
 

ENGINEERING RESEARCH JOURNAL (ERJ) 
Vol. 1, No. 42 October 2019, pp.74-81. 

Journal Homepage: www.feng.bu.edu.eg 

 

 

74 

4*4 Microstrip Patch Antenna Array used to Breast Cancer 
Detection System  

 Fatma A. Mostafa, Michael N. Mikhael and Hala A. Mansour  

Faculty of Engineering at Shoubra, Benha University, Cairo, Egypt,  

 
Abstract  

Breast cancer is one of the most common diseases in the recent period, it is the second leading cause of death worldwide. 
More than 1.8 million new breast cancer cases are diagnosed every year worldwide. In Egypt, the estimated number of 
cancer cases According to the results of the national population-based cancer registration program increased in the period 
(20152020) from 19411 to 22682 and is expected to reach 46050 in 2050. In this paper, a system will be designed to 
detect breast cancer tumor. It consists of an array of 4*4 microstrip patch antenna operating at 8 GHz that transmit and 
receive signals from the breast. The scattering signals are collected by voltage network analyzer (VNA) that connected 
to pc to show the output image which illustrates if it is normal or malignant tissues.   
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1. INTRODUCTION  
     Cancer, in general, is a type of disease that makes 
infected cells grow, change and multiply out of control. 
growth with the potential to spread into surrounding 
tissues and can affect any part of the body. Cancer is the 
second leading cause of death worldwide according to 
the American Cancer Society. In 2018 The International 
Agency for Research on Cancer (IARC) of the World 
Health Organization (WHO) has released an alarming 
report on its cancer incidence around the world, and 
predicted that the number of cancer cases in 2018 will 
rise to 18.1 million new cases and that the number of 
deaths from the disease will rise to 9.6 million [1]. Many 
women around the world are suffering from the spread 
of this disease, which causes many untreated problems 
due to lack of early diagnosis. Early diagnosis is an 
important reason to return life for many infected. There 
are numerous techniques for detection tumors [2] such 
that X-ray mammography, ultrasound, computed 
tomography (CT) and Magnetic Resonance Imaging 
(MRI) [3]. youthful ladies have some problems however 
these methods are not preferred because of ionizing 
radiation that causes cell death, damage within the body 
and gives false examination for patients with dense 
breast tissue [4]. In addition, ionization from 
mammograms has been shown to involve many health 
risks, which include the possibility of converting 
healthy tissue into malignancy. So, microwave imaging 
techniques (MWI) are developed for early diagnosis. 
MWI has many advantages [5][6] for example, cheaper, 
more protection (non-ionizing) and simpler 
accessibility. It is overcome the drawbacks in terms of 
false indication. The basis for microwaves to detect and 
locate the tumor is the distinction in the electrical 
properties of ordinary and harmful breast tissue [7]. The 

essential thought of utilizing a microwave imaging 
framework for breast disease location is to transmit 
electromagnetic waves from a transmitting antenna to 
the breast and get the dispersed waves at a receiving 
antenna. Differences between electric field and 
magnetic field for normal and malignant tissues are 
critical to recognize dangerous tissue's position and 
volume. The dielectric properties of malignant breast 
tissues are approximately ten times as large as normal 
breast tissues [8][9]. This is because malignant tissues 
contain much water and are more active than normal.  In 
this manner, antenna choice assumes a significant job. 
There are several antenna types like horn, dipole, 
monopole, Yagi-antenna, etc. Microstrip antenna has 
more favorable advantages like small structure, cheap, 
lightness, low profile planar configuration and is easily 
manufactured.  

There are several types of researches in the detection of 
breast cancer using different antennas:  in 2018 [10], 
used wide-slot ultra-wideband antenna, the antenna 
operates at the range from 2.5 to 7 GHz, the detection 
depends on the dielectric properties of normal and 
malignant breast tissues at microwave frequencies.  

In 2018 [11] also, used (5*5) array of coplanar 
waveguide fed (CPW-fed) microstrip antenna, operating 
at 6.12GHz.  

In 2017 [12], used cylindrical wideband slotted patch 
antenna operates over the frequency range from 7.8 GHz 
up to 15 GHz. the cylindrical antenna has a high gain-
bandwidth product to cover the frequency range from 
7.5 GHz up to 18 GHz.  
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In 2016 [13], used a square patch microstrip antenna 
with three rectangular slots, operating at 13.27GHz.  

In 2015 [14], used flexible of sixteen monopole antenna 
placed on the breast as an abra, operating at (2-4) GHz.   

In 2015 [15] also, used microstrip patch antenna 
operating at 2.45GHz for breast cancer detection.  

In 2012 [16] using a single layer microstrip antenna 
operating at 2.44GHz.  

In this paper, the antenna structure is a rectangular 
Microstrip patch antenna operating at 8GHZ utilized 
with the end goal of microwave imaging over 

distinguishing carcinogenic tissue into breast structure 
and so, a simple 3D breast structure is displayed to 
characterize dangerous tissue. All simulations are 
calculated using the CST program. Double-Stage Delay 
Multiply and Sum Beamforming Algorithm (DMAS) 
used in the calculation of the output signal processing. 
Section 2 clarifies framework configuration, section 3 
and 4 clarify simulation & results and conclusion, 
respectively.  

2. System Design  
    In this section the whole system used in tumor breast 
detection as shown in Fig. (1) will explain.  
 

  
Fig. (1) Block diagram of the imaging system [17]. 

In the test room, we turn the phantom model to take 
information all around the phantom to recognize the 
situation of the tumor. The breast phantom is set 
between two antennas placed as they offset to each other 
and the effects of the breast tissues are studied on the 
performance of the antenna. The VNA parameters are 
set as IF bandwidth 10 HZ, 10 dBm output power, and 
3.1 to 10.6 GHz frequency range. The transmitting 
antenna transmits the microwave pulse towards the 
breast phantom and the receiving antenna receives the 
dispersing signals reflected from the phantom. VNA 
collect the scattering signal from the receiving antenna 
and connect to PC to show the output image and 
recognize the output if it is normal tissues or malignant 
tissues (Image Processing). MATLAB is used to 
develop the fidelity equation and calculate its value by 
using Double-Stage Delay Multiply and Sum (DMAS) 
Algorithm.  
 

2.1.  Antenna Design  
At first, our goals for antenna design are work on 

Wide range of frequency, Compatible penetration to 
human tissue, higher efficiency, and with high gain. So, 

used the band from 7GHZ to 9GHZ and used different 
r, and different 

substrate height to achieve our goals. calculating the 
Length of the Patch (Lp) and its Width (Wp) from the 
equations of rectangular microstrip patch antenna [18] 

as shown below:  Wp =  .                                                    
Eq. (1)  

.                                                    
Eq. (2)  

  .                                                                         
Eq. (3)  
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 .                                              
Eq. (4)  

                                                                       
Eq. (5)  

Inserting the results of Wp and Lp on CST simulator and 
run the program to give the Directivity, Bandwidth, and 
efficiency as shown in Table 1.  

 
Table 1: illustrated the output results from CST simulator for one element of the antenna. 

f(GHz)  h(mm)  r  Wp(mm)  Lp(mm)  Dir.(dBi)  BW(GHz)  tot(dB)  rad(dB)  

7  1.5  4.4  13.03  9.633  7.125  0.3569  -3.434  -3.068  

7  1.5  2.2  16.93  13.52  8.196  0.2631  -1.183  -0.3947  

7  1.65  2.2  16.93  13.41  8.186  0.1673  -1.068  -0.3652  

7  1.65  2.1  17.2  13.71  8.285  0.1131  -1.002  -0.3018  

7.5  1.5  4.4  12.16  8.935  7.047  0.3413  -3.516  -3.054  

7.5  1.5  2.2  15.8  12.54  8.217  0.2339  -1.177  -0.4218  

7.5  1.65  2.2  15.8  12.43  8.206  0.2876  -1.094  -0.4311  

7.5  1.65  2.1  16.05  12.71  8.312  0.216  -1.018  -0.3506  

8  1.5  4.4  11.4  8.323  6.978  0.27181  -3.623  -3.076  

8  1.5  2.2  14.81  11.69  8.235  0.3434  -1.173  -0.483  

8  1.65  2.2  14.81  11.58  8.224  0.37025  -1.095  -0.4765  

8  1.65  2.1  15.05  11.83  8.339  0.39709  -1.037  -0.3914  

8.5  1.5  4.4  10.37  7.783  6.884  0.39843  -4.04  -3.186  

8.5  1.5  2.2  13.94  10.93  8.268  0.41163  -1.188  -0.5375  

8.5  1.65  2.2  13.94  10.82  8.255  0.44743  -1.13  -0.5376  

8.5  1.65  2.1  14.16  11.06  8.376  0.46532  -1.068  -0.4564  

9  1.5  4.4  10.14  7.301  6.897  0.4651  -4.859  -3.55  

9  1.5  2.2  13.17  10.26  8.333  0.46532  -1.268  -0.5864  

9  1.65  2.2  13.17  10.15  8.313  0.49217  -1.203  -0.5566  

9  1.65  2.1  13.38  10.37  8.42  0.47427  -1.14  -0.5157  

 

From the table results we used array of (4*4) microstrip 
patch antenna to improve overall gain with frequency 
range from 8GHZ to 9GHZ, substrate height 1.575 mm, 

r=2.2 F/m 
(available material in the National Research Center in 
Egypt). We made a comparison between a single 
element Fig. (2) and (4*4) array of rectangular 
microstrip patch antenna Fig. (3) to prove the 
improvement of gain. Substrate dimension Ls is 220 
mm, Ws is 220 mm. Patch dimension Wp is  
14.81 mm, Lp is 11.63mm. with the included SMA 
connector.  

This substrate is financially accessible, minimal effort 

and simple to create the multilayer PCBs. A 50  SMA 
connector is used to feed the microstrip antenna. it has 

2.08 dielectric permittivity and  S/m 
electrical conductivity.  
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Fig. (2) single element structure. 

 
Fig. (3) front and back view for the (4*4) array antenna 

structure. 

2.2. Breast Model  

the safety permission, but we used Ultrasound-Guided 
Breast Biopsy Phantom shown in Fig. (4) that gives 
excellent image qualities and targets are colored to 
confirm successful sampling. Size: 136 mm diameter, 70 
mm height, weight: 0.7 kg. We applied two 
economically accessible off-the-shelf homogeneous 
breast phantoms One is clear (ordinary tissues), and 
another is opaque with a single tumor of higher 
dielectric constant. The phantom is 160 x 80 mm2 size 
containing nearly standard dielectric properties as a 
human breast [19]. The Phantom comprises four layers. 
These are the skin layer, the breast tissue layer or fat, 
cancer malignant breast tumor and the ordinary air layer 
[20]. 

 
Fig. (4) Breast Model. 

2.3. Vector Network Analyzer (VNA)  
By using (R&S®ZNB20) VNA as shown in Fig. 

(5) that has a frequency range from 100 kHz to 20 GHz 

and the number of test ports 2 or 4 ports to test 
component specifications.it has versatile options such 
that time domain, eye diagram, mixer measurements, 
and more [21]. The antenna is connected to VNA to 
gather the dispersing signal. Connect the transmitted, 
received signals to the ports of VNA and connect the 
output to PC using the USB cable.  

 
Fig. (5) ZNB20 VNA [22]. 

 2.4. Image Processing  

        The frequency-domain data comes from VNA 
were preprocessed prior to imaging signal by MATLAB 
using DMAS algorithm. DMAS has high- 
quality images (higher contrast, lower side lobes, and 
higher resolution), and use in medical imaging [23]. In 
the DMAS calculation recreated picture features the 
electromagnetic dissipating instead of recuperating the 
dielectric profile [24] In the DMAS calculation 
recreated picture features the electromagnetic 
dissipating instead of recuperating the dielectric profile 
[24]. The frequency-
weighted with a differentiated Gaussian pulse and 
converted to time domain for the antenna using inverse 
discrete Fourier transform Eq. (6) [25].  

     
                    Eq. (6)  

6)where xid(k) and xjd(k) are the delayed detected signals 
for the ith and jth elements. The output image for signal 
previously recorded shown in Fig. (6).  
  

 
Fig. (6) DMAS image with a tumor. 
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3. Simulation and Results  
The output radiation pattern from the array of (4*4) patch antenna at 8GHZ shown in Fig. (7).   

 
Fig. (7) radiation pattern output for the array from CST. 

The S-Parameter for the Array shown in Fig. (8), the output Gain illustrated in Fig. (9), and the directivity curve shown 
in Fig. (10).   

 
 
 
 
 
Fig. (8) S11-Parameter 
output. 
 
 

 

 

 

 

Fig. (9) output Gain for the 
array. 

 
 

 

 

Fig. (10) Directivity curve 
for the array. 

 

 

For single-element microstrip antenna output S-Parameter, Radiation Pattern, gain, Directivity simulation shown in Fig. 
(11), Fig. (12), Fig. (13), and Fig. (14) respectively.   
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Fig. (11) S11-
Parameter for 
single element. 

 
 

 

 

 

Fig. (12) 
Radiation 
pattern for 

single element. 

  
 

 

 

 

 

Fig. (13) the 
Gain curve for 
Single element. 

 
 

 

 

Fig. (14) 
Directivity 

curve for single 
element. 

 

 

By making Comparison between Single element & (4*4) Array as shown in Fig. (13), and Fig. (14) for Gain and Total 
Efficiency respectively.  
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Fig. (13) 

Gain 
Comparison 

between 
Single 

element & 
(4*4) array. 

 
 
 
 
 
 
 

Fig. (14) 
Total 

Efficiency% 
scale 

Comparison 
between 
Single 

element& 
(4*4) array. 

 

From the previous figures, we conclude that the total 
efficiency is closely in array& single element, the 
bandwidth increasing in the array than in Single 
element, gain, and Directivity is also increasing as 
shown in Table 2. So, an array of (4*4) Microstrip Patch 
Antenna has been used in our application to 
enhancement the gain and increasing BW.  

Table 2: Comparison between Single element and 
(4*4) array. 

Antenna output from CST Single element 
Array of (4*4)  

Gain(8GHz)  

% Efficiency  

Directivity(dBi)  

8.393517  20.789115  

0.97085517  0.94432226  

8.512  20.91  

   
4. Conclusion  

In this paper, the array of (4*4) rectangular 
microstrip patch antenna is studied to enhance gain and 
increasing bandwidth, operating at 8GHz.  

r = 2.2 F/m).the 

maximum electric field = 34.138  V/m, 
maximum magnetic field = 78.56 A/m and maximum 
current density distribution in breast = 20.76 A/m2 are 

phantom, transmitter, receiver, and image processing 
program were recorded by MATLAB. The variety of 
dispersing signal because of the variety of dielectric 
properties of the phantom are analyzed and presented 

that determine if the tissues are ordinary or abnormal. 
The system has many advantages such as portable, 
cheap and easy installation. The system is tested with 
phantom breast prosthesis. Finally, the imaging system 
underpins the early discovery of breast tumor in the 
human breast.  
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