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1 Executive Summary

This document describes the verification of theeligyed UWB channel model for the automotive
environment (see Deliverable D8b.4). Good agreerisergached between the channel measurements
and the model.

Based on measurements in the EUWB automotive emvient, the channel model is parameterized.
The measurements are carried out in 75 test cag@esenting 3 different application scenariodan t
automotive environment, i.e. the localization adexlicated tag, detection and localization of passiv
non-cooperative objects, and two-way data commtioicaThe characteristic model parameters are
extracted by statistical evaluations of the delpsead density and the power delay profile (PDP).
Their comparisons with artificial channel impulgsponses (CIR) from the UWB software simulator
verify the channel model.
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2 Introduction

The development of UWB applications requires dethknowledge of the radio channel in the UWB
environments. In particular software simulatorsyestigating the localization of mobile tags or
analyzing bit error ratios (BER), block error rati(BLER), data rates and coverage, need knowledge
about expected channel impulse responses betwaesniitter and receiver. The channel impulse
response depends on the application’s environmehttee system parameters of the physical layer of
the radio link. These parameters and environmeotaiditions have been defined for EUWB
automotive applications, public transportation, grelhome entertainment.

For automotive environments, application scenaaind system parameters have been defined in [3]
and [4]. An adequate channel model has been prdposd5]. This document deals with the
verification of the channel model by measureméehtsverify the UWB channel model, measurements
of the mobile channel have been carried out foresdvapplication scenarios in the automotive
environment. The characteristic parameters of stedl channel impulse responses have been
compared to measurement results.

The utilized channel sounder and the general cthaneasurement procedures are described in [6].
The channel model and corresponding denotationsn fi6] will be used throughout this
documentation.

Chapter 2 describes the channel measurements.etéiéed evaluation and verification of the channel
model is described in chapter 4. Chapter 5 coneltitie report.
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3 Measurements

3.1 Overview

There are three different applications, based onBU¥¢thnology, which will be investigated in the
automotive applications cluster within the EUWB jpat. They are

1) localization of a dedicated tag,
2) detection and localization of passive non-coopeegatbjects, and
3) two-way data communication.

Measurements were performed with a channel sowatdée premises of the EUWB partner BOSCH.
Different test cases have been defined for theetlW®/B based applications in the automotive
environment. The measurements are defined by thkoamode configuration, comprising up to 4
anchor node (cf. Table 3-1), the mobile tag configjon (cf. Table 3-2), and the car environmente Th
conducted measurements are summarized in Table 3-3.

Figure 3-1 shows a measurement example with a lgigbantenna in front of the engine bonnet of a
free standing car.

Figure 3-1: Measurement in the automotive environmet with a bi-conical antenna in front of the engine
bonnet of a free standing car

Different types of antennas were tested. Theylacenical, Vivaldi, dipole, and 2 different monopol
antennas. The antenna designs and characteriggickescribed in [7]. Figure 3-2 through Figure 3-5
illustrates the antenna arrangement scenarios atathgthe locations of the tags. The green points
illustrate the fixed anchor nodes of the car’sasfructure. The red points are the test locatiénkeo
mobile tag. The measurements were carried out tvétcar standing free, in a garage, or in a parking
lot. A detailed description of the measurement ades and the tags’ coordinates is given in [6].

The outcome of the measurement campaigns are Métésb with samples of channel impulse
responses, which were collected with the channeider from the Technical University of llmenau.
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Table3-1: Anchor nod configuratior

Table 3-1 shows 6 different anchor node configaretiwith the locations of the 4 anchor nodes. The
detailed description of the configurations is giwemsection 3.3.1 through 3.3.4.

Table 3-2 shows 8 different mobile tag configunasipdefining the positions of the mobile tag. The
tag configurations Oul, Ou2 and Ou3 represent d@lenbVB tag outside the car. P1 and P2 denote a
tag inside the car in the passenger compartmeiiiele configurations it shall be possible to lizeal
the mobile tag from 4 anchor nodes. SIMO (singlputh multiple output) channels have been
measured for the location and tracking (LT) appices. The tag represents the single input andithe
anchor nodes the multiple outputs of the channel.

The configuration M denotes a tag in the car’'s eagiompartment. In this configuration, a one-to-one
communication link between the mobile tag and amehar node has been tested. However, also in
this configuration the channel has been measuoed &l 4 anchor nodes.

Special cases are the tag configurations S1, SZSandepresenting intrusion scenarios, where a car
burglar approaches the car from different directioihe car burglar is assumed to have no
cooperative UWB tag. However, he shall be detebtethe 4 anchor nodes of the car.

Table3-2: Mobile tag configuratic
" # $
" #% & $
" # $
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3.2 Test cases

Table 3-3 summarizes the conducted measurements. ré¢ference and calibration purpose,
measurements 1-6 have been carried out with diffexetenna designs in an anechoic EMC chamber
with perfect LOS (line of sight) conditions betweamchor node and mobile tag. For these reference
measurements, only 1 receiver antenna and 1 tresrantenna has been used. In Table 3-3, the
receiver antennas are also called anchor nodesg dineir position is not altered during a
measurement. The transmitter antenna was genemaltyle and is therefore denoted as (mobile) tag.
The antenna designs and characteristics of the snbdee been described in [7]. Beside the
measurements 1-6, the number of anchor nodes wmaallidanchor node configurations.

In measurements 56-57 with anchor node configuratiid and mobile node configuration M a two-
way data communication link has been tested. Thasmitter was a UWB tag in the engine
compartment of the car. In measurement 56, thevercevas in the engine compartment as well,
whereas in measurement 57, the receiver has bedheircar's passenger cabin. Also in these
measurements, the channel impulse response hasrieesared by 4 anchor nodes.

The number of mobile tags was 1 for most of thedoated measurements. Special cases are the tag
configurations S1, S2 and S3, where intrusions Hzee&n simulated without any mobile tag. The
intrusion application is designed to detect appnoar car burglars that do not have any cooperative
UWSB tag.

The measurement results were Matlab file with theetvariant channel impulse responses. Each 1
Matlab file has been created for every measurerardtfor every involved receiver, i.e. for every
anchor node in the corresponding configuration.

Table 3-3: Channel measurement test cases

number of A anchor nodeg number of tag numbe —
measuremertapphcaltlon configuration anchor nodesconfiguration| of tags description / comments
1 biconical 1 biconical 1 O
antenna antenna E
. . . . o
> . vivaldi 1 vivaldi 1 S
7 antenna antenna <
e )
3 8 dipole antenna 1 dipole antenna 1 s g
| £ E
- = c
4 S monopol v1 1 monopol v1 1 s <
< antenna antenna c
[¢))
e monopol v4 monopol v4 5
5 1 1 %)
antenna antenna «
6 biconical 1 vivaldi 1 S
antenna antenna
7 -5 . T1 4 Oul 1
C S ©
8 23 ; T1 4 Ouz 1
T T2
9 N3 S T1 4 ous 1
[
1C SGOo T1 4 P1 1
EEE ith
10a gg S T1 4 P1 1 | With open passenger
£ window
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mr:alggl?reern?;r tapplication ci)nnﬁ‘rgcﬂrgggr? arr:grrlrg)?enro?esconﬁ;%ation r:)l;rgk;es description / comments

11 T1 4 Pz 1

12 T1 4 P1 1

13 T1 4 Pz 1

14 T1 4 S1 1

14a T1 4 s1 1 with ovp\)lﬁ]r:jg\?vssenger
15 T1 4 Sz 1

15a T1 4 S2 1 with ov?l%r:jg\?vssenger
16 T1 4 S& 1

17 T1 4 Oul 1

18 T1 4 Ouz 1

19 T1 4 Ou: 1

2C T1 4 Oul 1 in garag

21 T1 4 Ouz 1 in garag

22 T1 4 Ouc 1 in garag

23 T2 4 Oul 1

24 T2 4 Ouz 1

25 T2 4 Ous 1

26 T2 4 P1 1

27 T2 4 Pz 1

28 T2 4 P1 1

29 T2 4 Pz 1

3C T2 4 S1 1

31 T2 4 Sz 1

32 T2 4 S& 1

33 T2 4 Oul 1

34 T2 4 Ouz 1

35 T2 4 Ous 1

36 T2 4 Oul 1 in garag

37 T2 4 Ouz 1 in garag

38 T2 4 Ouc 1 in garag

3¢ T3 4 Oul 1

4C T3 4 Ouz 1

41 T3 4 Ou:s 1

42 T3 4 P1 1

43 T3 4 Pz 1

44 T3 4 P1 1

45 T3 4 Pz 1

46 T3 4 S1 1
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mr:algglkj)r?ern?;r tapplication ci)nnﬁ‘?gcﬁrgggr? arr:grrlr;)?enro?esconﬁtg%%ation T)l;r:a%es description / comments
47 T3 4 Sz 1
48 T3 4 Sé 1
49 T3 4 Oul 1
5C T3 4 Ouz 1
51 T3 4 Ous 1
52 T3 4 Oul 1 in garag
53 T3 4 Ou2 1 in garag
54 T3 4 Ouc 1 in garag
© | g | W | 4 | m | 1| menewn
transmissio '
57 Wi 4 M 1 passer?g;grl r(]:?)tr?wpartment
63 Tib 4 Oul 1
64 5 Tik 4 ouz 1
65 = T1b 4 ouz 1
66 2 T1k 4 P1 1
67 E T1E 4 Pz 1
68 S T1b 4 P1 1
69 @ T1k 4 Pz 1
[} -
20 'g T1b 4 s1 0 with ovﬁ)/ﬁ]r:jg\?vssenger
71 = T1b 4 Sz 0
72 = Tib 4 sz 0
73 S T1h 4 Oul 1
74 T T1b 4 ouz 1
75 ‘_3 Tib 4 Ouc 1
76 ?‘; Tib 4 Oul 1 in garag
77 8 Tib 4 Ouz 1 in garag
78 T1lb 4 Ouz 1 in garag

3.3 Arrangement of anchor nodes

3.3.1Anchor node arrangement T1

In arrangement T1, each 1 anchor node was mountedeay of the 4 a-pillars, at the ceiling inside
the passenger compartment. The green markers umeFg§2 show the positions of the 4 anchor node
antennas. In the modification T1b of this antenoafiguration, the two front nodes were mounted at
the main board near the front a-pillars. The redkerd show the position of the mobile tag in thst te
configuration Oul (tag front), Ou2 (tag side), Gte®y rear), P1, and P2.
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Tag ORxl Rx2
rear

@ @
Rx3 C’ ‘ RX4O Tag front

X . Tag side
Figure 3-2: Antenna arrangement T1

3.3.2Anchor node arrangement T2

In arrangement T2, each 1 anchor node was mouhtekey of the 2 side pillars, 1 at the inside rear
view mirror, and 1 at the canopy inside the passengmpartment. The green markers in Figure 3-3
show the positions of the 4 anchor node antennas.réd markers show the position of the mobile
tag.

Tag Rx3 O

rear

O @ Qrx4 O
Rx1 Tag front

y ®de

X ‘ Tag side
Figure 3-3: Antenna arrangement T2

3.3.3Anchor node arrangement T3

In arrangement T3, 1 anchor node was mounted atatehback, and 1 in the middle of the ceiling

inside the passenger compartment. Each 1 ancha wad mounted on every of the 2 outside rear
view mirrors outside the passenger compartment.gieen markers in Figure 3-4 show the positions
of the 4 anchor node antennas. The red markers gteoposition of the mobile tag.
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Rx3 O

Tag
rear

® Q @r O
X
‘ Tag front

Figure 3-4: Antenna arrangement T3

3.3.4Anchor node arrangement W1

In arrangement W1, 1 anchor node was mounted iretiggtne compartment of the car. The other 3
anchor nodes were inside the passenger compartinaate in the middle of the main board, 1 at the
left a-pillar on the main board, and 1 node atitis&de rear view mirror. The green markers in Fegur
3-5 show the positions of the 4 anchor node antenfitze red marker shows the position of the mobile
tag in the engine compartment.

Rx2 O ORxl
RX4O O

Rx3 Tx

Figure 3-5: Antenna arrangement W1
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4 Evaluation and verification

4.1 Overview

The channel model, proposed in [5], is based oalehSvalenzuela (S-V) model and characterized by
statistical channel model parameters. The fundaaiermf the channel model are summarized in
section 4.2. The evaluation of the measurementgtem@xtraction of the channel model parameters
are given in section 4.5.

4.2 Channel models

4.2.1Fundamentals

The multipath components (rays), observed by a Uativer, occur in clusters. These clusters of
rays are a result of multiple reflections from abgein the vicinity of the UWB sensor nodes.
Furthermore, it can be assumed that Doppler efeetsiegligible due to the relative slow velociires
the considered indoor environment. In the S-V clednmodel the rays and clusters of rays arrive with
a Poisson distributed rate. Hence the inter-ariiivaés, being the reciprocal of the arrival rates a
exponentially distributed. The phase angles ofréys are independent uniformly distributed random
variables/ T -0 2 $. This mobile channel model has initially been diestl by Adel A.M. Saleh and

Reinaldo A. Valenzuela in [8], after radio measugais in an indoor environment.

Saleh and Valenzuela assumed a Rayleigh distribptgt loss [8], whereas the IEEE P802.15
Working Group observed a lognormal distributedratggion [9] in UWB channels. This observation
from the IEEE P802.15 Working Group confirms presiomeasurements and analysis from the
EUWB project [5] as well as research results frommbis [10],[11] and Boeing [12].

In the proposed model, the channel impulse respisrtie sum

¥ ¥ )
h(t) = b €t -T-¢,), (4.1)

1=0 k=0
with T,, being the delay of thd ¢1)-th cluster,, ,, being the delay of thek(+1)-th ray of the (+1)-
th cluster, 6., being the magnitude of thé ¢-1)-th ray of the [(+1)-th cluster, andQ,, being the

phase shift of the K +1)-th ray of the (+1)-th cluster. Contrary to the general form inl§4the
numberL of clusters and the numbé&r of rays is usually assumed to be finite in simalamodels.

Figure 4-1 shows a schematic example of a powetydadofile (PDP) of a S-V channel with= 4
clusters. The arrival times of the 4 clusters igufé 4-1 areT,=0, T,=60ns, T,=120ns, and

T, =180ns, yielding to a inter cluster arrival delay of 66.1mhe corresponding cluster arrival rate
becomesL = 1. 60nss 16% 10 & Every cluster in the PDP of Figure 4-1 decayspprtionally to
e’?, with a ray decay time ofy=15ns. The amplitude of the clusters decays proportigntl

e "¢, with a cluster decay time of =100ns. The statistical parameteiS, g, L, and the ray
arrival rateg are also called small scale parameters and degetite environment.
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1 L t/ns

Figure 4-1: Power delay profile of a Saleh-Valenzua channel with four clusters

The following parameters are required to descriteefower delay profile (PDP) and the stochastic
properties of the channel in small scale:

g, the ray decay time,

G, the cluster decay time,
L , the cluster arrival rate,
/ , the ray arrival rate.

They can be found after measurements of the powkay dorofiles (PDP) of the mobile channel.
Figure 4-1 shows an example of a PDP for a SaldlenZaela channel witlL =4 clusters. For
L =¥ clusters, the PDP can generally be written as

— ¥
b*(t)=b2x eTe el yr 1), (4.2)

1=0

with the ray gainb,, of the ' ray in the ¥ cluster, the delayl, of the (-1)th cluster, the cluster

decay timeG, the ray decay timg, and with the Heaviside step functibh(l‘) .

4.3 Evaluation concept

4.3.1Fundamentals

The visualization of the S-V model parameters negappropriate signal processing of the collected
channel impulse response (CIR) from the measuremenB.2. The measurement data show fast
fading. To eliminate the fast fading and make thanmel statistics visible, the CIRs are

median filtered in the delay domain, and

average filtered in time domain.

Page 18



EUWE Verification of channel model by measurer D8b5

For comparison of the measurement results with siingulation results, the simulated CIRs are
processed in the same manner. Depending on thauree@ent scenario, different numbers of clusters
become available. There are

single cluster scenarios, and

multiple cluster scenarios.

4.3.2Cluster arrival rate

The cluster arrival rate is the rate of clusters of received rays. Theprecial 1/ corresponds to
mean delay between two subsequent clusters. Aveyagjithe inter-cluster delays leads to PDPs as
shown in Figure 4-2 and Figure 4-3.

The PDP of test case 63 from Table 3-3 is illusttah Figure 4-2 and shows several clusters.

Measurement 63,1
200 .- > . -

M Cluster 1

Y
-~

Cluster 2 Cluster 3

=100.0 4

impulse Response [mean) [d8)

g
a
o

-110.0 4

[+ 10 20 30 40 50 60 T BO 90 100 110 120 130 140 150
Delay (ns]

Figure 4-2: PDP with multiple clusters in test casé3.

The PDP of test case 48 from Table 3-3 is illusttah Figure 4-3 and shows only one cluster.
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Measurement 48.3

-70,0 4

-75,0 q

-80,0

-85,0

Impulse Response (mean) [dB]
w
=]
[=]

-100,0
-105,0
!
-110.0 | ' | ' | | | | | | | | ' | '
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

Delay [ns]

Figure 4-3: PDP with single cluster in test case 48

4.3.3Ray arrival rate

The ray arrival rate is the rate of incoming rays, observed by the ivece The reciprocal 1/
corresponds to mean delay between two subsequgst Eaery cluster contains multiple rays,
yielding >> . Figure 4-4 illustrates the delays between adjac®ys in the unfiltered PDP of test
case 63.

Measurement 63.1

yl
%T |“ ‘l I |1|
"ﬂ]r w \ ’M ' |,:“ (

Impulse Response [dB]

———
B ™
_q_.sg-_ .
o —
— ——

: ' Cluster 1 Unfiltered CIR (t = 0)

=150.0 T T T T T T T ‘I
. i (

0 10 20 a0 40 50 B 70

Delay [ns)

Figure 4-4: Delays between adjacent rays in the uittered PDP of test case 63.
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4.3.4Cluster decay factor

The cluster decay factoris the time constant of the exponentially decaymgrall PDP. Figure 4-5
shows the comparison between exponential testitumectind the PDP of test case 63. The evaluation
of the cluster decay factoris the search for the best fitting exponentiaktion, crossing through the
first peak of every cluster.

Measurement 63.1

Normalised Power
a
w

0 10 20 30 40 50 60 70 80 0 100 10 120 130 140 150
Delay ns]

Figure 4-5: Comparison between exponential test fugtions and the PDP’s clusters of test case 63.

4.3.5Ray decay factor

The ray decay factor is the time constant of the exponential decayibbd Rvithin every cluster.
Figure 4-6 shows the comparison between expondatiifunctions and the PDP of test case 63. The
evaluation of the ray decay factors the search for the exponential function, fgtiest with the ray
decay of the PDP’s clusters. The ray decay faei@sletermined for individual clusters and averaged
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Measurement 63.1

Normalised Power
-]
[L]

a0 ' T ! —= —— )
o 10 20 30 40 50 60 70 80 90 100 10 120 130 140 150
Delay [ns]

Figure 4-6: Comparison between exponential test fugtions and the PDP’s rays of test case 63.
4.4 Evaluation criteria

4.4.1Fundamentals

Criteria to evaluate the similarity between meadueéRs and simulated CIRs, are the delay spread
and the power delay profile (PDP). They are usefintb the best fitting model parameters. Section

4.4.2 discusses the comparison of the cumulatigbgtnility functions of the delay spread. Equivalent

to the PDP is the cumulative power delay. Cumuéaiower delay functions are compared in section
4.4.3.

4.4.2Delay Spread

The delay spread describes the multipath richneascbannel and is defined by the delay variance of
received signal energy. The cumulative distributionction (CDF) of the delay spread is used to
compare channels with different decay factors. fegt+7 and Figure 4-8 show the CDF of the delay
spread for test case 63 and 48 respectively. Meamnt 63.1 refers to the CIR, measured at the 1
receiver antenna in test case 63. Measurementrd&s to the CIR, measured at tH& réceiver
antenna in test case 48. The blue curves depiciHeof the measured CIR. The purple curves show
the CDF for simulated CIRs with parameters, oriljjneerived from the measured CIR. The green
curves show the best fitting CDFs with correspogdidjusted model parameters.
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Figure 4-7: Probability function of delay spread intest case 63 with multiple clusters.
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Figure 4-8: Probability function of delay spread intest case 48 with single cluster.

4.4.3Power Delay

The function of the cumulated channel power overtime has been compared for different model
parameters. Figure 4-9 and Figure 4-10 show thegiat of the PDP for test case 63 and 48
respectively. The blue curves depict the cumulgteder of the measured CIR. The purple curves
show the cumulated power for simulated CIRs wittapeeters, originally derived from the measured
CIR. The green curves show the best fitting cunedladower functions with corresponding adjusted
model parameters.
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Figure 4-9: Cumulated power in test case 63 with nitiple clusters.
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Figure 4-10: Cumulated power in test case 48 withirgle cluster.

Table 4-1 shows the model parameters, derived ftloen comparison of the cumulative power
functions for test cases 63 and 48 (cf. Table 3M&asurement 63.1 refers to the CIR, measureceat th
1% receiver antenna in test case 63 (cf. Figure 342asurement 48.3 refers to the CIR, measured at
the 3" receiver antenna in test case 48 (cf. Figure 3-4).
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Table 4-1: Example of model parameters for two ¢ases

Measurement Measurement
model parameter 63.1 483
cluster arrival ratej
IGHz 0.0316 0.0197
ray arrival rate
IGHz 80.9 80.9
cluster ?ecay factqr 111 51
ns
ray decay factor
ns 2.7 5.1

4 5 Evaluation results

4.5.10verview

Figure 4-11 through Figure 4-20 show the CDFs efdklay spread and the cumulated power delay
functions, derived from the measurements. The t®sue grouped by the application scenarios. The
evaluation of the channel model parameters has pedormed for every application scenario. For
every configuration, CIRs have been simulated. Sihaulation results are plotted with a bold green
graph in every figure. The average of the measumngsnaf a configuration is plotted with a red bold
graph in every figure. This shall allow the compari of measurement results with the simulations.

Table 4-2: Channel model parameters for differ@pliaation scenarios

localization of a dedicated tag ) ]
(intrusion)

tag tag tag | detection off two-way data
localization| localization| localization passive |communication

inside a car outside a carinside a car objects

model parameter"
in open spagm open spadein a garage

cluster arrival rate

IGHz 0.0212 0.0226 0.014 0.0144 0.0143

rayevaliate | 35085 | 31625 | 22487 25901 4.3032
cluster (/jr(]ascay factq 11.2 228 14.9 8.2 8.1
ray decay factor 5.8 8.3 14.9 5.6 8.1

Ins

The mapping of the test cases in Table 3-3 to pgpdiGtion scenarios and corresponding parameter
sets in Table 4-1, is given in section 4.5.2 thiosgction 4.5.6. The comparable plots of delayaspre
and power delay are also contained in the folloveegtions.

4.5.2Tag localization inside a car in open space
The application of the tag localization inside aiceopen space is represented by the test cases

10, 11, 12, 13, 26, 27, 28, 29, 42, 43, 44, 4568668, 69.
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The number of consistent measurements, represehtsmgpplication scenario was 64.
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Figure 4-11: Probability function of delay spread br tag localization inside a car in open space.
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4.5.3Tag localization outside a car in open space

Figure 4-12: Cumulated power for tag localization mside a car in open space.

The application of the tag localization outsideaaio open space is represented by the test cases

7,8,9, 23, 24, 25, 39, 40, 41, 63, 64, 65.

The number of consistent measurements, represehtsmgpplication scenario was 48.
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Figure 4-14: Cumulated power for tag localization atside a car in open space.

4.5.4Tag localization inside a car in a garage

[
a
-
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The application of the tag localization outsideaaio a garage is represented by the test cases

20, 21, 22, 36, 37, 38, 52, 53, 54, 76, 77, 78.

The number of consistent measurements, represehtmgpplication scenario was 48.
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Figure 4-15: Probability function of delay spread br tag localization inside a car in a garage.
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Figure 4-16: Cumulated power for tag localizationmside a car in a garage.

4 .5.5Intrusion detection

The application of the intrusion detection is reygrgted by the test cases

14, 14a, 15, 15a, 16, 164, 30, 30a, 31, 31a, 32,48 46a, 47, 47a, 48, 48a, 70, 70a, 71, 71a,
72, 72a.

The number of consistent measurements, represehtmgpplication scenario was 72.
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Figure 4-17: Probability function of delay spread 6br intrusion detection.

Cumulated Power

0,0 + T T T T T T T T : T : T T : )
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
Delay [ns]

Figure 4-18: Cumulated power for intrusion detectia.

4.5.6Two-way data communication

The application of the in-car communication linképresented by the test cases
56.

The number of consistent measurements, represehtmgpplication scenario was 4.
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Figure 4-19: Probability function of delay spread br two-way data communication.
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Figure 4-20: Probability function of delay spread br two-way data communication.

4.6 Comparison of model and measurements

The validation is proceeded by comparison of thasueement results with the simulation results, i.e.
the red bold with the green bold graphs in the G#tRise delay spread and the cumulated power delay
functions in section 4.5. Even though the resuttndt match perfectly in all cases, the simulations
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and measurements agree well; in particular in theygglication scenarios with many conducted
measurement the congruency is nearly perfect.

Page 31



EUWE Verification of channel model by measurer D8b5

5 Conclusion

A radio channel model for UWB has been propose®8h.4. This model has been parameterized
based on measurements in the EUWB automotive emaigat. The measurements were carried out in
75 test cases (cf. section 3.2). These test capessent the 3 different application scenarioshef t
EUWB automotive environment (cf. section 3.1) and be grouped into 5 general configurations (cf.
section 4.5.1). By statistical evaluations of tieéagt spread density and the power delay profileRRD
the characteristic model parameters have beencéedifor every of the 5 general configurations. The
UWB software simulator from D8b.4 has been usedewerate artificial channel impulse responses
(CIR). Their comparison with the measurement ressliow good congruency between the simulated
and the in average measured results, verifyinghiamnel model (cf. chapter 4).
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