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USING ULTRA WIDE BAND COMMUNICATION SYSTEM IN
URBAN AREA TRANSPORT

Maria Claudia SURUGIU?, lonel PETRESCU?

The propagation of UWB? signals in indoor and indoor-outdoor environments is
the single most important issue, with significant impacts on the future direction, scope, and,
generally, the extent of the success of UWB technology. If the channel is well characterized,
the effect of disturbances and other sources of perturbations can be reduced by proper
design of the transmitter and receiver. Detailed characterization of UWB radio
propagation is, therefore, a major requirement for successful design of UWB
communication systems.

This article sets out to characterize a UWB channel and also develops a
comprehensive Matlab model of the channel. The developed Matlab models are thoroughly
compared with IEEE approved measurement data through sets of specific characterizing
parameters to ensure they closely resemble the actual channel impulse response and are
valid. The model is intending to use for UWB transmission in subway stations.

Keywords: Ultra Wide Band (UWB), UWB propagation channel, model Saleh -
Valenzuela, wireless networks, Matlab model of the channel UWB.

1. Introduction

A comprehensive overview on UWB technology is given in [1], [2], [3].
The history of UWB communication dates back to the very beginning of radio
communication. Whereas we would consider this today as UWB communication,
the early design choices were rather a result of limited hardware and technology.
The further evolution of wireless communication was affected by carrier
modulated narrowband communication, which may have originated from multiple
accesses by frequency division.

UWB uses wide transmission bandwidths (in excess of 3 GHz), which
results in desirable potentials such as accurate position location and ranging, lack
of significant fading, high multiple access capability, secure communications, and
possible easier material penetration. These advantages will result in more covert
and faster wireless networks and also create new opportunities for the design of
wireless positioning and ranging products. UWB channel models are very
different compared to their conventional narrowband counterparts, because first
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UWSB is a carrier less communication scheme and secondly it uses a much wider
bandwidth than the conventional wireless schemes. The channel impulse response
to a UWB pulse is significantly different from the conventional narrowband
systems due to the large bandwidth of the pulse, therefore making most previous
research on the narrowband wireless channel models inapplicable.

2. Ultra Wide Band (UWB) channel modeling

UWSB is a carrier less communication scheme which utilizes the bandwidth
in the range of 3-7 GHz. The wide bandwidths used by UWB transmission allow a
better support for multiple user communication, allocate faster communication
links, and develop wireless ranging and positioning products. UWB will also
relieve the communication spectrum congested by the narrow band wireless
communications systems [4], [3]. The UWB system has low transmission power
which allows working over a wide bandwidth without interfering with existing
narrowband systems, but the lower power limits the range, thus mainly limiting
UWB to indoor communication. The most widely used pulse in UWB
communications is the Gaussian pulse [8]. The UWB antenna at the receiver and
transmitter influence the UWB pulse due to their limited bandwidth and other
factors [2], thus making the received pulse considerably different from what was
transmitted. The UWB channel models are different compared to conventional
narrowband communication systems, because UWB is a carrier less
communication scheme and it uses a much wider bandwidth than the conventional
wireless communication systems. In this paper is described a Matlab model to
characterize an UWB channel using two different physical settings summarized
under Non Line Of Sight (NLOS) 4 - 10 m and an extreme NLOS* multipath
channel.

The major difference between Saleh-Valenzuela model [1] and 802.11
model is that Saleh-Valenzuela model doesn’t assume the arrival of paths on each
sampling time interval. Instead, two Poisson models are employed in the
modeling of the arrival time.

The simulation was realized using a slightly modified Saleh-Valenzuela
model, recommended by IEEE 802.15 as multipath model.

hi(t) = xiiiali(,lé‘(t_-rli _T|i<,|) (1)

1=0 k=0
Where {a;',} are the multipath gain coefficients, {T,'} is the delay of the I

cluster, {rL',} is the delay of the k™ multipath component relative to the I cluster

* NLOS - Non Line Of Sight
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arrival time (T,"),{ X} represents the log-normal shadowing, and i refers to the i

realization.

Finally, the proposed model uses the following definitions:

T, = the arrival time of the first path of the I-th cluster; z = the delay of the k-the
path within the I-th cluster relative to the first path arrival time, T;; A = cluster
arrival rate; A = ray arrival rate, i.e., the arrival rate of path within each cluster.

By definition, we have 7o, =0 . The distribution [7] of cluster arrival time and the
ray arrival time are given by:

p(T,[T.)=Aexp[-A(T,~T,)], 1>0S

p(Tk,l ‘T(k—l)yl ) = lexp[_l(Tk,l ~ Tk, )], k>0

The channel coefficients are defined as follows: a,, = p, &4,
2010g10(& B, ) o= Normal(g, ,, 07 +07), or

|§Iﬂk’|| :10(/1k,|+f11+n2)/20 (3)

Where n, oc Normal(0,67) and n, «c Normal(0,52) are independent and
correspond to the fading on each cluster and ray, respectively,

)

2 - Tk
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Where T, is the excess delay of bin | and Q, is the mean energy of the first path of
the first cluster, and p,, is equiprobable +/-1 to account for signal inversion due
to reflections. The s is given by:

10In(€2,) —10T, /T 10z, , / ¥ B (67 +072)In(10) (5)

Ha = In(L0) 20
In the above equations, & reflects the fading associated with the I cluster, and
B, corresponds to the fading associated with the k™ ray of the I™ cluster. Note

that, a complex tap model was not adopted here. The complex baseband model is

a natural fit for narrowband systems to capture channel behavior independently of
carrier frequency, but this motivation breaks down for UWB systems [7], [8], [9]
where a real-valued simulation at RF®> may be more natural. Finally, since the log-
normal shadowing of the total multipath energy is captured by the term, X,, the

Ith

® RF - Radio Frequency
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total energy contained in the terms {a,‘(y,} is normalized to unity for each

realization. This shadowing term is characterized by the following:
2010g10(X;) oc Normal(0,c?)

3. Simulations Ultra Wide Band (UWB) channel with Matlab

The developed Matlab models are in conformity with IEEE 802.15 task
group. The developed Matlab model provides researchers and developers with the
UWB channel impulse response, thus enabling them to:

e Develop the optimum UWB pulse shape;

e Develop and test the best UWB transmitters and receivers;

e Carry out performance analysis of UWB wireless systems under different
indoor settings;

e Use the developed channel impulse response to explore new possibilities
and products such as UWB ranging and positioning systems.

We simulated in MATLAB the impulse response (see fig. 1) and the
frequency response (see fig. 2) for a 4-path Rayleigh channel. For the simulation,
the transmission is done on 4 paths with the time delays 0, 1.5%10° s, 3.2*107° s,
2.1*10° s and the average path gains 0, -3, -3, -3, DPSK® modulation and random
bit stream [7],[9].

Bandlimited impulse response Frequency response

hagnitude
Magnitude (dB)

4 3 2 4 0 1 2 3 4 45
Frequency (Hz) it

Fig. 1 Impulse response Fig 2.Frequency response

Channel characteristics desired to model
As shown above, there are 6 key parameters that define the model:

® DPSK - Differential phase shift keying
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A = cluster arrival rate;

A =ray arrival rate, i.e., the arrival rate of path within each cluster;
I = cluster decay factor;

v = ray decay factor;

91 = standard deviation of cluster lognormal fading term (dB).

92 = standard deviation of ray lognormal fading term (dB).

Ox= standard deviation of lognormal shadowing term for total multipath

realization (dB).

These parameters are found by trying to match important characteristics of
the channel. Since it’s difficult to match all possible channel characteristics, the
main characteristics of the channel that are used to derive the above model
parameters were chosen to be the following [7]:

e Mean excess delay;

e RMS’ delay spread;

e Number of multipath components (defined as the number of multipath
arrivals that are within 10 dB of the peak multipath arrival);

e Power decay profile.

We focus on the subway station conditions so we choose a model based
on NLOS (4-10m) channel measurements corresponding to CM®3 (channel model
number 3) (fig. 3 - 6), and a model generated to fit a 25nsec RMS delay spread to
represent an extreme NLOS multipath channel, corresponding to CM4 (channel
model number 4) (fig. 7 -10).

Table 1 Comparison between channel model CM3, CM4

CM3 CM4
Model Parameters Model Parameters
Lam = 0.0667, lambda = 2.1000, Lam = 0.0667, lambda = 2.1000,
Gam = 14.0000, gamma = 7.9000 Gam = 24.0000, gamma = 12.0000
std In 1 = 3.3941, std In 2 = 3.3941, | std In_1 = 3.3941, std_In_2 = 3.3941,
NLOS flag = 1, std_shdw = 3.0000 NLOS flag = 1, std_shdw = 3.0000

"RMS - Root-Mean-Square
8 CM - Channel Model
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Model Characteristics

Mean delays: excess (tau_m) = 15.9 ns,
RMS (tau_rms) = 15

# paths: NP_10dB = 24.9, NP_85% =
64.7

Channel energy: mean = 0.0 dB, std
deviation = 3.1 dB

Model Characteristics

Mean delays: excess (tau_m) = 30.1 ns,
RMS (tau_rms) = 25

# paths: NP_10dB = 41.2, NP_85% =
123.3

Channel energy: mean = 0.3 dB, std
deviation = 2.7 dB

The model parameters are:

Lam - Cluster arrival rate (clusters per nsec)

lambda - Ray arrival rate (rays per nsec)

Gam - Cluster decay factor (time constant, nsec)

gamma - Ray decay factor (time constant, nsec)

std_In_1 - Standard deviation of log-normal variable for cluster fading

std_In_2 - Standard deviation of log-normal variable for ray fading

std_shdw - Standard deviation of log-normal shadowing of entire impulse

response

Impulge response realizations
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Fig.3 Impulse response CM3
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Fig.4. RMS delay CM3

Impulge response realizations
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Fig.7 Impulse response CM4
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Fig.8. RMS delay CM4
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Channel Energy Chanael Energy

| ;/ ||
V\/»Mﬂ ‘ f\ r|hkh~ ‘,im f‘lfu';

l"

L
4E
b
—

b & A N O N R m oo

Per-channel anargy
=+ Std. deviation o Mean
0 . . . \ , I ; \ " + St devistion

Channel number o m ;m W 40 w0 50 R T
Channel numibe

Fig.5. Channel energy CM3 Fig.9. Channel energy CM4
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Fig. 6 Average power decay profile CM3  Fig. 10 Average power decay profile CM4

4. Conclusions

The Figs. 3 - 10 represents the graphs of the parameters of the CM3 and
CM4, generated for 100 channels. A design of an UWB communication system
based on this CM3 model use multiple transmitters, placed on a distance of
maxim 20 meters, each other. In this case it is necessary to use a channel multiply
access method. A design of an UWB communication system based on this CM4
model use only one transmitter, if the geometry of the enviroment allow that.

UWB technology is a promising candidate for the physical layer of future
wireless sensor networks [5],[6]. The large bandwidth enables reliable short-range
communication in harsh propagation environments as well as localization and
imaging. In particular, non-coherent UWB communication is the method-of-
choice for low complexity, low power and low cost systems. A smart
implementation of non-coherent UWB is the generalized energy detection
receiver. Its advantages are the robustness to channel variations and the low
complexity analog implementation, which does not require high rate sampling of
the receive signal [5],[8]. In this thesis, we contribute to communication,
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localization, and imaging for UWB sensor networks with generalized energy
detection receivers.

The typical UWB propagation channel is a function which depends only
weakly on the geometry of the environment. Rough knowledge about the
surroundings is supposed to be sufficient for its characterization. Otherwise, no
measurement campaign conducted in one environment could be a valid
approximation of the channel in another, similar situation.

CM1 model is based on LOS® (0-4m) channel measurements reported in [3].

CM2 model is based on NLOS (0-4m) channel measurements reported in [3].
CM3 model is based on NLOS (4-10m) channel measurements reported in [3],
and NLOS measurements reported in [9].

CM4 model was generated to fit a 25nsec RMS delay spread to represent an
extreme NLOS multipath channel.
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