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ABSTRACT

Early detection of
malignant cells is
inevitable, and breast
cancer is a global health
concern. Because of its
nonionizing radiation, In
recent years, microwave
imaging (MWI)
technology has found

widespread application in
the biomedical field. As a result, a low-profile UWB patch antenna for breast cancer detection technologies has been suggested in this study.
With a broad operational bandwidth of 12 GHz (3.50-11.7 GHz), this antenna can operate at a low return loss of 50.83 dB at 8 GHz. To assess the
performance of the antenna, The suggested antenna has been modeled with two distinct modeling programs, such as CST MWS and HFSS. The
antenna can reach a maximum gain of 8.84 dBi and radiates in a quasi-omnidirectional pattern. Tumor-imitating tissue and non-tumor-mimicking
tissue have been used in the building of a three-layered human body that mimics a breast phantom with varying dielectric properties. The
presence of a tumor inside the breast phantom can be determined by comparing the dielectric characteristics of the tumor and the various layers
of the phantom in the presence of an external radiation field. To detect malignancies with a minimum radius of 2 mm, the eight elements that
make up the recommended antenna are positioned around the breast phantom. The seven-antenna array arrangement is used to evaluate the
breast phantom's signal backscattering and track any notable changes in signal between the phantom's tumor cell and non-tumor state. The
images produced by the backscattering signal analysis are displayed.
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INTRODUCTION the size and form, nipple inversion, retraction, dimpling or

The abnormal development of breast cells is the ultimate cause of ~ Puckering of the breast skin, hemorrhage or discharge, skin redness
breast cancer. According to 2020 Global Cancer Statistics, instances O soreness, unusual swelling of one upper arm, etc. Conventional
of breast cancer in women (i.e., 2.6 x 10°) are more often observed breast screening techniques for clinical breast evaluation include
than cases of lung cancer (i.e., 2.2 x 10°). Consequently, the creation ~ computed tomography with nuclear magnetic resonance imaging
of a treatment plan depends on the early discovery of breast cancer. ~ (NMRI), positron emission tomography (PET), ultrasonography,
Clinical breast examination and self-examination of the breasts, in ~ and mammography. The diagnostic accuracy of mammography is
which a medical expert physically examines the chest, are the two ~ 89.3%," with a 97% high sensitivity,* a 64.5% specificity, an 89%
methods of performing breast screening.? Examine your breasts in  Positive predictive value,” a negative predictive value of 90.9%," and
front of a mirror, looking for any noticeable changes®: alterations in @ limited dynamic range. However, this technique has several
drawbacks, including the use of ionizing radiations,? the impact of
*Corresponding Author: Abhai Shankar Chaurasia, Department of breast density on sensitivity and specificity,z_ _pi_ctures With low
Electronics Engineering, HBTU, Kanpur-UP-India. contrast and graininess as a result of tissue sensitivity declines,* etc.
Email:  abhaihbti2009@gmail.com Although ultrasound offers an 80% sensitivity and an 88.4%
specificity for detecting bone structures,® it is not an appropriate
technology for this type of imaging. Low-resolution images are
produced by ultrasound, and an expert operator is needed for the
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inspection.? PET is also being considered for breast tumor screening.
PET has a 68 percent sensitivity for tumors under 2 cm and 92% for
those between 2 and 5 cm.®” Overall, however, Its accuracy in
detecting in situ carcinomas is low. (sensitivity: 2-25%). PET has a
few shortcomings., such as being costly, requiring ionizing
radiation,? having poor resolution, taking a long time to image,? and
so on. Because of its high sensitivity (84.21%), high specificity
(99.3%), and high accuracy (98.68%), CT scan is a helpful method
for identifying breast cancer early. However, there are still certain
drawbacks to this technique, such as the possibility of long-term
consequences from repeated radiosensitive organs such as the breast
being scanned with CT.® Another alternative to think about is the
NMRI, which has a sensitivity of 94.4% and an accuracy of 72.9%
when used to diagnose breast cancer in its early stages.® However,
NMRI is not widely available and is expensive. This circumstance
prompts the hunt for an additional breast imaging technique that is
simple and affordable. Then microwave imaging (MWI) is a good
alternative for early breast cancer screening, and the ultrawideband
regime (3.1 GHz to 10.6 GHz) is the best frequency range for
biomedical imaging.® The dielectric constant of a material can be
used to quantify how much energy it can absorb from an electric
field.!* The lower the dielectric constant value, the less energy is
absorbed by an electric field.®! At the ultrawideband frequency
range, there are notable differences in the dielectric characteristics
of various biological tissues.'? The quickest image inversion times
are offered by MWI systems, and because the antenna serves as an
antenna sensor, it is crucial to the MWI technique. In addition to
transmitting the microwave signal to the intended domain, the
antenna simultaneously picks up the backscattering signal.*® Several
authors looked at the ultrawideband frequency range when
designing various antennas and used them to detect breast cancer
early. The authors of Ref. [14] saw a tumor with a radius of 2.4 mm
within the breast phantom and created a microstrip patch antenna
with a dimension of 30 mm x 25 mm by considering the FR4
substrate. A modified Vivaldi antenna measuring 25 mm by 20 mm
has been designed using a polyimide substrate.’® This antenna can
work in the frequency range of 3.8 GHz—4.8 GHz and 9.0 GHz-10
GHz, and it can detect tumors with a radius of 2.5 mm. A microstrip
patch antenna measuring 65:4 mm x 88:99 mm was built'® to detect
breast tumors with a radius of 20 mm. To identify breast tumors
early, we designed a hexagonal microstrip patch antenna on an FR4
substrate and placed eight antenna elements around the breast
phantom in this paper.

RELATED WORK METHODOLOGY

Antenna Architecture. The fundamental formulas that
determine the microstrip patch width (W) and patch length (PL) are
as follows:’

wW :L (1)

2f

We must first compute the Effective Constant Dielectric € o from
Equation (3) and enter it into Equation (2) to get the effective length
(L_eff).

Journal of Integrated Science and Technology

A.S. Chaurasia et. al.

(2)

C
Mo ey
Deciding on the Best Dielectric

e+l & -1
Eeft =
2
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The values of the equivalent microstrip feedline of the 50-Ohm
power supply with impedance are found using Egs. (1)—(6) (Table 1
shows the current antenna's designing parameters).

One antenna has been designed using the HFSS simulation
software,'® and the simulation has been conducted to monitor the
antenna performance (return loss). This hexagonal microstrip patch
antenna was first designed using an FR4 lossy material (0.02 tangent
loss and 4.3 relative permittivity) as the substrate. We use five
consecutive iterations to establish physically feasible results for the
design of our suggested antenna (see Fig. 1). Using the values from
Table 1. Figure 2 shows the final suggested antenna. We also take
into consideration the CST MWS simulator®® to construct an
identical antenna and compare the two return loss curves (see Fig.
3) to validate the performance (return loss) of the single antenna that
has been designed in the HFSS simulator. Fig. 3's upper panel shows
the HFSS software's simulation setup. The enclosure that houses the
antenna is called a radiation box, and in both simulation setups, air
is taken into account inside the radiation box. In contrast, the CST
MWS simulation setup is shown in the lower panel of Figure 3. It is
quite difficult to construct an antenna properly for MWI. Particularly
in proximity to the human body. The radiating output of an antenna
may be diminished or absorbed due to the human body's role as a
dielectric lossy material and the discontinuity of various dielectric
properties of the human body.? These disadvantages must be taken
into consideration while creating antennas that operate close to the
human body for various applications, particularly MWI. The
primary factors that led to the selection of planner patch antennas
were their ease of operation, consistent emission pattern, and small,
low-profile design, which made them suitable for use in microwave
imaging and other UWB applications. Fig. 1 shows the antenna
design geometry and configuration. A UWB antenna measuring just
21.45 x 23.45 mm2 was given in this study, and it was utilized for
microwave imaging of breast tumors. When compared to the
antennas described in ref [21,22,23], the antenna is smaller. The
working bandwidth of the suggested antenna is 3.49 to 12 GHz. Both
modeling and experimentation are used to observe the antenna's
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performance. An antenna array is constructed to evaluate the
performance of the recommended antenna for MWI.

Table 1. List of the recommended antenna's design parameters.

Parameters Dimensions
(mm)
Patch Width (w) 21.45
Patch Length (L) 23.45
Length of the Inset (Fi) 7
The patch feed line's width (wr) 1.157
Feeding is not required for feeding (Gpf) 1
W 8.22
Ln 4
Dielectric substrate (hs) 1.6
The substrate's flexibility (er) 4.6
Ws 211
. W -
4
—
|
)

Figure 1. The antenna's geometry: upper view

When used to encircle a breast phantom in microwave imaging,
the suggested antenna performs exceptionally well. As the suggested
antenna is being designed, various patch shapes are tested.

RESULT OF MEASUREMENT AND SIMULATION

The proposed antenna has been simulated using the High-
Frequency Structural Simulator (HFSS) and Computer Simulation
Technology (CST). The suggested antenna's performance is
examined after it has been fabricated. Initially, the UWB
performance is observed by simulating various patch shapes of
antennas. By changing the slot's dimensions and form, one can
achieve decent impedance matching by strengthening the coupling
between the feed line and the rectangular slot patch. Figures 2(i),
2(ii), 2(iii), and 2(iv) depict the top, bottom, and side perspectives of
the fictitious antenna image, respectively. With a return loss range
of < 10 dB, Fig. 3 displays the return loss (S11) against frequency
over the complete bandwidth from 3.49 to 12 GHz. This bandwidth
is appropriate for a range of UWB uses. With a return loss range of
<10 dB, Fig. 3 displays the return loss (S11) against frequency over
the complete bandwidth from 3.49 to 12 GHz.
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Figure 2. After construction, the proposed antenna picture (i) Top
view; (ii) bottom view; and (iii) and (iv) measurement procedures
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Figure 3. Return loss (S11)

Figure 4 illustrates the phase deviation of the input impedance in
the proposed antenna. Over the operational bandwidth, the phase
variation is nearly linear. The identical delay and pulse variation are
specified by the linear phase variation with respect to the operating
frequency. A consistent radiation pattern is observed throughout the
bandwidth.

It is evident from the preceding section that the suggested
antenna performs exceptionally well in the frequency domain.
However, the antenna's sound behavior in the time domain cannot
be guaranteed by just having good frequency-domain properties.

Figure 5. Group delay fluctuation throughout the whole operating
BW ranges from 0.96 to 1.3 ns, demonstrating acceptable phase
linearity. Investigating time-domain behavior is consequently
required, and this includes looking at the group delay, input-output
pulse waveform, and transmission coefficient, to assess the accuracy
of the suggested antenna for microwave imaging systems. The
transmission coefficient |S21| is shown in Fig. 6 using two identical
proposed antennas placed side by side and separated by 300 mm,
taking into account far-field environments over the complete range
of UWB frequencies. The measured group delay of the antenna in
the side-by-side and face-to-face scenarios is defined in Fig. 7. The
observation reveals two distinct changes in the group delay at 4.5
and 8.5 GHz, indicating a minor deviation from the linear phase
response. Figures 8(a) and 8 (b), separately, Show the input and
receiving signals side by side and face-to-face at a distance of 300
mm from the recommended antenna. Over the operational band, the
transmission coefficient line in the figure has a flat magnitude. The
pulse often becomes almost unidentifiable if the change is more than
50% (FF < 0.5)[20]. According to the fidelity factors of 82% and
90% for face-to-face and side-by-side orientation, respectively, there
is less signal distortion while transmitting UWB impulse impulses
using the recommended system. A consistent group delay indicates
the strong phase linearity of the suggested antenna for the intended
UWB-based microwave imaging system, a low variation
transmission coefficient, and a reasonable fidelity factor.

Journal of Integrated Science and Technology

A.S. Chaurasia et. al.

180 -

-

=) [\

=] =
1 !

Phase (deg)
—]

-60 -

-1204

-180 T T T T T T T T 1
3 4 5 6 7 8 9 10 11 12

Frequency (GHz)

Figure 4. Phase variation of the input impedance
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Figure 5: FtF and SbS group delay variation
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Figure 6. The transmission coefficient in both the side-by-side and
face-to-face scenarios.
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Figure 7. Group Delay in a side-by-side and in-person setting.
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Figure 8. The pulse waveforms received and input in both
the (1) face-to-face and (l1) side-by-side scenarios.

Fig. 9 depicts the expected antenna array system design for breast
imaging. The main objective is to determine the difference in the
backscattering signal with and without a high dielectric inclusion
tumor present. The high dielectric constant system uses a similar
phantom breast with an internal tumor. The skin and breast tissue
layers make up the two layers that make up the electrical

characteristics of the breast phantom. The breast tissue layer has
a conductivity of 0.132 S/m and 5.17 as the dielectric constant,
measuring 8.75 cm in width. The skin layer is 2.5 mm wide, with a
conductivity of 1.49 S/m, and a dielectric constant of er=38. A tumor
with a diameter of 10 mm and a dielectric constant close to 67 is
situated 6 mm inside the skin layer. Because of its high water
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content, Generally speaking, tumor cells have a higher dielectric
constant than healthy breast tissue, such as fat. To monitor the 7
antenna array system's performance, the correlation between S11,
S21, S31, S41, S51, S61, and S71 is looked at. By positioning the
antenna 45 mm from the surface of the breast phantom's surrounds,
the S-parameters can be determined. The antennas are removed by
25 degrees, and the reflection coefficient is also recorded. The
frequency range for the antenna array is 3-12 GHz.Figure. The
antenna array system's s-parameters for two distinct configurations
are shown in Figure 10: one with and one without a tumor cell inside
the phantom. For these two cases, a notable shift in the received
signal is noted. The array model's simulated imaging findings for the
breast tumor detection system are displayed in Fig. 11. The two
frequencies at which the backscattering signals occur are 3.5GHz
and 6.5GHz. Because the tumor cell and normal breast tissue have
different dielectric properties, the tumor cell transmits a greater
proportion of signals than the latter.

& Nipple

Skin

Breast Tissue

Tumaor

Breast Phantom

0}
(i)
Figure 9. Microwave imaging configuration: (i) breast
phantom and (ii)antenna array arrangement encircling the
phantom.
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Figure 10. Antenna array S-parameters (i) with tumor and (ii) without
tumor

Table 2: Analyzing the reported antenna and the suggested antenna

Antennas BW GHz Dimension FB (%) Gain (dBi)
_ Uses
(-10d8) Area (mmz)
[11] 1.15- 75x 75 117.12 MWI
4.40 2.0-8.0
[17] 3.80- 30x30 102.00 . MWI
11.85 not disclosed
[21] 2.70- 22.25x 20 112.90 . MWI
not disclosed
9.70
[22] 4.00—- 30x 30 76.92 MWI
9.00 2.0-6.0
Suggested 3.50- | 21.45x23.45 109.8 MWI
6.36
11.7
¥/m
11393 E
10358
9322 ' \
8286
7250 / \
6215
5179 ,
4143
3107
s Tumor
1036
0
)
10684
9713 -
8741 4 ‘
7770 / \
6799
5828
4856 / \
3885
2914 Tumor
1943
971
0
(1

Figure 11. Antenna array microwave imaging results at (a) 3.5GHz
and (b) 6.5GHz
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Consequently, the percentage of signals that scatter inside the
normal tissue is higher than that of the tumor cell. Therefore, the
density of the received signals towards the tumor cell is great.*

Table 2 presents a comparison between the proposed and reported
antennas. The parameters that are taken into consideration are
application, antenna gain, geometry, and bandwidth. It has been
noted that the suggested antenna performs better than the antennas
that have been reported. 721,22

CONCLUSIONS

This study presents the design and realization of a compact patch
antenna with dimensions of 21.45 x 23.45 mm2. A breast phantom
is surrounded by a seven-antenna element array that is intended for
screening. Analyzing the simulated and experimental data, the
performance of a single antenna for UWB characteristics was
confirmed. Within the 109.8% (3.49-12 GHz) bandwidth, the
suggested antenna exhibits good impedance matching, strong gain,
a larger bandwidth that is highly effective, and constant
omnidirectional radiation patterns. scenarios in the frequency
domain as well as the time domain, the antenna performs well. The
breast phantom measurement system uses the antenna array to locate
breast tumors. The array technology was a perfect fit for microwave
breast imaging because of the antenna-backscattering signal
changing when a tumor was present inside the phantom.
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