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ABSTRACT

The location estimation and the indoor propagation channel model are very importance
issue to design a high performance communication system. In this thesis, the accuracy of the
location estimation and the channel modeling for ultra wideband (UWB) network is increased by
the CLEAN algorithm. This algorithm can reduce the impact of noise due to the indoor
propagation channel sounding. Based on the modified measurement channel, the location
estimation and the channel modeling are accurated more than the conventional method. The
results of this method provide the accuracy enhancement for position estimation and channel

modeling with the low-complex algorithm.
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3.2.2 M3HNN (Refraction)
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3.2.3 M3Iae)IUM (diffraction)
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3.5 HUUS1ADIVBITYYIUIVY SV (S-V model) [14]
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p(G|T.)=Aexp[-A(T,-T,,)], 1>0

(4.3)
p(rk_,|r(k_])’,)=ﬂ.exp[—l(rk_,—r(k_w):|, k>0
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Tauii 201log10(f, ) &« Normal(y, ,,07) 130 |ﬁ“| =10 ip noc Normal(y, ,,o”)
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- o A
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o A9 ANDYAVULIATFIUVDI log-normal
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doms vy 4 was uadnvuzmsdomsiunuy liluszduuuiaoa (non line-of-sight:
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Target Channel Characteristics CM1 |[CM2 |CM3 CM4
Mean excess delay (nsec) (7,) 5.05 10.38 14.18

RMS delay spread (nsec) (7, ) 5.28 8.03 14.28 25
Number of paths within 10 dB of the 35

strongest path (NP, )

Number of paths that capture 85% of 24 36.1 61.54

channel energy (NP (85%))

Model Parameters CM1 CM2 CM3 CM4
Cluster arrival rate A (1/nsec) 0.0233 | 0.4 0.0667 | 0.0667
Ray arrival rate A (1/nsec) 2.5 0.5 2.1 2.1
Cluster decay factor I’ 7.1 5.2 14 24
Ray decay factor y 4.3 6.7 7.9 12
Stand. dev. of cluster lognormal fading term | 3.3941 | 3.3941 | 3.3941 | 3.3941
indB (o, (dB))

Stand. dev. of ray lognormal fading term in | 3.3941 | 3.3941 | 3.3941 | 3.3941
dB (o, (dB))

Stand. dev. of lognormal fading term for 3 3 3 3

total multipath realizations in dB (o, (dB))

Model Characteristics CM1 CM2 CM3 CM 4
Mean excess delay (nsec) (7,,) 5.0 9.9 15.9 30.1
RMS delay (nsec) (7, ) 5 8 15 25

NP oo 12.5 153 249 41.2
NP (85%) 20.8 339 64.7 123.3
Channel energy mean (dB) -0.4 -0.5 0 0.3
Channel energy standard (dB) 2.9 3.1 3.1 2.7
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Abstract— The location estimation technique for UWB wireless
network is very importance issue in mobility management. In
this paper, the estimation accuracy based on TOA measurement
for direct-calculation method is improved by using CLEAN
algorithm. The performance criterias such as TOA and distance
estimation errors are compared. As the simulation results,
the CLEAN algorithm can increase the estimation accuracy,
especially for low SNR region, more than conventional TOA
measurement.

I. INTRODUCTION

Ultra-wideband (UWB) technology has been seen as one
promising solution for future short-range indoor radio commu-
nication systems. The technology offers many advantages over
conventional narrowband and wide-band systems (CNWS)
such as high bit rate services, low power consumption, very
large capacity and accuracy positioning capabilities [1]. Be-
cause of the advantages of this technology, therefore, it was
considered as the suitable wireless transmission media for
IEEE WPAN working groups [2]. The Federal Communication
Commission (FCC) [3] specifies that UWB has a frequency
spectrum ranging from 3.1 to 10.6 GHz. The FCC defined the
UWB signal as those which have a fractional bandwidth is
greater than 0.20 or occupied bandwidth is equal to or greater
than 500 MHz.

The radio signal is used as the key for several location
estimated techniques. Time of arrival (TOA) measurement,
angle of arrival (AOA) and signal strength can be used
for the location estimation. The most popular method for
estimating location is directly solve a set of simultaneous
equations based on the time difference of arrival (TDOA).
For accurate solution, this method must be obtained for z-
y plane locating with 3 sensors and 2 TDOA measurements,
and z-y-z plane locating with four sensors [4]. In the case
of undecided system, to avoid the convergence problems, the
double maximum likelihood [5] and the spherical interpolation
techniques have been proposed [6]. However, the DFP quasi-
Newton algorithm [7] was employed in the UWB precision
assets location system [8]. The CLEAN algorithm initial used
to improve radio-astronomical maps of the sky [9]. Also, it
has been used in more narrow-band communication channel
characterization problems [10]. Based on the advantage of
the CLEAN algorithm, it can eliminate unwanted signal, such
as interference and noise. In the communication system, the

signal to noise ratio is reduced by several factors such as the
multipath component, the long T-R separation between trans-
mitter and receiver, and so on. These impairments lead to the
higher location estimation error. Therefore, several methods
are introduced to improve the estimated accuracy. Although the
CLEAN algorithm is proposed for radio-astronomical maps,
for the position estimation, the CLEAN algorithm can be
used to eliminate unwanted signal from TOA measurements.
Due to the TOA estimation error of each array sensor is not
possible to completely remove the unwanted signal. Therefore,
the CLEAN algorithm is involved for reducing noise in TOA
measurements.

In this paper, the modified TOA measurement by using the
CLEAN algorithm for position estimation based on the direct-
calculation method is investigated. The channel measurements
are examined in the indoor environment for the frequency
ranging from 3.0 GHz to 11 GHz. The rest of paper is orga-
nized as follows. Section II presents the measurement method,
measurement equipment and model under investigated. Section
II briefly examines the direct-calculation method, Signal to
noise ratio and summary step of the CLEAN algorithm.
Section IV describes the simulation results of the modified
TOA measurement by using the CLEAN algorithm, probability
of TOA and distance errors and finally, the conclusion.

II. TOA MEASUREMENT METHOD

The UWB channel characterizations can be achieved by
performing measurements in time domain or in frequency
domain. The real-time channel measurement can only be
obtained in time domain. Unfortunately, receiver noise, jitter,
and synchronization are mainly degrade factors for the TOA
measurement. On the other hand, when the vector network
analyzer (VNA) is used, the TOAs can be obtained by per-
forming the inverse discrete Fourier transform (IDFT) of the
measured channel frequency responses.

A. Measurement Equipment

The vector network analyzer (VNA) is used as the frequency
domain channel sounder. Then, the transmit and receive anten-
nas are connected to the VNA with the double-shielded low-
loss cables. The experiments were made while the transmit
antenna was located in a fixed position, and the receive antenna
was moved within the precisely measurement grids of 8§x8
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TABLE 1
EXPERIMENT PARAMETERS.

Parameter setting Value
Frequency Range 3.0~11.0 GHz
Frequency Resolution 1601 points
Tx Antenna Height I'm
Rx Antenna Height I'm
Polarization Vertical
T-R Separation 1~~1.3065 m

positions. The linear inter-distance of the synthesized array
antenna is set to A at the center frequency of 6.85 GHz.
The 30 dB ultra-wideband and low-noise amplifier is used
to compensate the loss in the cables. The biconical antennas
are used to measure the UWB channel for presenting the
channel characterizations with omni-directional propagation.
The dynamic range for the VNA (HP 8510C) is exceeded 80
dB. Table I lists the main parameters of the experiments.

B. Measurement Location

In this experiment, the real indoor environment is investi-
gated. Fig. 1 shows the measurement plane of the 8 x 8 grids of
the receive antenna. The distance of the first array sensor plane
and the transmitter site about 1 m. The measurement room, 10
m long, 6 m wide, and 2.5 m high, is used. The walls of the
room are made of autoclaved aerated concrete internationally
known as AAC, which is lighter weight than the conventional
one. The ceiling and floor are made of chipboard and wood,
respectively.

IT1. SIMULATION MODELS

In this paper, the modified UWB channel measurements
in indoor environment are used to estimate the TOA and
distance by using the CLEAN algorithm based on direct-
calculation method. Therefore, the performance criterias such
as TOA and position estimations for direct-calculation method
are analyzed.

A. Direct Calculation Method

The direct-calculation method is algorithm for basic position
estimation method. This method do not require knowledge of

79

variance or distribution of the TOA estimation error and the
direct-calculation method also do not require an accurate initial
position estimation as described and derived in [11],

Vi(x —z:)? + (y — )2 =c(t; — to), (1)

where ¢ is the speed of light, ¢; is the TOA at sensor 1, tg is
the transmit time, z, y and z;, y; are the coordinates of the tag
and the sensor, respectively.

B. CLEAN Algorithm

Generally, CLEAN algorithm is introduced for evaluating
the receiver signal of the more narrow-band communication
channel. On the other hand, it also provides the advantage of
array response from the actual signal for UWB communica-
tion. In this algorithm, the actual signal is called dirty signal.
The steps in the CLEAN algorithm are as follows [13]:

1. Generate the dirty spectrum to the input data over a
window spectrum in time.

2. Search the spectrum output window over time for the
peak response.

3. Determine and store the amplitude and time of peak
response.

4. Estimate the signal corresponding to the peak response
and store waveform.

5. Generate the spectrum response to this estimated wave-
form.

6. Update the spectrum response by subtracting a gain factor
of the response to the estimated signal from the previous
spectrum response.

Cn(t) = Cp_1(t) — ¥Cryn—1(t), )

where k is an index of the largest response in C,_(t),
C,.(t) is the beamformer response at the nth interation, and
Ci n—1(t) is the estimated response to the kth impulse at time
n— 1.

7. Add the current signal amplitude, scaled by gain factor,
to the appropriate place in a list of signal location.

8. If a stopping criterion (a threshold on the signal level or
residual energy) is not met, go to step 2.

9. Generate a list of the signals found, including amplitude
and the time of arrival.

10. Form the CLEAN map by convolving the list of signals
with delta functions.

C. SNR Calculation

The signal to noise ratio (SNR) compares the level of
a desired signal (such as peak response) to the level of
background noise for measuring the clarity of the signal in
a transmission channel. The SNR of each array is defined as
magnitude of signal between the first arrival of the channel
impulse response and the average noise floor. Therefore, the
SNR is given by

A(2)x

“lave

I 3)
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Fig. 2. The channel responses of the conventional and modified TOA
measuremnts,

where A(2) is the magnitude of the first arrival at the kth array,
Aave(n) is the average noise floor at the kth array

IV. NUMERICAL RESULTS

The results of the channel impulse responses for the con-
ventional and modified TOA measurements by using CLEAN
algorithm are shown in Fig. 2. Consequently, the results of
the SNR improvement are listed in Table. II. From Fig. 2,
the impulse responses of the modified TOA measurement
with the CLEAN algorithm are smoother than conventional
measurement. Therefore, the TOA can simply to find more
than without the CLEAN algorithm. From Table. II, shows
the SNR of all arrays. The SNR of the improved TOA
measurement arrays by using CLEAN algorithm are higher
than the conventional one, for example the SNR at the 30th
array is 33.37 dB and 38.36 dB, respectively.

For location estimation based on direct-calculation method,
the distance estimated errors with and without CLEAN algo-
rithm are shown in Fig.3. From the results, the distance error
trends to increase as the distance between the transmitter and
the receiver increase, both for with and without the CLEAN
algorithm. For example, the distance error at the 12th array
is 3.227 meter and 3.2407 meter and at the 61th array is
3.3225 meter and 3.3361 meter, respectively. The TOA and
the distance errors with the CLEAN algorithm are lower than
the conventional measurement.

Fig. 4 shows the distance error versus SNR (dB) for the
location estimation. The SNR of the position estimation with
the CLEAN algorithm is higher than without the CLEAN
algorithm for all arrays. Moreover, the distance error for the
location estimation with the CLEAN algorithm at the low SNR
is lower than without the CLEAN algorithm. Because at the
long distance, the CLEAN algorithm can improve the SNR by
eliminating the unwanted signal.

TABLE 11
SNR COMPARISON OF CONVENTIONAL AND MODIFIED TOA
MEASUREMENTS IN dB

Array No. | Diny CLEAN | Array No. | Dirty CLEAN
1 33.08 3734 | 33 33.44 38.06
2 33.00 38.05 34 33.22 37.77
3 3271 37.50 35 31.08 37.89
4 31.28 38.82 36 33.83 37.47
5 32.86 37.10 37 32.39 3741
6 32.84 37.76 38 3293 37.91
7 31.44 37.00 39 3313 37.61
8 31.34 37.35 40 32.13 37.18
9 32.32 38.75 41 33.06 38.57
10 33:32 38.08 42 32.42 37.63
11 33.19 38.90 43 3233 37.31
12 3294 37.36 44 31.87 37.40
13 3391 38.21 45 30.78 3893
14 3295 37.99 46 33.62 3693
15 31.02 37.00 47 33.29 37.82
16 3332 38.89 48 3111 37.16
17 30.50 38.04 49 32.77 38.46
18 32.89 38.97 50 32.71 37.50
19 30.52 37.46 51 32.11 37.20
20 30.15 37.95 52 31.60 37.80
21 31.50 37.69 53 31.61 37.46
22 31.60 36.99 54 31.61 37.31
23 3177 38.11 55 31.91 37.05
24 32.67 38.46 56 32.01 38.44
25 3333 38.46 57 31.26 3851
26 31.93 38.06 58 31.39 36.71
27 3298 37.85 59 3222 37.28
28 3298 37.98 60 31.01 37.54
29 32.61 37.00 61 31.86 37.46
30 3337 38.36 62 32.23 37.54
31 32.57 38.02 63 31.37 38.71
32 31.96 38.18 64 31.61 38.74

3.35 T T T T T T

w
w

Distance Emror(m)

w
»
[t

32

Array of antenna

Fig. 3. The distance error for conventional and modified TOA measurements.
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V. CONCLUSIONS

In this paper, the modified TOA measurement for location
estimation based on the direct-calculation method in ultra-
wideband network is proposed. The CLEAN algorithm is
introduced as the effective approach to eliminate the unwanted
signal. The numerical results show that the TOA and distance
errors trend to be linear. Therefore, the CLEAN algorithm is
used to improve the estimated accuracy of the TOA estimation
based on direct-calculation method. In addition, the CLEAN
algorithm also provides the SNR improvement for location
estimation in low SNR region.
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Abstract

Charactenistics of radio propagation channel in realistic
environment is extremely important issue for designing
a high performance wireless transmission system. Human
body-shadowing is a significant propagation effect in indoor
wireless communication network. This paper presents the
measurement and model for the human body-shadowing
channel in indoor environment based on IEEE 802.15.3a
multipath channel parameters. The radio channels are mea-
sured and modeled for ultra-wideband communication in
frequency range of 3 GHz to 11 GHz. To eliminate an
unwanted signal due to noise, the CLEAN algorithm is
used. The multipath channel characteristics such as cluster
and ray arrival rates, decay factor, and log-normal standard
deviation, arc modeled. These key parameters are useful
for investigating the system performance with the body-
shadowing effects.

Keywords: Ultra-wideband, channel modeling, S-V model,
CLEAN algorithm

1. Introduction

Ultra-wideband (UWB) technology is a new wireless
transmission scheme for short-range radio communication.
The UWB technology offers many advantages over con-
ventional narrowband and wideband systems such as high
data rate services, low power consumption, low cost, very
large capacity, extremely low interference and accuracy
positioning capabilities [1]. Because of the advantages of
this technology, it is considered as the suitable wireless
transmission media for IJEEE WPAN working groups [2].
The UWB system transmits pulse of power spectral density
(PSD) in the range of the ultra wide frequency spectrum.
The Federal Communication Commission (FCC) specifies
that UWB has a frequency spectrum ranging from 3.1 GHz
to 10.6 GHz with the maximum emission power of -41.3
dBm/MHz which below the part 15 noise limit and the
signal bandwidth is more than or equal to 500 MHz [3].

For UWB communication, the accurate channel model
is important issue to design and analysis communication
system. Several channel sounding techniques have been
proposed for the office and industrial environments [4]-
[5]. Therefore, the IEEE 802.15.3a study group has fi-
nally decided to modify Saleh-Valenzuela (S-V) model [6]
which is developed by Intel Corporation as a standard
multipath channel model for line of sight and non-line

of sight UWB communication [7]. The standard model is
extensively used to investigate the characteristics of UWB
propagation channel based on clustered power delay profile
(PDP). Nowadays the WPAN is used for interconnecting
the different devices surrounding an operator. For example,
to transfer data between mobile computing terminals or
mobile phones. Therefore, in this case, the effects of the
human body-shadowing may be led to the loss of signal
transmission between the devices. Unfortunately, these ef-
fects have not been studied and reported in the literature for
UWB communication based on IEEE 802.15.3a multipath
channel parameters.

In this paper, the body-shadowing channel measurement
and model based on IEEE 802.15.3a multipath channel pa-
rameter are proposed. The radio channels are measured over
the frequency bandwidth of 3 GHz to 11 GHz. To obtain
the accurate PDP, however, the CLEAN algorithm [8] is
used as the post-processing technique to eliminate the dirty
signal due to noise. The rest of this paper is organized as
follows. Section 2 describes the IEEE 802.15.3a multipath
channel model. Section 3 presents the measurement equip-
ment, location, procedure and summary the step of CLEAN
algorithm. Section 4 presents the channel characteristics and
extracted S-V model parameters. Conclusions are given in
Section 5.

2. IEEE 802.15.3a Channel Model

This paper models the body-shadowing channel based
on IEEE 802.15.3a multipath channel parameters [9] as
shown in Fig. 1. The model uses log-normal probability
density function rather than Rayleigh probability density
for the multipath gains. The multipath channel consists of
the following discrete time impulse response,

L K
(t) =D arab(t — Ti — i) (D
1=0 k=0
where L is a number of cluster, K is a number of multipath
components (MPC) or rays in the lth cluster, az; is a
multipath gain coefficient of the kth ray in the Ith cluster,
T} 1s a arrival time of the first ray of the Ith cluster, Tkt 18
a delay of the kth ray within the ith cluster relative to the
first path arrival time 7).

By explanation, we have 7p; = 0 and assumed T = 0.
The ray of arrival and the cluster of arrival derive from a

¥
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Fig. 1.  Characteristics of multipath channel based on IEEE 802.15.3a
model parameters.

Poisson process distribution and are given by
P(Ti|Ti-1) = Aexp(-A(Ty - T1—1)),1 >0 ()

P(mralme—1)0) = Aexp(—=A1rq — Tk—1)2)), k >0 (3)

where A is the cluster armival rate, A is the ray arrival rate
of path in each cluster.

In [9], the channel modification allows the clusters to
fade independently of rays. For example, each multipath
arrival has a fading term associated with the cluster arrival
and a fading term associated with the ray arrival. If the
fading for both the cluster and ray amplitudes are log-
normal, the channel coefficients are given by, (Note that
the product of two log-normal random variables results in
a log-normal random vanable)

k) = PrabtB,i, )
with
201log 10(&18x 1) x Normal(px 1,05 + 03) 6)

or
€8x 1| = 10Uk 7 +n2)/20, (6)

where ny o« Normal(0,0%) and ny « Normal(0,03) are

independent, and py; is equiprobable +1. p;,; is given by

10In(Q0) — 10T3/T — 107k 1/y (0} + 03) In(10)
In(10) 20

Hril =

)

The amplitudes of each ray arrival with all clusters are
given by

E“Elﬁk,llzl = Qe Ti/Tg=mealr ®)

where T} is the excess delay of bin [ and §)g is the mean
amplitude of the first path of the first cluster.

In the above equations, £; reflects the fading associated
with the lth cluster, and i, corresponds to the fading
associated with the kth ray of the [th cluster For the
IEEE 802.15.3a multipath channel model, there are five key
parameters to define the characteristics of multipath channel

»
-
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Table 1. Key parameters to define the multipath channel model

Parameter Description
A Cluster Amval Rate
A Ray Amval Rate (within each cluster)
r Cluster Decay Factor
¥ Ray Decay Factor
01,02 Cluster and Ray log-normal std.

Table 2. Experiment parameters

Parameter Value
Frequency Range 3.0~11.0 GHz
Frequency Resolution 1601 points
Tx Antenna Height 1.5 m
Rx Antenna Height 1.5m
Polanzation Vertical
T-R Separation 2m

as shown in Table 1. These parameters are found by trying
to match important characteristics of the channel.

3. Channel Measurement and Post-Processing
3.1 Measurement Equipment

In this paper, the vector network analyzer (VNA) mod-
cled HP-8510C 1s used as the frequency domain chan-
nel sounder. The transmitter and receiver antennas are
connected to the VNA with the double-shielded low-loss
cables. The experiments are made while the transmitter
and receiver antennas are located in a fixed position with
the human body shadowing as shown in Fig. 2. The ultra-
wideband and low-noise amplifier is used to compensate
the loss in the cables. The biconical antennas are used
to measure the UWB channel for presenting the channel
characterization with omni-directional propagation. The dy-
namic range for the VNA is exceeded 80 dB. Table 2. lists
the main parameters of the experiments.

3.2 Measurement Location

In this experiment, the body-shadowing in realistic indoor
environment is investigated. Fig. 2 shows the measurement
plane of the human body and the Tx-Rx antenna. The
measurcment room, 12 m long, 6 m wide, and 3.5 m high,
1s used. The walls of the room are made of typical concrete
shielded with an acoustic absorbtion sheet. The ceiling are
made of the chipboard. The doors and the furniture inside
the room are made of wood.

3.3 Measurement Procedure

The radio channel transfer function is measured in fre-
quency domain by using the VNA. In the experiment, the
biconical antennas are placed at the height of 1.5 meter
with vertical polarization. The measurements are made
while the transmitter and receiver antennas are located in a
fixed position. The separation distance is set to be 2 meter
between transmitter and receiver antennas. The propagation
channels are acquired on the personal computer via GPIB
interface.
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Fig. 2. Measurement location and equipment.

3.4 The CLEAN Algorithm

Generally, CLEAN algorithm initial used to improve
radio-astronomical maps of the sky [8]. Also, it has been
used in more narrow-band communication channel charac-
terization problems [10]. Based on the advantage of the
CLEAN algorithm, it can eliminate unwanted signal, such
as interference and noise, and provide the accurate PDPs.
In this algorithm, the actual signal is called dirty signal.
The steps of CLEAN algorithm are as follows [11]:

1) Generate the dirty spectrum to the input data over a
window spectrum in time.

2) Search the spectrum output window over time for the
peak response.

3) Determine and store the amplitude and time of peak
response.

4) Estimate the signal corresponding to the peak re-
sponse and store waveform.

5) Generate the spectrum response to this estimated
waveform.

6) Update the spectrum response by subtracting a gain
factor of the response to the estimated signal from
the previous spectrum response.

Cn(t) = Cn— 1 (t) - “f'ék,nfl(t)v (9)

where k is an index of the largest response in
C,.—1(t), Cn(t) is the beamformer response at the
nth iteration, and Cy ,._; (¢) is the estimated response
to the kth impulse at time n — 1.

7) Add the current signal amplitude, scaled by gain
factor, to the appropriate place in a list of signal

85

Normalized Amplitude
e
w

Delay (ns)

Fig. 3. Measurement power delay profile (PDP) for human body
shadowing channel.

Table 3. Time dispersion charactenstics

Parameter Value

Mean excess delay (nsec)(7y,) 22

RMS delay (nsec)(Trms) 20

NPyoan nu

N P(85%) 26
location.

8) If a stopping criterion (a threshold on the signal level
or residual energy) is not met, go to step 2.
9) Generate a list of the signals found, including ampli-
tude and the time of arrival.
10) Form the CLEAN map by convolving the list of
signals with delta functions.

4. Measurement Results and Extracted Parameters

Based on the measurement PDPs, the characteristics
of the multipath channel and extracted IEEE 802.15.3a
channel model parameters can be obtained.

4.1 Channel Characteristics

The time dispersion of multipath channel is important
factor that determine radio channel characteristics. These
parameters are as the following:

e Mean excess delay, 7,,,

e« RMS delay spread, 7,4

o Number of Multipath Components (MPCs) within 10
dB threshold, N Pioup

These main characteristics are extracted from the PDPs
with assumed the noise level as 20 dB of peak presented
in Fig. 3. To obtain the mean excess delay and the RMS
delay spread, the amplitude and time delay of the first path
are normalized. The mean excess delay and the RMS delay
spread are descried in [12]. The extracted time dispersion
characteristics based on the measurement data are tabulated
in Table 3.
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Table 4. The model parameters for the body-shadowing channel

Model Parameters | Description Extracted Value
A [1/ns] Cluster Amival Rate 0.08

A [1/ns] Ray Amival Rate 1.1

I" [ns] Cluster Decay Factor 24

v [ns] Ray Dcéay Factor 6

o [ns] Cluster&Ray std. 6.6

Table 5. The comparison of measurement and model time dispersion

charactenstics

Parameter | Measurement | Model
Tm [ns] 22 22
Trms [ns] 20 23
NPyoaB 11 13
N Py, 26 i3

Nomalized Amplitude

10 20 30 40 50 60 70 80 90 100
Delay (ns)

Fig. 4. The normalized PDPs afler post-processing with the CLEAN
algonithm, extracted cluster of amval, ray of arrival and best Poisson
fitting.

4.2 Channel Model Parameters

The IEEE 802.15.3a channel model parameters are ob-
tained by investigating the multipath propagation in the
PDPs. The model is ordered to fit the measured chan-
nel data. Fig. 4 shows the normalized PDPs after post-
processing with the CLEAN algonthm, cluster arrival time
intervals, the ray arrival time inside cluster and best Pois-
son fitting. This graph validate thc Poisson arrival rate
assumption. Table 4. shows the parameters that extracted
from the measurement channel as described in Section 3.
The parameters from the table can be used to generate
the channel according to the body-shadowing in indoor
environment as shown in Fig. 2.

Table 5. shows the comparison of the measurement and
model for the body-shadowing channel based on IEEE
802.15.3a multipath channel. As shown in the table, the
time dispersion characteristics of the measurement results
are close to the model. However, the difference value of
NP are trifling value because the simulation are predicted
the characteristics of channel.
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5. Conclusions

In this paper, the body-shadowing channel measure-
ment and model in the realistic indoor environment are
proposed for ultra-wideband communication. The IEEE
802.15.3a multipath channel and time dispersion parameters
are modcled based on the measurement power delay profile
after post-processing with the CLEAN algorithm. These
key parameter such as the cluster and ray arrival rates,
decay factor, and log-normal standard deviation, are useful
for investigating the system performance with the body-
shadowing effects.
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