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Design of an UWB antenna and impact of the
resulting pulse shape on the communication

capacity
Dorin Panaitopol, Jocelyn Fiorina, Antoine Diet, Nicolas Ribiere-Tharaud

Abstract—This paper presents the impact of the antenna
design over the capacity of a IR-UWB system in a Multi-User
Interference environment. A new antenna design is proposed and
it is showed using a new performance criterion that for this
design, the communication capacity given by the Sholtz’s pulse
[13] might be reached using some other types of pulses.

Index Terms—IR-UWB, Kurtosis, Capacity, Antenna

I. INTRODUCTION

W IRELESS communications systems have, for some
years now, focused on the concept of a spread spectrum

technique known as Ultra Wide Band. From an antenna point
of view, the Ultra Wide Band (UWB) concept covers today
three major types of applications [1]:

i) Applications such as Ground Penetrating Radars (GPR,
1MHz to 10 GHz),

ii) Multi-narrowband applications such as signal intelligence
and detection,

iii) Modern UWB operating in a 3.1 to 10.6 GHz frequency
band.

Impulse Radio UWB, where very low power pulses are
transmitted, is meant to be used for ad-hoc sensor networks
with high density of users where multi-user interferences may
be heavy. Antennas dedicated to such applications are not
supposed to be multi-harmonics but they are required to be
really non-dispersive and wideband, as illustrated on Figure
1. Furthermore, phase transfer response must be linear with
respect to frequency and ideally for any direction of emission.
A performance criterion we propose to investigate is also the
impact of the impulse shape created by the antenna on the
multi-user interferences. Depending on the pulse shape, the
interference may not have a Gaussian distribution and the
distribution form affect the capacity of the communication
link.

II. AN ANTENNA FOR IR-UWB

UWB antennas history begins with the work of Maxwell
followed by Bose, Marconi, Amstrong and Carter with bi-
conical 3D antennas. It goes on with horns and spherical fat
structures with interesting wideband properties (Lindenbald,
Schelkunoff, Friis, Kings and Kraus). In 1940, arguing that
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Figure 1. Definition of wideband antenna (a) and frequency variation of
main lobe (b)

the stored reactive energy is reduced in bulbous antenna due to
smaller current concentration in thick structures, Kings claims
that “fatter is better” for the design of such antennas [2].
Then, a lot of work has been done on volumetric curve based
or tapered antenna (Schekulnoff, Friis, Marié and Stöhr). A
great contribution, concerning the frequency independence of
some structures (based only on angles), has been added by
Rumsey. This was the introduction of spiral and log-periodic
antennas, although the latter are dispersive due to phase centre
translation in frequency. Nowadays, modern UWB antennas
have to account for several considerations: matching properties
(which leads to tapered profiles), minimum reactive power and
hence resonance (which leads to thick or bulbous structures),
low cost and small size (which leads to printed antennas).
Several technologies, already proposed for lower frequency
band applications can be used to realize wideband antennas.
Interesting states of the art about the latter are given in [3], [4],
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[5]. The most important constraint is to build a non-resonant
structure, which generally implies wide bent surfaces of con-
ductor printed on substrates. Traveling wave structures are also
preferred because they allow avoiding geometric resonances.
Considering practical realization requirements (size and cost),
the printed antenna is very popular for UWB. The geometry is
first designed for a wide radiation pattern and, then, optimized
for frequency matching. It seems that thick printed structures
offer the wideband behavior necessary for UWB in a first step,
bent shapes being chosen to radiate with large beam-width.
In [6], the author suggests to take care about the free space
attenuation applied in a wideband signal transmission arguing
about the complementarity between constant aperture and
constant gain antenna. Also the shape of the radiation pattern
(DDR) has to be conserved in function of the frequency, and
in function of the polarization at the same time, to avoid an
amplitude compression effect, see Figure 1. The dispersion
that can be observed on radiated pulses reveals the antenna
time behavior. Integration and production of UWB mobile
transceivers imply an additional task that consists in building
a minimum-size low-cost antenna. These considerations lead
to avoid volumetric structures (i.e., bi-conical, 3D monopoles
or horns). However studying the latter as possible UWB
antennas is essential to find design rules for other technologies.
Micro-strip antenna shapes, for example, are often inspired
by projection of 3D existing antennas [1], [2]. Applying the
consideration developed above, we focused on a modified
simple monopole in order to minimize the dispersion. The
ground plane was opened to enable a bi-directional radiation
pattern in a first step although for UWB monopole it would
be interesting to design a ground plane around the area of
the radiating part as in [7] and [8] but this has the penalty
of narrowing the bandwidth. Herein, the return loss criterion
was preferred and the design antenna present characteristics of
Figure 2, where the radiation pattern is shown for 3 frequencies
in the UWB band.

The main lob is slightly moving in function of the frequency.
This will undesirably distort any pulse shape transmitted by
the antenna. A radio link is simulated between two antennas
at 1 meter, to compare with the antenna surface: 7x7 cm2.
Results of the propagation link transfer function (or S21) are
shown on Figure 3. The important variation of the magnitude
is due to the free space path losses (FSPL) combined with
main lobe frequency dependence discussed above and shown
in Figure 2. The phase of S21 in function of the frequency was
not reported on Figure 3 but was simulated to be linear, as it is
often expected for small symmetrical UWB dipole (the phase
centre trajectory is very small compared to the distance in far-
field hypothesis) [5]. Now this transfer function, S21, can be
used to characterise the modification of UWB pulses in our
communication system. Other types of UWB antenna with a
best control of the DDR, keeping the 3-10 GHz bandwidth
and phase linearity, will be studied and designed at Supelec
for the characterisation antenna deformation on UWB pulses.

(a) (b)

(c) (d)

Figure 2. The antenna designed (a), the radiation pattern (b),(c),(d) and the
configuration of the transfer

III. SIGNAL PROCESSING

We consider an Impulse Radio Time-Hopping Pulse Am-
plitude Modulation (binary IR-TH-PAM) UWB system [9];
the time is divided in frames, each frame is divided in Nh
slots with Tc being the duration of a slot and an user send
one impulse per frame in a slot position given by a pseudo-
random time-hopping code. We note w(t) the received pulse
after the receiver antenna. We are interested in the effect of
Multi-User Interferences, so we consider that the receiver is
synchronized with user 1 (transmitter 1) and there are Nu− 1
interfering users which are not synchronized with user 1. It is
known [9], [10], [11] that the MUI in IR-TH are not Gaussian.
After the correlation part of the receiver for each impulse of
the received signal, it has be shown [12] that the MUI may be
well fitted by a Generalized Gaussian which has the following
probability density function:

p(x) = c1(β)√
α2 exp

(
−c2(β)

∣∣∣ x√
σ2

∣∣∣ 2
1+β
)

(1)

with c1(β) and c2(β) functions of β.

When β 6= 0 the Generalized Gaussian is not a classical
Gaussian. In a communication system where the interference
has a Generalized Gaussian distribution, the capacity (max-
imum achievable rate) depends on the parameter β of the
Generalized Gaussian [11]. The parameter β is linked to the
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Figure 3. Return loss (a) and link transfer coefficient (b) at 1m

kurtosis k of the MUI as we can see in the Figure 4, where
is graphically represented the dependence k(β).
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Figure 4. Kurtosis(β)

It is known that for a random variable x, the kurtosis is
k =

E[x4]
E[x2]2

−3. Based on this relationship, in [11] is given the
equation linking the parameters of the signal to the kurtosis
of the MUI:

k = [(Nu−1)Nhm4(w)+6
(Nu−1)(Nu−2)

2 m2
2(w)]

[(Nu−1)m2(w)]2
− 3 (2)

with

m4(w) = 1
Tc

∫∞
−∞ γw(z)4dz (3)

m2(w) = 1
Tc

∫∞
−∞ γw(z)2dz (4)

γw(z) =
∫∞
−∞ w(t+ z)w(t)dt (5)

One can see that the kurtosis of the MUI depends not only
on Nu, Nh and Tc but also on the shape w(t) of the received
impulse. So, the coefficient β of the Generalized Gaussian
probability density function depends on the shape w(t) and
as a consequence the capacity of the communication system
depends also on w(t). The detail of the computation of the
capacity in function of the coefficient β is given in [11]. By
following this analysis we have compared the capacity of IR-
TH-PAM UWB systems using different pulse shapes at the
output of the receiving antenna. This gives a new performance
criterion of the pulse created through the antenna. The first
pulse used is the pulse corresponding to the dirac impulse
response of our antennas. Such a pulse has at the output of
the received antenna a -10dB bandwidth of 4 GHz. The second
pulse used is the classical Scholtz pulses used in many UWB
studies [14], it is the second derivative of a Gaussian pulse. We
have chosen the characteristics parameter of this Scholtz pulse
to be such as having the same -10dB bandwidth as our first
pulse (4 GHz). The third pulsed used is the response of our
antennas to a rectangle impulse input (100 ps square) which is
easy to create with an impulse generator. Due to the transfer
function of our antennas the received impulse has a bandwidth
of 3.7 GHz. Thus we have consider a four impulse: the Sholtz
impulse having a -10dB bandwidth of 3.7 GHz. Table 1 shows
the performance of the communication with perfect power
control [11] in term of achievable capacity (in bits per channel
use which is bound by 1 bit/channel use for binary PAM) for
some values of the parameters Nu and Nh with Tc = 0.25ns.
We can see that the performance of Scholtz’s pulse is reached
by the pulse created by our antennas. Moreover, as expected
when the -10dB bandwidth is larger, the capacity is better
because the pulse is narrower leading to a more impulsiveness
interference so a less Gaussian interference (which is the worst
interference case [11]).

IV. RESULTS

As in [11], for the simulations we have considered two
possible scenarios: perfect power control and lack of power
control, with the same network parameters and user distribu-
tion.

Table I
CAPACITY IN TERM OF BITS/CHANNEL USE FOR VARIOUS RECEIVED

PULSE SHAPES - PERFECT POWER CONTROL, NU=100

Received pulse shape Nh=100 Nh=250
Dirac response of our antennas 0.713 b/ch.u. 0.911 b/ch.u.

Scholtz pulse 4GHz -10dB bandwidth 0.653 b/ch.u. 0.880 b/ch.u.
Resp. of antennas to a 100ps sq. pulse 0.616 b/ch.u. 0.863 b/ch.u.
Scholtz pulse 3.7GHz -10dB bandwidth 0.630 b/ch.u. 0.867 b/ch.u.

By comparison with the second table, we could observe
that the capacity is decreasing for the lack of power control
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scenario and also the capacity gap between the considered
cases modifies.

Table II
CAPACITY IN TERM OF BITS/CHANNEL USE FOR VARIOUS RECEIVED

PULSE SHAPES - LACK OF POWER CONTROL, NU=100

Received pulse shape Nh=100 Nh=250
Dirac response of our antennas 0.239 b/ch.u. 0.509 b/ch.u.

Scholtz pulse 4GHz -10dB bandwidth 0.207 b/ch.u. 0.465 b/ch.u.
Resp. of antennas to a 100ps sq. pulse 0.177 b/ch.u. 0.421 b/ch.u.
Scholtz pulse 3.7GHz -10dB bandwidth 0.190 b/ch.u 0.443 b/ch.u.

In Figure 5 we have compared the dirac response of our
antennas (a) and the response of the antennas to a square
pulse (b) with the Scholtz’s pulse. As one can see, each
figure contains the Capacity as a function of SIR and β for
each type of considered response. The evaluation has been
done in 5 points - denoted on the graph with 1,2,3,4 an 5
respectively and corresponding to the next pairs (Nh,Nu):
(Nh=100,Nu=100); (Nh=250,Nu=100); (Nh=500,Nu=100);
(Nh=500,Nu=50); (Nh=1000,Nu=50).

−10

0

10

20

30

−1
0

1
2

3
4

50

0.2

0.4

0.6

0.8

1

SIRBeta

C
ap

ac
ity

Perfect Power Control

Lack of Power Control

(a)

−10

0

10

20

30

−1
0

1
2

3
4

50

0.2

0.4

0.6

0.8

1

SIRBeta

C
ap

ac
ity

Perfect Power ControlLack of Power Control

4

1

3

5

2

(b)

Figure 5. Capacity(SIR,β) with (a) Dirac response of antennas ’4’ vs.
Sholtz’s pulse ’∇’ and (b) Response of antennas to a square pulse ’�’vs.
Sholtz’s pulse ’∇’

Last but not least, we have reached the conclusion that the
response of the antennas to a square signal of 70ps is the
perfect equivalent in terms of capacity to the Sholtz’s pulse
with the same bandwidth at -10dB (3.84GHz, corresponding
to a pulse of 306ns).

V. CONCLUSIONS

We have developed an Ultra Wide Band antenna and
proposed a new performance criterion: the communication
capacity (achievable bit rate) in presence of the MUI modeled
by the pulse shape fashioned by the antenna. The development
of this study should lead to the investigation of more UWB
antennas and pulse shapes optimizations.
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