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A Miniaturized Antenna for Breast Cancer Detection at the
5.72-5.82 GHz ISM Band Based on the DGS Technique

Lala A. El Vadel®> *, Dominic B. O. Konditi?, and Franck Moukanda Mbango® 4

Abstract—This paper presents an alternative solution for detecting breast cancer through planar
antennas. The designed antenna electric parameters are the best gain for tiny radiation elements, along
with the suitable characteristic impedance and bandwidth focusing on a specific application. Antennas
are deployed nowadays to provide access to the detection of malignant tumors. That solution coexists
with those in the hospitals (X-ray Mammography, Biopsy, Ultrasound, and Tomography), as breast
cancer is a worldwide health concern because many women die yearly. Unfortunately, none of these
methods are efficient as microwave imaging techniques. In terms of rapidity, efficiency, sensitivity, and
accuracy, a small microstrip patch antenna operating at the Industrial, Scientific, Medical (ISM) band
(5.72-5.82 GHz) is proposed in this paper for early breast tumor screening. Designed from the High-
Frequency Structure Simulator (HFSS), the rectangular microstrip patch-antenna of 12 x 12 x 1 mm?3,
etched on an FR4 HTG-175 dielectric material (relative permittivity of 4.4 and 0.02 of loss tangent)
has been simulated, prototyped, and experimentally measured with ZVA50 Vector Network Analyzer
(VNA). The defective ground structure technique has been used to achieve the goals of the final
prototype. The proposed antenna has 51.22dB of return loss, 230 MHz of bandwidth, with a radiation
efficiency of 82% and a gain of 1.45dBi at the resonance frequency of 5.73 GHz. Simulation results have
been well-concluded through different tumor positions on the breast to take comprehensive precautions.
Furthermore, a comparison with other antenna designs has been made. Due to the available laboratory
equipment, the suggested work focused on the research part.

1. INTRODUCTION

According to World Health Organization (WHO), cancer is the second leading cause of death
worldwide [1]. Malignant tumors are cancerous and can extend to other body parts. At the same time,
when cancer spreads fully in any part of the body, it becomes difficult to save the patient’s life. Hence,
the need for early breast cancer detection is a necessity. Several early breast cancer (BC) detection
methods have been developed, such as Biopsy, X-ray Mammography, Ultrasound, and Tomography [2].
Nowadays, Mammography is the gold standard for breast imaging. However, the National Cancer
Institute advises women between 40 and 50 year ages to have Mammography twice a year. Above 50
years old, the screening must be performed annually [3]. However, this method has a false-negative rate
of 4 to 34 percent [3]. In addition, the ionizing nature of X-rays raises the possibility of aggravating
every cancer.

Consequently, microwave BC imaging techniques are being developed to provide a safer and more
accurate method than Mammography [4]. The biopsy-based method effectively detects breast cancer
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cells’ existence but is still limited. In addition, this method must be repeated severally when the collected
sample tissue is insufficient. Such an approach can help to avoid problems, but it is painful, time-
consuming, and expensive [5]. Other methods, such as ultrasound and MRI, have high false negative
rates as drawbacks. A microwave system is an innovative, alternative, and flexible method to detect BC
using an electromagnetic signal [4]. Water is critical in identifying tissue permittivity [6]. Soft water-
containing tissue has a higher dielectric constant (permittivity) than the one having healthy tissue [3].
In addition, the tumor’s electrical properties are 10% more than healthy tissues. Biological tissue is a
highly non-homogeneous material. It is a mixture of physical components with different permittivities
and conductivities, basically homogenous modeling at a particular frequency. The antenna acts as a
sensor when the breast tissue is placed closely. Hence, the transmission and reflection coefficients can
capture variations of the breast tissue electric property.

Microstrip patch antennas are widely used in breast cancer detection due to their ease of fabrication,
robust design, low profile, and low cost [7]. An antenna with a wide rectangular slot on one substrate side
and a substrate-forked microstrip feed on the other side is presented in [6]. The research in [4] suggests
a low-cost textile wearable antenna for BC detection at 2.4 GHz for Industrial, Scientific, and Medical
(ISM) applications. Wearable jeans is used as an insulator to design an antenna with a slot-loaded over
a patch and a copper ground plane. The radiation element has not been tested. An ultra-wideband
(UWB) flexible antenna, presented in [8], has been designed, and its performance was tested on a cubic
breast phantom. Still, there were no investigations into the impact of the tumor within the breast
phantom. Several studies have been done without validation in worse conditions, but some investigated
the situation further. It is the case in [9] where the Breast Phantom tumor has been detected by using
a microstrip patch antenna. Reference [10] designs an antenna array of eight antennas for a microwave
breast imaging system. Each element is arranged circularly to face the breast phantom for better tumor
detection directly. A UWB elliptical ring antenna with a humanoid cubic breast phantom was used to
investigate the impact of the breast phantom’s presence on the antenna’s reflection coefficient [11]. An
on-body microstrip antenna was developed in S-band varying from 1.5 to 3 GHz. A comparison between
an antenna in free space and a cancer-affected breast model to diagnose breast cancer at the earliest
stage is presented in [12]. Most of the cited references did not check the device’s capability to detect
tumors in different positions.

This paper presents a new small size (12 x 12 x 1 mm?) antenna corresponding to the electrical size
0.228 X9 x 0.228 g x 0.019)g. This microstrip antenna operates at the 5.72-5.82 GHz ISM band for breast
cancer detection and uses the Microwave Imaging (MWI) technique. Designed from High-Frequency
Structure Simulator (HFSS) before prototyping, the defective ground structure (DGS) technique was
used for the proposed antenna to reduce its dimensions, which allowed achieving excellent electric
characteristic (reflection coefficient, bandwidth, matching level, gain, and radiation pattern) parameters
in the frequency range cited above. In addition, the prototype has been measured with VNAZVAS50 for
experimental validation. Three main sections are presented below, especially focusing on the method,
results, discussion, and the comparative results with some recent studies. As seen in the literature, there
is a large panel of techniques, and MWT and magnetic resonance imaging (MRI) are among them. MWI
and MRI are painless imaging techniques. MWTI uses a lower frequency than MRI, resulting in lower-
resolution images than MRI. However, MWI can penetrate deeper into the tissue than MRI, allowing it
to detect tumors or abnormalities that may not be visible on MRI. MWTI is also said to be faster than
MRI, and it does not require the patient to remain still for long periods. Furthermore, unlike MRI used
only in hospitals, the MWTI system can be used in ambulances. This makes MWI more accessible and
convenient for certain patients and situations.

2. METHOD

The proposed antenna description is detailed through several subsections, used equations, and the
prototype manufactured with an FR4 HTG-175 dielectric. This part presents a phantom breast design
used for the approach validation.
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2.1. Antenna Design

The proposed radiation element is a microstrip patch powered by a microstrip feedline, while the ground

plane is partially degraded, as shown in Figure 1.
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Figure 1. (a) Top view of the proposed antenna for breast cancer detection. (b) Bottom view of the
proposed antenna for breast cancer detection. (c) Design stages.

2.2. Mathematical Model

Rectangular microstrip antenna dimensions are determined from empirical patch antenna equations.
Eq. (1) gives the length L of the rectangular patch,

L =Ly —2Al (1)
where L is the effective length and Al the gap between both lengths. At the same time, Eq. (2) allows
evaluating Al as follows,

(e, +0.3) (% + 0.264)

(er — 0.258) (% 4 0.8)

with h being the dielectric thickness, W the patch width, and &, the material relative permittivity.
Egs. (3) and (4) give the rectangular patch width and effective dielectric permittivity, respectively [13],

W= —— (3)
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Table 1. Proposed antenna design parameters.

Parameter | Value (mm) Description

Lg 12 Length of the substrate
Wg 12 Width of the substrate
Lgl 5.1 Length of the ground

Wy 12 Width of the ground

Lf 4.06 Length of the feedline

W f 3.57 Width of the feedline

Lp 7.1 Length of the patch

Wp 11 Width of the patch

LS1 4.5 Length of the U-shaped slot
WS1 1.5 Width of the U-shaped slot
LS2 2 Length of the B-shaped slot
W52 4 Width of the B-shaped slot
L1 3.06 Length of the Arm shaped slot
w1 14 Width of the Arm shaped slot

where fy is the operating frequency, c¢ the speed of light in a vacuum, and ¢, the material’s relative
permittivity. As a result, the computed patch length is 15.95mm, and the patch width is 12.22 mm.
However, these theoretical values are insufficient to achieve the design’s goal, which is a small-size
miniaturized antenna. Table 1 presents the antenna’s dimensions.

2.3. Design Evolution

The evolution stages of the antenna design are briefed in Figure 1(c). In stage 1, a simple rectangular
patch antenna with a complete ground plane is selected with 12 x 12mm?. Moreover, a 50 feedline
powers the antenna. The radiation element ground plane is defective in stage 2 to improve its bandwidth.
In stage 3, the feedline is reduced to shift the resonance frequency. In stages 4 and 5, two U-shaped cuts
and arms slots were introduced, which further helped to lower the reflection coefficient to —38.48 dB. In
the final stage of the proposed antenna, a B-shaped cut was made on the patch to improve the reflection
coefficient and the bandwidth in the target ISM band. All stages of the proposed design were simulated
through HFSS software.

2.4. Breast Phantom Designing

The human breast phantom comprises three layers: skin, fat, and glandular tissue. The dielectric
properties used in this study, such as conductivity and relative permittivity, are taken from [14], which
describes a method for creating realistic breast phantoms for the microwave detection of breast cancer.
The breast model’s skin has a radius of 30 mm and thickness of 4mm. The fat has a 26 mm radius and
a 5mm thickness. Furthermore, the glandular radius is 21 mm. Figure 2 represents the breast model
without any anomaly. A radius of 5 mm spherical malignant tumor placed in several positions of the
human breast phantom model is shown in Figures 3(a), (b), (¢), and (d). The coordinates x, y, and z for
the tumor are: in the middle (0,0, —10), the right side (0, 13.5, —8.5), and the left side (0, —13.5, —8.5).

3. RESULTS AND DISCUSSION

After manufacturing the proposed antenna’s prototype on the 1 mm thickness of the FR4 HTG-175 with
LPKF Proto Mat S103, measurements have been made with a two-port ZVA50 VNA in the frequency
range of 3.1-8.3 GHz. Table 2 defines the electric parameters of the breast model. The final radiating
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Figure 2. A designed model for a defective breast.
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Figure 3. Breast model, (a) without tumor, (b) tumor in the middle, (c) tumor in the right-side, and
(d) tumor on the left side.

Table 2. Different parameters for the breast model.

S. No. | Tissue | Relative permittivity | Conductivity (S/m) | Density (kg/m?)
1 Skin 34 44 1100
2 Fat 14 0.9 920
3 Glandular 28 3.7 1050
4 Tumor 48 6.1 1070
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Figure 4. (a) The manufactured top view of the proposed breast cancer antenna. (b) The manufactured
bottom view of the proposed breast cancer antenna.

element dimension is 12 x 12 x 1 mm3. The top and bottom views of the prototype, manufactured and
tested, are shown in Figure 4.

3.1. Reflection Coefficient for the Design Stages

The reflection coefficient is an essential criterion to characterize the antenna, as the parameter
performance is reduced after placing the antenna close to the breast. As a result, the reflection coefficient
should be good enough. Therefore, this design aims to get a good antenna performance regarding the
reflection coefficient within the ISM band. Further, in Figure 5, stages 4 and 5 show that importing

slots and cuts in the design positively affected antenna characteristics regarding resonance frequency,
bandwidth, and reflection coefficient.
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Figure 5. Reflection coefficient of the design stages.
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3.2. Parametric Analysis

To optimize the antenna’s performance, parameters WS1 and LS1 were optimized in stage 4 of the

design. In addition, the length of the ground plane Lgl was optimized to check the optimum value for
the design.

3.2.1. Effect of Varying WS1

In stage 4, the parametric analysis in HFSS was performed, and the value of W S1 was increased by
0.5 from 0.5mm to 2mm. Figure 6(a) shows the influence on antenna parameters by varying W.S1.
Moreover, the bandwidth increases by reducing the value of W51, but the reflection coefficient worsens.
The bandwidth for 1 mm, 1.5 mm, and 2mm is 301 MHz, 280 MHz, and 270 MHz, respectively.
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Figure 6. (a) Variation of WS1 parameter. (b) Variation of LS1 parameter. (c) Variation of Lgl
parameter.



94 El Vadel, Konditi, and Moukanda Mbango

3.2.2. Effect of Varying LS1

The influence of varying LS1 on antenna parameters is illustrated in Figure 6(b). The value of LS1
was increased by 1 mm from 2.5 to 4.5. As the value of LS1 increases, the reflection coefficient lowers,
and the resonance frequency decreases.

3.2.8. Parametric Study of the Ground Plane Length

After getting the proposed design, it analyzed parameter Lgl to find the best bandwidth and return
loss value. Lgl is the length of the ground plane, as seen in Figure 1(b). Hence, by varying Lgl from 3
to 7.2 with a step of 2.1 mm, the optimum value was Lgl = 5.1 mm, which gives better bandwidth and
reflection coefficient results, as seen in Figure 6(c).

3.3. Simulated and Measurement of Reflection-Coefficient and VSWR

The proposed antenna has been prototyped, as depicted in Figure 4. A reflection coefficient of —51.22 dB
at 5.73 GHz was obtained during the experimental validation process, while the simulated one got to
—46.16dB at 5.74 GHz. The two results are close and plotted in Figures 7(a) and (b).
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Figure 7. (a) The Reflection-coefficient at the operating frequency. (b) The voltage standing wave
ratio of the proposed antenna.

The measured values are so low that they make it a selective radiation antenna. The simulated
and measured devices cover 5.6-5.88 GHz and 5.6-5.83 GHz, respectively. That represents 280 MHz and
230 MHz of bandwidth each. As a consequence, the radiation device is narrowband.

The antenna size reduction has been evaluated using an approach that compares the active patch
area of a typical microstrip antenna A, to to the proposed antenna A, when it resonates at the same
frequency as that given in Eq. (5) [15]

. AT(fT)‘fr:fO - Ap(fr)
M%) = Ar(fr)|fr:fo

where A, is the active patch area of a microstrip antenna resonating at the same frequency. The
suggested antenna has an active area of A,. A rectangular microstrip resonating at 5.7 GHz has an
active patch area of 401.70mm? (18.256 x 22.004mm?). Using Eq. (5) and comparing the antenna
with a typical microstrip antenna yields an active patch size reduction of 64.15%. Hence, this designed
antenna might be classified as a miniaturized radiating device. Also, it is observed that for both
simulated and measured radiating elements, the voltage standing wave ratio (VSWR) is around 1.01
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at the resonance frequency, as depicted in Figure 7(a). Therefore, according to [16,17], the proposed
antenna matches well with the feedline. This indicates that a maximum incident power is transferred
to the radiating element, which results in 82% radiating efficiency at 5.74 GHz.

3.4. Current Distribution

Figure 8 depicts the current distribution at the resonance frequency (5.73 GHz) and the current flow
with a specific energy in different antenna compartments.
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Figure 8. The current distribution of the proposed antenna.

As seen in Figure 8, the current is distributed more at the edges of the radiating element and less
inside the antenna. This behavior is normal and conforms to the approach presented in [16].

3.5. Gain and Radiation Pattern

The antenna gain is selected from the two-antenna transmission methods based on the Friis
telecommunication equation as given below,

2
2 C
|S21]" = Gy G,y <—47rdf0> (6)

where So1 is the transmission coefficient, fy the operating frequency, d the distance between both
antennas, ¢ the free space speed, and G; and G, are the transmitter and receiver antenna gains,
respectively. Using the Friis equation for two identical antennas (G, = G¢), Eq. (6) becomes [16,17] as
follows,

; 1
Gi% = 3 |S5P + 325+ 20log ( fo(GHZ>) +20 log(dm)} (7)

Using Eq. (7) derived from Eq. (6), two similar antennas placed 10 cm from each other allow measuring
a gain of 2.9dBi at 5.7 GHz, as seen in Figure 9. The resonance frequency moves slightly in the presence
of the second radiating device, but the bandwidth is the same.

Figure 10 shows the experimental bench measurement, where two identical antennas are connected
to both VNA ports to measure the transmission coefficient (S21). That coefficient is essential in the
Friis equation to get the antenna’s gain parameter.
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Figure 9. Gain versus frequency when using the Friis equation.

A controlled distance separating two antennas (transmitter and receiver) and a scanned operating
frequency help determine the gain. The antennas receive the electromagnetic signal through the RF
cable linked to the VNA. Figure 10 shows that a printed SMA connector connects that RF cable and the
antenna. When an antenna is miniaturized and its ground plane defective, its gain, radiation efficiency,
bandwidth, and polarization are all impacted [16]. The miniaturization of its dimensions and the DGS
lead to low antenna gain. Hence, the proposed design employs a partial ground structure, which leads
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Figure 10. Radio frequency bench for the measurement of the antenna’s gain.
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Figure 11. (a) Gain of the Proposed antenna. (b) The proposed antenna’s radiation pattern.

to a low radiated power and a low gain at the operating frequency. A 360° coil with fixed pitch allows
the coil to describe a trajectory, as presented in Figure 11(a). Figure 11(b) shows an omnidirectional
radiation pattern on the E-plane and a bi-directional radiation-pattern on the H plane.

It is preferable for antenna Microwave Imaging for BCD to have a high gain and directional radiation
pattern because it can help minimize the environment noise effect and increase the signal penetrating
the human target area. However, the main challenges in designing the proposed antennas are related
to the physical size to allow many antennas to collect more information on the scattering signal for a
high-quality image reconstruction [18].



98 El Vadel, Konditi, and Moukanda Mbango

4. IMPACT OF THE BREAST WITH AND WITHOUT TUMOR

The reflection coefficient, resonance frequency, VSWR, and maximum electric fields are the parameters
that have particular attention in this section through the tumor breast impact. In addition, to ensure
the antenna’s capability, the tumor is placed in several areas on the phantom breast model. Also, three
ways are suggested to study the impact of the tumor through the antenna: the antenna is used on the
breast; both antennas are on the same breast; the breast is between two antennas while the antennas
are in a distance of 100 mm away from each other.

4.1. Antenna on the Breast

In this case, it is supposed that one antenna is placed on the breast, as shown in Figure 12(a). In that
case, the reflection coefficient is presented in Figure 12(b).
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Figure 12. (a) An antenna on the breast Phantom. (b) Antenna Reflection-coefficient in different
tumor positions.

Regarding the position of the tumor on the breast, the reflection coefficient changes in its matching
level parameter. In the absence of a tumor, the reflection coefficient was —19.86dB, but once the
tumor is placed on its left, right, or middle sides, it becomes —20.348 dB, —20.234 dB, and —20.225dB,
respectively. Moreover, a slight slip of the resonance frequency is noticed for the middle side case.
Meanwhile, the VSWR in the perfect case is 1.226. But when the tumors are on the breast’s left, right,
and middle sides, VSWR becomes 1.21, 1.23, and 1.24, respectively. It is observed that the presence of
the breast model increases the VSWR, values.

Table 3. Comparison of breast tumor impact on the antenna’s reflection coefficient.

Reflection coefficient (dB) | Resonance frequency (GHz)

Breast without tumor —19.86 5.700
Breast with left-side tumor —20.348 5.700
Breast with right-side tumor —20.233 5.700

Breast with middle-side tumor —20.225 5.713
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Table 4. Maximum electric and magnetic fields from the healthy and affected breast.

Magnitude E, Magnitude H Without tumor | Left-tumor | Right-tumor | Middle
Maximum Electric field (V/m) 299460 469370 319200 521220
Maximum Magnitude field (A/m) 117.95 121.203 138.486 101.160

As Table 3 shows, Table 4 confirms the tendency of the tumor’s presence according to the breast’s
position. The tumor breast position increases the electric and magnetic fields, except for the middle
position on the magnetic field, which decreases.

4.2. Antennas on the Breast

In this case, it is supposed that both antennas (transmitter and receiver) are on the same breast. Only
one is on the affected area, as shown in Figure 13. The transmitter antenna’s reflection coefficient
in different tumor positions is plotted in Figure 14. At the same time, a comparison of the healthy
and tumors breasts in some positions is presented in Table 5 through their reflection coefficientd and
resonance frequencies.

Figure 13. Two antennas on the breast phantom.

Table 5. Comparison of breast tumor impact when using two antennas on the breast phantom.

Reflection coefficient (dB) | Resonance frequency (GHz)
Breast without tumor —15.38 5.778
Breast with left-side tumor —15.74 5.752
Breast with right-side tumor —15.60 5.739
Breast with middle-side tumor —15.81 5.752

In the absence of a tumor, the reflection coefficient is —15.385dB at 5.778 GHz, but with the tumor
on the left, right, and middle sides, the reflection coefficient is —15.740 dB, —15.602 dB, and —15.81dB
at the frequencies 5.752 GHz, 5.739 GHz, and 5.752 GHz, respectively. Hence, the antenna provides
lower values of S-parameters and lower resonance frequencies in the presence of a malignant tumor.
Moreover, the detection will be better when using two antennas on the breast phantom.
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Figure 14. Reflection coefficient when using two antennas on the breast.

4.3. Breast between Two Antennas

In such a situation, the breast is placed between two antennas. Therefore, the two antennas have 10 cm
gap from each other. Figure 15 depicts a breast model position between two antennas, where one is
placed on the breast and the other with a distance away from it.

Figure 15. Breast between two antennas 10 cm far from each other.

Figure 16 represents the reflection coefficient when two antennas are used with a gap between
them. It is noticed that putting the antennas away from the breast lowers the reflection coefficient,
whereas antennas on the breast affect the performance of the reflection coefficient. In both situations,
the resonance frequency is reduced in the presence of a malignant tumor.

The model can detect a small tumor in 5 mm at three different positions, namely right, middle, and
left, as noticed. Moreover, using more antennas around the breast will enhance the detection of breast
cancer. The measurements at different positions (different angles or depths within the breast) ensure a
robust detection algorithm to detect tumors in various locations. In addition, this could include testing
the algorithm on a range of breast tissue samples, including samples from women with different breast

types.
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Figure 16. Antennas reflection coefficient in different positions.

Table 6 summarizes the two antennas placed on the same breast. Putting two similar antennas
between the breasts 10 cm from each other, one is near the affected area, and the other is far away,
as shown in Figure 15. Again, it is seen that the antenna provides lower values of S1; parameters in
the presence of the tumor. In addition, it is also seen that using two antennas with a gap between
them enhances the difference between the healthy breast and affected breast regarding the reflection
coefficient, which can lead to better detection. Using a narrow bandwidth antenna for imaging diagnostic
may not provide the necessary resolution and accuracy for detailed tumor imaging. Ultra-Wideband
(UWB) antennas are often used in microwave imaging for cancer detection because they can provide
high-resolution and accurate images. However, the proposed antenna in the ISM band can give a
low penetration. The signal processing algorithm used in qualitative microwave imaging to improve
the detection of breast cancer in narrow bandwidth consists of five steps. First, microwave signals
are transmitted into the breast tissue, and the reflected signals are received and recorded in the data
acquisition step. The acquired signals are then preprocessed to remove noise and corrected for any
distortions to ensure that the data is suitable for further analysis. Next, in the feature extraction step,
relevant features such as the signals’ amplitude, phase, or frequency are extracted to create images of
the tissue and identify abnormalities. The extracted features are then used to reconstruct an image of
the breast tissue through techniques such as inverse scattering, tomography, or back projection in the
image reconstruction step. Finally, the reconstructed image is interpreted by a radiologist or medical
professional to identify tumors or other abnormalities in the image interpretation step. It is possible

Table 6. Comparison of breast tumor impact when using two antennas on the breast phantom 100 mm
for each other.

Reflection coefficient (dB) | Resonance frequency (GHz)

Breast without tumor —30.430 5.687
Breast with left-side tumor —39.204 5.726
Breast with right-side tumor —37.571 5.713

Breast with middle-side tumor —37.948 5.713
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to use a narrow bandwidth antenna and other techniques to achieve detailed tumor imaging. For
example, using synthetic aperture radar (SAR) imaging improves the resolution of a narrow bandwidth
antenna. SAR imaging generally uses a moving antenna to transmit microwave pulse signals to the
target and collect the reflected echoes [19]. The echoes collected from the target are processed using
signal-processing algorithms to form an image of the target. The image is then analyzed to extract
information about the target, including any abnormal scattering patterns that may indicate the presence
of breast cancer. In addition, by enhancing the image’s resolution, the signal processing algorithm can
help identify small tumors, making SAR imaging a helpful tool for early breast cancer detection. The
back-projection (BP) is one of the most used algorithms for SAR image formation due to its robustness
and quality of results [20]. In addition, Fourier-based image reconstruction methods can be an excellent
solution to decrease the computational cost in SAR microwave imaging systems. These methods use
mathematical techniques such as the Fast Fourier Transform to process the radar data and reduce the
computational cost efficiently [21,22]. Another concrete method is frequency-modulated continuous-
wave (FMCW) radar imaging, which uses a continuous-wave radar signal with a frequency modulated
over time to obtain the image. By analyzing the echoes of the modulated signal, the object’s relative
permittivity and conductivity can be determined, which can be used to identify different types of
tissue [23].

5. COMPARATIVE STUDY

Some latest studies have been compared in Table 7 with the proposed, designed antenna.

Table 7. A comparative study with the latest works.

] Radiation ) Reflection ]

Bandwidth ) Size . Gain L

Ref. efficiency coefficient Application
(GHz) (mm?) (dB)
(%) (dB)

[12] 1.5-3 None TTx 6046 | —37.27 None MWI
[24] 2.5 None 50 x 40 <-10 5.5 MWI
[25] 0.9-9.6 None 16 x 16 < —10 None MWI
[26] 3.7-5.7 86 32 x 32 —25 2.00 MWI
[27] 1.6-10 None 60 x 70 <10 4.431 MWI
[28] 3.4-10 96.98 18 x 28 < —10 3.95 MWI
[29] 2-12 None 45 x 31 < —10 5.00 WWT
This

5.72-5.82 82 12 x 12 —46.15 2.9 MWI
work

where wideband wireless technology (WWT) and MWI are different applied technologies. The
comparison study presented in Table 7 shows that the proposed antenna is among the best-matched
planar antenna. With a return loss of 46.15dB, the characteristic antenna impedance is 50.495 Q2.
Therefore, the proposed planar antenna is well adapted. At the same time, the suggested planar
antenna is selective with the ISM band compared to the other studies. The DGS technique sometimes
limits the antenna gain to minus values, as in this antenna which achieved 2.9 dB. This is caused by a
poor electrical field distribution between the ground and the radiation element [15].

Regarding the component (radiation element) integration, the proposed antenna design is smaller
than all cited in Table 7. Hence, this structure is easy to integrate into a space-constrained environment.
Furthermore, the proposed antenna can be considered a tiny chip on the patient’s body. Therefore, it
will not hinder movements.
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6. CONCLUSIONS

This research presents a new small-size microstrip patch antenna for breast cancer detection in the
ISM band of 5.72-5.82 GHz. The antenna was simulated in Ansys HFSS software and manufactured
using LPKF Proto Mat S103. The measurement was completed using a two-port ZVA50 VNA. The
antenna has a good return loss with the VSWR below 2 at the resonance frequency. Hence, the
simulated and measured results demonstrate that the proposed antenna is a promising candidate for
breast cancer detection. The antenna was tested on a simulated breast phantom cancer-free and with
a small tumor in different positions to check the device’s capability. The presence of the tumor in the
breast can be detected by observing the antenna parameters such as reflection coefficient and VSWR.
This work investigated the reflection coefficient parameter to detect breast cancer in different positions
using three scenarios: an antenna on the breast model, two antennas on the breast model, and a breast
model between two antennas with a 10 cm gap. The best scenario, which gives more contrast between
healthy and affected breasts, was the last study done. Furthermore, the reflection coefficient values are
an essential indicator for cancer identification because they are significantly lowered in the presence
of a tumor in different positions. Moreover, the small physical size of the proposed design allows a
huge number of them to be used on the breast area, giving more contrast between healthy and cancer
breasts regarding antenna parameters. Due to the Lab equipment, this suggested antenna has not been
concerned with clinical experiments but could be used to explore.
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