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ABSTRACT: This paper presents a novel technique to detect tumors in human breasts using a single high-gain antenna and metasurface
(MTS) layer. This design is realized to educate artificial neural networks (ANNs) and deliver productive output. We employ an ANN
algorithm to classify detected tumors as healthy, benign, or malignant, based on the permittivity of the detected tissues. The method for
finding and sorting things uses the fact of normal and abnormal biological tissues having different dielectric properties, which are based
on the tissue’s actual permittivity. The study focuses on demonstrating the effectiveness of the proposed technique for the detection and
localization of malignant tumors within human breasts. The proposed Vivaldi antenna is made to work over 5GHz to 9GHz with a gain of
17.7 dBi at 6.5GHz and a half-power beamwidth of 10◦. The electromagnetic analysis is done using voxel datasets from human models.
For this, we located the breast tissue with tumor inside phantom between the antenna structure and MTS layer. The obtained numerical
results from CST MWS are validated experimentally to be used to realize the training of the considered ANNs for tumor detection. The
obtained results from the considered ANNs show minimal average errors and high-performance indices for fat thickness, tumor size, and
tumor type. The achieved results are found to realize minimum error percentage rate below 2%. The adopted method is found to be very
suitable for tumor detection and localization.

1. INTRODUCTION

Microwave detection is a versatile method that uses elec-
tromagnetic waves to assess the properties of objects or

materials [1]. These waves can penetrate certain materials and
provide valuable insights into their composition, shape, and
other properties [2]. This method finds application in various
fields, such as medical imaging, remote sensing, object detec-
tion, and material characterization [3]. Microwaves also play a
crucial role in material characterization, such as dielectric con-
stant and conductivity, which are useful for identifying mate-
rials, defects, or irregularities [4]. Breast cancer affects one in
eight women, and early diagnosis and treatment are crucial [5].
In 2024, there were 1.67 million new instances of breast cancer
globally, resulting in 522,000 fatalities, making it the leading
cause of death among females [6]. Proper early detection can
lead to a cure rate of almost 98% or five-year survival rate [7].
However, in persistent cases or those whose cancer appears in
the entire breast, the survival rate drops to only 15% [8]. Breast
imaging for cancer visualization has been proven as a comple-
mentary method [8]. Breast cancer is the second leading cause
of death in women globally, and early diagnosis ensures an en-
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hanced survival likelihood and allows for the use of less costly
therapies for curative purposes [9].
In the context of breast cancer detection, microwave tech-

nology is employed to identify abnormal tissue growth in the
breast, potentially indicating the presence of breast cancer [10].
Researchers have developed advanced techniques, like dual-
band microwave sensors, to transmit low-energy microwaves
through biomedical tissues, which then reflect back to a detec-
tor [11]. The detector can find places in the body that have a
different microwave signature from the surrounding tissue by
looking at the reflected waves [12]. Microwave detection is
currently under investigation as an alternative to mammogra-
phy, the prevailing method for breast cancer screening [13].
While mammography has drawbacks, microwave detection has
shown promising results in early studies, hinting at its potential
usefulness in future breast cancer detectionmethodologies [14].
Important things to think about when making antennas for
electromagnetic scanning systems are the operating frequency,
bandwidth, and radiation properties like directivity, penetra-
tion level, and efficiency [15]. The dielectric constant (rela-
tive permittivity) of human tissues depends on the operational
frequency; it decreases with an increase in frequency [16]. Ex-
isting literature suggests using microwave frequencies, specif-
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FIGURE 1. The breast phantom structure in 3D image with tissues with a radius (R1 = 50mm, R2 = 48mm and R3 = 38mm) and breast layers.

ically 6GHz, for electromagnetic torso scanning techniques to
address signal loss concerns [17]. However, ongoing research
is exploring a range of wideband torso detection and imaging
applications [18]. Radar-based imaging algorithms correlate
their accuracywith the antenna bandwidth, and electromagnetic
scanning systems prefer wideband signals [19]. Focused beam
radiation is also an important part of antenna design for elec-
tromagnetic scanning systems because it lowers the effect of
background noise and electromagnetic fields that scatter sig-
nals, which leads to better detection results [20]. Breast cancer
is a significant and widely affected disease in women world-
wide [21]. Breast cancer cells absorb electromagnetic radia-
tion with surrounding tissue when they grow, and the mass of a
cell bond changes, affecting the surrounding tissue’s mass [22].
For example, breast cancer cells absorb more electromagnetic
radiation when their mass decreases [23].
Recent research has focused on metamaterial (MTM) and

MTS antennas due to their unique electromagnetic properties,
which enhance overall antenna performance. In a study, an arti-
ficial magnetic conductor (AMC)-based microstrip antenna de-
sign was used to find breast cancer [24]. Different-sized can-
cerous tumors with radii of 2.5mm, 3.5mm, and 4.5mm were
placed in a phantom at different locations [25]. The principal
component analysis (PCA) method and a specific absorption
rate (SAR) study for the phantom enabled the detection of ma-
lignant tumors [26]. A multilayer ultra-wideband (UWB) patch
antenna based on an AMC structure was also shown for finding
breast cancer [27]. It has a 3 × 3 array of modified split ring
resonator (SRR) unit cells that are used to build images. Sim-
ulation results demonstrated the antenna’s capability to detect
and locate a 10mm tumor. We proposed a wearable staircase

antenna based on MTM technology for breast cancer detection,
which integrates eighteen MTM unit cells using an altered rect-
angular SRR [28].
This paper introduces a novel approach for breast tumor de-

tection using a single Vivaldi antenna that emits energy through
an MTS layer. The antenna’s compact size, expanded band-
width, unidirectional features, and improved radiation pattern
make it a promising and efficient solution for breast cancer de-
tection. The proposed antenna and detection system is different
because it uses a single antenna with a single feed point, has a
high gain about 17.5 dBi, uses ANN to decide whether a tu-
mor is benign or malignant, and can find tumors with different
sizes. Early detection and treatment of breast tumor diseases
can significantly increase the chances of recovery. Textile an-
tennas, artificial lymph nodes, and microwaves are all seen as
good options for electromagnetic breast imaging (EBI) because
they can go through things easily, expose people to low levels
of radiation, and do not create ions. The study’s goal is to create
the first microwave-based imaging system using a fed array of
metasurface Vivaldi antennas. This will make breast screening
safe, portable, cheap, and quick. The study proposes to detect
breast cancer by monitoring patients’ circulatory systems using
a metasurface Vivaldi antenna and an ANN model.

2. HUMAN BREAST PHANTOM
Based on its dielectric properties, we propose a human breast
model for microwave frequencies. Themodel’s volume is simi-
lar to the average total volume of both female breasts in adults,
with dimensions of 7.444 cm (see Fig. 1). The dielectric val-
ues of breast tissue are looked at between 6.0 and 14.9, with
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TABLE 1. Dimensions of the proposed antenna in mm scale.

Parameters Values Parameters Values Parameters Values
W 60 h1 0.15 L1 8.9
L 66 h2 1.3 L2 3.7
W1 8 h3 2.3 L3 2.5
W2 6 h4 2.5 R 27
W3 1.5 h5 2 R1 13.5
W4 0.2 h6 3.2 R2 18.9
W5 0.2 h7 0.35 W6 1.3
W7 6.52 G 2.00 θ1 15◦

W8 0.50 h10 12.25 θ2 20◦

a 0.1-step accuracy to see if there are any differences in how
they reflect light [29]. The model is established to investi-
gate backscattered breast signals due to the exposure to dif-
ferent types of illumination. Malignant tumors are a common
life-threatening health issue for women, and Global Cancer
Observatory (GLOBOCAN) states that it has a high influence
on causing deaths worldwide. Techniques to detect breast ab-
normalities include mammography, ultrasound imaging, and
MRI. The suggested method dealt with backscattered signals
and alerted data using a Unix-like operating system or the right
software. It then uses Convolutional Neural Networks (CNN)
with ANN to look at and confirm bio-signals bymeasuring their
mean square error, sensitivity, specificity, and accuracy.
The proposed breast phantom is uniform and composed of

three distinct layers: skin, fat, and fibro-glandular tissue, il-
lustrated in Fig. 1. The picture clearly shows the radius of
each layer in the breast model. We employ a spherical model
to mimic tumor circumstances, setting tumor radii at 2.5mm,
5mm, 7.5mm, and 10mm. It is important to notice that the
tumor is located precisely inside the fibro-glandular tissue,
since this is the type of tissue from which most breast cancers
arise [29]. This breast phantom model is accurate and com-
plete, and it can be used to test microwave imaging methods for
finding breast cancer in a range of tumor sizes. Many layers,
including skin, fat, and fibro-glandular tissue, comprise breast
tissue, each possessing unique electrical properties like permit-
tivity and conductivity [12]. Each layer of the breast exhibits
a different electromagnetic field strength due to these intrin-
sic distinctions [11]. Taking advantage of these differences in
dielectric characteristics is an important method for detecting
tumors. Table 1 contains the information on electromagnetic
characteristics that are particular to the proposed breast phan-
tom. This information is critical for understanding and model-
ing the electromagnetic interactions that occur inside the breast
model.

3. ANTENNA SENSOR FOR DETECTING TUMORS IN
HUMAN BREAST TISSUE

Recent epidemics have led to the use of antennas as bio-signal
sensors to detect illnesses, particularly cancers. Researchers
have developed a 5 to 8.5GHz UWB-Vivaldi slot antenna us-
ing FR4 to address shrinkage, toroidal, and breast tissue issues.

The antenna’s range is affected by human skin, epidermis, and
fatty tissues. The study focuses on creating a wideband Vivaldi
antenna with a gain ranging from 10 dBi to 17 dBi and address-
ing shrinkage, toroidal, and breast tissue issues. The Vivaldi
antennas were designed to send signals between human breast
tissue and propagation medium, with a specific design for hu-
man breast tissues. The bio-signals received by the antenna sen-
sor were analyzed using ANN algorithms. The Vivaldi antenna
sensors were used to identify gaps in honey mixtures and es-
timate them using ANN, and they can also be used to screen
for colon cancer, a growing concern in emerging nations. The
Vivaldi antenna was paired with UWB antenna, Reaction Sur-
face Method, and Full Factor Test set to automatically identify
collected pictures using deep learning. The hardware was post-
processed in Microwave Studio, and 3D simulations were run
to offer a new way to find breast cancer. The proposed an-
tenna configuration is based on a Rogers TMM4 substrate with
a dielectric constant of 4.5 and a loss tangent of 0.0020. It in-
cludes essential components such as grating bowtie electrical
dipole, half-ring magnetic dipole, microstrip transition balun,
and H-shaped resonators. The antenna design is oriented per-
pendicular to the MTS plane and incorporates elements from
the architecture detailed in [10] and the MTS idea presented
in [3].
The antenna construction is bifurcated into two halves on op-

posing sides of the substrate, connected by a multi-section mi-
crostrip transformer. The bowtie antenna consists of three radi-
ating segments spaced at equal angles, connected to a quarter-
ring segment. This setup seeks to establish a Huygens source,
where the electric and magnetic dipoles are stimulated in both
amplitude and phase, yielding an extensive beamwidth and ele-
vated directivity. An H-shaped resonator array is optimally po-
sitioned on the antenna to augment its radiation gain to 17 dBi
at 8.5GHz by aligning the antenna with free space. The con-
sidered 3D breast phantom is modeled as a hemispherical struc-
ture to replicate a human breast, with its several layers simulat-
ing a realistic tissue composition that displays frequency dis-
persive characteristics. The researchers used an ANN to rep-
resent different breast configurations with cancers of varying
sizes and positions. Reflection coefficient data were gathered
using CST Studio Suite across several tumor situations, and the
permittivity of the breast phantom was derived using reflection
coefficient measurements. Numerical findings from CST Stu-
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(a)

(b)

FIGURE 2. Configuration of the proposed antenna: (a) antenna dimensions and (b) antenna and MTS layer with the phantom structure.

TABLE 2. Electromagnetic properties of the breast layers [29].

Tissue Conductivity (S/m) Relative Permittivity (F/m)
Skin 1.44 38.1
Fat 0.133 5.16

Glandular 1.93 57.3
Tumor 1.46 47

dio Suite were used to train an ANN, and experimental valida-
tion results confirmed the efficacy of the suggested technique.
The antenna’s radiation beam was adjusted in increments to al-
low for precision measurement of the reflection coefficient data
across the breast phantom, enabling accurate characterization
of the whole breast. The proposed antenna dimensions of the
optimal design are listed in Table 2.

4. ANTENNA PERFORMANCE OPTIMIZATION STUDY
The proposed MTS and Vivaldi antenna, see Figure 2, are opti-
mized for breast cancer detection, with the objective of charac-
terizingminiaturized antennas optimized for higher gain and ef-
ficiency at lower resonance and cutoff frequencies. The consid-
ered ANN is used for bio-signal analysis, measuring backscat-
tered signals from six different optimized antennas in a breast
phantom scanning system. The ANN model successfully de-
tects tumor presence, achieving a high detection rate of 92%
at the best −20 dBm of Radio Frequency (RF) power. The in-
creasing number of cancers, particularly in women, has led to

the development of alternative detection methods such as ther-
mal imaging and ultrasound imaging. Early detection of breast
cancer can save lives, and many researchers have developed
microwave spectroscopy and imaging techniques to diagnose
the disease early. In Turkey, computers are also used for early
diagnosis, using radiation or sound waves to examine organs
and soft tissues. A mechanized process has been developed to
detect diseases on imaging, using an ANN to classify images
and create numbers for each image. This mechanical learning
method ensures robustness to prevent database damage from
translation, sensibility, and small distortions of objects. Deep
learningmethods are used to determine disease by reading com-
plex image outputs.
AnMTSVivaldi antenna structure was developed that works

better and more effectively at certain resonance frequencies
than other structures. Understanding the impact of rectangu-
lar or cuneate notch structures on the impedance response of a
Vivaldi antenna is crucial for understanding its effectiveness in
breast cancer diagnosis (BCD). Vivaldi antenna is an optimal
candidate for bio-signal analysis, especially close to human tis-
sues. It is designed and tested on ametasurfacewith 60×60 unit
cells made up of squaremetallic loop structures on a flexible ad-
hesive polymer (AP) substrate. The structured metasurface im-
proves the gain and directivity of the antennas. We provide far-
field properties of the Vivaldi antenna, both with and without
the metasurface. A finite difference time domain solver is used
to study how metasurface-structured materials change the an-
tennas’ gain, directivity, and effective isotropic radiated power
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(a)

(b)

FIGURE 3. (a) Simulated S11 and (b) Simulated gain, for the proposed antenna with MTM and with MTS.

(EIRP). It also looks at how well the antennas’ radiation pattern
works. We designed the suggested MTS layer and Vivaldi an-
tenna using CSTMWS. We use a finite difference time domain
solver and a parametric scripting approach to do the far-field
computation and port excitation of the antennas.

4.1. Antenna Performance with Respect to MTS Layer

This section discusses the use of bio-signal processing in the
detection system of breast cancer (BC). The Vivaldi antenna,
designed on an FR4 substrate, is used to analyze bio-signal data,
which can be electrical, chemical, physical, or logical. Under-
standing comprehensive LC signals is crucial for doctors and
medical officers to make informed decisions. Bio-signal data
is gathered from the antenna using CST MWS and ANN using
MATLAB tool to improve the understanding of biological sta-
tus. ANNs can calculate input distribution models and confirm
the internal structure of a breast model. The performance of the
antenna and MTS Layer is indirectly assessed. Bio-signals can
be detected using sensors or probes. The performance of the

antenna before adding breast tissues is recorded with respect to
the used MTS layer. The design faces a mismatching problem
due to the direct effect of adding breast tissues on the antenna’s
performance. However, the gain enhancement is evident after
adding the MTS layer. Numerical analysis is performed using
Finite Integral Technique (FIT) based on CST MWS formu-
lation. Comparing the radiation patterns of the proposed an-
tenna with and without the MTS, it is evident that the problem
of scattering pattern and back lobs has been resolved, leading
to an improvement in gain. To overcome the mismatch prob-
lem caused by theMTS, the grating is introduced to the antenna
structure. A grating bowtie is used by adding slots to the bowtie
antenna design. This technique has the advantage of enhancing
the bandwidth because the bowtie antenna is slotted; in addi-
tion, a better radiation pattern is achieved because of the in-
crease of the electrical current path. Fig. 3(a) clearly illustrates
a significant impact of the proposed MTM and MTS layers on
the antenna transmission bandwidth, which is increased signifi-
cantly. Fig. 3(b) shows noticeable gain enhancements at higher
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(a) (b)

FIGURE 4. Simulated radiation pattern for Phi and Theta at 6.5GHz and 8.5GHz, (a) without MTS and (b) with MTS.

FIGURE 5. Tumor localization in different views of 3D and 2D aspects at x, y, z planes.
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frequencies to be realized by increasing the antenna gain up to
17 dBi.
Figure 4 clearly shows noticeable enhancements in the radi-

ation patterns. This enhancement is due to the beam focusing
of the electromagnetic radiation to the bore-sight that realizes
a traveling wave with TEM modes [24]. It was because of this
observation that the proposed MTS layer was added to improve
the radiation patterns and antenna gain, as shown in Fig. 4(b).

4.2. Antenna Performance with Respect to Breast Tissue

Breast cancer localization using microwave imaging is a grow-
ing field of research that uses electromagnetic waves to detect
and locate cancerous tissues. This method leverages the di-
electric contrast between malignant and healthy breast tissues,
making them detectable. Microwave imaging approaches in-
clude passive imaging, active imaging, microwave tomogra-
phy, radar-based imaging, and hybrid methods. The workflow
involves data acquisition, signal processing, image reconstruc-
tion, localization and analysis, andmachine learningmodels for
malignant patterns. Advantages include being noninvasive and
non-ionizing, cost-effective, and portable for bedside or home-
based monitoring. Challenges include low resolution, complex
inverse problems, breast heterogeneity, and hardware limita-
tions. Researchers are now using artificial intelligence to au-
tomatically extract features, reduce noise, and classify tumors.
Hybrid imaging has also been developed to improve accuracy,
and new materials like metamaterial-based antennas have been
used to improve sensitivity and bandwidth. However, chal-
lenges remain, such as low spatial resolution, complex inverse
problems, breast heterogeneity, and hardware limitations. Re-
cent progress includes using machine learning and deep learn-
ing to automatically extract features, hybrid imaging to improve
accuracy, and new materials that are more sensitive and have a
wider bandwidth.
Visualizing MTS unit cells coordinates can provide valuable

insights into the performance of a system. It involves analyz-
ing the spatial distribution, symmetry, and height of the unit
cells, which can impact beamforming capabilities. The appli-
cation context, such as array configuration, can also impact the
spacing between unit cells, affecting beamwidth and sidelobe
levels. Localization accuracy is crucial, and comparing the co-
ordinates with the intended design is essential. Therefore, the
design verification makes sure that the design goals are met
and that the coordinates are specified correctly. The simulation
feedback can give information about electromagnetic proper-
ties like beam steering, gain, and directivity, and how elements
are coupled to each other. We can also assess the boundary con-
ditions to determine if the simulated environment affected the
accuracy of the exported coordinates. Visual information can
help to find boundary of the tumor, and it can also be used to
study clusters and how they affect radiation or localization. In
Fig. 5, the proposed antenna is used to localize the vertex of the
edges of inserted tumor tissue inside a healthy tissue.

5. BREAST TUMOR LOCALIZATION
Breast cancer, the most prevalent type of cancer among women,
has been a significant issue for centuries. The proposed antenna
is realized to screen the tumor and reconstruct the geometry
from the scattered beams on the proposed MTS layer. There-
fore, the breast tissue is located between the proposed antenna
and the proposed MTS layer. By eliminating the breast tissues
by the electromagnetic radiation generated from the proposed
antenna, the scattered radiations penetrating the breast tissue
can be screened on the MTS layer. The proposed MTS and
Vivaldi antenna are used to record scattered signals from a fe-
male phantom with tumorous breast conditions using anatomy-
related detection mechanisms. A machine learning technique,
including ANN, is used to analyze the recorded frequency re-
sponses in terms of gain, S11, bandwidth, and frequency res-
onance to detect tumor emergence. Breast tumor localization
using SAR in human breast tissues can be achieved from iden-
tifying the electromagnetic intensity with the aid of a smart
bio-electronic circuits. The scattered signals are significantly
affected by the breast dielectric properties different from the
tumor tissues that realize different responses. The antenna re-
ceives the bio-signals as inputs and uses time-domain analysis
to analyze the received signals for tumor detection and local-
ization. In Fig. 6, the proposed antenna response is used to
reconstruct the tumor location and size when being illuminated
with electromagnetic radiation with the aid of a MATLAB code
based on r2014a version. In this realization, the obtained results
are collected from scattering radiations to reveal the tumor loca-
tion at (30, 35, 25)mm center from the origin with a ball radius
of 10mm.

FIGURE 6. 3D reconstructed image of the captured tumor inside the
human tissues.
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FIGURE 7. The localization of the tumor image at different location with different electromagnetic properties.
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(a) (b)

FIGURE 8. KNN classifier performance: (a) Performance matrix based on cross entropy and (b) Error rate.

(a) (b)

FIGURE 9. Measured results: (a) S11 spectra and (b) Gain spectra.

This study proposes the use of MTS and Vivaldi antenna
for breast cancer detection and characterization. The Vesalius-
Dyagram Perturbation (VDP) analysis was used to explore the
sensitivity of the input current of the Metallic Vivaldi Antenna
(MVA) with respect to frequency variation of glutamate con-
centration model phantoms. The results show that the input
current of the MVA has high sensitivity with 1.8 g/L of the glu-
tamate concentration model phantom at the center frequency
of the bandwidth of 5.25GHz. The invoked ANN based on
VDP method is used as a data processing algorithm to detect
breast cancer presence and diagnose its severity level. The di-
agnosis accuracy of the proposed antenna with the considered
ANNusingmicrowave radome phantoms can reach 90% aswill
be seen later, with a detection sensitivity of 0.88 and a speci-
ficity of 0.21. The reconstructed image of the tumor location
is presented in a 2D plot in Fig. 7 for six different tumor cases.

Theses six cases are considered with different tumor properties
through varying the permittivity and conductivity with keeping
the same size as summarized in Table 3.
To classify the tumor type, an ANN algorithm based on a

KNN classifier is invoked. This code is adopted to realize the
types of considered tumors in Fig. 7 through the electromag-
netic matrices that are generated from CST MWS based on the
results for the proposed MTS and antenna model. The classifi-
cations among the three different types of the tissues: (Benign,
Malignant, and Healthy) are recognized with the aid of the used
algorithm based on the fed results from CST MWS. The vali-
dation performance matrix of the cross entropy is presented in
Fig. 8(a) for the proposed algorithm based on KNN classifier.
The error rate over epoch is found to follow a significant reduc-
tion in the error rate as seen in Fig. 8(b).

39 www.jpier.org



Kamil et al.

FIGURE 10. Measured electrical field intensity for the proposed antenna with and without breast phantom 6.5GHz.

6. EXPERIMENTAL RESULTS AND COMPARISON
WITH OTHER PUBLICATIONS

This study introduces experimental validations to test the an-
tenna performance first and then validates the feasibility of tu-
mor detection and localization from the measured results of
the antenna. The proposed MTS and antenna performances in
terms of S11, gain, bandwidth, and frequency resonance are
evaluated. Theses parameters are measured and compared to
their equivalent from simulation results as seen in Fig. 9.

The obtained results attracted us to measure the proposed an-
tenna radiation patterns with a phantom structure of breast. In-
side the breast phantom, a tumor phantom of a spherical struc-
ture is inserted. The measured radiation patterns in 2D Carte-
sian patterns are presented in Fig. 10. The measured and sim-
ulated results are found to agree well to each other. It is good
to mention that the tumor is positioned at (−30, 30) from the
origin of the x-y plane inside the breast phantom during the
measurements process.
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(a) (b)

(c) (d)

FIGURE 11. The evaluated tumor prediction from experimental measurements: (a) The measurement setup, (b) the reconstructed 2D image, (c) the
3D localization, and (d) performance comparison to other analysis methods.

Next, the obtained results from the antenna performance in
Fig. 9 and Fig. 10 are loaded to the MATLAB code to clas-
sify the tumor type and reconstruct the tumor image from the
screened scattering on the proposed MTS layer. The measure-
ment setup is presented in Fig. 11(a) with the proposed MTS
and antenna along with the phantom structure. The image of
the inserted tumor inside the phantom structure is reconstructed
as a 2D scattering plot as seen in Fig. 11(b). It is found that the
considered algorithm for localization predicated the tumor lo-
cation at (−27, 30) from the origin of the x-y plane. The 3D re-
constructed tumor extension location inside the phantom struc-
ture is presented in Fig. 11(c). The origin shape of the inserted
tumor phantom was a spherical ball; however, the proposed al-
gorithm may determine the location in 3D image, but fail to
reconstruct a real 3D sphere image because the shortage of the

measurement points that can be enhanced further in the future.
The proposed method performance in terms of Empirical Cu-
mulative Distributed Function (ECDF) of Mean Square Error
(MSE) is compared to other considered methods to reveal ex-
cellent performance in the localization as shown in Fig. 11(d).
It is important to mention that the inserted tumor under test is
classified by the proposed method to Malignant which is the
same sample that we considered for test. In Table 3, we sum-
marize the obtained results in terms of size, type, location, etc.

Finally, this paper presents the development of MTS Vivaldi
antennas for biomedical experimental studies on breast cancer
detection using bio-signals. The bio-signals use electromag-
netic signal acquisition system to be analyzed with the aid of
ANN algorithm. The use of the proposed MTS and Vivaldi an-
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TABLE 3. The detected tumor properties.

Parameters Real
Detected

Modified LLS Conventional ML VDP
Radius (mm) 10 15.5 16.7 17.2 11.6

Type Malignant 20.3 Healthy Malignant Malignant
Location (mm) (−35, 39) (−33, 36) (−23, 34) (−33, 38) (−27, 30)

tenna improved the experimental setup sensitivity and quality
of measured bio-signals. The large arm region of the antennas
created a bio-signal acquisition system with high gain and low
far-field sensitivity. Four different ANN algorithms are used
in this work based on bio-signals of the 3D model to realize
the effective tumor size. For each considered model, a strong
relationship is observed between the bio-signals and the breast
tumor biological tissue properties. Additionally, when the rela-
tionship is modeled locally, the proposed MTS and Vivaldi an-
tenna located near the affected area are determined. This setup
is thought to be useful in medicine to detect abnormal tissues
presenting bio-signals different from the bio-medium.

7. CONCLUSION
In the Asia-Pacific region, efforts are underway to eliminate
breast cancer without the need for additional time or surgical
procedures. We have used artificial intelligent for evaluating
male organs and Vivaldi antennas for observing and detecting
female breasts. In this work, a design of Vivaldi antenna-based
MTS layer is realized for the applications of biomedical appli-
cations. ANNs have been explored for their potential in can-
cer detection, classification, and prediction. However, there is
limited research on the bio-signal composition of a noninvasive
approach. MTS and Vivaldi antenna are used to capture elec-
tromagnetic backscatter signals from healthy and cancerous tis-
sues. These structures are developed with the aid of CSTMWS
to cover the frequency band from 5GHz to 9GHz converted
pulse using short-time Fourier transform in simulation process.
The generated signals are subjected to the phantom structure to
train our proposed algorithms with the generated data from six
different samples to ensure the validity of considered algorithm.
It is found that the proposed algorithm based on our developed
antenna system realizes excellent detection features compared
experimentally to other considered algorithms in the literature.
The antenna gain based on the proposed MTS layer is found to
be 17.6 dBi that realizes a narrow beamwidth of 10◦. The out-
put results are used as the data for considered ANN algorithms.
We found that the proposed algorithm ofVDP approach realizes
a significant quality of detection over other published results in
the literature. This output dissipated data is used to create a
power distribution along the MTS plane, resulting in a matrix
data to reconstruct the tumor image. The resulting data is used
to obtain spectral images of cancerous tissues through a 2D por-
tal. The spectral images are fed into the ANN to train a model
that can predict the existence of cancerous tissue based on un-
seen power distribution data of a specific patient. Finally, the
proposed method is found as an excellent approach to realize a
valid candidate for breast cancer detection.
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