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Introduction 

Breast cancer is a type of cancer that occurs in 32% of 

women [1]. It is also the most common cancer in women in 

approximately 157 countries. The World Health 

Organization's goal is to reduce global breast cancer deaths 

by 2.5% per year between 2020 and 2040. This is expected 

to prevent 2.5 million deaths [2]. 

Positron emission tomography (PET), ultrasound, 

mammography and magnetic resonance imaging (MRI) 

detection are important imaging tools for breast cancer 

detection [3]. However, imaging techniques have several 

disadvantages. The MRI imaging technique is not suitable 

for those with claustrophobia and sensitivity to the contrast 

materials used, and is a time-consuming, expensive imaging 

method. The experience of doctors is very important in 

ultrasound imaging, and the resolution is not good in 

detecting small masses. Tomography requires experienced 

physician due to radiation damage and poor resolution. 

Positron emission tomography imaging has a carcinogenic 

effect and this method is not suitable for patients with 

metabolic abnormalities [4]. 

Normal and malignant tissues in the breast have different 

electrical properties. Microwave imaging detects tumors by 

detecting these differences. Microwave imaging is an 

important alternative to other imaging methods. This 

system uses electromagnetic waves and the system has no 

ionizing effect. It uses non-ionizing electromagnetic waves 

to examine an unknown tumor target based on scattering. 

Therefore, it has enabled the development of this imaging 

technique [5]. 

In microwave imaging, the antenna sends low-power radio-

frequency (RF) signals toward the breast and collects the 

reflected signals. It analyzes the collected signals to 

reconstruct the image. The antenna used here acts as both a 

transmitter and a receiver. 

RMWI reveals the electrical properties of tissues by solving 

the inverse scattering problem [6]. The aim of RMWI is to 

detect objects (tumors) and determine their location. The 

antenna used as a sensor sends a Gaussian pulse signal to 

the target (chest). The sum of the reflected signals is the sum 

of the signals reflected from the tissues in the chest and 

environmental noise. Using filtering techniques, unwanted 

parts of the reflected signals are eliminated and the tumor 

response is obtained [7]. 

There are many important factors in the RMWI technique. 

The antenna used in this technique must have features such 

as bandwidth, directionality (radiance) and gain suitable for 
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ABSTRACT 

  

In this study, two different antipodal Vivaldi antennas were designed using CST MWS simulation 

program. The proposed antipodal Vivaldi antennas were designed using 1.6 mm thick FR4 material. The 
dielectric constant of this material is 4.4 and the loss tangent value is 0.002. The impedance of the feed 

port is 50 Ω and the copper thickness is 0.035 µm. The compact size of the first antenna is 30 mm x 36 

mm, its gain is 5.04 dB and its directivity is 6.48 dB. The size of the second antenna is 38 mm x 33.5 mm, 
its gain is 7.68 dB and its directivity is 8.77 dB. In the simulation environment, two phantoms were created 

by placing spherical tumors with two different diameters, each inside a separate heterogeneous breast 

phantom. Then, the designed antennas in the simulation environment were tested for tumor detection 
performance on the phantom using the radar-based microwave breast cancer imaging technique (RMWI). 

After the signal processing stages, tumor images were obtained. In microwave imaging methods, the 

performance of two different antennas on tumor detection was observed in terms of gain and directivity. 
In the breast cancer detection study using RMWI technique, the importance of antenna properties such as 

gain and directivity was emphasized. 
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microwave imaging. In addition, factors such as the density 

of the breast tissue used as a phantom in this system, the 

size of the tumor and signal processing techniques are 

important. In these systems, antenna types such as resonant, 

patch, bowtie, monopole, dipole and antipodal Vivaldi are 

used [8, 9, 10, 11, 12]. Using antipodal Vivaldi antennas in 

these systems provides various advantages to other 

antennas [13]. Antipodal Vivaldi antennas used in these 

systems are good candidates for these systems due to their 

high performance (gain, directivity, bandwidth, impedance 

matching etc.) [14, 15, 16, 17, 18]. There are many 

antipodal Vivaldi antennas designed with different 

techniques using microwave imaging system for breast 

cancer detection in the literature [13, 19, 20, 21, 22, 23, 24, 

25, 26, 27]. 

Rubber, polyimide, silicone, polycarbonate and FR4 are 

used as substrates in antenna designs. FR4 substrate is ideal 

for the design of antipodal Vivaldi antennas due to the 

desired bandwidth, impedance matching, stable radiation 

values, high gain, good directivity, compact size, low cost 

and easy availability [28, 29, 30]. 

The directional performance of antipodal Vivaldi antennas 

can be improved by changing some of their geometrical 

properties. The antenna geometry was optimized using 

particle swarm optimization and the gain and directivity of 

the Vivaldi antenna were increased [22, 31]. 

With RMWI system, the signals reflected from the target 

(breast phantom) are the sum of environmental noises and 

signals reflected from all breast tissues. To obtain the tumor 

response, other reflected signals need to be filtered [57, 58, 

59]. For this purpose, adaptive Wiener filter is an effective 

filtering algorithm and has been used in studies in the 

literature [27, 32, 33, 34, 35]. After the filtering algorithm 

stage, DAS and DMAS are used as reference image 

generation algorithms for imaging the tumor response [36, 

37]. The DMAS imaging algorithm is an extended version 

of DAS with higher contrast resolution [38, 39]. Due to this 

advantage, the DMAS algorithm has been used as an ideal 

algorithm for tumor detection [27, 37]. 

In the RMWI system, breast phantom tissues, which are 

target objects, should be designed in accordance with the 

electrical properties of the real breast. The design of 

artificial breast phantom tissues according to appropriate 

electrical properties in simulation and experimental 

environments has been presented in scientific studies [40, 

41]. In order to model these tissues in the CST MWS 

environment, a design suitable for the electrical properties 

of real breast tissues was made [42]. 

Materials and Methods 

The proposed antipodal Vivaldi antennas are designed 

using FR4 material with a thickness of 1.6 mm. The 

dielectric constant of this material is 4.4 and the loss tangent 

value is 0.002. The feed port has an impedance of 50 Ω and 

the copper thickness is 0.035 µm. All designs and 

simulations were made using the CST MWS simulation 

program. 

The exponential form (inner and outer edge taper) equations 

used in the designs of the antipodal Vivaldi antenna:  

y = C1eRx + C2                              (1) 

Here R is the angle ratio, y is the curve and C1 and C2 

geometric parameters are calculated in the following 

equations. 

C1 = 
𝑦2−𝑦1

𝑒𝑅𝑥2−𝑒𝑅𝑥1
                              (2) 

C2 = 
𝑦1𝑒𝑅𝑥2−𝑦2𝑒𝑅𝑥1

𝑒𝑅𝑥2−𝑒𝑅𝑥1
                          (3) 

The starting points of the curves in the antennas are 𝑦1 and 

𝑥1; the ending points are 𝑦2 and 𝑥2. 

The purpose of particle swarm optimization used in antenna 

design is to determine the direction of particle movement in 

the solution space. This optimization technique assumes 

that the particles should move towards the best positions 

from the calculated positions. To update the particle 

positions at each step, they can be stored in an M x N matrix, 

where M is the number of particles in the simulation and N 

is the number of dimensions of the problem [43, 44]. In this 

way, the best particle position can be obtained by 

performing iteration operations. The best positions are 

represented by the M x N matrices Ρ = (Pij) and G = (gij), 

respectively.  

The position and velocity of the particles are updated at 

discrete intervals.  

       Vuptaded = Vprevious + C1n1(P-X) + C2n2(G-X)   (4)                           

The positions and velocities of the particles are updated at 

discrete intervals in the range 0 ≤ n1,2 ≤ 1, C1 and C2 

determine the influences on the trajectories of the particle 

[45]. Finally, the particles move according to the desired 

best position.  

       Vuptaded = Vprevious + V.Δt           (5)                           

Where At is either a unit time step. 

In 2002, the Federal Communications Commission allowed 

unlicensed use of the 3.1-10.6 GHz frequency band, thus 

increasing interest in studies in this area. Using the above 

equations, antennas were optimized and designed to cover 

the allowed frequency operating range. 

In this study, two different antipodal Vivaldi antennas were 

designed. The antenna dimensions are 30 mm x 36 mm and 

38 mm x 33.5 mm. The antenna designs were carried out 

using the CST MWS simulation program. 
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a. 

 

b. 

Figure 1. Antipodal Vivaldi antennas configuration: (a) 

antipodal Vivaldi -1; (b) antipodal Vivaldi-2. 

Table 1. Geometric Configurations of Opposite Polarity 

Antipodal Vivaldi Antennas 

Parameter-1 Antipodal 

Vivaldi 

antenna 

value 

(mm)-1 

Parameter-2 Antipodal 

Vivaldi 

antenna 

value (mm)-2 

W1 

(Antenna 

width) 

30 W2 

(Antenna 

width) 

38 

L1  

(Antenna 

length) 

36 L2 

(Antenna 

length) 

33.5 

W1x 

(Spacing 

width) 

10.5 W2x 

(Spacing 

width) 

26 

L1y  

(Flap length) 

22 L2y 

(Flap length) 

23 

L1a 

(Port length) 

7 L2a 

(Port length) 

6 

W1a 

(Port width) 

14 W2a 

(Port width) 

7 

W1b 

(Port width) 

2.4 W2b 

(Port width) 

2.6 

a1 

(Elliptical 

edge) 

0.3 a2 

(Elliptical 

edge) 

0.08 

b1 

(Elliptical 

edge) 

0.095 b2 

(Circular 

diameter) 

11.5 

Two different antipodal Vivaldi antennas were designed as 

seen in Figure 1. The measurement results of the antennas 

for the S11 over-frequency are as shown in Figure 2. 

 

 

  Figure 2. S11 over-frequency parameters: (a) antipodal 

Vivaldi -1; (b) antipodal Vivaldi -2. 

The gain and directivity results of the designed antipodal 

Vivaldi antennas are shown in Figure 3. 

 

a. 

 

b. 
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c. 

 

d. 

Figure 3. Antenna parameters: (a) gain, antipodal Vivaldi-

1; (b) directivity, antipodal Vivaldi-1; (c) gain, antipodal 

Vivaldi-2; (d) directivity, antipodal Vivaldi-2. 

As a result of the operations performed, the first antenna 

gave the best result at the frequency of 10.3 GHz with a gain 

of 5.04 dB and a directivity of 6.48 dB; The second antenna 

gave the best result at the frequency of 10.5 GHz with a gain 

of 7.68 dB and a directivity of 8.77 dB. 

RMWI System and Imaging in Simulation Environment 

Female breasts have different tissues (fat, glandular, lymph, 

muscle and nipple etc.). The electrical properties of the 

tissues are different at microwave frequencies. Tumor 

detection with RMWI is based on the high contrast between 

the relative permittivity and conductivity of healthy tissue 

and cancerous tissue [46].  

In the simulation program, two heterogeneous breast 

phantoms with electrical properties suitable for breast 

tissues were created. The first phantom was 100 mm in 

diameter and its interior was covered with fat (36%), 

glandular tissue (60%) and a 1 mm diameter tumor; its 

exterior was covered with 2 mm skin tissue and the nipple 

was added. The other phantom contained a 10 mm diameter 

tumor and was designed with fat (36%), glandular tissue 

(42%), 2 mm skin and the nipple. The phantoms created in 

Figure 4 are shown in the XY and YZ planes and 12 

different measurement positions of the antennas around the 

phantom are shown in Figure 5. 

  

               a.                                           b. 

   

                      c.                                            d. 

Figure 4. CST Heterogeneous breast phantom simulation: 

(a) XY (1 mm diameter tumor); (b) XZ (1 mm diameter 

tumor); (c) XY (10 mm diameter tumor); (d) XZ (10 mm 

diameter tumor). 

 

Figure 5. Positioning of antipodal Vivaldi antennas at 

12 different points around the phantom. 

To detect the tumor in the phantom, a Gaussian signal is 

sent to the target and the reflected signals are collected. The 

collected signals are preprocessed to remove artifacts [47]. 

Then, to find the tumor response, other signals are 

suppressed and filtered to obtain a low amplitude tumor 

response. 

A RMWI system was developed on CST MWS with 

antipodal Vivaldi antennas used as a transmitter sending 

Gaussian pulse signal and a receiver collecting the reflected 

signals. In this system, antipodal Vivaldi antennas were 

rotated in twelve different positions around the tumor 

heterogeneous breast phantom and measurements were 

made. Calibration process was performed using a tumor-

free heterogeneous phantom. The tumor response was 

found by subtracting the signals reflected from healthy 

breast tissues from the total signal reflected from the 

tumorous breast. is the subtraction method stage. The 

subtraction method is expressed in equation 6: 

                      STY =   ST – SH                             (6)                              

In equation (6); ST represents the signal in each channel, SH 

represents the signal scattered from the tumor-free breast, 

and STY represents the tumor response signal obtained as a 

result of filtering. The image was enhanced using gauss 

band-pass filtering to eliminate artifact effects [48]. Hilbert 

transform was used for integration of the incident wave. 

Thus, the tumor image was obtained. 

The envelope of the signal for the tumor response is 

obtained by the Hilbert transform. This transformation is 

expressed in Equation 7. 

H[s(t)] = 
1

П
∫

s(г)

s(t−г)

+∞

−∞
dг                       (7)  
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SA(t) = s(t) +jh[s(t)]                          (8) 

SA(t) = A(t)𝑒𝑗ѡ(𝑡)                             (9) 

Here SA(t) is the analytical signal, s(t) is the filtered real 

signal, H[s(t)] is the complex composition, and Equation 9 

shows the time envelope. 

Delay-multiply-sum (DMAS) focusing method was used 

for tumor detection using ultra-wideband confocal 

technique. In this method, signals reflected back from the 

simulated target using finite difference time domain method 

are shifted in time domain, multiplied double and summed 

to form a focal point. Difference multiplication operation 

was performed according to DAS. This method is shown in 

Equation 10. 

I(г0)= ∫ [
T

0
∑ ∑ 𝑥𝑀

𝑗=(𝑚+1)
𝑀−1
𝑚=1 m(гm(г0))𝑥j(гj(г0))]2dt (10)                   

Here, for each pixel, τm represents the delay time, xm 

represents the tumor response, and the energy of the pixel 

energy at distance г is expressed as I(г0). 

I(г) is the energy of pixels at location г(x, y, z). Here, v is 

the wave velocity, Δt is the time steps, and di is the distance 

between the pixel and the antenna. Time delay (Equation 9), 

distance (Equation 12), speed of the wave (Equation 11) are 

shown below respectively.  

гn(г)  = 
2

vΔt
di                                 (11)                          

di =   
√(𝑥−𝑥i)2+(y−yi)2+(z−zi)2

v
                              (12)  

v = 
c

√𝜀𝑟
                                (13) 

Here, εr represents the relative permittivity of the medium 

and c represents the speed of light. 

In the simulation environment, small spherical tumors with 

diameters of 1 mm and 10 mm were placed in the 

heterogeneous breast phantom, as seen in Figure 4. After 

applying signal processing steps to the heterogeneous and 

dense breast phantom, images obtained from two different 

antennas were generated, as seen in Figures 6 and 7. 

                   

X axis (mm) 

a. 

 

                              X axis (mm) 

                                      b. 

 

                                     X axis (mm) 

                                            c. 

 

                              X axis (mm) 

                                           d. 

Figure 6. Images of the tumor in the heterogeneous breast 
model with a diameter of 1 mm in the X-Y and X-Z 

planes: (a) X-Y, antipodal Vivaldi-1; (b) X-Y, antipodal 
Vivaldi-2; (c) X-Z, antipodal Vivaldi-1; (d) X-Z, antipodal 

Vivaldi-2. 
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X axis (mm) 

b. 

 

X axis (mm) 

c. 

 

X axis (mm) 

d. 

Figure 7. Images of the tumor in the heterogeneous 

breast model with a diameter of 10 mm in the X-Y and X-

Z planes: (a) X-Y, antipodal Vivaldi-1; (b) X-Y, antipodal 

Vivaldi-2; (c) X-Z, antipodal Vivaldi-1; (d) X-Z, antipodal 

Vivaldi-2. 

The tumor detection performance of two different antipodal 

vivaldi antennas was compared. In the measurement made 

with the number one antenna, the tumor image was 

scattered due to the low focus of the antenna directivity in 

the tumor image and a double image was obtained. The 

image of the tumor placed on the created heterogeneous 

breast model was obtained with a more uniform single-

focus image compared to the first antenna due to the high 

gain and directivity properties of the second antenna. In 

addition, images close to the tumor location were obtained 

in the measurements made using two different antennas. 

However, in the measurements made with the antenna with 

high gain and directionality, the tumor response was 

displayed more smoothly and without a scattered focus. 

This showed us the importance of gain and directionality. 

Conclusions  

In this study, two different antipodal vivaldi antennas and 

heterogeneous breast phantoms containing tumors of 

different sizes were designed using the CST MWS 

simulation program. A radar-based system was established 

for breast cancer detection in the simulation environment. 

Measurements were made by placing spherical tumors of 

different diameters into the heterogeneous phantom. The 

tumor detection performances of the designed antennas 

were tested on phantoms using the RMWI technique. After 

the signal processing stages, tumor images were obtained. 

The effects of the gain and directionality of the antennas on 

tumor detection in microwave imaging methods were 

investigated. The importance of antenna performances in 

this imaging technique was determined. As a result, it was 

emphasized that the gain and directionality of the antennas 

are very important in breast cancer detection studies using 

RMWI technique. 

Ethics committee approval and conflict of interest 

statement  

"There is no need to obtain permission from the ethics 

committee for the article prepared"  

"There is no conflict of interest with any person / institution 

in the article prepared" 

Reference 

[1] American Cancer Society. Key Statistics for Breast 

Cancer. American Cancer Society, Atlanta, USA. 2023, 

https://www.breastcancer.org/facts-statistics 

[2] World Health Organization. Breast Cancer. World 

Health Organization, Global Breast Cancer Initiative. 

2023, https://www.who.int/news-room/fact-

sheets/detail/breast-cancer 

[3] B. J. Pomerantz, "Imaging and Interventional 

Radiology for Cancer." Surgical Oncology for the General 

Surgeon, An Issue of Surgical Clinics, vol. 100, no. 3, pp. 

499-506, 2020. 

[4] Z. He, Z. Chen, M. Tan, S. Elingarami, Y. Liu, T. Li, 

Y. Deng, N. He, S. Li, J. Fu and W. Li, "A review on 

methods for diagnosis of breast cancer cells and 

tissues." Cell proliferation, 53(7), e12822, 2020. 

[5] K. Lalitha and J. Manjula, "Non-invasive microwave 

head imaging to detect tumors and to estimate their size and 

location." Physics in Medicine 13: 100047, 2022. 

[6] A. Naghibi, A. R. Attari, "Near-field radar-based 

microwave imaging for breast cancer detection: A study on 

resolution and image quality." IEEE Transactions on 

antennas and propagation 69.3: 1670-1680, 2020. 

[7] E. C. Fear, X. Li, S.C. Hagness and M. A. Stuchly, 

"Confocal microwave imaging for breast cancer detection: 

Localization of tumors in three dimensions." IEEE 

Transactions on biomedical engineering, 49(8), 812-822, 

2002. 

Y
 a

x
is

 (
m

m
) 

Z
 a

x
is

 (
m

m
) 

Z
 a

x
is

 (
m

m
) 

https://www.breastcancer.org/facts-statistics
https://www.who.int/news-room/fact-sheets/detail/breast-cancer
https://www.who.int/news-room/fact-sheets/detail/breast-cancer
https://scholar.google.com/citations?user=TVxSa-sAAAAJ&hl=tr&oi=sra
https://scholar.google.com/citations?user=wfo81gsAAAAJ&hl=tr&oi=sra


DUJE (Dicle University Journal of Engineering) 16:4 (2025) Page 857-864 

 

863 
 

[8] D. Guliato, R. M. Rangayyan, J. D. Carvalho and S. A. 

Santiago. Polygonal modeling of contours of breast tumors 

with the preservation of spicules. IEEE Transactions on 

Biomedical Engineering. 55(1), 14-20, 2007. 

[9] D. Á. Sánchez-Bayuela, N. Ghavami, G. Tiberi, L. 

Sani, A. Vispa, A. Bigotti, and A. S. Tagliafico. A 

multicentric, single arm, prospective, stratified clinical 

investigation to evaluate MammoWave’s ability in breast 

lesions detection. PLoS One. 18(7), e0288312, 2023. 

[10] K. Singh, M. Dhayal and S. Dwivedi. Breast cancer 

detection by terahertz UWB microstrip patch antenna 

loaded with 6X6 SRR array. IETE Journal of 

Research. 70(5), 5295-5310, 2024. 

[11] J. Moll, T. Slanina, J. Stindl, T. Maetz, D. Nguyen H. 

and V. Krozer. Temperature-induced contrast 

enhancement for radar-based breast tumor detection at k-

band using tissue mimicking phantoms. IEEE Journal of 

Electromagnetics, RF and Microwaves in Medicine and 

Biology, 7(3), 251-257, 2023. 

[12] A. O. Asok, M. A. Shukoor and S. Dey. Breast cancer 

detection with metamerial enabled monopole antennas 

using microwave imaging. In 2022 IEEE International 

Conference on Emerging Electronics (ICEE). pp. 1-4, 

2022. 

[13] A. Bhaij, A. Haddad, R. Jouali, K. Sabri, and M. 

Aoutoul, Design and optimization of a vivaldi antenna for 

early cancer detection: Sar and current density 

analysis. Int. J. Tech. Phys. Probl. Eng. 16, 85-92, 2024. 

[14] M. Abbak, M. Çayören and I. Akduman, "Microwave 

breast phantom measurements with a cavity‐backed 

Vivaldi antenna." IET Microwaves, Antennas & 

Propagation 8.13: 1127-1133, 2014. 

[15] A. Lazaro, R. Villarino and D. Girbau. Design of 

tapered slot Vivaldi antenna for UWB breast cancer 

detection. Microwave and Optical Technology 

Letters, 53(3), 639-643, 2011. 

[16] M. Salimi, S. Gheitarani Sehrigh and S. Rajebi. 

Design and analysis of Microstrip Patch Antenna for 

hyperthermia applications in breast cancer. International 

Journal on Technical and Physical Problems of 

Engineering (IJTPE). (41), 71-76, 2019. 

[17] J. L. Rajput, A. B. Nandgaonkar, S. L. Nalbalwar, A. 

E. Wagh and N. G. Huilgol. Performance evaluation of 

compact rectangular microstrip antenna for breast 

hyperthermia. Int. J. Tech. Phys. Probl. Eng. 48, 87-94, 

2021. 

[18] M. A. Aldhaeebi and T. S. Almoneef. Dipole array 

sensor for microwave breast cancer detection. IEEE 

Access. 11, 91375-91384, 2023. 

[19] Z. Hood, T. Karacolak, E. Topsakal, "A small 

antipodal Vivaldi antenna for ultrawide-band 

applications." IEEE Antennas and Wireless propagation 

letters 7: 656-660, 2008. 

[20] A. Hossain, S. Pancrazio, T. Kelley and A. V. Pham. 

A Compact and Low-Profile High-Gain Multilayer Vivaldi 

Antenna Based on Gradient Metasurface 

Superstrates. IEEE Antennas and Wireless Propagation 

Letters. pp. 1-5, 2025. 

[21] J. Harel, M. Himdi, O. Lafond, O. Clauzier, O. 

Vivares. A compact Vivaldi-shaped array using antipodal 

Vivaldi antennas to stabilize the high-frequency radiation 

pattern. IEEE Access. 13, 29983–29993, 2025. 

[22] M. T. Islam, M. Z. Mahmud, N. Misran, J. I. Takada 

and M. Cho, "Microwave breast phantom measurement 

system with compact side slotted directional 

antenna." IEEE access 5: 5321-5330, 2017. 

[23] R. Natarajan, J.V George, M. Kanagasabai, L. 

Lawrance and B. Moorthy. Modified antipodal Vivaldi 

antenna for ultra-wideband communications. IET Microw. 

Antennas Propag. 10, 401–405, 2016. 

[24] M.T. Islam, M.Z. Mahmud, M.T Islam, M.T.S. Kibria 

and M. Samsuzzaman, M. A low cost and portable 

microwave imaging system for breast tumor detection 

using UWB directional antenna array. Sci. Rep. 9, 15491, 

2019. 

[25] Z. Katbay, M. Le Roy, C. Olleik, A. Pérennec, S. 

Sadek and R. Lababidi, R. Bi-Static Time Domain Study 

for Microwave Breast Imaging. In 2018 18th 

Mediterranean Microwave Symposium (MMS) IEEE. pp. 

411-414, 2018. 

[26] M. Samsuzzaman, M.T. Islam, A.A. Shovon, R.L. 

Faruque and N. Misran. (2019). A 16‐modified antipodal 

Vivaldi antenna array for microwave‐based breast tumor 

imaging applications. Microwave and Optical Technology 

Letters. 61(9), 2110-2118, 2019. 

[27] H. Özmen and M. B. KURT, "Radar-based microwave 

breast cancer detection system with a high-

performanceultrawide band antipodal Vivaldi 

antenna." Turkish Journal of Electrical Engineering and 

Computer Sciences 29.5: 2326-2345, 2021. 

[28] S. Christydass, G. Navaneethakrishnan, R. 

Palanisamy, C. A. Saleel, and B. S. Arputharaj. Split ring 

resonators and composite FR4 substrate for analysis and 

design of tri-band monopole antenna. Applied Physics 

Letters. 125(18), 2024. 

[29] S. Z. Ali, K. Ahsan, D. ul Khairi, W. Alhalabi and M. 

S. Anwar. Advancements in FR4 dielectric analysis: Free 

space approach and measurement validation. Plos 

one. 19(9), e0305614, 2024. 



DUJE (Dicle University Journal of Engineering) 16:4 (2025) Page 857-864 

 

864 
 

[30] N. B. Kwe, V. Yadav, M. Kumar, S. V. Savilov, M. Z. 

A. Yahya, S. K. Singh. A comparative study of dielectric 

substrate materials effects on the performance of 

microstrip patch antenna for 5G/6G application. Journal of 

Materials Science: Materials in Electronics, 35(24), 1617, 

2024. 

[31] H. B. Lim, N. T. T. Nhung, E. P. Li and N. D. Thang, 

"Confocal microwave imaging for breast cancer detection: 

Delay-multiply-and-sum image reconstruction 

algorithm." IEEE Transactions on Biomedical 

Engineering 55.6: 1697-1704, 2008. 

[32] J. Wang, M. Zhang, Y. Bai, H. Xu and Y. Fan. 

Distance compensation-based dual adaptive artifact 

removal algorithm in microwave breast tumor imaging 

system. Biomedical Signal Processing and Control. 88, 

105598, 2024. 

[33] K. V. Ranjitha and T. P. Pushphavathi. Analysis on 

improved Gaussian-Wiener filtering technique and GLCM 

based feature extraction for breast cancer 

diagnosis. Procedia Computer Science. 235, 2857-2866, 

2024. 

[34] R. Saini. Modified weiner filter for improving quality 

of MRI image for detection of diseases. Int. J. Adv. Res. 

Comput. Sci. 8, 64, 2017. 

[35] R. Chakraborty, A. Bairagi, P. Samui and S. Das. 

Noise removal from digital mammogram. Eur. J. Pharm. 

Med. Res. 6, 312–319, 2019. 

[36] M. Pato, R. Eleutério, R.  C. Conceição and D. M. 

Godinho. (2023). Evaluating the performance of 

algorithms in axillary microwave imaging towards 

improved breast cancer staging. Sensors. 23(3), 1496, 

2023. 

[37] T. Reimer, M. Solis-Nepote and S. Pistorius. The 

application of an iterative structure to the delay-and-sum 

and the delay-multiply-and-sum beamformers in breast 

microwave imaging. Diagnostics. 10(6), 411, 2020. 

[38] S. S. KaramFard and B. M. Asl. Fast delay-multiply-

and-sum beamformer: Application to confocal microwave 

imaging. IEEE Antennas and Wireless Propagation 

Letters. 19(1), 14-18, 2019. 

 

 

 

 

 

[39] M. T. Islam, M. Samsuzzaman and S. Kibria.  

Experimental breast phantoms for estimation of breast 

tumor using microwave imaging systems. IEEE Access. 6, 

78587-78597, 2018. 

[40] M. Lazebnik, E. L. Madsen, G. R. Frank, and S. C. 

Hagness, S. C. Tissue-mimicking phantom materials for 

narrowband and ultrawideband microwave 

applications. Physics in Medicine & Biology. 50(18), 4245, 

2005. 

[41] H. Zhang, T. Arslan and B. Flynn. A single antenna 

based microwave system for breast cancer detection: 

Experimental results. In 2013 Loughborough Antennas & 

Propagation Conference (LAPC). IEEE. pp. 477-481, 

2013. 

[42] X. Li and S. C. Hagness. A confocal microwave 

imaging algorithm for breast cancer detection. IEEE 

Microwave and wireless components letters. 11(3), 130-

132, 2001. 

[43] Y. Rahmat-Samii, D. Gies and J. Robinson. Particle 

swarm optimization (PSO): A novel paradigm for antenna 

designs. URSI Radio Science Bulletin. 2003(306), 14-22, 

2003. 

[44] A. K. Kesarwani, M. Yadav, D. Singh and G. D. 

Gautam. A review on the recent applications of particle 

swarm optimization & genetic algorithm during antenna 

design. Materials Today: Proceedings. 56, 3823-3825, 

2022. 

[45] N. Jin and Y. Rahmat-Samii. Particle swarm 

optimization for antenna designs in engineering 

electromagnetics. Journal of Artificial evolution and 

applications. 2008(1), 728929, 2008. 

[46] H. K. Bidhendi, H. M. Jafari and R. Genov, "Ultra-

wideband imaging systems for breast cancer 

detection." Ultra-wideband and 60 GHz communications 

for biomedical applications. Boston, MA: Springer US, 

83-103, 2013. 

[47] A. M. Qashlan, R. W. Aldhaher and K. H. Alharbi, "A 

modified compact flexible vivaldi antenna array design for 

microwave breast cancer detection." Applied 

Sciences 12.10: 4908, 2022. 

[48] S. Kwon, H. Lee and S. Lee, "Image enhancement 

with Gaussian filtering in time‐domain microwave 

imaging system for breast cancer detection." Electronics 

Letters 52.5: 342-344, 2016. 

 

 


