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Abstract: On-body communication channels are of increasing
interest as more and more wireless devices are wearable in
medical, military, and personal communication applications.
This paper presents an experimental investigation of the
dynamic feature of on-body channel due to the movement of
human body. Statistical analyses, including level crossing rate,
fading duration, and fading interval were conducted. Based on
the analyses, a three-state Fritchman model that considers the
channel dwelling time is proposed to describe the dynamic
characteristic of on-body channel. The channel is classified as
unstable good state, constant good state, and bad state. The
parameters of the Fritchman model are estimated from the
measured data.

Index terms: body area networks, on-body propagation,
channel characterization.

I. Introduction

With the miniaturization of computers, sensors and devices,
they can be worn on or attached to the human body for
applications in wide-range of fields, including defense,
medicine, healthcare and sports [1]. Wireless connections
between these devices are preferred for the ease of usage, and
the comfort and mobility of the users. One of the most
significant features of on-body channel is that the propagation
path between two points on the human body is not stationary.
Even when standing still, human body is subject to small
movements, such as from breathing. During normal activities
and sports, the movements become significant. Such
movements may also change the operation of antenna.

On-body propagation has been investigated by IEEE 802.15.4
and recently established IEEE wireless body area networks,
TG6. The considered frequency bands include industrial-
scientific-medical (ISM) band, ultra-wideband (UWB) band
and wireless medical telemetry (WMTS) band [2-8]. The
measurements were conducted in the anechoic chamber, office
and hospital. The on-body path-loss can be well described by
lognormal distribution, which exceeds the propagation in free
space. And the power delay profile can be described based on
the well-defined S-V model [9]. Significant channel fading was
found when the whole body or part of the body was in
movement, such as running and walking [3, 8].

The above works considered the on-body channel in term of
interference and multipath that combine with the transmitted
signal to produce a distorted waveform at receiver. The
wireless channel can also be described in a discrete manner
using finite-state Markov chain (FSMC). A generalized
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Gilbert-Elliott model partitions channel quality into a finite
number of intervals, each of which corresponds to one of state
of the channel [10-12]. The simplest Gilbert channel has two
states, which correspond to total absence of errors and error
occurrence with a defined probability, respectively [10, 11].
The Fritchman model was first introduced in 1967 [12]. For
binary channels, Fritchman’s framework divides the state
space into k good states and N-k bad states according to the
signal-to-noise ratio (SNR) at a receiver [13, 14]. The FSMC
has been successfully used to model the burst error behavior in
flat fading channels.

This paper focuses on modeling the dynamic characteristic of
wireless on-body channel induced by continuous human
movement. The remainder of the paper is organized as follows.
The measurement system and setup in the anechoic chamber
are described in section II. Section III presents the statistics for
the dynamic fading in the on-body channel. In section IV, a
three-state Fritchman model is proposed to capture the burst
behavior of the on-body channel. Finally section V provides
concluding remarks.

I1. On-body measurement setup

As shown in Fig. 1, the measurements were conducted in a
radio anechoic chamber where the multi-path from the
surrounding objects was negligible. The test subject was a man
in his early twenties whose height, chest and waist
measurements were 171.5cm, 89.5cm and 76.5cm respectively.
Figure 2 shows the antenna and measurement setup. The
transmit antenna Tx was fixed at a position around navel, and
there were 10 receive antenna Rx positions. The antenna used
(SkyCross™ SMT-3TO10M-A) was small meander line type
that covers wide frequency range between 3.1 to 10 GHz. The
antenna was mounted 3 cm above the body surface by formed
styrol. The antenna and RF cable were fastened by a belt to
minimize their movement during the movements by the
subject.

Real-time channel sounder from MEDAV was used for the
measurement to capture the dynamic channel behavior [15].
We used it as Single-Input Single-Output (SISO)
measurements. The test signal was a periodic 193-tone signal
with a center frequency of 4.5GHz and a bandwidth of 120
MHz, respectively. The frequency domain channel response
can be obtained in every 1ms. The sample rate is sufficient for
normal activities [8].

The measurements were conducted one by one at 10 Rx
positions. We conducted measurements for three scenarios:












separation distance in all scenarios. The antenna height thus
has no impact on the fading characteristic.

Traditionally, each FSMC state in the channel model
represents a range of received SNR, which in turn determines
the error probability of the state [10-15]. Example criterions
include bit or packet error rate, packet error distribution, packet
throughput, and fade duration [18]. The presented Fritchman
model also considered the channel dwell time as another
dimension. The -10dB threshold for path loss was selected
because it is one of the popular link margins in system design.
Because no bad channel lasts longer than 400ms, it was used as
the threshold to divide good channel into two states.

In this paper, we have investigated the dynamic characteristic
of the on-body wireless channel in an anechoic chamber. We
have measured the channel response at 10 antenna positions in
two dynamic scenarios: walking and standing up/down. The
statistical analysis for the relative path gain, including LCR,
fading duration, and fading interval are presented. The fading
feature induced by movement is position and action dependent.
Based on the statistical analysis, a three-state Fritchman model
has been proposed to describe the time-varying property of on-
body fading channel. The channel state is classified into
unstable good state, constant good state, and bad state
according to the dwelling time in different channel quality. The
parameters of the Fritchman model have been estimated from
the measured data.
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Table I Statistical parameters for the dynamic on-body channel (-10 dB threshold)

Positions Distance Walking Standing up/down
(mm) Relative path | Level Average duration (ms) | Relative path | Level Average duration (ms)
gain (dB) crossing Good Bad gain (dB) crossing Good Bad
(times) channels channels (times) channels channels
A right wrist 440 ~ 525 | -3.99+11.77 | 31 217.03 104.97 | 8.45+3.48 0 10,000 0
B: right-upper 360 4.45+2.50 0 10,000 0 6.30+5.67 16 423.33 11.88
arm
C: right ear 710 -4.15£2.47 60 159.03 1.65 -3.13+5.25 204 37.56 7.15
D: head 650 -3.54+3.21 37 67.64 2.78 -3.69+3.21 123 62.06 10.23
E: shoulder 310 -1.80+2.05 0 10,000 0 0.22+4.10 3 7 1
F: chest 230 3.64+2.47 0 10,000 0 5.08+6.41 17 572.56 14.12
G: right rib 183 -0.89+1.40 0 10,000 0 5.70+3.21 0 10,000 0
H: left waist 140 -1.50+0.98 0 10,000 0 -3.56+3.35 8 1105.25 | 51.88
I: right thigh 340 -2.69+2.65 9 750.35 1.89 -0.60+3.77 14 710.08 23.43
J: right ankle 815 ~940 | 0.94+3.70 18 574.12 10.5 -1.13+4.72 30 262.48 20.17
Table II Parameters of the 3-state Fritchman model for different thresholds
Threshold (dB) A ITo
-6 [0.961 0 0.0387 I, =[0.14 0.73 0.12]
A=| 0 0.9994  0.000590
10.0454  0.00331  0.951
-10 [0.9536 0 0.0464 7 | 11, =[0.054 0.90 0.044]
A=| 0 0.9996 0.000399
| 0.056 0.0075  0.936 |
-14 [0.922 0 0.0784 |1 | 1I1,=[0.016 0.96 0.02]
A= 0 0.9998 0.000183
10.0612 0.00722  0.932 |
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