ABSTRACT

constants ( types ) in a
calculated and it
addition, it 1s
volume and type of the tumor.

INTRODUCTION

One of the most important applications of passive
field is the

urement of human thermal radiation intensity.

ote sensing in the biomedical

5 é_)bscrvcd_ that the spectrum of the radiation
1s a very wide range of frequencies reaching the
wave band. = Particularly, at microwave
ncies the thermal intensity is dircctly related
he brightness temperature [1].In this paper, the
ve transfer theory is prefered to determine
brightness temperature while the blood flow
is not taken into consideraton. The
oped radiative transfer theory for a layered
ical medium is achieved by Ismail et al.[2]
the analysis procedures are shown in section 2.
case of tumors with different volumes located
muscle layer is considered . The effective

tric constant of the muscle is discussed and
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Human thermal radiation intensity emission from a multlayerd tissue has been
discussed in previous papers. The radiative transfer theoryis applied to get that
intensity ( brightness temperature ) in the case of tumor free tissues . This paper is
concerned with the presence of tumors with different volumes and dielectric
human layerd tissue. The brightness temperature is
is noticed that it depends on the thickness of each layer. In
observed  that the brightness temperature is sensitive to the
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the brightness temperature is calculated as a
function of tumor volume and tumor type at 0.918
MHz in section 3 . Results and discussion are

presented in section 4.
2. THE MATHEMATICAL FORMULA

In the case of microwave propagation inside a
biological medium , the wavelength is much larger
than the cell size. Thus the scattering effect can be
ignored. The radiative transfer equation becomes|2}):

dl(z)
dz

cos6 = -k, I(z) + kBt ¢))

where I(z) is the thermal radiation intensity as a
function of z, ka is the absorption constant, B is
the thermal emission source and 0 is the angle

made by I w.r. to z axis. In order to study the
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radiative transfer equation can be written in the jth

layer as:
+
de (Z) +
cose—d—z— = aj J (z) + ka]BT(z)
(2.a)
dI; _
cos0 —"é(;z—) == kajIj (Z) = kajBT (Z)
(2.b)

Where the (+) and (-) signs represent the upward

and the downward directon respectively.

i.e.

+

I;7(2) =1;(6,4,2)

I (2) = (x~0,6,2)

For a mult-layered medium with different
diclectric constants separated from each other by

planar  interfaces at z = 0,-,-dj,---,-dN-1, the
radiative transfer theory will be as [2],[3]

| fleul )

3
N-1 L-1 (_. d )
D Lp L
; ('IJ—I_' 7,i+1 ) L,L+1 L+lp (__ dL )J

where Aj and Bj are the amplitude of the upward
and downward intensities in the jth layer. Cj—l,j =

U which is the unit matrix and Cp, 1L+ and D, L+

are called the propagation matrices. Their elements
are determined by knowing the dielectric constants
of each layer. The dielectric constants of skin ,fat
and muscle are obtained at the operating frequency
by [4].For the three layers; skin, fat and muscle
the radiative transfer equation is [2]
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Where AO

represents  the

measured at the wupper half space. At
microwave frequencies , the thermal intensity
Io is directdy proportional to the brightness
temperature TB as [1]
2
TB = A"/K)Io )
where K is the Boltzmann constant and A is the

wavelength.

3. THE PROBLEM OF TUMOR
PRESENCE IN A MUSCLE LAYER

We assume that there is a tumor located ina
muscle layer as shown in Figure (1), the muscle
layer will be the host material ,and the tumor is the
inclusion material. The average dielectric constant
of a mixture is related to the dielectric constants of
the individual
relative to the direction of the incident electric-field
vector. Both the host and inclusion materials are

substances and their orientations

assumed to have isotropic diclectric constants €,

and g,

concentraton is defined by the inclusion volume

respectively. Generally , the inclusion

fraction Vi and is given by:

V; = $mabeN ©6)
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Figure 1. Skin-fat and muscle with the presence of
the tumor in the muscle layer

where N is the number of ellipsoids per unit
volume of the mixture and a ,b and c¢ are the
ellipsoidal particle semi- axes. The host material
volume fraction Vh is written as

Vi, =1-V,

Since we have considered that €h & €; are

isotropic  dielectric constants ,therefore, the average
dielectric constant of the mixture €m is anisotropic
with non-zero diagonal elements [5]. An expression
for the

6]

average dielectric constant is obtained by

Vi(g; - €,)
1+Au(§-i~—-1)

V)

*
where u represents a, b orcand € is the effective
dielectric constant for the region immediately
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surrounding an included particle. While A, is the
depolarization factor of the ellipsoid along its u-
axis. The depolarization factor A, can be written as’

7] '

abe 2@’ +5)'(a” +5)

4, = 1
2 0(b%+s)c®+s)] *ds

®)

where
A, +Ap +A =1

In our case we assume that the tumor has a
spherical shape. Therefore,

R [t

For small values of the inclusion volume fraction

ic. V; <01, the particle interaction may be

*
ignored and € may be taken equal to the dielectric
constant of the host material eh. While for higher
values of V;, the particle is mostly assumed to

be surrounded by the mixture rather than by the

*
host material and € will be equal to €, [7]. Thus,

s*=sh forV; < 0.1

. )
€ =g forV; > 0.1
Substituting equation (9) in (7) , we get
€m =&pl1+ 3\@(55%‘-1;)] for V; <01
=gp +3Viem£—h)—) for V; 20.1
1 m
(10)
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If we consider the observed angle to be zero anda 115, .
uniform temperature profile inside each layer, therefore, :
the thermal intensity in the upper half space, IO’ can be
obtained by substituting equation (10) in (4). As a result, e
the brightness temperature which is the radiometer z 10L
temperature is calculated by using equation (5). <
116 e ds=2mm
115 B
105}
114
113 N
°Z 112 ds=1mm
Ean 100L—— ; . Vi
02 0.4 06 08 1
110} S
. Figure 4. Brightness temp. as a function of
L] S tumor volume at different values of skin
107 thickness for df = 1cm and € =3 €h.
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Figure 2. Brightness temp. as a function of el
tumor volume at different values of skin s
thickness for df=1 cm at two values of 14\

. 2 1145
- tumor dielectric constants. df=5cm
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Figure 5. Brightness temp. as a function of
tumor volume at different values of fat
thickness at ds = 2 mm and &i= 3 eh.

110 df =5mm T
109 - - - Vi
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Figure 3. Brightness temp. as a function of
tumor volume at different values of fat
thickness for ds = 2 mm at two values of
tumor dielectric constants.

—gi=3gh ....61 =10 €h
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' ESULTS AND DISCUSSION

found that the tumor dielectrjc constant is higher
that of the surrounding tissue [8]. Figure(2) shows
relation between the  brightness temperature and
inclusion (tumor) volume fraction \’l (where

1) at two different values of tumor dielectric
nt€; = 3¢, and €; = 10€;, and for different
alues of skin thickness with a fat thickness df= lcm

d frequency of 0.918 MHz. It is noticed that for
n values of skin thickness and tumor dielectric
nt, the rate of decrease of brightness temperature
£ € = 3811 is lower than that for €, = 108}: e

hould be pointed cut that in the absence of the tumor,
brightness temperature increases with the increase
f the skin thickness. In Figure (3) the brightness
emperature is plotted versus the tumor volume fraction
a fat thickness varying from 5mm to 10 cm, at a skin
kness ds = 2Zmm and for two values of tumor
ectric constants ei =3¢h and &i =10 ch. It is observed
hat for €i = 3eh, the brightness temperature decreases

ith a lower rate than the case of €; = 108h for a fat
ickness ,df , less than 10 cm. While for df = 10 cm the
tness temperature is almost constant for both
ues of dielectric constants. Figure (4) shows the
htness temperature against the tumor volume
ion Vi , 1>Vi> 0.1, for different values of the skin

ess at df = lcmand €, = 38!1 , while Figure
is plotted for different values of fat thickness at ds =
m. It is found that the brightness temperature
ecreases as the tumor volume fraction increases but
a decreasing rate greater than that shown in Figures
(3). The decrease of the brightness temperature due
the presence of a tumor with different volumes can be
rpreted as follows;

s known that the presence of a tumor results in
mperature increase of the region containing the
or [8], therefore, the brightness temperature
red outside the biological dssue will be
ccreased than that of the free of tumor case.
ligure (6) shows the brightness temperature versus
tumor dielectric  constant varying from

;=€ 1w g = 158h for different values of Vi

t ds = 2mm and df = lcm. Itindicates that the
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brightness temperature decreases as the tumor
dielectric constant increases and as the tumor
volume increases.

Thus , the brightness temperature measured for a
certain tumor volume indicates the tumor dielectric
constant which help us to identify the tumor type.
This leads to discriminating malignant tumors from

normal tumors.
114

112

%6 ; gle,

Figure 6. Brightness temp. as a function of
tumor dielectric constant at different values
of tumor volume fraction at ds = 2 mm and
df=1cm.

As a result , the brightness temperature
measurements outside a human layered tissue can
be considered as a passive remote sensing tool or a
noninvasive method could be applied successfully
for tumor diagnosis.
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