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Abstract. This work is part of the studies concerning the use of Ultra Wide Band (UWB)
for conducting bio-medical sensing and monitoring of human vital signs, in which we study the
Gaussian pulse propagation in the human body through the skin, muscles, chest and lung in
order to hit the walls of the heart and come back to the radar antenna where the information is
acquired. These layers will be modeled by their relative dielectric constant, their thickness and
their electric conductivity. The aim of this study is to solve Maxwell's equation in these
environments for calculating the attenuation of the wave in each layer. There are several
methods to be used such as Finite Element Method (FEM) and the Finite Differences Time
Domain (FDTD) method. In our work we choose the latter to simulate Maxwell’s equations in
order to see the wave during there propagation in different areas. The source is a simple
Gaussian pulse plane and uniform which normally tackles the surface of the skin. The
frequency is fixed at 4.1 GHz. These features simplify the solution of equations that to be a
single dimension, where the electric amplitudes fields and magnetic induction fields are
dependent on the z-axis propagation and they are directed successively by the x-axis and y-
axis.
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1. Introduction

In the previous works, [1, 2, 3, 4] the estimate attenuation undergone by a Gaussian
pulse in human body was made, but they give only a rough approximation to solve the
Maxwell's equations. This analysis in full wave could give more reliable results. In
our paper, we use a one-dimensional FDTD simulation to evaluate the performance
propagation of a Gaussian pulse in human tissues.
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The FDTD is a versatile modeling technique used to solve Maxwell's equations. It is
obvious, so that users can easily understand how to use it and recognize what to
expect from a given model. This method is a time-domain technique, when a
broadband pulse (such as a Gaussian pulse) is used as the source. Thus the response
of the system over a wide range of frequencies can be obtained with a single
simulation. This is useful in applications where resonant frequencies are not exactly
known, or when ever a broadband result is desired.

The FDTD lends itself to providing animated displays of the electromagnetic field
movement through the model. This type of display is useful in understanding what is
going on in the model, and to help ensure that the model is working correctly.

In accord, we can deduce the attenuation in biological tissue which differs by
comparing the amplitude of the transmitted wave in any point of the layer to the
incident that exists at the interface between any two layers.

2. Model of the human body

The source "antenna" is located at a distance of 15 cm from the air /skin interface
because it is the maximum distance obtained in previous approximations where losses
in air are negligible [1, 2, 3, 5]. Consequently, the resulting weakening of the
simulation is due solely to spread through tissue. This device is shown in Figurel.
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Fig 1. Simplified model of human textile composed of 4 layers of semi-infinite.

i.e.: The PML will be developed to be on.

The studied part of the human body’s tissue is composed of four semi-infinite
layers. These have been characterized by their complex relative dielectric constant
[6], their thickness and their electric conductivity [5,7,8] as given in Table 1
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Tablel. Thickness, Conductivity and dielectric constant of the various layers of human tissue.

Type of the Thickness [ cm ] Cconductivity 0 dielectric constant
Standard layer [S/m] € at 4GHz
Skin 0.96 0.25 5.5
Muscles 1.35 3.50 50.5
thorax 1.16 3.00 35.0
Lung 0.578 1.50 20.0

3. Model of the UWB source

The pulses can be created in different ways including the Hermit impulsion which
is based on polynomial function and the monocycles impulsion which is the first
derivative of Gaussian pulse [9], the purpose of this work is to adopt the Gaussian
pulse [10]given by equation 1 witch is displayed in the following forms (fig.2).
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where: - fc: is the frequency of work.
- to: is the delay time from the origin of the Gaussian impulse.
- a: is the width’s time of the Gaussian impulse
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Fig. 2. The Gaussian pulse

The spectrum of this Gaussian is given by Fourier Transforming (eq.2)
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where o :is the pulsation of UWB wave.
The spectrum of this Gaussian is shown in figure 3.
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Fig 3. Spectrum of this Gaussian pulse given by Fourier transforming

From this curve, we can deduce the pulse frequency which is the abscissa of the
ordered-3dB maximum.

4. One-dimensional FDTD Method:

The FDTD is a numerical method for electromagnetic modeling [11] using a
spatial and temporal discretization of Maxwell's equations. This work uses a one
dimensional FDTD simulation to asses the propagation performance in tissues of the
Gaussian impulsion.

4-1. Maxwell's equations:

The electro-magnetic equations of Maxwell may be written as:

_ a£=V * [
ot

_9H_ 1o, ©)
a

- D(w)=¢¢,(0)E(0)

where
D: Electric flux density vector [C/mz]
E: Electric field intensity vector [V/m]
H: Magnetic field intensity vector [A/m]
uo: Free space permeability = 4m.107 [H/m]

In particular: D = D(w) = ¢,¢, (0)E(w)

Where &,: Free space permittivity = 8.854. 102 [F/m]
er(w) : complex relative dielectric constant dependant of frequency.
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The electric field directed along the x-axis "and the magnetic induction along the
y-axis

- E=E(@)% H=H()y
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4-2. One dimensional FDTD Method

Electric field is evaluated in each time step and each cell space based components
that precede it. This method works in time domain and allows direct visualization of
electric and magnetic fields. The FDTD is independent of the geometry of the model
system. In fact, we can cover a wide spectrum of frequencies with a single simulation.
In addition it is possible to model the behaviour of dispersion environments, and to
highlight a non-reciprocal propagation. Thus, we can define a spatial-temporal grid as
each time interval of the propagation medium is divided into intervals of space so that
the fields that describe the propagation of UWB waves are almost constant in each
cell space [11] and [12]. According to the above Maxwell's equations become:
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4-3. Determination of cell size

To determine At, we must take into account that the electromagnetic wave which is
propagating in free space can not go faster than the speed of light. So if it propagates
a distance of a cell needs a time minimum of At =Az / Cy. Where C is just the special
case of a more general term known as the "current status", which establishes that for n
dimensions [13]:
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For n-dimensional system:
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The Experience proves that a good rule of thumb for the size of cells happens to be:
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For human tissue, it was £, =35 and f;,,,,=10 GHz by the FFC [10] thus

Apin =478 %107 m = 4.78mm ; Az = 0.45mm

5. Definition of Perfectly Matched Layers '""PML"

We introduce Perfectly Matched Layers (PML) layers on both sides of the layers
of interest to prevent the wave reflection at the borders. In fact, it will be absorbed
and strongly attenuated in these layers. The propagation in these layers is
characterized by the following Maxwell equations: [5]
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where X, is an empirical formula that carries in the following form:

PML _length

3
x, (k)= PML_ATT _ FACTOR*(kJ

PML_ATT _FACTOR= 0.8; 0.3; 0.1 (12)

PML_length =40

6. Simulation results

6-1. Effect of the Interference phenomenon

The results of the simulation for two nearing times (at t;=1398[ps] and t,=1420[ps])
are show in figure 4.
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Fig. 4. Simulation of Gaussian monocycle impinging multiple layers of lossless tissues.

We notice that the distribution field E in all space was obtained, has a small
difference is due to the interaction of the reflected part of the wave that already
penetrated the heart wall which briefly delays the arrival of the maximum from the
theoretical value.

6-1. attenuation in fields’ amplitude

We can deduce that the attenuation in biological tissue differs by comparing the
amplitude of the wave transmitted from any point of the layer to the incident that is in

the interface between any two layers as shown in figure 5.
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At 737[ps], the wave has just hit the air-skin interface: it’s the incident wave after a
certain time (at 749[ps]) the wave is divided into two parts:

- One that will complete its spread in the skin: it’s the transmitted wave.

- The other goes back to the source antenna: it’s the reflected wave.

Attenuation is defined as the quotient in dB between the maximum of both electric
fields’ amplitudes in each part of layers and the maximum amplitude of incident fields
that exists on the interface (equation 13).

Art=10*log,

Emax(n’ k) ’

‘incident

13)

with E,,.x(ng, k) is the maximum amplitude of the E fields at t=ny*At and z=k*Az.

Eincigent 1S the maximum amplitude of the pulse incident when the wave hits the
interface between two layers. The results of simulation are presented in Figure 6.
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Fig. 6. Attenuation: Att (dB) of the amplitude of the electric field in each layer as a

function of position Z(m)

This figure displays the attenuation of pulse intensity traveling from the transmitting
antenna to the walls of the heart boundary. The decrease of the curve accounts for
linear attenuation in the tissue (imaginary parts of reflection coefficient reflections
and multiple reflections are ignored). The table.2 summarizes the values of
attenuation in each layer:
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Table 2. Values of the amplitude and attenuation in each layer

interface layers attenuation of the amplitude of
the E field compared to the
amplitude of source (dB)

Air-skin 0
Skin-muscle -5
Muscle-cartilage -15
Cartilage-lung -22
Lung-heart -26

The wave attack border’s heart at 1399 [ps] with an amplitude of 1.46*10™ [V/m],
the incident amplitude at the interface chest-lung is 2.8*10°[V/m], bring about an
attenuation of 26 dB. Comparing to other models which exist in biographies as Bilich
in [2], the attenuation is nearing -30dB, therefore, we can be said that this model give
a good results.

In our Calculate, we didn't take into consideration the reports echo, because the
reflected wave has undergone several deformations due to the phenomenon of
interference that disrupts the calculated attenuation.

7. Conclusions

A very close similarity is noticed between attenuation of the wave in the human

body and that found in the bibliography. The current model of the human body is
useful for simulating the spread of UWB wave by the FDTD method, especially in the
transmitted parts of wave.
The FDTD simulations are the first step in understanding the propagation of UWB
waves. We could take other approaches to describe the model of the human body such
as Cole-for-Cole that describes dielectric constant. In this model the parameter
becomes complex, this change will completely modify the simulation program; we
can start the program from the Z transformer, which can be a future work. We can
also extend the modeling in 2D or 3D and study the scattering characteristics of the
heart, that was considered here as a semi-infinite media which is not exactly the case
because its dimensions are not much higher than A.

The severe attenuation of the wave in the body is not nullifying the benefits of
using UWB pulses in opposition to other approach such as the use of single
frequency.
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