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Abstract: This paper presents the results of an
investigation into the effect of using co-axial cables in
ultra-wideband off-body radio channel characterisation
and performance evaluation for wearable antennas.
Experiments were carefully designed to faithfully
compare the use of a co-axial feed cable for a wearable
antenna versus an optic fibre feed, and thus report on any
errors introduced into the measurements due to the use
of such reflective cabling. Detailed results are presented
for a range of body-centric antenna positions for
stationary measurements and general observations for
mobile tests are also introduced and discussed. Presented
results show that the use of co-axial cables has a marked
effect on the radio channel characterisation, affecting
received power, mean delay and delay spread results,
seen to greater extent in low reflection environments and
for non line of sight and highly shadowed
configurations. Co-axial cable-fed antenna tests yielded
greater received power than with an optic-fibre feed for a
user-stationary scenario in low reflection environments.
As either the line of sight component or the
measurement environment’s reflectivity was increased,
the difference between the two systems diminished. It
was also found that the use of a co-axial cable altered the
statistical fading channel model for mobile tests.
Introduction: Off-body communications for indoor
mobile communications are subjected to shadowing
effects and multipath fading due to time-varying radio
channel conditions [1]. Likewise, the presence of the
human body in wearable antenna applications can cause
antenna-body interaction effects, which can reduce
signal reliability [2]. Because it is envisaged that future
technologies will implement a number of wearable
communication devices [3] it is essential to understand
the radio propagation channel for particular frequencies
and situations by undertaking channel sounding. Such
investigations lead to the generation of mathematical
models for radio system developers to use in the design
and implementation of target radio systems.
Furthermore, these propagation studies can also serve as
practical means to characterise achievable wearable
antenna performance in a wide range of radio
environments.
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Presently, many researchers continue to characterise
a wide range of radio environments using metallic coaxial cables [4–14] and it is often the case that reflective
cables are routed around the human body [4], [6], [8],
[11], [15]. Various equipment arrangements may include
a remote Vector Network Analyser (VNA) and long
cables to the test subject [4], [16–19]; portable systems
with the signal generator placed in a backpack and
cables routed to feed a body-mounted antenna [20],[21],
or self-contained radio terminals (motes) positioned on
the user’s body [22–24]. All but the last arrangement
have the strong potential to distort channel
measurements by modifying the coupled antenna-body
radiation pattern, and by secondary reflection and
scattering of the launched radio signal, particularly in
non line of sight (NLOS) conditions [1]. Optic fibre-fed
antennas do not exhibit this effect because optic fibres
are non-reflective to UHF / SHF signals and thus it is
accepted that their use eliminates any electromagnetic
coupling effects and secondary reflections associated
with radiofrequency (RF) co-axial cables traversing the
user’s body.
It was hypothesised that such RF co-axial cables may
distort the radio multipath descriptive parameters. Power
levels and time dispersion characteristics of the power
delay profiles (PDP) can vary considerably within a
given environment primarily due to the mechanisms of
reflection, diffraction and scattering. These phenomena
distort the radio signal and generate multiple copies of
the launched signal (varying in power and phase) at the
receiver (Rx). However, should the metallic nature of the
measurement system’s cables add additional reflective
effects to the time dispersive characteristics, then errors
will inadvertently be introduced into the measurements.
This paper reports on a comparative study between
the use of RF co-axial cable and optic fibre to feed a
ultra-wideband (UWB) body-centric antenna at various
common positions on the user’s body. The UWB
antenna was used as the transmitter for an indoor offbody time-domain mobile channel sounding system. The
paper presents important findings on the measurement
errors introduced by using co-axial antenna cables in
channel sounding and recommends the practice of
utilising optical fibre cables for propagation channel

characterisation activities. While this work only
considered a short cable from the waist to the antenna, it
is speculated that the use of longer cables, for example in
VNA-based measurements, could have a more
pronounced effect. This work is timely as most
researchers currently practice the use of cabling for both
on-body [4–7], and off-body measurement campaigns
[8–15], [25]. Furthermore, the results are relevant to
related work on wearable antenna design and
performance characterisation.
Experimental Arrangements: The wearable channel
characterisation system consisted of an UWB source (3.1
– 6 GHz) positioned in a holster on the rear of the waist,
feeding a body-mounted vertically-polarized UWB
transmit antenna (launch power of –12 dBm) via either a
standard 1.5 m 50Ω RG142/U solid conductor co-axial
cable, or via an RF-over-fibre link (1550 nm 9/125
single mode, 0 dB gain). A frequency domain technique
was employed throughout to de-convolve the
measurement systems from the received signal.
Three environments were selected; a 54 m2 anechoic
chamber, a 5.8 m2 reverberation chamber, and a 42 m2
open-plan modern office. The anechoic and
reverberation chambers offer extremities in the multipath
radio channel, and the open office offers a typical and
commonly used indoor environment for radio channel
characterisation [26–29]. Tests were conducted for the
transmit antenna placed in three body locations; to the
left of the sternum of the chest; the left of centre on the
front of the waist; and on the left wrist (where a wrist
watch would be located). Tests were mostly stationary,
with some mobile measurements also conducted, with
received signal strength and signal propagation delay
statistics (with respect to the first detectable signal)
being recorded in each test. Antennas on the chest, waist
and the wrist are considered because these are popular
antenna locations for body-centric antenna research [7,
24, 30]. The antenna was held against the body in each
case using adjustable synthetic elastic cuffs to minimise
body-antenna separation during testing, as previously
utilised by [18].
Tests were either line of sight (LOS) or NLOS
depending on the orientation of the worn transmit
antenna with respect to the receive antenna, which was
wall mounted at a height of 2 m for each test to simulate
an access point. The test user was an adult male of mass
82 kg, height 1.78 m. To minimise spurious reflections,
all metallic objects such as belts, jewellery and coinage
were removed from the subject. To ensure the cable and
fibre measurements are faithfully comparable, the same
setup and methodologies were used throughout.
Wideband power was calculated using methods
previously published by [1, 31, 32], and mean excess
delay (tmean) and RMS delay spread (tRMS) were
calculated to provide a description of the temporal
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spread (time dispersion) of the radio channel [33, 34]. To
prevent noise from affecting calculated delay statistics, a
threshold was incorporated into the signal processing
software to give most accurate results for tmean and tRMS
values, as reported by [35].
Results and Discussion: The measured results showed
that the use of RF co-axial cables had a marked effect on
the radio channel characterisation, affecting received
power, mean delay and RMS delay spread, with the
effect seen to greater extent in low reflection
environments and for NLOS configurations. The
metallic co-axial cables act as secondary reflectors to the
launched RF signal and thus distort the observation of
the true radio propagation channel.
Stationary measurements All stationary measurements
were taken at a nominal Tx-Rx separation of 3.2 m and
all body-centric received powers were normalised with
respect to an isolated antenna measurement where the
antennas were at the same height and separation but the
user’s body was not present. For the stationary received
power measurements (Table 1) it was found that NLOS
received power values for the co-axial arrangement were
higher than for the similar fibre-optic arrangements in
the anechoic chamber and office (low/medium reflection
environments). This was true for all of the antenna
positions (chest, waist and wrist). The disparity between
the two systems is attributable to the presence of the
metallic co-axial cables reflecting or guiding some of the
transmitted RF energy towards the receive antenna.
Thus, the effects of body-shadowing were artificially
reduced in the co-axial set-up.
Larger differences between LOS-NLOS received
power values were also observed for the fibre-optic
system compared with the co-axial system for all three
antenna positions with-in low and medium reflective
environments, as the RF cable was reflecting the signal
towards the receiver in NLOS scenarios, thus artificially
increasing received power. The effect was also seen to a
lesser extent for LOS scenarios and barely discernable
for the highly reflective environment of the reverb
chamber as additional reflections from the RF cable were
relatively small compared to the reverberation
reflections.
For the NLOS RMS delay spread (tRMS)
measurements (Table 1) the anechoic and office
environments displayed large differences for the two
antenna feed arrangements, with the co-axial delay
spreads being considerably greater than those for the
optics. This was generally evident for all antenna
positions and was due to the co-axial cables introducing
additional signal reflections and scattering, thus
increasing the delays. Also, the majority of the NLOS
scenarios for the two low/medium reflection
environments highlighted the tmean values for the co-axial

system to be larger than the equivalent optical system.
No significant differences in tmean or tRMS values were
observed for direct LOS set-ups.

axial fed systems were described by the same
distribution (Weibull), however the parameters of these
distributions were significantly different.
Delay measurements from the anechoic chamber
show co-axial NLOS tmean and tRMS delays to be much
larger than optic fibre delays due to additional reflections
from the RF co-axial cabling in this low-reflection
environment. Similar results, albeit to a lesser
magnitude, are observed for the office. Again, the
propagation channel statistical distributions were
different for optical and co-axial fed antennas for both
anechoic and office NLOS tmean and tRMS measurements,
and for all reverberation measurements. NLOS scenarios
in the anechoic chamber represent the largest disparity
observed between the fibre-optic and co-axial system
measurements.

TABLE 1
SUMMARY OF MEASURED STATIONARY RESULTS

Analysis of azimuthal radiation patterns The azimuthal
radiation patterns for a chest-mounted antenna were
recorded for a co-axial fed antenna and an optic-fibre fed
antenna with a Tx-Rx separation of 2 m. The results
(Figure 1, normalised to the maximum received power
over both tests) clearly show that the co-axial cable
reduces the body-shadowing effects, as the metallic
cable helps to reflect some of the launched radio signal
into the shadowed areas. This would have the effect of
increasing received signal levels for NLOS scenarios
with respect to the cable measurements, as observed in
the stationary results presented earlier.
Dynamic measurements Dynamic tests were conducted
to investigate natural movements of the user (swinging
arms, torso movement, etc) and changing position of the
transmitting user terminal with respect to the fixed
receive terminal. Dynamic tests for both the anechoic
chamber and open office were conducted for a linear
path from 7 m to 2 m Tx-Rx LOS separation, with the
transmitter moving at 0.5 ms-1, and again for the return
journey (NLOS) using the same walking speed and path.
In the reverb chamber it was possible for both the Tx and
Rx to remain stationary and to use the movement of the
reflective stirrers (horizontal and vertical) on the
chamber’s walls in a preset manner using computer
control software to continuously alter the radio path [36].
Dynamic measurements were recorded for the chest
mounted antenna only for each of the three radio
environments and for both LOS and NLOS.
To mathematically describe the channel parameters,
for each scenario, the maximum likelihood (ML)
estimates of received UWB signal amplitude and delay
were calculated for a number of statistical distributions
and the Akaike information criterion (AIC) [37, 38] was
used to select the closest fitting distribution. For received
power in the anechoic and office environments, the
statistical distributions describing the propagation
channel were different for the optical fed and co-axial
fed antennas. In the reverb chamber both optical and co-
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Fig. 1: Normalised azimuthal received power pattern for both types of
antenna feed. Measured at 2 m separation.

Conclusions: In summary, a number of differences were
observed between the fibre-optic-fed antenna system
measurements and the co-axial-fed case. For most of the
antenna-body mounting points in stationary tests the coaxial cable system had greater received power than the
optical system for NLOS arrangements and low
reflection environments; this is due to the cable
providing a pseudo-direct path for the launched signal.

The same was found for the chest-mounted antennas in
the dynamic tests.
For stationary delay values, the co-axial system had
greater delay RMS delay spreads than the optical
equivalent system for NLOS and low reflection
environments which can be attributed to the reflective
metallic cable introducing additional scattering and
reflections to the propagation channel. This was
generally true for all antenna-body mounting points for
both stationary and dynamic tests. For dynamic tests, the
statistical model describing the distribution of tmean and
tRMS delay values for both system configurations were
different for NLOS scenarios in the anechoic, office and
reverberation environments. Overall, as the reflectivity
of the measurement environment increased, the effect of
the cables decreased, particularly for non-mobile
scenarios. This work presents strong evidence that the
use of RF co-axial cabling for off-body channel
sounding in the 3.1-6.0GHz band causes inaccurate
results to be recorded, introducing errors into the
measurement values. It is speculated that cabling may
also introduce errors for work at other frequencies and
bandwidths, for other topologies, pedestrian-rich
environments and for body area network measurements.
It is thus essential that further investigation into these
scenarios is required.
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