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Abstract: Breast cancer is one of the most widespread invasive diseases for women around the world.
Now a day, a greater number of women are being affected every year by breast cancer. There are main
techniques used for breast tumor detection mammography, Biopsy, Computer Aided Detection, Magnetic
Resonance Imaging as these techniques have their limitations. To overcome these limitations to use micro strip
antenna is a wearable, convenient, planar, easy-to-fabricate antenna with some attractive attributes and
features, as well as some distinct limitations. The wearable antenna has wearable bending in 2D, which shows
flexibility for wearable electronic devices. Antenna working in ISM band is perfectly suitable for biomedical
applications. As radiation patch provide antenna a wide working band 1.9-2.5GHz or 5.3-5.6GHz which is an
ISM band used for wearable Biomedical Applications. In the proposed antenna silk substrate is chosen for
implementation because of its low SAR (Specific Absorption Rate) and is placed on the breast to detect the
breast cancer tumor. So a simple rectangular patch of dimension 46x56.56mm? is made with T slot loading on
a jeans substrate is proposed and we got a triple band at 2.5,5.5 and 9.5 GHz resonant frequency with Si1
values of -28,-20,-25dB at respective resonant frequency. Microstrip Patch Antenna were considered and
analyzed within and without cancer-affected areas. Since cancer cells are more water content tissues, the gain
and electrical conductivity performance were found to change. For this we have to use SAR value which is
found to be 0.0541 W/Kg without tumor and 0.1561 W/Kg with tumor.

Introduction:

Cancer is a disease occurs due to the uncontrolled growth of abnormal cells that spread rapidly to the
rest of body and damage healthy tissues. It started anywhere in the body usually forms a solid tumor. Breast
cancer is one of the most wide spread invasive diseases for women around the world. Nowadays, a greater
number of women are being affected every year by breast cancer[6]. Breast cancer can also lead to others
serious complications in brain, lungs, liver, bones and also cause death. It is necessary to ensure critical, proper
and effective treatment, early detection of tumors that leads to breast cancer is of most importance. Globally it
is known that Breast cancer is the main prevalent type of cancer in the world, and the earlier it’s been detected
the better. Presently, the most common way for the detection is X-ray imaging, which is called the X-ray
mammography. However, due to the limits in the X-ray mammography, researchers started to search for a new
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advanced device that will aid in the early detection of the Breast cancer [1]. For long time ago, microwaves
were utilized for breast cancer detection, and the microwave imaging functions by using low power
electromagnetic wave at microwave frequencies in order to illuminate the target, and then view its internal
parts. Utilizing microwaves radiation into the breast in order to check and discover the existence of tumors is a
popular method and it can be divided into two approaches the tomography and the radar- based. The antenna is
a device that is made out of a conductive, metallic material and has the purpose of transmitting and receiving
electromagnetic waves, usually radio waves is to communicate or signals. There are two basic types of
antennas:

Transmitter antenna and Receiver antenna. The purpose of transmitting and receiving radio waves to
communicate or broadcast information at the speed of light. In the first stage, tomography, one transmitter is
used to radiate toward the breast, in the same time, around the breast several antennas are laid in order to
receive scattered and diffracted waves [3].Based on the received data, some processes are done to get a 2-D or
3-D image of the breast[4]-[6].

The radar-based microwave imaging is another used method for breast cancer detection. This method
requires a single ultra-wideband (UWB) antenna is used to transmit a short pulse to the breast and receive the
scattered signal back, and the same thing is repeated in various locations around the breast [7]. If the strength
of the scattering was high, it will indicate that there is a tumor. In this method extra detailed information are
provided compared to the tomography microwave imaging method. However, the UWB antennas should
authorize resolution level, which causes some limitations. Thus, the major characteristics that must be taken
into consideration are large fractional bandwidth, low side-lobes and low mutual coupling [6]. In addition, to
minimize the reflection between the free space and the breast surface, the metallic sensors must be placed in a
matching medium that has almost the same permittivity of the breast tissue. However, in real life, the
implementation of the matching medium around the patient’s breast is hard. As we discussed above There are
main techniques used for breast tumor detection mammaography, Biopsy, Computer Aided Detection, Magnetic
Resonance Imaging as these techniques have their limitations [8]. To overcome these techniques limitations an
alternative method is Micro strip Patch Antenna (MSPA).

These parameters are sometimes also Properties of Antenna or Characteristics of Antenna:

e Radiation Intensity
e Directivity and Gain
e Input Impendence

e Effective Length

e Bandwidth

e Effective Aperture

e Antenna Polarization
e Radiation Efficiency

e Antenna Radiation Pattern

The early detection of breast cancer can be done via the microwave imaging. Due to the micro-strip
patch antenna’s features such as small size, lightweight, low profile, and low manufacturing cost, studies are
done on the capability of micro-strip patch antenna in detecting the breast tumor [9]-[11]. Therefore, micro-
strip patch antenna became active and useful for the imaging, as it will aid in the early detection of the cancer
and it will help to locate the suspicious in the breast for a biopsy procedure. The technology of wearable
devices is a technology of electronic and computer devices incorporated into clothes [12]. It can be worn on in
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everyday life. Those devices can be watches, glasses, earring, caps and fabrics. Those devices are capable to do
various tasks; it can work normally like a mobile phone and computer but also can work as a sensor or a
tracker or even work as a scanning device [13]. It is considered as a major step in the trend of pervasive
computing where everybody can access information anywhere. In general, wearable devices have a very broad
application. Before introducing, it the consumers those devices were used in military technology [14]-[16].
Microstrip Patch Antenna is more flexible for Biomedical Applications Performance. Antennas can be thought
of as a “transducer” that converts radio waves into electrical currents and voltages and vice versa. More
specifically, these are devices designed to radiate or receive electromagnetic energy efficiently in a prescribed
manner [17]-[20].Micro-strip antennas recently are used in the medical field for the purpose of imaging,
diagnosis, and treatment. In addition, the flexibility in the micro-strip antenna leads to the ability of contacting
between the human body and the skin[21]-[23].MSPA these patches are capable to blend with - microwave
circuits therefore very well suited for Biomedical Applications, Wireless Local Area Network Applications and
Navigation Systems etc.

Design of proposed Antenna:

The proposed structure is designed on jeans substrate of dimension 60x60x1 mm?® beneath a PEC ground
plane of same length and breadth as substrate but has a thickness of 0.038mm and above it a patch whose
dimension of 46x56.56mm?and has a same thickness as ground and then a T shaped slot is loading on patch
which has vertical length of 16mm and horizontal length of 20mm and has 3 mm slotted dimension as shown
in Figure 1 and is fabricated design is made which is depicted in Figure 2.The whole geometry is simulated on
CST and its S11 vs Frequency curve has a multiband operation on 2.5GHz, 5.5GHz and 9.5GHz of -28dB, -
20dB and -25dB return loss that has an application of breast cancer detection, WLAN, WiMax etc.

W

Wp

Figure 1: Layout of multi-resonator antenna with T slot
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Table 1: Parameter with value in mm of multi-resonator antenna with T slot

Parameter
Value(mm) | 60 60  56.56 46

S, (dB)

—=—S,, vs Frequency curve

% I
5 10

Frequency(GHz)

Figure 3: S11 parameter vs frequency curve of proposed structure
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Parametric Analysis:

By varying the parameter like Width of the slot Ws: and Ws2, Length of the slot Ls, Height of the slot Hs and
Width of the feed Wt , the return loss and resonant frequency changes.

On changing the width of the slot Wg

On increasing the Width of the slot W51, the S1: of upper resonant frequency is decreases from  -19dB to -
28dB as shown in figure 4.

0=

s, (dB)

20 = . ““““““
: —S” for Wsl1=1mm
7 i —S,, for Ws1=2mm
— S]l for Ws1=3mm
-30 T T T 1

5 10
Frequency(GHz)

Figure 4: Effect of T slot width Ws; on S11 of proposed structure

On changing the width of the slot Ws,

The effect of decreasing the Ws2 from 5mm to 1mm, the S11 of middle resonant frequency also decreases from -
11dB to -14dB which is shown in Figure 5.
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On changing the Length of the slot Ls

On increasing the length of the T slot the lower and upper lower frequency decreases and also

0 —

S,, for Ws2=1mm

S,, for Ws2=3mm
S,, for Ws2=5mm

www.jetir.org (ISSN-2349-5162)

Frequency(GHz)

Figure 5: Effect of T slot width Ws2 on S11 of proposed structure

frequency band increases from -24dB to -18dB as depicted in Figure 6.

(dB)

20 —

-30

0 —

S,, for Ls=10mm

S,, for Ls=20mm
S,, for Ls=30mm

the upper

Frequency(GHz)

Figure 6: Effect of T slot length Ls on S11 of proposed structure

On changing the Height of the slot Hs

shown in Figure 7.

The slight change in the upper frequency band from-17dB to -22dB as height of the slot decreases which is
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Figure 7: Effect of T slot height Hs on S11 of proposed structure

On changing the Width of the Feed W

The Si1 value of lower and middle resonant frequency decrease when feed width increases but for upper
resonant frequency the S11 value increases and resonant frequency decreases as shown in Figure 8.

0 =
<10 =
o
)
o
220 -
—S , for Wf=Imm
e— SII for Wf=3mm
—_—8 for Wf=4mm M
30 : T T |
5 10
Frequency(GHz)

Figure 8: Effect of Feed Width Ws on S11 of proposed structure
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Theoretical Analysis:

The proposed structure is well justified through theoretical formula and also its SAR value. The effective
relative permittivity is found to be

&+1 &—1 h

Erefy = =T (1 4+ 12:0) e (1)

The change in Length due to effect is

(Ereff+0-3) (%4'0-264)

AL
— = 0412 Crepy—0258) (W) " 1r e 2)
Effective length of patch is given as
Ly =L+2AL 3)
For dominant mode (TMoz1o) resonant frequency is given as
o 2L \ Erett A Hoo 2('— +2A L)\/greff \Ho&o 2L\/5_r\/ﬂogo
VO (frc )010
= where = ——
2Lz, (f ) 8

q is referred as fringing factor (length reduction factor). As the substrate height increases, fringing increases
and lead to larger separation between the radiating edges so resonant frequency decreases.
SAR is expressed mathematically through the following relationship.
2
SAR = % ....................................................................... (5)

o =conductivity
p =resistivity
E =Electric field

Bending Analysis:

The Bending is usually used in wearable, flexible antenna to check the performance .On applying bending in
proposed structure as shown in Figure 9(a), the S11 value is decreased and also there is a shifting towards upper
band as depicted in Figure 9(b).
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Figure 9: (a) Bending of proposed structure in CST (b) Comparison of Si1 value before and after bending
Results and Discussion:

Proposed antenna is measured through Vector network analyzer and the measured and simulated Si1 value is
observed in Figure 10a and 10b .We observed gain variation with and without tumor detection which is shown
in Figure 11 and also the surface current distribution at 2.5GHz is shown on Figure 12 its clearly understand
the working of proposed antenna on definite direction. But for confirm detection of Tumor we used SAR
variation of proposed for that SAR variation of values with and without Tumor is found to have maximum

value of .0541 W/kg without tumor and 0.182 W/kg with Tumor for 10 gm of Tissue at 2.5GHz which is
depicted in Figure 13 and 14 respectively.

S, (dB)

20

Simulated S |
=+=+=Measured S |

T
5

Frequency(GHz)

(@)

Figure 10: (a) Measured Result through VNA (b) Comparison of simulated and measured S11 value

(b)
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Farfield Gain Abs (Phi=90)

0 —— farfield (f=2.5) [1]
pi=go 0 30 phizaro
60 60
N re |
an
120
Frequency = 2.5 GHz
Main lobe magnitude = 3.13 dBi
Main lobe direction = 0.0 deg.
180 Angular width (3 dB) = 72.7 deg.
Theta / deg vs. dBi Side lobe level = -17.1 dB

Figure 11: Gain of proposed structure in dB at 2.5GHz

A/m

surface-current (f=2.5) [1]
Type Surface Current
Frequency 2.5 GHz
Wavelength 119917 mm 0 o @
Plot attribute Instantaneous 0
Phase 0°

Maximum (Solver) 40.7349 A/m

Max. pos. (X,Y,Z) 0000, 0.000, 0.000 mm

Figure 12: Surface current variation on proposed structure at 2.5GHz
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SAR (f=2.5) [1] (10g)sar 2.5 breast cancer & z =
Fraquency 25GHz

Maximum (Solver) 00541977 Wikg

Minimum (Solver) 0 W/kg

Figure 13: SAR at 2.5GHz without Tumor
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CST Studio Suite
: Learning Edition

SAR (f=2.5) [1] (1g)sarlg at 2.5 tumor &
Frequency 25GHz

Maximum (Solver) 0.184995 W/kg

Minimum (Solver) 0Wrkg

Conclusion:

Figure 14: SAR at 2.5GHz with Tumor

W/kg
0.182

0.16
0.14
0.12
0.1
0.08
0.06
0.04
0.02
0

N =

The overall working of antennas was understood. Design and Fabrication of Microstrip Patch Antenna

for breast Cancer Tumor Detection was done at 2.5 GHz where SAR value without and with tumor is found to
be 0.0541 and 0.156W/Kg. Difference between With and Without Tumor was shown in Figure 13 and 14. The
major parameters (such as VSWR, Return Loss curves, Radiation Patterns, Directivity and Beam width) that

affect design and applications were studied and their implications understood. The patch antenna was

simulated (using CST) and the desired level of optimization was obtained. It was concluded that the software

results we obtained matched the theoretically predicted results.

References:

[1]M. Elsaadi, H. Muhmed, M. A. Alraheem, H. Miftah, and O. Salah, “Square Patch Antenna for Breast
Cancer Diagnosis at 2.45 GHz,” Circuits and Systems, vol. 10, no. 04, pp. 45-53, 2019
doi: https://doi.org/10.4236/cs.2019.104004.

[2]Fatima-ezzahraZerradet al., “Microwave Imaging Approach for Breast Cancer Detection Using a Tapered
Slot Antenna Loaded with Parasitic Components,” Materials, vol. 16, no. 4, pp. 1496-1496, Feb. 2023, doi:
https://doi.org/10.3390/mal6041496.

[3]Julius Fusic S, Sugumari T, and Sitharthan R, “Design of a wearable, Exible Microstrip Patch Antenna for

the Detection

Breast Cancer,” Apr.

2023. chrome-

extension://efaidnbmnnnibpcajpcglclefindmkaj/https://assets.researchsquare.com/files/rs-
2782311/v1/393c1db8-5198-405d-9072-2fd2f54e49f1.pdf?c=1681834476

[4]H. Vinod Kumar and T.S. Nagaveni, “Design Of Microstrip Patch Antenna To Detect Breast Cancer,” Apr.

2020.

chrome-

extension://efaidnbmnnnibpcajpcglclefindmkaj/https://ictactjournals.in/paper/IJIME_Vol_6 Iss_1 Paper 3 89

3_896.pdf

JETIR2406661 |

Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org ‘ g537


http://www.jetir.org/
https://doi.org/10.4236/cs.2019.104004
https://doi.org/10.3390/ma16041496

© 2024 JETIR June 2024, Volume 11, Issue 6 www.jetir.org (ISSN-2349-5162)

[5]Sivasakthi S, “Analysis & Implementation Of Microstrip Patch AntennaForBreastCancerTumorDetection,”
Apr. 2023. chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj/https://sist.sathyabama.ac.in/sist_naac/agar_2022_2023/docum
ents/1.3.4/b.e-ece-19-23-batchno-148.pdf

[6]Aruna S et al., “Investigating Slot Loaded Microstrip Patch Antenna for Breast Cancer Detection .” chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj/https://journalstd.com/wp-content/uploads/2024/05/54-
april2024.pdf

[7]Ali and Askin Demirkol, “A novel textile-based UWB patch antenna for breast cancer imaging,” Physical
and Engineering Sciences in Medicine/Physical and engineering sciences in medicine, Mar. 2024
doi: https://doi.org/10.1007/s13246-024-01409-w.

[8]M. Makkey, “Early Detection of Breast Cancer using Microstrip Patch Antenna,” www.academia.edu,
Accessed: May 08, 2024. [Online]. Available:
https://www.academia.edu/69638038/Early Detection_of Breast Cancer_using_Microstrip_Patch Antenna

[9]Sayad ArafathRuzdiana, “An UWB Antenna Array for Breast Cancer Detection.” chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.diva-portal.org/smash/get/diva2:457396/fulltext01

[10]“Breast cancer detecting device using micro strip antenna,” SlideShare, Nov. 11, 2016.
https://www.slideshare.net/subham_dhar/breast-cancer-detecting-device-using-micro-strip-antenna

[11]“A Microstrip Patch Antenna Design For Breast Cancer Detection | PDF | Medical Imaging | Antenna
(Radio),”

Scribd. https://www.scribd.com/document/529653405/A-Microstrip-Patch-Antenna-Design-for-Breast-Cancer-
Detection

[12]D. N. Elsheakh, R. A. Mohamed, O. M. Fahmy, K. Ezzat, and A. R. Eldamak, “Complete Breast Cancer
Detection and Monitoring System by Using Microwave Textile Based Antenna Sensors,” Biosensors, vol. 13,
no. 1, p. 87, Jan. 2023

doi: https://doi.org/10.3390/bios13010087

[13]JRAJESH KUMAR S, Prakash N, Poovarasan M, Ramkumar M, and Naveen T R, “Microstrip Patch
Antennafor Breast CancerDetection ,? May 05, 2023. chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj/https://ijcrt.org/papers/IJICRT2305288.pdf

[14]G. Arora, P. Maman, A. Sharma, N. Verma, and V. Puri, “Systemic Overview of Microstrip Patch
Antenna’s for Different Biomedical Applications,” Advanced Pharmaceutical Bulletin, Jul. 2020
doi: https://doi.org/10.34172/apb.2021.051.

[15]Y. Mukai and M. Suh, “Development of a conformal woven fabric antenna for wearable breast
hyperthermia,” Fashion and Textiles, vol. 8, no. 1, Feb. 2021, doi: https://doi.org/10.1186/s40691-020-00231-8

[16]S. Lim and Y. J. Yoon, “Wideband-Narrowband Switchable Tapered Slot Antenna for Breast Cancer
Diagnosis and Treatment,” Applied Sciences, vol. 11, no. 8, p. 3606, Jan. 2021
doi: https://doi.org/10.3390/app11083606

JETIR2406661 ] Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org ‘ g538


http://www.jetir.org/
https://doi.org/10.1007/s13246-024-01409-w
https://www.academia.edu/69638038/Early_Detection_of_Breast_Cancer_using_Microstrip_Patch_Antenna
https://www.slideshare.net/subham_dhar/breast-cancer-detecting-device-using-micro-strip-antenna
https://www.scribd.com/document/529653405/A-Microstrip-Patch-Antenna-Design-for-Breast-Cancer-Detection
https://www.scribd.com/document/529653405/A-Microstrip-Patch-Antenna-Design-for-Breast-Cancer-Detection
https://doi.org/10.3390/bios13010087
https://doi.org/10.34172/apb.2021.051
https://doi.org/10.1186/s40691-020-00231-8
https://doi.org/10.3390/app11083606

© 2024 JETIR June 2024, Volume 11, Issue 6 www.jetir.org (ISSN-2349-5162)

[17]A. Sharma and P. Kumar, “Design of a Flexible Microstrip Antenna for BAN Applications,” Journal of
Physics: Conference Series, vol. 2161, no. 1, p. 012012, Jan. 2022
doi: https://doi.org/10.1088/1742-6596/2161/1/012012.

[18]S. Maria Glammi and K. Meena Alias Jeyanthi, “Design of Wide Band and Rectangular Microstrip Patch
Antenna for Breast TumorDetection L’ Feb. 2019. chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.ijrte.org/wp-

content/uploads/papers/v7i5s3/E11850275S19.pdf

[19]Dnyaneshwar Dadaji Ahire, “Designand Developmentof Wideband Microstrip Patch Antenna/Antenna
Arrayfor Biomedical Application” Jan. 2019. chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj/https://engg.matoshri.edu.in/assets/pdf/library/thesis/14%20Dr
%20D.D.Ahire%20PhD%20Report%20.pdf

[20]Oleksandr Sergieiev, “Requirements analysis and modelling of an antenna element for breast cancer
microwave imaging.,” 2010. chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj/https://core.ac.uk/download/pdf/56361867.pdf

[21]Emine Avsar Aydin, “A Novel Flexible Microstrip Patch Antenna with Different Conductive Materials
For Telemedicine and Mobile Biomedical Imaging Systems,” Jul. 09, 2021. chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj/https://assets.researchsquare.com/files/rs-
664932/v1_covered.pdf?c=1631873163

[22]K Vidyasree, Manisha M, Nagaveni T S, Nandini B M, and H Vinod Kumar, “Breast Cancer Detection
Using Microstrip Patch Antenna,” 2018.
WWWw.ijariit.com

[23]Rabia Caliskan, S. Sinan Giiltekin, Dilek Uzer, and Ozgiir Diindar, “A Microstrip Patch Antenna Design
for Breast Cancer Detection,” 2015. http://creativecommons.org/licenses/by-nc-nd/4.0/

JETIR2406661 ] Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org ‘ 9539


http://www.jetir.org/
https://doi.org/10.1088/1742-6596/2161/1/012012
http://www.ijariit.com/
http://creativecommons.org/licenses/by-nc-nd/4.0/

