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Abstract— This work presents a simple and realistic UWB
channel model based on physical propagation effects and UWB
channel measurements conducted at Eurecom. A mathematical
description of the model is discussed and the corresponding
parameters extraction is presented. This model is described
entirely by a set of four parameters, namely the number of
MPCs, the MPC amplitude, the MPC delay and the MPC decay
constant. These parameters are extracted using SAGE algorithm.
It presents a good fit to measurement data and is easy to
implement.

I. INTRODUCTION

Recently, wireless personal area networks (WPANs) have
attracted considerable attention due to their ability to provide
ad-hoc networking with low cost and low power consumption
devices. The Commission on February 14, 2002 adopted a
First Report and Order in ET Docket No. 98-153 to amend Part
15 of the FCC Rules to permit the marketing and operation of
certain types of new products incorporating ultra-wide band
technology [1].

The ultra–wideband (UWB) radio channel is affected
by various propagation mechanisms, namely reflection,
transmission, scattering and diffraction. It can therefore
be described by a set of multi–path components (MPCs),
each having a specific delay, angle of arrival, and angle of
departure.
Several models are available that characterize the behavior of
both, the indoor and the outdoor wireless multi-path channel.
However most of them focus on applications to narrowband
and wideband wireless systems [2], [3]. With the emergence
of UWB technology as a serious support for high data rate
transmission for short–range indoor applications, new sets of
indoor propagation measurements have been performed by
many researchers e.g. [4]–[7]. In this work the data collected
from channel measurements conducted at Eurecom [8] are
used. These measurements contain several line-of-sight (LOS)
and non-LOS (NLOS) environments. In [11] an overview
on UWB channel models is given. They all model the
UWB channel as a sum of independent Dirac functions. The
correlation between taps the distortion of the path profile
due to diffraction and to the effect of large bandwidth are
not taken into account. In [12] the distortion of the MPCs

at frequency bands relevant for UWB channels is studied
for a physical model but no statistical parameters were derived.

In this paper we propose a novel simplified statistical UWB
channel model which takes the distortion and the correlation
of the MPCs into account.

The validation of the proposed model is based on the esti-
mation of its parameters using Space Alternating Generalized
Expectation maximization (SAGE) algorithm. The validation
process is made in two steps. First, we evaluate the estimation
process using an analytical channel based on the diffraction
and reflection mechanisms. In second time, we apply the
same algorithm on a generated channel based on our proposed
statistical model.

The paper is organized as follows: Section II presents
an UWB MPC response analysis based on physical model.
Section III describes the proposed statistical channel model
and parameters estimation.In section IV, we show the main
results obtained in this work. Finally, we conclude and we
give an an outlook on future work in Section V.

II. ANALYSIS OF THE UWB IMPULSE RESPONSE

The UWB impulse response is the result of the superposition
of several MPCs. As a first step towards our new statistical
channel model we investigate the properties of a single MPC.
Qiu [12] has presented the impact of large bandwidth on the
impulse response due to diffraction. Based on a heuristic ap-
proach he proposes a physical model showing the relationship
between path dispersion in time domain and large bandwidth.

Using the expression of the reflection coefficient versus the
frequency, Barnes [15] derived in time domain an analytical
expression for channel impulse response (TD-CIR). The ex-
pression of the reflection coefficient versus the frequency and
the incident angle, R(ψ, s) expressed as

R(ψ, s) = ±
√
s+ 2a− κ

√
s√

s+ 2a+ κ
√
s

(1)

with τ = σ
ε , β =

√
εr−cos2ψ
εrsinψ

, a = τ/2, κ = β for vertical
polarization and a = τ/2, κ = (εrβ)−1 for horizontal



Fig. 1. Diffraction at perfectly conducting half-plane.

polarization.

Barnes [15] derived the time domain expression of reflected
path hr(t) as

hr(t) =
[
Kδ(t) +

4κ
1− κ2

exp(−at)
t

∑
(−1)n+1nKnIn(at)

]
(2)

Qiu in [12] derived the time domain impulse response of
diffracted path for perfectly conducting half-plane as follow

hd(τ) =

√
2r/c
2π

[
cos 1

2 (ϕ− ϕ0)
τ + r

c cos (ϕ− ϕ0)

−
cos 1

2 (ϕ+ ϕ0)
τ + r

c cos (ϕ+ ϕ0)

]
1√

τ − r/c
U(t− r/c) (3)

c is the speed of light, τ is the path delay, ϕ and ϕ0 are defined
on Fig. 1.
Figs. 2 and 3 show the distortion of of Dirac and pulse
signal due to reflection phenomenon respectively for different
bandwidths. We plot on Fig. 4 the response of diffracted pulse
for different displacement types using the equation in (3).

Fig. 5 shows the effect of the material constitutive param-
eters (ε: permittivity and σ: conductivity) on TD-CIR for a
bandwidth equal to 1 GHz.
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Fig. 2. Reflection of Dirac versus channel bandwidth for a horizontal
polarization with arc displacement, σr = 0.001 εr = 6
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Fig. 3. Reflection of pulse versus channel bandwidth for a horizontal
polarization with arc displacement, σr = 0.001 εr = 6
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Fig. 4. Diffracted pulse for the same frequency bandwidth and different
displacement types.

As we can see from these figures, the impulse response
of a single MPC may show significant dispersion in time
domain due to propagation phenomena and large bandwidths.
These results demonstrate also that a single path of an UWB
channel can experience a dramatically dispersion effect in
time domain in the range of several nanoseconds. If we
further recall that the RMS delay spread τrms for UWB
channels ranges from 5 ns to 25 ns for indoor CM1-CM4
environments [7], this dispersion should be taken into account
to model UWB path response.

This implies that, the UWB impulse response should not be
represented by a set of Dirac functions. The large dispersion in
time domain may also explain parts of inter-paths correlation
and the clustered behavior of the Power Delay Profile (PDP)
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Fig. 5. The path dispersion time versus σ with W = 1GHz, ε = 6.

observed in many UWB channel measurement campaigns [7],
[8]. This statement does not mean that we argue against
clusters. It was shown several times that clusters exist. But
our idea influences the way clusters are built out of sets of
MPCs. If each MPC has a certain time dispersion, the PDP of
a single reflection looks like the PDP of a cluster.

In the proposal IEEE 802.15.3a the channel impulse re-
sponse is modeled using Saleh–Valenzuela approach, by a
double sum of independent Dirac functions, as follows:

h(t) =
L−1∑
l=0

K−1∑
k=0

βklexp(jθkl)δ(t− Tl − τkl), (4)

where L is the number of clusters and K is the number of
echoes in each cluster and the APDP (Average Power Delay
Profile) is expressed as:

Eβ2
kl = P (τkl) = Ω0exp

(
Tl
Γ

)
exp

(
τkl
γ

)
, (5)

where Γ and γ are the constants decay of the clusters and of
the echoes inside the clusters, respectively. This model states
that all the paths are independent which is also different from
what we can observe on Fig. 5 which shows that some resolved
paths, thanks to large bandwidth, can be correlated due to time
domain dispersion.

III. CHANNEL MODEL AND PARAMETER ESTIMATION

A. Channel Model Description

Based on the measurement and the physical analysis per-
formed above, we propose a new simple channel model. The
proposed model is given by:

h(t) =
L∑
l=1

gle
−(t−τl)/γlu(t− τl), (6)

where gle−(t−τl)/γl is used to present the path dispersion in
time domain and u(t) is the Heaviside function. To simplify

the channel model in (6) we make αl = gle
τl/γl ,

h(t) =
L∑
l=1

αle
−t/γlu(t− τl). (7)

The signal parameters of the lth MPC are the time delay τl, αl
is the complex amplitude, and γl denotes the decay constant.

B. Parameter Estimation

The received signal is given by

y(t) = h(t) ∗ δ(t) + n(t) =
L∑
l=1

αle
−t/γlu(t− τl) + n(t) (8)

At first we estimate γl by using a method based on the
approximation by regression (we can see the γl as the slope
of each MPC). Second, we estimate the parameters αl and τl
using the SAGE algorithm [16], [17].
The number of MPCs L in the observed UWB signal y(t) is
derived using the Akaike Information Criterion (AIC) [19].

IV. RESULTS

A. UWB Channel measured Data

In this section, we present and analyze the results obtained
from the UWB channel measurement conducted at Eurecom
Institute [8]. The measurements were performed in the fre-
quency domain using a Vector Network Analyzer (Rohde
and Schwarz, ZVM family). From these measurements we
determine the complex channel transfer function H(f). the
measured frequency range was 3.1 to 9 GHz, this leads to a
delay resolution of approximately 0.166 ns. The spectrum was
divided into 6003 points i.e. 1 MHz frequency sampling step.
The antennas separation was 6 meters.

B. UWB Channel Model Implementation

The channel model is implemented, using Matlab Tool,
based on equations derived in [12] and [15]. The nature of
the environment (dense, large number of reflecting/diffracting
scatterers, geometry, etc...) is fully parameterizable.

For the statistical model, we propose as a first approach to
model γl using normal distribution. αl and τl are generated
respectively using lognormal and exponential distributions
respectively.

Fig. 6 shows the power delay profile for simulated channel
with L = 100, γ̄ = 1.5 (estimated from measured channel [8])
and time resolution 0.1667 ns corresponding to W = 6 GHz.
We can see from this figure that the simulated channel exhibits
the same clustered behavior as what was observed from UWB
channel measurements [8]. The Power Delay Profile is given
by

PDP (τ) =
1
N

tn=N∑
tn=1

|h(tn; τ)|2. (9)

The PDP is generally characterized by the first central
moment (mean excess delay) τm and the square root of the
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Fig. 6. The power delay profile for simulated channel
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Fig. 7. Comparison between τm from simulated and real channel for (6
GH).

second moment (root mean square delay spread), τrms.
Figs. 7 and 8 show the cumulative distribution function of
τm and τrms respectively for the simulated channel compared
with real one.
These results show that the statistics of the simulated model
are in agreement with those published in the literature.

C. Channel Parameters Estimation

In this part, we will focus on the estimation of the channel
parameters using the model presented in equation (6). In Figs.
9 and 11, we show single realizations of the impulse responses
of the analytical1 channel and the measured channel [8] and

1The analytical channel is constructed using a sum of reflected or diffracted
paths generated following equations 2 and 3 .
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Fig. 8. Comparison between τrms from simulated and real channel for (6
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compare them with channel built based on our parameter
estimates.

In Fig. 10, we show single realizations of the impulse
responses of the simulated based on the model in equation
(7) and compare them with one based on our parameters
estimates. The Figure shows the good agreement with original
and estimated channels.
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Fig. 9. The estimated channel for analytical (synthetic) channel 1 GHz
of bandwidth, the distance between analytical channel and estimated one is
0.0789.

V. CONCLUSION AND FUTURE WORK

We present a novel UWB statistical channel model based
on physical analysis and real UWB channel measurements.
A mathematical description of the model is discussed and the
corresponding parameters estimation presented. The parameter
extraction is based on the SAGE algorithm and first results
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Fig. 10. Estimated impulse response of the simulated channel γ̄ = 1.5,
L = 40.
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Fig. 11. The estimated channel for real channel for 1 GHz of bandwidth,
the distance between real channel and estimated one is 0.0048.

are provided. The proposed model presents a good fit to
measurement data and is easy to implement. A set of four
parameters, namely the number of MPCs, the MPC amplitude,
the MPC delay and the MPC decay constant, describes the
whole model. As a next step we will study the bandwidth
dependency of our channel model parameters.
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