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Abstract - Genetic algorithms, as kind of fast, simply and
highly fault-tolerant algorithms for near-field microwave
detection of breast cancer; are useful processing method. For
the image has not been dealt with high demands, which can
quickly detect the interested area, and by bypassing the non-
line Inversion of the problem brought about difficulties. The
article mechanism to the imaging reflecting from analyzing a
microwave starts off, analyses principle and process applying
the Genetic algorithm detecting targets.
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1 Introduction

Microwave imaging sounding is an emerging breast
cancer detection research method. This method might present
a safe, convenient and cost-effective supplement to traditional
BC imaging diagnoses methods. Different tissues can be
imaged, which is based on a very high dielectric contrast
between normal tissue and malignant tissue. It is known that
the dielectric properties of tissues with high (tumor) and low
(normal tissue) water content are significantly different.
Reflection and refraction will occur and consequently the
electromagnetic wave propagation path will be change, when
the electromagnetic wave encounters all sorts of medium layer
in process of propagation, such as skin, fat, breast lobules and
tissue etc. Based on this property, we can detect and locate the
breast tumor by detecting the microwaves reflect signal
energy in different dielectric contrast mediums interface. The
reflect signal energy also can convert into the transmitting
waves propagation distance. In this paper, we start from
analyzing the mechanism of microwave reflection imaging,
and then using the genetic algorithm ' *! to optimize the
inversion image. It has been found that this method can
increase the detectable rate of breast cancer.

2 Breast Cancer Detection Microwave
Imaging

Assumed microwave reflectivity function of the cross
section of the imaged object is f(x, y). The coordinate is fixed
on the imaged object, and the non-directional transceiver
antenna is located in the point (x0, y0). The antenna can only
be rattling around the imaged object in a circle of radius R,
whose moving can change the azimuth angle ¢ between the
microwave beam and the imaged object. The reflect signal
wave p(p, @) received by the transceiver antenna represents
line integral of f(r, 0) along a concentric circle arc s which the
center is (x0, y0) (Shown in Figure 1).

Figurel. It gives the geometric scheme of microwave imaging.
The microwave reflectivity function is f(X, y). The transceiver
is located in point (x0, y0), and it can only be rattling around
the imaged object in a circle of radius R. the tumor is located
in point (r, 8). The angle between the microwave beam and the
imaged object is o.

The projection is expressed as follow.
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Where 8(d-p) is d-function. We can get the equation (3) by the
Fourier transform of projection S(®,p) and paraxial
approximation.

S(o,8) = e [Fu,v) - joF " (u,v) - " F® (u,v)+...]
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We can use Fourier transform to rebuild the profile
distribution f(x, y) of the target by detecting the backscattering
field (projection) p(p, @). It can be ignored such as F(1)(u, v)
and F(2)(u, v), when R is very big, and f(x, y) is limited band
function. Then equation (1) can be seen as Fourier slice theory
of CT imaging. The theory shows that the value can be given
by the one-dimensional Fourier transform of the signal p(p, @),
which is the two-dimensional Fourier transform of the function
f(x, y) in spatial frequency. u equals to wcose, v equals to
wsing. We could get the function f(x, y) of detection space
after inversing above process.

3 principle of breast cancer detection

The function f(x, y), which is the distribution function of
reflection coefficient for each point in the detection space can
be obtained from inversion. According to microwave
propagation principle, f(x, y) can be calculated by equation

(4).
f(x)

Ve ) = e ()
Je(x,p) +4e,(x,y)

Where €1(x, y) and €2(x, y) are the dielectric constant of
two sides of the interface, respectively. Through calculation,
the echo coefficient of cancerous tissue is greater than 0.49,
the echo coefficient of lobules and gland tissue is between
0.2018 and 0.49 and the echo coefficient of blood vessels
tissue is between 0.15 and 0.2018. Detecting breast cancer can
be transformed into detecting some particular value
distribution of f(x, y) in reflection space. So, cancerous tissue
target is located in those points which echo coefficient is
greater than 0.49.

“

4 Genetic algorithm process and results

The goal of the microwave breast tumor detection is to
separate cancerous target from inversion image f{x, ). So the
function fix, y) can be divided into two categories: one
belongs to the cancerous target distribution C; which the
image intensity is greater than M; Another kind does not
belong to the cancerous target distribution C, which the image
intensity is less than or equal to M. Considering actual
inversion image grey levels of 256, the threshold value of the
gray-level image coding for an 8 bits binary code string.
Fitness function is shown in equation (5).

S (M) =w, (M) *w, (M) *[u, (M) —u, (M)] (5)

Where w, (M) is pixel number of C), w, (M) is pixel
number of C,, u; (M) is the average gray value in Cy, u, (M)
is the average gray value in C,.

Following is the genetic algorithm processing function
B4 of MATLAB code, which used genetic algorithm tool box
developed by the University of Sheffield.
function C= Segmentation GA (X, downth, upth);

% input: X is waiting process image matrix,

%  downth and upth is the threshold value of detection
target

% output: C is the marked image

NIND=40; % Individual number

NVAR=1; % variable number

MAXGEN=50; % Maximum number of generations
PRECI=S; % bit number of variable
GGAP=0.9; % generation gap

FielD=[8*NVAR;downth;upth;1;0;1;1]; % Establishment of
regional described device
Chrom=crtbp(NIND,PRECI*NVAR); % Establish initial
population
gen=0;
phen=bs2rv(Chrom,FielD);
conversion
ObjV=target(X,phen);
function
while gen<MAXGEN
FitnV=ranking(ObjV); % Distribution fitness value
SelCh=select('sus',Chrom,FitnV,GGAP); % Select
SelCh=recombin('xovsp',SelCh,0.7); % Recombine
SelCh=mut(SelCh); % Mutation
phenSel=bs2rv(SelCh,FielD); % Offspring decimal
conversion
ObjVSel=target(X,phenSel);
[Chrom,ObjV]=reins(Chrom,SelCh,1,1,0bjV,0bjVSel); %
Reinsert
gen=gen+1;
end
[Y,[]=max(ObjV);
M=bs2rv(Chrom(l,:),FielD);
[m,n]=size(X);
for i=1:m
for j=1mn
if X(i,j)>M

% The initial population decimal

% Calculate population fitting

% Estimate threshold



X(i,j)=upth;
end
end
end
C=X;

% Using maximum mark

% Output marked image

5 Results

With the genetic algorithm method, we have succeeded in
target enhancement. Figure 2 is simulation results of the data
inversion when the microwave transceiver is located in
circumference sampling uniformity of eight sampling test
points. Form figure 2, we can see that the breast cancer is
obviously enhanced after fifty iterations, and the background
is smoother than ahead two imaging.
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Figure2. It is inversion images of eight sampling test points.
The distribution of the original detection space, the inversion
detection space and the detection space processed after fifty
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iterations by the genetic algorithm is shown in (a), (b) and (c),
respectively.

6 Conclusion

In this study, we analyzed the microwave imaging theory
and the microwave breast cancer detection theory. Then we
use the simple genetic algorithm into microwave breast cancer
detection to enhance tumor emerging area. As is a rapid, easy
and fault-tolerance strong robust algorithm, the simple genetic
algorithm can very good solve the nonlinear inversion
problem in detection. A great deal of further research effort is
needed to elucidate certain aspects of the genetic algorithm
application to stability and target detection error.
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