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Abstract—A comparison of UWB communication
characteristics for different distribution of people and various
materials of walls in real environments are investigated. By
using the impulse response of these multi-path channels, the
mean excess delay, root mean square delay spread, and the
number of multi-path arrivals within 10 dB of the peak multi-
path arrival (NP10dB), and the number of paths required to
meet the 85% energy capture threshold (NP(85%)) for these
cases have been obtained. Numerical results have shown that
the multi-path effect by people is an important factor for bit
error rate (BER) and outage probability performance.
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L INTRODUCTION

UWB technology has received significant interests,
particularly after the Federal Communications Commission
(FCC)’s Report and Order in 2002 for unlicensed uses of
UWRB devices within the 3.1-10.6 GHz frequency band [1].
In this paper, a comparison of UWB communication
characteristics for different distribution of people and various
materials of walls in real environments are investigated. The
effects of different materials of walls with wall board,
concrete, limestone and iron on the UWB communication
characteristics are presented. The different values of
dielectric constant and conductivity of materials and people
for different frequency are carefully considered in channel
calculation. Results of this research provide valuable insights
into the RMS delay spread and BER performance in the
UWB communication system.

This paper aims at using SBR/Image method to simulate
UWB communication system, and further compares their
channel characteristics. In section II, a channel modeling and
system description is presented. In section III, we show the
numerical results. Finally, the conclusion is drawn in section

Iv.

Shu-Han Liao

Department of Electrical Engineering
Tamkang University
Tamsui, Taipei, Taiwan, R.O.C.
shliao@ee.tku.edu.tw

Chien-Ching Chiu
Department of Electrical Engineering
Tamkang University
Tamsui, Taipei, Taiwan, R.O.C.
chiu@ee.tuk.edu.tw

II. CHANNEL MODELING AND SYSTEM DESCRIPTION

A.  Calculation of the Channel Characteristics

The SBR/Image method can deal with high frequency
radio wave propagation in the complex indoor environments
[2], [3]- It conceptually assumes that many triangular ray
tubes are shot from the transmitting antenna (TX), and each
ray tube, bouncing and penetrating in the environments is
traced in the indoor multi-path channel. If the receiving
antenna (RX) is within a ray tube, the ray tube will have
contributions to the received field at the RX, and the
corresponding equivalent source (image) can be determined.
By summing all contributions of these images, we can
obtain the total received field at the RX. The depolarization
yielded by multiple reflections, refraction and first order
diffraction is also taken into account in our simulations.

The frequency responses are transformed to the time
domain by using the inverse Fourier transform with the
Hermitian signal processing [4]. By using the Hermitian
processing, the pass-band signal is obtained with zero
padding from the lowest frequency down to direct current
(DC), taking the conjugate of the signal, and reflecting it to
the negative frequencies. The result is then transformed to
the time domain using IFFT [5]. Since the signal spectrum
is symmetric around DC. The resulting doubled-side
spectrum corresponds to a real signal in the time domain.
The impulse response of the channel can be written as
follows [6]:

hb(t):Zan 5(t-1,) (1)

where N is the number of paths observed at time. &(.) is
the Dirac delta function. @, and 7, are the channel gain
and time delay for the n-th path respectively.
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Figure 1. Block diagram of the simulated communication system.

B.  System Block Diagram
The transmitted UWB pulse stream is [7]:

x(0)=\E, Y plt—nT,)d, )

Where E, is the average transmitted energy and p(?) is
the transmitted waveform. 7, is the duration of the
transmitting signal. d, e {i 1} is a B-PAM symbol and is

assumed to be independent identically distributed (i.i.d.).
The transmitted waveform p(z) is the second derivative
Gaussian waveform with ultra-short duration 7, at the
nanosecond scale. Note that 7, is the pulse duration and 7,
is the duration of the transmitting signal. The value of 7, is
usually much larger than that of 7,. The second derivative
Gaussian waveform p(?) can be described by the following

expression:
A
)=—s e 3
o dtz[\/ﬂa ] ®

where 7 and ¢ are time and standard deviation of the
Gaussian wave, respectively.

The average transmit energy symbol E, can be
expressed as

E, = [ p*(n)dr. (4)

Block diagram of the simulated communication system
is shown in Fig. 1. The received signal r(z) can be expressed

as follows:

r(0) =[x(1) ® b, ()] + n(?) ®)
where x(?) is the transmitted signal and #,(?) is the impulse
response of the channel, n(?) is the white Gaussian noise
with zero mean and variance Ny/2. The correlation receiver
samples the received signal at the symbol rate and correlates
them with suitably delayed references given by

q() = p(t =7, —(n=DT,) (©)
where 7, is the delay time of the first wave. The output of
the correlator at t = nTyis [8], [9]:

zm=[" {\/E,x > (- nT, m}@ hbm}-q(t)dz

nT,
+ me n(t)q(t)dt

=V (1) +n(0) )

It can be shown that the noise components 7(z) of (7)

are uncorrelated Gaussian random variable with zero mean.
The variance of the output noise 7 is

2N,
=—LE,.. 8
o' =—'E, ®)
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The conditional error probability of the Nth bit is thus
expressed by:

-1 V(n) } )

P[Z(n)|d]=—=erfc -(d

2[Z(n)|d] > f{ﬁa(lv)

where erfc(x)=if e dy is complementary error function
‘\/; .

and {g} ={d,.d,,....d,} is the binary sequence.

Finally, the average BER for B-PAM IR UWB system can

be expressed as

(10)

BER = iP(a)%erfc

n=l1

{V(n)
V2o

III.  NUMERICAL RESULTS

-(d,w)}

The channel characteristics for different distribution of
people and various materials of walls in the indoor
environments are investigated. Fig. 2 is the top view of
indoor environment with dimensions of 10m (Length) x
10m (Width) x 4.5m (Height).

These are four different distribution of people and four
various materials of walls considered in the simulation.
Four different numbers of people with 0, 4, 12 and 20 are
simulated. Materials of walls with the wall board, concrete,
limestone and iron are presented. 0.2m-thick floors and
ceilings of the concrete are used for these cases. Note that
the conductivity and dielectric constant of materials will
change with the frequency in the UWB channel [10]-[12].

The transmitting antenna is located at Tx (5, 5, 3.5) m
with the fixed height of 3.5m is located in the center of the
indoor environment, as shown in Fig. 2. There are 361
receiving points for indoor environment. The locations of
receiving antennas are distributed uniformly with a fixed
height of 1m. The distance between two adjacent receiving
points is 0.5m. Meanwhile, the receiver antenna located at
Rx1 (1, 6, 1) mand Rx2 (5, 9, 1) m are also plotted in Fig. 2
for further discuss. The maximum number of bounces is set
to be six and the first order diffraction is also considered in
the simulation.
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Figure 2. Top view of the indoor environment with dimensions of 10m
(Length) x 10m (Width) x 4.5m (Height). Tx denotes the transmitter. Rx1,
Rx2 are the receivers in three different locations. Marks “A”, “B” and “C”
are the positions of the people.
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A. Different Distribution of People

In the Fig. 2, there are four people in the position
marked “A” where each “A” represents one person.
Similarly, there are twelve people on the position marked
“B”. Finally, there are twenty people on the position “C”.

Fig. 3 shows the cumulative distribution function of
RMS delay spreads for different distribution of people. It is
seen that the RMS delay spread value for 20 people is most
serious due to the multi-path effect caused by people.

The BER versus signal-to-noise rate (SNR) for receivers
at Rx1 is plotted in Fig. 4. Here SNR is defined as the ratio
of the average power to the noise power at the front end of
the receiver. For a BER requirement of 10, the SNR value
for 20 people is larger about 4dB than that without people.

At 100M bps transmission rate and for a BER <10, the
outage probability versus SNR are calculated, as shown in
Fig. 5. It is seen that the outage probabilities at SNR=16dB
are about 16% and 1% for the 20 people and without people
respectively. It is clear that the BER performance without
people is better due to the less severe multi-path effect.

Table I shows channel characteristics for different
distribution of people. The number of people with 0, 4, 12
and 20 are considered. It is found that the values of RMS
delay spread, Mean excess delay, NP(85%) and NP10dB
increase as the number of people increase. The mean RMS
delay spread without people is 17.50ns and increases about
32% to 23.15ns for the 20 people. It is clear that the multi-
path effect is severe when the number of people increases. It
is also seen that the mean excess delay without people is
11.43ns and increases about 69% to 19.34ns for the 20
people. Similarly, NP10dB and NP(85%) also increase a lot
for 36 people.
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Figure 3. Cumulative distribution of RMS delay spreads for the different
distribution of people

10 T T T T T T T T T
I I I I
I I I I
~ | | |
I I
I I
I
10° -t e e I
L |
©
4
g
i
= .y
S S A
——BER of Rx1(Number of People : : :
——BER of Rx1(Number of People : 4) ! !
——BER of Rx1(Number of People : 12) : :
15| == BER of Rx1(Number of People : 20) | |
1 " T T T T T T L L
0 0 2 4 6 8 10 12 14 16 18 20
SNR(dB)
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Figure 5. Outage probability versus SNR for different distribution of

people



TABLE L. PARAMETERS OF MULTI-PATH CHANNELS FOR DIFFERENT
DISTRIBUTION OF PEOPLE

RMS Delay Mean Excess o
Spread (ns) Delay (ns) NP10dB | NP(85%)
Number Mean Stm.ldtfrd Mean Stm.ldt.lrd Mean Mean
of People deviation deviation
0 17.50 5.06 11.43 4.05 5.56 33.82
4 19.51 4.50 12.83 5.65 5.78 37.94
12 2065 | 490 | 1660 | 9.70 6.96 5027 |zl 4 EL i
20 23.15 5.13 1934 | 10.36 7.70 63.08 { |- Wall Board
; —Concrete
. . S [P L t
B.  Various Materials of Walls 7 _____lr'g:]es one
Four materials of walls with wall board, concrete, 2 3 4 5 6
limestone and iron are considered. The position of RMS Delay Spread(s) x10°

trans.mitting and receiving antenna's are the same as the Figure 6. Cumulative distribution of RMS delay spreads for the various
previous one except that the room is empty now. In other materials of walls

word, there is no people and furniture. 0.2m-thick floors

and ceilings of the concrete are used for these cases. UWB

channel characteristics in the indoor environment with 0

different materials of walls are investigated. ) ‘ ‘ ‘ ‘ ‘
Fig. 6 shows the cumulative distribution function of )

RMS delay spreads for various materials of walls. It is seen

that the RMS delay spread value for wall with iron

materials is more serious than the other materials of walls. PN e et St
The BER versus signal-to-noise rate (SNR) for receivers at &j

Rx2 is plotted in Fig. 7. For a BER requirement of 10, the u%

SNR value for iron wall is larger about 4 dB than that for =

wall board. At 100M bps transmission rate and for a BER W a i T \
<10, the outage probability versus SNR are calculated, as ——BER of Rx2(Wall Board)

shown in Fig. 8. It is seen that the outage probabilities at jggs ZI Sxxggﬁ:(::ésl)

SNR=16dB are about 79% and 1% for the iron wall and —=BER of Rx2(Iron)
wall board respectively. It is clear that the BER 0 & % 1 i i 20
performance for wall board is better due to the less severe SNR(dB)

multi-path effect.

Table II shows channel characteristics for these four
various materials of walls. There are four parameters,
including RMS delay spread, Mean excess delay, NP10dB 100 I \ I \
and NP(85%). It is clear that the values of RMS delay ‘ ;
spread, Mean excess delay, NP(85%) and NP10dB for iron
walls are the largest due to the strong reflection. Note that
the value of RMS delay spread for iron walls is more than
twice as that for wall of the other materials. It is also found
that the mean excess delay increases from about 11.95ns for
the concrete walls to about 51.18ns for the iron walls.
Similarly, NP(85%) and NP10dB increase a lot for the iron
walls. This situation can be explained by the fact that the
multi-path effect for the iron walls is very severe due to the
total reflection. Besides, it is seen that the values of RMS N R
delay spread, Mean excess delay, NP(85%) and NP10dB for
the wall board, concrete and limestone are almost the same.

Figure 7. BER versus SNR for the various materials of walls
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Figure 8. Outage probability versus SNR for various materials of walls
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TABLE II. PARAMETERS OF MULTI-PATH CHANNELS FOR VARIOUS
MATERIALS OF WALLS

SRxfa]g‘(’ﬁ‘sy) MI;:‘I'; fz‘lf:)“ NP10dB | NP(85%)
Yotwall | M | Goiaton | M | eviation | Mean | Mean
];Z:gi 19.45 5.67 12.50 5.81 5.62 40.09
Concrete 18.14 4.75 11.95 4.33 5.69 37.37
Limestone | 19.08 4.29 15.13 5.48 7.29 61.22
Iron 42.65 3.03 51.18 9.52 27.12 364.19

IV. CONCLUSIONS

A comparison of UWB communication characteristics
for different distribution of people and various materials of
walls are presented. The values of the RMS delay spread
vary with different distribution of people. Numerical results
show that the values of RMS delay spread, Mean excess
delay, NP(85%) and NP10dB increase as the number of
people increase. Moreover, the outage probabilities for 100
Mbps B-PAM and for a BER <10° versus SNR are
calculated. It is found that the outage probability for the 20
people is the largest. The performance of outage probability
with people is worse than that without people in UWB
environment. This is due to the multi-path effect is severe
when people exist in the room.

Four materials of walls with wall board, concrete,
limestone and iron wall are considered. The RMS delay
spreads for iron wall are largest due to the strong multi-path
effect. The BER performance for B-PAM UWB indoor
communication with various materials of walls has been
investigated. Numerical results show that outage
probabilities for the UWB multi-path environment with iron
wall are larger than those for the other wall. The multi-path
effect is severe for the iron wall due to the total reflection.
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