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Abstract—Wireless body area networks (WBAN) are being in close proximity to a human body. For the case of generic
considered as one of the most suitable technologies for reteo jndoor and outdoor scenarios comprehensive studies of the
health monitoring. 1_'h|s technology has the po_tent|a| to incease ;B propagation channel have been already performed in
the quality of medical care as well as keeping under control .
the associated costs. Due to the complex shape of the humar €Nt years [3, 5, 6] Itis natura_l to expect that the channe
body and its different tissues it is expected that the propagtion ~characteristics for those cases will be different than theso
characteristics of the radio channel, when measured in cles found in WBAN scenarios due to the effect of the human
proximity of a human body, to be different than those found pody with its complex shape and different tissues, each with
in other scenarios. The work described in this papers aims to 5 jifferent permittivity [7]. UWB measurements around the
expand the knowledge of the ultra-wideband (UWB) channel in h bodv h b ied out b . h 8-
the frequency range of 3.1-10 GHz, for the case of WBANSs, unde 'UMman body have been carried out by various researchers [
static and dynamic scenarios. Two different type of antenngare 10]. Those experiments have been limited to scenarios that a
used, the SkyCross SMT-3TO10M-A and the P200 BroadSpée¢’. not likely to take place in medical applications, e.g. nuowsr
To minimize the_effects of th_e environment the measurements gntennas located around the whole body, antennas in close
were conducted in an anechoic chamber. contact to skin, etc. The main contribution of the work reépdr
in this paper are: (a) experimental measurements of the UWB
channel, in an anechoic chamber, with a static and dynamic

Advances in wireless technology have led to the developedy in situations more likely to take place in a medical
ment of wireless body area networks (WBAN) [1] where a sefpplication, and (b) study of the effect of using different
of communication devices are deployed in close proximity artypes of antennas, namely, the SkyCross SMT-3TO10M-A
around a human body. In medical applications these devicesd the P200 BroadSpE€¢ antennas. The scenarios under
are connected to sensors that can monitor vital signs suctcansideration include the radio links between sensor nodes
ECG and temperature as well as motion, greatly facilitatithemselves and between a sensor node to a control node or
what is generally known as wireless medical telemetry [2§ateway few meters from the body [3], e.g., on a wall or the
Using a WBAN it is possible to remotely monitor a patient'seiling as shown in Fig. 1.
health status minimizing the number of cables and devices
needed. The use of this technology has the potential to eeduc!!: CHANNEL MEASUREMENT SETUP AND SCENARIOS
the costs of health care by decreasing the need to hav@8he channel measurement system described in this paper
medical and technical staff physically close to patientalat consists of an HP Agilent 8720ES [11], a vector network an-
times. Among the several competing wireless technologiak/zer (VNA), SkyCross SMT-3TO10M-A antennas [12] and
Ultra-wideband (UWB) communications is a very promising®200 BroadSpéd! antennas [13], 5-m long SUCOFLEX
one for WBAN due to its particular characteristics [3, 4]RF cables [14] with 7.96 dB loss and a control computer
The monitoring of human vital signs and motions requiresith LabVIEW™ 7 software. As shown in Fig. 2, the P200
a relatively low data rate which in the case of UWB translat®roadSpet™ antenna is twice larger than the SkyCross SMT-
into very small transmitting power requirements, i.e.,den 3TO10M-A antenna. The SkyCross SMT-3TO10M-A antennas
battery life and less potential side effects caused by thed the P200 BroadSpEY antennas are azimuthally omni-
electromagnetic radiation. These are very desirable featudirectional with their radiation patterns as shown in [13-1
for devices that are going to be close to the body and med@uth SkyCross and BroadSpe¢ antennas are quite well
to be used for extended periods of time. To properly desigmatched with \oltage Standing Wave Radio (VSWR) : 1
and develop UWB devices for use in WBANSs it is necessagcross 3.6-9.1 GHz ané 1.5 : 1 through across 3.0-5.5
to know the characteristics of the radio propagation chbnr@Hz, respectively and radiation efficient. Both antennéersf
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Fig. 3. Antenna positions for the*t and the2"d sets of measurements.

Fig. 2.  SkyCross, SMT-3TO10M-A antenna (left) and BroadSpé
antennas (right).

a very linear phase response. The VNA is operated in a tnansfe
function measurement mode, where port 1 and port 2 are
the transmitting and the receiving ports, respectivelyisTh
corresponds to &5 -parameter measurement set-up, where the
device under test (DUT) is the radio channel. The frequency
band used in the measurements is from 3.1-10 GHz, which
is the entire frequency range of the antennas. Therefoee, th
bandwidthB is 6.9 GHz. The maximum number of frequency
points per sweepV/ is 1601, which can then be used to
calculate the maximum detectable delgy., of the channel

as Fig. 4. Each position of a walking cycle.
Tmax = (M —1)/B. Q)

Using (1), the maximum detectable delay,., of the channel

is 231 ns, which corresponds to 69.3 m in free space distance. t HGateway
Here we are interested in the first 20 ns, i.e., at most 6 m away
from the body. We have learned in [15-16] that the radio Imk i
significantly improved with a dielectric separation betwéiee
body and the antennas. This is also a more realistic situatio
in a medical application, i.e., there is no reason why the
antenna has to be very close to the skin. Therefore, a 1.2 cm
dielectric separation is used for all the experiments diesdr Ay
in this paper. The measurements setups are designed with
more realistic scenarios in mind. This means that the number ;
of antennas near the body is small. Also, only comfortable Ll m L L
locations on the body where to place the antennas are stlecte

The transmit (Tx) power is 1 mW (0 dBm), the same as th&y. 5. Antenna position for tha"? set of measurements when the subject is
Bluetooth class 3 radiation power. facing the Rx antenna. The rectangle and the circle représerRx antenna

: d the Tx antenna, tively.
The UWB channel measurement experiments were cof- ¢ ¢ amenna, Fespeciively

ducted in an anechoic chamber to minimize other effects
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Fig. 8. Average channel impulse responses for the subjeth#s an artificial
aortic valve implant. The Rx antenna is at the middle fronthaf torso and

the Tx antenna is at level 1 position 2 and 8.
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from the environment. Thé*' set of measurements (around
the body) were taken at two different levels of the torso, at
the chest level (level 1) and at the abdomen level (level 2)
as illustrated in Fig. 3. At each level, the Rx antenna (the
rectangle in the figure) was fixed at the middle front of the
torso and the Tx antenna (the circle in the figure) was placed
at various positions at distances of 10 cm. The measurements
for the subject who has a titanium alloy aortic valve implant
[15-16] was also taken to see whether both types of antennas
give the same type of results.

The 27¢ set of measurements study the radio link between
sensor nodes on the body shown as Al in Fig. 1. The Rx
antenna was at the middle front of the torso and the Tx
antenna was placed on the left hand wrist. These locatians ar
comfortable for most patients and they are possible plames f
antennas/transceivers connected to electrocardiogr@@G)E
sensors and a pulse oximeter. With the equipment used ia thes
experiments a single frequency domain measurement in the
3.1-10 GHz band takes several second. A real-time measure-
ment of the radio channel fluctuations due to a body in motion
is then not technically feasible. Instead, a pseudo-dyoami
measurement method was applied, where each position in a
walking cycle shown in Fig. 4 was kept still for the whole
measurement period (e.g. 100 snapshots per position), asd w
modified according to the walking cycle.

Fig. 5 shows the positions of th&? set of measurements,
where the Tx antenna was at the left-side of the waist. The
subject was facing the Rx antenna placed on a 2-m high wall.
This emulates the channel link A2 in Fig. 1. A pseudo-dynamic
measurement covering a walking cycle was again applied for
this set of measurements.

IIl. RESULTSANALYSIS

One hundred individual realizations of the channel impulse
responses were measured and averaged for each position.
Since the energy of these responses close to the human body
decays rapidly we focus only on the first 20 ns of each channel
impulse response. Figs. 6 and 7 show the average channel
impulse responses for thé' set, level 1 comparing both types
of antennas, when the antennas are directly attached to the
clothes and when there is a dielectric separation betwesn th
body and the antenna, respectively. As it can be seen, the
results from both antennas have the same trend. However, for
the SkyCross antennas the first peaks of the channel impulse
responses arrive earlier. The explanation is that the Skg<Cr
antennas have a higher gain between them than the P200
BroadSpeéM antennas according to their antenna patterns
[13, 14]. Moreover, the SkyCross antenna has a good matching
property (VSWR mentioned before) through a larger freqyenc
range than the one of the P200 BroadSpéantenna. The
average channel impulse response of the subject with an
aortic valve implant drops off more quickly for both types
of antennas cases as illustrated in Fig 8. Figs. 9 (a) and (b)
show the average of the magnitude of the channel impulse
responses for each position in a walking cycle in #ié set
comparing both types of antennas. It can be seen that the arm



TABLE |

RMS DELAY SPREADTRMS AND AMPLITUDE DISTRIBUTION OF THE MEASUREMENTS COMPARING WO TYPES OF ANTENNAS

Measurement scenario RMS delay spread Amplitude distribution
Mean [ns]| Std [ns] | Delay bin 1| Delay bin 5
Set 1: position 2, SkyCross 0.0870 0.0559 | log-normal | log-normal
position 2, BroadSpéd” 0.1863 0.0670 | log-normal | log-normal
position 3, SkyCross 0.2071 0.0570 | log-normal | log-normal
position 3, BroadSpéd” 0.4197 0.0670 | log-normal | log-normal
Set 2: Rx at the middle front of the torso
static: Tx at the left wrist, SkyCross 0.2087 0.0559 | log-normal | log-normal
pseudo-dynamic: Tx at the left wrist, SkyCross 0.1371 0.0670 | Weibull Weibull
static: Tx at the left wrist, BroadSpet! 1.5992 0.5485 | log-normal | log-normal
pseudo-dynamic: Tx at the left wrist, BroadSP&t | 0.8782 0.7299 | Weibull Weibull
Set 3: Tx at the left waist
static: facing Rx, SkyCross 0.0839 0.0086 | log-normal | log-normal
pseudo-dynamic: facing Rx, SkyCross 0.0998 0.0301 | Weibull log-normal
static: facing Rx, BroadSpeéé! 0.0896 0.0092 | log-normal | log-normal
pseudo-dynamic: facing Rx, BroadSpet 0.1008 0.0233 | Weibull log-normal
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each position in a walking cycle in th#'d set: (a) SkyCross SMT-3TO10M-
Fig. 9. Magnltude of the channel impulse responses for easitign in a A antennas and (b) P200 BroadSpét antennas.
walking cycle in the2"d set: (a) SkyCross SMT-3TO10M-A antennas and
(b) P200 BroadSpéd”! antennas.

of the body is shown in position six, where the left hand
movement during a walking cycle has a significant impact anoves to the lowermost location. The results from both types
the radio link between the Tx antenna on the left wrist and tloé antennas are similar. Figs. 10 and 11 show the delay and the
Rx antenna at the middle front of the torso. For instance whamplitude of the most prominent peak of the impulse response
the left hand moves to the uppermost in the position three, turing a walking cycle, respectively. Again, the shortelagie
strongest path arrives earlier than in the other positiams dof the channel impulse responses can be observed when using
to the shorter distance between both antennas. There are #ie SkyCross antennas. The variability in amplitude andydel
more significant paths due to the reflection of the wave oifitignored, can cause degradation in the performance of the
of the arm and the shoulder. The shadowing due to blockingedium access control (MAC) layer. Moreover, this variapil
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Fig. 11. Amplitude of the most prominent peak of the impulsgponses for
each position in a walking cycle in tid set: (a) SkyCross SMT-3TO10M-A
antennas and (b) P200 BroadSpPet antennas.

IV. CONCLUSIONS

We have conducted a series of UWB WBAN measurements
in the frequency range of 3.1-10 GHz comparing two different
types of antennas: the SkyCross SMT-3TO10M-A and the
P200 BroadSpéd! antennas. The results for both types of
antennas have a similar trend. Nonetheless, the SkyCross
antennas are more attractive in WBAN applications because
of their smaller size, the shorter delays of their impulse
responses and a very good matching in a larger range in the
UWB frequency band. The body motion effects were also
investigated. If ignored, the fluctuations of the radio ciela
under such dynamic situations can cause severe performance
problems in system design. A pseudo-dynamic measurement
method was applied since a real-time measurement of the
radio channel fluctuations due to the body movement is not
technically feasible over a frequency band of several GHz.
We can see the Weibull distribution is the most appropriate
distribution for most cases in the pseudo-dynamic sitnatio
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