump of the iCAP 6500 
ICP-AES. In order to overcome possible spectral 
interferences each element was measured using two 
wavelengths. 

329



C. SOIL EXPERIMENT

The sieved (< 2mm) and incubated soil was gently 
shaken with solutions of different PGE 
concentrations (1:5 ratio) for 93 hours, at constant 
room temperature (~25°C). Afterwards the solutions 
were centrifuged, filtrated through syringes equipped 
with cellulose acetate membranes and stabilized by 
addition of diluted HCl for measurement. Blanks 
(without soil) where cooperated throughout the 
experiment. 

D. SAMPLE TREATMENT

As dissolved organic matter present in natural 
samples is believed to lead to interferences and poor 
recovery by preventing the retention of the PGE-
chloro-complexes on the activated alumina, it has to 
be eliminated prior to analysis. Thus a microwave 
assisted UV-digestion was implemented [5], which 
requires mineral acids and very low quantities of 
oxidants (H2O2) for decomposition of dissolved 
organic matter. 

E. PRE-CONCENTRATION AND ANALYSIS

Pre-concentration of platinum group elements was 
performed on columns filled with aluminium oxide, 
which were conditioned previous each analysis. The 
sample solutions were purged through the columns, 
hereby the target analytes Pt, Pd and Rh were 
retained on the sorbent material, washed to remove 
interfering matrix components and finally eluted by 
enhancing the chloride concentration. 

Prior to sample loading process the columns were 
conditioned by rinsing with 0.001 M HCl. Also the 
washing step was carried out by 0.001 M HCl. 
Sample elution was performed with 0.9 M HCl 
counter flow to loading direction. Sample flow rate 
was 1.3 mL/min, elution flow rate 0.6 mL/min.  

The derived eluate has directly been introduced 
into the ICP-AES system. 

III. RESULTS

Multiple blanks (soil water extractions) and matrix 
matched standard solutions were determined and 
linear calibration curves up to concentrations of 25 
and 50 µg/L of Pd, Rh and Pt respectively obtained. 
In order to investigate reproducibility standard 
solutions were analyzed in the course of a day´s 
measurement. 

Deriving from measured concentrations in 
remaining solution (at highest input concentration: 
<LOD for Rh, to 32ppb for Pd and to 2.4ppm for Pt) 
the adsorbed µg of element per kg soil and sorption 
isotherms (Figure 1) could be plotted.  
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Figure 1: Sorption isotherms of Pt (IV) and Pd (II)  

In contrast to sorption onto South African soils [4] 
experiments on the first of three Austrian soils (Steyr, 
Gmunden, Vienna) have shown that Rh and Pd are 
sorbed to > 99%, even at concentrations up to 
5mg/kg, whereas for Pt a saturation effect occured.  

Investigation of PGE sorption onto soils of 
Gmunden and south of Vienna are still in progress. 
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Abstract Human thermo-comfort models have 
been designed to represent the average person but 
demography reports highlight the unprecedented 
aging of populations around the world. Research 
has also found clear correlations between age and 
change in body composition and functions. This 
paper presents the initial results of research into 
the development of a customized computer model 
for predicting thermal comfort of older persons 
using the IESD-Fiala model as a reference model. 
Simulation results of the new model developed by 
extracting data on age related decline in Basal 
Metabolic Rate(BMR) Cardiac Output (C.O.) and 
Body Weight (BW) from literature suggest that 
under the same test conditions skin temperature at 
the hands were lower in the older person than in the 
average person.   

INTRODUCTION 

 population is 

increasing at an unprecedented rate, declining 

fertility and improved health and longevity have 

generated rising numbers and proportions of the 

older population in most of the world[1]. It is 
therefore an undeniable fact that the natural 

phenomenon of aging will affect all of us and 

ultimately we shall all be old one day.  

AGING AND THERMAL COMFORT  

According to[2] growing old or Aging is the 

detrimental changes with time during post 

maturational life that underlie an increasing 

vulnerability to challenges thereby decreasing the 

ability of the organism to survive. As we age, we 

experience changes in our solid organ and body 

functions and together, these changes lead to a 

diminished physiological reserve [3] resulting in 
the inability of the body to maintain effective 

internal temperature needed for effective thermal 

comfort. Changes in the basic physiological 

mechanisms of thermoregulation may contribute to 

a decreased ability to avoid hyperthermia in the 

elderly and could result from structural changes in 

the skin as well as less effective neural regulation 

of blood flow and sweating[4]. Kovats et al 

reported that[5]  in the 2003 heat wave, more than 

2000 deaths were attributed to the August 2003 

heat wave in England and Wales. Excess mortality 

was 33 per cent in those aged 75 and over and 13.5 

per cent in the under 75 age group during the 10 

day heat wave. Excess mortality in France was 

estimated at 20% for those aged 45-74 years, at 

70% for the 75-94 year age group, and at 120% for 

people over 94 years[6].  

THE IESD-FIALA MODEL 

Developed in the 1990s, the IESD-Fiala model inher-

ited majority of concepts of earlier models proposed 

by Stolwijk (1966, 1971) and Gagge (1973). The 

heat transfer process in the human body and the 

thermoregulatory responses were modelled to main-

tain a balance between heat gains and loss. The 

IESD-Fiala 

-%; Dubois 

area 1.86m2; basal metabolism 87W; basal cardiac 

output 4.9l/min). It profiles the human body as two 

interacting systems the controlling active system 

(thermoregulatory system)  and the controlled 
passive system (body structure). It incorporates a 

physiological based thermal comfort Model which 

predicts overall thermal sensation responses in steady 

state and transient environments. 

ADAPTING THE IESD-FIALA MODEL 

The first step to adapt the Fiala model for 
evaluating thermal comfort for the older 

from data sourced from literature. The process 

involves statistically extracting the relative 

depreciation in the capacity of the vital parameters 

between (65-100yrs) due to aging and using it to 

build a new model. After a thorough review of the 

parameters of the model; the following have been 

identified as being affected by aging. Basal Meta-

bolic Rate (BMR), Cadiac Ooutput (CO) and Body 

weight (BW). Initial statistical extraction of 

average percentage depreciation of BMR with 
respect to age as reported in [7] was 19.2%. The 

rate of depreciation of (CO) for the elderly person 
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was found to be 14.4% as reported by [8] and the 

extracted average rate of depreciation in (BW) for 

the elderly was (10%) as sourced from[9].  

SIMULATION 

An experiment was carried out using the Original 
IESD-Fiala Model (AP) and the new Elderly 

Model (TOP) were subjects wearing only shorts 

relaxed for 90 min in a pre-test chamber at 260C 

dry bulb (Ta) with an air velocity (va) of  0.3m/s, 

relative humidity (RH) of 40% and activity level 

of 1.1 met. Immediately following this exposure, 

they were moved to the test chamber where the 

room temperature was set at 280C for 60min then 

changed to 180C for 120min and finally changed to 

280C for another 60min i.e. (28-18-28)0C.  The test 

humidity (RH) was 40%, air velocity (va) was 

between (0.1-0.13)m/s.  

RESULT 

The difference in the temperature recorded at the 

back of the hand was not significant at the 

beginning of the experiment but increased after 

30min Figure 1 . Over the test period the 

difference in the temperature recorded at the back 

of the hand tended to be lower in the typical older 

person (TOP) than the average person (AP). It was 

also pronounced at the change points of the test 

conditions. At the end of the test period the hand 

temperature of the average person was 
significantly higher than that of the older person.   
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Figure 1 Hand skin temperature 

DISCUSSION 

The study examined the relationship between age-

related depreciation in the Basal Metabolic Rate, 

Cadiac output and Weight on the body to a 

temperature  range of (28-18-28)0C. The results 

from the simulations suggest that under the test 

conditions skin temperatures on the back of the 

hands were lower in the older person than in the 

average person.  

CONCLUSION 

Even though the older persons model is still under 

development, the results show a significant pointer 

which gives a hint about the alteration of 

peripheral responses with increasing age which is 

consistent with others[10] [11]. Many other 

aspects of aging has not been considered in the 

present work, including fat content, muscle mass, 

total body fluid, and thermoregulatory functions. 

The impact of these factors will be investigated in 

future studies. 
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Abstract  Algae have the remarkable ability to convert energy from the sun using CO2 from the atmosphere, into 
valuable products such as starches used in alcohol production, lipids used in diesel fuel production, and hydrogen 
used to regenerate fuel cells. Recent research has increased the extraction efficiency for these products from algae, 
but its natural growth rate is not sufficient to meet demands. In this paper, enhancements to algae growth will be 
discussed. Single walled carbon nano-tubes (SWNT) and Gum Arabic surfactant have been found to have effects on 
the growth of algae. This study showed that SWNTs slowly decrease algae production by 18.5% over a span of four 
days. Gum Arabic experiments are still on-going and show promising results.     
 

 

1. INTRODUCTION 
 

Petroleum based fuels account for 97% of 

transportation energy. It has been estimated that at 

our staggering consumption levels the world s 

petroleum will be exhausted in the next 30 to 40 

years (2). Replacing oil with a renewable energy 

source like biofuels is a beneficial alternative. 

Biofuel can be derived from crops or algae, 

alleviating the dependence on unstable foreign 

sources of oil. Furthermore, by implementing biofuel 

as an energy resource, the plants and algae may 

sequester heat-trapping CO2 which would otherwise 

enter the atmosphere, thereby reducing the 

introduction of more CO2 into the atmosphere. 

When comparing farm crops, such as corn or 

soybeans, to algae for biofuel production, algae can 

grow 20 to 30 times faster than food crops and use 

less than 
1

7 the area of corn harvested, making algae 

a better source of biofuel (2). As part of the 

photosynthesis process, algae produces oil and can 

generate 15 times more oil per acre than other plants 

used for biofuels, such as corn and switchgrass. 

Studies show that algae can produce up to 60% of 

their biomass in the form of oil and can produce 

6,000 gallons of fuel per acre per year (2). Also, 

algae requires less space and water for cultivation 

compared to other crops (1). Algae can grow in salt 

water, freshwater or even contaminated water like 

waste water. 

Photosynthesis is the fundamental driving force that 

converts solar energy into biomass, carbon storage 

products and H2 (1). Energy is absorbed by  algae as 

photons, this produces NADPH and ATP, which are 

substrates for the Calvin-Benson cycle where sugars, 

lipids and other molecules are produced (1). 

 

2. EXPERIMENTAL PROCEDURE 
 

Fundamentals 
The purpose of the experiment is to increase the 

production potential of algae in an industrial setting 

using single walled carbon nano-tubes (SWNT) and 

gum Arabic (GA) solution to enhance the algae 

production. 

SWNT are allotropes of carbon with a cylindrical 

nanostructure. These nanotubes have been 

constructed with a length-to-diameter ratio of up to 

28,000,000:1. They exhibit extraordinary strength, 

unique electrical properties, are efficient thermal 

conductors, and are used in many electronics, 

architectural, and medical fields. Single-walled 

nanotubes naturally align themselves into ropes due 

to their hyfrophobic nature. Therefore, a surfactant 

such as GA is needed to disperse the SWNT in an 

aqueous solution. GA is used as a surfactant in this 

project because research has shown it to be nontoxic 

to organisms. Previous research done by Sejin Young 

in the University of Florida has shown a correlation 

between the concentration in SWNT and GA to algal 

growth (4). See Table 1 for previous experimental 

results (4). 

 

Lab Procedure 
The original concentration of SWNT with 1% GA 

suspension was 23 mg/L. P. subcapitata algae was 

cultivated in standard conditions in preliminary algal 

assay procedure culture medium (PAAP). The algae 

was allowed to grow for 96 hours with constant GA 

concentration kept constant and varying SWNT. 

Algae concentration was measured with a 

spectrophotometer for results. Procedure was 
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repeated for only GA exposure in algae, the algae 

was allowed to grow for 96 hours and seven days.  

 

3. RESULTS AND DISCUSION 

 
Experimental results for the SWNT with 1% GA 

concluded a steady 18.5% decrease in algae 

production for a period of four days. Figure 2 

demonstrate the overall trend of SWNT 

concentration (mg/L) versus algal growth. Algae 

production improved for GA concentration with 

both 96 hours and seven day exposure periods, 

Figure 3 illustrates the overall trend for GA 

concentration in algae production. 

 

 
 

Table 1: SWNT and GA to algal results             
 

 
Figure 2: Overall Algae production after 

four days 
 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3: Overall Algae production after 

seven days 
 

Future experiments 
Experimental exposure time will be lengthened from 

four days to a week for the SWNT concentrations, to 

observe further growth. Also experiments will be 

conducted exclusively analyzing the effects of GA 

concentration. These experiments will allow the 

comparison of SWNT to GA as algae production 

encouragers. 

 Furthermore, culture medium adjustment will be 

reviewed. PAAP is used to grow algae, it provides 

many of the nutrients algae need for efficient growth. 

Nutrients like nitrogen (N), phosphorus (P), and 

potassium (K), are important for plant growth. 

Adjusting the concentration of these important 

nutrients may be an option to accelerate the growth of 

algae. More literature review most be done in this 

section prior to experimental research. 

 

4. CONCLUSION 
 

In the past few years, improvements have been 

made by genetically manipulating algae to 

produce efficient biomass. The new challenge is 

optimizing the algae growth to meet oil 

demands. This study was shown how SWNTs 

effect algae growth and the future experiments 

begin performed on GA exposures to algae and 

culture medium adjustments.  
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Abstract — Due to the actual scenario so critical, 
in constant change, the production type approval of 
competing firms, but first of all the new envi-
ronmental urgency, is rising the need of reconsider 
new production systems.
Thanks to Design by Components the new model 
induce all the actors to operate according ethical 
value, the componentist are actively involved in the 
design phase.
This sort of revolution of the industrial mentality 
will certainly be neither easy nor immediate, but it’s 
necessary.

I. INTRODUCTION

The research underlines the possibility to redesign 

new type of products, production chains and the 

system in which they operate.

The actual energy consumption claim new structure 

of product and system of production that have to be 

more efficient and environmental friendly.

The methodological approach of Design by Compo-

nent, seem to be one of the possible paths capable to 

deal successfully with the on-going change, thanks to 

this approach all the elements of a current industrial 

product are critically analyzed. At the same time the 

holistic approach, which the designer/design should 

never forget, explore at 360 degree.

II. LAYOUT

The goal of this research is the possible change 

in the industrial production system in order to 

obtain a model that is more flexible and inte-

grated with the territory. 

The analysis of case studies has identified the 

ways in which companies have tried to imple-

ment the lean production system and policies of 

profit, this analysis has also emphasized the 

total disregard of the companies with the terri-

tory and the cultural aspect of the areas where 

they operate. 

In today's epoch-making hub where the global 

crisis has dealt a severe setback to the world 

economy, it requires a greater effort to rethink 

the production models to be more flexible, equi-

table and sustainable. The decentralization of 

company continues to give false hope of sur-

vival and the industrial history has taught us that 

the pursuit of continuous cost reduction is not 

indefinitely viable, but simply a wildcard to play

occasionally. 

In this scenario so critical and in constant 

change is necessary, in order to detect a new 

production process, to apply a methodology 

capable of analyzing all parts of the system 

without losing the overall vision. The Design by 

Components seems to be one a possible path 

capable to successfully deal with the ongoing 

change. This methodology in fact, arise from a 

study applied to industrial products which, taken 

apart and analyzed, are then redesigned by fol-

lowing some basic guidelines (accessibility of 

components to be maintain, replace failed com-

ponents, technological upgrading, product cus-

tomization based on local culture, ...). Applying 

this approach to production systems and then 

disassembled in all their departments / areas, we 

have seen a structural overabundance of indi-

vidual units (marketing, assembly, ...) and espe-

cially logistics. 

With the advent of industrial evolution it has 

seen a slow change in the ratio between the 

object product and production: at the beginning 

of the industrial history the main company was 

producing and assembling all the goods inside 

its structure, but with today's industrial gigan-

tism this solution is no longer applicable nor 

feasible. The current production systems dele-

gate to external producer the components reali-

zation (many competitors are supplied by the 

component producer) leaving the final assembly 

to the main company. This approach involves 

not only the significant emissions from continu-

ous movement of products, but also an effort to 

seek suppliers increasingly economical afford-

able according to sell more economically attrac-

tive objects. 
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Alongside the historical analysis has identified 

numerous changes and transformations occurred 

in the nineteenth century thanks to the various 

tools provided by industrial production, but the 

first real change of direction is attributable to 

Frederick Winslow Taylor. From Taylorism to 

this day there has been a follow one after the 

other of models designed to optimize production 

times and increase profits. 

The policies of profit are translated differently 

depending on the culture, territory and time in 

which you operate: 

- Taylor � production line 

- Ford � product standardization 

- Wollard �synchronized supply 

- Sloan � shared platform 

- Toyota � Just in time and total quality 

- Honda � innovation and flexibility 

- Ikea � self service and self assembly

This historian path underlined the awareness of 

the industry in the importance of cost reduction, 

but it also stress out capacity to evolve or create 

new type of production model. All the analyzed 

model highlight the ability to increase: the eco-

nomic efficiency, time reduction, dead time in 

the supply chain, quality, innovation, …. Unfor-

tunately all this element are only related to the 

price factor that means a limited solution of the 

problems (linear approach).

The application of the Design by Component 

methodology combined with the positive ex-

trapolate from the production model evolution 

(from taylorism to hondism and the Ikea model) 

generates a new holistic manufacturing model:

the main company will control the whole pro-

duction systems thank to its know how; 

the producer of the main components will be 

organized thanks to the main company know 

how according to create the “heart” of the pro-

duct; 

the “foreign” supplier will be turned in local 

producer, that means that they will just produce 

the accessory or the out side shell of the product 

according their cultural background and tech-

nologies, because they will sell it locally.

The new model induce all the actors to operate 

according ethical value, the components pro-

ducers are actively involved in the design phase, 

all the production are local and the component 

repaired can foment the second hand market.

This sort of revolution of the industrial men-

tality will certainly be neither easy nor immedi-

ate. In the year to come, it will be necessary to 

predict and plan all the constituent part of a 

product, their material, duration, replacement 

and all there is to know about the life cycle of an 

object.

This transformation would get a flexible and 

adaptable object to the cultural needs and it will 

achieve a productive structure capable of reduc-

ing fuel consumption in transport and supplying 

of raw materials, which will instead be linked to 

local production context.

In conclusion, it is mostly up to large size in-

dustries to make the sharpest change and to drift 

away from logics of goods designed for the end 

markets, by focusing on the technical and 

quality evolution of components and by chan-

ging the production rules in favour of systemic 

strategies deeply integrated with their own terri-

torial, social and economical contexts.
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Abstract — Animal models such as Drosophila are essen-
tial for fundamental understanding of molecular biology, de-
velopment and cell biology. Modern molecular genetic facili-
tates rapid generation of heterogeneous mutants. Studying the
anatomy of these mutants requires sophisticated microscopy,
ideally, allowing for the 3D-reconstruction of the morphology
of an entire fly from a single scan. Ultramicroscopy can pro-
vide cm fields of view, whilst giving micrometer resolution. We
present segmentations of organ systems of Drosophila obtained
from ultramicroscopy reconstructions.

I. INTRODUCTION

Animal models are routinely used in biological sciences.
Drosophila melanogaster, commonly called the ”fruit
fly”, is the most intensively studied model organism in
genetics, biochemistry, and especially in developmental
biology. It serves as a model system for the investiga-
tion of cellular and developmental processes in higher
eukaryotes including humans. Due to its short life-cycle
Drosophila allows simple generation of various mutants
by genetic engineering techniques. Further advantages
of Drosophila are its high fecundity and its simple culti-
vation. Drosophila has only four pairs of chromosomes.
In the year 2000 its complete genome, which encodes
13.600 genes, was sequenced [1].

Drosophila are too large to image the entire fly by con-
ventional techniques, like standard confocal microscopy.
Therefore, the fly has to be sliced mechanically be-
fore microscopical inspection. Since mechancial slic-
ing unavoidably produces artefacts like mechanical mis-
alignments and distortions (Fig. 1), we replaced it by a
non-destructive optical sectioning technique, using a thin
sheet of laser light [2] (Fig. 2).

Since, fluorescence is exclusively generated within the
focal plane of the objective, out-of-focus regions do not
contribute to image generation. In order to be suffi-
ciently transparent specimens were rendered translucent
by chemical clearing. We show 3D-reconstructions and
segmentations of Drosophila organs obtained by ultrami-
croscopy recordings.

Figure 1: Comparison between mechanical slicing and
optical sectioning. The advantage of non-destructive op-
tical sectioning over mechanical slicing is the prevention
of distortions and misalignments. Figure modified from
[3].

II. METHOD AND MATERIALS

Drosophila were fixed in 4% paraformaldehyde for
1 hour. Afterwards, they were dehydrated in ethanol and
transferred into a mixture of two parts benzyl benzoate
and one part benzyl alcohol.

The ultramicroscopy setup described previously [4]
was used for image generation. We recorded the cleared
fly from above with a modified microscope oriented per-
pendicular to the lightsheet. Images were obtained by a
CCD camera with 2048 x 2048 pixels resolution (Cool-
Snap K4, Roper Scientific, Germany).

Manual image segmentation was performed, based
on the visual shape of anatomical structures of interest.
These structures were marked using an interactive pen
display (Wacom Cintiq 12WX, Germany) in three or-
thogonal spatial orientations.

III. RESULTS

An adult Drosophila was three dimensionally recon-
structed from an ultramicroscopy stack consisting of 579
images of 1.66 µm vertical spacing. Afterwards, differ-
ent organ systems were segmented and marked in differ-
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Figure 2: Principle of UM. In UM, the specimen is illu-
minated by a thin sheet of laser light, formed by one or
more cylindrical lenses. Thus, fluorescent light is gener-
ated within the focal plane of the objective. A sequence
of images is obtained by moving the specimen chamber
through the light sheet.

ent colors (Fig. 3) (green: central nervous system (CNS),
blue: indirect flight muscles (IFMs), yellow: direct flight
muscles (DFMs)). Morphological structures of the tho-
rax, like the major parts of the nervous system, the mus-
culature and the intestinal tract, can be analysed in detail
(data published in [5]).

IV. DISCUSSION

Ultramicroscopy enables 3D-reconstructions and seg-
mentations of organ systems in whole flies. Artefacts
are avoided because UM does not require the sample
to be subjected to mechanical slicing. Additionally, the
recording time for scanning a whole fly is below 30 min
including the 3D-reconstruction. These reasons make ul-
tramicroscopy a valuable tool for molecular modified flys
in phenotype analysis.
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ABSTRACT 

A partial-nitritation reactor seeded a reactor that operated at a high HRT, 6days, to allow for the 
slow growing nitrite oxidizing bacteria (NOB) to grow. Nitrate, an indicator of NOB growth reached an 
18% production. Possible reason for inhibition is free ammonia accumulation. An Anammox reactor was 
loaded daily with the maximum nitrogen consumption activity, as that was determined by in situ activity 
tests. Nitrite residual increased from 2mg/L to 20  mg/L and the specific activity increased by 44%.  

INTRODUCTION 

Anaerobic Ammonium Oxidation (Anammox) bacteria are responsible for a stage in the Nitrogen cycle in 

which ammonium and nitrite are converted to nitrogen gas with a small production of nitrate. Anammox 

bacteria were first discovered in a fluidized bed reactor during the early nineties in the Netherlands 1 

EXPERIMENTS 

The application of the Anammox process lays in the removal of ammonia from highly concentrated streams 

in wastewater as an alternative to the conventional nitrification-denitrification process with the following 

two stage process 2 4 . During the first stage approximately 50% of the ammonium present in wastewater is 

oxidized to nitrite under aerobic conditions in a partial-nitritation reactor and in the second step the 

Anammox reactor converts 85% of that effluent to nitrogen gas. Tow experiments were conducted, one in 

each step of the Anammox process. 

The partial-nitritation reactor is the host of tow types of bacteria, ammonia oxidizing bacteria 

(AOB) and nitrite oxidizing bacteria (NOB).At low temperatures nitrite oxidizing bacteria grow faster than 

ammonia oxidizing bacteria and the reverse holds true for warmer temperatures, with the threshold value 

being approximately 15-20 °C.2. The hypothesis tested was that operating a partial nitritation reactor 

Figure 1.at a temperature of 21°C and a high enough hydraulic retention time (HRT), NOB growth should 

be noted. For that biomass from the partial-nitritation reactor was transferred over to seed another partial 

nitritation reactor, NOB-Growth reactor, which was operated at an HRT of 6daysFigure.2.That high HRT 

should be low enough to select for the slow growing nitrite oxidizing bacteria. When the reactor was 

operated at an HRT of 6 days a 99.6% oxidation of Ammonia to nitrite as well as a nitrate production of 

18% was observed. The performance of partial-nitritation reactor as well as NOB-Growth reactor are 

shown in Figure 1 and 2 accordingly. It is suspected that NOB Growth was inhibited by free ammonia 3 , 

which accumulated over the course of the experiment. Figure.3. 

The second part of the two-step Annamox process is the Annamox Reactor, operating as an SBR. 

The hypothesis tested is if increased nitrite residual should account for an increase in specific activity, 

activity normalized on to the volatile suspended solids (VSS) of the reactor. A High Nitrite Residual 

Anammox (HNRA) reactor was operated as an SBR loaded with a nitrogen loading of its maximum 

activity, which resulted in a continuous increase in the nitrite residual Figure.4. The daily loading rate was 

adjusted to meet the maximum activity of the reactor as it was determined by In Situ activity tests Figure.4.  
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VSS accumulated in the reactor from 3687mg to 5211mg. An observed increase in specific activity of 44% 

over a range of 12 days  and a continually increasing nitrite residual from 2mg/L to 20mg/L. The doubling 

time calculated, due to the increase in specific activity was 10.5 days. While the doubling time calculated, 

due to the VSS accumulation was 18 days. 

RESULTS

Figure1.Partial-NitritationReactor 
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Abstract — In this study, bioleaching technique 
was used to eliminate heavy metals: zinc, copper 
and nickel from the industrial incineration fly ash. 
Five variants of the bioleaching media were ap-
plied. As a source of active microorganisms an 
activated sludge from municipal wastewater treat-
ment plant was used. Chosen bioleaching media 
were supplied with biosurfactant-producing bacte-
ria. The best bioleaching results were achieved in 
case of  adapted culture with 1% sulphur and non-
adapted culture with 1% sulphur and biosurfac-
tants. 

I. INTRODUCTION 

The incineration of municipal and industrial solid 

wastes is one of the effective methods of reducing 

their volume and providing energy as well as of 

diminishing of the landfilling space. Fly ash, the 

product of this process usually contains a significant 

amounts of heavy metals [1]. Due to the presence of  
leachable heavy metals, incineration fly ash is poten-

tially harmful to environment . In Europe this kind of 

wastes is classified as a hazardous one. However, fly 

ashes may be used as a source of many precious and 

rare metals, that  may be recycled and applied in 

industry [2]. They may also serve as a construction 

materials (e.g. cement, ceramics, glass)[3], but their 

application is often limited by the high concentration 

of potentially toxic heavy metals. 

The conventional methods of heavy metals elimi-

nation from incineration fly ash like chemical wash-
ing and chloride evaporation have been reported. 

However, such methods are uneconomic due to high 

energy demand and requirement of the application of 

hazardous chemicals and expensive reagents [3]. 

The bioleaching seems to be a useful method of 

heavy metals removal from fly ashes, because of low 

cost and low energy consumption. This technology 

was successfully applied to recover the metals from  

soils, ores, and mine tailings [4]. 

Microbial leaching of fly ash has been also stud-

ied. Acidophilic autotrophic bioleaching bacteria 

from genus Acidithiobacillus and Thiobacillus, pro-
ducing the sulphur acid as well as fungi capable of 

producing organic acids were successfully applied in 

the process [5,6]. 

The biomass of autotrophic bacteria used in 

bioleaching processes is rather low, comparing with 

the biomass of heterotrophic microorganisms. There-

fore, the bioleaching techniques based on an applica-
tion of heterotrophic bioleaching bacteria seem to be 

a more promising method of heavy metal removal. 

The another method to increase the effectiveness of 

the process is to introduce the biosurfactant-

producing bacteria into bioleaching media. The 

biosurfactants may influence the metal removal proc-

ess by reducing of interfacial tension, increasing 

metals’ mobility and bioavailability to bioleaching 

bacteria. The anionic biosurfactants help to form the 

bonds that are stronger then the metal’s bond with 

the fly ash. [7] 

In this study, the microbial leaching technique was 
used to eliminate the heavy metals from incineration 

fly ash.  

II. MATERIALS AND METHODS 

In this study fly ash was provided by industrial solid 

waste incineration plant in Poland. The average  

content (mg/kg) of Zn, Cu and Ni in fly ash  was 

9700, 1926, 220  respectively. 

As a source of active microorganisms a surplus ac-

tivated sludge from municipal wastewater treatment 

plant was used. For biosurfactant production the 

Artrobacter Sp. strain was applied. Five various 

bioleaching media were examined: 
 A. adapted bioleaching culture with 1% sulphur,  

B. non-adapted bioleaching culture with 1% sul-

phur,  

C. non-adapted bioleaching culture with biosurfac-

tants,  

D. beer bioleaching medium, 

E. beer bioleaching medium with biosurfactants.  

 The fly ash samples of 5 mg were added into 150 

ml of bioleaching medium. 

Bioleaching experiment were carried out in flasks 

which were incubated aerobically at 21°C and shaked 

at 120-130 r/ min for 4 weeks. 
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The metal concentrations in suspension were ana-

lysed using AAS after 1,3,4 weeks of the experiment; 

pH was also controlled during  bioleaching process.  

III. RESULTS 

The results of the bioleaching of Zn, Cu and Ni were 
presented in figures 1-4. 
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Figures 1: Efficiency of microbial leaching of Zn 

from incineration fly ash [%] 
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Figures 2: Efficiency of microbial leaching of Cu 

from incineration fly ash [%] 
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Figures 3: Efficiency of microbial leaching of Ni 

from incineration fly ash [%] 

 

The best results for the zinc bioleaching were 

achieved using adapted bioleaching cultures with 1% 

sulphur and non-adapted cultures with 1% sulphur 

after 4 weeks of the process. In both variants 100% 

of Zn was removed from the fly ash. For copper the 

satisfactory results were obtained using adapted 

culture with  1% sulphur after 4 weeks of the ex-

periment  (50% metal elimination efficiency). 

In case of nickel the best results were achieved using 

adapted media with 1% of sulphur, after 3 weeks.  
Initial pH of bioleaching medium concerning 1% 

sulphur (without fly ash) ranged from 1,5 to 3,5, with 

the lowest value for the adapted medium with 1% 

sulphur. An addition of the fly ash into leaching 

media resulted in pH increase to 5-6 during all the 

experiment.  

IV. CONCLUSIONS 

This research showed that the best results were 

achieved using adapted media with 1% sulphur or 

non-adapted media with 1% sulphur supplied with 

biosurfactants-producing microorganisms.  

The results of the bioleaching process in case of 
beer media were unsatisfactory.   

To increase the efficiency of heavy metals elimina-

tion from incineration fly ash, further studies, cover-

ing the simultaneous application of adapted microor-

ganisms and biosurfactants should be taken.  
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Abstract- Hydrogen is a clean energy
carrier which has a great potential to be
use for an alternative fuel. Lignocellulosic
biomass from agricultural residue is
considered a promising feedstock for
biohydrogen production. The goal of this
study is to investigate a continuous
hydrogen production from waste sugar in
different stirring speeds and Hydraulic
retention times (HRT), in addition the
pretreatment of wheat straw using a dilute
acid and hydrolysis process and studied its
fermentability for hydrogen production by
mix culture. The best performance from
waste sugar was obtained in 135 rpm and
8 h of HRT(62-64% H2 in biogas), as well
as The present results indicate the
potential of using wheat straw for high-
yield conversion into bio-H2 integrated
with acid pretreatment and enzyme
hydrolysis.

Introduction:

Hydrogen, an entirely carbon-free fuel

with a high combustion enthalpy (141.9

kJ/g) is considered a feasible alternative to

fossil fuels. For the hydrogen economy

hydrogen must be produced sustainably, It

should be possible to develop a cost-

effective and reliable technology to

produce hydrogen directly from renewable

biomass or organic waste products by

anaerobic fermentation [1]. In the absence

of methanogenic bacteria, a production of

biohydrogen can be achieved by

degradation of organic matter to volatile

fatty acids (VFA) as liquid compounds and

CO2 and H2 as gaseous compounds.

A successful biological conversion of

biomass to hydrogen depends strongly on

the processing of raw materials to produce

feedstock which can be fermented by the

microorganisms. Lignocellulosics are

especially interesting as a source of

biomass due to their abundance and low

costs. Various pretreatment methods are

described which promote the accessibility

of polysaccharides in a lignocellulose

complex for enzymatic hydrolysis.

Examples are steam explosion and wet

oxidation under alkaline conditions,

supercritical CO2 pretreatment, mild and

concentrated acid hydrolysis and solvent

extractions [2, 3].

In this study we have investigated the

fermentation capability of wheat straw to

hydrogen gas using acid pretreatment raw

material and enzyme hydrolysis in batch

system. In addition as far as it is known at

present, no attempt has been made to

systematically study the influences of

stirring and HRT on waste sugar

converting into H2, in continuous flow

systems with mixed culture. The following

experiments were performed in three 5.5-L

fermenter to produce H2 using 10 % (w/v)

waste sugar. H2 Producing rate, specific

rate, yield, concentration and biogas rate at

various levels of stirring and HRT were

evaluated.

Material and Methods:

The first research objective is to evaluate

the most suitable waste materials in batch

production systems. The second objective

is to produce hydrogen continuously and
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get more information about the optimal

conditions.

A: Continuous tests

The seed sludge of mix culture for first

Runs was obtained from an anaerobic

digester in Duisburg Municipal wastewater

treatment plant and heat treated at 70°C

for 60 min to inhibit the methane-

producing bacteria activity [4]. For next

trials and batch tests the seed sludge was

taken from a continuous stirred tank

reactor. The seed sludge was acclimated

with waste sugar ( )Lg10 as carbon

source. During all tests a nutrient dilution

according to Reference [5] was fed

additional to the feeding substrate to

ensure the supply with trace elements,

nitrogen and phosphorous. Three

anaerobic CSTR 5.5 L-Reactors were used

for continuous biohydrogen production.

The reactors were operated at pH 5.2,

32°C and 32, 24, 20, 16, 14, 12, 10 or 8 h

HRT.Reactors were stirred with adjustable

stirrer at 80, 135 and 240 rpm. The pH

value was kept constant between 5.2 and

5.4 by automatic titration by peristaltic

pomp connected to an IKS controlling

computer (iks Computersysteme, GmbH,

Karlsbad, Germany), using 1 M NaOH.

The reactors were maintained daily and

several parameters were recorded

manually. The hydrogen content of the

produced gas was determined daily off-

line by a Conthos 2 process gas analyzer

based on thermal conductivity (LFE,

Maintal, Germany). CO2, CH4 and O2

were measured daily off-line using a

GA94 infrared gas analyzer). Organic acid

as acetic acid equivalent and Chemical

Oxygen Demand (COD) were measured

daily with Hach-lange cuvette tests. The

content of Dissolved Organic Carbon was

determined with a DIMATOC 2000 DOC

analyzer.

B: Batch tests

The seed sludge of mix culture for batch

tests was taken from a continuous stirred

tank reactor. The seed sludge was

acclimated with wheat straw as carbon

source. Acid pretreatment of wheat straw

was performed in an autoclave at 121°C

with a solid–liquid ratio of 10% (w/w).

The sulfuric acid concentration range was

0.5-5 % (w/v), residence times were 30, 60

and 90 min. we found best pretreatment

methods by microwave carbon extraction

system. The daily and offline tests were

similar to batch and continuous systems.

Conclusion:

Stable continuous hydrogen production (at

37°C, pH 5.2, 10 g/L waste sugar) was

achieved within 10 days from start-up.

More than 60% of hydrogen concentration

was obtained in the last 30 days. Under

steady state conditions, a hydrogen yield

of 330 mL H2 /(gDOC×d) at 135 rpm

reactor and a average 160.7 mL H2

/(gDOC×d) in 240 rpm and 16h HRT were

obtained. The conditions of wheat straw

hydrolysis were quantitatively investigated

using a microwave test. the maximum

hydrogen yield was shown to be 147 mL

biogass/g volatile solid by combination

pretreated wheat straw, cellulase enzyme

and hydrogen output seed sludge.
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Abstract — The aim of this work was the identification of
the rheological behaviour of typical slurries used in biogas di-
gesters. To optimise the mixing performance of large-scale bio-
gas fermenters using CFD-Methods it is necessary to have data
that describe the properties of the fluid. Typical slurries contain
a large amount of organic and inorganic particles (up to 12 %)
with particle sizes and fibre lengths varying in a large range
and display a non-Newtonian behaviour. It is shown that CFD
combined with other methods are suitable tools to calibrate a
macro-viscosimeter.

I. INTRODUCTION

Rotational viscosimeters are typically used to determine
the rheological properties of fluids. A cylinder (bob) ro-
tates in a pipe (cup) with a small gap between the rotor
and the vessel, usually di/Da≥ 0.97. If the fluid contains
particles or fibres with a diameter or length scale in the
order of the gap size this kind of viscosimeter fails to pro-
duce reliable results. Options are increasing the diameter
(the ratio of diameter is constant) of the vessel or increas-
ing the gap width [1]. As fluids containing high amounts
of fibres have the tendency to settle and deposit [2], the
bob is replaced by a stirrer to assure a homogeneous mix-
ing of the suspended particles. The diameter ratio used
here is 2.5 and it contains a volume of 11.5 l. This al-
lows measurements of the rheological properties of fluids
which contain particles up to a diameter of 10 mm and fi-
bres with a maximum length of 30 mm. An overview of
other well established methods can be found in the work
of [3].

II. METHODS

Three different methods were applied to calibrate the
macro-viscosimeter.

1. Metzner-Otto method
2. Metzner-Otto method, modified shear distribution
3. numerical investigation

The approach of the Metzner-Otto method is to de-
termine the performance curve of the stirrer with a well
known Newtonian fluid (e.g. glycerol)[4]. The next step
is to obtain the strain characteristics, which is done with
a known non-Newtonian fluid (0.25 w%, 0.35 w% and
0.55 w% Xanthan solutions). Using the three measure-
ments it is possible to calculate the rheological behaviour
of unknown fluids. This procedure has some known

problems, especially with increasing gap sizes and when
the flow regime is not perfectly laminar. For this reason
the evaluation of the performance curve was modified to
consider the flow regime. The coherence between the
Power-number and the Reynolds-number was adjusted
with 2 additional coefficients, which were determined by
a regression (1).

Ne =
C

ReA
(1)

µa =
τ

γ̇
= Kγ̇n−1 (2)

γ̇ = kMON (3)

From the known shear function (2) of the calibrating
fluids the shearrate has been correlated with the agitator
speed to calculate the Metzner-Otto-Constant (3).

The second method connects the shearrate, the power
input and viscous properties (n, K) of the measured fluid
(4) to calculate the shearrate distribution in the gap [5].

γ̇ = (
1

K
· P
V
)(

1
n+1 ) (4)

The third approach is done using Computational Fluid
Dynamics. A model of the macro-viskosimeter was set
up in FLUENTTM using a multiphase approach based on
the VoF Model and the moving mesh method. The model
is built with an unstructured hexahedral grid and consists
of 720.000 cells. For a Reynolds-number≥ 10 the k-ε-
RNG model is used, below the laminar model is applied.
144 cases were simulated with different newtonian vis-
cosities between 0.8 and 3 Pas in steps of 0.2Pas and dif-
ferent speeds, ranging from 125 to 400 rpm in increments
of 25 rpm, further 36 cases with non-Newtonian fluids,
using the shear function of the Xanthan solutions, were
executed. The torque was calculated with an UDF which
is used in the work of [6], also the UDF for modelling the
non-Newtonian fluid behaviour. The shearrate was calcu-
lated from an average volumetric shearate, taken from the
volume that directly surrounded the stirrer.

III. RESULTS

In Figure 1 the simulation results are compared with the
measurements by analyzing the torque. It can be pointed
out that the values agree very well but the result of the
simulation have the tendency to be slightly higher than
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the measured ones. Using the values from Figure 1 the
performance curve of this system was calculated. The re-
sults in Figure 2 mirrors the tendency already observed
in the first Figure. Because the torque is slightly higher
from the simulation the Power-number is also higher than
the measured one. Nevertheless the laminar flow regime
up to a Reynols number of 10 is linear. In the transient
region the characteristic is definetly not linear anymore.
This cognition agrees very well with the theory, which
postulated a laminar regime up to a Reynolds-number
of 10. Figure 3 introduces the results of the torque for
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the non-Newtonian calibration fluids. In this case large
discrepancys between the measured and calculated val-
ues appear. Only the values for Xanthan 0.55 w% show
good agreements. The reason for this has not been found
yet. It might be a problem induced by the turbulence
model. Figure 4 shows the results for the shearrate, from

 0

 0.1

 0.2

 0.3

 0.4

 0.5

 50  100  150  200  250  300  350  400

T
or

qu
e[

N
m

]

Impeller speed [rpm]

CDF Torque 0.25
CFD Torque 0.35
CFD Torque 0.55

measured Torque 0.25
measured Torque 0.35
measured Torque 0.55

Figure 3: Comparison of the torque, non-Newtonian flu-
ids

the Metzner-Otto method, the calculation with equation

(4) and the numerical results. This Figure clearly shows
the limit of the Metzner-Otto method. In the transient
flow regime the shearrate predicted by the Metzner-Otto
method exceeds the predicted values from the simula-
tion and from the calculation about two times. This is
a known problem and so the results from the simulation
and the calculation are used to make an average of the
incline to complete the calibration.

 0

 50

 100

 150

 200

 50  100  150  200  250  300  350  400

S
he

ar
ra

te
 [1

/s
]

Impeller speed [rpm]

0.25 MO
0.35 MO
0.25 P/V
0.35 P/V

0.25 CFD
0.35 CFD
0.55 CFD

Figure 4: Comparison of the shearrate measured, non-
Newtonian fluids

IV. CONCLUSIONS

This work demonstrated that the calibration of a macro-
viskosimeter can be done by combining different meth-
ods . There are some problems at the moment, especially
the different results for the torque of non-Newtonian flu-
ids. But as soon as this problem is solved, the complete
calibration can be done using only CFD methods. The
CFD methods also have the advantage that the design of
a new viscosimeter can be optimised before it is con-
structed. This leads to new options of viscosimetry of
complex fluids.
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Abstract — This paper describes one method of 
design energy efficient and intelligent buildings. In 
order to obtain huge level of flexibility in design 
process as well as through building exploitation,  
parametric systems is used. Connected in an algo-
rithm, these parameters allow simulating building 
behavior  and reactions to urban environment in 
real time and can provide the most optimal design 
solution. Such interaction is achieved by using 
parametric modules which together make up intelli-
gent building envelope. These modules can be de-
signed to reduce energy consumption and CO2 
emission, and produce energy by integrating photo-
voltaic’s. This method is illustrated in the design 
study of Centre for Innovation in Novi Sad. 

I. INTRODUCTION

Energy is certainly one of the biggest issues that 
facing our society. The fact that buildings consume 
about half of the world’s energy gives us huge 
research field to work on finding solutions to 
improve their energy efficiency. In that research 
process building skins [1] take a great part because of 
their nature of being the connection and the barrier 
between inside and outside at the same time. This 
feature represents one of the key element of 
building’s energy efficiency.  The aim of this 
research is to  investigate the this principles and 
position of the parametric approach in that process, 
from design and modeling  to the connection and 
integration in building automation systems (BAS) 
[2]. 

II. PARAMETRIC DESIGN

Parameters can be generally considered as a 
coefficient factors of both design process and 
environment. These parameters are almost the same 
for every building shape and urban environment 
conditions. Only the values of these conditions can 
vary because of geographic and urban position as 
well as year season and day time. In design process 
all these parameters and amplitude of their values 
have to be considered. Because of many parameters, 
that take part in the design process and adaptation to 

the environment, parametric design [3] algorithm is 
used to connect and manipulate them  in real time 
“Figure 1”. 

Figure 1: Parametric design algorithm 

This kind of interaction is achieved by defining 
relationships between parameters and putting them in 
an algorythm where changes made on one parameter 
are reflected on relating parameters. This  is so called 
algorithmic architecture [4]. Computer in such a 
manner automatically generates 3D representation of 
building “Figure 2” by defining and changing input 
values  such as geographic position, orientation, 
weather conditions, urban environment, building 
shape, size of the facade modules etc. In combination 
with environment analysis software like ecotect [5] it 
is possible to create series of design alternatives ,   
simulate building behavior  and reactions to urban 
environment conditions and control energy consump-
tion and generation in real time.  This concept allows  
defining the best design solution in all terms. 

Figure 2: 3D representation of building 
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III. INTELLIGENT BUILDINGS

The nature of intelligent buildings [2] lies in their 
ability of constantly receiving series of input values 
and processing them in order to produce the best 
possible comfort and efficiency. In this aspects the 
logic of BAS and algorithmic driven architecture are 
almost the same. This practically means that part of 
modelling algorithm can be used for creation of  
BAS algorithm.  

A. BUILDING TECHNOLOGY

One of the biggest questions in technical concepts 
[6] that should be used is being centralised or decen-
tralised. Decentralised concept is based on many 
parts which are independent and can perform a lot of 
actions, from cooling and heating to producing en-
ergy and controlling ventilation. All this actions can 
be integrated in topological parametric modules 
which create building skin. 

B. ENERGY EFFICIENT BUILDING SKIN 

Building skins have to meet a lot of requirements 
and to be flexible to adopt specific  conditions  with 
the aim of being energy efficient and producing all 
kinds of comfort.  They  can control air flow using
natural instead of mechanical ventilation,  save and 
produce energy by using renewable energy sources 
such as sun and wind, meet climatic changes.  

Such building envelopes  are made of modules 
which have the same topology. This practically 
means that modules have the same features and 
depending on place and shape of building envelope 
they can vary in size. Also parametric approach 
allows generating modules even on freeform surfaces 
[7] and their mass production. Numbers of these 
modules would create an intelligent interactive 
building skin. This kind of decentralized energy 
sources  will reduce the needs of energy from urban 
infrastructure systems.  Each module will be 
controlled by BAS and will have ability of user’s 
input. It is also possible to integrate learning ability 
in BAS and find the best ratio between user’s need 
and programmed optimal comfor. 

All concepts mentioned above are applied on the 
case study Centre for Innovation in Novi Sad “Figure 
3”.  

Figure 3: Parametric module applied on freeform 
building skin 

IV. CONCLUSION

This research presents one method of parametric 
approach to energy efficient building design. By 
exploring numbers of solutions, integrating as more 
as possible alternative energy sources, and reduce 
energy consumption it is possible to achieve zero-
energy [8] and zero-carbon buildings. 
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Abstract — A cold flow model was tested in order 
to study fluid-dynamic behavior of a circulating 
fluidized bed (CFB) pilot plant. Circulation rate 
and pressure along the unit were observed with 
variations on magnitudes of primary, secondary, 
siphon and support fluidizations rates. Increase of 
primary fluidization velocity raises global circula-
tion rate, this effect was also found by increment in 
inventory. Slow fluidization rates result in accumu-
lation of particles in the lower section of the unit, 
while stronger fluidization velocities distribute the 
material uniformly along the riser. A barrier effect 
has been found to be exerted by the secondary air 
when it is injected in high proportion. For a given 
riser fluidization rate, a minimum and maximum 
siphon fluidizations velocities were observed.  

I. INTRODUCTION

The advantageous characteristics of circulating flui-
dized beds reactors have led to develop of a number 
of chemical processes. One of the principal applica-
tions is the circulating fluidized bed combustion, 
widely used in combustion of ash coals, and/or those 
with variable characteristics, as well as low grade 
fuels and some waste materials. This technology has 
increasing perspectives due to its efficiency and 
potential in reduction of CO2 emissions. 

The cold flow model was built to a 3:1 scale with 
respect to the pilot plant and dimensioned under 
Glicksman’s criteria; these principles allow also the 
transformation of the results from the model to the 
pilot plant conditions.  

II. EXPERIMENTAL

Air was used as fluidization agent, and bronze powd-
er, with a diameter of 54 m, as particles. The parts 
of the equipment are shown in Figure 1. 

Experiments were performed in two series for dif-
ferent solid inventories; diverse values of primary 
fluidization rate were tested for each of them. For 
studying the influence of secondary fluidization, it 
was injected in several proportions, between 0% and 
60% for diverse total fluidization rates. Additionally 
siphon and support fluidization were varied for cer-

tain primary fluidization velocities. For every set of 
conditions, pressure in 18 points along the unit was 
registered and the global particles circulation rate 
was measured. 

Figure 1: Diagram of cold flow model  

III. RESULTS AND DISCUSSION

Increase of primary fluidization rate, under operation 
with no injection of secondary air, raises circulation 
rate and consequently the amount of material in the 
down-comer. For low fluidizations velocities, the 
particles, and hence the pressure drop is accumulate 
in the first section of the riser, while for faster fluidi-
zations, a uniformly distributed pressure drop is 
observed along the riser (since the material is homo-
geneously distributed). Further increases of total 
fluidization rate result in progressive increments of 
the pressure drops (Figure 2).  

More material in circulation leads to increase of 
pressure drop in the riser as well as in the siphon. 
Circulation rate values are higher when more mate-
rial is present in the unit (Figure 3). 
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Figure 2: Pressure profiles for different prim. fluidi-
zation rates (1.1kg bed material, no sec. fluidization) 

Figure 3: Circulation rate for different prim. fluidiza-
tion rates and amounts of bed material in circulation. 

Figure 4: Pressure profiles for different secondary 
fluid. rate to total fluid. rate ratios (1.1kg bed materi-

al, 18Nm3/h total fluidization) 

A barrier effect has been found to be exerted by 
the secondary air when it is injected in high propor-
tion; a lot of material is kept in the lower part of the 
riser and only small amounts of particles are able to 
cross to the upper part and further to the down-
comer. A reduction of secondary air fraction leads to 
uniform distribution of material and pressure drop 
along the riser and to an increment of global circula-
tion rate (Figure 4). 

For a given riser fluidization rate, a minimum and 
maximum siphon fluidization velocities were found; 
too slow siphon fluidization causes blockage of the 
down-comer, while a too strong fluidization empties 
the siphon and promotes air bypassing from the riser 
to the siphon through the return leg. In the other 
hand, introduction of support fluidization increases 
pressure in the siphon but has only minor influence 
on the riser pressure profile. 

CONCLUSIONS

The cold flow model study showed that the reactor 
design allows stable operation at a wide range of 
fluidization rates with results that agree with litera-
ture guidelines. Further investigations may be done 
to clarify the influence of the position of the secon-
dary air injection. Additionally, the method used to 
measure circulation rate could be modified in order 
to explore influence of siphon fluidization on this 
variable. 
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Abstract  

ENERGYbase[1]office building in Vienna/Austria is 

designed as so called “Passivhaus” and aims to 

achieve three essential targets: high level of energy 

efficiency of the applied systems, high ratio of re-

newable and environmental friendly energy use and 

high indoor comfort for occupants. Following this 

was also used worldwide unique method for humidi-

fying air during winter season through green 

plants. These are assembled in an air conditioning 

system in special buffers equipped with an array of

sensors during building construction. This paper 

introduces the first investigation of using this natu-

ral process for humidifying air in office buildings. 

Using special tool designed for the dissemination of 

the data collected proves and demonstrates high 

relation between humidifying function of green 

plants and ambient temperature. 

I. INTRODUCTION

Nowadays there is a growing concern about envi-

ronmental technologies, energy use in buildings and

building performance. ENERGYbase in Vienna is 

the realization of results achieved by the Austrian

research project »Sunny research« which was per-

formed in advance, funded by the Austrian research 

programm »Haus der Zukunft« [2] and directed by 

Austrian Institute of Technology (thereinafter AIT ). 

The building by itself is in operation since august

2008. Comprehensive monitoring campaign is con-

ducted by AIT in order to assess the office building 

performance in terms of energy and thermal comfort 

by acquiring, post processing and analyzing meas-

urement data. As part of the monitoring concept the

green buffers with plants developed by biologist 

[3]are equipped with sufficient sensors in order to

assess their humidity production into the supply air. 

Whereas this method has not been used in any build-

ing in the world they are no contributors focusing on 

evaluating such a unique system. The aim is to intro-

duce this system and understand how it works and 

evaluate its efficiency.   

II. OBJECTIVE

The air humidification concept of ENERGYbase in 

winter time aims to benefit from special plants called 

“Prima Klima”[4]. This plants are distributed within 

a cubic buffers situated on a corner of building enve-

lope (Fig. 1) and also in the center of building. Glass 

wall buffer is equipped with automatic watering 

system and artificial lighting through which the air 

humidification is controlled. Using sensors assem-

bled in the air conditioning system and green buffers 

this research activity aims: 

• To assess the amount of absolute humidity pro-

duced by green puffers  

• Evaluate the difference between efficiency of 

outside and inside green buffer  

• Provide course of absolute humidity of green 

plants in relation to luminous radiation and am-

bient temperature   

A. METHODOLOGY

We took an advantage of existing monitoring cam-

paign-sensors in air conditioning system. All the air 

conditioning system starting with inlet duct section 

with fresh air up to supply air coming into the rooms 

is detected by the array of sensors on different parts.  

For our topic were interesting two types of sensors: 

1. Relative humidity sensor [%] 

2. Temperature sensor[°C]  

As it was already mentioned, humidifying through 

green plants is in operation only during a winter 

season when the outside air is very dry. That is the 

reason of reference day selection in January 15
th

2010. For processing the measurement data was 

created special tool under environment of Microsoft

software[5]which is able to visualize the course of

absolute humidity of the air (Fig. 3) from beginning-

fresh air processed by desiccant cooling system with 

heat recovery and dehumidification (desiccant) func-

tion up to conditioned air with certain parameters 

coming into the room humidified through green 
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buffers (Fig. 2). As the reference time was taken 

1:00am, time-lag of the agitated air through system

for its shortness was neglected. Tool includes also

simple model of air conditioning system with sensors 

values and press choosing the time in special window 

the values of sensors change adequately.  

Figure 1: Energy base office building with green 

buffers on the building corner of west part. 

Figure 2: Sensor positions within the system 
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Figure 3: Absolute humidity curve of conditioned air  

III. RESULTS AND CONCLUSION

Green buffers are fully ecological way of air humidi-

fication with high ratio of renewable and environ-

mental friendly energy use and high indoor comfort 

for the office building user. Decreased amount of 

water evaporated from the green “Prima Klima” 

plants on the building corner due to high impact of

ambient temperature on their humidification function 

is significant. For the inside green buffer the results 

are in acceptable range because the outside condi-

tions behind the walls keep constant (mainly tem-

perature). Result absolute humidity of 7.0g per kg of 

dry air (Fig. 3) is the proof that this unique system 

can reach the goal of full-bodied ecological system, 

but humidity production of outside buffer needs to be 

improved.      

ACKNOWLEDGMENTS

ENERGYbase project is funded by European Com-

mission – Programme INTERREG IIIA Austria– 

Slovakia, by Wiener Wirtschaftsförderungfonds 

(WWFF/ISTEG), by Programmlinie „Haus der Zu-

kunft“ of the BMVIT, by the City of Vienna– Photo-

voltaik-Förderungsfonds. The author wishes to ac-

knowledge Tim Selke from Austrian Institute of 

Technology, who contributed to parts of this paper.   

REFERENCES

[1] www.energybase.at 

[2]http://www.hausderzukunft.at/publikationen/vie

w.html/id45

[3] www.radtkebiotec.de 

[4] http://www.radtkebiotec.de/bio/pk_pflanzen.htm 

[5] www.microsoft.com 

354



Conversion of Jatropha Oil to Bio-Gasoline 
by Fluid Catalytic Cracking 

Alexander Weinert, Peter Bielansky, Christoph Schönberger, Bettina Schumi and Alexander 
Reichhold

Institute of Chemical Engineering 
Vienna University of Technology 

Vienna, Austria 
Email: alexander.weinert@tuwien.ac.at 

Abstract — The fluid catalytic cracking of vegeta-

ble oils yields gasoline and other valuable by-pro-

ducts. The seed of Jatropha curcas L. gives inedible 
oil, which has high fuel yields (65-70%, tempera-

ture dependent) when cracked in an FCC-unit. 

The resulting product range includes gasoline 
(around 40%), crack gas (around 25%), LCO and 

residue (around 15%), water (12%), coke (7%) and 

CO2 (1%). 
In comparison to vacuum gas oil (VGO), jatropha 

oil yields less crack gas (15% less) but equal 

amounts of gasoline. The decreased conversion rate 
(10-15% less) is mainly due to the formation of 

water (because of the carboxylic bound oxygen in 
vegetable oils). 

I. INTRODUCTION

Recent studies of the working group showed that 
catalytic cracking of fats (animal fats) and oils (soy 
bean and rapeseed oil) yields high amounts of gaso-
line and other valuable products (i.e. propylene and 
ethylene).

As a consequence, other feedstock is not in com-
petition with food production was looked for. One 
highly promising feed is jatropha oil. 

II. JATROPHA OIL

A. CULTIVATION OF THE PLANT

Jatropha curcas L. (JCL) belongs to the family of 
Euphorbiaceae. The oil used for this project was 
pressed from seeds of JCL, which contain around 
27-40% of inedible oil [1]. 

As JCL is well adapted to tropical, semi-arid cli-
mates, it can survive three consecutive years of 
drought by dropping its leaves [2]. The plant devel-
ops a strong taproot that can help stabilizing the soil. 
When propagated vegetative by cuttings, the root 
system will form a dense root carpet that can prevent 
erosion and help accumulate humus [1]. 

At present, JCL is cultivated for personal needs 
solely, so there are hardly any large-scale commer-
cial monoculture plantations yet. 

B. EXTRACTION OF THE OIL

Mechanical extraction is the most practiced way to 
obtain jatropha oil. With a hand-press, around 60% 
of the contained oil can be obtained. When using a 
motorized press, the yield is as high as 75% [3]. 

Solvent extraction could lead to an even higher 
yield (up to 100%), but is very energy intensive and 
as such only economical in a production on a larger 
scale [1]. 

C. RISKS AND POTENTIALS

As stated above, Jatropha curcas L. has many bene-
fits over the use of e.g. rapeseeds or soybeans as 
source for oil: 

As jatropha oil is inedible, it is not part of the 
food vs. fuel dilemma. 

JCL can grow under a wide variety of differ-
ent agro-climatic conditions. 

JCL can help reclaim wastelands with only 
scarce vegetation. 

On the other hand, there are certain risks involving 
the growing and use of JCL, mainly the following: 

A neutral carbon footprint is only achieved, if 
no rainforest land is cleared. 

Plantation workers are exposed to the toxins in 
JCL, which is a potential health risk. 

The advantages of JCL make it a very interesting 
source for renewable energy, despite the downsides 
to it. 

To exploit the full potential of JCL, more research 
with respect to the growth, water use and nutrient 
requirements has to be conducted. Moreover, since 
JCL is still a wild plant with a high variability in 
growth and yield [1], proper cultivation might prove 
useful as well. 

355



III. THE FCC-REACTOR

For this work, an internally circulating fluidized bed 
reactor [4] was used. A schematic is given in Fig-
ure 1. The crack-reaction is catalysed by a shape-
selective Zeolithe bed material. 

Figure 1: Schematic of the used FCC pilot plant 

The oil is heated up to 300°C and pumped into the 
riser. When the feed comes in contact with the hot 
bed material, it evaporates instantly, resulting in an 
upwards gas flow. Additionally, as the molecules are 
cracked, a significant growth in volume occurs, thus 
the flow velocity increases even more. 

After the reaction, the spent catalyst is separated 
from the product gas and fed back into the regenera-
tor where the built-up coke is being burnt. Then, the 
catalyst will be recycled to the feed inlet zone [5]. 

IV. RESULTS

Figure 2 shows the distribution of products at 550°C 
mean temperature in the riser. This temperature cor-
responds to standard conditions of OMV refinery in 
Schwechat, Austria, and is therefore set as reference. 

Water
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CO2
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Gasoline
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Figure 2: Product range at reference temperature 

The formation of the products is temperature de-
pendent, as is shown in Figure 3. The amount of 
remains constant as it is formed because of the car-
boxylic bound oxygen in the fatty acids. 
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Abstract — Air pollution is a mixture of micros-

copic solids and liquid droplets suspended in air. 

Fine particles (PM2.5) correspond to more dange-

rous health conditions since their sizes (2.5 µm in 

diameter or less) are small enough to be absorbed 

by the human body and cause health complications

[1]. For remote sensing applications, it is often 

required to connect column properties of aerosols 

to PM2.5 at the surface. In this paper, we demon-

strate that accounting for aerosol type and Plane-

tary Boundary Layer (PBL) height as monthly 

values are crucial to reproduce the measured 

relationship between PM2.5 and Aerosol Optical 

Depth (AOD).

I. INTRODUCTION

In converting satellite based AOD to surface 
PM2.5, current algorithms such as IDEA (Infusing 
satellite Data into Environmental Applications) 
assume a static relationship between AOD and 
PM2.5 [2] but such static relationship does not 
account for the complexities of the PBL height and 
aerosol hygroscopic growth, which are clearly 
modified during the annual cycle [3].

II. MATERIALS AND METHODOLOGY

In explaining the change in PM2.5 to AOD on a 
monthly scale, we collect PM2.5 and Aeronet AOD 
measurements and plot their regression on a monthly 
scale for 2005. In addition, we use our Lidar data to 
find PBL height estimates and to filter the data so 
that only stable PBL layers are considered. In addi-
tion, we use Aeronet microphysical parameters 
(within Mie Scattering Theory) to assess how aerosol 
extinction can be related to volume allowing us to 
see the effects of hygroscopic growth. 

In order to produce a mathematical expression for 
the resulted measurements, we decompose the PM2.5 
expression into 2 factors multiplying AOD and we 

normalized it around June (good agreement with the 
IDEA value of 60).

       (1)

The first component is an aerosol specific factor 
that estimates the ratio of the aerosol volume to 
the aerosol extinction coefficient. This quantity is 
sensitive to aerosol type and particularly sensitive 
to hygroscopic growth. The second factor is sim-
ply the PBL height which can be statistically esti-
mated from Lidar. 

III. RESULTS

When measuring optical properties, we saw a good 
agreement between backscatter coefficient and 
PM2.5 close to the surface. At higher altitudes, the 
correlation was less.

Furthermore, we found that high relative humi-
dity days tended to have slopes greater than the 
IDEA slope (Figure 1). Also, higher PBL height
was observed during the summer months.

Figure 1: PM2.5 vs. AOD for August 2005
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For aerosol behavior, we noted that the slope of 
extinction coefficient to volume increased in 
summer which could be expected based on increa-
sed hygroscopic behavior (Figure 2).

Figure 2: Monthly Extinction/Volume

Figure 3 shows the two different adjustments 
and the measured ratio. The stared line indicates 
IDEA plus PBL adjustment. The dark circled line 
is same as the stared line but with the aerosol ad-
justment included. The second approach is the 
closest to the measured values (gray circled line).

Figure 3: Measured and Adjusted Results

IV. CONCLUSION

Significant seasonal variability was observed for the 
linear slope connecting Aeronet AOD and PM2.5 
measurements with values quite different from the 
static relationship used in IDEA.PBL seasonal varia-
tions help explain a significant portion of the variabi-
lity. And including the variability in the aerosol mo-
del relationship between extinction and PM2.5 pro-

vides a significant improvement in describing the 
slope trend.

V. FUTURE WORK

Additional work needs to be done in looking at 
specific cases (days) to find further information 
about the PM2.5 and AOD relationship. Besides 
that, formula inspection for singular days is also 
required to test the accuracy of the product.
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Abstract — The EcoCatch Project (Clean Air 
Comission, Austrian Academy of Science) aims to 

assess atmospheric input for the alluvial forest at 

the Lunzer See in Lower Austria. Wet, dry and oc-
cult deposition are quantified: A Wet and Dry Only 

Sampler is used for sampling precipitation, filter 

stacks for gases and particulate matter and a fog 
collector for cloud water droplets. Analysis is done 

via ion chromatography. Visibility is monitored 

with a PWD-12 and its relation with the air’s liquid 
water content during fog events investigated. Cloud 

water deposition is determined using a modified 

version of the model by G.M. Lovett. 
In general wet deposition is dominant in Lunz am 

See, as it contributes 60-90% of deposition depend-

ing on month and chemical species. 

I. INTRODUCTION

Atmospheric input occurs via three different path-
ways. Precipitation (rain and snow) is commonly 
referred to as wet deposition, while aerosol and gases 
combine to dry deposition. In addition there is the 
deposition of cloud and fog droplets, which is called 
occult deposition. 

II. METHODS

Rain and snow are collected with a Wet and Dry 
Only Sampler (WADOS) and analysed through ion 
chromatography (Digitel IC 3000). 

To obtain the dry deposition filter stacks (Low 
Volume Sampler) are used to separate and collect 
gaseous and particulate species for intervals of two 
weeks. The federal government of Lower Austria 
provides NOx measurements with a continuous 
chemiluminescence monitor nearby at the small 
village of Lunz. For dry deposition, deposition ve-
locities from literature are used to calculate the flux 
from observed mixing ratios. 

Fog is sampled with a Kroneis NESA-1 controlled 
by a Vaisala PWD-12 and also analysed via ion 
chromatography. Analysis involved sulphur (SO4

2-)
and nitrogen compounds (HNO3, NO3

-), as well as 
several ionic species (NH4

+, K+, Na+, Ca2+, Mg2+, Cl-

), pH and conductivity. 
Occult deposition flux is modelled using a modi-

fied version of the Lovett cloud deposition model. 
(Lovett, 1984 and Pahl, 1994). 

Figure 1: Wet depositions of NO3-at Lunz am See 
(dot) and other locations throughout Austria (Okt. 

07 – Sept. 08) 

III. RESULTS

Besides volume and concentration, fog deposition 
depends on a number of meteorological (wind speed, 
liquid water content (LWC), temperature, …) and 
biological factors (surface area index (SAI), tree 
height…). The important value of LWC (g/m³) is 
determined through fog sampling with the NESA 1. 
Its relation to visibility is dependent on droplet size 
distribution and varies by site. Fig. 2 gives the rela-
tion of liquid water content versus the average visi-
bility, as measured by the PWD-12, for fog events 
yielding more than 50 mL of sampled liquid. The 
function found for Lunz am See (full line) compares 
well to data from literature. 
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Figure 2: Relation of liquid water content to visi-
bility during fog sampling and comparison litera-

ture.

The occurrence of fog events centers on autumn 
and spring season (Fig 3). Fog duration and thickness 
are also highest during this time.  
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Figure 3: Distribution of fog events; overall time, 
average duration and number of fog events per 

month (observed and sampled). 

Chemical concentrations in fog droplets are gener-
ally more than 10x higher than in precipitation. 
However, this factor has a high seasonal dependence, 
with a strong peak during winter and varies for each 
observed species. The median ionic concentration in 
fog samples from the months Nov-Mar were up to 
40x higher than those of precipitation samples. But 
since the SAI of the plants in the deciduous alluvial 
forest is greatly reduced by fall of leaves in this time, 
flux rates are estimated to be quite low. 

On the other hand Lunz am See has an average 
170 days of precipitation per year surmounting to an 
annual average of 1500 mm, which makes wet depo-
sition the dominating factor. In case of Sulfur wet 
deposition always accounts for more than 80% of 
total monthly deposition, while for reduced as well as 
oxidized Nitrogen compounds numbers range from 

60 to 90%. Months with low precipitation will see 
stronger influence of dry deposition as in May 2008 
(Fig. 4). 

Figure 4: Percentages of wet and dry deposition of 
oxidized Nitrogen compounds. 
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Abstract — The aim of this paper is to determine 

the potential of reuse fibres after thermo-chemical 
treatment of Glass Fibre Reinforced Plastics 

(GFRP).  

GFRP are largely used in many sectors in substitu-
tion of metals because they can combine high 

strength with excellent stiffness and low density.  

 Light-weight materials are getting more important 
due to their ecological benefit such as energy re-

duction in automotive application or efficiency 

enhancement in wind power generation. 
The behaviour of three specific fibres (E-glass, 

S2-glass and Basalt) has been analysed in terms of 

fusibility and strength’s reduction induced by ther-
mal treatment. The experiments put in evidence 

which of the inorganic fibres better fit the specifica-
tions for recycling process as well as incineration. 

I. INTRODUCTION

In the last years, GFRP have found many applica-
tions in means of transport, wind power plants and 
constructions. They consist of at least two materials 
(reinforcement and matrix) that are not dissolved or 
blended into each other. By choosing an appropriate 
combination of reinforcement and matrix, manufac-
turers can produce new composite materials that fit 
the requisites for a particular purpose. Their greatest 
benefit is strength and stiffness combined with low 
density (Table 1). 

Material Density 
[g/cm³] 

Tenacity 
[MPa] 

E-modul 
[GPa] 

Iron 
Aluminium 
PP
PET 
Epoxid 
Glass Fibre/ 
Epoxy Resin 

7.8 
2.8 
0.9 
1.4 
1.2 
1.8 

400-550 
455 
30-40 
55-80 
45-85 
1062 

200 
73 
1.3-1.8 
2.8-3-5 
2.8-3.4 
39 

Table 1: Properties of selected materials in com-
parison with Glass fibre reinforced epoxy resin. 

The good ecological features, e.g. the energy econo-
misation during the operation phase in life cycle of 
the products (for example automotive industries) or 

the efficiency improving in energy generations (bet-
ter rotor blades in wind power plant) have get to an 
increase of GFRP manufacture. In Europe about one 
million tons of composites are manufactured each 
year [1] and in 2002 about 40,000 t of glass fibre-
reinforced composite materials have been utilized for 
rotor blades in wind power plant. 
Those materials are environmentally friendly and 
necessary in the operation phase, but many problems 
are still unresolved showing a large potential of im-
provements during the disposal phase. Due to more 
strict legislations in the EU, landfilling is increas-
ingly replaced by incineration and recycling (Direc-
tives 99/31/EC and 2000/53/EC). 

The most obvious final location for GFRP is the 
incineration plant. Composites present a caloric 
value of about 30 GJ/t which can be recovered to a 
certain degree [1]. 

In case of waste incineration the fluidized bed 
typically operates in a temperature range between 
850 and 1000°C. For waste incineration a minimum 
temperature of 850°C for 2 seconds is compulsory 
(Directive 2000/76/EC). The reinforcement’s struc-
ture under these conditions is completely destruc-
ted; it follows that the fibre recovery is not possible 
anymore. Besides, the molten material de-
fluidizating the bed reactor can cause severe prob-
lems to the plant. 

Recycling process requires more sophisticated 
procedures such as pyrolysis [2] or low temperature 
fluidized bed [3] (450°C-550°C). These methods 
can reuse the organic fraction (energy generation or 
synthesis gas/liquids production) as well as recover 
the glass fibres whose production demands about 30 
to 50 GJ/t [4]. 

II. MATERIALS AND METHODS

In order to evaluate the viability of thermal re-
cycling processes for GFRP three fibre materials 
have been chosen. 

E-Glass fibre: It is by far the most commonly used 
glass fibre and cover nearly 99% of the glass fi-
bre market. It’s adequate to a multiplicity of ap-
plications with a relatively low price.
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S2-Glass fibre: It is a very special product with 
excellent mechanical properties. Because of its 
high price, S2 Glass fibre can prevail just as 
niche product. 

Basalt fibre: It is produced by melted volcanic 
rocks. Basalt fibre reinforcement combines high 
thermal and chemical stability with very cheap 
row materials. Those fibres are new on the mar-
ket and their production capacity is still very 
low. 

In order to predict the danger of melt formation 
during combustion the fusibility was tested with a 
heating microscope according to ISO 540:1995. For 
evaluation of the influence of temperature on the 
mechanical properties, the samples have been ther-
mally treated between 200 and 500°C for 2 h before 
measuring strength and elongation of 100 single 
filaments for each sample. 

III. RESULTS

Figure 1 compares typical temperatures (soften-
ing, hemisphere and flowing point) of the samples 
pointing out a superior performance of the S2 glass 
which is far too expensive.  

 Starting point Softening point 
S2 Glass - 1265°C 
Basalt - 1034°C 
E Glass - 899°C 

 Hemisph point Flowing point 
S2 Glass 1438°C 1441°C 
Basalt 1247°C 1279°C 
E Glass 1136°C 1188°C 

Figure 1: Samples fusibility. 

However, when considering the commercially 
important E-glass that covers 99% of the market, a 
clear advantage of the Basalt fiber is obvious. It can 
be assumed that composites containing Basalt fibers 
can be combusted in a fluidized bed furnace without 
the danger of melt formation. 

The decrease in strength caused by a thermal 
treatment is sketched in Figure 2. E-glass and Basalt 
show a strong decrease. However, after a treatment 

at 500°C, the E-glass and S2-glass are distinctly 
altered and a determination of strength is not possi-
ble at all, because the two samples were too brittle 
to be measured. At the same temperature Basalt 
fiber preserve about 46 % of its strength and it 
keeps its morphology combined with sufficient 
strength for reuse. 
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Figure 2: Strength after 2 hour heat exposure 

IV. CONCLUSION

The composite life cycle must be improved ac-
cording to an energy recovery and a fibre reuse 
policy. Although recycling concepts for composites 
exist, the common reinforcement product, E-glass, 
causes numerous problems in the course of thermal 
processes, such as pyrolysis or incineration. S2 
glass compared with E-glass is much more expen-
sive, but could be an alternative for thermal incin-
eration. However, only Basalt material reveals dis-
tinct advantages since they can serve the economi-
cal as well as technological aspects. 
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Abstract — Energy efficiency has become an increasingly im-
portant topic in manufacturing industries and during the last
decade many projects are dealing with this issue. The analy-
sis of machine tools regarding their energy consumption is one
of the main areas of research. To classify machine tools, the
Energy-Efficiency-Factor has been defined. Its function is to
determine machine tools in consideration of their absorbed en-
ergy.

I. INTRODUCTION

Because of additional demands like public pressure to
minimize CO2 emissions and rising energy costs, energy
efficiency has become a very important topic in manufac-
turing industries. Some optimization approaches like the
use of sustainable materials, the reduction of energy con-
sumption and the minimization of manufacturing costs
were the basis of many former research projects and are
now state of the art. At the Institute for Production Engi-
neering and Laser Technology several machine tools [1]
are analyzed with a focus on their energy consumption
and the first results of basic research work have already
been conducted [2] [3]. Hence the approaches for saving
energy are the reduction of base load, the compensation
of current peaks and the use of secondary energy.

II. ENERGETIC COMPARISON

For the reduction of the base load, an analyses of the
energy consumption during a load process against an
idle process is necessary. An idle process is the move-
ment of the spindle without chipping. An analysis of
the above mentioned processes was performed and an
Energy-Efficiency-Factor ηE was developed (1). To
compare machine tools of different types the coefficients
a (2) and b (3) were added. The coefficient a corre-
sponds to the different base loads and the coefficient b
corresponds to the different processing loads of several
machine tools (index i). The index min relates to the
machine tool with the minimal energy consumption i.e.
the reference machine tool. Equation (1) with the coeffi-
cients a = 1 and b = 1 can be used to analyze the energy
efficiency of a single machine tool. Figure 1 shows the
lower part of the course of the function. An example is
shown in C..

ηE(ae) =

[
1−

∫ t2
t1

f(t)iidledt∫ t2
t1

f(t)iloaddt

]
ab (1)

a =

∫ t2
t1

f(t)min
idle dt∫ t2

t1
f(t)iidledt

(2)

b =

∫ t2
t1

f(t)min
loaddt−

∫ t2
t1

f(t)min
idle dt∫ t2

t1
f(t)iloaddt−

∫ t2
t1

f(t)iidledt
(3)

[0 ≤ f(t) < ∞ , f(t)idle ≤ f(t)load]

Figure 1: course of function (lower part)

A. MACHINE TOOLS, WORKPIECE AND MEASURE-
MENT SYSTEM

In these paper two machine tools from the company
HAAS have been analyzed: An EC 300 and a VF 3SS.
For both machines the same workpieces, cutting tools
and cutting parameters were used. To measure the elec-
trical current the signals of the alternating current sensors
were sampled with a frequency of 10 kHz and a sampling
rate of 1 kS [4].

B. MACHINE TOOLS - MAIN DIFFERENCES

Although the basic machine structures vary, most of the
electronic components are similar. The EC 300 has a
horizontal spindle and the VF 3SS a vertical spindle. Fur-
thermore the EC 300 has an integrated pallet changer and
therefore more electrical drives, which induces a disad-
vantage for the EC 300 according to energy-efficiency
(see D.).
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C. RESULTS

Figure 2 shows a peripheral milling process in X-
direction for the EC 300 (ap = 5mm, vc = 120m/min,
fz = 0, 1mm/Z). The same process at idle speed is
shown in Figure 3. In Figure 4 the results of the analysis
of the two machine tools are shown. Similar results are
found for the chipping process in Y-direction.

Figure 2: Load process, fast traverse 50%, EC 300

Figure 3: Idle process, fast traverse 50%, EC 300

The meaning of the numbers is as follows: One for
ramping-up of spindle, two to four for peripheral milling
of ae = 2mm, 4mm and 8mm, five for an example of an
integration limit and six for a fast traverse of the axes
between the processes.

Figure 4: Energy-Efficiency-Factor (X-Direction)

Example: Table 1 contains the measurements of the
two machine tools with a contact width of 8mm. Equa-
tions (4) and (5) show the corresponding calculation of
ηE for the EC 300. Since the VF 3SS is defined as the
reference machine tool, the coefficients a and b corre-
sponding to the VF 3SS would become one for the same
calculation.

Machine
∫ t2
t1

f(t)min
loaddt

∫ t2
t1

f(t)min
idle dt ηE

VF 3SS 17,82 9,38 0,47∫ t2
t1

f(t)iloaddt
∫ t2
t1

f(t)iidledt

EC 300 21,39 11,25 0,33

Table 1: Integral- values and ηE at contact width 8mm

ηE(ae = 8mm) =

[
1− 11, 25

21, 39

]
ab = 0, 33 (4)

a =
9, 38

11, 25
b =

17, 82− 9, 38

21, 39− 11, 25
(5)

D. INTERPRETATION

In general the number of electric drives is direct propor-
tional to the base load. The EC 300 has three electric
drives more than the VF 3SS and therefore a higher base
load. Also the arrangement of the axis has an influence
on the energy consumption during processing. Hence the
machine design of the EC 300 increases the energy con-
sumption for the presented process compared to the VF
3SS. The VF 3SS is pointed out as the more efficient ma-
chine tool for the presented process (see Figure 4).

III. CONCLUSION

As mentioned in II., this method can be used for machine
tools of the same type. For the comparison of different
machine tools, as for example with four and five- axes,
some correction factors have to be developed. Also the
measurement of the cutting forces and the calculation of
the cutting power is necessary to be able to interpret the
whole complexity of the energetic consumption of a ma-
chine tool. This research should lead to new knowledge
about how to build machine tools with a low energy con-
sumption, and therefore saving energy in general [3].
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Abstract  This paper gives a short introduction 

to a train performance simulation and energy con-

sumption optimization. The first part introduces 
present rail traffic condition and track information. 

The second part describes a train dynamic model 

based on physical laws describing a movement of a 

train. Third part deals with energy consumption 

optimization based on theoretical model analysis. 
Then, simulation results comparison is presented. 

Finally, several energy consumption saving recom-

mendations of are presented. 

I. PRESENT RAIL TRAFFIC CONDITIONS 

Broad-gauge 87 kilometers long  

iciach connects East European rail-

way network with the network of West of Asia. 

Track is electrified with 3kV DC system. Ten pairs 

of train periodically operate on this track with typical 

load weight of 4200 tones (54 000 tons per day). The 

main locomotive class is two-

4400 kW of power operating in pairs and with helper 

locomotive. Maximal track elevation is 27 per mile. 

Admissible speed is 60 km/h with several 30 km/h 

speed restrictions (for about 40% of overall length). 

125.8 class was made only for this broad-gauge 

track by Skoda Plzen. The locomotive is driven by 

DC series electric motor with camshaft-controlled 

resistor regulation. 

II. TRAIN DYNAMIC MODEL 

Results of the simulation are usually speed or time 

vs. distance graphs. The simulation is based on 

physical laws describing the movement of the train. 

The advantage of the computer simulation is rela-

tively high accuracy of calculation and short calculat-

ing time, therefore it is not necessary to make long 

and expensive test runs. Results are available as 

numeric data and as graphs.  

Resistive forces applied during train ride can be 

divided into: 

 

 

- Vehicle resistance 

 Rolling resistance F0  

 Inertial mass resistance Fa 

 Break resistance Fb 

- Track resistance 

 Elevation resistance Fs 

 Curvature resistance Fr 

 Tunnel resistance Ftu   

A. TRACKS RESISTANCE 

All three components of the track resistance are usu-

ally given by the specific track resistance as a func-

tion of distance. On the other hand, regard to low 

values of specific additional resistance from the route 

curvature pr, we can ignore this parameter or com-

bine it with the elevation resistance. 

B.  ROLLING RESISTANCE 

Rolling resistance consists of friction, bearing and 

aerodynamics resistance components. The specific 

rolling resistance p0 [N/kN] is intended by measure-

ment for every vehicle and can be expressed by Da-

vis type formula [2]: 

 0 = 0 = + + 2 (1) 

Where 

V  speed [km/h] 

A  sliding friction in bearing 

B  rolling friction 

C  air friction 

G  weight (kN)  

C. TRAIN MOTION EQUATION  

For the train performance calculation, the locomotive 

traction characteristics as well as rolling and track 

resistances have to be known. 

Traction effort Ft: 

 = + 0 + 0 + +  (2) 

 = 0 0  (4) 

365



The inertial mass resistance can be expressed as: 

 =  (4) 

Finally, the train movement equation to be computed 

is given by: 

 = 0 0

28,32 ( + )
 (5) 

Where: 

G  Weight (kN) 

  Rotational inertia coefficient (-) 

V  Velocity (km/h) 

a  acceleration (m/s
2
) 

D. CALCULATION OF THE ENERGY CONSUMPTION 

TIME BEHAVIOUR 

Energy consumption time behavior is a numeric 

integral of electric input of the locomotive: 

 = +1 + + 0 (6) 

Actual energy consumption calculation used in simu-

lation: 

 

=
1

3,6

1
 (7) 

Specific energy consumption measured on terminal 

(pantograph): 

  = [Wh/tkm] (8) 

Where: 

Wi  power drain in a time interval (i+1) 

Wp  power drain for auxiliaries 

W0  power drain for electric heating 

L  locomotive efficiency 

III. ENERGY CONSUMPTION REDUCTION 

This track is not equipped with automatic traffic 

control system, thus a human element brings the 

biggest effect on final energy consumption. During 

ride on constant speed a traction vehicle surpasses 

passive resistance only (track and vehicle resistance). 

Tractive power demanded Pt is: 

 =
3600

 [kW; N, km/h] (9) 

Useful traction work A acting during constant speed 

run is: 

 =  
( 103)

3.6 106
 [kWh; kN, km] (10) 

Constant speed run does not include an inertial mass 

resistance due to zero acceleration. 

The power increases with third exponent velocity 

(1) (4). For example, when accelerating from 30 to 

60 km/h the train consumes about 90kWh of energy. 

Thus, every speed change contributes to increase the 

power drain. In line with velocity profile, choosing 

30 km/h speed is than well optimised value. 

Total energy consumption reduction of the optimal 

speed (Figure 2) is 26% (Table 1) in comparison to 

the present state (Figure1). Travel time elongation is 

45 minutes compared to the present. There are sever-

al recommendations to energy consumption reduc-

tion: 

Instructions for engine driver: 

- Intimacy of the track 

- Idle operation priority (on track elevation < 0) 

Instructions for dispatchers (loaded trains) 

- Green on home (entry) signals  

- Free transit through stations 

Weight 

4200 t 
W [MWh] w [Wh/tkm]   

Current 7,47 MWh 18,89  100,0 

Optimal 5,80 MWh 14,13  74,0 

Table 1: Energy consumption comparison 

 

Figure 1: The present train ride V=f (L) 

 

Figure 2: Optimal train ride V=f (L) 
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Abstract - This paper defines the characteristics of 

road and rail freight transport in Serbia from the 
aspect of energy efficiency. The study covers the 

period from the year 2004 to 2006. Energy 

efficiency is based on specific energy consumption 
per unit of work. The total energy efficiency of rail 

freight transport is analyzed separately for diesel 
and electric traction. 

Specific energy consumption per unit of work of 

the road and rail freight transport is very 
unsatisfactory, as the result of several factors that 

indicate the irrational use of energy. There are 

significant opportunities to increase energy 
efficiency of the transport sector in Serbia by 

monitoring the trends and rules in developed 

countries. 

I. INTRODUCTION

The systemic study of energy efficiency of each 
transport sub-system in Serbia has been done in 
order to obtain realistic assessment of the level of 
energy efficiency of the transport system. The 
traffic participates with 26-30% of the total energy 
consumption. Analyzing the energy consumption by 
types of transport, we note that road transport 
contributes with 86%, air transport with 9%, 
railway transport with 4% and water transport with 
1%.  

Specific energy consumption per unit of work of 
the road and rail freight transport is very 
unsatisfactory, as the result of several factors that 
indicate the irrational use of energy. There are 
significant opportunities to increase energy 
efficiency of the transport sector in Serbia by 
monitoring the trends and rules in developed 
countries. 

II. ENERGY EFFICIENCY OF ROAD FREIGHT 

TRANSPORT

All the indicators of road freight transport are 
related to the public transport, as individual 
transport is not recorded by the competent 
institutions. In the Image 1 it is obvious that the 
transport of goods by road transport has increased 
nearly three times in net tone kilometers. 

Image 1: The work in the road freight transport  

Total energy consumption in the year 2006 
increased by 48,71% if compared to the year 2004, 
and reduced by 10,31% if compared to the year 
2005, and this can be seen in Image 2.  

Image 2: Energy consumption in the road freight 
transport 

Energy efficiency of the road freight transport in 
Serbia is shown in Image 3. Specific energy 
consumption per unit of work has a downward 
trend, which means that energy efficiency 
increased in the observed period. The average 
specific consumption in freight road transport is 
0,027 kg/ntk. 

Image 3: Energy efficiency of the road freight 
transport
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III.ENERGY EFFICIENCY OF RAIL FREIGHT 

TRANSPORT

Volume of the transport of goods in the Serbian 
Railways increased in the period since 2004 to 2006 
by 33,8% in net tone kilometers (Image 4). 

Image 4: The work of the railway freight transport  

Energy consumption in freight rail transport 
consists of the consumption of diesel fuel for 
diesel traction, and electricity consumption for 
electric traction.  

The specific consumption of diesel traction 
ranges from 8,84 to 9,42 g/ntk (Table 1).  

Year Consumption 

liquid fuel  

(103 g)

Work 

achieved 

(ntkm)

Specific

consumption 

(g/ntkm)

2004 6 404 660 706 402 912 9,07 

2005 7 083 143 801 274 629 8,84 

2006 8 676 078 921 078 411 9,42 

Table 1: The specific consumption of the diesel 
traction 

In the Table 2 we can see that the specific 
consumption of electric traction is in the range of 
3,77 to 4,25 g/ntk. The specific fuel consumption 
in 2006 decreased by 11,29% compared to 2004. 
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2004 121 979 559 2 456 724 005 0,0496 4,25

2005 131 826 121 2 679 392 721 0,0492 4,21 

2006 146 141 860 3 309 875 670 0,0441 3,77 

Table 2: The specific consumption of the 
electric traction 

The specific energy consumption per unit of 
work in the railway transport has a trend of 
reduction in the electric traction, while the diesel 
traction increases. The increase of energy 
efficiency of the electric traction has influenced 
the greater degree of utilization of freight cars for 
cargo transport. 

Image 5: Energy efficiency of the railway 
freight transport 

Image 5 shows that the electrical traction energy 
is more efficient than the diesel traction, and that 
the specific consumption per unit of transport 
work is more than twice smaller. One of the basic 
problems of energy efficiency of the railway 
transport is that only 32% of the total railway 
network in Serbia (4347 km) is electrified. 
Therefore, one of the priority measures would be 
to increase the number of the electrified railways. 

IV. CONCLUSION

Energy efficiency of road and railway transport 
in Serbia is very unfavourable, as the result of 
several factors that indicate the irrational use of 
energy. 

The main causes of low energy efficiency of 
road transport are outdated road network, lack of 
bypasses, outdated technology of traffic 
management, traffic congestions, unfavorable age 
structure of motor vehicles, inadequate utilization 
the capacity of vehicles, etc.  

The causes of low energy efficiency of rail 
transport are outdated infrastructure, low capacity 
of railway lines, old rolling stock and small 
utilization of capacity. 

Given the current state of the transportation 
system in Serbia, it is necessary that the state carries 
out a more "aggressive" policy of the combined 
transport technology implementation, in order to 
reduce overall energy consumption.
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Abstract — Solute transport experiments were 
conducted in a decimeter scale quasi two-
dimensional flow cell packed with sand to study the 
potential for enhanced mixing of solutes in porous 
under multiple pumping-well driven, time-
dependent oscillatory flows. Real-time imaging of 
the colorimetric reaction of Tiron (1,2-
dihydroxybenzene-3,5-disulfonic acid, Ti) and mo-
lybdate was used to quantify mixing. Results clearly 
demonstrated enhanced mixing of solutes and under 
low Reynolds number oscillatory flows. Processes 
of chemical and biological remediation may be 
enhanced under oscillatory flows and may allow 
smaller amounts of chemicals to be injected during 
aquifer remediation. 

I. INTRODUCTION

Groundwater bioremediation using injection of or-
ganic and inorganic compounds requires effective 
mixing of the injected solute and ambient groundwa-
ter and can only occur where electron acceptors and 
limiting nutrients (often injected), electron donors, 
and microorganisms capable of contaminant degrada-
tion are simultaneously present [1,2]  

Mixing in aquifers is generally limited by trans-
verse dispersion [1,2], a factor which tends to be very 
small. The objective of this of this study was to ex-
perimentally verify recent theoretical work indicating 
that chaotic advection [3] enhanced mixing can be 
induced in porous media by oscillating flow through 
injection/extraction wells arranged in a triplet [4]. 

II. MATERIALS AND METHODS

A. FLOW CELL

A transparent acrylic flow cell with internal dimen-
sions of 180 mm x 180 mm x 10 mm was con-
structed and homogeneously packed with clean, 
translucent 20-30 mesh quartz sand according to the 
specifications given by Zhang et al [5].  

B. TRACERS AND IMAGING SYSTEM

The colorimetric reaction between colorless solutions 
of Tiron (1,2-dihydroxybenzene-3,5-disulfonic acid, 
Ti) and molybdate (Mo) [6] was used to quantify 
mixing. The yellowish-red reaction product, MoTi2

4-, 
is both soluble and stable. A real-time imaging sys-
tem with a charge-coupled device camera was used 
to digitally record the light absorbance of MoTi2

4-

produced inside the flow cell at discrete time inter-
vals. 

C. CALIBRATIONS

Calibrations of light absorbance vs. the mass of 
MoTi2

4- in the packed flow cell were conducted ac-
cording to the procedures of Zhang et. al. [XX].  

D. TRANSPORT EXPERIMENTS

To measure mixing, the packed flow cell was satu-
rated with a 0.010 M molybdate solution and a 0.020 
M Tiron solution was pumped into the flow cell via 
the well(s) from a reservoir using oscillatory flow or 
constant flow as described by Zhang et al [XX]. Each 
experiment was conducted in triplicate, and images 
obtained at 1.3 minute intervals were processed ac-
cording to the procedures of Zhang et al. [XX].  

III. RESULTS AND DISCUSSION

A. CALIBRATIONS

The calibration curve for MoTi2
4-, expressed as in-

tensity loss per pixel versus the mass of MoTi2
4- per 

pixel shows excellent linearity (r2 = 0.974) in the 
range of concentrations tested. See [5] for details. 

B. ENHANCED MIXING 

A few snapshots of the distribution of MoTi2
4- in the 

flow cell are presented in Figure 1. After about 10 
minutes, the interfacial area for the oscillatory flow 
experiments was consistently higher than that of the 
control in the homogeneous flow cell (aveage 2.2 
times, Figure 2a)  
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Figure 1. Snapshots of MoTi2
4- distribution over 

time in the homogeneously packed flow cell under 
time-dependent oscillatory flows (TDOF) and 

conventional flows (control). 

The mass of MoTi2
4- within the interfacial area fol-

lowed the same temporal trend as the interfacial area 
itself. After about 10 minutes, the oscillatory flow 
scheme produced consistently greater mass of 
MoTi2

4- (average 2.4 times, Figure 2b) with respect 
to the control.  

The mass of MoTi2
4- per area within the interfacial 

area was similar for the oscillatory flow 
(0.0109±0.0010 mg/mm2) and the control 
(0.0102±0.0005 mg/mm2), indicating that the in-
creased amount of MoTi2

4- formed during the oscilla-
tory flow experiments was mainly due to the in-
creased interfacial area. 

Once MoTi2
4- was formed in the interface, it 

would be further distributed throughout the flow cell 
via advection and dispersion. The area of product 
distribution for the oscillatory flow experiments was 
again consistently higher (Figure 2c), albeit many 
data points are not considered statistically different 
(at 95% confidence interval) due to the high standard 
deviations of the oscillatory flow experiments. The 
high standard deviations could be attributed to the 
fact that the three oscillatory flow experiments were 
not true replicates as the flow direction and flow rate 
were different. Slight, but variable changes in back-
ground illumination of the images may also have 
contributed to the large standard deviations in the 
total area. 

The total mass of MoTi2
4- produced during the os-

cillatory flow experiments was about twice the mass 
of MoTi2

4- produced during the control experiments 
(Figure 2d). Since MoTi2

4- was formed as the direct 
result of mixing of Mo and Ti solutions, this result 
clearly demonstrated enhanced mixing in the flow 
cell under oscillatory flows.  

C. IMPLICATIONS FOR AQUIFER REMEDIATION

Results from the small scale experimetns clearly 
demonstrated the enhanced mixing of solutes under 
low Reynolds number oscillatory flows (a factor of 
2) in homogeneous sand, as the result of increased 
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Figure 2: Area and mass of MoTi2
4- distribution 

over time in the homogeneously packed flow cell: 
a) interfacial area; b) interfacial mass; c) plume 
area d) mass of plume. Error bars represent one 

standard deviation 

interfacial areas for diffusion. Extending oscillatory 
flows to the 3rd dimension will likely lead to further 
mixing enhancements. 

The oscillatory flow technique could be used in 
aquifer remediation where compounds are injected, 
so the injected compounds could be effectively 
mixed with contaminated groundwater. Since 
chemical and biological reaction rates depend on 
mixing between these reactants, these rates would 
consequently be more rapid under oscillatory flows. 
Therefore, oscillatory flows will likely accelerate 
aquifer remediation and reduce both exposure risks 
and cleanup costs. 
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Abstract  

 The aim of this study is to estimate the air 

pollutants like sulfur dioxide (SO2), nitrogen oxides 

(NOx), and particulate matter (PM 2,5, PM10 and 
TSP) emissions and concentration in different 

regions of Pakistan with respect increasing energy 

demand using GAINS-Asia (Greenhouse Gas and 

Air Pollution Interactions and Synergies) model. 

The air pollutant emissions have been calculated 

for the year 2005 and 2010 and simulated for future 
upto year 2030. It is also shown in results that the 

introduction of control technologies in different 

sectors can reduce considerable amount of these 

emissions.  

 

Introduction 
Air pollution has become a serious problem in the 
developing countries like China, India and Pakistan. 
The mega cities of these countries like Karachi, 
Lahore, Delhi, Mumbai, Kolkata, Beijing and 
Shanghai are facing worst air quality due to large 
population, industries, and heavy traffic. 
Anthropogenic sources that contribute to particulate 
matter in urban air are traffic, factories, utilities, 
refineries, construction activities and fossil fuel 
burning. [1,2] Daily Particulate matter (PM 2,5, 
PM10, TSP), sulfur dioxide (SO2) and nitrogen 
oxide (NOx) concentration level in mega cities of 
Pakistan like Karachi,  Lahore, Islamabad, Quetta, 
Rawalpindi and Peshawar are twice higher than  
WHO limits [3]. These high levels of PM in 
ambient air have impact on human health, visibility 
and are responsible for environmental degradation. 
Human health is most important and vulnerable to 
particulate matter. The major health damages are 
related to respiratory system, but recent studies has 
found good correlation of PM levels and 
cardiovascular dysfunction. These adverse health 
effects depend not only on the level of PM 
concentration in the air but also on its particular 
internal composition. [4,5,6,7]. This study is at 
attempt to estimate total annual emissions of PM, 
SO2 and NOx in Pakistan and its growth in future 
with respect increasing energy demand, traffic, and 
other industrial sources.  
 
 
 

Methodology  
GAINS-Model 
The GAINS Model simultaneously addresses health 
and ecosystem impacts of particulate pollution, 
acidification, eutrophication and tropospheric 
ozone. Simultaneously, the GAINS Model 
considers greenhouse gas emission rates and the 
associated value per ton of CO2 equivalence. 
Historic emissions of air pollutants and GHGs are 
estimated for each country based on information 
collected by available international emission 
inventories and on national information supplied by 
individual countries. The GAINS Model assesses 
emissions on a medium-term time horizon, 
emission projections are specified in five year 
intervals through the year 2030. It was developed 
by International Institute for Applied System 
Analysis, Austria. It has different version for 
different regions of the world. For this study 
GAINS-Asia has been used which was particularly 
developed for China, India and Pakistan. The 
activities causing emissions like energy production 
& consumption, passenger & freight transport 
industrial and agricultural activities, solvent use, etc 
data were collected form respective departments in 
Pakistan and  have been incorporated in GAINS-
Asia Model. Emissions scenarios have been 
developed using combining activities data and 
emission factor [8].   
 
Result and Discussions 
Energy Consumption   
Pakistan is a developing country and its total 
primary energy consumption in Pakistan is 
estimated at 60 million tons of oil equivalent 
(Mtoe) with 70% based on the use of hydrocarbons. 
Natural gas and petroleum are the main sources of 
energy for Pakistan, accounting for 50% and 29% 
respectively [9].  All data relevant to air pollution 
were converted to energy unit PJ. There is proposed 
energy plan of the Govt. of Pakistan in Vision 2030 
(Pakistan Planning Commission). Energy 
consumption and share of different sector is given 
below in Figure-1 and Figure-2a and 2b. 
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Figure-1Energy consumption in Pakistan 

 
 
Figure-2a Fuel share 2005 Fig-2b Fuel share 2030  

 
 

Air pollutants Emissions  
The air pollutants emissions were calculated using 
GAINS model and given below in Table-1. It is 
evident form the result that with increasing energy 
consumption these emissions are increasing, but the 
most important are emissions of SO2 and NOx. 
There is little shift from oil to coal in order meet 
energy requirements, which can cause very high 
emissions of SO2, and  the use of CNG is Pakistan 
is also very high and Pakistan is 2

nd largest 
consumer of CNG in the world, which ultimate 
contribute to increasing NOx emissions. Particulate 
Matter emissions has already exceeded the WHO 
limits in almost all urban areas of Pakistan , further 
increase in PM emissions would increase number of 
death and different diseases.  
 

Conclusion & Recommendations  
The air pollution is very serious problem in 
Pakistan, and further increase in these emissions 
would be fatal for people. There must be control 
measures in order reduce these high level of 
emissions. This study is just estimation; however a 
comprehensive study is required in order to fully 
estimate air pollution and related health and 
environmental damages.  

 
Table-1 (Kt/year) 
Year SO2 NOx PM2,5 PM10 TSP 
1990 409 326 417 511 752,6 
1995 582 412 510 610 858,4 
2000 928 569 564 705 1068 
2005 954 640 581 733 1111 
2010 1381 854 655 863 1403 
2015 2360 1278 766 1064 1861 
2020 3687 1794 924 1313 2344 
2025 5281 2353 1126 1629 2924 
2030 8255 2957 1477 2213 4040 
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Abstract — In this cases we present the results 
of in-situ measurement of the temperature history 
in the naturally ventilated double skin façade on 
the office building in the Bratislava during sum-
mer period. The in-situ measurements are evalu-
ated in regards to the temperature fluctuation in 
the façade air gap and its dependency on the am-
bient climatic condition. Consequently, measure-
ments data are compared with the results of the 
computer building simulation that is represented 
by a global energy simulation integrated with the 
mass flow network and the stable state CFD 
method.  

I. INTRODUCTION

For an optimal design of a double skin facade it is 
necessary to be able to predict energy interactions 
between ambient climate, double skin facade and 
the building at the design stage. An acceptable 
calculation  method should be available to model 
this physical phenomena with a satisfactory engi-
neering accuracy.  In order to be able to assess the 
accuracy of a computer simulation model of the 
naturally ventilated double skin facade it is neces-
sary to carry out at least a calibration of the model 
results by a comparison to the experimental meas-
urement sets. 

II. MEASUREMENT

The measurements were carried out at the transpar-
ent naturally ventilated double skin facade (box 
facade) of the office building located in the Brati-
slava, Slovakia. Physical parameters as the vertical 
gradient of air temperature in the facade cavity, 
surface temperature on the glass and blind, velocity 
at the inlet and at the outlet part of the facade were 
recorded during the measurement.  In the room 
behind the facade monitoring of vertical gradient of 
room air temperature and surface temperature of 
partitions, floor and ceil took the place. Figure 1 
documents the schema of the facade with position 
of thermocouples. 

At the same time the measurements of  the ambi-
ent climate data – air temperature, air humidity, 
wind velocity and direction and vertical and hori-
zontal global solar irradiance has been carried out 
with a meteorological station located on the build-
ing roof.  

        

Figure 1:  The schema of the facade with position 
of thermocouples 

Example of the measurement result are presented 
in Figure 2 – that shows air temperature at the inlet 
and at the outlet of the facade. Figure 3 documents 
the dependency of the air temperature increase in 
facade from the effect of incident solar  irradiance. 

III. SIMULATION

A. ENERGY SIMULATION

The dynamic energy simulation has been carried out 
with ESP-r [1] program. ESP-r’s thermal model is 
based on finite-volume heat balance method and its 
description can be found elsewhere [1]. 
The model of the double skin facade with an inte-
grated airflow network is documented in Figure 4.  
The measured ambient climate data were applied 
as the boundary conditions in the alterative 1. 
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Calibration with the experimental data has shown 
a very large difference already in the façade inlet 
air temperature. Therefore in the alternative 2., the 
measured inlet temperature has been set as a 
boundary condition that improved model accuracy 
significantly.  

Air temperature in the facade 
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Figure 2:  Air temperature in the facade 
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in facade from  solar  radiance. 

Figure 4:  ESP-r’s thermal model

B. CFD METHOD

Computational fluid dynamics method (CFD) is 
the analysis of systems involving  fluid flow, heat 
transfer and associated phenomena as chemical 
reactions by means of computer-based simulation. 

In this method, the façade was modelled at its 
whole height, in order to represent the temperature 
rise over the façade height.  Example of the results 
of CFD method is in Figure 5. 

  

Figure 5:  Result form CFD simulation 

Stable state CFD method, has proved capable of 
predicting façade inlet air temperature increase 
phenomena by 5 K as recorded by the experimental 
data as well. 

IV. CONCLUSIONS

This calibration exercise has brought a number of 
interesting observations related to the precision of 
whole building energy simulation in predicting 
double skin façade temperature fluctuation. Rela-
tively large differencies between measurements 
and simulation has been found and their causes 
analysed. The modelling of some physical phe-
nomena is very difficult in the simplified world of 
the whole building energy simulation. On the other 
hand, the detailed CFD simulation is able to cap-
ture these effects while still practically unable to 
perform the annual performance assessment due to 
the lack of an adequate computing power. 
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Abstract: A cloud-tracking algorithm using 

thermal infrared geosynchronous satellite data 

was used to filter clouds trajectories that 

represented complete lifecycles into bins of 

similar lifetime, from which averaged lifecycle 

information was produced. The following 

variables were generated for each cloud cell: 

cell area, coldest and warmest temperature, 

the difference between the two, and average 

cloud top temperature. Inside each group, the 

variables were averaged at 15-minute 

intervals to produce the average lifecycle for 

these variables as a function of time. 

Gaussians were fit to the area data, and 

parabolas to the temperature data. The results 

show that as the clouds’ lifespan becomes 

longer, the growth rates, maximum area and 

tower height all increase in a consistent 

fashion. This pattern holds up to a lifespan of 

2 hours, after which the pattern becomes 

unpredictable. These results can be used to 

extrapolate cloud cell development into the 

future.

INTRODUCTION

Clouds and convective storms exhibit structure 
on scales too fine to be resolved by the 
numerical grids presently used in operational 
numerical weather forecasting, and the 
network of observations currently assimilated 
for input into these models is on an even 
coarser scale. For this reason, individual 
storms must be tracked by remote sensing and 
future development is extrapolated from these 
observations. This process is often referred to 
as “nowcasting”, and is used for short term 
forecasting on the order of hours. The thermal 
infrared channels of geostationary satellites are 
favored for such work due to continuous high-
resolution coverage in time and space, with 
observations available both day and night 
across the full disk.

The algorithm used in this study for 
detecting and tracking cloud cells is the 
Rapidly Developing Thunderstorm (RDT) 
algorithm run operationally by EuMetSat 
[2005]. Cloud cells are detected by tower 
structures detected in the IR window channel 
(converted to equivalent blackbody 

temperatures), and statistics of the cell (base 
area, tower height, growth rates, etc) are used 
to determine if the cloud cell may be a 
thunderstorm. The operational algorithm does 
not extrapolate the developing storms into the 
future, a deficiency addressed by this study. 

The extrapolation method is based on work 
done by Machado et al [1998] on the lifecycles 
of mesoscale convective clusters (MCCs). It 
was found that when MCCs of similar lifetime 
are grouped together, the areas are also similar, 
and the development of area with time can be 
fit by a Gaussian function. These results were 
then incorporated into the operational 
Brazilian FORTRACC model [Vila et al, 
2008] used to extrapolate the development of 
storm cells into the future. 

METHODOLOGY

Data for this research was collected using 
Geostationary Operational Environmental 
Satellite (GOES) every 15 minutes for the 
month of April 2009 over the region of 640

N

to 700
N and 350

W to 450
W.

All clouds for this month with a tower 
structure were used and not just obvious storm 
clouds. A bias for storm clouds would have 
left this research without enough data to gain 
accurate results. Fractional lifecycles were
then filtered out by eliminating any clouds that 
had endpoint areas larger than the average 
area. These approved cloud images were then 
separated into different groups according to 
their lifetimes see “Table 1”.

Total Clouds 6909

Lifetime 0 – 0.5 hour 229

Lifetime 0.5 – 1 hour 1676

Lifetime 1 – 1.5 hour 1631

Lifetime 1.5 – 2 hour 1373

Lifetime 2 – 2.5 hour 1101

Lifetime 2.5 – 3 hour 899

Table 1: Lifetime Groups

Inside each lifetime group, the areas of all 
clouds were averaged at 15-minute intervals. 
MatLab regression was used to fit curves to the 
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area and temperature averages within each 
lifetime group. Parabolas were fit to the 
temperature data, while Gaussians were fit to 
the area data to ensure that the curves cannot 
go negative. Curve fittings as a function of 
time were produced of average temperatures in 
each 15-minute interval for cloud top (coldest 
point), cloud base, average cloud top 
temperature, and the temperature difference 
between the base and top (tower height).

RESULTS

Curve Fitting – The Gaussian fits to area as a 
function of time show that longer-lived storms 
tend to grow faster (greater slope) and reach a 
larger maximum size “Figure 1a”. This pattern 
holds up to the 2-hour lifespan, after which the 
growth rate and maximum area do not show a 
consistent pattern. A Student T test shows that 
the lifecycles are statistically distinct from 
each other at each 15-minute interval up to the 
2-hour limit. The tower height shown in 
“Figure 1b” shows a similar pattern, except 
that the shortest lifetime does not fit the pattern 
of the rest. Other temperature variables are 
relatively flat and so are not shown. We 
speculate that the variability for clouds that 
last longer than 2 hours is due to the cell 
developing into a storm, responding to 
regional rather than just local supplies of heat 
and water vapor.

Extrapolation - The RDT cells tend to pulsate, 
so that extrapolation based on a single area and 
expansion rate such as done in the 
FORTRACC model would be unstable. Our 
approach is instead to fit a curve to the entire 
lifecycle of the storm up to the point of 
observation.

Figure 1: Curve fitting to averaged 
variables in each lifespan bin; 15-minute 
averages are grey. a) cell area, fitted by 
Gaussians  b) difference between cloud 
top temperature and cloud base 
temperature, fitted by parabolas 

SUMMARY

A satellite cloud tracking routine was used to 
form averaged lifecycles for cloud cells. 
Which were grouped according to lifetimes 
and averaged at 15-minute intervals, then 
Gaussian curve fitting was applied to the area 
and temperature difference between base and 
height. Growth rate, maximum area, and 
maximum temperature difference increased 
with total cell lifetime up to a 2-hour lifespan, 
after which the averaged lifecycles did not 
exhibit a clear pattern.

Given that Gaussian curves match the cloud 
lifecycles well, the trajectory of a cloud cell up 
to the point of observation can be used to fit a 
curve intended to extrapolate its development 
into the future.
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Abstract — This paper presents the main results of 
the research which was carried out within project 
‘Cycling to Faculty’. It shows that non-existence of 
secure parking facilities is the main barrier which
affects decision on choosing a bicycle as a means of 
transportation among the students of the University 
of Novi Sad. In addition, the paper briefly presents 
the newly built bicycle parking facility which has 
proven to be an effective solution for encouraging 
students to use bicycle as a means of commuting as 
well as the good investment and a blueprint for 
other campuses. 

I. INTRODUCTION

More and more official EU reports [1] and actual 
researches [2, 3] put an emphasis on cycling as 
significant urban transport options. Furthermore, 
frequent statements are made about cycling as one of 
the most sustainable modes of transport [4]. 

Cycling as a solution fits perfectly into any general 
policy which seeks to switch from unsustainable 
commuting patterns of students to more sustainable 
one. 

Moreover, encouragement for using cycling as a 
transportation mode can create great improvements 
in air pollution exposure, as well as traffic crash 
injury prevention and improved daily physical 
activity [5]. 

The first part of the paper presents the research 
conducted in the form of a survey about cycling as a 
way of transportation among the students of the 
University of Novi Sad. The emphasis was put on 
investigation about the main obstacle to using bicycle 
as a means of transportation among the students. The 
second part of this paper presents the newly built 
bicycle parking. Finally, the paper aims to show how 
investment in secure bicycle parking facilities can 
take advantage of the influx of new bike commuters 
among the University population. 

II. RESEARCH AND DISCUSSION

The survey was consisted of 11 questions. Data 
collected were processed by Statistical Package for 

Social Sciences (SPSS). The target population 
consisted of 495 students of University of Novi Sad.  

A. RESULTS OF THE SURVEY

After processing the results of the survey, the 
following data (relevant for topic of this paper) were 
obtained: 

− Outcome 1: 49.3% students own a bicycle, 
which clearly indicates the great capacity of 
developing this form of transport. 

− Outcome 2: Only 0.6% students commute to 
University by bicycle – this fact clearly points 
to insufficiently developed cycling and the 
need for greater share of cycling in modal 
split. 

− Outcome 3: 49.9% of the students responded 
that the main reason for not using bicycles as 
means of transportation to university in non-
existence of the secure parking facilities. This 
fact clearly indicates the direction in which to 
proceed in order to increase the use of bicycle. 

Upon conducting the survey and finding that 
49.3% of students own a bicycle (Outcome 1), and 
on obtaining the data that reveals the main reason for 
not using bicycle as a form of transport (Outcome 3) 
- that is the lack of secure parking facilities for 
bicycles, the next stage of the project was to design 
and build the first secure parking for bicycles inside 
the campus of University of Novi Sad. 

B. THE SECURE BICYCLE PARKING

One of the main ideas, besides increasing number of 
bike-commuters, in this stage was to construct a 
parking which would serve as the basic model in 
terms of its ideal properties, such as utilization of its 
maximum capacity. Such a parking would serve as a 
template for other educational institutions and 
companies with a large number of employees. 

During the design and construction phase, 
attention was paid to create the future product (secure 
parking) that is acceptable from environmental and 
economic aspects. 
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The newly built secure bicycle parking (Figure 1), 
which is covered and has 24-hours surveillance and 
lighting, has been constructed in the place of the old 
one, which previously only had bicycle racks. The 
new parking lot, compared to the old one, occupies 
the same surface and has better organization of racks 
that has doubled the number of parking places - from 
17 to 34. 

Figure 1: Newly built secure parking 

The average capacity occupancy of the old parking 
lot was 5 places (about 30%) of the 17 places, while 
the average capacity occupancy of the new one is 34 
places (100%) of the 34 places, when the minimum 
weather conditions for cycling are satisfied. In 
planning the new bicycle parking, the main 
shortcoming was that there was not envisioned 
sufficient number of parking spaces. 

III. CONCLUSION

Building a secure bicycle parking has proven to be a 
great investment and ideal solution applicable to 
encourage increasing of number of bike-commuters 
and promoting cycling as a environmental friendly 
way of transportation Also, it is important to note 
that the new attractive look of the covered parking, 
which was made of recyclable materials, has already 
significantly contributed to the popularization of this 
form of transportation as it leaves an extremely 
positive impression on students. 

This is an indicative example of how small 
investments in cycling facilities, such as secure 
parking can substantially contribute to the share of 
cycling in the modal split as the most sustainable 
way of transport. 

Finally, since the solution was inexpensive in 
relation to its benefits for the community as a whole, 
soon after the new bicycle parking was built at the 
University of Novi Sad, the City Authority built three 

more bicycle parking lots in the central area of the 
city. The same principles were applied in the 
designing and construction phase (covered parking 
and surveillance). 
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Abstract:

Converting rapeseed oil into biodiesel through hydro process in medium temperature has 
mainly focused on this article through continous reactor at medium temperature and ambient 
pressure. The operating condition around 300 to 360oC at ambient pressure retains majority 
of carbon chain. The hydrogenation of rapeseed oil on medium temperature without any 
catalyst gives lighter cracking and leads to aromatic group formation with longer contact time. 
From the result,  and -carbon breakage is evidence during thermal decomposition without 
any effect by hydrogen partial pressure. Decarbonylation is dominant than decarboxylation 
during thermal crack. 

Keywords:Hydrogenation, Rapeseed oil, Biodiesel, Decarboxylation(DCO), Decarbonylation 
(DCA) and Hydro deoxygenation (HDO).

Introduction 

Concern over climate change and energy demand often leads to find resources for future need 
in petroleum industries. In this case, vegetable oil to diesel is more attractive due to capable in 
production through agricultural source. It’s proved to be sustainable if the food price has been 
reasonable by economical use of agricultural production. There are numerous research have 
been succeeded in product development and also commercially used in trans-esterification of 
vegetable oil and hydro processing of Fatty acid methyl ester (FAME). Indeed the main 
objective on transesterification method needs excess substitutes’ like methanol or ethanol 
which gives undesired products like glycerol. But, in the case of hydro processing needs 
excess amount of hydrogen which gives water as undesired product. Particularly, hydro 
processing FAME with blended diesel in commercial use sulfiding NiMo/Al2O3 helps to 
reduce sulfur content but still competent in gaining full efficiency on product with desired 
hydrodeoxygenation (HDO) than decarboxylation (DCO) and decarbonylation (DCA) [2,3]. 

Expereimental

The experimental set-up consists of a feed tank, fixed-bed reactor, product tank, gas collector 
and Dossier pump. The fixed-bed reactor is fixed with an electric furnace that is connected 
with an instrumental controller to regulate thermal and pressure conditions. The analysis is 
performed using a gas chromatograph (GC) technique (Varian 3400) equipped with a packed 
column and flame ionization detector (FID). The outlet gas from the reactor is analysed using 
the Clarus 500 GC online. The Clarus 500 GC is connected with 600 link switch controllers; 
the signal is integrated to get data. Gas analysis consists of a Thermal conductivity detector 
(TCD) for analysing CO, CO2, CH4 and H2, as well as FID for hydrocarbons. 

Results

The thermal decomposition in rapeseed oil is estimated with different thermal condition and 
with or without hydrogen 1 bar partial pressure between 300 to 360oC. This reaction is carried 
at 20wt% of rapeseed oil with or without white oil at 350oC and 1 bar as operating condition. 
Initially, the reactor is loaded with glass pellets, and heated up to 340oC, and then feed 
material is supplied. During hydrothermal condition around 300 to 360oC on rapeseed oil, 
there are major interior glycerol structure changes and 15% of decomposition product group 
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appeared were evident. The formation of methyl oxygenate group is appeared 10 wt% in 
product concentration, and also presence of small amount thermally cracked hydrocarbons is 
observed. The major glycerol structure modification is shift in position of unsaturated 
bonding. Also, some of cyclic group formation is observed. The presence of hexadecane and 
heptadecane dominates the major cracked product by releasing carbon dioxide and carbon 
monoxide on gas gas.

Figure:1. FTIR result of product analyzed for reaction condition 325oC at 1 bar with rapeseed oil as feed. 

Figure:2. GC result of gas product analyzed for reaction condition 300 to 360oC at 1 bar with rapeseed oil as 
feed.
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Abstract — The saprophytic fungus Trichoderma 
reesei (teleomorph Hypocrea jecorina) is able to 

degrade a huge variety of biopolymers. The pro-

duced hydrolytic enzymes are used in many indus-

trial processes. It is long term practice to use the 
cheap pentose sugar D-xylose as an inducing sub-

stance. In this study we show that the degree of 

xylanase-encoding gene induction strictly depends 

on the concentration of D-xylose, which was found 

to be optimal from 0.5 to 1 mM for 3 hours of culti-

vation. The results demonstrate that the D-xylose 
dependent induction of xyn1 (Endo- -xylanase 

I) is further increased in the absence of the Carbon 

Catabolite Repressor (Cre1). Furthermore, we 

show that D-Xylose Reductase (Xyl1) is needed to 

metabolize D-xylose to achieve full induction of 
xylanase expression.

I. INTRODUCTION

The ascomycete T. reesei is of great industrial impor-
tance because it secretes a broad range of hydrolytic 
enzymes. These enzymes are used in many different 
industrial processes, e.g. in pulp and paper, food and 
feed and textile industry (e. g. [1]). These hydrolytic
enzymes comprise, among others, the two major 
specific endo- -1,4 xylanases xyn1 and xyn2 and one 
-xylosidase bxl1. The enzyme mix is able to de-

grade the biopolymer xylan into small subunits -
oligomers, dimers, monomers - which act as low-
molecular-weight inducers. Recently, the main acti-
vator of hydrolytic-enzyme-encoding genes in T. 

reesei Xyr1 (Xylanase regulator 1) was identified 
[2]. Xyr1 also contributes to the regulation of D-
xylose metabolism because it has a strong impact on 
the formation of D-Xylose Reductase 1 (Xyl1 [3]) 
activity [2]. The transcription of xylanase-encoding
genes is induced by D-xylose. In Aspergillus niger it 
was reported that D-xylose concentrations higher 
than 1 mM reduce the expression of a number of 
xylanase-encoding genes [4]. Deeper insights into the 
inducibility will help to improve existing and to 
install new industrial processes and to use T. reesei

as a host for heterologous protein production (e.g. for 
the production of pharmaceuticals).

II. RESULTS [7]

A. INDUCTION OF XYLANASE-ENCODING GENES 

IS DEPENDENT ON D-XYLOSE CONCENTRA-

TION

In T. reesei the induction of xylanolytic-enzyme-
encoding gene expression, in particular of xyn1, has 
been studied to date using D-xylose at concentrations 
of 1% (w/v), which corresponds to 66 mM. Because 
in A. niger, D-xylose concentrations above 1 mM 
have been reported to repress xylanase-encoding 
genes [4], this was the first point of investigation in 
the present study. Therefore, the parental strain
QM9414 was precultured in glycerol and transferred 
to Mandels-Andreotti (MA) medium containing 0.5, 
5, 10 or 66 mM D-xylose as the sole carbon source. 
Samples were taken after 3 h. Transcriptional analy-
sis of xyn1 revealed decreasing transcript levels with 
increasing D-xylose concentration. The best induc-
tion was achieved using 0.5 mM D-xylose (Fig. 1). 
Higher D-xylose concentrations led to a reduced 
induction, but never reverted to the levels under
derepressed condition (no carbon source) (Fig. 1). In 
summary, it can be deduced that in T. reesei the 
optimal induction for xylanase-encoding genes using 
D-xylose can be achieved at a concentration of 0.5 
mM for 3 h.

Fig. 1: Analysis of D-xylose concentration-dependent 
transcription of xyn1 in T. reesei. Aberrations: with-
out a carbon source (NC), glycerol (GY) or the indi-
cated D-xylose concentration as the sole carbon 
source. Results are given as relative transcript ratios 
in logarithmic scale (lg). 
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B. OPTIMAL D-XYLOSE-DEPENDENT INDUCTION 

OF XYN1 TRANSCRIPTION IS FURTHER IN-

CREASED IN THE ABSENCE OF CRE1

On the one hand transcription of xyn1, but not xyn2

or bxl1, is subject to carbon catabolite repression 
(CCR) directly mediated by Cre1 [5] (e.g. [6]), how-
ever, we demonstrated in this study a Cre1-related 
reduction of transcription for all three xylanase-
encoding genes in D-xylose. This prompted us to 
examine the transcription of those genes in a Cre1-
dependent manner using optimal D-xylose concentra-
tion for induction. We performed a replacement of 
QM9414 and cre1 strain to MA media containing 
optimal D-xylose concentrations (0.5 and 1 mM) for 
3 h of cultivation. The xyn1, xyn2 and bxl1 transcript 
ratios of cre1 strain/QM9414 are given in Fig. 2.
An increase of transcript formation in the cre1-
strain compared to the QM9414 was seen only for 
the xyn1 gene. This correlates with the fact that func-
tional (double) Cre1 sites are only present in the xyn1

promoter. Thus the observed, strongly positive effect 
on xyn1 transcription when Cre1 is absent may be 
due to a double release from Cre1 influence. 

Fig. 2: Transcription analysis of optimal D-xylose 
induction of xylanase-encoding genes (xyn1, xyn2

and bxl1) in a Cre1-negative background in T. reesei. 
Results are given as the logarithmic transcript ratio 

cre1 strain/QM9414.

C. INFLUENCE OF XYL1 ON XYLANASE EXPRES-

SION USING D-XYLOSE

Next we asked whether D-xylose has to be metabo-
lized via Xyl1 [3] to be able to exert its inducing 
influence on xylanase-encoding gene expression. To 
answer this question the parental strain QM9414 and 

xyl1 strain were precultured and transferred to 
MA media containing optimal inducing concentra-
tions of D-xylose (0.5 and 1 mM). No xyn1 transcript 

xyl1 strain in comparison to 
the parental strain, suggesting that functional Xyl1 is 
required for D-xylose metabolism. The xyn2 and bxl1

xyl1 strain/QM9414 are negative, also 
implying lower transcript levels in the xyl1 deletion 
strain. When transferring both strains to media with-
out a carbon source, no such differences in xyn2 and 

bxl1 transcript levels are observed (relative ratios are 
between 0.4 and 1.8). This strongly indicates that 

xyl1 strain nor the 
simple presence of D-xylose, but rather its metabol-
ism, is necessary to induce the expression of xyla-
nase-encoding genes.
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Abstract — Many slum buildings in Kenya are 

constructed using Galvanized Corrugated Iron 

(GCI) sheets that compromise thermal comfort of 

the inhabitants. By incorporating particleboards 

made from agricultural wastes in the building enve-

lope, the internal environment of these houses can 

be improved. 

Using EnergyPlus a detached building with a net 

surface area of 59.50 m2 and a net volume of 

204.80 m3 is simulated in Nairobi, Kisumu and 

Mombasa. Rice husks particleboards mitigate well 

on temperature fluctuations in comparison to wheat 

straw boards and coconut coir fibre boards.    

I. INTRODUCTION

In Kenya informal settlements are characterised by 
poor planning and are constructed using building 
materials that are of questionable properties and poor 
qualities. Most of the buildings within these settle-
ments are not designed as standard dwelling units 
and the number of people it accommodates at a par-
ticular time is undefined. This compromises the 
thermal comfort of the inhabitants and results to poor 
health conditions. The problems are compounded 
further by lack of proper physical infrastructure. 

II. KENYA CLIMATE

Generally, the hottest time is in February and 
March and the coldest in July and August. The 
coastal region where Mombasa is located is largely 
hot and humid while the low plateau area is the driest 
part of the country. Higher elevation areas within the 
highlands where Nairobi is part of receive much 
larger amounts of rainfall. The Lake Victoria basin in 
western Kenya is generally the wettest region in the 
country, particularly the highland regions to the north 
and south of Kisumu. Table 1 summarises the cli-
mate of these urban areas. 
   Elev. Dry-Bulb 

Temp (º C) 

Relative 

Humidity  

(%) 

Av. 

Rain 

fall 

Sun 

Shine 

City  (m) HMA CMA HMA CMA (mm) (Hrs) 

Nairobi 1661 23 10 76 51 960 10.1 

Kisumu 1145.7 35 14 68 47 1140 10 
Mombasa 54.8 34 20 79 69 1200 10.2 

Table 1: Climate Data for Kenya cities 

III. PARTICLEBOARDS

The agricultural wastes used for the particleboards 
are rice husks, wheat straws and coconut husks. 

A. RICE HUSKS

About 95% of the rice in Kenya is grown under 
irrigation in paddy schemes managed by the 
National Irrigation Board (NIB).  Rice production 
increased from 45,099 Metric Tons to 47,748 
Metric Tons in 2002 and 2003 respectively [1], the 
resultant husks is used in animal feeds production 
and fertilizers. 

B. WHEAT STRAW

Wheat production in Kenya increased from 106 
metric tons to 113 metric tons in 2006 and 2007 
respectively [2]. 

C. COCONUT HUSK

The husk is 35% of the mass of the coconut melon. It 
is comprised of about 67% pith, a lignin which 
behaves like a phenol resin, and 33% fiber, also 
made from lignin but with a fibrous morphology. 
Recent studies in the Netherlands support the idea 
that the husk can be hot pressed into particle board 
directly without adding any additional binder [3]. 
Table 2 gives a property summary of the materials. 

Material Conductivity Density 

Specific 

Heat 

[W/mK] [kg/m3] [J/kgK] 

Earth/Mud 2,1000 1800 1250 

GCI Sheet (Zinc new) 
112,0000 7200 390 

GCI Sheet (Zinc oxidised) 

Wheat Straw Boards 0,078 590 1300 

Rice Husks Boards 0,052 800 1250 

Coconut Husk Boards 0,090 1200 1500 

Table 2: Properties of materials 

IV. MODEL BUILDING
The model building consists of a naturally 
ventilated single detached unit with a net surface 
area of 59.50 m2 and a net volume of 204.80 m3,
The set up of the building surroundings is 
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Abstract — The shortage of fossil fuels, environ-
ment degradation due to emission of pollutants and 
greenhouse gases, implies necessity of application 
of renewable energy sources. Biogas is composed of 
methane, carbon dioxide and trace amounts of 
others gases. Quantities of these individual com-
pounds decide about totality calorific value of bio-
gas. Withal, main energy carrier is the methane. Its 
high presence increases utility biogas in energy 
sector. However for many applications the biogas 
has to be improved. That is why carbon dioxide, 
hydrogen sulphide and water have to be removed. 
These compounds can be eliminated by membrane 
separation. In this work polyimide membrane is 
used with success to enhance of the methane con-
tent in biogas from Polish agricultural plant. 

I. INTRODUCTION

With respect to ecology and economy, the using of 
biogas as alternative source of renewable energy is 
more popular. Increasingly it is said that fossil fuels 
become scarcer and more expensive. In many coun-
tries restrictive regulations are in effect in order to 
reduce greenhouse gases emission or to impose usage
of renewable energies. For example, in every Polish 
parish at least one agricultural biogas plant will have 
to be built in 10 years’ time [1]. This biogas should 
derive from agriculture wastes, sludge or non edible 
energetic plants fermentation. According to kind of 
biomass methane content in biogas is varying. It is 
generally accepted, that amount of methane in biogas 
equals 40-65 % (percentage by volume), content of 
carbon dioxide amounts about 25 to 60%. The pres-
ence of acid gases (CO2, H2S) lowers calorific value 
of biogas and reduces the possibilities to use it in an 
energy sector as alternate natural gas (e.g.: getting the 
electric energy).  

In order to remove carbon dioxide and hydrogen 
sulphide such technologies as absorption (water or 
glycol absorption), adsorption (PSA), cryogenic 
distillation and membrane separation are used [2,3]. 
The last one is the newest method of remove carbon 
dioxide and is characterised by high efficiency, sim-
ple process equipment and quite low capital cost. 

In this work polyimide hollow fibber membrane 
was successfully used to enhance the biogas from 
Polish gas bio-fuel production plant, where advanced 
two stage process is exerted (hydrolysis is separated 
from biogenesis). The results obtained are the basis 
for membrane installation and bioreactor upgrading. 
The analysis for the installation equipped in the gen-
erator of 232 kW electrical power are presented in 
the paper.  

II. MATERIALS AND METHODS

The researches of biogas enrichment were conducted 
by using of the hollow fibber module with the poly-
imide membrane, supplied by UBE. This membrane 
doesn’t require high pressure as distinct from other 
polymeric materials using in gas permeation (cellu-
lose acetate, polysulfone). The experiments were 
carried out in the pressure range from 4 to 8 bars. 
The high glass transition temperature of polyimide 
admitted of conducting the researches at 40ºC. The 
productivity amounted to at an average rate 0.15 m3

retentate/h.  
In the beginning for the lab-scale studies synthetic 

gas mixtures were measured. The concentration 
ranges of methane and carbon dioxide were close to 
the qualities observed in biogas [4,5]. The results 
obtained were very satisfactory, and it afforded to 
process verification for real biogas. 

The researches of membrane permeation by using 
biogas from agricultural plant conducted in the south 
Poland, where a few kind of biomass is fermented. 
The grass and maize ensilage, hay and whey (and 
mixture of it) were used there. For biogas produced 
from each of them the membrane enrichment was 
experimentally studied. 

The methane content in biogas is dependent on the 
kind of substrate. The examples are presented in 
“Table 1”. Further calculations are limited to the 
examination of one particular case only - biogas 
includes 60% methane, deriving from fermentation 
of the mixture grass ensilage. For this substrate it was 
the lowest methane in biogas content in the all cycles 
of researches, and that is why it is taken as the repre-
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sentative biogas composition required for further 
calculations. 

Table 1: Biogas composition produced from a few 
co-ferments [owns]. 

This stream as a feed in permeation tests was used, 
methane concentration increased to 73% in retentate, 
with the loss equalling 7% CH4 in permeate. These 
results were obtained under pressure equals 5 bars at 
the intake of module and feed flow was 0,1 m3/h.  

III. CALCULATIONS 

Several assumptions must be taken for the analysis of 
installation equipped in the generator of 232 kW 
electrical power. In this system producing the energy 
electric cogeneration generator (type ME 3042D1) 
with capacity of 232 kWel. Specific fuel consumption 
for this unit equals 65.6 m3/h for natural gas (calorific 
value 35,3 MJ/m3) and 89,6 m3/h for biogas with 
72% content biogas (calorific value 25,85 MJ/m3). 
Useful efficiency - in compliance with unit producer 
- is 35,4% [6].  

The total operation time is 8000 hours per year, so 
1,86 GWh electric energy could be produced. Using 
one stage membrane separation of biogas involves 
7% loss methane, so the overall quantum produced 
biogas in the plant should be greater respectively. It 
was amounted to 7,67·105 m3 of biogas. 

Biogas yield for grass ensilages fermentation (for 
the operating conditions of plant describe here) 
equals 540 m3/t oTS. In order to get the required 
biogas amount year’s consumption of this biomass 
must be account for 1023 t oTS (allowing of the 
efficiency).  

The area of used module UBE is 0,23 m3 and it 
gives 0,1 m3/h enhanced gas product. As a result, 
required membrane area of upgrading installation 
with 35,84 m3/h product yield must amount to 82,4 
m3. It can be achieved by use a dozen of modules 
exploited in this work or by one – specially made for 
this project.  

For this investigation, only one module was used. 
Withal, for other gases substrates or under different 
conditions this module work with better or worse the 
productivity and then it will get varying separation 
factor for methane and carbon dioxide. For greater 

methane content in retentate it is proposed to dilute 
with raw biogas stream after feeding the electricity 
generator [7]. On the other hand the cascades of 
membrane module with recirculation of the one of 
streams (permeate or retentate) are employed in order 
to increase methane content in the product [8].  

IV. CONCLUSIONS

The biogas as an alternative energy source is 
very promising and using in energy sector increas-
ingly in Europe. It can be used to generating elec-
tric energy with or without heat recovery, getting 
mechanic energy (internal combustion engine or 
vehicle). Only one requisite is its upgrading and 
enrichment methane content. Membrane permea-
tion offers several advantages compared to con-
ventional technologies mentioned above. It doesn’t 
require a separating agent, thus no regeneration is 
required. The system is compact and lightweight. 
Modular design allows optimization of process 
arrangement by using multi-stage operation.  

Retentate which methane content over 70% 
volume may be feed the cogeneration  generator 
successively in order to produce electrical and heat 
energy – as it was describe above for the unit with 
capacity of 232 kWel.  
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Substrate 
for biogas 

 production 

Biogas  composition 
Methane 
[% vol.] 

Carbon dioxide 
[%vol.] 

Grass ensilage 
Beet pulp 
Whey with grass 
ensilage 

60 - 72 
66 - 69 

67 - 73 

28 
31 - 38 

22 - 27 
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Abstract — This work proposes four MFA based 

indicators for evaluation of resource use and re-
source efficiency in a pre-defined region. For each 

of the indicators there is a mathematical algorithm 
proposed. Three of the indicators (scarcity, recy-

clability and regional self-supply) describe a status 

quo, and one (scale-up) gives the opportunity to 
forecast changes in the resource use and resource 

efficiency in a region. Each of the indicators is 

tested on a specific building material to demon-
strate the applicability on both a global level (the 

world as a region border) and a regional level (a 

geographical region) in one of the cases. The focus 
of the discussion is on the data sufficiency and 

quality required for the application of the indica-

tors.

I. INTRODUCTION

The goal of this work is to offer a MFA based ap-
proach for estimation of the resource use and effi-
ciency in a user-defined region: four indicators – 
three status-estimating (scarcity, recyclability, re-
gional-self supply) and one development – forecast-
ing (the scale-up), derived from the generic regional 
MFA model 

II. METHODS

In a first step, the region of interest is captured in a 
MFA. The stock values (in [kg] or [t]) of the MFA 
represent the static resource related parameters for 
the region (e.g. natural reserves, materials stored 
in the anthropogenic „secondary“stock, material 
stored in landfills, etc.). The flow values (in 
[kg/yr] or [t/yr]) represent the dynamic parameters 
of the system (used material, recycled materials, 
demolition waste to landfills, recycling facilities) 
[1], [2]. 

It is necessary to differentiate between internal 
(lying inside of the system borders) and external 
(lying outside or crossing the system boundaries) 
parameters. This differentiation allows an assess-
ment on the status quo and a forecasting on both 

levels: the one of a user-defined region, and on a 
global (supra-regional) level. Examples of external 
parameters would be material reserves, which are 
outside of the system, and the import and export of 
materials; internal parameters would be reserves 
located inside of the system boundaries, and mate-
rial use in the region.

III. RESULTS: INDICATORS FOR ASSESS-

MENT OF MATERIAL EFFICIENCY

The four indicators are as follows: 

Availability 

Recyclability 

Regional Self-Supply 

Scale-up

A. AVAILABILITY

The calculation of availability offered in this study 
is based on the classical method for estimation of 
resource scarcity (reserves-to-production-ratio). 
Thus, the greatest disadvantage of the classical 
method is that it leaves out the consideration of 
recycling material flow on the one hand (which 
flows back in the production and therefore reduces 
its value) and the anthropogenic secondary stock 
on the other, which turns out to be of similar sig-
nificance than the natural one in some cases (e.g. 
copper). Furthermore, the scarcity indicator of-
fered in this study considers the recyclability of 
the anthropogenic secondary material stock with a 
term in the mathematical algorithm [3], [4]. 

B. RECYCLABILITY

The recyclability indicator quantifies the material 
recovery after demolition. It is the ratio of a unit 
demolition waste containing the specific material 
to the mass of the pure material, which can be 
recovered from the above named unit demolition 
waste. The indicator considers three factors in the 
recycling process: the pureness of the materials 
(complex materials, compound materials, materi-
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als in complex constructions), the technology and 
quality of the separation and collection, and the 
technology and quality of the recycling process 
[4]. 

C. REGIONAL SELF-SUPPLY

This indicator shows to what extend a specific 
material is available in an observed regions, i.e. if 
the region can satisfy the demand for this specific 
material of all industry branches, relying only on 
one’s own natural reserves and on one’s own sec-
ondary material stock [1], [4].

D. SCALE-UP

This indicator predicts, given a drastic change in 
the consumption of a specific material in one or 
more branches, how this change would influence 
the availability or scarcity of this material (e.g. 
redoubling of the wood use for energy production 
over a period of time and simultaneous triplication 
of the wood use in the construction sector).  

IV. DISCUSSION

Resource use and efficiency are an issue of evalua-
tion by most of the large building assessment sys-
tems and tools on the local and international level. 
The introduction of these points based systems 
(e.g.: TQ, LENSE) [5] has an undisputed impact 
on forwarding the use of recycled materials and 
increasing of the sensibility towards resource effi-
ciency. Thus, they cannot offer an overview on the 
state and the development trends in the resource 
household on regional and international base. 
Therefore, the results from these systems are in-
sufficient for forecasts and strategic decisions. 
This deficit could be filled with the proposed indi-
cators by including them as an additional inde-
pendent, stand-alone part of the tools, or as com-
plementing assessment indicators in an existing 
part considering resource use and resource effi-
ciency. 
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Abstract — Sustainability problems are something 
that we are facing as humanity. Our opinion is that 

educational institutions, such as University, have 

one of the main roles to influent society to act more 
responsible with nonrenewable resources. This 

paper discusses mixed-use neighborhood in the 
case of university campus, since this concept as one 

of basic factors of sustainability saves land and 

reduces traffic circulation. By using the experience 
of European and North-American campus planning 

practice we try to suggest the priorities for im-

provement of Novi Sad university campus. 

I. INTRODUCTION

Sustainability problems are common issue in con-
temporary society. Unfortunately, it seems that in 
Serbia people are not conscious enough about the 
consequences of irresponsible exploitation of nonre-
newable resources. Our opinion is that educational 
institutions have one of the main roles to influent 
society to act more rational. Also, it’s important to 
recognize that the green programs and policies a 
school adopts can greatly impact user`s quality of 
life. 

Many worldwide Universities are going towards 
sustainable campus by improving their green practic-
es. In Novi Sad that is not the case, although there is 
an urgent need for following green practice. Thus, 
the paper discusses mixed-uses as one of basic fac-
tors of sustainability and what the possibilities for 
improvement of Novi Sad campus are. 

II. IMPORTANCE OF UNIVERSITY CAMPUS

Universities are vital institutions for the progress of 
one society, because they are the places of formation 
of human being. Campus as basis for university`s 
space development directly influents the quality of 
students life. The physical spaces designed to host 
education and research activities must try to accom-
plish the goal of becoming “lesson” in themselves [1] 

III. SUSTAINABLE UNIVERSITY CAMPUS

What actually makes one urban space sustainable? 
Existing literature counts a large number of criteria, 

but for this work we chose to discuss diversity of 
uses, as one of basic factors to reach sustainable 
university campus. Sustainable spatial organization 
implies programme distribution that will enable the 
most rational exploiting of non-renewable resource 
such land is. This means that it is unacceptable that 
any public realm is live only few hours per day. By 
presenting European and North American type of 
campus we would like to show the importance of 
functional diversity in university town. 

A. EUROPEAN PRACTICE

Lots of European universities are very old, estab-
lished in dense urban tissue without possibilities to 
predict final growth of institutions. For that reason 
faculty buildings, student halls etc. are usually scat-
tered all around a city, and campus, as student town, 
actually does not exist. Even some new universities 
such as University of Jyvaskyla, Finland, have cam-
pus only with educational programmes, while student 
housing is concentrated but 2.5 km away. This offers 
an opportunity to integrate with people outside uni-
versity, but also means that community of 16000 
students travel around 5 km per day, wasting time, 
and probably influencing environment depending on 
the traffic mean they use. Another problem is that 
during the day student village with dormitories is 
almost abandoned, because everybody is in campus 
on lessons, and in the evening it`s vice versa. 

B. NORTH-AMERICAN PRACTICE

The university campus is largely an American inven-
tion. With its concert halls, museums, sports stadi-
ums, landscaped grounds, and busy calendar of 
events, the campus is a hub of activities that serves 
not only students and staff, but the larger population 
of a town and region [2]. The fact that usually more 
than 90% of students live on campus, diversity of 
programmes and possibility of choice make campus 
active day and night, year-round. From the point of 
sustainability, the problem in American campus is 
that some of them grow so large that they are no 
longer on walkable distances. On campus sprawling 
across few square kilometres the traffic problems are 
as important as in European towns with scattered 
university buildings.  
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IV. CASE STUDY – NOVI SAD CAMPUS

A. PROBLEMS

The truth is that at the time of establishing University 
of Novi Sad there was no master plan for the campus. 
There was just a piece of land where faculty build-
ings were risen as needed. During the process of 
building, open spaces were not taken in account and 
architectural units were placed in such a way that 
around them a fluid and monotonous space was 
formed [3].  

Today, here are located seven faculties, two stu-
dent restaurants, medical centre and some sport fa-
cilities, but very little housing, no cultural, leisure or 
commercial offerings. Because of disproportion in 
number of people visiting campus and those who live 
there “Table 1”, daily migrations, as well as traffic 
crowds, are significant. Students study and eat on the 
campus but live all over the city. The consequence is 
unbalanced activity of campus. It is very active dur-
ing the lessons, while in the evenings and on summer 
breaks it`s almost abandoned. Uniform function of 
structures, in this case education, made also uniform 
public realms. Only place recognized by students as 
the ideal meeting point at any time of day is a small 
spontaneously formed square between dormitories. 
This stresses the importance of residence halls in 
community. 

Campus territory   31 ha 
Students studying  on campus 34144 
Stuff working on campus 2658 
Students living on campus  1090 
Stuff  living on campus 80 

Table 1: Facts and figures (in November 2008)   

B. THREATS

The main obstacle for the campus regeneration is that 
it is mostly impossible to widen it, because campus is 
surrounded by built structures and river Danube and 
has clearly defined borders.  

C. OPPORTUNITIES

The University Campus has one of the best locations 
in Novi Sad and shouldn`t be an isolated single-
function zone, but an integral part of the town. It is 
placed very close to the city centre, where cultural 
and leisure activities are concentrated. On the other 
side it is bordered by the river which embankment is 
favourite recreational path for the citizens. 

It is possible to increase building density without 
degradation of natural elements since today it is only 
18,61% of area built and there are also some old 

structures which can be demolished and replaced by 
new.

D. PRIORITIES

Territory of campus is limited so it is impossible to 
add all functions that are needed. As it is already 
mentioned that student community can enjoy all the 
advantages of the city centre since it is on a five 
minutes walking distance from the University. Prior-
ity to foster the planning of the future transforma-
tions of university campus in Novi Sad is enlarging a 
number of students housing. This would diminish 
daily migrations, and partly solve traffic problems. 
Furthermore, it would assure more rational use of 
open spaces because more students would be in cam-
pus 24 hours per day. Those who live on campus 
have more time for studying and also for other uni-
versity activities, so eventually higher concentration 
of people would spontaneously cause development of 
commercial offerings.  

V. CONCLUSION 

University campus, as a space for education, ought to 
transmit sustainable values such as compact healthy 
neighbourhood. Campus in Novi Sad has great po-
tentials for further development and should become a 
mixed use district with good balance between hous-
ing and non-residential offerings (education, com-
mercial, cultural, sport and leisure). We should try to 
reach American university campus as a model (in 
terms of lifestyle and physical layout). 
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Abstract — Lighting systems represents relatively 

a big share on a total energy demand of a building. 

The amount of this energy is related directly to the 
building design, what enables the daylight penetra-

tion and distribution, also as incorporated visual 

task with required light levels. Until now the pho-

topic system was exclusively taken into account, 

more-less the only vision-based system known. But 

new evidences about the non image forming (NIF) 
system are emerging. The NIF system is different 

from photopic and is responsible for circadian 

system entrainment. Therefore new ways of measur-

ing and evaluation of light environment, determined 

by the glazing systems has to be formed. 

I. INTRODUCTION 
Standard lighting conditions are evaluated with pho-
tometric quantities according to the photopic vision. 
It enables us to see and perceive colors. This vision is 
based mostly on three-type cones photoreceptor 
system. Their sensitivity range overlaps and covers 
the whole visible spectrum of light. The well-known 
visual sensitivity function, which bridges the photo-
metry and radiometry, has its peak at 555 nm. A new 
discoveries on medical field uncovered that light has 
not only a visual effect that enables us to see, but also 
a non-visual, biological effects that has an influence 
on how our body works [1, 2]. The whole system is 
called circadian, meaning it is phased into the daily 
rounds. The outputs of a circadian pacemaker are in 
many physiological variables such as hormone le-
vels, neurobehavioral performance and the propensi-
ty, timing, and internal structure of sleep. 

Biological clock is useful only if it can be set appro-
priately to local time. The dominant synchronizing 
input to the human circadian pacemaker is environ-
mental light with the primary agent of light-dark 
cycle. The light that is considered to be effective to 
boost up the light cycle has to be rich in the wave-
lengths where the sensitivity function has its top. In 
contrast to photopic system it seems that circadian 
system is differently sensitive. A typical circadian 
output – hormone melatonin level was used to plot 
the basic sensitivity function that differs from visual 
sensitivity function. The action spectrum for a mela-

tonin suppression lies between 380 and 580 nm with 
it top around 450 nm [3]. The basic difference is 
obvious – Fig. 1. 

 

Figure 1: Visual sensitivity function (green) and 
light sensitivity function for melatonin suppression 

Taking these facts into consideration, the standard 
measurement techniques and equipment cannot be 
used. Besides different spectral sensitivity circa-
dian system has a higher threshold and requires 
longer exposures for activation, and depends on 
the location of light source in the visual field.  
It’s rational, that human’s body was adjusted over 
the millions of years to the daylight. Nowadays, 
when people spend in the industrialized countries 
more than 90% of time indoors [4], they are lack-
ing the natural environment’s conditions. The 
glazing system properties, finishing reflections, 
workplace location and direction related to the 
windows have an influence over the light composi-
tion impacting our body. And this influence should 
be examined. 

II. NEW DEVICES AND AIMS OF MEASURE-
MENTS 

Proper measurement devices are still not commer-
cially available. But some devices can be already 
found on the research field [5, 6]. We chose Daysi-
meter [7], which couples two-sensory system (Fig. 2) 
in connection to logging data ability, so it can be 
used as a light dosimeter. Measurement of illumin-
ance levels in the office environment during the day 
were made with emphasis not only on standard pho-
topic illuminance, important for accomplishing visual 
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tasks, but also levels of circadian stimulus [8] impor-
tant for circadian system entrainment, that were 
measured by Daysimeter. Circadian stimulus is a 
model of phototransduction, that uses data both from 
the photopic also as from the shortwavelength sensor.  

Figure 2: Daysimeter’s photopic and shortwave-
length (blue) sensors spectral response curves [7] 

 
We started to focus on the spectrally modified glaz-
ing system’s properties and their effects on the inter-
nal light conditions. Using the spectrometer Ocean 
optics USB 2000 and stabilized source of light we 
obtained a set of spectral properties of glazing collec-
tion commonly used in the building industry for a 
facade application. Particular glazings were com-
pared and two types, best performing in the wave-
length areas around 450 nm (Planibel®) and 555 nm 
(Antelio®) were chosen for a further evaluation. They 
were installed to a prepared office model, containing 
two geometrically identical spaces. Daylight was 
entering through the opening overlapped by glass 
sample and was measured with Daysimeter installed 
close to the far side. Because those types have a 
similar visible light transmittance, the illuminance 
levels (lux) were almost identical throughout the 
whole day, but the distinct difference occurred in the 
circadian stimulus light levels (Fig. 3). 
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Figure 3: Recorded illuminance levels 

Although both types of glazing provided comparable 
amount of transmitted visible light, the amount of 
circadian stimulus light was affected by the different 
ability of shorter wavelength transmittance, which is 

commonly, in the architectural engineering, not taken 
into consideration by the design process.  

III. CONCLUSIONS 

Various films, blinds and shutters can be also applied 
in openings. And because “circadian light” is ra-
diated by the sun as well as computer and television 
screens, it is presumable that those devices can also 
throw off the body's internal clock, which researchers 
believe leads to problems such as fatigue and poor 
health. In the case we want to provide in the build-
ings healthy lighting and wellbeing, we have to adapt 
it as much as possible to the outdoor daylight, name-
ly we have to consider not even its quantity but also 
its quality – spectral composition. 

Our results show how advanced properties of glazing 
materials can affect the internal light climate, and 
that the difference between commonly used building 
glazing systems can be distinctive. We measured  
and evaluated already spectral properties of tents of 
glazings and we are currently in progress on evalua-
tion of additional effects of a real environment such 
as surface reflectivity and spatial distribution.     
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Abstract — Research in space photovoltaic energy genera-
tion is focused on the improvement of solar cell efficiency and
it’s suitability to diverse space environments. Without signifi-
cant improvement in the projection process of the array, which
is centralized on the fulfillment of one specific condition during
the whole mission avoiding some stages which can be primal
for cells sizing and later performance, leading to problems in
the fulfillment of power requirements. The importance of a de-
sign process that consent the characterization of the solar ar-
ray in several conditions becomes fundamental. This will be
achieved by designing a tool that provides the optimization of
the solar array taking into account the principal mission phases
and the main parameters affecting the solar cell efficiency.

I. INTRODUCTION

Past and present research in space photovoltaic energy
generation has been mainly focused in the acquisition
and modeling of new technologies in order to improve
the efficiency of solar cell arrays and the reduction of
cost/watt generated [1].
A number of far-term missions require advanced solar
cell technologies to meet their power requirements, par-
ticular cells of interest in the actual research include de-
velopment of cells for high intensity environments (near-
solar mission), low intensity high radiation environments
(Jupiter and outer solar systems), and dusty, Low temper-
ature environments (Mars).[2]
During the projection of the space power subsystem on
a solar powered mission, the design and construction of
solar cells is based on the fulfillment of one specific con-
dition during the whole mission avoiding some stages
which can be primal for cells sizing and later perfor-
mance. This process should also be taken under consid-
eration for the improvement of space power generation.
The several parameters involved in the use of photo-
voltaic technologies for space power applications that
limit the power generated are classified as shown below:

A Priori: Array designed according to one specific con-
dition during the whole mission (worst case), de-
signed and tested in terrestrial conditions.

A Posteriori: Degradation, environment stain.

In Situ: Dependence with environment temperature, so-
lar intensity and array inclination and cell specific
thickness.

To address this issue it emerges the necessity of a tool
that may lead us make the optimization of the solar ar-
ray for a given mission taking into account the princi-
pal stages of the mission and not only an specific criti-
cal point. The variables that will be considered into the
model are:

– Cell thickness

– Material

– Junctions

– Environment temperature

– Solar intensity

– Array inclination

Possible complications derived from the lack of
attention to several events during the mission can be seen
in recent projects, like the Rosetta mission which will be
the first aircraft to undertake the long-term exploration of
a comet at close quarters (ESA 2004); managers found
themselves under the uncertainty of whether the solar
array of the Philae Lander would fulfill the power needs
during its operation over the C-G comet or not. Mainly
because the solar array wasnt build or tested to operate
under the environmental and radiation conditions to
which it will be exposed (Very low temperatures, limited
solar spectrum, intense dust conditions). This manifest
the importance of a design process that consent the
characterization of the solar array in several conditions.

II. PROBLEM FRAMING

In order to go trough an optimization procedure the 3
dimensional problem must be simplified into a 1 dimen-
sional problem for simplicity of computation, the con-
ceptualization of this model is sketched in “Figure 1”
, this simplification is possible under the following as-
sumptions:

– Homogeneity in the x-y dimensions.

– Solution of the drift diffusion equations in z (thick-
ness direction).

– Stationary problem: No dependence of the vari-
ables with time.
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– Output for other subsystems (thermal subsystem):
Maintenance of internal temperature (otherwise T
would de dependent of time).

Figure 1: Three dimensional solar pannel generator prob-
lem adressed as a one dimensional problem.

Basically the efficiency of the solar cell under the
given environmental conditions in the several events will
be calculated in one dimension (z) which will describe
the behavior of one cell which afterwards will be multi-
plied by the number of cells representing the whole pan-
nel.

A. TECHNOLOGIES

There are three types of solar cells technologies, each of
one was studied in order to establish the materials and
models that are suitable for space applications:

First Generation Solar Cells :

– Crystalline silicon based solar cells.
– Efficiency of 33%
– High sensitive to radiation.
– Suitable for LILT conditions

Second Generation Solar Cells :

– Thin-film solar cells.
– Reduced efficiency with respect to 1G.
– Cheaper and flexible.
– High degradation - Not suitable for Space Ap-

plications

Third Generation Solar Cells :

– Multijunction PV cells.
• Highest efficiencies

– Thermoelectric cells.
• Low efficiency ∼ 7 %

– Organic cells.
• Efficiencies ∼ 6 % max ∼ 10 %

– Nanocrystalline cells.
• Under Development

First generation and multijunction photovoltaics tech-
nologies, enables the use of a general model for the de-
scription of the power generated as a function of the pa-
rameters discussed before. From the different models

studied the drift diffusion model is the more suitable due
to it’s generality and direct dependence on the parame-
ters needed.
The principle of detailed balance efficiency that fixes the
maximum efficiency for p-n junction and tandem solar
cells [4, 5] will be used to obtain an upper bound for
comparison with our results.

III. GENERAL PROBLEM APPROACH AND
FUTURE DEVELOPMENTS

On the table below (Table 1)the strategy adopted to ap-
proach the problem is shown. The research proposal will
begin with the study and analysis of the drift diffusion
model that combining diverse configurations (materials,
thickness, types of junctions, numbers of cells) predicts
macroscopically the answer of a given array. Test the ac-
curacy of the model under experimental verification of
a particular given condition (using silicon solar cells).
Then having checked the precision of the model, made
the necessary modifications to vary also the materials
and the addition of junctions to the model. And to con-
clude make the respective optimization of the solar cell
arrangement for a particular given mission.

Stage Goal Involved
variables

1 Simulation single element Varying T,I,t
2 Experimental comparison Si cells
3 Simulation single element Junctions
4 Model of cell degradation T,I
5 Optimization process Varying T,I
6 Application of the process

to one specific mission
Confront

Table 1: Development of the research project
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Abstract —Smell of burned wood is a remarkable 
phenomenon in Alpine valley especially during the 
heating season, what suggests that odour comes 
mostly from domestic wood combustion. In higher 
concentrations it could cause annoyance or be even 
toxic. The present study suggests a method to meas-
ure odour from wood smoke with dynamic dilution 
olfactometry. The study faces also the topic of cor-
relation between odour features and different emis-
sions from domestic wood combustion facilities, 
very popular at the Austrian countryside.  

I. INTRODUCTION

Even if odour is not commonly listed among air 
pollutants it could cause annoyance to the population 
in affected areas. The last decades brought increasing 
numbers of complaints due to agriculture and food 
processing industries related odours. Other signifi-
cant sources are pulp mills, fuel processing and traf-
fic. Indoor air is often influenced by tobacco smoke 
odour. Longer exposure to odours could be also 
harmful to human health causing loss of appetite, 
insomnia, stress, breathing difficulties and allergies 
[1].  

Odour from domestic wood combustion has not 
been mentioned in European literature so far; how-
ever the phenols which are constituents of wood 
burning exhaust are mentioned in the list of odorous 
chemicals [1]. Odour from combustion in fireplaces 
has been mentioned in Canada. In Europe data re-
lated to wood combustion in a biomass boiler comes 
only from a master thesis [2]. It is, however, a no-
ticeable problem in central Europe, especially in 
Alpine valleys, where small scale wood combustion 
is reported to have a significant role in the particulate 
matter and volatile organic compounds (VOC) emis-
sions [3]. 

II. EXPERIMENTAL

A. WOOD AND COMBUSTION FACILITIES

Emission sampling was done for a manually fired 
wood stove with a nominal power output of 6 kW. 
The total number of 36 tests was conducted using 7 
different types of hardwood, 5 different types of 

softwood and hardwood briquettes. Wood was cho-
sen according to the forest inventories data for the 
most popular species for Austria and surrounding 
countries. Every combustion cycle consisted of two 
fuel loads of 1,3kg each. 

Additional 5 tests were conducted with a similar 
size automatically fired pellet system with internal 
fuel storage.  The water content of each fuel was 
varying from 8 to 13% for wood logs and 5% to 6% 
for briquettes and pellets.  

B. PARTICULATE MATTER SAMPLING

Particulate matter (PM10, PM2.5 and TSP) from ex-
haust was collected on quartz and cellulose filters 
using a modified dilution system designed for the 
project AQUELLIS FB done at Vienna University of 
Technology. This was accompanied by on-line 
measurement of gas emissions. Dilution ratio of 
exhaust was set accordingly to expected emission 
rates and was checked during sampling by compari-
son of CO2 emissions from raw and diluted exhaust. 

C. ODOUR SAMPLING

A volume of about 20 litre pre-diluted exhaust air,
cooled down to room temperature was collected in a 
Nalophan® sampling bag, located in a plexiglas pipe. 
The sampling system design was according to Euro-
pean standard given by the European Union Norm 
EN 13725 and is presented in “Figure 1”. 

Figure 1: Odour sampling system 

The exhaust air fills the sampling bag, when the air 
from the pipe is pumped constantly out of the system. 
The flow rate was set and regulated automatically. It 
varied between 0,25l/min and 0,35l/min incidentally 
to the combustion time.  
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D. ANALYTICAL METHODS

Particulate matter, collected on the pre-conditioned 
and balanced filters was weighted and analysed for 
different carbon species, carbohydrates, ions, apolar 
organic compounds, HULIS (Humic like Substances) 
and metals. 

Sampled odorous exhaust was transported imme-
diately to the laboratory. No storage is recommended 
to avoid diffusion of volatile organic compounds 
through the sampling material, as well as condensa-
tion of organics inside the bag. Method used for 
measurement is called dynamic dilution olfactome-
try. An olfactometer is a dilution facility equipped 
with 4 rotameters. One of them ensures constant 
dilution pre-cleaned air flow; other three are working 
in different ranges and regulate the flow of the sam-
ple. Human nose is a detector. Olfactometer dilutions 
refer to dilutions in ambient air. 

Each of the 4 panellists, chosen among non-
smoking and healthy people, gave a response for 
each presented dilution. In case of this study only the 
presence of odour at random presented dilutions was 
investigated. The odour threshold for each person is 
the highest dilution factor at which this person gives 
a positive answer. The odour threshold for each test 
is a geometric mean of each panellist personal thresh-
old.  

III. RESULTS AND DISCUSSION

From the 36 tests those with big sampling or inte-
gration disturbances were removed. Final conclusion 
comprises 25 measurements. The average odour 
threshold for hardwoods, including briquettes is 2033 
OU/m³ (Odour Units per cubic meter), while for 
softwoods 2832 OU/m³ were measured. Odour pres-
ence in exhaust from the pellet stove was not de-
tected.  

 “Figure 2” shows a correlation between odour 
level and gaseous emissions from wood combustion.  
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Figure 2: Odour – hydrocarbons and carbon mon-
oxide correlation of selected species. 

Carbon monoxide does not have any smell, but its 
high emission evidence lack of oxygen and incom-
plete combustion process. Such conditions result in 
VOC condensation and emission. Among them are 2-
methoxyphenol and 2,6-methoxyphenol which are 
known to bring a smoky odour. 

Relation between odour and organic gases emis-
sion gives a basis to predict a correlation also with 
organic particulate matter. Such reliance was found 
for brown carbon (BrC), (“Figure 3”). BrC is an 
organic part of carbon with a characteristic colour, 
detectable with an optic methods and containing big 
molecules with many aromatic structures [4].  
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Abstract  This paper contains information about 
one of the biggest problem with electric energy 

quality, which is voltage sag. Further there is de-

scribed Dynamic Voltage Restorer (DVR) as a 

device, which can compensate voltage sags and 

protect a sensitive customers against big economic 
losses. There is also described one possibility, how 

to control Dynamic Voltage Restorer (DVR). The 

DVR control is based o

from ABC system to dq0 system. In the end of this 

paper, there are represented a simulation results 

from Matlab/Simulink model of DVR.  

I. INTRODUCTION 

Problem with electric energy quality especially volt-
age sags is very actual nowadays. According to 

study about these problems in 
European Union costs to compensate these problems 
with quality of electric energy reaches every year 
about 10 milliard Euros. There were recorded 858 
voltage sags or interruptions measured in 12 measur-
ing points during 10 months, which causes economic 
losses that reaches 600 000 Euros [1]. One possibility 
how to prevent those economic losses is by using 
DVR. 

The DVR is a custom power device that is connected 
in series with line distribution system, between sup-
ply side and sensitive load. The DVR uses semicon-
ductor devices, such as Insulated Gate Bipolar Tran-
sistors (IGBTs). It can maintain load voltage by 
injecting three phase output voltages by which ampli-
tude, phase and frequency can be controlled [2]. 
These three phase voltages are injected in synchro-
nous with the voltages in the distribution system. The 
DVR consist of three-phase inverter, energy storage, 
controller and booster transformer.  

In next part of this paper I present usage of 
transformation to control of DVR. 

II. MODEL OF DVR IN MATLAB/SIMULINK 

The model of DVR, which was created in Mat-
lab/Simulink, is shown in figure 1. This model con-
sist of supply side 22kV, which represents three-
phase generator, further transformer 22/0,4 kV, sensi-
tive load and DVR device, which consist of control 

system, PWM generator, three-phase inverter, energy 
storage, LC filter and booster transformer. 

 Figure 1: Model of DVR 

a-
tion, which is described by these equations [3]: 

 

 

 

III. CONTROL SYSTEM 

The control system is shown in figure 2. Working 
principle of this control is based on comparision of 
two voltage values  voltage in per units from load 

to dq0 axis, and reference value of dq0 axis. Based 
on 
symmetric ABC voltage system, is a value of d=1, 
value q=0 and the zero component equal zero. 
reason, why the reference values are: d=1, q=0, 0=0. 

When occurs some disturbances on supply side, 
three-phase voltage system becomes unsymmetrical 

 the same like reference values. 
Difference between measured values and reference 
values must be regulated to zero value. This opera-
tion is executed in PI controllers. When the differ-
ence is zero, I  using resulting value of inverse 

as input value for PWM gen-
erator.  
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The PWM generator is sending impulse to three-
phase inverter, which consists from IGBT transistors. 
As an energy source for this inverter serves the en-
ergy storage (e.g. supercapacitor). An output voltage 
must be filtrated by LC filter. The voltage, which we 
need for compensation of voltage sags from supply 
side, is then injected to power network through 
booster transformer. The final result is that the sensi-
tive customer has constant amplitude of voltage on 
his clamps.  

 

    

Figure 2: Control system 

IV. SIMULATION RESULTS 

In my model I simulated some disturbances, which 
are typical for power network, like single-phase fault, 
three-phase short circuit, ground connection etc. Here 
is my simulation result of short circuit between two 
phases, A and B (figure 3.). We can see in part a) of 
figure 3. the shape of voltage from supply side, when 
the short circuit occur (at time 0.1 s. ). In the second 
part of figure 3. we can see a shape of voltage on 
sensitive customer clamps. We can see, that the am-
plitude of voltage is constant, so the disturbance from 

customer. 

Figure 3: a) Shape of supply voltage 

 

Figure 3: b) Shape of load voltage 

V. CONCLUSION 

Protection of sensitive loads, such as semiconductor 
plant, is very important for economic reasons. One 
possibility, how to protect these sensitive customers, 
is by using DVR, which can keep the voltage ampli-
tude on constant value. In this paper I present one 
possibility, how to control DVR by u
transformation. As we can see on figure 3. this model 
works correct and this way how DVR control can be 
used. 
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Abstract — The determination of total petroleum 

hydrocarbons (hydrocarbon index) in water and 
soil is an important analytical task to assess levels 

of environmental pollution. The formerly common 
IR-absorption based method has recently been 

replaced by a gas chromatographic (GC) method 

that, however, lacks sufficient sensitivity. In order 
to reach the detection limits stipulated by 

environmental legislation, large volume injection 

(LVI) may be used for gas chromatography. 
Programmed-temperature vaporiser (PTV) 

injection can help to avoid the loss of volatile 

analytes and may be applied instead of a 
preconcentration procedure. The optimisation of 

the experimental parameters of PTV LVI for 

determination of petroleum hydrocarbons is 
discussed in this contribution. 

I. INTRODUCTION

Water pollution by petroleum hydrocarbons is an 
important environmental problem. The determina-
tion of total petroleum hydrocarbons (hydrocarbon 
index) in water and soil is complicated by the fact 
that total petroleum hydrocarbons (TPH) are a large 
group of compounds including as different mixtures 
as crude oil and refined petroleum products. 
Currently, there are two standard methodologies 
based on GC as substitutes for the former IR 
method that was abandoned due to the use of 
chlorofluorocarbons in the extraction, which can be 
used to monitor the maximum hydrocarbon content. 

ISO 9377-2: 2000 – the official European 
standard method for the determination of 
hydrocarbon oil index in water by GC-FID; 

The OSPAR (Oslo-Paris commission) refer-
ence method for the determination of dis-
persed oil content in produced water is a 
modified version of ISO 9377-2:2000. The 
method was published in 2005 and taken into 
force as the reference method in January 2007. 

Both methods are based on extraction of water 
samples with a nonpolar (hydrocarbon) solvent, 
capillary GC measurement, and determination of 
the total peak area of compounds eluting between 
n-decane (C10H22) and n-tetracontane (C40H82) for 
the ISO 9377-2 standard. The OSPAR method was 
modified to include the determination of certain 
hydrocarbons with boiling point starting already 
from 980C (from n-heptane) with particular 
consideration of the TEX (toluene, ethylbenzene 
and o-/p-/m-xylene) compounds. 

To reach the required detection limit, the 
method according to ISO 9377-2:2000 foresees 
preconcentration of the extracts by solvent evapo-
ration. In contrast to this, the OSPAR method does 
not allow for any external apparatus for 
preconcentration, for which reason the GC must be 
equipped with an injection system that allows the 
injection of up to 50 µl of the extract. Typically, 
programmed-temperature vaporiser large volume 
injectors (PTV LVI) are used for this reason. 

PTV injection separates solvent vapour from 
analytes through venting of the vapour in the liner. 
The PTV large volume injector is equipped with a 
very sophisticated temperature, flow and pressure 
control and speed-controlled injections functions. 

Optimisation of the PTV LVI method involves the 
correct adjustment of: 

Injector initial temperature 

Solvent evaporating temperature program 

Injection rate, injected amount 

Solvent split rate and time 

Purge vent rate and time 

Inlet pressure 

Problems such as sample discrimination, partial or 
complete loss of early eluting peaks, peak 
deformation (splitting) and carry over can occur in 
PTV LVI if the above mentioned parameters are not 
carefully optimized. 
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II. EXPERIMENTAL

The work was carried out using an Agilent 7890A 
GC system, equipped with a UNIS 2100 large 
volume injector (Joint Analytical Systems), a flame 
ionisation detector (FID) operated at 340 C and with 
a CombiPal CTC autosampler allowing PTV-large 
volume injection. Instrument control and data 
evaluation was done with the ChemStation software. 

GC Oven program: 35°C (6 min), with 35°C/min 
to 340°C (6 min). The optimised parameters for 
programmed-temperature vaporiser large volume 
injector are:  

PTV program: -20 C (0 min), 720 C/min to 
340 C (15 min). Solvent vent flow: 100 ml/min; 
Solvent vent time: 0 min; Vent pressure: 10 psi; 
Purge flow: 100 ml/min; Purge time: 1 min; 
Injection volume: 50 µl; Injection speed: 5 µl/sec. 

A UNIS straight liner with a length of 88 mm and 
3 mm ID, packed with deactivated borosilicate glass 
wool was used. A Restek RTX-5MS 30 m x 0.25 
mm ID, 0.25 µm capillary column with an uncoated 
5 m x 0.32 mm ID, deactivated fused silica capillary 
as precolumn (Supelco) were used. 

A standard mixture, consisting of C7, C10, C20, 
C40 and TEX compounds in pentane, at 5 µg/ml 
each, was used to test the analytical performance of 
the method and system. The recovery of the 
components was determined experimentally. 
Normalized peak areas were used for calculation of 
component recoveries. The relative response (peak 
area, PA) of n-decane (C10) and n-tetracontane 
(C40) compared with n-eicosane (C20) was 
investigated.

III. RESULTS AND DISCUSSION

When injecting larger volumes, the removal of the 
largest part of the solvent is necessary in order to 
concentrate the analytes and maintain good separation. 
The sample introduction rate must thus be equal to or 
slightly higher than its evaporation rate. 

The injection speed can be estimated using the 
equation (1) for solvent elimination rate [v, µl/min] 
calculation: 

sf

inlet

a

inlet

s
v

P

P

TR

PM
v  (1) 

where:
M – molecular weight of solvent [g/mol] 
Ps – vapour press. of solv. at initial inlet temp. [bar] 

 – density of solvent [g/ml] 
R – gas constant [0.08312 l*bar/K*mol] 
Tinlet – initial temperature of inlet [K] 
Pa – ambient pressure [usually 1.013 bar] 
Pinlet – inlet pressure [gauge+ambient pressure, bar] 

Vsf – split flow [ml/min] 

Equation (1) reveals how the LVI parameters are 
interrelated and need to be optimised. This has been 
done for the determination of TPH, where a 
chromatogram obtained under the optimised 
conditions is shown in Figure 1. 

Figure 1: GC chromatogram of 50 µl injection of 
system performance test performed at the 

optimised parameters 

Figure 2 reports recoveries for the components of 
the standard mixture under conditions deviating from 
the optimum set of parameters for PTV LVI. 

0.0 0.2 0.4 0.6 0.8 1.0 1.2

purge time, 0.2 min

vent pressure, 40 psi

injection speed, 1µl/sec

inlet initial temperature, 35 C

optimised parameters

C7/C20 C10/C20 C40/C20 response of C20 peak area

Figure 2: Comparison of relative response between 
C7, C10, C20 and C40, 

IV. CONCLUSION

We have demonstrated the importance of para-
meter optimisation for GC with LVI for TPH 
analysis. In addition to the parameter addressed in 
this study, other factors such as liner design and 
packing are important and need to be investigated. 
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Station Apr.07 Jul.07 Oct. 07
Lunz  am See 19.92 9.72 13.41

Enzenkirchen 23.3 15.2 26.5
Illmitz 23.5 14.1 26.0
Klöch 25.3 16.6 21.8

Pillersdorf 23.4 14.8 26.6
Voregg 14.3 12.2 9.1

Zöbelboden 18.5 6.6 12.2
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Abstract — Starting in spring 2007 a seasonal 

cycle of aerosol samples and selected trace gases 

was collected at a rural site in Lower Austria. The 

composition of the airborne particulate matter was

characterized using a Macro Tracer Model [1],

developed for aerosol source apportionment. The 
seasonal variation of the concentrations was stu-

died and, if possible, their contribution to the total 

particulate mass was quantified. In parallel, the 

concentration of the trace gases SO2, NH3 and NO2

was measured in three stations nearby, in order to 
estimate the influence of a small human settlement 

to their seasonal concentrations.

I. INTRODUCTION

The PM10 sampling site was located at the edge of a 
small town with 2000 inhabitants (Lunz am See, 47° 
51 , Elevation: 601 m) with no major 
emissions sources like industry or busy roads nearby, 
thus representing a rural background station. PM10 
samples were collected on quartz fiber filters. Sam-
pling was carried out on a daily basis. Analyses com-
prised the determination of water soluble major 
anions and cations, carbonaceous species (TC – total 
carbon, EC – elemental carbon, OC – organic carbon 
and CC – carbonate carbon), anhydrosugars and 
HULIS (Humic like Substances).

The trace gases were collected using diffusion sam-
plers at three sampling points in and around Lunz. 
During an eleven months period monthly averages 
were measured.  

II. PM10 CONCENTRATION

Lunz am See was treated as a background rural sta-
tion, due to the lack of major emission sources in the 
vicinity. There was a single exceedance of the PM10 
limit of 50 µg/m³ d (EU-Guideline 199/30/EG) in 
January, 2008. In Table 1 the gravimetric results are 

compared to the values from other background sta-
tions in Austria, like the stations of the Federal Envi-
ronmental Agency [3]. The daily means varied be-
tween 1.5 and 51 µg/m³ depending strongly on the 
weather conditions. The average concentration over 
the whole cycle was 14.2 µg/m³ d. 

Table 1: PM10 monthly averages in [µg/m³] 

III. MACRO TRACER MODEL 

This model was developed at the Vienna University 
of Technology [1] to quantify the contribution of 
selected major aerosol sources or compound classes
to the total aerosol mass. Tracer compounds and 
average factors derived from analyses of emission 
samples are used to identify a source and determinate 
its contribution to the PM10. Eight sources and com-
pound classes were identified summing up to 73% of 
the total mass as an annual average. The main part of 
the unidentified 27% is suspected to be mineral dust, 
composed mainly by silicates. 

With an annual average of 26% of the total mass,
secondary inorganic aerosols represent the largest 
fraction of the total mass. The concentration of these 
particles correlated well with the overall aerosol 
concentration. The lowest concentrations were meas-
ured in summer; however, these represented the 
major fraction relative to the total PM10 for the same 
period. That means this compound class can be at-
tributed to long distance aerosol transport further 
affirming Lunz am See as a background station.
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Annual average values for the emission sources and 
compound classes are given in Figure 1. One of the 
main emission sources was wood combustion which 
amounted to 21% of PM10. Levoglucosan was used 
as a tracer compound for this source [2]. This source
showed a distinctive seasonal variation, rising up to 
45% in winter and decreasing to less than 5% in 
summer. The emission of wood smoke depends 
largely on local heating. Due to the fact, that wood 
combustion in small log fired stoves is the main 
heating method used in small middle-european towns
and villages, low temperatures lead to high concen-
tration of particles in the cold season. 
The trend for other sources is not as distinctive, traf-
fic for example amounted to 10 % of the total PM10, 
its concentration showed very little alterations trough 
out the year.
Bioaerosols and particles coming from de-icing salt 
also had a very distinctive seasonal variation, having 
their peak concentrations in the late summer and 
winter months respectively. Their apportionment to 
the total mass was, however, very small. 

Organic aerosols including HULIS, plant debris and 
other unidentified organic compounds amounted to 
an average of 10% and showed a seasonal trend with 
higher concentration in the late summer and autumn 
months.

Figure 1: Annual average values for the emission 
sources and compound classes

IV. TRACE GASES

Trace gases were collected using diffusion samplers, 
which were hung for periods of four weeks in three 
different stations in and around Lunz am See. The 
absolute concentrations of the measured gases were 

low, nevertheless the emissions of a small town 
(2000 inhab.) and their impact on the air concentra-
tions is clear, specially in the winter period. 

Figure 2: Monthly average values for NO2 [ppm] 
in the town´s center, at the edge of the town (300m 
away) and in a very scarce settled place away from 

the town (2500 m away)

REFERENCES

[1] Bauer H., Marr I., Kasper-Giebl, A. Limbeck, A. 
Caseiro, M. Handler, N. Jankowski, B. Klatzer, 
P. Kotianova, P. Pouresmaeil, C. Schmidl, M. 
Sageder, H. Puxbaum. AQUELLA Steiermark
Endbericht. Bestimmung von Immissionsbeiträ-
gen in Feinstaubproben. Bericht für das Amt der 
Steiermärkischen Landesregierung, Fachabtei-
lung 17C, Berichts-Nr. LU08/07, 163S. 2007

[2] Schmidl et al. Chemical characterization of par-
ticulate matter emissions from wood stove com-
bustions of common wood growing in mid-
European alpine regions. Atmospheric environ-
ment 42, 126-141. 2008.

[3] Spangl et al. Luftgütemessungen und metereolo-
gische Messungen Jahresbericht Hintergrunds-
messnetz Umweltbundesamt 2007. Vienna, Aus-
tria: annual report from the Austrian Federal En-
vironmental Agency. 

404



Phytotolerance to Toxic Heavy Metals by American and 

International Rice Oryza sativa Cultivars L. in vitro: Implications on 

Remediation of Contaminated Sites. 
 

Francisca Villar Kojo Wallace, Terrance Burks, Edward Thomas, Abubakar Jalloh, T. Jaradat ,  C.M.  
Maliti, and D.V. Basile. 

Lehman College 
The City University of New York 
Bronx, New York, United States 

Email: Francisca.Villar@lc.cuny.edu 
 

  Abstract- Phytotolerance to heavy metal 

toxicity by selected plant species indicates species 

potential as a phytoremediating candidate. The study 
involves integration of greenhouse and in vitro 

studies of IR36 and A301 cultivars of 

phytoremediating properties of selected rice Oryza 

sativa. The leaf chlor

week old plants exposed to aluminum treatment were 

content of plants in the control group. The growth 

development of vegetative structures for A301 and 

IR36 seedlings exposed to aluminum and other 

selected heavy metals treatments showed A301 has 

greater tolerance to Al, Cd and Zn compared to IR36. 
The results suggest that the selected A301 and IR36 

aluminum. 

 

I. INTRODUCTION 
 

  Oryza Sativa (Rice) has the oldest record of 
cultivation by mankind, and has followed a very 
complex and interrelated course of evolution. What 
makes rice plants unique is their ability to grow while 
being submerged in water. Rice is a semi-aquatic 
plant, which could be prone to the effects of heavy 
metal contamination of fresh water and aquatic 
system. 
` The source of heavy metal ions include: 
factories, metal smelting industries use of 
secondary treated waste water for irrigation and 
mine tailings [1].  
Heavy metals accumulated in the soil have the ability 
to continually cause diseases in people who consume 
crops grown on the contaminated farms.   
 
Consumption of contaminated food ingested by 
humans can cause adverse health effects. [2]    
 
  Two contrast plants groups, distinguish 
themselves on the basis of their ability to accumulate  

 
heavy metals. Excluder plants retain heavy metals in 
their roots restraining the entry of the metals to the 
shoots.  
On the other hand, hyperaccumulators plants 
accumulate large quantities of heavy metals in 
the shoot with no visible damage to the 
metabolism of the plants [3].  
This study was primarily designed to evaluate the 
effects of Al on growth parameters of Oryza sativa.  
Other heavy metals evaluated in the study were Zn 
and Cd ions.  The phytoextraction capacity of 
selected rice cultivars were determined by using a 
method called hydroponics. Hydroponics is a method 
of growing plants using mineral nutrient solutions 
instead of soil. Rice is a potential candidate for use in 
phytoremediation of Al, Zn, and Cd contaminated 
soil sediments in delta regions and fresh water 
aquatic systems. 
 

II. MATERIAL AND METHODS  

Plant Material   

 The original seeds of rice Oryza sativa A301 
(American cultivar) were obtained from the 
University of California, Davis.  The international 
cultivars (cv) Basmati 217 (Indian) and IR36 
(Philippines) seeds were derived from mature plants 
grown in the research greenhouse at Lehman College, 
of the City University of New York. 

Preparation of Inoculum 

The A301, IR36 and Basmati 217 seeds were 
dehusked and surface sterilized in 95% ethanol for 1 
minute and then transferred to a 30%  sodium 
hyperchloride solution (bleach) for 30 minutes 
according to the procedure described by Maliti et al 
2005.  The seeds were rinsed five times in sterile 
water. 
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Subculture Experiments 

The calli (cell and tissue cultures) of A 301 derived 
from mature seeds embryo were subcultured in MS 
media, each supplemented with 3.5 mg/l 2,4-
Dichlorophenoxyacetic acid (2,4-D) and 50.0 mg/l of 
one of the following heavy metals Al, Cd, and Zn.  
The control calli was subcultured in an MS 
supplemented with 3.5 mg/l 2,4-D and 50.0 mg/l K.  
The growth of the calli was monitored for duration of 
8 months. 

 

Media Preparation 

The in vitro cultures of axenic seedlings were 
established in a MS media [4] basal salt media 
without organics. The pH of both media was adjusted 
to 5.7, Agar-agar 12% v/wt was added for media 
solidification, and it was autoclaved for 15 minutes at 

121 C, 17psi.  Approximately, 25mL of media were 
poured into sterile 25 mm x 150 mm culture tubes. 
The seedlings were placed in a growth chamber set at 

27 C ±1 C.  The seedlings growth and development 
was recorded for a period of 8 moths.  The calli 
generated were used in inoculum for experiments, 
designed to screen PPFM strains with the capacity to 
stimulate rice growth and development in vitro. 

III. RESULTS 

Callus Induction.  Induction of callus is often an 
important first step during the process or 
regenerating/micro propagating plantlets from wild 
type or genetically modified plant tissue in culture. In 
this study we were able to induce callus proliferation 
from selected rice plant cultivars. 

`The induced calli showed the effects of heavy 
metals in regards to chlorophyll content for B217 
cultivar. Subsequently, the overall chlorophyll 
content was suppressed once the plant was subjected 
to heavy metals.   Clones that are potential candidates 
for use in Phytoremediation of Al, Zn, and Cd 
contaminated soil sediments in delta regions and 
fresh water aquatic systems were identified Based 
upon the results of the growth parameter, such as root 
development, A301 cultivar showed greater tolerance 
to heavy metals and therefore a greater for potential 

for phytoextracting capacity compared to IR36 and 
B217. 

 

IV. SUMMARY 

Exposure of A 301 cultivar seedlings to 
aluminum in vitro inhibited root development at p 
0.01. The tolerance of the cultivar to aluminum, an 
indicator of phytoremediating and phytoextraction 
potential was suggested by the non-significant effect 
of aluminum on vegetative growth (leaf and root) of 
the plants in vitro.   

Exposure of A301 and IR36 cultivar seedlings to 
aluminum, cadmium, and zinc in vitro showed that 
A301 has greater tolerance to heavy metals than that 
of IR36 and B217. 
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Abstract — To prove that innovative design and 

materials can cut the costs of conventional solar 

concentrators, HELIOVIS AG and Vienna Univer-

sity of Technology developed jointly an inflatable 
solar concentrator. This solar concentrator only 

consists of polymer membranes supported by inter-

nal pressure. 

This paper presents the mechanical and optical 

modeling of a pneumatic pre-stressed solar concen-

trator in order to find its optimal geometry. The 
target was to reach a high concentration ratio on 

the focal plane.  

The optical concentration ratio in the state of force 
equilibrium could be simulated as high as 43x.  

I. MODELLING

The cross section of the polymeric solar concentrator 
is depicted in Figure 1. The solar radiation enters the 
concentrator through the transparent upper foil of the 
upper chamber and is then reflected by the reflective 
membrane onto the thermal absorber. The reflective 
membrane separates the upper and the lower cham-
ber. By applying a differential pressure between 
these two chambers, the reflective membrane will be 
forced into a certain radius of curvature, thus influ-
encing the concentration ratio. The mechanical equi-
librium in the polymeric foils is calculated by con-
sidering the tensile stresses only. The bending stiff-
ness of such thin foils is neglected. Figure 2 illus-
trates the forces affecting the concentrator and the 
tensile forces in the foils, respectively. The weight of 
the thermal absorber, fAbs was considered. As it ap-
peared that it influences the results only by approxi-
mately 5%, details are not outlined in detail in this 
paper. Only the three tensile forces in the polymeric 
foils are considered. 

Figure 1: Cross section of the pneumatic prestressed 
solar concentrator 

Figure 2: Forces acting on the concentrator in two 
dimensions (indices: u = upper; l = lower; m = reflec-

tive membrane, Abs = Absorber; react = Reaction) 

The set of non-linear equations for the state of force 
equilibrium can be solved with Newton’s method for 
problems of higher dimensions according to 
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The above equations in f = (f1, f2, f3)’ include the 
tensile forces in the form Ti = pi.ri (i = u, l, m). 
Thereby r = (ru, rl, rm)’ are the radii for the upper 
foil, the lower foil and the reflective membrane and 
p = (pu, pl, pm)’ are the three pressures acting on 
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each foil. The optical modelling is based on geo-
metric ray tracing.  

In order to account for the imperfect parallel solar 
radiation we applied the sun deviation according to 
[1] as aS = [-0.25°, +0.25°]. The optical concentra-
tion ratio Co is based on optical losses caused by the 
angle dependent transmittance of the cover foil and 
the specula reflectance of the reflective membrane. 
The measured values are tmean = 86% for the 
transmittance (mean value) and r = 93% for the 
reflectance. The optical concentration ratio is the 
quotient between intensity of direct solar radiation 
Idir and intensity on the thermal absorber IAbs over 
the absorber area AAbs according to 

dir

Abs
AbsAbs

Abs

o
I

dAI
A

C

1

. (2)

II. RESULTS

To find an optimal optical concentration ratio at the 
absorber position, we ran a set of parameter combi-
nations for the five independent variables (arc 
length of the upper foil, arc length of the lower foil, 
arc length of the reflective membrane (set to one), 
pressure in the upper chamber and pressure in the 
lower chamber). Under the constraint of keeping the 
tensile stresses in the foils within the acceptable 
range of the material properties, we obtained three 
typical types of the geometry. One type of geometry 
that seems to be applicable with regards to manu-
facturing and a practicable tracking system is given 
in Figure 4. The resulting concentration factor along 
the height of the upper chamber is depicted in Fig-
ure 5. 

FIGURE 4: Geometry for the pneumatic pre-stressed 
polymeric concentrator and Intensity distribution

FIGURE 5: Concentration factor along the upper 
chamber 

III. CONCLUSION

The investigations presented in this paper show that 
high concentration factors with pneumatic pre-
stressed polymeric solar concentrators are possible. 
Since the concentration factor is highly sensitive to 
the operational data and the absorber position it is 
crucial to ensure proper dimensioning concerning 
external loads (e.g. wind loads) and to maintain 
accurately controlled pressure levels in the two 
chambers. 

To quantify the effects of external loads and the 
control system, a three-dimensional model for CFD 
(Computional Fluid Dynamics) analysis and a dy-
namic two-dimensional model for control loop 
investigations are currently being performed.   
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Abstract  For analysis of trace elements in envi-
ronmental liquids usually a pre-concentration of the 
target analytes is necessary. A widely-used method 
is solid phase extraction (SPE) employing cation 
exchange resins for metal retention, although it 
requires manual operation, is time consuming and 
needs a separate elution step to get appropriate 

results. To overcome these negative aspects, we 
suggest a new ICP-AES procedure with slurry sam-
ple introduction. For enrichment of trace metals 
postfunctionalized MCM-41-nanoparticles were 
homogeneously suspended in the investigated sam-
ple-solution. The innovative idea is, to measure the 
particles directly after sample centrifugation using 
ICP-AES, instead of interposing acidic elution of 
the particles. The advantage of this approach is an 
enhanced sensitivity and a decreased time demand 
compared to traditional SPE procedures. 

I. INTRODUCTION 

Trace metals are ubiquitous constituents of environ-
mental liquid samples such as sea water, river water, 
rain or snow. The accurate determination of individ-
ual trace metals in those samples is a very challeng-
ing task. Low concentration levels combined with 
matrix induced interferences in the most sensitive 
analytical techniques are considered to be the major 
difficulties. Although in the last years the objectives 
of methodological work was focused on the devel-
opment of sample pre-treatment procedures for pre-
concentration of target analytes and quantitative 
separation of interfering matrix there is still a de-
mand for improved techniques. The most appropriate 
method for sample pre-treatment is solid phase ex-
traction (SPE), which is based on the retention of 
metal species on a cation-exchange resin, thereby the 
non-retained matrix could be separated, and the sub-
sequent elution and analysis of the analytes. How-
ever, although most commonly applied suffers this 
technique from distinct disadvantages - in particular 
the necessity of an elution step with mineral acids 
and the errors related to the manual conduction of the 
individual pre-treatment steps.   
 

In this work we propose an enrichment procedure 
using nanoparticles with ion-exchange functionalities 
on the surface. The enrichment step is based on an 
ion-exchange mechanism, but instead of using a 
column or an immobilized resin, the particles were 
directly suspended in the aqueous sample. After a 
short reaction time the particles are separated and 
analyzed applying slurry sample introduction, a tech-
nique which allows analysis of solid samples with the 
methods established for measurement of liquid sam-
ples (e.g. ICP-AES).  

II. EXPERIMENTAL 

A. REAGENTS AND INSTRUMENTATION 

The chemicals used for synthesis of functionalized 
nanoparticles were of highest available quality. High 
purity water was obtained by double distillation of 
previously deionized water (reverse osmosis/ion 
exchange combination Euro 20 plus, SG Water Sys-
tems, Germany). Nitric acid and Ammoniumacetate 
were purchased with p.a. grade form Merck Ger-
many. Certipur(R) multielement standards (Merck 
Darmstadt) were used for method development and 
quantification.  
ICP-AES analysis was carried out with an iCAP 
6500 from Thermo scientific. Measurement was 
performed using radial observation with a monitoring 
height of 12 mm, a generator yield of 1200 W and a 
sample flow rate of 1.0 ml/min. Sample introduction 
was carried out with a Thermo high-solid-kit contain-
ing an aerosalt nebulizer and a cyclone spray cham-
ber with ascension pipe. The nebulizer flow rate was 
set to 0.65 l/min. Per element the two most sensitive 
and non interfered emission lines were used. Investi-
gated elements were Cu, M, Mn, Sr and V, later Co, 
Cr, La, Ni and Pb were added. Nitric acid (1 % v/v) 
was utilized as purge liquid between measurements. 

B. SYNTHESIS OF PARTICLES 

MCM-41-Nanospheres were prepared using n-
Hexadecyltriammoniumbromide and Tetraethylor-
thosilicate as suggested by Grün et al. [1].  
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Afterwards the particle-
surface was functionalized 
with SCX-groups accord-
ing to a procedure recom-
mended by Ruijun et al. 
[2]. Prepared particles 
were characterized by 
scanning electron micro-
scopy and N2-adsorption 
at 77 K. The isotherms 
were interpreted using the BET method [3]. The 
particle diameter range was between 300 and 700 
nm. The BET-surface-area was 715 m2/g and the 
average pore diameter was 3.6 nm. 

C. PRECONCENTRATION AND ANALYSIS 

A particle solution with a concentration of 50 mg/ml 
was prepared by suspending the particles in high 
purity water. For enrichment a certain amount of this 
particle solution was added to a buffered sample-
solution. After mixing the solution was centrifuged 
and a defined volume of the supernatant solution was 
removed. The remaining solution including the 
nanoparticles was stirred ultrasonically and measured 
with ICP-AES using slurry introduction.  

III. RESULTS AND DISCUSSION 

In a first set of experiments the sample pH required 
for enrichment was optimized by variation of buffer 
volume and buffer concentration. Sample preparation 
was as followed: 10 ml of a spiked aqueous sample 
solution was treated with a defined volume of buffer 
solution, and then 100 µl particle solution were 
added. After ultrasonic stirring for 5 minutes, the 
sample was centrifuged (Hettich, Zentrifugen-EBA 
20). Then 8 ml of the supernatant liquid were re-
moved using an Eppendorf-pipette and the residue 
was again stirred ultrasonically. The slurry solution 
was transferred to an ICP-AES and directly analyzed. 
For most of the investigated elements the addition of 
ammonium acetate buffer (25 mmol, 5 % of sample 
volume) yielded best results. 
In the next step the amount of added suspension was 
optimized. Samples were treated with suspension 
volumes varying from 25 µl to 200 µl, indicating best 
results for experiments with 100 µl particle solution. 
Recovery rates determined by aqueous calibration 
varied from 60 to 80 % depending on the element. In 
order to investigate if these insufficient results are 
caused from problems in the enrichment process 
(incomplete sorption, inadequate sorbent capacity), 
or interferences during analysis (e.g. due to introduc-
tion of nanoparticles) matrix matched calibration was 
used. For this purpose standard solutions with differ-
ent concentration levels were treated with nanopar-

ticles as described for samples. Based on the derived 
ICP-AES signals a calibration function for the whole 
procedure was calculated, indicating that emission 
signals were distinctly reduced in the presence of 
nanoparticles and thus not comparable with results of 
aqueous standards. Using this matrix matched cali-
bration for signal quantification, recovery yields 
between 85-95 % were found (Figure 2), leading to 
enrichment factors of 4.5 to 4.7 (theoretically 5.0). 

 

Figure 2: comparison of calibration methods 

This method proposes a promising alternative to SPE 
for enrichment of trace metals in environmental 
liquids. It surpasses conventional SPE in quickness, 
sensitivity and handling. The most important advan-
tage of this procedure is the decreased time required 
for sample pretreatment. The preparation time for a 
10 ml sample is less than 10 minutes, instead compa-
rable SPE-techniques need more than 20 minutes for 
column conditioning, washing, sample introduction 
and elution. Additionally it has to be considered that 
the difference in time demand increases drastically 
with rising sample volume. 
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Abstract  In recent years, increasing pollution 

and fuel consumption created new interest in green 

technologies for transportation. Since 1997 when 

Kyoto protocol was adopted, internal combustion 

machines manufacturers were forced to apply new 
technologies to decrease emissions leading to 

higher cost and paradoxically to higher fuel con-

sumption. This article deals with better power utili-

zation of diesel-electric locomotives based on com-

parative measurement in real operation of Czech 

742 and 740.3 class with an impact on new diesel-
electric and hybrid locomotive projects. 

I. INTRODUCTION 

In Czech Republic most of diesel locomotives were 
manufactured between 1970 and  
the lifetime is near its upper boundary [1]. With acute 
need of reliable vehicles comes a concept of recon-
struction and modernization. 

Diesel engine power utilization in conventional lo-
comotives is reflected in fuel consumption as well as 
in total cost. Therefore, the emphasis on optimised 
rated power design should be placed. This article 
brings a comparison between power utilization 

actual measurements on 
power optimized 740.3 class. Finally, several rec-
ommendations are proposed. 

II. POWER UTILIZATION MEASUREMENTS 

The basic criterion for the comparison is time-based 
relative power utilization KP in (2). This criterion 
also covers idling, the worst diesel engine operation 
mode. 
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where PD(t) is time-based diesel power in kilowatts, 
PD(MAX) is rated (maximal) engine power and T is 
operation period in seconds. There are other criteri-

ons such as idling fuel consumption, dynamic power 
transition, power time distribution uniformity, etc. 

A.  TRACTION S STUDY 

the oil crisis has brought a new require-
ments for low fuel consumption vehicles. A locomo-
tive power utilization study was made [2] in Czech 
Republic. This study resulted to a prototype of hybrid 
locomotive TA436.0. 

The study was focused on yard shunters and fac-
tory shunters in Czechoslovakia, Poland and Russia 

class. Typical load was about 200  1000 tons with 
average speed about 3,5  5,5 kmph. Average diesel 
power was only 7% of PD(max) with relative idling fuel 
consumption 40% of overall consumption [2]. 

Low relative Kp is caused by non-overloadable 
character of pure diesel-electric power transition in 
combination with universal-operation design of the 
locomotive (wide speed range). 

B. OKD MEASUREMENTS IN 2008 

In other to support a power-downgrade moderniza-

cooperation with OKD Transportation. 
OKD uses 740.3 class with 403 kW CAT engine 

 modernized by CZ Loko. 
Parametric comparison of original 742 class and 
740.3 class modernized is presented in Table 1. 

 
Parameter 742 class 740.3 class 

Axle arrangement   
Diesel engine K6S230DR CAT C15 
Diesel power 880 kW 403 kW 
Power transition DC-DC AC-DC 
Weight 64 t 64 t 
Ratio 77:16 78:15 
Max. tractive effort 230 kN 230 kN 
Max. velocity 90 kmph 60 mph 
Cont. tractive effort 121 kN 114 kN 
Cont. speed 19,6 kmph 8 kmph 

Table 1: 742 vs. 740.3 comparison 
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740.3 class power utilization was measured in 
condition of Industrial park of Kladno. Average 
mission parameters are shown in Table 2. 

 
Parameter Value 

Entire mission time 6 hours 
Average speed 4 kmph 
Load range 100  1100 tons 
Operation Shunting, Short freight run 

Table 2: Average mission parameters 

 

Figure 1: Data collection system 

The measurement is supported by digital regula-
tion system NES RV08 with RS232 diagnostic 
communication interface (Figure 1). Results are 
shown on Figure 2 and Figure 3. 

 

Figure 2: OKD 740.3 class mission 

Complete diagnostic protocol allows overall op-
eration to be analysed. Diesel engine utilization with 
emphasis on effectiveness of the operation is then 
studied. Frequent changes of demanded power cause 
the engine to operate in transient state. The regulation 
system cannot follow those changes so the engine 
operates ineffective in 12 % of the mission time. This 
fact leads to higher fuel consumption and higher 
emission. 

Power utilization Kp is 23.5 % PD(MAX), what is 
three times higher than original 742 class. The most 
widely used power is 90 kW (43% of the mission 
time, Figure 3). Idling time is about 38 % of the 

mission time with relative idling consumption 14% 
of overall consumption. An idea to cover the average 
power by low-power diesel with support of energy 
accumulation system is presented in [3]. 

 

 

Figure 3: Diesel power histogram 

III. CONCLUSION 

To compare power utilization of the original 742 
class and downgrade-modernized 740.3 class diesel-
electric shunter locomotive the measurement result is 
introduced. 

Power downgrade modernization of diesel loco-
motives contributes to lower investment, lower fuel 
consumption, lower emissions and better diesel op-
eration. OKD 740.3 class diesel power utilization is 
23.5% instead of 7% of 742 class. Thus, power opti-
mization is the best way to improve locomotive op-
eration. Final power design depends on typical mis-
sion and maximal speed. To enhance diesel power 
utilization a hybrid energy supply system should be 
used. 
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Abstract — Shifting from the classical and unsatisfying def-
inition of the ecological footprint to a more significant “foot-
print / utilization-ratio” forces to change the focus when plan-
ning buildings. As utilization is a major factor of buildings’
ecological impact, it can be drastically influenced by room
management.
Big potential for improving the public footprint lies within uni-
versities and school buildings, as (in many countries) these rep-
resent the largest segment of public buildings. Hence this paper
describes a project aimed at improving university room man-
agement and construction planning. For this purpose a simula-
tion model - combining methods from the field of mathematical
modeling and know-how from facility management and project-
planning - is created. With a desirable side-effect: savings in a
chronically underfunded governmental department.

I. PROBLEM–SETTING

Alongside the global-warming-debate “ecological foot-
print” has entered everyday life and language. While var-
ious methods for this calculation exist, most of them have
one shortcoming in common: They neglect an interrela-
tionship of the footprint and its “benefit”. Compared only
by their footprint a passive house-mansion will outrival
a 50-apartment house built in the 1970-ies from precast
concrete slabs. Taking into account that the mansion is
used a few days per year (e.g. for skiing-weekends in the
alps) while the second building is housing 200 people
365 days a year, the impact of these buildings has to be
judged differently.

As the focus of this work is not a (new) definition for
the ecological footprint, it is sufficient to agree that, when
evaluating buildings, the footprint needs to be set in rela-
tion with the “number of usage-units” (man-hours spent
inside the building – to stay with the above example).
This “new” perspective allows and encourages to use ex-
isting buildings more efficiently rather than building ad-
ditional ones!

Schools and universities represent one of the largest
segments in the portfolio of public buildings (roughly
65% in Austria [1]), thus they offer great potential for
improvement. As a preliminary research project at ETH
Zürich [2] pointed out, propper space management al-

lows for spatial reductions of up to 40% for such build-
ings. Hence utilization of existing buildings can be in-
creased (reducing the “footprint / utilization-ration”) and
– if building plans could be evaluated in advance – fu-
ture buildings could be built optimized according to their
purpose.

II. HOW TO INCREASE ROOM UTILIZATION

The key to increased utilization of universities lies
with efficient room/space management. Thus the prob-
lem translates into allocation of adequate rooms (e.g.
equipment, capacity, location, etc.) for all scheduled
university-courses (events).

Since it is not feasible to test the impact of space man-
agement strategies “in vivo” another form of evaluation
becomes necessary: In the present case a simulation-tool
that is taking into account all relevant factors.

A. UNITS OF MEASUREMENT

To compare results a scale is essential. Needless to say
that a weight-function strongly depends on the optimiza-
tion goal (e.g. higher satisfaction of academic staff by
reduced office-to-lecture-hall-distance).

In the present case the number of erroneous entries,
room utilization and room usage were set to be the main
evaluation units. An erroneous entry denotes one room
request (for a single, specific time slot of an event) that
cannot be met, room utilization is defined as the fraction
of (core) time a room is in use and room usage expresses
the extent to which the capacity of a room is exhausted.

B. THE BOOKING PROCESS

Simulation-projects often end without adoption of the
implemented models because their place within the sur-
rounding system was not considered prior to or during
development. To avoid this and for a deeper understand-
ing of the room-booking process the “global” system was
captured using business process models (BPM, see [3]
for more details).

In this process a major bug within the code of the
booking-system was uncovered and consequently re-
moved. Further it became obvious that it is necessary
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to collect and pool booking requests in order to process
them efficiently — requiring to change the first-come,
first-served reservation-system currently in place.

C. CREATION OF A SIMULATION MODEL

To the author’s knowledge neither tools nor appropriate
methods exist to simulate room utilization to the neces-
sary extent. Thus a model capable to solve this task has
been created by combining mathematical modeling and
knowledge from facility- and space management. This
is necessary as this model needs to incorporate the ex-
act structure of the building (number, size, equipment,
location, etc. of rooms) as well as their “usage” (how
many people will use it when and where, for what pur-
pose, . . . ). Consequently a one-sided approach would not
cover the problem sufficiently.

The chosen approach is based on a discrete event
simulation (DEVS) framework that holds the space–
and facility management know-how in terms of sets of
management-rules. Optionally a sub-model, based on
cellular automata (CA), can be connected to simulate re-
alistic on-campus walking times between lecture rooms.
See [4] for a more detailed model description.

D. OPTIMIZING THE SYSTEM

Based upon data collected via the universities infor-
mation system, that was manually completed in a
time-consuming process, numerous simulation-runs with
varying scenarios and different management-strategies
have been conducted.

As the created model only consumes several minutes
to simulate a semester for the whole university (roughly
20000 students!), the challenge was to extract meaning-
ful information out of the resulting data. For this task
evaluation– and data-mining routines were programmed
in MATLAB, which where later – as reports – incorpo-
rated into the corresponding Access database.

III. RESULTS AND OUTLOOK

Besides a thorough understanding of the universities
(previously not analyzed) booking-process, several inter-
esting facts were uncovered — even though the project
not yet being in its final stage. As mentioned above a
major bug was identified, as well as possible future struc-
tures for the booking-process defined.

Further it was shown, that the number of erroneous
entries can easily be reduced by more than 50% only
through changes in the management and introduction of a
flexible room structure. This is shown in fig. 1 where the
bars depict the number of erroneous entries (left y-axis)
and the line those of successful bookings (right y-axis).

Analysis of lecture room utilization unveiled addi-
tional savings capacity if lectures would be rescheduled
to spread over time more evenly. As this would dras-

tically “increase” space additional buildings would be-
come obsolete.

A. FUTURE POTENTIAL

As seen simulation allows to test and find proper space
management which leads to a more efficient use of exist-
ing (university) buildings. Further such tests can also be
applied to building plans and thus these can be optimized
before construction.

By translating these results into public policy, govern-
ments could reduce the public footprint as well as save
money in a chronically underfunded department.

Figure 1: Number of erroneous entries vs. successful
bookings under the influence of management strategies.

REFERENCES

[1] Bundesimmobiliengesellschaft. BIG zieht Bi-
lanz: 400 Mio. Euro Investitionen im Jahr 2008.
Bundesimmobiliengesellschaft Presseinformationen,
Apr 2009.

[2] D. Wiegand, P. Mebes, and V. Pichler. Event based
simulations: Enabling improved development plan-
ning and partnership. In Proceedings of Real Corp
007, pages 17–23, Vienna, Austria, 2007.
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Abstract — Hypocrea jecorina is an important, 

filamentous fungus due to its effective production of 

hydrolytic enzymes. These enzymes can be used, 
among other things, to produce second generation 

biofuels. Reverse transcription-quantitative PCR

(RT-qPCR) is a gene-specific and powerful tool to 

measure even minor changes in mRNA composition. 

But, an accurate normalization strategy is abso-

lutely necessary for appropriate interpretation of 
RT-qPCR results. In this paper we demonstrate an 

appropriate normalization approach for Hypocrea 
jecorina. We found that sar1 encoding for a small 

GTPase is the most stable gene. We validate our 

data by means of a correlation analysis using xy-

lanase 2 transcription rates and the corresponding 
xylanase enzyme activity. 

I. INTRODUCTION

Detailed information on transcript levels is neces-
sary to understand the regulatory mechanisms of 
hydrolase expression in Hypocrea. This knowledge
will enable the systematically engineering of exist-
ing production strains in order to increase their 
expression efficiency. Transcription analysis is the 
basis for the understanding of regulatory mechan-
isms governing gene expression. One powerful tool 
to measure the mRNA content is Reverse Tran-
scription-quantitative Polymerase Chain Reaction
(RT-qPCR). Major advantages of this method are 
its high sensitivity, large dynamic range, and accu-
rate quantification [2]. However, an accurate and 
robust normalization system is needed when per-
forming relative quantification of RT-qPCR data. 
Normalization to a stably expressed gene of the 
target organism, often called reference or house-
keeping gene, is a powerful method for internal 
error prevention. In general, when applying mRNA 
quantification techniques, an error is caused by the 
multistage process required to extract, process (i.e. 
in vitro reverse transcription) and detect mRNA.

A major challenge is to find a suitable reference 
gene. Different software tools have been established 
which allow the determination of reference genes.

One of them is the software tool NormFinder [3] 
which ranks the genes according to their expression 
variation with a model-based approach. An advan-
tage of this algorithm is that it can deal with syste-
matic differences in the data set like different tis-
sues or strains.

In this study we analyzed six potential reference 
genes with NormFinder in order to find suitable 
normalization conditions for Hypocrea. Examples 
of results obtained by using stable and unstable 
reference genes for transcript analysis are hig-
hlighted. Furthermore, we validated our results by a 
correlation analysis of transcription rates with en-
zyme activity.

II. RESULTS 

Figure 1: The variability of six reference genes are
shown calculated with NormFinder. More stable 
reference genes have a lower variability [4].

With the NormFinder analysis tool 10 samples of a 
bioreactor approach were analyzed. The results are 
depicted in Figure1. The transcript levels of six dif-
ferent genes were measured. The gene sar1 has the 
lowest variability in this data set and has therefore 
the highest transcription stability. In this data set zwf1

has the highest variability and thus can be considered 
the least stable gene.

For a validation of the results obtained by Norm-
Finder we performed a correlation analysis be-
tween enzyme activity and transcript formation. 
As target gene we selected xyn2, which encodes 
for a major xylanase of Hypocrea. The enzyme 
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activity of this gene can be easily determined in 
the culture supernatant via a dye release assay. 

Figure 2: Correlation analysis between xyn2 tran-
script formation and Xylanase II enzyme activity. 
Normalization was done with sar1 (squares) and 
glk1 (circles) [4].

The correlation analysis fortifies the results of the 
NormFinder analysis. A high correlation is found 
using the stable sar1 gene for normalization
(R²=0,97). Whereas glk1 used as reference gene
shows no significant correlation at all.

Figure 3: The influence of the reference system on 
the expression data is demonstrated by transcript 
analysis of the target gene xyn2. First graph shows 
the normalization with the stable reference gene 
sar1 and above the unstable reference gene zwf1 

was used for normalization [4].

In order to show the effect of a stable versus an 
unstable reference, we measured the transcript 
levels of the target gene xyn2 and did the normali-
zation first with the stable reference gene sar1 and 
second with zwf1, which was found to be the least
stable reference gene (Figure 1). The results of this 
comparison are presented in Figure 3. Significant 
differences between the two normalization systems 
can be observed. Considering the biological 

background only the results obtained by

normalization with sar1 is in good accordance 
with previously published data [5]. This once more 
stresses the importance of a suitable reference 
gene. Otherewise obtained expression data will be 
completely misleading. 

III. DISCUSSION

The NormFinder tool can be successfully used for the 
estimation of reference genes. We found that sar1

can be used as a robust reference gene for Hypocrea 

jecorina. With a correlation analyses we demonstrat-
ed the validity of the normalization system using 
sar1 as reference gene. The usage of this normaliza-
tion strategy will help to improve the quality of our 
transcript data and thus increase our knowledge
about gene regulation in Hypocrea jecorina.
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Abstract –PM10, PM2.5 and PM1 emission 

rates, composition and size distributions of 

organic sum parameters and inorganic compounds 

from motor vehicles were determined in a highway 
tunnel study in 2007 in Austria. To determine the 

emission rates of different fleet compositions, 

samples were taken on Sunday and a weekday as 
there is a driving ban on Austrian highways for 

heavy duty trucks on weekends. The received data 

set can be compared to data obtained in previous 
studies conducted in 1997 and 1988. The time 

trend shows decreases for some gaseous 

components as well as for sulphate, lead and 
elemental carbon. 

I. INTRODUCTION

Data of combined mass emission rates, size 
distributions and chemical composition of primary 
particle emissions from motor vehicles are still 
rare and need to be updated periodically as fuels, 
engines and vehicle technologies advance [1].
Motor vehicle emissions used in air quality models 
are typically recorded by emission measurements 
over simulated driving cycles on a chassis 
dynamometer. One main disadvantage of these 
measurements is that non-tailpipe emissions such 
as tire and brake lining abrasion products as well 
as particles elevated by passing vehicles are not 
included in the emission rates derived. On the 
other hand the number of vehicles tested is, for 
reasons of cost reduction, reduced to a minimum; 
besides the real composition of the vehicle fleet 
can only be estimated from statistically collected 
data. 

An alternative to these chassis dynamometer 
tests is the measurement of the emissions from a 
large population of on-road vehicles as they are 
driving through a highway tunnel [2]. In particular 
for aerosol emission studies with many species of 
different volatility and different size distributions, 

tunnel studies are the preferred types of 
experiments to derive whole-fleet real-world 
emission rates. 

Here we report about aerosol emission data from 
an extended tunnel study in the Austrian 
Tauerntunnel in October 2007. In the experiment 
the concentrations of 15 gaseous and more than 30 
particulate components were determined and their 
specific emission rates and relative contributions 
were derived. The present aerosol data represent 
real-world emission rates from an in-use vehicle 
fleet on a transit route in mid Europe, with 
vehicles from Austria, Germany, other EU- and 
non-EU countries. The experiment was performed 
on a weekday with 28.6% HDV and on a Sunday 
with 4.0% HDV, as there is a weekend driving ban 
for trucks on Austrian highways. The received 
data set from the present study can be compared to 
completed studies which were conducted in the 
Tauerntunnel in 1997 and 1988, giving the time 
trend of the amount and composition of particulate 
material (PM) and gaseous emissions over the last 
three decades. 

II. RESULTS 
Although the average speed and total number of 

vehicles passing the tunnel in the sampling period 
was quite similar on workday and on Sunday, the 
emission rates for the PM fractions per vehicle-km 
differed dramatically. The difference in the emission 
factors could mainly be attributed to the different 
fleet compositions, depicted in Figure 1. 

Figure 1: Fleet composition on Sunday and Workday 

Fleet composition, Workday
1.3

0.071.9

11.8

3.4

3.7

19.8

58.0

Automobiles
Automobiles with trailer
Light Duty Trucks
Heavy Duty Trucks  
Heavy Duty Trucks with Trailer
Articulated truck

Buses
Motorcycles

Fleet composition, Sunday

2.1
9.5

84.2

0.22.41.2
0.4

0.06

417



A. PARTICULATE EMISSION RATES

PM was collected on two different filter materials 
in parallel: quartz fibre filters were used for the 
gravimetric analysis of the mass and the subsequent 
determination of organic sum parameters and ions. 
Cellulose acetate/nitrate filters were used for the 
quantification of metals, which was conducted with 
non destructive X-ray fluorescence (XRF) followed 
by digestion of the filters in aqua regia and 
determination of trace metals by inductively coupled 
plasma with optical emission spectroscopy (ICP-
OES). Table 1 gives the average emission rates for 
selected components of a typical weekend (WE) and 
weekday (WD) fleet in the Tauerntunnel. 

 WE emission rate 

[mg km-1 veh-1]

WD emission rate 

[mg km-1 veh-1]

PM 10 2.5 1 10 2.5 1 

Mass 57 48 48 132 88 75
EC 16 14 14 33 31 30
OC 18 17 17 22 22 18
Si 1.4 0.3 na 9.2 2.6 na
Al 0.3 0.1 na 1.9 0.5 na
Fe 1.9 0.7 na 7.1 2.7 na
Pb 0.014 0.007 na 0.019 0.00 na
SO4

2- 0.20 0.18 0.0 1.35 0.55 0.4

Table 1: Average emission rates of the WE and WD 
vehicle fleet in the Tauerntunnel 2007 [4], na: not analysed 

 PM mass was higher on workday for all fractions; 
their composition revealed that there are two main 
processes for particle generation which also 
determine their composition: the tailpipe generated 
particles mainly consist of elemental and organic 
carbon (EC and OC) which can be found in the PM1 
fraction. Coarse particles are generated from abrasion 
processes and re-suspension of soil, therefore a large 
proportion of metals can be found in PM10. Sulphate 
can be formed from gas precursors (e.g. SO2) and 
hence is found in the ultra fine PM1 fraction; 
agglomeration can shift this component to the fine 
(PM2.5) or coarse (PM10) fraction; the amount of 
sulphate in the latter one can also arise from abrasion 
processes. For lead both generation processes are 
possible; although being prohibited as a fuel additive 
it can still be found in tailpipe and abrasion 
emissions. 

B. TIME TREND OF PARTICULATE AND GASEOUS 

EMISSION RATES

 Gaseous emissions were measured continuously 
using commercial gas analysers. Severe reductions 
could be observed for CO and NOx over the last three 
decades. For EC a reduction to the previous study 
could be monitored, as in 1988 only the sum of 
EC+OC was measured. An enormous decrease could 

be recorded for lead, as it was prohibited as a fuel 
additive in 2000. Regulations are also declared for 
the content of sulphur in fuel. Selected data of the 
study are provided in Table 2. 

WE emission rate 

[mg km-1 veh-1]

WD emission rate 

[mg km-1 veh-1]

Year 2007 1997 1988 2007 1997 1988 

PM10 57 44 74 132 111 137 
EC 16 16 33 67 
OC 18 10 

34
22 19 

87

Pb 0.014 0.08 1.68 0.019 0.09 1.53 
SO4

2- 0.20 0.82 1.04 1.35 2.58 2.51 
CO 431 1674 13290 486 2539 17390
NOx 910 788 1900 1953 3131 2630 

Table 2: Time trend of selected particulate and gaseous 
emission rates in the Tauerntunnel 

III. CONCLUSIONS

The study presented here is following two 
finished studies conducted in 1997 and 1988. 
From the data obtained a clear reduction of lead, 
sulphate and the gaseous emissions of CO and 
NOx could be observed over the last three decades. 
Due to progressing technology the emission of EC 
is also decreasing. 
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Abstract — A pyrolysis process can be used to split 

up the biomass in a volatile fraction poor in unde-
sired substances (Cl, N, S, Na and K) and a char 

fraction where these substances are concentrated. 

In this way cheap biomass can be used for co-firing 
in existing fossil fuel power stations without the 

danger of corrosion, deposition, and emission prob-

lems.
The aim of the project is the development and 

demonstration of a biomass pre-treatment process 
based on pyrolysis in the temperature range be-

tween 450-650 °C to split the energy in the biomass 

into volatiles with a low content of the above men-
tioned undesired compounds and char, where most 

of these pollutants are concentrated. 

I. INTRODUCTION

Minimizing carbon dioxide emissions whereas keep-
ing up the high living standard of today is only pos-
sible by increasing the efficiency of energy consump-
tion and the change to a mix of renewable fuels. 
Woody biomass is already short in many countries 
due to the increasing use of biomass for different 
applications, especially for CHP. Therefore, the price 
for woody biomass went up steadily during the last 
years.

II. APPROACH

Huge amounts of unused biomass in terms of agricul-
tural residues like straw, that is a cheap and local 
feedstock, are often available. But as a reason of the 
high amount of corrosive ash elements (K, Cl, S, 
etc.), the residues are not suitable for co-firing in a 
thermal power plant. Therefore the feedstock is con-
verted by low temperature pyrolysis into pyrolysis 
gases and charcoal. The aim of this work is to obtain 
fundamentals for an advanced pyrolysis model ap-

proach by the results of the pilot plant for co-firing of 
the pyrolysis gases in a thermal power plant. 

Figure 1: Typical yields of organic liquid, reaction 
water, gas and char from fast pyrolysis of wood, wt. 

% on dry feed basis [1] 

III. SCIENTIFIC INNOVATION AND RELE-

VANCE

A 3 MW pyrolysis pilot plant is being operated since 
2008 and it is located in Dürnrohr/Austria just next to 
the coal fired power plant Dürnrohr. For the process, 
an externally heated rotary kiln reactor with a design 
fuel power of 3 MW is used that can handle about 0.6 
to 0.8 t/h straw. This reactor is used as a new process 
technology, which can also handle high capacities, 
for the conversion of biomass into useful primary 
energy products. The pyrolysis process is operated at 
low temperatures, so the corrosive elements like 
potassium and chlorides should stay in the charcoal. 
An energetic use of the pyrolysis-charcoal occurs 
separately in a fluidized bed reactor.  
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Figure 2: Flowsheet of the pyrolysis plant 

IV. RESULTS

An important part of the work is the balance of mass 
and energy of the pilot plant, which is performed by 
the software package IPSEpro. This tool has been 
used for R&D projects at the Institute of Chemical 
Engineering for several years. As a result, new appli-
cations in the field of biomass-based energy systems 
have been developed. Because every model is based 
on the conservation of mass and energy, the valida-
tion of the measured data is also feasible. Compari-
son between reconciled values and directly measured 
values allows the localization of systematic errors. 
The simulation describes the actual plant operation 
best within the limits of the model structure and can 
be used as starting point for plant optimization. 

Figure 3: Flowsheet of the plant balance 

Several mass and energy balances have been calcu-
lated based on measured plant data for different op-
erating points of the pilot plant. Impressing pyrolysis 
oil to pyrolysis gas ratios are the results of variation 
of the plant parameters, like pyrolysis temperature, 
heat rate or residence time. The high amount of pyro-
lysis oil in the gas has positive effects to the heating 
value of the pyrolysis gases. As a reason of that, cold 
gas efficiencies of 70 % are possible. Based on these 
results, a scale up to a next scale pyrolysis reactor 

with a capacity of 30 MWth fuel input is currently 
investigated.
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Abstract — Textile waste is collected mostly sepa-
rately from the other type of waste in European 

Union. Recycling and reuse of used textiles are a 

challenging business, but it is significant in terms of 
saving resources and energy. Due to the deposition 

ban in Austria and Germany, the unsalable textile 
waste has to be incinerated. Incineration, firstly, is 

not an environmentally sound choice for fibres 

since fibre production requires higher amount of 
energy than the energy recovered by incineration. 

Secondly, incineration is very expensive and it re-

duces the overall income of apparel recycling route.  
Hence, the aim of this investigation is to develop a 

method that end-of-life textiles could be recycled 

economically and environmentally. 

I. INTRODUCTION

Recycling and reuse of fibres are strongly recom-
mended to save energy and resources. End-life-
apparel is the most important source for fibre recy-
cling [1]. Among natural fibres, cotton and among 
man-made fibres, polyester are the mostly used 
fibres in the textile industry. Both fibres cause envi-
ronmental problems during their productions. Cot-
ton consumes large amounts of water and pesticides 
during its production causing water shortages and 
environmental pollution. Polyester, firstly, is manu-
factured from a non-renewable source, petroleum, 
and, secondly, its production process generates 
large quantities of toxic emissions. 

The collection of apparel waste in EU is organ-
ized, mostly by putting up containers to the specific 
areas. The clothes collected from the containers are 
sorted into quality and categories in the sorting 
centres. “Table 1” shows the textile recycling statis-
tics in Germany. Some of the clothes, that are new 
or unique, could be sold in the second-hand shops 
placed in the capitals of Europe at fairly high prices. 
This is the most profitable fraction. Other items, 
with small defects, are shipped to the third world 
countries or developing countries, where they are 
sold at reasonable rates. The unwearable clothing is 
recycled as wiping and polishing clothes for indus-

try. The remaining unsalable clothing is sold to 
textile recovery facilities for fibre reclamation, 
which mostly depends on manual handling. This is 
favourable from the ecological point of view, but is 
not commercial. 

Method of recycling Percentage(%) 
Second-hand clothing 1-3 

Developing 
countries 

10-12 
Export to; 

Emerging 
countries 

30-35 

Total (benefit) 41-50 
Reclamation 22-27
Wiping and polishing clothes 25-35 
Disposal 12 
Total (loss) 59-74 

Table 1: Textile recycling statistics and economi-
cal benefits and losses to the recycling route [2]. 

Income generated by the sales of second-hand 
clothes is enough to cover the processing cost of 
unsalable clothing. However, the waste fraction of 
the collected apparel increases probably due to the 
change in consumer behaviour and increase in low 
quality textile products, which causes additional 
disposal costs for apparel collectors [3]. Thus, this 
project aims to avoid waste fraction of the col-
lected textiles and increase the economical benefit 
of the overall textile recycling route. 

II. PROCESSING OF TEXTILE WASTE

Processing of textile waste has been achieved by 
using the processes shown in “Figure 1”. End-of-
life apparel received from a charity collector has 
been used during trials.  
     First of all, a crushing process is needed for 
size reduction. A slow-running, single-shaft shred-
der has been used as an aggregate. Aerodynamic 
classification enables separation of light and fine 
fractions, which could be reused as reclaimed 
textile fibres. Heavy fraction composed of mainly 
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foreign materials and it is separated into iron frac-
tion and non-iron fraction by magnetic separation. 
Finally, an eddy current separator is needed to 
separate the non iron fraction into metals (alumin-
ium, copper, brass…) and non-metals (plastics, 
glass, stones, and wood...).  

Cellulosics
16%

Synthetics
Natural

58%

Figure 1: Flow-sheet for the processing of textile 
waste. 

III. PRODUCTION OF A FIBROUS PRODUCT

Length of reclaimed fibres (light fraction) could be 
adjusted depending on application area. Either a 
grinding procedure produces short fibres, which 
can be used as additive for a variety of construc-
tion materials, or a fearnought opener and/or 
hammer mill can be used to obtain longer fibres, 
which can be processed to textiles or nonwovens. 

A laboratory scale grinding has been performed 
during the project. A certain amount from the light 
fraction has been ground with a cutting mill hav-
ing 0.5mm mesh sizes. As a result, a homogeneous 
fibrous product has been obtained from end-of-life 
apparel. 

IV. CHARACTERIZATION OF SHORT FIBRES

Composition of the fibrous product has been deter-
mined by selective solubility tests [4]. Selective 
solubility tests show quite precise results and do not 
require any expensive equipment. Average results 
have been tabulated in “Figure 2”. Tests demon-
strated that apparel contains more than ten different 
fibre types and natural fibres corresponds to around 
60%, being cotton the most important fibre. 

26%

CrushingInput Figure 2: Composition of fibrous product derived
from textile waste(textile

An optical image analyzer (MorFi Analyzer) has 
been used for the determination of length and
width of fibrous product. The average arithmetical

width of fibres are about 20 µm, which corre-
sponds to typical diameters of textile fibers indi-
cating that fiber width is not affected by the grind-
ing process. The average arithmetical lengths of
reclaimed fibres are very close to 0.5mm that is
the mesh size used during the cutting process. The
results of MorFi analyses showed that it is possible
to obtain fibres in desired length by processing of 
end-of-life apparel.

V. CONCLUSION

In conclusion, a well defined fibrous product could
be obtained from apparel waste with an automated
dry process consuming low energy. Further inves-
tigation is necessary to use the reclaimed fibres in
the construction industry for viscosity adjustment
or reinforcement purposes.

ACKNOWLEDGMENTS

This project is funded by Austrian Federal Ministry
of Transport, Innovation and Technology (project
number: 814961), as well as by the companies Hu-
mana–People to People, R+M GmbH and UEG AG. 

REFERENCES

[1] A. Bartl and A. Haner. Fiber Recovery from
End-of-Life Apparel, Chemical Engineering
Transactions, 18, S. 875 – 880, 2009. 

[2] bvse e.V. (Bundesverband Sekundärrohstoffe
und Entsorgung E.V.) Textilrecycling, Zahlen-
Daten-Fakten, Bonn/Berlin, Germany, 2001.

[3]  K. Feldmann. Partnership Director of HUMANA
Austria, Fibre Recycling Workshop, Inst. for 
Chemical Eng., Vienna Uni. of Technology,
September 2008. 

[4] Y. Shao and M. Filteau. A systematic analysis
of fibre contents in textiles, Textile Technology

Centre, Canada, 2004.

waste) Fine Fraction

Aerodynamic
SeparationLight

Fraction 

Heavy Fraction

Magnetic
Separation

Iron

Fraction

Non Iron Fraction

MetalsEddy Current
Separator

Non Metals

422



Scale-Up of Biogas Plants by Investigation of the Mixing Process
using Computational Fluid Dynamics

C. Maier1, W. Weichselbaum2, M. Schlerka2 and M. Harasek1

1Vienna University of Technology, Institute of Chemical Engineering, A-1060 Vienna
2Biogest R© Energie- und Wassertechnik GmbH, A-3400 Klosterneuburg

Email: chmaier@mail.zserv.tuwien.ac.at

Abstract — In the presented work the mixing behavior and
performance of the agitation system in biogas plants was stud-
ied to support the scale-up process by carrying out Compu-
tational Fluid Dynamic (CFD) analysis. The fermentation
medium was implemented using an Euler-Euler multiphase ap-
proach. The description of specific material properties was
achieved by implementing user-defined subroutines.
CFD proved to be a very useful tool for this type of problem def-
initions. The results of the research work were successfully put
into practice: the first facility in scale-up dimensions is already
in operation, reducing the CO2-emissions by the production of
biogas.

I. INTRODUCTION

CFD can be used to model and predict the actual fluid
dynamics in a closed system. Thus it may help to plan
optimal reactor geometries, positions and combinations
of agitation systems as well as to minimize the energy re-
quirements. Following this strategy, the energy efficiency
of such facilities can be increased, reducing the net emis-
sion of greenhouse active CO2.

II. SIMULATION SETUP

GEOMETRY

In this work, a two-stage fermentation system for biogas-
production is investigated aiming for an optimal scale-
up of the successfully applied technology. The system
was designed by Biogest R© GmbH and features a circu-
lar ground plan: the main fermenter is positioned outside
the postfermenter and is imlemented as a circular ring
(see Figure 1).
The installation of proper types of stirring units as well as
their optimal positioning in the main fermenter is essen-
tial for the reliable and stable operation of the biogas pro-
duction process. In the established system, the mixing of
the fermentation medium is achieved by a combination
of two slowly rotating propeller stirrers (30rpm, subse-
quently termed “Biobull”) and one middle-fast revolving
plate agitator (42rpm, in the following called “blade ag-
itator”).

Due to the scale-up to bigger plant sizes, the fermenter
volume increases - accordingly the width of the circu-
lar ring has to be increased. The applied scale-up strat-
egy aims for optimal mixing characteristics adopting the
approved mixing devices already used in the established

Figure 1: Basic principle of the fermentation unit.

setup. The task of the definition of the number of ag-
itators as well as the positioning in the fermenter was
worked out using the methods and possibilities of Com-
putational Fluid Dynamics.

SIMULATION MODEL

In the setup of the CFD-model, the fermentation medium
is represented by the implementation of three distinct
phases using the Euler-Euler multiphase approach: the
“regular” fermentation medium, a light phase and a phase
with increased density. This setup represents a simplified
description of the real fermentation sludge – neverthe-
less important features of the underlying flow field can
be modeled, such as sedimentation, the influence of dif-
ferent viscosities due to variable dry matter contents as
well as different particle sizes of dispersed solid matter.
The time-dependent formation of the flow field in the
fermenter and the resulting mixing characteristics were
evaluated by carrying out time-resolved numerical simu-
lations using a time-step size ∆t = 0.05 s.

VISCOSITY

Fermentation media in biogas plants exhibit non-
Newtonian viscosity behavior [1]: the resistance against
tangential shear shows non-linear dependence on the
shear rate. The rheological characteristics of such sub-
strates can be modeled using the power-law developed
by Ostwad-de-Waehle [2] (τ : shear stress [Pa], γ̇: rate of
shear [s−1]):

τ = k · γ̇n (1)

The model constants k (consistency index [Pa sn]) and
n (flow index [−]) are implemented for each of the three
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phases, based on the particular dry-matter content and
also accounting for the mean fibre length (see Figure 2).
To apply this model, the solver code was extended by the
implementation of user-defined subroutines.

Figure 2: Viscosity vs. shear rate, measurements: [3].

TURBULENCE

Based on the Reynolds-number of a certain flow field,
the intensity of turbulence can be estimated. For non-
Newtonian fluids the following equation can be ap-
plied [4] (ρ: density [ kgm3 ], U∞: characteristic veloc-
ity [ms ], dh: hydraulic diameter [m]):

Re =
ρ · U2−n

∞ · dnh
k · (0.75 + 0.25

n )n · 8n−1
(2)

It was found that Re = 122, justifying the assumption
that the flow field can be assumed to behave laminar.

III. RESULTS AND CONCLUSIONS

The simulation runs were started with initially motion-
less medium in the fermenter, the three phases were ini-
tialized perfectly segregated. Thus, the start-up phase
of the fermenter was modeled. The torque acting on
the stirrer shafts was calculated by analyzing the pres-
sure forces acting on each of the discrete face elements
on the stirrer blades (see Figure 3). Applying this ap-
proach, the power-uptake of the stirrer-shafts could be
calculated. Time-resolved results for 450s operation are
shown in Figure 4. Excellent agreement was found be-
tween the power-uptake in established facilities and the
obtained simulation results. The model also reproduced
the higher shaft momentum in the initial startup-phase.

An essential issue of agitation systems in biogas plants
is an optimal mixing performance. In this work, the
degree of mixing was characterized by the calculation
of the standard deviations of the fermentation phase-
concentrations (see Figure 4). The best up-scaled agita-
tor setup was found to feature six mixing devices of type
Biobull, positioned evenly distributed on the perimeter of
the main fermenter ring. Special attention was given to
the discharge direction of the stirrers (orientation of the
stirrer shafts) to achieve optimal mixing characteristics

Figure 3: Distribution of absolute pressure on the surface
of mixer impellers; left: Biobull, right: blade agitator.

Figure 4: Evolution of average velocity magnitude,
power uptake and mixing characteristics in time.

all over the fermenter volume. The mixing performance
of the up-scaled geometry was benchmarked against the
established system – the comparison yielded promising
results.
The results of this research work were successfully put
into practice by Biogest R© Energie- und Wassertechnik
GmbH, the first technical-scale facility in scaled-up di-
mensions is in operation since December 2009. It could
be demonstrated that by using CFD, the shortcomigs of
existing plants can be identified to work out improve-
ments of the operating conditions and for the construc-
tion and scale-up of new facilities.
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Abstract — This paper describes the process of 
fixation of carbon dioxide in the form of inorganic 
carbonates (called mineral sequestration or mineral 
carbonation) that should provide storage capacity 
on a geological time scale. A solid by-product (sil-
ica) is produces as well. The products are similar to 
naturally occurring in the process of weathering. 
The process is slow and costs of direct mineral 
sequestration are high, they can be possibly re-
duced by using two-step process employing carbox-
ylic acids as additives enhancing the process rate.

I. INTRODUCTION

It is generally accepted, see for example [1], that the 
primary source of energy in this century will con-
tinue to be fossil fuels (oil, coal). The observed ac-
cumulation of greenhouse gases in the atmosphere 
and oceans, especially CO2, is considered to be the 
cause of climate changes and environmental impacts, 
which calls for development and application of CO2 

capture and storage methods. Current estimate of the 
amount of available fossil fuels is 5000 gigatons of 
carbon (GTC) with an annual world consumption of 
6 GTC/year [1], which means that the total carbon 
storage can exceed 600 GTC. Storage of so large 
quantities should be safe, stable and carried out at 
environmentally suitable locations. Reemission rate
should be possibly small; Lackner [1] estimated that 
even so small reemission as 2 GTC/year of 600 GTC 
sequestrated, will require recapture programs in 
future. Hence, minimisation of CO2 leaking is of the 
highest importance. Considered technologies for the 
capturing and sequestrating of carbon dioxide (CCS) 
are based on removing CO2 from flue gases (using 
e.g., sorption methods) followed by its long-term 
storage.  
The problem of carbon dioxide storage, known as 
mineral carbonation sequestration is the subject of 
this work.  
Mineral carbonation is more expensive than under-
ground injection, but also more secure, because it 
guarantees the permanent storage of CO2 in the form 
of carbonates or hydrocarbonates. The process is 
similar to natural weathering of rocks, which long 
time ago decreased amount of CO2 in the Earth at-

mosphere. The content of minerals in the crust, able 
to absorb CO2, mainly silicates of calcium, magne-
sium, potassium and sodium, is virtually unlimited, 
being in fact more than 50% of the Earth’s crust, and 
thus it is recommended [1] to use such magnesium-
rich silicate minerals as olivine and serpentine. Such 
minerals had to be mined, crushed, and subjected to 
reaction with CO2. Estimated costs for mining and  
mineral pre-treatment do not exceed $ 10 per tonne 
of CO2 [1]. Problematic is, however, the rate of the 
process. Currently it is important to look for im-
proved methods for accelerating the reaction between 
the alkaline minerals and CO2. Solution of the prob-
lem may be based on application of two-stage 
method employing carboxylic acids.  

In this work we use such indirect two-stage  
method, in which the reactive component (Mg2+, 
Ca2+) is extracted from the mineral matrix by acid 
stronger than silicic acid (stage I – equation 1), but  
weaker than carbonic acid, which allows precipita-
tion of carbonates upon CO2 addition, whereas the 
carboxylic acid remains in the solution  (II stage – 
equation 2) and can be recycled to stage I. 

22
2

3 _ SiOOHionacidicCaacidCaSiO +++→+ +  (1) 

acidCaCOOHCOionacidicCa +→++++
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Such weak acids may be, for example, selected car-
boxylic acids; in the subject literature application of 
acetic acid [2] has been described. 

II. MODEL OF EXTRACTION STAGE

As a simple model that allows interpretation of the 
extraction process,   shrinking core model can be 
used. The model considers the heterogeneous chemi-
cal reaction localized on the core surface and diffu-
sion resistance for mass transfer through a porous 
layer of extracted mineral. Dependence of the cal-
cium conversion of XA on the duration of the process 
is described then by: 
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where: ρB is the molar density of CaSiO3 (wollas-
tonite), cA represents the acid concentration, De is 
an effective diffusion coefficient of acid in the 
porous medium, R the initial mineral particle ra-
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dius,  S s Ar k c 2=  is the surface reaction rate, 

for the reaction A+bB→products (with b=1/2 in 
the case of acetic acid). The model provides a 
change in controlling mechanism during the 
process. In the case of acetic acid for about 30 
minutes the controlling mechanism is the surface 
reaction. In the course of reaction an increasingly 
stronger influence of diffusion is observed [3]. 
Comparison of model predictions with experimen-
tal results will be presented later in this work. 

III. RESULTS AND DISCUSSION

Mineral used in the studies was the calcium silicate, 
wollastonite. Results of application of acetic acid 
were presented earlier [3]. The results presented in 
present paper report the use of succinic acid [4], and 
studies on the use of other acids are in progress. 
Extraction stage was carried out in a glass reactor 
provided with a stirrer and placed in the heater, in 
order to ensure isothermal conditions. Calcium con-
tent in the extract was determined analytically. The 
efficiency of extraction stage determines extraction 
ratio defined as the ratio of the Ca2+ present in the 
solution to the initial amount of Ca in the feed. Typi-
cal results are shown on Fig. 1. Accelerating the 
process of extraction can be achieved by increasing 
the temperature (Fig. 1a) and rotation speed (Fig. 1b), 
the mixing effect is negligible in the case of succinic 
acid.  

Figure 1: Influence of temperature (a) and rota-
tion speed (b) on extraction ratio. 
Proposed simple model of the process gives good 
agreement of simulation results with the experimen-
tal results after adjustment of one parameter, the 
effective diffusion coefficient in the porous layer. 
Treating variation of the effective diffusion coeffi-
cient, as an indicator of the quality of the model, it 
can be stated that the effective diffusion coefficient 
increases with increasing temperature, which is con-
sistent with theoretical predictions. The fitted diffu-
sion coefficient increases with increasing rotation 
speed, which results most probably from the reduc-
tion of porous layer of silica as a result of abrasion. 
This fact is confirmed by measurements of particle 
size distribution after extraction. In the modified 

version of the model this effect will be directly in-
cluded. 
Crystallization stage was carried out in a titanium 
high-pressure reactor. Temperature was stabilized by 
using heating mantle connected to a temperature 
regulator. Pressure of CO2 was maintained at a 
steady level by controlling the flow with a control 
valve. After the process calcium content in the prod-
ucts was determined. Before and after each stage, the 
particle size distributions were measured and par-
ticles were photographed. 
Effectiveness of crystallization stage is based on the 
conversion of calcium (XCa) defined as the ratio of 
Ca2+ ions in precipitated calcium carbonate to the 
calcium content in the substrate. The results are 
shown on Fig. 2.  

Figure 2: Effect of temperature (a) and pressure 
(b) on calcium conversion. 
Increase of pressure and temperature accelerate the 
process of precipitation of calcium carbonate (Fig. 
2ab). When succinic acid is applied, there can be an 
optimal amount of captured carbon dioxide, which 
can be associated with a complex equilibrium in the 
system. 
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Abstract — Thermal treatment of residues and 

waste is an important issue with increasing de-

mand. In this work two pathways of thermal waste 
treatment, incineration and gasification, are com-

pared. For this purpose literature on both tech-

nologies has been reviewed and the state-of-art 
technology for waste incineration and gasification 

is presented. The comparison highlights the 

strengths and weaknesses of both technologies and 
identifies future potentials. 

I. INTRODUCTION

More and more waste is generated every year, 
which has to be treated or disposed. At the moment 
incineration is the state-of-the art treatment technol-
ogy. In addition to that gasification processes are 
being developed and show encouraging potentials.  

II. MODEL PROCESSES

Three model processes are selected as a basis to 
compare gasification and incineration. They com-
prise a typical waste incineration plant and two gasi-
fication plants. 

A. WASTE INCINERATION

Incineration of residues and waste is the state-of-
the-art technology for thermal waste treatment. Fig-

ure 1 shows a detailed process flow sheet of an incin-
eration process containing typical gas cleaning steps. 
A waste incineration plant based on this technology 
is MVA Pfaffenau in Vienna. 

B. WASTE GASIFICATION

Two new gasification processes are presented in 
Figure 1, because there is no representative gasifica-
tion process for residues. The first process is based 
on waste incineration. Usually, primary air is injected 
sub-stoichiometrically in a fluidised bed incinerator 
and gasification reactions occur. If there is no injec-
tion of secondary air, the incinerator turns into an air-
blown autothermal gasifier. 

The second process is based on the dual fluidised 
bed steam gasifier in Güssing. Instead of biomass 
industrial residues and waste are used as feedstock. It 
is a steam-blown allothermal gasifier with spatial 
separation of gasification and combustion. Thus, 
producer gas and flue gas are separated streams re-
quiring different gas cleaning equipment. 

The first part of the producer gas cleaning system, 
precoated filter and solvent scrubber for tar removal, 
have been successfully tested in biomass gasification 
plants. [1]  

On account of the higher content of sulphur, halo-
gens and heavy metals in residues compared to bio-
mass, additional gas cleaning is necessary.  

Figure 1: Model processes for comparison
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Thus, two more scrubbers, similar to those of the 
incineration process, are implemented. In the acid 
scrubber HCl, HF and heavy metals are precipitated 
in water. Due to a lower pH value the concentration 
of NH3 can reduced markedly. [2] In the alkaline 
scrubber H2S is removed by NaOH. [3] 

III. COMPARISON

A. FUEL PRETREATMENT

Fuel pretreatment mainly depends on the thermal 
conversion system. Gasification can be carried out 
principally in the same conversion systems as incin-
eration. Thus, no real difference is expected as far as 
waste treatment is concerned.  

B. THERMAL CONVERSION

There is a wide difference between incineration 
and gasification concerning thermal conversion. In 
case of incineration complete oxidation and the total 
release of energy take place in the combustion cham-
ber. There the whole amount of flue gas is generated. 
It is cooled in the boiler and it has to be cleaned 
afterwards.

In case of gasification only partial oxidation oc-
curs in the gasifier and producer gas is obtained. It is 
cooled, cleaned and finally combusted in a gas steam 
boiler to release heat. These differences have essen-
tial impacts on gas cleaning and electrical efficien-
cies. 

C. GAS CLEANING

The complexity of gas cleaning systems in incin-
eration and gasification processes is comparable. On 
the one hand, an additional solvent scrubber is neces-
sary to remove tars in gasification systems. On the 
other hand, a NOx removal device is avoided as NH3

is precipitated prior to combustion. 
The combustion of 1 kg of waste wood leads to 

5.6 Nm³ of flue gas, which have to be treated. 
Roughly speaking 1.2 Nm³ of gas are yielded from 
1 kg of waste wood in a gasifier using steam as gasi-
fication agent. Thus, the volume of producer gas that 
has to be cleaned is about 5 times smaller than the 
volume of flue gas. In an air-blown gasifier 2.5 Nm³ 
of producer gas are generated, which is diluted by 
nitrogen.  

Combustion of producer gas also leads to smaller 
amounts of flue gas, because gaseous fuels can be 
mixed thoroughly with air and thus only a small 
amount of excess air is necessary. Typical values for 
the excess air ratio for combustion of natural gas in 
power plants are in the range of 1.05 to 1.1. [4] 
Lower amounts of flue gas result in lower losses and 
higher efficiencies.  

D. ELECTRICAL EFFICIENCY

The net electrical efficiency of a waste incineration 
plant amounts to approximately 20% because of the 
rather moderate steam parameters of 60 bar and 
420°C. The steam temperature is limited by chlorine-
induced corrosion. [5] 

If chlorine is removed from the producer gas, the 
gas can be combusted in boilers operating at higher 
steam temperatures. The electrical efficiency 
amounts to 28% if the steam parameters are raised to 
250 bar and 500°C. 

Furthermore, the producer gas can be utilised in 
IGCC processes reaching higher electrical efficien-
cies than in any incineration process.  

E. PRODUCT RANGE AND OVERALL EFFICIENCY

In waste incineration plants only power and/or 
heat are generated. About 80% of overall efficiency 
is attainable in cogeneration waste incineration 
plants. Due to gas production in gasification plants 
the product range can be extended considerably. By 
means of chemical synthesis syngas can be converted 
to gaseous and liquid fuels and other chemicals. For 
syngas production steam gasification is mandatory 
since no nitrogen should be present in the producer 
gas (=syngas). The technical and economic feasibil-
ity of polygeneration strongly depends on the gas 
cleaning system because there are severe require-
ments for syngas purity. In a polygeneration plant the 
overall efficiency increases markedly. 
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Abstract   
In this paper the results of a research project that 

deals with the conceptual design and evaluation of 

cross-company logistics models are presented. Indi-

vidual companies often do not have access to highly 

productive transport networks due to limited volume of 

shipments. Therefore a simulation and evaluation 

model was designed that supports the development of 

new inter-company logistics concepts. The novel ap-

proach combines ecological, economical and factors 

of logistic competitiveness in the assessment of logistic 

networks and depicts potentials of cross-company 

logistic models.  

I. INTRODUCTION 

In the last few years many car manufacturers and 
component suppliers have set up new production 
sites in or moved existing locations to the Automo-
tive Region Eastern Europe (AREE) not just to take 
advantage of the emerging market there but also 
because of the low wage costs [1].  

The trend towards relocation has shown that the 
exchange of goods leads to new demands and chal-
lenges for transportation and logistics. At an eco-
nomic level, one of the main areas of focus for logis-
tics in this context is how to plan and manage trans-
port capacities to cope with the transport flows and 
the related planning and management of logistics 
networks for goods, services and information [2]. 

Taking this situation as a starting point, a new simu-
lation and evaluation model has been developed as 
part of a research project that supports the develop-
ment and evaluation of new logistics concepts. This 
is being used to validate and evaluate cross-company 
logistics models.  

II. TRANSPORT BUNDLING 

Logistical cooperation between different companies 
is characterised by the bundling of transport volumes. 
Bundling, also referred to as consolidation, happens 
when transport volumes are combined to form larger 
transport batches in order to lower transport unit 

costs and the unit costs of incoming goods at the 
target point or of outgoing goods at the source point.  
The starting points for the scenarios for transport 
bundling are the individual parameters of the logisti-
cal network structure. The following forms may thus 
be used:  

 Source-point bundling often following the 
principle of the "milk run"  

 Target-point bundling  
 Transport bundling, where shipments are 

collected and delivered in one tour. 
Further forms of bundling can be inventory bundling 
or temporal bundling, and vehicle bundling and tran-
shipment point or transit terminal bundling as forms 
of spatial bundling. 

III. EVALUATION OF LOGISTIC MODELS 

The starting point for the design and evaluation of 
new logistics models was the current state of the art 
with regard to known logistics models and structures 
that involve the organisation of transport according to 
ecological principles. The control variables required 
to achieve the objectives (minimise emissions, re-
duce costs of logistics and increase logistical com-
petitiveness) are the following: 

 Traffic avoidance 

 Bundling of goods flows 

 Switching freight transport to other means of 
transport (intermodal transport) 

In the long term it is also necessary to validate the 
results of models conceptual design. This should be 
performed in accordance with the main target dimen-
sions - emissions, costs and competitiveness. 
The emission model aims at intermodal design of 
transport structures and evaluates a selection of the 
most harmful emissions - CO2, NOX and amount of 
particulates - that are mainly accounted for in the 
dominant means of transport - road haulage. The 
emission levels are mainly dependent on the journey, 
i.e. distance covered by the predefined journey pro-
file and on the allocated transport resource.  

The cost calculation model is somewhat more ex-
tensive and can be subdivided into three different 
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categories (Transport costs, transhipment costs and 
inventory costs).  

With transport costs it is important that the model 
is based on the actual costs incurred and not on the 
transport tariffs charged by shipping companies. The 
road charges are particularly difficult to determine 
due to the differing systems in the individual coun-
tries and play a considerable role in fixing the route. 

The third criterion of the model is logistic com-
petitiveness, which is made up of ability to deliver (a 
measure of the extent to which the company can 
guarantee the logistical service requested by the 
customer - short delivery times compared to the 
competition are especially important for high ability 
to deliver) and delivery reliability (delivery reliability 
rates the service provision of the logistics process - it 
indicates the proportion of the complete and punctual 
deliveries compared to all delivery orders) [3]. 
The evaluation models are populated with data from 
actual surveys or based in part on assumptions and 
research findings and then analysed, or are the result 
of the simulated models, whereas the simulation 
framework itself is not presented in this paper.  

IV. RESULTS OF PILOT APPLICATION 

In the research project funded by the Federal 
Ministry for Transport, Innovation and Technolo-
gy (BMVIT) as well as the Austrian Research 
Promotion Agency (FFG) the developed logistic 
models are demonstrated by means of the region 
Timis in Romania. Focusing on 7 automotive 
companies volumes of outgoing transports were 
analyzed. Starting from the current state of indi-
vidual transports, different scenarios were defined. 
The scenarios are aimed at cost reduction and 
sustainability in using modes of transport for high 
volumes like rail traffic.  
 

   
 

Figure 1: Scenarios 1 and 2. 
 

Figure 1 shows 2 defined scenarios of trans-
port bundling for the Timis Region. Scenarios 1 
using block train with 3 stops and direct relations 
from the end of the train not considering locations 
in Poland and Italy that cannot profit from consol-
idation with the block train. Scenario 2 limits the 
block train to one stop but bundles transports fur-
ther leaving the train to their final destinations. 
Destinations not considered in the main leg bun-

dling where consolidated as well. Simulating the 
given transport flows from the companies and 
putting these into the evaluation model, the fol-
lowing results could be attained. Shifting the main 
leg to railway and optimizing the collection and 
distribution of goods from and to transshipment 
points logistic costs could be reduced by 15 % in 
the given case. The ecological impact in reduction 
of CO2 emissions by 40 %, cutting fuel consump-
tion in half, shows the success in more than one 
target dimension. The main deficit of the models is 
overcoming the doubled lead time coming from 
the ceteris paribus inspection of transports.  

In addition to the simulation and evaluation of 
scenarios a sensitivity analysis was executed to 
cover the ecological and economical results. 
Therefore the evaluated scenarios indicated were 
simulated with lower basic loads keeping all other 
factors stable. At a level of 70% of the load, block 
train concepts as well as the transfer of 66% of 
transports to railroad could be maintained. Nega-
tive effects of the change in basic loads were de-
termined in the capacity utilization of transport 
capacities and the flexibility especially for block 
trains. Nevertheless the developed transport con-
cepts and cross-company models can stand up to 
the actual transport handling. Economic considera-
tions show lower costs of scenarios compared to 
the actual situation. Therefore the model indicated 
shows full functionality even with fluctuation of 
volumes and prices. 

V. CONCLUDING REMARKS 

This paper presented an evaluation approach 
to cross-company logistic bundling considering 
not only economic but also ecologic influences. 
The empirical analysis showed the great complexi-
ty of the problem that was built in an evaluation 
framework and therefore the challenge for possible 
implementations which constitute further research 
developments.  
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Abstract — The aim of this paper is to present an 

ongoing research on run-of-river power plants, 
which undergo somewhat of a renaissance. Impor-

tant design elements for a good approach flow are 

identified. The interdependebility of these elements 
is tested in physical model tests with alternative 

geometrical setups. Velocity measurements are 
performed forming the base for the evaluation with 

different criteria. Sample results are presented and 

an outlook is given. 

I. INTRODUCTION

Run-of-river power plants are a well known and 
important backbone of the power production in Aus-
tria. After an intermediate slowdown in the develop-
ment of new plants at the end of the last millennium 
the development of new plants and refurbishment of 
old is rising again. Consequently research in this field 
has become a priority again. In a previous paper [1] 
first results of an ongoing research effort on the ap-
proach flow and efficiency considerations of the 
“block and bay power plant type” were already pre-
sented. The powerhouse is arranged besides the weir 
with or without a lateral bay, thus making a redirec-
tion of the streamlines necessary and difficult to find 
a design for the most uniform flow pattern for both 
operational conditions – spillway or powerhouse 
operation (Figure 1).  

II. METHODOLOGY - STATE OF THE ART

Every power plant design and its up- and down-
stream river stretch are a prototype situation consist-
ing of multiple possible design elements. In order to 
understand flow patterns and their influence on 
power plant efficiency a literature review and evalua-
tion of existing structures are extended from [1]. 
Design elements influencing the powerhouse inflow 
characteristic and plant efficiency were identified as 
a) upstream river morphology together with b) gen-
eral plant layout, c) forebay bottom slope, d) separa-
tion pier, e) trash rack f) entrance flume, g) draft 
tube, h) tailbay with tailrace and i) operational condi-
tions ([2], [3], [4], [5],[6]). A hydraulic and numeri-
cal modeling strategy to cover the range of designs 

and to extend previous research ([1], [2], [3], and [6]) 
is setup.  

Figure 1: Streamlines at a block type layout for 
spillway flow (long dash) and powerhouse (short 

dash) 

III. MODEL TESTS

Model tests are performed in two flumes where ve-
locities at different cross-sections at the powerhouse 
and in the upstream river stretch are measured. The 
flow pattern are evaluated based on a uniformity 
parameter ( -value or Coriolis factor with 1.0 as 
completely uniform) and the resulting horizontal 
angle at the rack cross-section  ([3], [6]), where an 
angle of 0° means perfectly straight flow conditions. 
The determination of the -value is achieved by 
mathematically evaluation of velocity (v) distribu-
tions from a 8 x 8 acoustic doppler velocity (ADV) 
measurement raster at the aforementioned cross-
sections. 3D ADV measurement results make it pos-
sible to derive flow angles at the measured locations. 

Tests to investigate the effect of powerhouse loca-
tion/river width are performed in a 3.75m wide flume 
1 with movable river bed and banks in a Froude’s 
model scale of 1:40. An identical powerhouse is 
situated alternately on an outside and inside river 
bend, while alternative separation piers and operating 
conditions can be investigated. Furthermore alterna-
tive rack girder designs are tested in one model setup 
under different hydraulic loads. 

In a smaller 1.75m flume 2 with fixed river bed 
systematic tests with alternate forebay conditions 
(straight (s), expanding (e) and contracting (c)), al-
ternate bottom slopes (1:4 – steep (st), 1:7.5 – me-
dium (m), and 1:10 flat (f)), alternate submergence 
depths (+2cm and -2cm from design level (0) are 
performed (see results Table 2).  
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This systematic approach is believed to give in-
sight into the relevance of single design parameter 
while some results are presented in the following 
chapter.

IV. RESULTS

The investigation in flume 1 shows a dependency of 
the location of the powerhouse/river, especially for 
short piers and for turbine 1 located next to the weir 
(Table 1).

As shown in Table 1 the land sided turbine 2 and 
the longer pier with guidance wall show less depend-
ency. The latter displays a good overall performance. 
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Table 1: Evaluation of velocity distributions in 
front of the rack – flume 1 

The tests in flume 2 show a, at first, surprising re-
sult in so far that ranking based on -value and angle 
 do not agree (Table 2).  
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Variable bottom slope 
A001 s,f,0 1.12 1 20.2 2 
A063 s,m,0 1.15 3 14.6 1 
A024 s,st,0 1.13 2 29.5 3 

Variable forebay 
A001 s,f,0 1.12 1 19.5 2 
B001 e,f,0 1.16 2 20.8 3 
C001 c,f,0 1.21 3 15.0 1 

Variable water level 
A001 s,f,0 1.12 2 19.5 1 
A008 s,f,-2 1.11 1 21.9 3 
A010 s,f,+2 1.16 3 20.8 2 

Table 2: Preliminary results flume 2 (Abbrevia-
tions see in text) 

The results indicate that the interdependency of the 
design elements is very pronounced. Velocity 
changes based on the overall geometry can cause 
accelerations resulting in flow uniformization but 
also a more distinct angled flow.  

V. OUTLOOK

Further results will be presented at the conference. 
The presented results, however, indicate that further 
research is necessary before more specific conclu-
sions can be drawn. The correlation of existing and 
possible new criteria with the measured flow patterns 
will be necessary. Parallel to the physical model tests 
3D numerical modeling is performed in order to gain 
insight into detailed flow pattern. Additionally 2D 
modeling is tested for its capability to provide input 
boundary conditions and secondly its usefulness for 
preliminary design studies. 
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Abstract — Local economic development is of 

considerable significance within the cultural 

context and is currently becoming an increasingly 

important part in international cooperation. In this 

context of steady change, the national and local 

governments, businesses and other organizations 

must rethink development strategies in order to lead 

widespread prosperity of people and ecosystem. To 

centre these goals is needed an approach that tends 

to create connections between local material, 

energetic and informational resources, generating 

multiple and complex solutions. 

In particular, energy is a common good, considered 

as need fundamental and shared by the society, but 

also it is an individual right to increase our own 

capability. In Systemic Theory, the economic, social 

and environmental benefits are required through 

the flows and the efficiency in the use of resources. 

The so-called green-energy, derived from

renewable sources or free goods is crucial to

develop areas. To corroborate that thesis, I 

analyzed the Swedish territory, which since the 80’s 

develops integrated systems for clean energy

production. In addition two more case studies are

considered in Piedmont, still in planning. The 

comparison between different realities helps to

highlight what are the key drivers and the barriers 

for the development of small bio-energy spread in 

the territory.

I. INTRODUCTION

MANAGE AND BALANCE THE COMPLEXITY

The complexity and the magnitude of sustainable 
development challenges are immense, and while it 
has been on the international agenda for decades 
there still remains much to be tackled. At the 
COP15, Copenhagen in 2009, all States agreed to 
work on poverty alleviation and sustainable pro-
duction and consumption, including product and 
energy policies for sustainable development. Such 
actions shall integrate the efforts at local, regional, 
and global level with frameworks that fulfil sus-
tainable development criteria. Many technology 

and strategy options exist for the design and im-
plementation of that goal [2]. However, a more 
integrated approach is required if such technolo-
gies are to be entirely used and well-coordinated 
and meaningful levels of economic, social and 
environmental equity and sustainable performance 
are to be achieved [6].
The difficult task to manage and find a right balance 
among huge quantity of variables in the context is 
solved with approaching the problem by the flexible 
and fitting Systemic Design, as demonstrated in 
many case studies.

II. THEORETICAL BACKGROUND AND AP-

PLICATION

A. SYSTEMIC DESIGN APPROACH

Systemic thinking in design aims to join eco-
nomic, social, cultural and environmental demands 
thus can empower the relation between human 
beings and nature, production and the envi-
ronment. Systemic thought is based on the premise 
of identifying a reality consisting of connections, 
invisible but indispensable for life. Thinking in 
connections allows us to see each process from a 
new perspective, and only by viewing the entire 
product system we can pursue the goal of zero 
emissions [3]. Systemic Design provides a frame-
work supporting the evolution of a new economic 
model with different sets of productive and cul-
tural relations, where long-term sustainability and 
the success of a network of interdependent activi-
ties are prioritised over maximising economic 
growth and development or competitive advantage 
for individual entities [5].
This approach results in open industrial systems 
with relationship among entities, involving ma-
terial exchanges, like physical material or techni-
cal tools, as well as immaterial exchange, like 
human resources and know-how [1].

The development of synergistic relations is a com-
plex, difficult and resource intensive process. Strictly 
linked to Systemic thought the concept of Distributed 
Economies is used to underline strategies towards 
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more sustainable industrial development [4]. Distri-
buted Economies calls for (re)distribution of a selec-
tive share of production to regions, where a diverse 
range of activities are organized in the form of syner-
gically connected small-scale, flexible units that 
prioritize quality in their production. Its main ambi-
tion is to find a renewed balance between large and 
small-scale systems as well as between resource 
flows that take place within and across regional 
boundaries [7].

B. METHODOLOGY

Systemic projects start from a wide survey that 
lead to define the operational context: stakeholders 
involved, outgoing and incoming flow of energy

and material, logistics of people, work and goods, 
services and products delivered to the market, 
territory as physical, social and cultural space 
where the exchange of goods and services take 
place. 
A holistic survey that enables the designer to de-
fine the critical state of the process, the cause and 
effect relations about: quality of inputs and out-
puts, overusing of soil, material and energy for 
each phases of the process, pollutants and waste 
emissions, excess costs of production, manage-
ment, logistics and post-use disposal, overproduc-
tion of goods in relation to needs, disconnection 
between product system and territorial system, 
utilization and underestimation of local capabili-
ties and know-how. 
The solutions to them are coming from nature, so 
the Systemic Design approach move them in in-
dustrial and anthropic context, creating some 
fundamental designing rules. 

III. CASE STUDIES

The case studies are divided for location and 
dimension, because they create different scenarios
and have different impact on the environment. The 
macro systems are generally very big and produce 
electricity and heat for entire municipalities or part 
of them. For example, Linköping, Enköping and 
Växjö in Sweden and Marco Polo in Italy.
The micro systems are small pants in companies 
that provide energy just for themselves. For exam-
ple, Östra Tommarp, Umeå, Malmö in Sweden and 
Agrindustria in Italy.

IV. CONCLUSION

The lessons extracted from these cases are de-
signed to guide the development of other produc-
tion and product systems aligned with Systemic 

Design. Networks can bridge the gaps to sustaina-
bility and research coordinators can facilitate in 
the creation of conditions for a self-sustaining 
network committed to sustainable approaches. 
Systemic Design generates Local Economic De-
velopment to establish the conceptual base and the 
analytical skills that are needed to harness local 
and regional economic change. Looking ahead the 
development of a multidisciplinary vision becomes 
crucial, in that way various skills are brought to-
gether, towards the emergence of a new culture of 
sustainable economic and technological innovation 
and process inspired by the dynamic operation of 
Nature, that is the system for excellence.
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Abstract — Our work aims at questioning the 
understanding of the notion of sustainable devel-
opment in the fields of urbanism and planning, 
considering the actual lack of any long-term vi-
sions projected on these practices. A critical lec-
ture of planning through history retraces funda-
mental tendencies and aspects of socio-economical 
and ecological awareness in European collective 
projects. It also helps us out establishing a link to 
understand the actual situation as a possible re-
ceptacle for utopian ideals. 

I. INTRODUCTION

A consensus on the concept of sustainable devel-
opment has been reached since its introduction in 
the Brundtland report.[1] As a keyword vector of 
political decisions, it has an impact on the every-
day life of individuals, modifying lifestyles and 
attitudes. Though, the interpretation of this con-
cept as a slogan offers enough latitude which 
could affect the nature of its actual implementa-
tion. In the field of urbanism and planning, con-
cerns about the efficiency of increasingly frag-
mented cities and territories in Europe are still 
lacking their instrumental counterparts capable of 
containing this process. In fact, an absence of any 
long-term development vision integrating socio-
economical and ecological aspects contradicts the 
practice of a discipline having traditionally ex-
pressed and steered societal desires. 

II. THE CITY’S DISEASED ORGANISM

In Europe, urbanism and planning found their 
origins out of the crisis in liberalism during the 
industrial revolution, aiming originally at correct-
ing their most harmful consequences: diseases, fire 

and housing crisis. These first attempts can be 
considered as having harboured the first prospec-
tive by reformists and utopians.[2] Contributions 
such as Charles Fourier’s harmonic community in 
the form of his autarkic “Phalanstère”[3] (1800) 
expressed the problem of the pursuit of happiness 
in the capitalistic context as a function of the way 
of living. In the upcoming industrial era, the sub-
ordination of the city to production means called 
for improvement. A literal stigmatisation of power 
struggles could be read within the city. [4] Unlike 
Fourier’s proposal, which formulated an alterna-
tive society organization, other projects attempted 
to deal with the form of the city, trying to make it 
more equitable in terms of living conditions for its 
population. Judging the city harmful as an artifi-
cial environment, the garden city model of Ebene-
zer Howard[5] (1898) codified the principles of a 
blend city and nature, also defining an ideal size 
for his model to work best as stand-alone. Al-
though Howard’s garden city became a reference 
for many realizations, their partial implementation 
as suburbs unfortunately contributed to their frag-
mentation. 

III. AN EGALITARIAN GRID

According to Le Corbusier[6], the suburban dream 
of social upliftment revealed itself as a nightmare: 
the scattered metropolis became unmanageable, 
the body of the cities dysfunction having inevita-
bly repercussions on the smooth running of the 
society. Based on the modernistic ideals of hy-
giene, order and efficiency, Le Corbusier’s pro-
posal of the „Ville radieuse“[7] (1935) stood for a 
reproducible model, aiming at replacing existing 
cities on a long-term vision. Consisting of autarkic 
„housing units“ linked up to an ubiquitous infra-
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structural grid, this environment restored the con-
dition of nature in a city from now on correspond-
ing to the „basic human needs“, also defined by Le 
Corbusier. His undertaking illustrates the theoreti-
cal power of planning as an instrument of steering 
and enforcement of a long-term society project, 
and also the power of images as capable of deliv-
ering comprehensible messages in favour of socie-
tal aspirations. In the context of the European 
post-war nation-states, the „Central Place The-
ory“[8] (1933) of Walter Christaller can exemplify 
the implementation of egalitarian strategies on a 
state-level. The economic growth is hereby vector 
of development, and is redistributed equitably 
throughout the territory in order to guarantee a 
comparable quality of life to everyone on a long-
term. At this moment, it can be observed how the 
efforts of a development based on egalitarian ide-
als tend to shift to the super-ordinate level of ac-
tion. 

IV. TOWARDS PRAGMATIC UTOPIA

The efficiency conditions of urbanism have been 
heavily modified since the turning point in world 
economy in 1989: we have been since then con-
fronted to a new form of global expansion of the 
market, overtaking the nation-state frame and 
having extremely prejudicially social and ecologi-
cal effects.[9] Although the deployment of an egali-
tarian grid throughout the nation-state territory 
permitted a welcomed homogenization of oppor-
tunities, the renouncement of the European com-
pact city model since the 1960s was accompanied, 
in absence of any alternatives, with the consecra-
tion by default of a proliferating suburban envi-
ronment which swallowed the old centres.[10] This 
regression can be measured in terms of a social 
impact, considering the dissolution of the city as a 
community, a well as in terms of an ecological 
impact, since the emergence of fragmented entities 
stigmatised irreversibly a sprawling body of the 
city. The increasingly individualistic dominant 
lifestyle oriented towards self-fulfilment explains 
the urban quest for segregation. It seems paradoxi-
cal that this era, marking the end of collective 
society projects[11], also boasts a growing ecologi-
cal consciousness, which, not surprisingly though, 
primarily aims at preserving consumerist life-
styles. Even “utopia goes pragmatic”[12] and 
doesn’t take any societal changes in consideration: 
Bjarke-Ingels-Group architects propose how to 
turn hedonistic lifestyle responsible, at least within 
the borders of Denmark. Other iconic projects 
propose for instance to encourage self-sufficiency 
in form of vertical farming, another attempt of 

reducing the ecological footprint of the consumer, 
as well as ones bad conscience.[13]

CONCLUSION

If sustainable development consists of an aware-
ness of problems, then it has to recourse to utopia, 
carrying strong images understandable to all par-
ties involved in order to grasp the whole range of 
this concept as an ultimate collective project. The 
current context is particularly demanding of an 
increased reflexiveness in order to pursue an ethi-
cally genuine direction. In the field of planning, 
this comes along only with a redefining of the 
practise modalities, far away from the actual de-
pendence on opaque decision-making. 
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Abstract — The aim of this research work is to 
investigate energy balance influence of low emisiv-
ity properties at the non-transparent building sur-
faces. It goes from the fact, that there are coatings 
on the market whose properties guaranteed by their 
producers can reduce costs for energy demand in 
buildings. In practise, their properties extensively 
depend on various dynamic changes. In the present 
time, more precisely evaluation and measurement 
methods, which are not commonly used in building 
area, come into the attention. In order to accept new 
ways of technology and materials, the emissivity is 
among many other properties the one, which has to 
be taken into account. That is why our first step 
leads us to determine radiative properties of coat-
ings consisted of hollow ceramic microspheres by 
means of spectral analysis.  

I. INTRODUCTION 
There are many discussions that the building surfaces 
can markedly improve thermal properties of building 
constructions. The radiative properties are many 
times neglected in building practice. Standard build-
ing surfaces have emissivity values around 0.90 
which means that they can absorb about 90% of 
incoming longwave (thermal) radiation. Therefore, 
we can influence the heat transfer to the outside envi-
ronment and improve the thermal comfort as well by 
decreasing of emissivity values of building surfaces. 
With low-emissivity coatings, heat losses in winter 
and heat gains in summer could be reduced what is 
markedly depending on the dynamic changes of 
outside and inside environment. There are a lot of 
expectations and many doubts in this area, but 
mainly it is still not equally investigated.  

II. STARTING POINTS OF OUR RESEARCH 
The basic principles go out at the peak of the space 
age, when similar coatings have been developed for 
space shuttle shield. However, the different dynamic 
effects and conditions are not comparable with build-
ing envelopes. In advertising materials from many 
producers, we can find among others things that 
coatings consisted of hollow ceramic microspheres 
can reduce heat losses in winter and heat gains in 

summer, improve thermal comfort, decrease the 
possibility of condensation of water vapor and in-
crease the surface temperature, etc. These statements 
are often based on the proofless and unverifiable 
facts. They go out from feelings and hypothesis of 
people, which have used this product for improving 
their inside building environment. Moreover, there 
are statements about total replacement of standard 
insulation materials with some of them. The uncer-
tainties occur mainly with inadequate research of 
their properties, which are under the influence of 
various dynamic changes. 

III. MAIN MEASUREMENT TECHNIQUES 
AND EXPERIMENTAL METHODS 

We cannot measure the emisivity directly, because 
the measurement devices usually obtain these values 
from several parameters. Various different measure-
ment techniques have been developed, which may be 
divided into three loosely defined groups: Calorimet-
ric emission measurements, radiometric emission 
measurements and reflection measurements [1]. The 
more easily ones are based on the monitoring of the 
radiation intensity reflected from the surface. The 
simpler measurement is based on the integral meas-
urement of the reflected diffusive radiation from the 
surface implemented at the Fourier transform infra-
red also known as DRIFTS (Diffuse Reflectance 
Infrared Fourier Transform). For more technical 
descriptions see [2]. Diffuse reflectance measure-
ments are carried out to determine the bidirectional 
reflection function, the directional-hemispherical and 
the hemispherical-directional reflectance [1]. We can 
derive from these values other required parameters, 
such as emissivity or absorbance. It results from the 
law of the conservation of energy and Kirchhoff’s 
laws, where we suppose that: 

ραε −== 1 , or λλλ ραε −== 1     [-] (1) 

Two similar methods are usually used for the most 
common reflection technique (DRIFT). The main 
difference between those two methods is in the type 
of the reflectometers [1]. There is also another ex-
perimental method which belongs to reflection 
measurement techniques and that is ATR method 
(Attenuated Total Reflection) [3]. 
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IV. EXPERIMENT AND PRELIMINARY RE-
SULTS  

There are several kinds of coatings, which consist of 
hollow ceramic microspheres on the market. To 
make comparison between them and standard facing 
coating we selected almost each of the coating avail-
able in Slovak and Czech Republic for purpose. 
The measurements were carried out at the Institute of 
Chemistry at Slovak Academy of Sciences in Brati-
slava. The measurement device infrared spectroscopy 
Nicolet Magna 750 was used (Figure 1).  

 
Figure 1: The measurement device infrared spec-
troscopy Nicolet Magna 750 with integrating mir-

ror of hemispherical shape  

This measurement device handles the wide spectral 
range from the mid wavelength infrared domain 
(MWIR) to the far infrared one (FIR), in practice (for 
our purpose) the wavelengths from roughly 2.0 to 
50.0 µm, for more technical details see [4]. The main 
experiment principle consists in DRIFT method [2] 
with measurement instrument consisted of integrat-
ing mirror with hemispherical shape. The shape of 
measurement attachment and applied type of detector 
are the ones of the important parts of this experimen-
tal method. We have done several times measure-
ments on the adequate amount of samples from each 
type of coating. There are shown curves on the figure 
(Figure 2) of the reflectance as a function of the 
wavelength (in spectral range from 2.5 to 25.0 µm – 
the range of long-wavelength radiation) which repre-
sent each type of coating.  
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Figure 2: Spectral reflectance progress of selected 
coatings, from prepared white coating samples of 

size approximately 10 × 10 mm  

We can use the equation (1) for determination of the 
measurement results in term of emissivity values. 
The most important region is somewhere between 
8.0 and 14.0 µm, where all standard bodies radiate 
the maximum of its energy. As we can see, there are 
no differences between the standard building surfaces 
(reference standard facing coating) and those, which 
are consists of hollow ceramic microspheres. The 
standard reference coating has even higher reflec-
tance values than others compared. 

V. CONCLUSION 
The applied method is useful and available for de-
termination spectral radiative properties, what is not 
commonly used in building practice. The obtained 
values of the spectral reflectance from the infrared 
spectroscopy (DRIFT method) indicate that there are 
no differences in spectral reflectance (emissivity) 
values between measured coatings. This result needs 
to be also verified in real climate conditions by 
means hot box method under the influence of various 
dynamic changes. It is currently in progress. The 
results from this experiment will be used for verifica-
tion of simulation module of programme Esp-r. We 
will regularly continue with these activities in our 
research. We will be also monitoring coatings with 
guaranteed lower emissivity values and comparing 
them by the infrared spectroscopy and in real climate 
conditions in order to find out potential of energy 
demand influence. 
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