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Abstract - Using the difference of dielectric constant between
malignant  tumor tissue and normal breast tissue,
BRATUMASS (Breast tumor microwave sensor system [1])
can determine the detected target properties by analyzing the
properties of target tissue back wave obtained by near-field
microwave radiation. The practical experiments show that the
target space and records of antenna corresponding position
displacement when the antenna close contact with skin tissue
will be changed, which might lower the quality of the
inversion imaging of result. So, the target space characteristic
data is introduced in order to eliminate the effect of the
displacement. This paper presents a method of antenna
relative  position placement optimization using genetic
algorithm and performs its feasibility with optimized
examples.
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1 Introduction

A microwave reflecting interface will be formed
between malignant and normal breast tissue for their different
dielectric constants. BRATUMASS can use this property to
locate the position of reflecting interface and the character of
two tissues by analyzing the back wave[2]. During the process
of BRATUMASS, displacement position of the antenna will
directly affect the measurement results, thus antenna
positioning will directly affect the location accuracy and
characteristics of the target. We use a simple genetic
algorithm to search the position of antenna, and give the
optimizing result of example data with the consistency of
statistical data.

2 BRATUMSS detecting principle and
boundary adjusting

Detection target space of BRATUMSS is a special space.
Detecting antenna distributes in the margin area of breast
shape to capture the testing data. Breast shape is not fixed for

different individuals, persons have different breast boundaries.
This will lead to biggish error in locating area of cancerous
tissue.

Using typical radar correlation detection technology,
BRATUMASS extracts frequency difference between back
wave signal and transmitting signal to ensure the distance
from reflecting interface to antenna. BRATUMASS signal
is defined as:

V= A.c0s2x pix f0+2><Kc><LH(r)dr+9) (1)

where, H(7) = sawtooth (7) is the triangular pulse.

The different dielectric constants between cancerous
tissue and normal tissue will form a dielectric constant
mutation layer. The incident signals will produce
backscattering in the layer. The backscattering signal received
by BRATUMASS with transmitting signal directly seeks
difference frequency. The intermediate frequency beat signal
is the propagation delay from receiving antenna surface to
different tissues interfaces. We can calculate the distance with
propagation delay and the different dielectric constants ©*),

Figure 1. The schematic diagram of transmitting signal, received
signal and beat signal

The propagation delay is relative to the position of the
antenna. The delay can be converted into distance, which
regards the position of the antenna instant position as the
reference center. If the center moves, the whole test data will
be changed, as shown in Figure 2.
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Figure2. The BRATUMASS detecting schematic diagram

The point P(x,y) is a target, the characteristic datal"

Ji(x,y) and fi(x,y) are obtained in the position i and position j,
respectively. Suppose the characteristic value at point P is an
invariant. A set of characteristic values at point P will be
obtained from several measurements after sampling N times at
the boundary. According to the pauta criterion of measurement
error theory, repeated measurement data should satisfy:

(62 = f ()| <30, =1..N) @)

Where, O is the variance of measurement data.

When the change of the i-th antenna position make the
whole i-th data exceeding the range of (2), the current antenna
position should be adjusted to update the space target data.
There must have one antenna position which makes all spatial
units corresponding with (2) for the calculation over the whole
space.

3 Antenna position optimization with
Genetic algorithm

The traditional method, we usually scalarize the multiple
objectives into a single objective by averaging the objectives
with a certain weight vector in solving multi-objective
optimization problem. In these cases, the obtained solution is
highly sensitive to the weight vector used in the scalarization
process. Moreover, the user should have knowledge about the
underlying problem. Designers may be interested in a set of
Pareto-optimal points instead of a single point. Since genetic
algorithms work on a population of points, it is natural to be
used in multi-objective optimization problems to capture a
number of solutions simultaneously.

Let the initial position of each antenna is the initial value,
the shape deformation of breast is 10 mm. The change of i-th
point is denoted by J,, and the change of the corresponding
coordinate (x;,;) is (x/+Ax;, y+Ay,).

3.1 Encoding
Each change of coordinates is regarded as an encoded

object whose code length is 10. The sampling number of cycle
boundary is N, and the change of each coordinates are

Ax; and Ay, which need to be encoded. So, the length of

chromosome is 2N.
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3.2 Selection

The judgment basis of coordinate position is (2). Let
gi(x,y) be the objective function of the k-th chromosome
corresponding to P(x,y).

o(P) = (/1 (P), [5(P)s-os fi (P, [ (P))

Where, f{(P) is the characteristic value at point P obtained
from the antenna at the i-th position. The variance is o(*) and
the mean is E(-).
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Where, 5l.k is the change of antenna position at the i-th

position which has 5" = (Ax, Ay!).
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The objective function of the k-th chromosome
corresponding to the whole space is g, (€2) .
2.(Q) = [[ g, (x, y)dxdy (©)
0

The fitness function is fity(Q2)=1/ gu(Q) when gy(Q) is
minimum.

3.3 Mutation

First, randomly select chromosome’s individual. Second,
randomly select several bits from the 2N chromosomes. Then
carry out mutation to these selected chromosome bit according
to mutation probability

3.4 Program flow

D Population initialization: Initial population is
composed of N chromosomes which are randomly generated
according to (3).

@ Initialization parameters: Let P, be the mutation
probability, fitness goals and the maximum number of
iterations.

® Solution space transform: Each
represents the approximate solution, [-1, 1]
into the parameters space [-10,10]"*" .

@ Determine the fitness function and calculation.
Calculate each chromosome’s objective function according to
(5) and then calculate fitness function.

® Assigning fitness to each chromosome and progressing
genetic operation

® In accordance with the mutation probability, one
chromosome are selected randomly from the population.
Progress the selected chromosome mutation according to
supposed probability.

@ Check the number of iteration. End the process if
iteration exceed, else return to step @.

chromosome
12N -
is mapped



4 Experiments and results

As shown in Figure 3(a), a rectangle plate, with size 0.2
mm*20 mm*40 mm, was placed into a piece of boneless pork
with size 94 mm*80 mm*50 mm. The objective spatial
characteristic at the beginning is illustrated in Figure 3(b).
Figure 3(c) illustrates the objective spatial characteristic after
1000 times’ genetic operation. Figure 3(d) demonstrates the
trend of objective function in the 1000 times genetic process.
In figure 3(a) (b) (c), the red mark points are the initial
placement position of the antenna. And, in Figure 3(b), the
black points are randomly assigned positions, in figure 3(c),
the black points are searched positions of the antenna after GA
optimization processing result.

For different materials which placed in the pork, we can
gain the similar results which are shown in Figure 4.

9 4em

4

|

Plate/Plastic muscle

22cm FAT

] 100 200 300 400 500 600 700 800 9ll)!) 1000
(d)

Figure3. (a) Experimental object diagram. (b)The objective spatial

characteristic at the beginning is shown, Scales are in mm. The

objective spatial characteristic after 1000 times’ genetic operation is
shown in (c), Scales are in mm. The trend of objective function in the
1000 times’ genetic process is shown in (d).
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Figure4. It is the objective spatial characteristic placing different
objects. Place a plastic plate (0.5mm*20 mm*40 mm) and a metal
plate (0.2 mm*20 mm*40 mm) in (a) and (b) respectively. The
placing position is shown in figure 3(a). Scales are in mm.

5 Conclusion

In general measurement, it is very difficult to process for
the unknown antenna changing rules. Therefore, we use a
simple genetic algorithm to reduce the impact of inversion
imaging caused by uncertain of antenna's position. Experiment
results showed that the simple genetic algorithm plays an
important role in optimizing antenna’s location in accurately
and improve imaging effects. The simple genetic algorithm is
time consuming to optimize the antenna position in real-time
measurement process. Hence, it is employed to ensure the true
antenna position offline, and it is essential for improving the
imaging precision. Furthermore, the simple genetic algorithm
can guide the placement region of the antenna position to
obtain more information of imaging in practical detection
process with BRATUMASS.
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