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Beyond human tetris: simulation-based optimization of personnel
assignment planning in Sequenced commercial vehicle assembly

L. Marzbe, W, Mayrhoferab, W, Sihnab
*Vienna University of Technology, Inst, of Mgt. Science, Theresianumgasse 27, 1040 Vienna, Austria
Fraunhofer Austria Research GmbH, Theresianumgasse 7, 1040 Vienna, Austria
‘LOM Innovation GmbH & Co. KG, Kemptener StraRe 99, 88131 Lindau am Bodensee, Germany

Abstract: This Faper presents a simulation-based planning software, that is developed for high complexity production settings and
currently undergoes first real-data industry application tests. The software is tested in commercial vehicle assembly, but will be alsg
employable in other industries with a sufficiently high number of different products and variants, The solution enables the forecasting
of reguired personnel and the requirements with regard to temporary additional workers {“floaters”) for every cycle at the production
line. To this erd, the software periadically coltects process times, sequence and feature data for the vehicles. The cumulated worklead
is calculated under consideration of flexibilities. A web-based user interface enables to set and change reference data, dsfine process
simulations and allows for the compifation of diagrams and charts for the analysis of tha results of the different simulation runs.
Various filters as to time periods, vehicle types or feature variants allow the planner a target-oriented analysis and provide feedback
for improving the tact of the production line. F inafly, some qualitative results of a firgt industry testin carnmercial vehicle assembly are
presented, Those preliminary results give valuable feedback about the usability of existing analytical features and desirabla additional
features,

Keywords: Production Planning, Productivity, Sequending, Simulation

1. Variant-rich serjes production in sequenced assemblylines - such as “rofl-over teams” with different characteristics regarding
The principle of variant-rich saries praduction in sequenced the executioh of assemmbly tasks in comparisen to station-bound
assembly lines is current practice in the automative industry [1]. teams, should be part of the analysis. Further, the extent of the
Due to high wage and nonwage lsbour costs, available personnal individual processes that form a task affects the tact of the line,
has to be carefully planned with respect to changing It is daily practice that process time requirements exceed
requirements at the assembly line in order to evenly utilize the capacity of the teams. The simulation is aimed at accurately
Capacity [2]. Hence, mixed-moda| assembly line production forecasting process tima requirements and resulting workioads

requires carefyl program and sequence planning, The key of the assembly. This is the foundation of exact persanal
requirement Is to distribiyta orders with different work content assighment planning and especially alerts the planner if

cver the production Program in a way, that overload and provisions with respect to wo/manpower (i.e, floaters} are
underutilization are avoided [3, 4, 5. necessary. Mence, demand for assembly personnal is known
Present sequence planning  systems are able to even before assembly starts. Necessary measures can be taken
accommadate such planning chjectives, by means of sequencing te fulfill those capacity requirements. its application Is geared to
rules that stem from a multitude of vehicle criteria [6]. Yet, personnel assignment planning in daily aperations {shift} as well
sequencing does not always prevent dynamic load peaks at as in medium term {weekly preview} and strategic planning.
certain stations, since sequencing rules are not created from a With the planning  assistant presented in this paper,
forecast, but are based on expetiences from the line. Once an transparancy in the analysis and evaluation of planning data
excessive peak load as a result of the sequence of vehicle types increases {Figure ik Subsequently, with the application of
and/or configuration reaches a team, this specific overload can mathematical optimization methods comprehensive decision
be avoided in the future by defining a rule, that will prevent this support system will be developed,
Specific scenario causing the overload [71. A variety of passible | status quer | . o8 S our.'auk

vehicle configurations can result In an overload and i is

Impessible to exclude 3l possible scenarios that lead to m T—_m
overload, for unacceptahble computation runtime or lack of a - ' — -
solution st all (8], In addition, increased processing time Planning data >‘. L__asprisatiofoemation > L—s%

- i

) - P : ! ! ;

. fequirements which become apparent in the course of I b l incressa ol tansparoney > il Ecis;;;':::fu:'; ence

r SBquUences b-udt in the future are noit detected. Re:‘-zsons for th.is Flgure 1. Developmen:af;iééé?&ffﬁ:ﬁé}?ﬁéﬁ Srication

* . are rare vehicle sequences or shifts in the proportion of certzin

.. Product types or configuration variants, However, the application discussed in this paper so far daes
Hence, a preview of pracessing time requirements per cyde net optimize the planning results in 3 mathematical sense, hyt

. and team is of high value. A forecast of the impact on employes supports the finding of an “optimized” solution to the planning
" workload requires variables representing additional degrees of problem. This is achieved by making complex system behavior

freedom stemming from the organization of labor within each visible and further allowing a step by step optimization of to
~team {fi.e. negative or positive drift), Crganizational measuras date mathematically unsolvable planning problems,

\
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2. Objectives and input data for simulation
2.1. Objective

The objective of the development and implementation of
the web-based simulation software was to aliow continuous use
in planning of aperative personnel of assembly lines and to give
planners & tool for line batancing [1, 9, 10, 11]. The following
requiremients were central to the design of the support system:

* It is developed far the analysis, evaluation and design of
the personnel assignment of sequenced production lines,

« The simulation of staff warkloads is based on operational
process data and the sequence,

» The area of application shall range from daily operations
{use of floaters) via medium-term planning {personne!
assignment) to strategic aspects (line balancing).

» Each planner within the network shali, by means of a
simple browser, be able to edit the data, simulate the
sequence and to analyze the results.

« The functionatities for the evaluation of resuits will need
to provide extensive capabilities and views for analysis,

. preparation, sefection and expert of diagrams and tables,

In a nutshell, the system will assist the planner in smoothing
the personnel capacity demand curve and identify possible
starting points. For this reason, the control variables with the
greatest leverage effect on smoothing work content {capacity
demand for work content) at the stations have to be identified.

2.2. Procedural aspects of a simulation application

A simulation application can be defined into the phases:
model, scenario, calculation and evaluation. The mode! consists
of master data and operational data (sequence, process and
attribute data). The master and sequence data can be edited in
the application and stored as data records, By selecting master
and operationat data as well as the depicted time period, a
simulation scenario is defined. The calculation of personnel
assignment will be performed by the simulation. Subsequently,
different analysis functions are available for the interpretation
of the results.

2.3. Model data

The master data set contzins all elements needed to
describe a production iine. It represents the production system
and all physical and organizational elements of a production
line.

The operational data is split up in sequence, process time,
and attribute data. The sequence represents the system load
and depicts the order (vehicle) sequence. The sequence list
contains product name, cycle (operating number within the
sequence) and date of the laydown at the last station of the
production line. The sequence is updated daily and stored in a
separate sequence data set. Sequences can be duplicated,
edited and created anew,

The process time data includes all process steps required
for each vehicle. By creating a link between work plans and
assembly positions, the interrelationship between te the
affected teams can be established. Process time data is
automatically updated daily and cannot be edited in the
application.

The attribute data provide information about equipment
options of the vehicles. The attribute data for each vehicle are
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automatically updated daily and with help of the filter function
in the analysis of results allow the analysis of the effects of
equipment related process-time strains.

2.4, Definition of simulation runs

The definition of the simulation canfigures a scenario for
the simulation of the flow properties of the production line, The
application s designed for

= manually triggered simulation runs and

« automatic sirmulation runs.

For a manually started simuiation run a master data set, a
sequence data set and the start and end cycle needs to be
defined, For an automatic simulation, the master data set and
the cycles to be simulated are to be specified. The sequence
datz are updated once a day together with the process time and
attribute data and are available for simulation afterwards,
allowing daily analysis of the current producticn program,
particularly for floating staff deployment, The scenarios are
simulated on a standard computer with a valid runtime license
of the software simulation SLX.

3, Simulation of the assembly process
3.1. Balancing process time requirements with available capucity

Each task is assigned to a team that is qualified to perform
certain tasks. The different teams have a spectrum of tasks often
corresponding to a specific technical area (suspensicn, enging,
cabin, etc)) the team is able to perform. Some manufacturers
periodically move around their teams along the assembly line
for job-enrichment and in order to have a more flexible
workforce.

The predefined sequence of orders determinas the position
of the vehicle in the station at any given time. With the
assignment of teams to the statlons, the tasks per cycle and
tezm can be identified. The process time reguirements are
matched with the available capacity of the teams. Should one
station be short of staff, the tasks can start in the previous cycle
{negative drift) or can be finished in the following tact (positive
drift) [12]. The review of the process time requirements for each
vehicle and team will be made before assigning employees.
Basically, the following two scenarios can be distinguished {Fig.
2k

* Scenario 1: processing tirme requirements are |ess than
the capacity of the team.
= Scenario 2: processing time requirements are greater
than the available capacity of the team.
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Figure 2. Comparison between processing time and capacity requirernents

As long as process time requirements are higher than
available capacity (Scenaric 2), tasks might be pushed up.
Whether this is possible depends on several factors:

-~
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*+ The team is allowed to move up-to what amount this is
possible is defined in the table team.

* The workers stifl have idle capacity, which Is evaluated at
the simutation run and results from dynamic calculation,

In scenario 1 there is generally no negative drift. However,
due to the size of the process modules and the necessity ta
deploy several workers to the process, it is possible that
praocessing time exceeds the cyde limit. Typically, those time
components are comparatively small, After batancing capacity
demand with avzilable capacity the simulation runs through 2
planning and implementation procass. The optimization of the
resources is supported through shifting of tasks and processes
through the planner. The changed configuration subsequently
can be evaluated and compared to the results of previaus runs.

' 3.2 Assigning of workers

Employees are scheduled by booking of ca pacity “pots” per
employee and cycle by means of assigning individual tasks [13].
Upcoming tasks are aliocated by the following order of priority:

= tasks requiring mare than one employee to be

performed, sorted by the number of required employees
per task

* tasks sorted by thelr process time in descending order.

Asslgning of workers is done by debiting the capacity pots
of the workers of the involved teams. To do so, the first worker's
capacity pot is checked for sufficient capacity, If this is the case,
the task is allocated to the worker's capacity pot, This results in
{almost) filling up the capacity pot of the first warker before
engaging a second worker. Whether the capacity of an
employee is completely utilized depends on the process time
variables. The smaller the process steps are, the higher is the
chance to utilize a workers capacity t0 a high extent. The
selected distribution logic is similar to the approach used for line
balancing in planning.

The procedure covers checking capacity over the current
¢ycle and previous or subsequent cycles In case 6f hegetive drift
or positive drift. If the next worker does not have sufficient
capacity, the employee after that will be checked, if there ars no
workers with free capacity in a tearn, an employee of the group
of floaters, marked In the master data as such, will be
summonead. The handling of the distribution of tasks In the
floater group works similar as capacity assignment of the worker
teams. The floaters have the same limits with regard to negative
or positive drift as the teams to which the floaters are assigned.,
If the capacity of the floater group Is exhausted, the
superordinate floater group will be engaged. If there Is no such
floater group registered any more, a virtual fleater will be
created, who has no restrictions on positive drift. This prevents
that operations with too high of a process time due to pre-,
cycle and rework capacity cannot be modeled with the existing
workers,

3.3. Carrying out of the tasks

The selected employees are assigned to tasks. At the time
of the simulation run, the registered teams and ficater groups
* are scannad for idle workers, Once all employees are available
for one task |, the employees are blocked for the process time,
Contrary to task-allocation amid workers in planning, tasks are

\
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now distributed to each employee that turns idle, i.e the first
two tasks of a team can’t be allotted to the first worker, since
the worker is aiready busy carrying out the first task. The second
task will be executed by the next idle worker. Compared to the
original planning this altered allocation of tasks to workers
might require a small positive drift. The selected assignment
logic Is similar to the real allocation of tasks at the fine.

In case of increased or decreased processing time
requirements cycle limits can be underrun {negative drift} or
overrun ({positive drift} [10]. The following basic configurations
are possible in the case of process times that are less than twice
the cycle time {Fig. 3}, In the case of tasks exceeding cycle time
limit, the time fraction per cycle is calculated and assigned to
the respective cycle, The model does not use punishing factors,
but attempts a representation of the procasses at the line with
high validity and all cases below can appear in reality.
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Figure 3. Alternative positions of process modules

4. Evaluation
4.1. Bar and matrix diagrams

Evaluation functionalities inciude 2 variety of diagrams and
tables providing a variety of choice for snalysis of results,
Structure and arrangement of evaluation diagrams is oriented in
such a way, that workloads {caused by the vehicles} are shown
with respect to cycles and organizationa! units. By determining
the organizational unit, capzcities are defined and set in relation
to processing time requirements per cycle and the division into
temporal sections (cycles) is arbitrary 2nd can be reduced or
extended hy changing line cycle time, thus affecting
productivity, Spatial structuring in stations is not evaluated,
However, a link is established by the cyclically releasing of the
next vehicle Inta the line at station 1 and the gradual passing
along during the next cycles as well as the assignment of the
teams to stations, Dependent upan the view of the analysis of
workloads, different types of diagrams (Figure 4} ensue,
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Figure 4. Types of diagrams for personnel assignment
planning




The diagrams contain at least one structural component
concerning the organization of personnel or is cycle time-
related.

Table 1 shows the graph types dependant on the selected
category (organizational unit and selection of type of diagram).

Table 1 Result chart types

s
R tegm |utilization over- [process
organt teams |employee | view | view : tima 3pE
zatlonal i niization hpgregationmatrix | matrix | distri- of
unit others | teams |overcycles|cycles lproduct bution [¥"2

assignment] group of) warkload
planning }jumpers f jumpers| t

The histograms showing process time quantity distribution
and variant spread mainly analyze process time data in relation
to the cydie time or the capacity of the teams.

4.2. Example: utitization diagram of o team
The chart ‘workload group team’ shows process time
requirements and the utilization of a team per cycle (Fig. 6).
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Figure 5. Bxample graph utilization staff group

Each cycle is assigned to 2 vehicle and the required process
time represents the assigned work content, which results for the
currert vehicle in @ cycle. One set of bars visualizes the work
content In refation to the capacity of the team. Another set of
bars shows the utilization of the tearn in the cycle for the
vehicie, Weork content can exceed the 100% level of staff
capacity. In this case, the additional work can be visualized as
follows:

» negative drift af the team

+ negative drift of the floater group

« use of the floater group In the cycle

» positive drift of the team

« positive drift of the floater group

By clicking on a bar, & table balow the chart will appear
showing each process tirne data. In addition, filter functions
aliow the selective choice of results for products, product types,
product attributes as well as cycles,

5. Conclusion

The described application is used In 2 commercial vehide
manufacturing company since mid-May 2011, With a run-time
hehavior of ane second per cycle, simulation runs on the
rmaximum preview horizon of up to 1,500 vehidles are possiblein
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fess than half an hour {is equivalent to a 10-day forecast). By
means of the web-based application, the planners themselves
can define scenarios and anhalyze the effects by means of
analysis charts and filter functicns. The integration of the
application in the daily operations of the planners and segment
leaders primarily assists in personal assignment and planning of
floaters. By simulating the daily sequence, down time of floaters
can be minimized by exact {to the cycle) scheduling of work
assignments. Moreover, 8 better planping and use of non-
productive time of the floaters will be enabled,

in rmedium-term planning workload matrices allow the
assessment of the "seriousness' of the expected program and an
accurate prediction of the necessary weekly personnel
resources. The goal of the further development of the
application is to improve operational and  evaluation
functionalities. 1n future, the planning assistant is Intended to be
tled to an optimization algorithm to enable the management of
headcount as a functlon of the applied sequence.
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