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EVALUATION OF LIMESTONE LAYER’S EFFECT FOR UWB MICROWAVE IMAGING OF
BREAST MODELS USING NEURAL NETWORK

Ahmet AYDIN, Emine AVSAR AYDIN

Abstract: X-ray mammography is widely used for detection of breast cancer. Besides its popularity, this method did not have the potential of discriminating a tumor covered with
limestone from a pure limestone mass. This might cause misdetection of some tumors covered with limestone or unnecessary surgery for a pure limestone mass. In this study,
Ultra-Wide Band (UWB) signals are used for the imaging. A feed-forward artificial neural network (FF-ANN) is used to classify the mass in the breast whether it is a tumor or not
by using the transmission coefficients obtained from UWB signals. A spherical tumor covered with limestone and pure limestone masses were designed and placed into the fibro-
glandular layer of breast model using CST Microwave Studio Software. The radius of the masses for both cases is changed from 1 mm to 10 mm with 1 mm steps. Horn antennas
were chosen to send and receive Ultra-Wide Band (UWB) signals between 2 and 18 GHz frequency range. The obtained results show that the proposed method, on the contrary
of the mammogram, has the potential of discriminating the tumor covered with limestone from the pure limestone, for the mass sizes of 7, 8 and 10 mm. Consequently, the UWB
microwave imaging can be used to distinguish these cases from each other.
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1 INTRODUCTION
2 BREAST DESIGN AND DATA COLLECTION
Breast cancer is one of the major causes of female death

in the world and so breast cancer detection is one of the most There have been alternative breast design dimensions

intriguing fields of microwave imaging. An early diagnosis [16-18]. We have done a hemisphere shape design as showed

of tumor presence absolutely increases the survival rate in in Fig. 1 and Tab. 1.

women and gives the opportunities of getting through the N i

problem. Therefore, timely detection and early stage “\\\ \R\:\

treatment are important factors. There are widespread P 7<\\““‘\

detection methods such as X-ray mammography, Magnetic e < \7<

Resonance Imaging (MRI), and ultrasound [1-18]. Although | / il /

X-ray mammography is currently the most popular screening <><\\<ﬁr S

tool, it also has its restrictions - one of them is the high —l T K
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misdetection ratio, and the other one is its insufficiency to iy et T

discriminate between malignant and benign tumors. All == 4 \Z\k\%

existing screening tools including X-ray mammography are Breastifat’ — J\ ‘) ——— Limestone

expensive, uncomfortable, and incapable in terms of ==\ ) e g

detection and location of the tumor [1-12]. In addition to <\\\\ \K\

these, existing methods cannot detect the tumor if there is B [ | bl / 5

limestone layer, which is caused by the milk ducts, o e [ |

surrounding of the tumor. It is known that chemical and - Figure 1 A simple breast model with layers )

physical properties tissues, including their electron density

and molecular dynamics, are important for imaging and Table 1 Breast layer sizes

diagnosis methods [15]. Consequently, limestone effect is __Model Layer Diameter Thickness

analyzed to investigate the radiation from the skin regarding ;k'” 10 cm 2 mm
L . reast fat 8cm 2mm

whether there is limestone or not surrounding of the tumor. Fibro glandular 5cm mm

These restrictions embolden to seek for the better alternative

methods. Microwave Ultra-Wide Band (UWB) imaging, Table 2 Debye parameters of breast model layers at 6 GHz [23]

which is one of the alternative methods, is the most Tissue € & s 7 (ps)

interesting method these days [5, 10, 16-18]. In this method, Skin 4.00 37.00 1.10 7.37

the system consists of one transmitting and one receiving Breast fat 6.57 16.29 0.23 7.00

. Fibro glandular 5.28 35.14 0.46 7.00
antenna to send and record UWB signals through the breast Tumor 399 5400 070 723

tissue. Microwave imaging utilizes the difference in the
dielectric properties of benign and malignant breast tissues.
And the previous studies show that artificial neural networks
can be trained based on this difference to automate diagnosis
phase [19-22].
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The Debye parameters that have been used are shown in
Tab. 2 [23] where, &, & and z, are exponent parameters,
infinite permittivity constant, static permittivity constant, and
time constant, respectively.

Tumor radius sizes have been chosen from 0.2 cm to
about 1.5 cm in the literature [24-28]. However, 0.25 cm is
the frequently used one. Besides, it is ideal for the minimum
used tumor size. We created a spherical tumor with radius
from 1mm (0.1 cm) to 10 mm (1 cm). Although dielectric
properties of the healthy and fat tissues are generally
constant, this case is not the same for the tumor. In other
words, the dielectric property of the tumor changes with
respect to the frequency. The main aim of this study is to
discriminate a tumor covered with limestone from a pure
limestone mass. Therefore, a spherical tumor model covered
with limestone and pure spherical limestone model were
designed. The used frequency range is from 2 GHz to 18 GHz
in our simulation study. To obtain the data, we applied the
following steps:

1) As shown in Fig. 2, lay down a pair of transmitter-
receiver horn antennas at opposite sides of the breast
model in the axis.

2) Put a spherical tumor model covered with limestone and
pure spherical limestone model at any location | along
the y-axis in the breast model.

3) Transmit signal using plane wave and receive the signal
on the opposite side.

4) Transmission coefficients over the breast tissue with a
spherical tumor model covered with limestone and pure
spherical limestone model are obtained.

5) The above-mentioned steps are performed for 10
different radii.
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Furthermore, the breast model was simulated to get the
propagated signals through breast model with a spherical
tumor model covered with limestone and pure spherical
limestone model. The distance between transmitter and
receiver antennas is only 25.9925 cm. Therefore, noise is
remissible in this case.

Microwave imaging is performed by transmitting a
sequence of electromagnetic waves through the female breast
and measuring the scattered field on the breast. The
electromagnetic signals fed to the transmitting antennas and
captured by the receiving antennas are characterized by

scattering parameters "S-parameters”. Data acquisition
process was conducted under simulation environment using
CST Microwave Studio Software. The frequency was set
from 2 GHz to 18 GHz. Fig. 2 shows the data collection
process using Horn antennas at opposite sides of the breast
model in the axis. This data process is repeated for 10
different radii of tumor.

3 TUMOR DETECTION USING ARTIFICIAL NEURAL
NETWORK

One of the main problems of the mammogram is that the
pure limestone and a tumor covered with limestone will
produce same images on the X-ray film and this makes it
impossible to distinguish these two cases from each other.
However, the UWB imaging has the potential of
discriminating these two cases from each other.

In this study, a feed-forward artificial neural network
(FF-ANN) is trained to classify and predict the situation of
the mass in the breast and decide whether it is a tumor
covered with limestone or only a limestone without tumor.
The input of the FF-ANN is the measurement frequency and
the transmission coefficient parameters obtained at the
receiver antenna, and the output is the classification result as
a tumor or not. The transmission coefficients of the
simulation result are given as complex numbers. The
magnitude of these complex numbers is used for the FF-
ANN. Although the simulation data is obtained for the
frequencies between 2 + 18 GHz, the data between 6.48 +
11.50 GHz is more separable. Hence, the data between these
frequencies, totally 315 different samples for each case, is
used. The mean, range, standard deviation of the input data
and the correlation between the data of the tumor covered
with limestone and pure limestone are given in Table 3 for
each mass size.

Table 3 Mean, range and standard deviation of the input data for each mass size

Mass Size Mean Range Stande}rd Correlation
(mm) Deviation
1 0.0271 0.0191 0.0056 0.9999
2 0.0270 0.0194 0.0056 0.9998
3 0.0271 0.0189 0.0055 1.0000
4 0.0271 0.0191 0.0056 0.9999
5 0.0270 0.0189 0.0055 0.9998
6 0.0271 0.0188 0.0055 0.9999
7 0.0274 0.0201 0.0055 0.9859
8 0.0263 0.0196 0.0054 0.9882
9 0.0296 0.0208 0.0060 0.9798
10 0.0293 0.0231 0.0064 0.9699
Hidden Cutput
QOutput

24 1
Figure 3 The ANN model schematic
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For the number of the nodes in the hidden layer, all cases
between 5 + 25 nodes are tested and the best results are
obtained with 24 nodes, Fig. 3. The learning function is
selected as scaled conjugate gradient (trainscg) in MATLAB.
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Figure 4 The transmission coefficients of tumor covered with limestone and pure limestone for mass sizes between 1 + 10 mm

4 RESULTS AND DISCUSSIONS

10-fold cross validation is used to train and test the FF-
ANN model. The data folds are created by randomly
sampling the input data into 10 different groups. 9 groups are
used for training and the last one for testing. These steps are
repeated for all folds and the mean of the Correct Rate,
Sensitivity and Specificity are calculated as total

performance metric. The obtained results for different mass
sizes are given in Tab. 4.

The prediction results, which are given in Tab. 4, show
that the proposed method, on the contrary of the
mammogram, has the potential of discriminating the tumor
covered with limestone from the pure limestone, for the mass
sizes of 7, 8 and 10 mm.

52

TECHNICAL JOURNAL 11, 1-2(2017), 50-54



Ahmet AYDIN, Emine AVSAR AYDIN: EVALUATION OF LIMESTONE LAYER'S EFFECT FOR UWB MICROWAVE IMAGING OF BREAST MODELS USING NEURAL ...

The reason why the method did not work well for the
other mass sizes is that there is no usable difference between
transmission coefficient parameters at any frequency in the
given range, as it can be seen in Fig. 4 and Tab. 3.

Table 4 Mean Correct Rate, Sensitivity and Specificity for 10-fold cross validation
of each mass size

M?sfrTS];ze Correct Rate Sensitivity Specificity
1 0.4889 0.4177 0.5680
2 0.4778 0.5022 0.4458
3 0.4841 0.4757 0.5263
4 0.4968 0.4845 0.5205
5 0.4905 0.4488 0.5565
6 0.4460 0.4857 0.4071
7 0.9111 0.8992 0.9249
8 0.8667 0.8167 0.9217
9 0.5524 0.5963 0.5303
10 0.9968 1.0000 0.9943

As a result of this study, if the examined mass size is 7,8
or 10 mm, the trained FF-ANN can be used for any input
frequency and resultant transmission coefficient parameters
between 6.48 +~ 11.50 GHz to predict whether the mass is a
tumor covered with limestone or pure limestone.

5 CONCLUSION

The results of the study show that UWB microwave
imaging outperforms X-ray mammogram in cases of
discriminating a tumor covered with limestone from a pure
limestone mass. Although the UWB microwave imaging is a
promising method for the mentioned problem, the
performance of the method for the mass sizes smaller than 7
mm can be increased with different antenna designs.
Therefore, better transmission coefficients, which make it
possible to differentiate both cases from each other, might be
obtained.
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