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ABSTRACT

In wireless body area networks , on-body radio propagation channels are typically time-
varying, because of the frequent body movements , the one case of human body state is
statically case when the body is stand up with its hand along the body , the model taking into
account the places of nodes as its shown in this paper, the channel characteristics for statistical
one case which may birthing can effect on the design ,four channel model line of sight and one
sensor (antenna ) put on back which make the channel as non — light of sight .the destine
between transmitter and receiver make a very important rule because the path loss dependent
on it directly, the system design is many transmitter and one receiver (Master and Slave ) node,
single input multi output channel design (SIMO).

Keywords: on-body communication, channel model, statistical channel, path loss and
power delay profile.

1. INTRODUCTION

For a Body Area Network (BAN) channel model, it is required to determine the
electromagnetic field at each point on the body, for a given position of the transmitter on the
body, this is a big problem numerically, Therefore, it is desirable to drive an analytical
expression which  performs this objective resolving this problem means solving the
Maxwell’s equations for each point of the body [1]. Wireless Body Area Networks (WBAN)
consist of a number of units placed inside or in proximity of the human body (such as in
everyday clothing), and are a natural progression of the WPAN concept [2]. Also known as IEEE
802.15.6, WBAN is a low-frequency technology intended to endow a future generation of short-
range electronics for exchanging information [3] [4]. This paper takes in hand the study one of
the body communication (on—body), the channel characterization in the statistical case of
human body ,this is will do for standing where two hands along the body, the Characterization
of the Radio Channel in On-Body Communication[5].
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The study of statistical channel characteristics like power delay profile, RMS delay spreads,
coherence bandwidth and time coherence are performed. Many UWB components and systems
are already in the testing and demonstration phases, with actual release dates for final
consumer products expected in early 2005. Intel Corporation is working with the industry to
enable this exciting technology and help ensure its success. On-body area ultra wideband
(UWB) communication is of high importance for promising new biomedical applications [6,7].
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Fig (1) Block diagram representing the radio channel

By taking a single-input, single-output system Fig (1), in which an input signal x(t) is
introduced, causing an output signal y(t) to come out. Common assumptions for
the system are to be linear and time-invariant, but the ability to release these
constraints in the following. Inside the system, some noise could be generated,
and added to the “deterministic” part of the output signal. Usually this noise s
assumed to be white Gaussian noise, completely uncorrelated with the input signal
[8].

A convenient characterization of multi-path propagation, In this model, the time axis
is divided into small time intervals called ”bins”. The received power is integrated within
each bin to obtain the energy received as function of the excess delay [9,10]. The statistics
of the Saleh-Valenzuela model and using the measured Bicone NLOS  channel parameters for
different case. Specifically the examine of the cumulative distribution function CDF of the
mean excess delay, RMS delay spread and the number of paths for the artificial channel [11].

The power delay profile gives information about the delay which a transmitted signal
experiences in multipath internment, the PDP is often empirically mo deled by an exponentially
decaying [12]. The calculation of the PDP starts from a ray optical point of view. In fig (2), if
the positions R, of the receiver and Ty, of the transmitter are given, the locations of the radiating
virtual sources can be calculated using the method of images each virtual source is supposed
to transmit at zero delay a Dirac pulse at a carrier frequency f. ; the pulse needs a delay time
until it reaches the receiver [13].
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Fig (2) path loss model for standing case

For .. Ry = directional antenna , T, = Omni-directional antenna ,the fig ( 3) shows the
principle work of line of sight channel model on body taking account the other obstacles [14].

Tx

Fig (3) The principle line of sight on body channel (LOS)

2. EXPERIMENTATION

2.1 Multipath Channel Model

In wireless communications, the multipath propagation phenomenon is when the
transmitted signal travels along many different paths to reach the receiver. The presence of
multiple paths between transmitter and receiver introduces complexity in the channel
modeling [15]. The complexity depends on the distribution of the multipath intensity, relative
propagation time of the waves and the bandwidth of transmitted signal. Therefore the time —
varying properties of the channel must be taken into account in the channel model. The
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presented of a body area UWB multipath channel model based on the classical Saleh -
Valenzuela model[16] [17] .

The impulse response model is a convenient model to characterize the multipath channel
and any deterministic impulse response can be represented by discrete tapped delay line model

as long as the system is band limited.
The Saleh-Valenzuela model can be represented as:
L-1k-1
h(t); = X Z ah 6(t—Ti—1i,)

=0 k=0
Where a,icll represents the multipath gain coefficients, Tki,l represents the delay of the

" path, T}, represents the delay k*" multipath component relative to the I*" path arrival

time (Tli). X; represents the log normal shadowing , and (i) refers to the i*" realization.

For the S-V Channel Model the arrival time and the ray arrival time are Poisson processes:

T _ _
p(Tl_l) = Aexp[=A(T, = Ty )]ow 1 > 0

P(tr1/Ta-11) = Aexp[=A(tir = T-1)1)] oo k>0

So, the design is shown in fig. below:

Na

Fig(4) Human body with positions of nodes (antennas) and the desistance between sensors
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For different channel design which are : 4 channel are line- of- sight ( LOS) for distance
between transmitter and receiver (node) equal to D;, D,, D3, D4 .and there is one node which
is Non — line — of sight (NLOS) .

CM1: Line Of Sight (LOS) model for 0-30 cm
CM2 : Line Of Sight (LOS) model for 0 - 30 cm
CM3 : Line Of Sight (LOS) model for 0 - 70 cm
CM4 : Line Of Sight ( LOS) model for 0-70 cm
CMS5 : Non Line of sight (NLOS) for 0 - 140 cm

For model with parameters 6 = {6, ,6;,.....6,} :

D: the distance between every node and the master node (N,), p = No. of parameters which
are used for optimization and the impulse response of the system.

In practice, the output signal can be written as the sum of the generated
noise and a deterministic function of the input signal:

y(®) =n () + F[x(®) ]
If the system is linear and time-invariant, the function F assumes the form of the
convolution between the input signal and the system’s impulse response h(t):

y(t) = n(t) +x(t) & h(t)
By using the software MATLAB the impulse response for four different modified S-V models
as shown in fig () .it is apparent that the paths in CM1 and CM2 tend to concentrate in two or

three paths with smaller delay , whereas in CM3,CM4 have bigger delay because of the more
distance .
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Fig (5) Delay for Saleh —Valenzuela channel model on-body communication CM1-4

For communication between two sensors on the human body, transmitted signals can arrive
at the receiver in 3 ways:

e propagation through the body
e diffraction around the body
e Reflections off of nearby scatterers and then back toward the body.

2.2 Path loss model

This model represents the exponential decay with distance (expected with diffraction
around a cylindrical body), followed by a flat saturation point due to energy received from
multipath reflections off nearby scatterers.
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P (d) = —10l0g,,(P, e ™ + P, )+ oo,
The parameters are explained as:

e Pyisthe average loss close to the antenna. It will depend on the type of antenna.

e My represents the average decay rate in dB/cm for the surface wave travelling
around the perimeter of the body.

e P, is the average attenuation of components in an indoor environment radiated
away from the body and reflected back towards the receiving antenna.

e o, is the log-normal variance in dB around the average representing the variations
measured at different body and room locations. This parameter will depend on
variations in the body curvature, tissue properties and antenna radiation properties
at different body locations.

Wireless dynamic channels can be modeled as linear time- varying systems:

¥ = Y a(®) x(t - 1)
where a; (t) and 1 (t) are the gain and delay of pathii.

The time-varying impulse response:

A6 D) = ) @ (©8(z = 1(0)

So wireless channels are characterized by severe fluctuations in the receive power, i.e., in
the strength of the electromagnetic field at the receiver position. The receive power is usually
modeled as a combination of three phenomena: path loss, large-scale fading, and small-scale
fading.

The path loss describes the distance-dependent power decay of electromagnetic waves.

Let us model the attenuation factor as d, where d is the distance of the wave has traveled
and denotes the path loss exponent, which is typically assumed to lie between 2 and 4. The
path loss in decibels is then obtained as:

d
PLdB(d) = PLO,dB + 10n loglod_
0

In this equation, the path loss exponent (n) is taking as 3.8 where the path loss reference
distance (d) is 0.1m and finally the value the path loss in reference PLg 55 = 43.

Path loss is the attenuation of an electromagnetic wave as it propagates through space,
depending on the environment in which the radio channel is contained, different propagation
models are used and consequent path loss will be obtained in a different way. These
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models are mainly empirical with equations based in measurements within a certain
frequency band. For urban environments, for example, several models can be used
depending on the situation, such as Okumura-Hata Model. Some path loss measurements
have already been conducted for on-body elements and some conclusions were taken. As
guoted in , some studies have been developed at 2.45GHz with the body in different
positions, propagation paths can be with LOS or NLOS, in other words, transmitter and
receiver can “see” each other or do not, respectively.

3. CONSOLATION

The distance between antennas (sensors) which is part of channel model and the principles
of channel which are line of sight or non-line of sight ,this is have direct effect on path loss
either the channel was in free space or on body ,for channel (1) and channel (2) the delay is
smaller than in channel (3) and (4) , the effect of human body make the path loss of statistical
channel more less than when the channel in free space .The putting of the antennas on the two
shoulder and on the two hands make the model more sufficient for this case (standing ) ,when
we change the places( legs, knee, waist,....) the model all change and also its statistical
characteristics.
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