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Abstract

This paper presents WBAN antenna diversity schemes which can combat multipath attenuation,
and the effect that proximity of the human body has in wearable antenna links. Two UWB antennas
with spatial and polarization diversity were studied and performed to be used in these types of body
applications, evaluating the S-parameters of the antenna and its diversity gain. After the studies,
a new MS UWB antenna with polarization diversity has been designed. The antenna matching is
studied in free space and body proximity. For that, two models of human arm, with flat and eliptical
cross sections, have been created and simulated.It was shown that the antenna obtained a 10dB
diversity gain, detuned in the presence of the human body as expected. However, the changes in the
S-parameters caused by the proximity of the human body revealed no major differences in the final
diversity gain.

Keywords: Wireless-body area network, Ultra-Wide band antenna, spatial diversity, polariza-
tion diversity, diversity gain.

1. Introduction

The interest in wireless body-area-network anten-
nas (WBAN) grew significantly for various appli-
cations such as health systems, monitoring sports,
personal entertainment, and military service [1,2,3].
This technology uses the human body as a sup-
port environment for the communication devices in
the body. These networks can operate in proximity
(off-body), on (on-body) or inside the human body
(in-body), which affects antenna performance. In
WBAN communications, antenna represents a ma-
jor factor for the quality of the connection once the
human body proximity can modify certain charac-
teristics such as its input impedance, the radiation
patterns / polarization and its efficiency[4].

Ultra-wide-band (UWB) technology has emerged
as a great solution for WBAN as it offers signal
transmissions with low noise, robustness against
multipath propagation and data transmissions with
high rates across short distances [6,7].On the other
hand antenna diversity appeared as a technique to
address the possible fading that may occur with the
human body proximity since it can significantly in-
crease the channel capacity resulting in more reli-
able communication [8].

In this study we present a new UWB diversity
antenna that has good features for applications in
BAN. This paper investigated the influence of diver-
sity techniques in diversity gain of UWB systems in

free space and in the presence of a human body. We
intend to explore two types of diversity antennas to
combat possible signal fades: spatial diversity and
polarization diversity.To study the vicinity of the
human body are performed two possible models of
a human arm (flat and elliptical). These models
include human tissue layers that have been charac-
terized in the band of interest [9]. The results were
compared to S-parameters, correlation coeficients
and diversity gain measurements with the antenna
placed near a human user.

2. Antenna design and performance

In this section two MS UWB antennas following
the general approach published in [10] are proposed
for applications which require diversity. Using the
CST Microwave Studio for the sizing of the anten-
nas, the schemetic of the polarization and spatial
diversity antenna are shown in Fig. 1 (a)(b) respec-
tively. Both antennas are constituted by two ring-
monopoles printed in a low loss substrate RO3003
with a 0.75 mm thick substrate which has a relative
permittivity of 3.00 and a loss tangent of 0.0013.
Both branch of the antena are fed by a microstrip
line of 50 Ohm. The sized antennas have a relatively
large size, about 68mmx34mm in order to obtain
a lowest mutual coupling value since it achieves a
greater spacing branches.
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Figure 1: Geometry and dimensions(mm) of polar-
ization (a) and spatial (b) diversity antenna.

The simulated S-parameters of the two anten-
nas are show in Fig. 2 and Fig. 3. Both an-
tennas are adapted in almost all operating band
(|S11|, |S22|) < −10dB. However, the isolation of
the two branches for spatial diversity antenna is
weak, since (|S11| ' |S12|). To adress this prob-
lem, it was added a filter based on [10,11] between
the two branches of the antenna. It was also nec-
essary to create a structure with antennas fed by a
Coplanar Waveguide guide (CPW) for the filter to
be positioned in contact with the ground, placing it
in the top of the antenna. The Fig. 4 shows the new
structures of the spatial diversity antenna and the
S-parameters results. This results show that with
the filter addition, the isolation of the antenna in-
creases significantly, reaching some frequency band
magnitudes of -30dB, proving to be a better solu-
tion.

Figure 2: S-parameters simulated of polarization
diversity antenna.

Figure 3: S-parameters simulated of spatial diver-
sity antenna.

Figure 4: Geometry of the new spatial diver-
sity antenna (a); antenna filter (b); simulated s-
parameters of spatial diversity antenna with filter.

2.1. S-Parameters

After this study it was decided to perform only
the prototype of the polarization diversity antenna
structure for laboratory measurements, since it
showed the best results. The fabricated prototype
is shown in Fig. 5 and it was measured with an
Agilent vector network analyser. The reflection co-
efficient and mutual coupling of proposed antenna is
shown in Fig. 6. It is noticeable that the reflection
coefficient remains below of -10dB in all frequency
band, with the exception of the band between the
7-9GHz . There are some deviations attributed to
such factors as imperfections in the solder joints
that connect the SMA connector to the antenna
feed line, imperfections in the manufacturing of the
antenna and the current induction in the power ca-
ble which cause extra resonances in measured pa-
rameters of the antennas
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Figure 5: Built antenna prototype.

Figure 6: Comparison between the S-Parameters
simulated and measured; (a) |S11|; (b) |S21|; (c)
|S22|.

2.2. Correlation Coefficient

By exploring diversity of systems is important to
evaluate the degree of correlation between the sig-
nals in the ports of antennas as it is directly related
to the diversity gain. The received signals in di-
versity scheme must be as independent as possible,
this independence may be viewed in terms of a low
correlation, ideally zero. Through the experimen-
tally S-parameters measured, the correlation of the
signals from the antenna presented in this section
was performed based on (1) and is shown in Fig. 8,
along with the correlation made by simulation.

pe =
|S11S12 + S21S22|2

(1− (|S11|2 + |S21|2))(1− (|S22|2 + |S12|2))
(1)

Figure 7: Comparison between the measured and
simulated Correlation degree.

2.3. Diversity gain
This section investigated the diversity gain influ-
enced by the diversity polarization. When a new
antenna structure is designed for this type of di-
versity, it is intended to contribute to a significant
improvement in the SNR required by the diversity
antennas by adding an extra gain to the signal. The
apparent diversity gain was calculated from the ex-
perimentally measured S-parameters using the for-
mula in (2).

Gainapparent = 10log(
√

1− |pe|) (2)

In Fig. 8 is shown a comparison of the appar-
ent diversity gain between measured and simulated
results. Despite apparent diversity gain measured
presenting lower values in the 5GHz frequency, this
value is not significant since it is lower 0.05dB, there
has been no practical influence to the average to-
tal gain. As both gains stand at about 10dB, it is
proved that the simulated values of reflection co-
efficients and mutual coupling are similar to those
obtained experimentally.

Figure 8: Comparison between the measured and
simulated apparent diveristy gain.

3. Antenna in proximity to the human body
To design BAN systems it is extremely important
predict its behavior in the natural operation of the
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system, i.e. near the human body. The proposed
models are used to replace the complexity of the hu-
man anatomy by simple and fairly accurate models
that can be used to estimate the antenna’s behavior
in the presence of the human body. The two simula-
tion models of an human arm used in the simulation
are present in Fig 9a( flat model) and Fig. 9b (el-
liptical model) (Fig. 4b). The antenna was placed
on top of both models at a distance of 5mm.

Figure 9: The human limb models used for the sim-
ulation: (a) Elliptical Model; (b) Flat Model.

3.1. S-Parameters

To recreate this simulation scenario, antenna tests
in the presence of a human arm were performed in
laboratory. Fig. 10 shown the tests performed in
laboratory by a volunteer.

Figure 10: Laboratory Measurement of the antenna
near the human arm.

The reflection coefficient and mutual coupling of
the proposed antenna in proximity of human body
is shown in Fig. 11 along with the two simulation
models of the human arm. The magnitudes of the S-
parameters measured in the laboratory are similar
to the magnitude obtained by the simulation of the
two models, following the simulated curves, with no
very marked differences.

Figure 11: Comparison between the simulated S-
parameters of the antenna (two models of human
arm) and Measured near the human arm.

3.2. Correlation Coefficients

In this subsection were compared the correlation
degree of the antenna signals in proximity of the
human arm through the S-parameters measured ex-
perimentally.

Figure 12: Comparison between the simulated and
the measured correlation degree of the antenna near
the human arm.
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To this end, the correlation degrees between the
measured S-parameters and the two simulated mod-
els were compared to find the similarity degree be-
tween them. Fig. 12 shows the results of the corre-
lation degrees.

3.3. Diversity Gain

In order to compare the diversity gain of the ex-
perimental antenna measurements in proximity to
the human arm, Fig. 13 shows the diversity gain
between the simulated models and the experimen-
tal measurements of the antenna near the human
arm. The results of diversity gain were very simi-
lar between the three situations tested, with aver-
age values of 10dB and minimum values located in
9.98dB.

Figure 13: Comparison between the simulated and
the measured correlation degree of the antenna near
the human arm.

4. Conclusions

In this paper were presented systems with UWB
diversity antennas to operate on-body. Were ini-
cially designed two MS antennas with two different
types of diversity (polarization and spatial) in order
to contribute to the communications improvement
which suffering signal fading. After some tests be-
ing performed by simulation, it was added a filter
based on [10,11] which improved the isolation be-
tween signals in the antenna ports. It was shown
that the antenna which presented the best results
in terms of isolation, correlation coefficients and di-
versity gain was the polarization diversity antenna,
this antenna was designed for laboratory tests in
free space and in the presence of the human arm.
The free space tests of the antenna showed good re-
sults, with mutual coupling always less than -20dB,
correlation coefficients about of -83dB, and appar-
ent diversity gain of 10dB.

The simulation results of the antenna tests in the
presence of the two human arm models(flat and el-
liptical) were compared with the laboratory results.
It was shown that the results were similiar to the
obtained by simulation with slight differences in the
magnitude of reflection coefficients. It was proved
that the signals on antenna ports have a high degree
of correlation with values always lower than -50dB.

It was also proved the similarity of the antenna di-
versity gain near the human arm, compared to the
free space antenna tests, with values around 10dB.
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