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Abstract
In this paper, UWB channel is modeled by us-

ing multi-ray technique. There are three case stud-
ies. The first case concerns only the normal direct
path. The second one considers two rays that consist
of the direct and ground reflection paths. And the last
case considers the direct, ground and ceiling reflection
paths. These cases are used to approximately model
the UWB channel in the anechoic chamber, outdoor
and indoor environment, respectively. The transmit-
ted and received antennas use the trapezoidal antenna
and perform the same characteristics. The impulse
responses of these antennas at each specific pointing
angles are calculated by using FDTD method and
transformed to the far field region that are shown.
The channels of these models are free space and apply
in the Friis’ transmission formula. The UWB channel
impulse responses of each case are illustrated. After
that, the transmitted signal is set to be a modulated
Gaussian pulse within frequency ranges between 3.1
and 10.6 GHz. The matched filter reception is con-
sidered to maximize the SNR at the receiver for the
evaluation. The received signal of each UWB model
are shown. The effect of each UWB channel are de-
scribed in the results.

Keywords: Ultra wideband (UWB), Friis’ transmis-
sion formula, finite difference time domain method

1. Introduction

Recently, a new development in wireless communi-
cation known as Ultra-Wideband (UWB) radio is in-
terested among the researchers. There are two main
differences between UWB and other radio wave (RF)
technology. Firstly, the bandwidth of UWB system
defined by the Federal Communications Commission
(FCC) [1] is more than 25 percents of a center fre-
quency or more than 1.5 GHz, which is obviously
much greater than the bandwidth used by any current

communication technology. Secondly, the UWB is
generally implemented by transmission of very short
pulse without benefit of modulation onto a carrier fre-
quency. Moreover, the power density of UWB signal
is considered to be noise for the other communication
systems because of its spectrums less than the noise
level. Therefore, other receivers would not receive the
UWB signal. The UWB receiver gathers the received
signal power to regenerate the pulse. As a result,
the UWB radio technology can exist with other RF
technologies without interference.

Nevertheless, it is difficult to design the antenna
for UWB system because in general narrow band sys-
tems, the conventional antennas are designed at only
one frequency. If the impulse is excited to these an-
tennas, the pulse will substantially distort and have
the time dispersion. As a result, this leads to the
increasing complexity of detection mechanism at the
receiver [2]. Hence, the trapezoidal antenna is devel-
oped for the ultra wideband antenna [3].

The channel modeling is important part in order
to predict the maximum allowable data rates in the
intersymbol interference and the exploration of such
techniques as diversity and equalization. There has
been an appreciable amount of work to model the in-
door propagation channel [4]-[7]. The transmission
waveform and the matched filter reception are pro-
posed in the extension of the Friis’ transmission for-
mula to UWB [8].

In this paper, UWB channel is modeled by using
multi-ray technique. There are three case studies.
The first case concerns only the normal direct path.
The second one considers two rays that consist of
the direct and ground reflection paths. And the last
case considers the direct, ground and ceiling reflection
paths. These cases are used to approximately model
the UWB channel in the anechoic chamber, outdoor
and indoor environments, respectively. The trans-
mitted and received antennas use the trapezoidal an-
tenna and perform the same characteristics [8]-[9]. C
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The impulse responses of these antennas at each spe-
cific pointing angles are calculated by using FDTD
method and transformed to the far field region that
are shown. The channels of these models are free
space and apply in the Friis’ transmission formula.
For this simulation structure, Both transmitted and
received antenna heights are set to be 2 m far from
the floor and separated by 1 m. For the third case,
the ceiling height is set to be 5 m far from the floor.
The reflection coefficients of the ground and ceiling
are also considered. The UWB channel impulse re-
sponses of each case are illustrated. After that, the
transmitted signal is set to be a modulated Gaussian
pulse within frequency ranges between 3.1 and 10.6
GHz. The matched filter reception is considered to
maximize the SNR at the receiver for the evaluation.
The received signal of each UWB model are shown.
The effects of each UWB channel are described in the
results.

2. FDTD Method

The finite difference equations are derived directly
from Maxwell’s curl equations in the time-domain.
To obtain discrete approximation of the continuous
partial differential equations, the centered difference
approximation is used on both the time and space
first-order partial differences. The entire computa-
tion domain is the collection of all the unit cells.
After simple arrangement, the finite difference equa-
tions are described in [10]. The maximum time step is
limited by the stability restriction of finite difference
equation [11].

A voltage source VS is represented as an electric
field E in the y direction at the node iS , jS and kS

along x, y and z axis, respectively. If the source resis-
tance is set to RS , then the usual FDTD electric field
at the source location is given by [12]. This resistive
voltage source model is used to consider the antenna
as the one-port network and excite the voltage signal
to the antenna.

The tangential field components on the six mesh
walls must be specified in such a way that outgoing
waves are not reflected. In this paper, the perfectly
matched layer absorbing boundary condition (PML
ABC) [13] is used. The PML ABC can absorb prop-
agation wave effectively by using nonphysical lossy
media adjacent to the outer-grid boundaries backed
by perfectly conducting walls.

For the electromagnetic analysis by using FDTD
method, the provided data are near fields. Therefore,
these near fields are transformed to far fields [14]-[15].
Then, the far fields are used to calculate the radia-
tion pattern, far field transfer function and impulse
response.

3. Extension of Friis’ Transmission formula

For the UWB channel modeling, the channel is free
space. The extension of Friss’s transmission formula
[13] is used. For the narrowband systems, Friss’ trans-
mission formula have been widely used

GFriis =
Pr

Pt
= GfGrGt, (1)

where Gr and Gt are received and transmitted an-
tenna gain, respectively,

Gf =
(

λ

4πd

)2

=
(

c

4πdf

)2

, (2)

is the free space propagation gain (less than unity in
practice), λ = c/f is the wavelength, c is the velocity
of the light, and f is the frequency.

Friis’ formula is extended taking into account the
transmission waveform as

He−Friis(θ, φ, f, d) =
Vr(f)
Vt(f)

, (3)

= Hf (f)Hr(θ, φ, f, d) · Ht(θ, φ, f, d),

where Ha(θ, φ, f, d) is a complex transfer function
vector of the antenna relative to the isotropic an-
tenna, index a is r or t, Vt and Vr are the transmitted
and received voltage signals, respectively.

The free space transfer function can be written as

Hf (θ, φ, f, d) =
c

4πd(θ, φ)f
e−j2πd(θ,φ)f/c. (4)

Unit vector θ̂ and φ̂ express the polarization which
are defined respect to the local polar coordinates of
the each of the antennas.

The impulse response of Friis’s formula transmis-
sion he−Friis(θ, φ, t, d) and matched filter hMF (θ, φ, t, d)
can calculate by using inverse Fourier transform

he−Friis(θ, φ, t, d) = F−1{He−Friis(θ, φ, f, d)}, (5)
hMF (θ, φ, t, d) = F−1{HMF (θ, φ, f, d)}, (6)

where F−1{·} is inverse Fourier operator.

4. Multi-Rays UWB Channel Modeling

For the multi-rays UWB channel modeling used in
this paper, the three case are studied. The first case
considers one ray, the normal direct path. The second
case considers two rays, the direct and ground reflec-
tion paths. And the final case considers the direct,
ground and ceiling reflection paths. These cases are
used to approximately model the UWB channel in the
anechoic chamber, outdoor and indoor environments,
respectively.

The received signal from the multi-rays UWB chan-
nel model is given by

vr(t) = vt(t) ∗ hUWB(t) ∗ hMF−UWB(t), (7)
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Fig. 1. One-ray UWB channel model.
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Fig. 2. Two-rays UWB channel model.

where hUWB(t) and hMF−UWB are the UWB chan-
nel and matched filter impulse responses, respectively.
vr(t) and vt(t) are the transmitted and received sig-
nals, respectively.

At the receiver, the UWB matched filter fre-
quency transfer function HMF−UWB(f) is introduced
to maximize the signal-to-noise ratio (SNR) of the re-
ceiver output,

HMF−UWB(f) =
H∗

UWB(f)√∫∞
−∞ |HUWB(f)|2df

. (8)

Therefore, the UWB matched filter impulse re-
sponse is given by

hMF−UWB(t) = F−1 {HMF−UWB(f)} . (9)

4.1 One ray modeling
The one ray UWB channel modeling considers only

direct path as shown in figure 1.
The UWB channel frequency transfer function and

impulse response can be written as

HUWB(t) = He−Friis(90◦, 0, t, d1), (10)
hUWB(t) = he−Friis(90◦, 0, t, d1), (11)

where d1 is the distance of the direct path.

4.2 Two rays modeling
The two rays UWB channel modeling considers the

direct and ground reflection paths. Figure 2 shows
the two ray UWB channel model.

The UWB channel frequency transfer function and
impulse response can be written as

HUWB(t) = He−Friis(90◦, 0, t, d1) (12)
+Γ2He−Friis(θ2, 0, t, d2),

hUWB(t) = he−Friis(90◦, 0, t, d1) (13)
+Γ2he−Friis(θ2, 0, t, d2),
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Fig. 3. Three-rays UWB channel model.

where d2 is the distance of the ground reflection path
which is defined by,

d2 =
√

4h2
1 + d2

1, (14)

h1 is the transmitted and received antenna heights
far from the floor and θ2 is defined by

θ2 = 90◦ + tan−1

(
2h1

d1

)
. (15)

Γ2 is the plane wave Fresnel reflection coefficient.
This model considers to be vertical polarized trans-
mission and the floor do not have ferromagnetic char-
acteristic. Then, the plane wave Fresnel reflection
coefficient can be written as [16]

Γ2 =

√
1
ε2

·
√

1 − 1
ε2

cos2 θ2 − sin θ2√
1
ε2

·
√

1 − 1
ε2

cos2 θ2 + sin θ2

, (16)

where ε2 is the permittivity of the floor.

4.3 Three rays modeling
The three rays UWB channel modeling considers

the direct, ground and ceiling reflection paths as
shown in figure 3.

The UWB channel frequency transfer function and
impulse response can be written as

HUWB(t) = He−Friis(90◦, 0, t, d1) (17)
+Γ2He−Friis(θ2, 0, t, d2)
+Γ3He−Friis(θ3, 0, t, d3),

hUWB(t) = he−Friis(90◦, 0, t, d1) (18)
+Γ2he−Friis(θ2, 0, t, d2)
+Γ3he−Friis(θ3, 0, t, d3),

where d3 is the distance of the ceiling reflection path
which is defined by,

d3 =
√

4h2
2 + d2

1, (19)

h2 is the transmitted and received antenna heights
far from the ceiling and θ3 is defined by

θ3 = 90◦ − tan−1

(
2h2

d1

)
. (20)
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Fig. 4. Structure and dimensions of trapezoidal an-
tenna.

Γ3 is the plane wave Fresnel reflection coefficient.
This model considers to be vertical polarized trans-
mission and the floor do not have ferromagnetic char-
acteristic. Then, the plane wave Fresnel reflection
coefficient can be written as [16]

Γ3 =

√
1
ε3

·
√

1 − 1
ε3

cos2 θ3 − sin θ3√
1
ε3

·
√

1 − 1
ε3

cos2 θ3 + sin θ3

, (21)

where ε3 is the permittivity of the ceiling.

5. Numerical Results

UWB channel is modeled by using multi-ray tech-
nique. Three cases, which are one-ray, two rays and
three rays, are studied. Both transmitted and re-
ceived antenna heights are set to be h1 = 2 m far
from the ground and separated by d1 = 1 m. For the
third case, the ceiling height is set to be 5 m far from
the ground. Then, the ceiling height is h2 = 3 m far
from both antennas. The distances of the ground and
ceiling reflection paths are d2 = 4.12 m and d3 = 6.08
m, respectively. The angles of the ground and ceil-
ing reflection paths are θ2 = 165.96◦ and θ3 = 9.46◦,
respectively. The permittivity of the ground and ceil-
ing are set to be 7 and 5, respectively. Therefore, the
plane wave Fresnel reflection coefficient at ground and
ceiling are Γ2 = 0.36 and Γ3 = 0.49, respectively

The trapezoidal antennas [3] are used in these
models for the transmitted and received antennas.
The structure and dimensions of the trapezoidal an-
tenna is shown in figure 4. The far field impulse
response and frequency transfer function of this an-
tenna is computed by using FDTD method and trans-
formed to the far field. The far field impulse re-
sponses at (θ = 0, φ = 0), (θ = 165.96◦, φ = 0) and
(θ = 9.46◦, φ = 0) are shown in figure 5. The magni-
tudes of the far field frequency transfer functions of
the antennas at (θ = 0, φ = 0), (θ = 165.96◦, φ = 0)
and (θ = 9.46◦, φ = 0) are shown in figure 6.

The impulse responses of the one-ray, two-rays and
three-rays UWB channel models are shown in figure
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Fig. 5. Far field impulse responses of the transmitted
and received antennas.
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Fig. 6. Magnitudes of far field frequency transfer
functions of the transmitted and received anten-
nas.

7. Figure 8 shows the magnitudes of the frequency
transfer functions of the one-ray, two-rays and three-
rays UWB channel models, respectively.

The effect of the waveform distortion is observed.
The modulated Gaussian pulse signal with spectrum
ranges from 3.1 to 10.6 GHz is considered and its
equation is

vt(t) = e−[(t−3A)/A]2 sin(2πfct), (22)

where fc is 6.85 GHz and A = 1.0949. The waveform
of this modulated Gaussian pulse signal is shown in
figure 9.

The signal from the one-ray, two-rays and three
rays UWB channel model are shown in figure 10. Fig-
ure 11 shows the received signal form the output of
the matched filter.

6. Conclusions

In this paper, UWB channel is modeled by using
multi-ray technique. Three cases are studied. The
first case considers the normal direct path. The sec-
ond case considers two rays, the direct and ground
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Fig. 7. Impulse responses of the one-ray, two-rays
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Fig. 10. Signal from the one-ray, two-rays and three
rays UWB channel model.
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Fig. 11. Received signal from the output of the
matched filter.

reflection paths. And the final case considers the di-
rect, ground and ceiling reflection paths. From these
results, we can see the effect of the signal distortion
from each model. This multi-rays UWB channel mod-
eling can be applied to use for the ray-splitting or ray
tracing technique.
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