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Abstract. Breast cancer is a common disease among women and death figure is continuing to increase.
Early breast cancer detection is very important. Ultra wide-band (UWB) is the promising candidate for short
communication applications. This paper presents the performance of different types of UWB antennas for
breast cancer detection. Two types of antennas are used i.e: UWB pyramidal antenna and UWB horn

antenna. These antennas are used to transmit and receive the UWB signal. The collected signals are fed into

developed neural network module to measure the performance efficiency of each antenna. The average
detection efficiency is 88.46% and 87.55% for UWB pyramidal antenna and UWB horn antenna
respectively. These antennas can be used to detect breast cancer in the early stage and save precious lives.

1 Introduction

Breast cancer cases are increasing year by year. 100,000
cancer cases are reported every year in Malaysia. The
five main cancers are breast cancer (14.5%), internal
cancer (12.1%), lung cancer (11.8%), cervical cancer
(5.7%) and throat cancer (5.4%) [1]. Breast cancer is a
leading case in Malaysia. However, 89% of women
survived after breast cancer detected in early stage [2].
The available breast cancer detection methods are
mammography, magnetic resonance imaging (MRI) and
ultrasound.

Mammography is a technology that compresses the
breast between two plates to get an X-ray image of the
breast. Magnetic resonance imaging (MRI) scan is done
by constructing images of the internal breast structure. It
is using high magnetic field and radio energy wave.
Ultrasound is using sound wave to image the breast
structure [3-5]. Despite of the negative effect on human
health, these types of methods are able to detect breast
cancer but not in early stage [6-8]. If a cancer is
detected, usually the patient has to undergo biopsy for
further investigation. A wrong detection can make
patient undergo some painful diagnose process. This
traditional equipment are only available in some of the
clinics and hospitals because they are very expensive
[9,10]. Moreover, this equipment should be handled by
an expert operator. So, the patient needs to go to the
specific hospital for their check-up. These types of
screening systems are not advisable to use regularly due
to their side effects. Besides, the detected cancer cannot
be determined whether it is benign or malignant by the
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available equipment except biopsy [5,8]. Determining of
benign or malignant is important for further treatment
decision.

To overcome the above shortcomings, researchers have
been proposed new breast cancer detection system using
microwave based UWB imaging technology. Radar
based imaging method is widely used for breast cancer
detection compared to microwave tomography [9,11,12].
There are a lot of ways to process the received signal.
Most of the researchers used VNA to view the received
signal. The antenna is attached to the VNA to obtain
output and the image of the breast [13,14]. In other hand,
researcher has used real time oscilloscope to simulate the
received signal from pulse generator [15]. Some
researchers have proposed to use artificial intelligence
(AJ) to analyse the received UWB signal for early tumor
detection [4,12,16]. While antenna will transmit and
receive the signal. This signal contains the signature of
the cancer. Different type of antennas included radar
antenna [17], Vivaldia antenna [18,19], horn antenna
[20,21], slot on-body antenna [22] and wideband half
oval patch antenna, stacked patch antenna and wide-slot
antenna [23] have been designed and used to detect
breast cancer. Here, the performance of two types of
antennas (wearable UWB pyramidal antenna and UWB
horn antenna) are analysed to detect the breast cancer.
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2 Methods and Material

Figure 1 shows the summary of the methodology taken
throughout the experiment. Firstly the forward scattered
UWB signals are collected using the two types of
antennas (UWB pyramidal and UWB horn antenna).
Then, the collected UWB signals are converted into
digital form (1632 data points). The data samples are
combined together and fed into the developed k-fold
based feed forward backpropagation neural network
(KFFBPNN) module. KFFBPNN module is trained,
validated and tested until it is optimized. The developed
KFFBPNN module is used to test using untrained data
samples.
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(Existence, Location&
Size)

Figure 1: Summary of Methodology

2.1. Antenna Design

Two types of antennas are used here: UWB pyramidal
antenna and UWB horn antenna. Both antennas are
designed in Computer System Technology (CST)
Microwave Studio in frequency range of 3.1GHz —
10GHz. Both UWB pyramidal antenna and UWB horn
antenna is fabricated using textile (Zelt textile for patch
and Felt textile for substrate) as shown in Figure 2.

(b) Horn Antenna

(a) Pyramidal Antenna

Figure 2: UWB Antenna

2.2 Data Acquisition

Heterogeneous breast phantom and tumor are developed
with existing chemical materials as shown in Figure 3
[25]. The phantom consists of fat, gland and skin. Tumor
is developed with different sizes (3mm and Smm). The
materials are included p-toluic acid, n-propanol,
deionized water, 200 bloom gelatine, formaldehyde,
safflower oil and ultra-ivory detergent. The amount of
each material is different for fat, gland, skin and tumor
respectively.

Figure 3: Heterogeneous Breast Phantom

The breast phantom is placed in the middle of a pair of
antenna as shown in Figure 4. Antenna will transmit
UWRB signal and another antenna will receive the UWB
signal. This UWB signal contains the information of
tumor’s location and size. The received UWB signals are
saved in PC for further investigation. UWB signals are
initially in analogue and converted to digital through
Analogue to Digital Conversion.

Breast Phantom

Figure 4: Experiment Set-up

Transmitter
Antenna

2.3 Neural Network

The 82 data samples are collected for UWB pyramidal
antenna (41 data samples) and UWB horn antenna (41
data samples). 41 data samples were divided into two
groups. First group consisted of 30 data samples for
training, validating and testing while second group
consisted of 11 data samples for real time testing. Each
data sample consisted 1632 data points. Four data points
are left after extracted the important points from 1632
data points. Four data points included mean, median,
maximum number and minimum number.

K-fold based feed forward backpropagation neural
network (c) module is developed in Matlab software.
Hidden neuron, hidden layer and training function are
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the most important parameter during developing the
KFFBPNN module. These parameters are changed
depending on input data and target data. First group data
samples (30 data samples) are fed into the KFFBPNN
module to train, validate and test the network. The
network is trained continuously until it is optimized but
network should not memorize the output. The optimized
network parameters are shown in Table 1.

3 Results and Discussion

After the training session, the developed KFFBPNN
module is tested using untrained 11 data samples from
second group. This process is essential to determine the
efficiency of developed module. Table 2 and Table 3
showed the detection accuracy for each output data and
detection performance efficiency for UWB pyramidal

antenna and UWB horn antenna respectively. Here to

Table 1: Network Parameters mention, negative value indicated the absence of the

Noural Network Parameters tumor while positive value indicated the presence of the
Number of nodes in input layer 4 value.

Number of nodes in first hidden layer 20

Number of nodes in second hidden layer 1

Number of nodes in output layer 4

Training function Trainlm

Learning rate 0.009

Momentum constant 0.6

Maximum number of epochs 1000

Minimum performance gradient le-25

Table 2: Detection Performance Efficiency for UWB Pyramidal Antenna

Detection Performance Efficiency

Actual Target (mm) NN output (mm)

%)
X y 4 S1Z€ X y z s1ze X y z S1z€

-1 -1 -1 -1 -1.16| -0.86] -0.33] -1.00 100 100 100 100
32.5 32.5 40 36.04| 16.35| 35.79 13.62] 90.28f 50.15 89.50 45.33
32.5 32.5 40 31.69| 19.62| 67.02] 50.00f 97.54] 60.30] 32.50 100

59.76] 40.43] 59.59| 29.98] 95.52] 80.45] 50.34 99.67
48.78| 62.49| 58.65] 29.99] 66.60f 99.84| 51.19 99.67
31.00 1.96] 28.51| 29.98[ 9538 96.92] 95.00 99.67
67.18| 32.31| 28.73] 50.00f 93.14] 99.38] 95.67 100
49.85] 29.01] 49.59] 23.92] 48.50] 89.23[ 60.61 79.67
42.11 0.88] 30.27] 50.01f 77.20f 90.00] 99.34 99.80
30.20| 62.57| 29.20f 44.83] 92.92| 99.84| 97.33 89.60

2.69| 33.59] 25.94| 5330 80.00] 96.73] 86.33 93.98

62.5 325 30
32.5 62.5 30
325 1.0 30
62.5 32.5 30
1.0 32.5 30
325 1.0 30
32.5 62.5 30
1.0 32.5 30

N | [ W] W] W W L |W

Table 3: Detection Performance Efficiency for UWB Horn Antenna

Actual Target (mm) NN output (mm) Dete::tflt(‘::iel’:cr;(;ﬁzl)ance
X y Z size X y z size X y z size
-1 -1 -1 -1 -0.53 | -0.85 | -1.24 | -0.66 100 100 100 100
325 325 40 3 45.17 | 27.19 | 8.23 3.62 | 61.02 | 83.65 | 20.59 79.49
32,5 325 40 5 35.16 | 34.76 | 39.99 | 4.66 | 91.81 | 93.05 | 99.99 93.19
62.5 325 30 3 54.74 | 3421 | 2998 | 2.99 | 87.52 | 94.75 | 99.97 99.97
325 62.5 30 3 36.17 | 67.84 | 2999 | 1.83 | 88.72 | 91.46 | 99.99 61.01
325 1.0 30 3 4288 | 0.52 | 29.82 | 4.12 | 68.05 | 52.10 | 99.42 62.65
62.5 325 30 5 67.17 | 24.19 | 30.00 | 5.09 | 92.53 | 74.42 100 98.22
1.0 325 30 3 5.07 | 44.12 | 8.34 2.99 | 49.70 | 64.23 | 27.84 99.68
325 1.0 30 5 69.86 | 43.64 | 29.60 | 4.53 | 46.56 | 2294 | 9.87 90.51
325 62.5 30 5 28.06 | 59.86 | 2998 | 5.01 | 86.35 | 95.78 | 99.95 99.82
1.0 325 30 5 4.19 | 64.87 | 30.16 | 5.08 | 94.88 | 50.15 | 99.45 98.37

antenna is fabricated in larger size compared to the
UWB horn antenna. UWB pyramidal antenna is able to
close the phantom completely and able to transmit and
receive all the UWB signals without loss any signals.

Table 4 showed the average detection efficiency for
UWB pyramidal antenna and UWB horn antenna. UWB
pyramidal antenna (88.46%) performed better than UWB
horn antenna (87.55%). The antenna is fabricated using
the same materials but in different size. UWB pyramidal
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