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Abstract—The impact of high velocities on the physical layer
downlink performance of mobile radio communication systems
is generally measured by placing a receiver in a car, train, or
similar vehicle. While these so-called drive test measurements
produce valuable results, they lack the flexibility, repeatability,
and controllability usually required for initial testing of ideas
and algorithms.

In this paper, we present a methodology that allows for repeat-
able, closed-loop, off-line-processed measurements at velocities up
to 560 km/h (350 mph). The proposed laboratory set-up allows for
precise controlling of velocity and average signal-to-noise ratio.
For increased convenience during initial testing, the apparatus
can be even used indoors.

I. INTRODUCTION

Nowadays, there is an increasing demand for wireless services

in high-speed vehicles, as for example in new generation

trains. Implementing wireless applications suitable for high-

speed conditions requires the adaptation of existing wireless

protocols and applications to guarantee a reliable service.

For example, in [1] the authors work with faster handover

protocols than the ones currently used in GSM (250 km/h)

and UMTS1. Additionally, fast IP handover improvements

allowing for Internet services in high-speed trains are studied

in [2] by means of a combination of a geo-satellite network

and a terrestrial wireless local area network. In [3], a reliable

communication-based train control to improve track utilization

and enhance train safety is introduced. A system demonstrator

is proposed in [4] with the objective of providing all available

UMTS services to train passengers as well as allowing for

control and signaling train applications.

On the other hand, [5] and [6] evaluate both, performance

and propagation characteristics of wireless communications in

high-speed trains, studying factors such as speed, waveguide

effects in closed (narrow) environments, propagation loss
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1GSM, Global System for Mobile Communications and UMTS, Universal

Mobile Telecommunications System. . . mobile communication standards.

affected by waves re-entering the car through train windows,

and propagation loss among train cars. Finally, harmonic char-

acteristics of Korean high-speed trains using power electron-

ics equipment such as converter-driven motor drives, battery

chargers, or auxiliary power supplies are analyzed in [7].

The aforementioned studies contribute to the inclusion of

new wireless services in high-speed vehicles. In this sense,

this paper proposes a methodology that allows for repeat-

able, closed-loop, off-line-processed measurements at very

high velocities (up to 560 km/h), exceeding the speed limits

of current wireless communication standards (500 km/h for

GSM-R2 [8] and for LTE3 [9, p. 4]). Nonetheless, note

that directly evaluating the performance of mobile wireless

communication systems under the aforementioned conditions

becomes extremely difficult in, for example, high-speed train

environments.

II. TESTBED MEASUREMENTS

In principle, measuring the physical layer downlink perfor-
mance of a new wireless communication system at high

velocities is simple. Figure 1 shows a possible set-up where a

static transmitter is mounted on a roof, and a moving receiver

is placed in a car or a train:
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Fig. 1. Testbed measurement set-up.

Keeping things as simple as possible, the first step is to gen-

erate a representative transmit signal block (a representative

statistical sample) in high-level programming environments as

for example Matlab4 or C++. The next step is to convert

2GSM-Railway. . . mobile communication standard for railway communi-
cation.
3LTE, 3GPP Long Term Evolution. . . mobile communication standard,

successor of GSM/EDGE and UMTS/HSxPA.
4MathworksTM Matlab®, a numerical computing environment often used

in communication engineering.
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this block into an analog, high-power signal to be transmitted

over a wireless channel. Finally, at the receiver, this block is

then converted back into a format that can be processed using

high-level programming on a personal computer. The resulting

throughput then represents the instantaneous physical layer

downlink performance of the radio communication system

under investigation. If the average downlink performance

is of interest, one has to take a larger sample by repeating

the measurement. The mean throughput performance of the

scenario is then calculated by averaging all values obtained.

However, the following difficulties arise:

• Code has to be written to generate and receive standard-
compliant blocks of data. Fortunately, for mobile com-

munication standards such as LTE, free simulators exist

[10]. Implementing the complete transmitter and receiver

in dedicated real-time capable hardware would also be

possible, yet usually too time-consuming. We therefore

chose to implement all algorithms off-line in Matlab.

• The transmit and receive radio hardware has to be bought
or built. When dealing with multiple base-stations employ-

ing multiple antennas at the transmitter site and multiple

antennas at the receiver site this task is not trivial. Such

endeavor consumes a lot of money as well as resources

and, therefore, it is a challenge on its own (see [11]). In

this paper, we utilize the Vienna MIMO Testbed developed

by us from 2006 to 2009 [12].

• If carried out using a car, measurements are neither con-
trollable nor repeatable. In other words, it is impossible
to externally set a specific average signal to noise ratio

or to drive exactly the same route twice, especially not

several times a second as it may be preferred in certain

measurement set-ups. We therefore refrain from measuring

in a car and seek other possibilities.

• High velocities, as for example the 500 km/h considered for
LTE [9, p. 4], present an additional challenge as trains (and

other ground-based vehicles) usually fail to deliver such

high speeds.

• Modern wireless communication systems employ channel
adaptive modulation and coding techniques. For a mea-

surement, this means that channel information gathered by

the receiver —the so-called “feedback information”— has

to be transmitted back to the transmitter in the uplink or

via an external connection. This imposes a problem if the

feedback chain consisting of receiver signal-processing, link

back to the transmitter, and transmitter signal-processing

is not implemented in dedicated hardware, thus does not

operate in real-time.

– A possible solution often employed (e.g., [12]) is to

operate the measurement in a static environment. This

is not feasible, as we want to measure while the receiver

is moving at high velocities.

– Another possible solution is to implement the feedback
chain in dedicated real-time capable hardware. Such an

endeavor is only feasible for large companies (e.g. [13]).

We therefore seek to employ a technique that allows for

off-line signal processing, while still supporting feedback,

repeatability, controllability, and measuring at high velocities.

III. ISSUES WHEN MEASURING AT HIGH VELOCITIES

A. Feedback

Consider, for example, LTE (see Figure 2): An LTE sub-

frame is 1ms long (Block C) and may use the feedback from

the sub-frame 6ms ago (Block B) [9, p. 294] while the off-

line processing for the feedback itself requires e.g. 56ms, so

Block A is the closest block that can be used to calculate the

feedback.
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Fig. 2. Feedback in LTE.

If the channel were repeatable (equal in the left-hand and

right-hand part of Figure 2) such that block A experiences the

same channel as block B, off-line-processed feedback would

be possible.

B. Repeatability and Controllability

To make the channel repeatable, we propose to

1) keep the surroundings constant: By carefully choosing a

scenario where no objects move, this is easily possible for

time spans in the magnitude of 50ms.

2) mount the receiver on, for example, a linear guide: Acceler-

ated by a direct-drive linear motor, accelerations of 10 g can

be easily reached (g=9,81m/s2) such that a 2.5m long guide

is sufficient to accelerate to a speed of 14m/s (50 km/h,

31mph) and stop afterwards.

4 signal cables 
to receiver

linear guide

direct-drive
linear motor

antennas

antennas
accelerating

100 m/s2 14 m/s -100 m/s2

antennas
de-accelerating

antennas moving precisely
and reproducibly

Fig. 3. Proposed set-up for low-velocity feedback measurements.

While direct-drive linear guides are precise enough to repeat a

position with an accuracy of 100 μm and high accelerations can

be handled by a careful mechanical design, reaching speeds

greater than 20m/s does not seem possible using off-the-shelf

components. Furthermore, in the above example, it takes about

half a second until the antennas are de-accelerated, moved
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back to the left-hand side of the guide, and then accelerated

again. This minimum possible time to measure with feedback

increases quadratically with the speed to be reached.

C. High Velocities
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Fig. 4. Proposed set-up with fast-moving receive antennas.

At a greatly reduced price and mechanical effort, all afore-

mentioned issues can be overcome by moving the antennas

around a central pivot as shown in Figure 4. This design now

allows for very high speeds while the same antenna position

is still reached once per rotation.

IV. DISCUSSION OF THE SET-UP PROPOSED IN FIGURE 4

A. Applicability

While the proposed set-up can be placed at any location

desired, closed-loop measurements, that is, measurements with

feedback, can only be performed when the surroundings are

static. In open-loop mode, measurements in any scenario are

possible.

To measure the downlink of LTE at its maximum supported

speed of vLTEmax=139m/s, we chose an arm length of 1m and
an electric motor that can rotate at up to 1500 revolutions per

minute. At maximum speed (v=157m/s), the antennas move
about 16 cm during a 1ms long LTE sub-frame, equivalent to

9 degrees of rotation.

Whether this set-up represents real-live situation is subject

to discussion. In any case, we believe that it is useful

for the initial testing of algorithms and devices in research

and development as it allows for measurements that would

otherwise require enormous efforts (for example measuring at

500 km/h).

B. Mechanical Considerations

In mechanical terms, the design proposed in Figure 4 is best

described as a centrifuge. Rotating around a central axis at

1500 rotations per minute (f=25 rotations per second) and
an arm length of r=1m, the antenna moves at a speed of

v=157m/s (= 560 km/h = 350mph). Therefore, the centripetal
acceleration of

a = ω2r = (2πf)2r ≈ 25000m/s2 ≈ 2500 g

has to be exerted by the arm on the antenna. Even without

an antenna, to withstand this acceleration, an aluminum alloy

arm must exceed a yield strength of 70N/mm2. To be on the

safe side, we therefore chose to use a carbon fiber-reinforced

polymer pipe for the arm and design all other critical parts

out of high-strength aluminum alloy. A printed circuit board

will act as ground plane for the antennas, while the semi-rigid

coaxial radio-frequency cables required to guide the received

radio waves to the receiver are glued inside the arm using

fiberglass glue. The bearings, as well as the engine, can be

bought off-the-shelf.

C. Electrical Considerations

Here, the critical parts are the two rotary joints that are

required to connect the four rotating coaxial cables in the

arm (we want our set-up to support four antennas, signal

center frequency=2.5GHz) to the static cables outside the

arm. Fortunately, military-grade solutions do exist for this

application. Except for the rotation, the cables itself are

glued inside the arm and therefore static to not change their

electrical properties due to bending. Furthermore, even while

rotating, the properties of the cables can be easily checked

by disconnecting the antennas and pairwise connecting the

antenna ports at the end of the arm.

D. Synchronization Considerations

In order to carry out precise, repeatable measurements, the

time at which the antennas will reach a distinct position has

to be precisely known beforehand. We therefore utilize a high-

speed laser barrier and dedicated real-time capable hardware

for the timing synchronization of the blocks transmitted.

E. Validation

First, we disconnect the four antennas from the end of the

arm. Then, we connect the antenna cables pairwise at the end

of the arm using rigid cables. Next, we connect two antennas

to the cables that come from the rotary unit. Summarizing,

these two antennas are then connected to the radio frequency

hardware through the proposed set-up without antennas, that

is, through a looped-back “long cable” and two rotary joints.

Using this set-up, we then check whether the properties

of the transmission change if the arm is rotating at different

speeds.

F. Repeatability

Using the Vienna MIMO Testbed, we can repeat a mea-

surement in an outdoor-to-indoor scenario with a throughput-

precision of approximately 2% [14, p.29]. Rotating the anten-

nas between successive measurements by multiples of whole

rounds should not affect this precision.
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G. Controllability

A major advantage of the proposed set-up is controllability.

One can easily externally change and set the average signal

to noise ratio (by changing the power of the transmitter) or

the velocity (by changing the rotation speed using a frequency

inverter).

H. Measurement Repetition Rate

Another advantage of the set-up proposed is the ability to

carry out many measurements in short time-spans at similar or

even equal conditions. Measuring, for example, in a train at

300 km/h would only allow for a few measurements until the

train has passed the transmitter, and only for one measurement

at a specific position.

Using the proposed set-up, several measurements can be

carried out during one rotation of the arm, and measurements

at equal channel conditions can be carried out once per

rotation. At 300 km/h, for example, a measurement can be

repeated every 75ms. (An increased repetition rate can be

achieved by reducing the length of the arm rotated.)

I. High Velocities

Future applications in high-speed trains may require algo-

rithms to work at speeds up to 500 km/h. Unfortunately, trains

or other ground-based vehicles currently do not support such

high speeds. The set-up proposed in Figure 4 is designed to

support velocities of up to 560 km/h.

V. EXEMPLARY MEASUREMENT ENVIRONMENT

To carry out repeatable, off-line testbed measurements we

propose the measurement environment shown in Figure 5:
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GPS

GPS

radio
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FIFO

TX
software

radio
hardware

FIFO

static transmitter
placed on rooftop
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wireless downlink
radio channel

trigger from laser barrier

RS-485 to set speed

LAN connection to exchange messages about trigger time instant

4 signal
cables

Fig. 5. Proposed testbed set-up for measuring at very high velocities.

In this measurement environment, a data block to be trans-

mitted is first created off-line in software. Next, this block is

loaded into a real-time capable transmit FIFO5 that waits for

5FIFO, First Iin First Out. . . a buffer that is filled from the input side slowly
with data and then replays this data on the output side in real-time.

a trigger pulse of a synchronization unit before forwarding the

data samples to the radio hardware.

At the receiver, the incoming signals are captured by four

antennas moving at very high-speed, next guided through

coaxial cables inside the arm of the rotary unit to its axis,

then guided through the rotary joints, then guided to the radio

hardware and finally converted to the digital domain. In case

the synchronization unit at the receiver issues a trigger, the

digital data samples are stored in a FIFO buffers to be then

evaluated off-line in software.

The speed of the rotary unit is controlled via RS-485 using

an off-the-shelf frequency inverter. Once rotating, the arm

passes once per rotation through a laser barrier that sends a

pulse to the sync unit. The synchronization unit itself can use

this information to exactly calculate the position of the arm.

As the synchronization units of the transmitter and the receiver

are locked to a GPS reference and connected to each other by

a local area network connection, a synchronous trigger pulse

can be issued at transmitter and receiver at always the same

arm position (that is reached once per rotation). More details

on how to build the therefore needed synchronization unit can

be found in [15, 16].

VI. CONCLUSIONS

In this paper we present a novel way to measure the per-

formance of mobile radio transmissions at high speeds. In

contrast to drive-test measurements, our set-up allows for

repeatable, off-line, closed-loop measurements at velocities

exceeding 500 km/h.

We see the applicability of the proposed set-up not in the

final evaluation of mobile communication devices (namely cell

phones) at high speeds, but in the initial testing of parts of

them and algorithms under conditions, that would otherwise

require way too high efforts.

REFERENCES
[1] K. Kastell and R. Jakoby, “Implementation of fast handovers and additional

authentication in GSM/UMTS for high-speed users,” in Proc. of IEEE International
Symposium on Personal, Indoor and Mobile Radio Communications (PIMRC 2005),
vol. 3, pp. 1753–1757, Sept. 2005, doi: 10.1109/PIMRC.2005.1651743.

[2] M. hee Han, K.-S. Han, and D.-J. Lee, “Fast IP handover performance im-
provements using performance enhancing proxys between satellite networks and
wireless LAN networks for high-speed trains,” in Proc. of IEEE Vehicular
Technology Conference (VTC 2008-Spring, pp. 2341–2344, May 2008, doi:
10.1109/VETECS.2008.519.

[3] Y. Yang, Z. quan Huang, Z.-D. Zhong, and X. Fu, “A study of real-time data
transmission model of train-to-ground control in high-speed railways,” in Proc.
of IEEE 72nd Vehicular Technology Conference (VTC 2010-Fall), pp. 1–5, Sept.
2010, doi: 10.1109/VETECF.2010.5594434.

[4] J. Irvine, D. Robertson, and J. Dunlop, “The MOSTRAIN (mobile services for high
speed trains) system demonstrator,” in Proc. of IEEE International Symposium on
Personal, Indoor and Mobile Radio Communications (PIMRC 1998), vol. 2, pp.
1004–1008, Sept. 1998, doi: 10.1109/PIMRC.1998.734711.

[5] N. Kita, T. Ito, S. Yokoyama, M.-C. Tseng, Y. Sagawa, M. Ogasawara, and
M. Nakatsugawa, “Experimental study of propagation characteristics for wireless
communications in high-speed train cars,” in Proc. of 3rd European Conference on
Antennas and Propagation (EuCAP 2009), pp. 897–901, Mar. 2009.

[6] M. Minea, I. Badescu, O. Dobre, and N. Wetzel, “Estimation of disturbative
effects of electric traction on data transmission equipment for high-speed trains,” in
Proc. of 4th International Conference on Telecommunications in Modern Satellite,
Cable and Broadcasting Services, vol. 1, pp. 106–109, 1999, doi: 10.1109/TEL-
SKS.1999.804705.

[7] T. H. Lee, C. S. Park, S. H. Choi, and S. W. Kim, “A study of the harmonic
characteristics of Korean high speed train on the Seoul-Pusan conventional line,”
in Proc. of International Conference on Electrical Machines and Systems (ICEMS
2007), pp. 1899–1901, Oct. 2007.

Copyright 2011 IEEE, in Proc. I2MTC2011, May. 2011, Binjiang, Hangzhou, China



[8] K. Kastell, S. Bug, A. Nazarov, and R. Jakoby, “Improvments in rail-
way communication via GSM-R,” in Proc. of IEEE 63rd Vehicular Technol-
ogy Conference (VTC 2006-Spring), vol. 6, pp. 3026–3030, May 2006, doi:
10.1109/VETECS.2006.1683424.

[9] Agilent Technologies, LTE and the Evolution to 4G Wireless: Design and
Measurement Challenges. John Wiley & Sons, 2009. ISBN: 0470682612.

[10] C. Mehlführer, M. Wrulich, J. C. Ikuno, D. Bosanska, and M. Rupp, “Simulating
the long term evolution physical layer,” in Proc. of the 17th European Signal
Processing Conference (EUSIPCO 2009), Glasgow, Scotland, Aug. 2009.
http://publik.tuwien.ac.at/files/PubDat 175708.pdf

[11] M. Rupp, S. Caban, and C. Mehlführer, “Challenges in building MIMO testbeds,”
in Proc. of the 13th European Signal Processing Conference (EUSIPCO 2007),
Poznan, Poland, Sept. 2007.
http://publik.tuwien.ac.at/files/PubDat 112138.pdf

[12] S. Caban, C. Mehlführer, G. Lechner, and M. Rupp, “Testbedding MIMO HSDPA
and WiMAX,” in Proc. 70th IEEE Vehicular Technology Conference (VTC2009-
Fall), Anchorage, AK, USA, Sept. 2009, doi: 10.1109/VETECF.2009.5378995.
http://publik.tuwien.ac.at/files/PubDat 176574.pdf

[13] J. Karlsson and M. Riback, “Initial field performance measurements of LTE,”
Available online from Ericsson, 2008.
http://www.ericsson.com/ericsson/corpinfo/publications/review/2008 03/files/LTE.
pdf

[14] S. Caban, “Testbed-based evaluation of mobile communication systems,” Ph.D.
dissertation, Technische Universität Wien, Institut für Nachrichtentechnik und
Hochfrequenztechnik, Sept. 2009, supervisor: Markus Rupp.

[15] S. Caban, A. Disslbacher-Fink, and J. A. Garcı́a-Naya, “Synchronization of wireless
radio testbed measurements,” in Proc. IEEE Instrumentation and Measurement
Technology Conference (I2MTC2011), accepted. Binjiang, Hangzhou, China, May
2011.

[16] A. Disslbacher-Fink, “Hardware-based timing synchronization,” Master’s thesis,
Vienna, Austria, 2011.
http://publik.tuwien.ac.at/files/PubDat 195758.pdf

Copyright 2011 IEEE, in Proc. I2MTC2011, May. 2011, Binjiang, Hangzhou, China



Copyright 2011 IEEE, in Proc. I2MTC2011, May. 2011, Binjiang, Hangzhou, China



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


	Text2: Reference:Sebastian Caban, Javier Rodas, José A. García-Naya "A Methodology for Repeatable, Off-line, Closed-loop Wireless Communication System Measurement at Very High Velocities of up to 560 km/h," in Proc. 2011 IEEE International Instrumentation and Measurement Technology Conference (I2MTC2011), Binjiang, Hangzhou, China, May 2011. [Online]. Available: http://publik.tuwien.ac.at/files/PubDat_201636.pdfBibTeX:@InProceedings{Caban_I2MTC2011a,  author =        {Sebastian Caban and Javier Rodas and Jos\'e A. Garc\'ia-Naya},  title =         {A Methodology for Repeatable, Off-line, Closed-loop Wireless Communication System Measurement at Very High Velocities of up to 560 km/h},  booktitle =     {Proc. 2011 IEEE International Instrumentation and Measurement Technology Conference (I2MTC2011)},  month =         may,  year =          2011,  address =       {Binjiang, Hangzhou, China},  url =           {http://publik.tuwien.ac.at/files/PubDat_201636.pdf},}


