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ABSTRACT

The Threats To Human Life Due To Cancer Is Growing Faster And Early
Detection And Easy Diagnostic Methods Are In Demand. This Paper Provides A
Detailed Survey On Metamaterials And Analysis Of Various Antenna Structures
To Detect Breast Cancer At The Earliest. The Cancer In The Breast Can Be
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Effectively Diagnosed And Screened Using Microwave Imaging Technique. This
Can Be Achieved By Designing A Medical Imaging System Using Microwave

Antenna. Metamaterial Antennas Improve The Performance Of Miniaturized
Antenna Systems With Efficient Power And Acceptable Bandwidth. One Among
The Most Widely Investigated Detection Mechanism Is Using Microwave

Imaging In The Field Of Medicine.

INTRODUCTION

One of the major public health troubles is cancer.
Breast cancer is caused by the abnormal growth of
breast tissues. Among Hispanic women, the most
common death causer is breast cancer and the
second most common cause among Pacific Islander
women, Asian women, Black women and White
women according to the Centers for Disease Control
and Prevention (CDC). Several factors affect the
treatment of breast cancer namely time of detection,
number of tumours, tumour size, depth of tumour
spread in the lymph nodes or nearby parts. A huge
group of diseases that can begin in almost any tissue
or organ of the body due to the growth of abnormal
tissues uncontrollably beyond the usual boundaries,
invading the nearby body parts and spreading to
other organs is termed as cancer.

According to survey, among the world wide cancers,
the breast cancer plays a serious role in women and
it accounts to 25% of all cases. Around 6,27,000
deaths and 2 million new cases occurred in the year
2018. It is 100 times more common in women
compared to men especially in the developed

KEYWORDS
Metamaterial,
Bandwidth,
Microwave Imaging,
Tumour, Antenna

nations. Scaly or a red patch in skin, a newly-
inverted nipple, a change in breast shape, fluid
coming from the nipple, dimpling of the skin, and
alump in the breast are some common signs of
breast cancer.

Fig 1. Cancer Statistics

Scientists across the world used several techniques
for early diagnosis of breast cancer. Diagnostic
techniques based on imaging such as contrast-
enhanced digital mammography [1], (MRI)
Magnetic resonance imaging [2], and Positron
Emission tomography [3] and Breast mammograms
[4] provide limited image resolution but are
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expensive techniques. For obtaining information
regarding the type and stage of cancer, a single
marker is insufficient and techniques based on
biomarkers are still in research [5]. Identification of
benign tissue and cancerous tissues are made
possible by biopsy based techniques [6], however,
these methods often require trained people and
suffer from high cost factors [7]. Hence microwave
imaging technique is an recent and emerging
alternative methods that is reliable, nonionozing,
cost effective, portable, side effect minimization
nature compared to other existing solutions and
comfortable for breast screening.
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Fig 2 .Early Signs of Breast Cancer

MICROWAVE IMAGING TECHNIQUE

In this technique, detection of tumour tissues is
performed using the variations in the electrical
properties of malignant and healthy cells.

Active

MWI- :

Fig 3. Approaches in microwave imaging
technique

Active microwave imaging technique uses
microwave energy for illuminating the breast. The
breast tissues attenuate and reflect the microwaves
traveling through the breast. Lesser reflection and
attenuation are created from normal tissues when
compared to the tumour tissues. Due to increased
vascularization, the temperature of a tumour is said
to be larger than that of the healthy breast tissue
which forms the principle assumption of passive
microwave imaging for tumour detection. Usage of
Microwaves by the hybrid microwave-acoustic
imaging technique for illumination of breast and the
signals are measured using ultrasound transducers.
Microwave energy is absorbed more by the tumour
cells due to their dielectric properties [8]. When
microwave and acoustics are combined together
the tumour cells expand more as they absorb higher
energy compared to normal tissues. The pressure
waves produced by this expansion is detected using
a focused ultrasound transducer [9].

Microwave imaging produces reasonably precise
breast tumour detection along with considerations
of shape, size, and boundary irregularities [10].Two
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main classifications of microwave imaging
techniques are tomography based and radar based
microwave imaging.

A. Tomography Based

In order to identify tumours, quantitative
information is provided on dielectric properties of
breast tissues by microwave tomography [11] An
ill-possessed and non-linear output is obtained
from an inverse scattering problem[12].

B. Radar Based

In this method the internal structure is mapped
with the dielectric property of the breast tissue. An
assuring tool for early diagnosis is radar based
microwave imaging It offers advantages of
specificity, high sensitivity, safely and cost-
effectiveness. When compared to microwave
tomography, this technique is safer and more
comfortable. The radar-based microwave imaging
approaches can be demonstrated using several
experimental measurement systems [13] [14] such
as the holographic microwave imaging (HMI) [19]
[20], microwave imaging via space time (MIST) [17]
[18] and confocal microwave imaging (CMI) [15]
[16] were developed. To obtain relatively high
contrast, the fat tissue in the breast is to be
considered as it makes the tumour a significant
scatterer. Hence from the survey it is observed that
the radar based technique can be effectively utilised
to locate the tumour [15, 22, 23, and 24- 30].The
outcomes of this method includes repeatability, size
reduction, wider impedance bandwidth and cost
effective fabrication [31] [32]. The dielectric
property differs for different tissues as their have
dielectric properties are characterized by relative
permittivity and conductivity.

METAMATERIALS IN ANTENNA DESIGN
Metamaterials are the new materials that are
formed by the organization of metal structures on
the dielectric substrate. Hence, rather than the
component that makes them, the structures of
metamaterials are more important than their
physical properties. Negative permeability and
permittivity are the features of these materials.
Negative permeability is offered by one of the
metamaterial particles termed as a split-ring
resonator (SRR). Negative permittivity is
introduced by the interaction of duality of SRR and
electric field by the complementary split-ring
resonator (CSRR) [33], which are most commonly
used in biomedical sensors.
C. Understandings of Electromagnetic
Metamaterials
The arrangement of homogeneous metal structures
with unusual properties lead to the creation of
artificial materials called the electromagnetic
metamaterials (MTMs). On the surface of dielectric
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substrates, metal structures are arranged to form

new materials called MTMs. Different types and

applications of metamaterials are generated based
on different structures. Based on the permeability
created and the material permittivity, they are

further classified [34].

e In order to to form a unit cell of metamaterials,
the guided wavelength should be greater than
the homogeneous structure [35].

o Arrangement of cells made from dielectric,
nonelectrical or electrical materials or atoms
lead to the generation of metamaterials.

e C(Creation of the desired macro characteristics for
the metamaterial can be done by the
arrangement of atoms in a chaotic or orderly
manner.

D. Metamaterials and their Properties

Maxwell’s equations can be used for describing the

electromagnetic property. For highlighting the

properties of metamaterials, we use the
transformation of this equation. The following set of
equations represent the same:

VXE =—jouH
AREAREAV X H =
josERARRARRARARARRARAREARER

E is the vector of electric field, H is the vector of
magnetic field and the material permittivity and
permeability are represented by & and u
respectively. The angular frequency is w and the
imaginary numberj =+—1. The electric and
magnetic fields in plane wave propagation are:

E = Eoe(—jkr+jwt) (3)

H = Hoe(—jkr+jwt) (4)
For evaluation of the properties of materials,
Poynting power density vector S offers a general
definition which is subdivided into the space e/t
and the time e*/®t components. The energy flow of
the Poynting vector S is

S =

N | =

ExH (5)

The plane waves of electric field E and
magnetic field H are given by

K xXE = wuH (6)

R xH=—wsE %)
The € and p values are positive for homogeneous
and isotropic medium. In this medium, are the right
circulate triad of orthogonal vectors depends on the

propagation vector K, the electric field £ and
magnetic field H. The electromagnetic waves
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propagate in the right-handed medium, the S K
have the same directions (8). Then the values of p
and € are simultaneously negative, so the above
equations can be rewritten as,

K X E =-w|ulH (8)
K xH = w|e|E 9

A triad of orthogonal vectors are circulated by the

propagation vector K, magnetic field H and the

electric field E form the left hand. The Poynting

vector S in this medium and the propagation vector

K are opposite to each other, so that the wave fronts

and the energy travel in opposite directions and it
RH_:A

can support backward waves.
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Fig 4. The Vectors for Right and Left
Handed Media
E. Antenna Design and the role of

Metamaterials

One of the prominent applications in designing
antennas includes application of metamaterials to
the design [36] [37]. In such antennas, the antenna
performance is improved by adding many number
of metamaterial layers in addition to the
configuration of antenna paramteters [38-40].
Certain crucial parameters can be improved by the
radiated power by the application of Metamaterials
in the antenna design.
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Fig 5. Unit cell of Metamaterial

Additionally the antenna size, design and purpose
can be effectively reduced according to the
application based on the Metamaterial used.

MICROWAVE IMAGING WITH ANTENNA
In microwave imaging systems, antennas form the
building blocks for transmission and reception of
signals to and from the scattered objects nearby.
Biomedical applications make use of several
antenna structures. Few such structures are listed
below.
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F. Microwave Breast Imaging Sensing Arrays
using UWB Active Antenn

Farzad Foroutan et.al [40] developed and validated
an UWB miniature active printed slot antenna by
measuring two prototypes (with an external bias
and an on-board bias-tree by means of coaxial
connectors). In a frequency band of 3 GHz to 8 GHz,
this article achieved a signal gain of about 20 dB,
which is similar to the LNA integrated on the
antenna panel. Comparable results were obtained
from two types of Antenna

Fig 6. Fabricated element types: (a) Active antenna
with the bias circuit on the same board, (b) LNA chip
and inductor L1 only on the board (c) Third element

type of a passive antenna for comparison

Fig 7:(a) Top layer facing the tissue phantom.
(b)Bottom shielding

The prominent features of this proposed active
antenna elements are: full shielding at the back,
easy to fabricate planar design, small element size
with center-to-center spacing of 12 mm, impedance
bandwidth from 3 GHz to 8 GHz, and 20 dB gain
enhancement. Yet they note that the back shield has
a negative impact on the impedance match close to
the 3 GHz end of the bandwidth.

(5] by (5] )

Fig 8. (a) Exponentially narrowed slot (b) proposed
modified antenna (c) fabricated prototype-front
view (d) fabricated prototype- back view
G. Low Cost and Portable Microwave Imaging
System with UWB Directional Antenna array

for Breast Tumor Detection

www.jocmr.com

Mohammad Tariqul Islam.et.al [41] designed an
antenna system based on UWB directional Vivaldi
antenna. The high peak value for pulse envelope
and tapered slot design provides this antenna with
a high gain. It also provides stable group delay.

H. Design of Wide Band and Rectangular
Microstrip Patch Antenna for Detection of
Breast Tumor

S. Maria Glammi et.al [42] proposed a design having

matchingliquid at the frequency range of 2.4 GHz to

7GHz with wideband slot antenna. The optimized

emulsion for matching liquid is obtained in a

mixture of 80% sunflower oil and 20% distilled

water. They analysed directivity, power radiated
gain and return loss.

Fig 9. Rectangular microstrip patch antenna
design
I. CPW-fed Microstrip Antenna based on
Uniplanar AMC for Detection of breast tumor
using Microwave Imaging

M D. Zulfiker Mahmud et.al [43] proposed that the
directivity and gain can be enhanced by means of
MTM AMC structure. Using this method, the gain is
increased by 5dB for CPW-fed Microstrip antenna
and the directivity is increased by 4.5 dB with lower
interference to adjacent microwave elements.

Fig 10.. The CPW-fed antenna prototype

Based on analysis, it is evident that the variation of
dielectric properties of the phantom leads to
variation of scattering signal. Low cost, easy
installation and portability are the key elements for
this design. The system has many advantages e.g.
easy installation, low cost, portability, compact
design.
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J. Improved Modified Microwave Imaging
Antenna Sensor with a Homogeneous Breast
Phantom Measurement System

Mohammad Tariqul Islam.et.al [44] developed a
system with a BSAVA sensor .Vivaldi antenna
sensors are used with a fractional bandwidth of
114% from 3.01 to 11 GHz forming directional
radiation pattern, higher gain, and efficiency. For
enhancing the bandwidth, gain, directional
radiation pattern and higher efficiency the different
antenna sensor parameters are optimized including
slots on both patch and ground.

Fig 11. Front and back view of the fabricated
prototype

It was observed that the unwanted cells inside the
human breast can be located using the scattered
signal as the key point and this system can localise
tumour cells from healthy cells using this concept.

K. Microwave Imaging System using Highly
Directional Microstrip Ultra Wide Band
Antenna

Vanaja Selvaraj.et.al [45] presented a staircase

UWB directional antenna with the impedance

bandwidth between 1.43GHz and 8.92GHz and

maximum proposed gain is 6.06dB. The
recommended antenna works good for imaging in
the aspect of radiation pattern, surface current and

VSWR.
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Fig 12. Fabricated prototype : Top view and bottom
view

The result concludes that the UWB microwave
imaging system is a favourable tool for obtaining
the radiation pattern, surface current, and VSWR.

wWww.jocmr.com

L. Perfromance enhancement of Miniaturized
UWB Antenna using a A Negative Index
Metamaterial for Microwave Imaging
Applications

The ground plane and the radiating patch are laid

with two layers of left-handed metamaterial array

from the metamaterial micro strip antenna
developed by Md. Zulfiker Mahmud et.al[46] with

3.1 GHz t010.71 GHz of impedance bandwidth is

achieved by the antenna, covering the full UWB

band with a gain more than 3dB and an increased

efficiency of 10-20%.

Fig 13. Front and back view of the fabricated
prototype

The antenna suitability for MIS applications is
proved by the near field directivity factor, radiation
efficiency with the breast model and its coupling
efficiency.

M. Breast-Cancer Detection using A Microwave
Imaging System based on COTS

Mario R. Casu.et.al [47] proposed a low-cost system
for breast cancer detection using microwave
imaging with the theory of I-MUSIC confining that at
ideal condition point-like scatterers can be

detected.

Fig 14.: Front view and back view of the fabricated
prototype

N. for Microwave Breast Cancer Detection using
a Flexible Sixteen Antenna Array

H. Bahrami.et.al [48] presented a technique for

breast cancer detection by the design of wearable

single-and dual-polarization antennas on a flexible

substrate operating on frequency bands of over 2-

4GHz.
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Fig 15. View of the individual antenna-element
with the resonator

It also stated that significant improvement can be

attained in the penetration of the propagated
electromagnetic waves by using a reflector for the
arrays.
TABLE I. COMPARISON OF VARIOUS ANTENNA
DESIGNS
Antenna Frequenc Features
Used y Substrate Tool
Slot 3GHz- Rogers CST
Antenna 8GHz RT/Duroid Microwave
6010LM Studio
Vivaldi Antenna 3.1GHz-10.71 - MATLAB
GHZ
Microstrip 3GHz-10GHz FR4 HFSS Simulator
Antenna
Microstrip 3GHz-10GHz FR4 HFSS Simulator
Antenna
UWB Patch 3.1GHz-10.71 FR4 CST Microwave
Antenna GHZ Studio
Vivaldi Antenna 3.1GHz-10.71 MATLAB
GHZ
Patch Antenna 1.4GHz-8.92 FR4 CST Microwave
GHz Studio
Monopole and  2GHz-4 GHz Kapton Polymide HFSS Simulator
Spiral Antenna
CONCLUSION

From the survey it is clear that the early detection
of the tumour cells is the only possibility to
diagnose breast cancer at the early stage.
Microwave imaging technique paves way for this
approach and this technique provides accurate and
efficilent diagnosis results. Various antenna
structures are identified for improvisation of
output parameters so that the ease of usage can be
increased for this application.

REFERENCES

[1] Patel,B.K.Garza,S.A.Eversman,S.Lopezalvarez,Y.
Kosiorek,H.Pockaj, Assessing tumor extent on
contrast-enhanced spectral mammography
versus full-field digital mammography and
ultrasound.Clin. Imag., 46, 78-84,2017..

wWww.jocmr.com

[2

31

(4]

[5]

(6]

[71

(8l

(9]

[10]

[11]

[12]

Morrow,M.Waters,]. Morris E. MRI for breast
cancer screening, diagnosis, and treatment.
Lancet,378, 1804-1811,2011.

Jones, E. F., Hathi, D. K., Freimanis, R., Mukhtar,
R. A, Chien, A. ], Esserman, L. |, ... & Hylton, N.
M. (2020). Current Landscape of Breast Cancer
Imaging and Potential Quantitative Imaging
Markers of Response in ER-Positive Breast
Cancers Treated with Neoadjuvant Therapy.
Cancers, 12(6), 1511.

Magna, G., Casti, P., Jayaraman, S. V., Salmeri, M.,
Mencattini, A., Martinelli, E., & Di Natale, C.
(2016). Identification of mammography
anomalies for breast cancer detection by an
ensemble of classification models based on
artificial immune system. Knowledge-Based
Systems, 101, 60-70.

Sushma, S. J, & Kumar, S. P. (2016).
Advancement in research techniques on
medical imaging processing for breast cancer
detection. International Journal of Electrical
and Computer Engineering, 6(2), 717.

Yen, T. W,, Lj, ], Sparapani, R. A, Laud, P. W.,, &
Nattinger, A. B. (2016). The interplay between
hospital and surgeon factors and the use of
sentinel lymph node biopsy for breast cancer.
Medicine, 95(31).

Abel, E. ], Carrasco, A., Culp, S. H., Matin, S. F,,
Tamboli, P., Tannir, N. M., & Wood, C. G. (2012).
Limitations of preoperative biopsy in patients
with metastatic renal cell carcinoma:
comparison to surgical pathology in 405 cases.
BJU international, 110(11), 1742-1746.
Weinberg, I. N, Beylin, D., Zavarzin, V., Yarnall,
S., Stepanov, P. Y., Anashkin, E,, ... & Adler, L. P.
(2005). Positron emission mammography:
high-resolution biochemical breast imaging.
Technology in cancer research & treatment,
4(1), 55-60.

Hassan, N. A,, Mohamed, M. M,, & Tayel, M. B.
(2016). Basic evaluation of antennas used in
microwave imaging for breast cancer detection.
Computer Science & Information Technology,
55.

Li, X.Bond, E.J. Veen, B.D.V.Hagness, S.C. An
overview of ultra-wideband microwave
imaging via space-time beamforming for early-
stage breast-cancer detection. IEEE Antenna
Propag. M.,47,19-34,2005.
Meaney,P.M.Golnabi, A.H. Epstein, N.R.Geimer,
S.D.Fanning, M.W. Weaver, ].B.Paulsen,
K.D.Integration of microwave tomography with
magnetic resonance for improved breast
imaging. Med. Phys, 40, 103101,2013.

S. P. Poplack et al,Electromagnetic breast
imaging: Results of a pilot study in women with
abnormal mammograms,” Radiology, Vol. 243,
pp- 350-359,2007.

238


http://www.jocmr.com/

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

An Extensive Survey on Metamaterial Based Antenna Design for Breast Cancer Detection

Bassi, M. Caruso, M. Khan, M.S.Bevilacqua, A.
Capobianco, A.D.Neviani, A. An integrated
microwave imaging radar with planar antennas
for breast cancer detection. IEEE Trans.
Microw. Theory, 61, 2108-2118,2013.

Tapia, D.F. Pistorius, S. We-g-211-01. Breast
microwave radar image reconstruction using
circular holography. Initial results on
preclinical datasets. Med. Phys. 38,
3835,9,2011.

Fear, E.C.Li, X. Hagness, S.C. Stuchly, M.A.

Confocal microwave imaging for breast cancer
detection.localization of tumors in three
dimensions. IEEE Trans. Bio-Med Eng.49, 812-
822,2002.

JiJ. Tong, K.F. Al-Armaghany, A. Leung, T.S. A
feasiblity study of elatography based confocal
microwave imaging technique for breast cancer
detection. Optik. Int. ]J. Light Electr. Opt., 144,
108-144,2017.

Bond,E.J.Li, X.Hagness, S.C.Van Veen, B.D.
Microwave imaging via space-time
beamforming for early detection of breast
cancer. J. Electromagnet. Wave 2, 17, 357-
381,2003.

LiX.Davis, S.K.Hagness, S.C.van derWeide,
D.W.Van Veen, B.D. Microwave imaging via
space-time beam forming experimental
investigation of tumor detection in multilayer
breast phantoms. IEEE Trans.Microw. Theory,
52,1856-1865,2004.

Wang,L.impKkin, R; Al-Jumaily, AM.
Holographic microwave imaging for medical
applications. ]J. Biomed. Sci. Eng. 6, 823-
833,2013.

Elsdon,M.Leach, M.Skobelev, S.Smith,
D.Microwave Holographic Imaging of Breast
Cancer.In Proceedings of the IEEE International
Symposium on Microwave, Antenna,
Propagation and EMC Technologies for
Wireless Communications, Hangzhou, China,
16-17, pp. 966-969,2007.

J. E. Bond, X. Li, S. C.Hagness, and B. D.Van Veen,
Microwave imaging via space-time
beamforming for early detection of breast
cancer, [EEE Trans. Antennas Propag.51,
8,1690- 1705,2003.

J. M. Sill and E. C. Fear, “ Tissue sensing adaptive
radar for breast cancer detection-
Experimental investigation of simple tumor
models,” IEEE Trans. Microw._eory Tech. , 53,
11,3312-3319,2005.

S. C. Hagness, A. Taflove, and J. E. Bridges, Two-
dimensional FDTD analysis of a pulsed
microwave confocal system for breast cancer
detection: Fixed-focus and antenna-array
sensors, [EEE Trans. Biomed. Eng.,45, 12, 1470-
1479,1998.

wWww.jocmr.com

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

S. C. Hagness, A. Taflove, and J. E. Bridges,
Three-dimensional FDTD analysis of a pulsed
microwave confocal system for breast cancer
detection: Design of an antenna-array element,
IEEE Trans.Antennas Propag.47, 5, 783-
791,1999.

Xu Li, and S. C. Hagness, A confocal microwave
imaging algorithm for breast cancer
detection,/EEE Microw. Wireless Compon. Lett. ,
11, 3,130-132,2001.

H.B. Lim,N. Thi Tuyet Nhung, E. P. Li, and N. Duc
Thang, Confocal microwave imaging for breast
cancer detection:Delay-multiply-and-sum
image reconstruction algorithm,/EEE
Trans.Biomed. Eng.,55, 6, 1697-1704,2008.

D. J. KurrantE. C. Fear, and D. T.
Westwick, Tumor response estimation in radar-
based microwave breast cancer detection, IEEE
Trans. Biomed. Eng., 55,12, 2801- 2811,2008.
X LiS. K. Davis, S. C. Hagness, D. W. van der
Weide, and B. D. Van Veen, Microwave imaging
via space-timebeamforming: Experimental
investigation of tumor detection in multilayer
breast phantoms, [EEE Trans. Microw._eory
Tech.,52, 8,1856- 1865,2004.

Y. Xie,B. Guo,L. Xu,]. Li and P. Stoica, Multistatic
adaptive microwave imaging for early breast
cancer detection, IEEE Trans. Biomed. Eng.,53,8,
1647- 1657,2006.

Gibbins, et al.,A comparison of a wide-slot and a
stacked patch antenna for the purpose of breast
cancer detection,JEEE Trans. Antennas
Propag.Vol. 58, pp. 665-674,2010.

M. Klemm, et al,Microwave radar-based
differential breast cancer imaging: Imaging in
homogeneous breast phantoms and low
contrast scenarios,JEEE Trans. Antennas
Propag.Vol. 58, pp. 2337-2344,2010.

Pendry, J. B,/A. ]. Holden,D. ]J. Robbins andW. J.
Stewart,Magnetism from conductors and
enhanced nonlinear phenomena," IEEE Trans.
on Microwave Theory and Tech., Vol. 47,No. 11,
Nov 1999.

Zheludev NI, Kivshar YS. From metamaterials to
metadevices. Nature Materials.;11:917-924.
DOI: 10.1038/nmat3431,2012.

L.S. Jacobs and C.P. Bean, “Fine particles, thin
films and exchange anisotropy,” in Magnetism,
vol. III, G.T. Rado and H. Suhl, Eds. New
York:Academic, pp. 271-350,1963.

Krzysztofik W]J,Antenna properties
improvement by means of modern technology-
Metamaterials as a modified substrate and/or
superstrate. In: 20th M&RW, MIKON 2014,20th
International Conference on Microwave, Radar
and Wireless Communications. Vol.2. Gdansk,
Poland: MIKON. pp. 637-640. ISBN 978-83-
931525-2-0,2014.

239


http://www.jocmr.com/

[36]

371

[38]

[39]

[40]

[41]

[42]

[43]

An Extensive Survey on Metamaterial Based Antenna Design for Breast Cancer Detection

Krzysztofik ~ WJ].  Fractal geometry in
electromagnetics applications—From antenna
to metamaterials. Microwave Review. 19(2):3-
14.1SSN: 14505835,2013.

Alici KB, Ozbay E. Radiation properties of a split
ring resonator and monopole
composite.Physica Status Solidi B: Basic
Research,244:1192-1196. DOI:
10.1002/pssb.200674505,2007.

Slyusar VI. Metamaterials on antenna solutions.
In: 7th International Conference on Antenna

Theory and Techniques, ICATT'09; Lviv,
Ukraine,pp. 19-24. DOLI:
10.1109/ICATT.2009.4435103,20009.

Siddiqui OF, Mo M, Eleftheriades GV.

Periodically loaded transmission line with
effective negative refractive index and negative
group velocity. [IEEE Transactions on Antennas
and Propagation, 51:2619-2625.DOI:
10.1109/TAP.2003.817556,2003.

Farzad Foroutan and Natalia K. Nikolova, UWB
Active Antenna for Microwave Breast Imaging
Sensing Arrays, DOI 10.1109/LAWP,2929016,
IEEE,20109.

M. T. Islam, M. Z. Mahmud, M. T arikul Islam, S.
Kibrial & M. Samsuzzaman, A Low Cost and
Portable Microwave Imaging System for Breast
Tumour Detection Using UWB Directional
Antenna Array, 9:15491
http://doi.org/10.1038/s41598-019-51620-
z,2019.

S. Maria Glammi, K. Meena Alias Jeyanthi,
“Design of Wide Band and Rectangular
Microstrip Patch Antenna for Breast Tumor
Detection”, International Journal of Recent
Technology and Engineering (IJRTE) ISSN:
2277-3878, Volume-7, Issue-553,2019.

M.D Zulfiker mahmud, mohammad tariqul
islam , norbahiah misran, salehin kibria and

wWww.jocmr.com

[44]

[45]

[46]

[47]

[48]

Samsuzzaman,Microwave Imaging for Breast
Tumor Detection Using Uniplanar AMC based
CPW-fed Microstrip Antenna,2169-3536 (c)
IEEE,2018.

Mohammad Tariqul Islam , Md. Samsuzzaman,
Md. Tarikul Islam , Salehin Kibria and Mandeep
Jit Singh, A Homogeneous Breast Phantom
Measurement System with an Improved
Modified Microwave Imaging Antenna Sensor,

Sensors ) 18, 2962;
d0i:10.3390/5s18092962,2018.

Vanaja Selvaraj, Poonguzhali Srinivasan,
Jegadish Kumar.K.J, Rahul
Krishnan,Karunakaran Annamalai ,Highly
Directional Microstrip Ultra Wide Band

Antenna for Microwave Imaging System, Acta
Graphica Vol 28, No 1; 35-40,2017.

Md. Zulfiker Mahmud, Mohammad Tariqul
Islam, Norbahiah Misran, Mandeep Jit Singh
and Kamarulzaman Mat ,A Negative Index
Metamaterial to Enhance the Performance of
Miniaturized UWB Antenna for Microwave
Imaging Application,appl.Sci.7,1149
;d0i:10.3390/app7111149,
www.mdpi.com/journal/applsci,2017.

Mario R. Casu, Marco Vacca, Jorge A. Tobon,
Azzurra Pulimeno, Imran Sarwar, Raffaele
Solimene,and Francesca Vipiana, A COTS-Based
Microwave Imaging System for Breast-Cancer
Detection, 1932-4545,IEEE Transactions on
Biomedical circuits and Systems,2017.

H. Bahrami, E. Porter, A. Santorelli B.
Gosselin M. Popovi¢and L. A. Rusch,Flexible
Sixteen Antenna Array for Microwave Breast
Cancer Detection, 10.1109/TBME..2434956,
IEEE Transactions on Biomedical
Engineering,2015.

240


http://www.jocmr.com/
http://www.mdpi.com/journal/applsci

