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Abstract: Aims: This work was focused on the detection of early-stage breast tumors and their lo-
cation.

Background: The most frequently seen disease progression and mortality in women's lives is
Breast Cancer. Because of breast cancer/tumors, the risk of mortality for women has risen exponen-
tially. From the 2020 deadline for breast cancer, women who died from carcinoma were 123.8 cas-
es per lac women between 2006-2010. This problem is also overcome by the early identification of
the tumor using different detection procedures like X-ray mammography, computerized tomogra-
phy, ultrasound imaging technique, Positron Emission Tomography (PET), Magnetic Resonance
Imaging (MRI), microwave imaging. Researchers carried out multiple studies in these areas.

Objective: To detect early-stage breast tumors and their location using SAR analysis.

ARTICLE HISTORY

Methods: The major dielectrical difference between cancerous breast tissues and normal tissues in
this technique is the microwave frequency range. The term Specific Absorption Rate (SAR) de-
scribes the amount of energy which is absorbed (W/kg) in the breast tissue. This segment illustrates
the usefulness to diagnose the tumor position in the breast by means of maximum SAR value coord-
inates. Changes in breast and tumor size are important for the risk of diagnosis. The power ab-
sorbed in connecting with a normal breast and a tumor breast is measured and equivalent for differ-
ent breast masses. The maximum SAR is also analyzed at distinct tumor locations at various fre-
quency ranges.
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Results: 1t is observed that max SAR coordinates are very close to the actual tumor location. So,
the maximal value of SAR coordinates indicates the existence of a tumor in the breast phantom.

Conclusion: The simulated data above strongly suggests that the Max SAR values were higher in
the breast phantom with tumor as compared to the breast without tumor. With different tumor ra-
dius (3 mm and 5 mm) analyzed with different resonant frequencies like 3GHz, 4GHz and 5SGHz at
the actual tumor location of (0, 0, 35). Even though a model representing the real properties of
breast tissue is required to assess the validation of any imaging process, so the real-time develop-
ment of an equivalent breast phantom and its execution is needed.

Keywords: UWB, antenna, breast tumor, SAR, location, MRI.

1. INTRODUCTION

The most frequently seen disease progression and mortal-
ity in women's lives is Breast Cancer. Because of breast can-
cer/tumors, the risk of mortality for women has risen expo-
nentially. From the 2020 deadline for breast cancer, women
who died from carcinoma were (123.8 per 100,000) women
between 2006-2010. This problem is also overcome by the
early identification of the tumor using different detectionpro-
cedures like X-ray mammography, computerized tomogra-
phy, ultrasound imaging technique, Positron Emission Tom-
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ography (PET), Magnetic Resonance Imaging (MRI), mi-
crowave imaging [1-6], researchers carried out multiple
studies in these areas.

The X-ray imaging procedure is typically applied for the
identification of the tumor, but the precise location of the tu-
mor is very exorbitant and hard to locate. In addition, it will
influence the healthful surrounding breast tissue [2]. An X-
ray, in particular for women under the age of 40 years, can-
not be replicated, due to its hazard [1, 7]. Ultrasound is a
common tool for the diagnosis of breast cancer in the few
mm range. They are distinguished from benign cysts, solid
tumors, or suspicious cancers. It is very difficult to differenti-
ate between malignant and benign tumors considering their
vast abundance. Many micro-calcifications [8] are absent
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due to the speckle (hyperechoic spots). Another tool is MRI,
which identifies the tumor sporty when compared to X-ray
mammography's in women with inherited breast cancer sus-
ceptibility [9]. The MRI is used to classify problematic
things such as benign and malignant lesions of the breast,
leading to a more false-positive percentage [1, 4] which is
costly and complex hardware is used. Such a limitation can
be resolved by Microwave Imaging with UWB frequencies
[10-12].

Microwaves are a favourable trade-off between resolu-
tion of the image and the penetration of wave deep inside
the tissue and have recently been shown to distinguish the
breast, in the UWB frequency range. This research shows
the major dielectrical difference between cancerous breast
tissues and normal tissues in this technique [4, 10, 13-15] in
microwave frequency range. The term Specific Absorption
Rate (SAR) describes the amount of energy which is ab-
sorbed (W/kg) in the breast tissue [16, 17]. The thermal dis-
tribution due to the interaction of electromagnetic wave with
hemispherical breast phantom is analyzed based on Specific
Absorption Rate (SAR) technique. SAR detects the abnor-
mality in the human breast tissue. The energy associated
with the electromagnetic wave is absorbed by the biological
tissues, and this absorption of the electromagnetic field re-
sults in the heating of the human tissue. The heating effect
of the tissue is normally quantified by the SAR. Even
though SAR for breast tissue assessment may be too vari-
able in an individual. The focus is given to the area where
the maximum absorption is happening due to the presence of
tumor. This segment illustrates the usefulness of diagnosing
the tumor position in the breast by means of maximum SAR
value coordinates. Changes in breast and tumor size are im-
portant for the risk of diagnosis. The power absorbed in con-
necting with a normal breast and a tumor breast is measured
and equivalent for different breast masses. The maximum
SAR is also analyzed at distinct tumor locations at various
frequency ranges.

2. ANTENNA DESIGN

Different antennas with square-shaped ring slot [18], pla-
nar UWB antenna [19], UWB antenna in addition with CP-
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W-fed along with SRR loaded technique [20], Circular
monopole antenna [21], antenna of dual band [22], MIMO
antenna [23], monopole antenna in conjunction with printed
circular disc [24] have been examined and their cons were
used for the design of proposed antenna. Antenna design is
done using CST Microwave Studio. The length of the rectan-
gular patch 'L' is determined by using the frequency range of
the system. The antenna length is calculated using the formu-
la shown in equation (1):

1

b 2fNEE, Hy M

Where f, is the center (resonant) frequency, is the rela-
tive permittivity of the substrate, is the permittivity in vacu-
um and 4,is the permeability in vacuum.

In the microstrip antenna, width /¥ of the patch controls
the input impedance. The operating bandwidth can be in-
creased by expanding the widths of the patch. The width '"W'
is calculated using the equation (2):

c 2
= 2
2f Ne +1 @

f. is the center (resonant) frequency, ¢ is the speed of
light and is the relative permittivity of the substrate [25].

The width is always adjusted in such a way that impe-
dance matching occurs. And the length of the microstrip
should be equal to I"/4. The ground and the patch layer are
assembled using the copper material which is having a thick-
ness of 0.035 mm. The substrate layer is assembled using
the FR-4 lossy substance having the permittivity (£, = 4.3)
having a height of 1.6 mm and the resulting antenna having
a volumetric dimension of 43 x 40 x 1.6 mm’. F ig. (1) shows
the evolution of the proposed UWB antenna from a basic rec-
tangular patch with a Defected Ground Structure (DGS).
Various dimensions used to design the proposed antenna
which resonates at multiple frequencies are systemized in
Table 1. The proposed UWB antenna Geometry is highlight-
ed in Fig. (1b and ¢).
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Fig. (1). Configuration of proposed UWB antenna (a) without slot (b) proposed (¢) back perspective. (4 higher resolution / colour version of

this figure is available in the electronic copy of the article).
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Table 1. Dimensions of proposed UWB antenna.

Parameter Notation | Value (mm)
Length of substrate L 40
Length of Patch Pl 25
Width of Patch P2 24
Length of feed line F1 10
Width of feed line F2 3
Length of Ground L 8.6
Height of Patch hl 0.035
Height of Substrate h2 1.6
Height of Ground h3 0.035
Width of three vertical slots T1 1
Width of one horizontal slot T2 0.5
Spacing between vertical slots T3 1.5
Skin
Adipose Tissue
\\ Glandular Tissue

Tumor

Fig. (2). Experimental setup having heterogeneous breast phantom
and proposed antenna. (4 higher resolution / colour version of this
figure is available in the electronic copy of the article).

3. DEVELOPMENT OF BREAST PHANTOM

The radius of the hemispherical breast phantom designed
in CST Studio is 30 mm, which is placed at a distance of 70
mm away from the antenna. Heterogeneous breast phantom
consists of multiple layers. The superficial layer is com-
posed of skin. Generally, the thickness of the skin overlying
the breast is about 2 mm thickness. Adipose tissues are pre-
sent beneath the skin and are generally of thickness 5-20
mm. For phantom development, the thickness is considered

Table 2. Properties of various tissues.
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to be 8 mm. The remaining inner 20 mm thickness is com-
posed of the fibro glandular tissue. The experimental setup
with heterogeneous breast phantom and the proposed UWB
antenna is shown in Fig. (2). The properties of the tissues
that are used in the development of heterogeneous breast
phantom are tabulated in Table 2.

4. SPECIFIC ABSORPTION RATE (SAR)

The Specific Absorption Rate (SAR) is the derivative of
the gradational energy (dW) which is held by a gradational
mass (dm) found in an element of volume (dV) [26] which
is expressed as:

oz 4 A7, _d dW

atam’ it pav’ 3)
The electric field can be correlated with SAR at a point
by:

sar_ 9 “)

P

Where o is the conductivity (Sm™), 1? is the mass density
(kgm™) and E is the electric field strength (Vm™). SAR is al-
so defined as the Maximum Permissible Exposure (MPE) in
the existence of the biological tissues in the fields of electro-
magnetics. It is expressed in Wkg'. SAR values are aver-
aged for the entire body of 1g of tissue and 10g of tissue.
Since this is a localized calculation of SAR, it is averaged
over the tissue mass of 1g of tissue [27]. The various studies
show that the early-stage detection of cancers is possible
with SAR [28, 29]. Permissible SAR for humans under con-
trolled and uncontrolled environments is tabulated in Table

3.

5. RESULTS AND DISCUSSION

In this section, different antenna parameters like return-
ing loss, gain, radiation pattern and the performance com-
parison of the proposed UWB antenna with the existing an-
tenna are discussed. The analysis of averaged SAR values
for 1g and 10g of tissue and coordinates in the heteroge-
neous breast without and with tumor at different frequencies
are discussed.

Tissue Relative Permittivity Electrical Conductance S m™ I;(eg;:t}y Heﬁ:g.c.gl;égl ty Therm‘gﬁlﬁgf tance
Skin 36.7 2.34 1109 3391 0.37
Adipose 4.84 0.262 911 2348 0.21
Glandular 50 3.46 1041 2960 0.33
Tumor 54.9 4 1058 - -
Table 3. SAR Exposure Limits.
. 4 SAR,, SAR,,,
Environment (Wkg") (Wkg'%) (Wkg"L)
Controlled 0.4 8 20
Uncontrolled 0.08 1.6 4
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5.1. Antenna Parameter Analysis

In CST studio, hexahedral TLM solver setting is selected
and the simulation is done with -40dB accuracy and 50Q
port impedance. Fig. (3) shows the comparison of S11 char-
acteristics of the antenna without a slot and proposed one.
The proposed UWB antenna produces a bandwidth whose
frequency ranges from 2.5GHz to 13.5GHz which is quite re-
markable.

0-
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Frequency (GHz)

Fig. (3). S-parameter response of designed antenna. (4 higher reso-
lution / colour version of this figure is available in the electronic
copy of the article).

The proposed antenna that resonates at two different fre-
quencies nearly 3 GHz has a directivity of 2.507 dBi, gain of
2.076 dBi and 5 GHz has a directivity of 4.159 dBi, gain of
3.681 dBi. The gain vs. frequency plot in Fig. (4) clearly
shows that there is not much variation in terms of gain be-
tween the initial design and the proposed antenna. But the
bandwidth increases abruptly in the UWB range. The nor-

Phi=90° at 3 GHz,

0 Phi=90° at 5 GHz
0] 30 330

107 60 300

-30- 90 - 270

40 120\ 240

0 150 210
180
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malized radiation pattern for H-plane (cut angle phi=90) and
E-plane (cut angle phi=0) of proposed UWB antenna is dis-
played at frequency of 3GHz and 5GHz is exposed in Fig.

(5).

5.2. Performance Comparison of Proposed Antenna with
Existing Antennas

A comparison of the various antennas with respect to
their area, frequencies, sizes, and bandwidths is presented in
Table 4. For various substrate materials, the proposed anten-
na is simulated and its effects are verified and differentiated
along with various types of antennas, as exposed in Table 4.
The above-mentioned antennas have achieved wider width.
Due to the invention of modern electronic technology, the
size of the antenna is small whereas the bandwidth can be
greater. The proposed UWB antenna has large bandwidth
and smaller in size when compared to different antennas
mentioned in Table 4.

— Initial
6 —— proposed

Gain (dBi)

Frequency (GHz)

Fig. (4). Comparison of gain vs. frequency plot for initial design
and proposed design. (4 higher resolution / colour version of this
figure is available in the electronic copy of the article).
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Fig. (5). Normalized radiation pattern at 3 GHz and 5 GHz (a) H-plane pattern (b) E-plane pattern. (4 higher resolution / colour version of

this figure is available in the electronic copy of the article).
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Table 4. Comparison of proposed UWB antenna with existing antennas.

Refs. Antenna Type Freq. (GHz) ABW (GHz) FBW Material Area (LA-W)
[18] Ring slot antenna 3-11 8 114.2% 1({80105)31])3 12000m’
[19] Planar UWB antenna 3.1-10.6 7.5 109.4% RO_4003 5850m’

(€,=3.38)
[20] SRR-loaded UWB antenna 2.37-10.93 8.56 128.7% (ST aj‘;“;g) 2500m’
[21] Circular monopole antenna 2.6-10.8 8.2 122.3% (ga:(;né(;) 2500m’
[22] Dual band antenna 2.8-10.6 7.8 116.4% FR4 €, =4.6) 1720m’
[23] MIMO antenna for UWB 3.1-12 8.9 117.8% FR4 (€,=4.4) 1820m’
[24] Printed circular disc monopole 2.69-10.16 7.47 116.2% FR4 (€,=4.7) 2100m’
[PA] Slotted rectangular UWB antenna 2.5-13.5 11 137.5% FR4 (€,=4.3) 1720m’

Freq: Frequency, ABW: Absolute Bandwidth, FBW: Fractional Bandwidth, PA: Proposed Antenna.

Table 5. Averaged SAR values for 1g & 10g of tissue and coordinates in heterogeneous breast without tumor.

1 Gram Analysis

10 Gram Analysis

Frequency (GHz)

Maximum SAR W kg-1

Total SAR W kg-1

Maximum at
X, Y, Z) mm

Maximum SAR W kg-1

Total SAR W kg-1

Maximum at
X, Y,Z) mm

3 1.140 0.4805 (0.25, -8.75, 45.66) 0.7019 0.4814 (0.25, -5.06, 40.33)
4 0.899 0.3014 (0.25, 1.40, 40.33) 0.5184 0.3014 (0.25, 3.12, 40.33)
5 0.615 0.195 (0.25,10.45, 46.33) 0.3415 0.1952 (0.25, 8.27, 51.47)

Table 6. Averaged SAR values for 1g & 10g of tissue and coordinates in heterogeneous breast with tumor of radius 3mm.

Frequency (GHz)

1 Gram Analysis

10 Gram Analysis

Maximum SAR W kg-1

Total SAR W kg-1

Maximum at
X, Y,Z) mm

Maximum SAR W kg-1

Total SAR W kg-1

Maximum at
X, Y,Z) mm

3 4.655 0.3070 (-0.12, -0.56, 20.2) 2.381 0.3070 (-0.12,-0.93, 31)
4 1.579 0.101 (0.12, 5.04, 20.25) 0.7787 0.101 (-0.12, 2.35, 31)
5 1.288 0.072 (-0.12, 11, 25.46) 0.559 0.072 (-0.12,10.53, 31.4)

Table 7. Averaged local SAR values and coordinates for 1g & 10g of tissue in heterogeneous breast for the tumor of radius Smm.

Frequency (GHz)

1 Gram Analysis

10 Gram Analysis

Maximum SAR W kg-1

Total SAR W kg-1

Maximum at
X, Y,Z) mm

Maximum SAR W kg-1

Total SAR W kg-1

Maximum at
X, Y,Z) mm

3 4.727 0.314 (0.12,-0.93, 20.25) 2416 0.314 (-0.12,-1.31, 31.04)
4 1.577 0.101 (0.12,5.21, 20.25) 0.776 0.101 (-0.12, 2.29, 31.04)
5 1.289 0.072 (-0.12, 11, 25.46) 0.559 0.072 (-0.12,10.53,31.45)

5.3. Analysis of Averaged SAR Values in Heterogeneous
Breast

Heterogeneous breast phantom is radiated using an
UWRB signal from the proposed antenna. Maximum SAR,
Total SAR and coordinates of Maximum SAR are obtained
for the resonant frequency of 3, 4 and 5 GHz respectively.
Table 5 reflects total, Maximum SAR and the coordinate val-
ues of a breast phantom without tumor in 1g and 10g analy-
sis. Similarly, Tables 6 and 7 show values of total Maximum
SAR and the coordinate Maximum SAR of a breast phantom
with tumor of radii 3 mm and 5 mm respectively placed at a
coordinate location (0, 0, 35). It is clearly seen that the maxi-

mum SAR is always higher in breast phantom with tumor as
compared to without a tumor in all three frequency ranges,
which is clearly shown in Fig. (6). By verifying the Maxi-
mum SAR coordinate value of the phantom with and with-
out tumor, it is observed that the coordinate values of tumor
with 3 mm radius at 3, 4 and 5 GHz frequency is approxi-
mately near to the actual tumor location (0, 0, 35) which
clearly shows the presence of the tumor and its location.

By analyzing the 1Gram SAR analysis and 10Gram
SAR analysis, the phantom along with tumor of radii like
3mm and 5 mm is shown in Tables 6 and 7. For 1Gram anal-
ysis, the coordinate obtained for 3 mm tumor at 3 GHz is
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(-0.12, -0.56, 20.2) and the coordinate obtained for 5 mm tu-
mor at 3 GHz is (0.12, -0.93, 20.25). But for 10Gram analy-
sis, the coordinate obtained for 3 mm tumor at 3 GHz is
(-0.12, -0.93, 31) and the coordinate obtained for 5 mm tu-
mor at 3 GHz is (-0.12, -1.31, 31.04). From the above obser-
vation, the tumor location detection is more accurate in 10-
Gram analysis with the actual tumor location of (0, 0, 35).

Furthermore, the SAR analysis was carried out for differ-
ent tumor locations at 5 mm and 3 mm radius tumor. In the
case of different tumor locations, Maximum SAR for 3 mm
and 5 mm radius tumors remains almost the same. The coor-
dinate location of Maximum SAR at 3 mm and 5 mm tu-
mors is very much nearer to the actual tumor location, as
shown in Fig. (7).

I wot
I wt (3 mm)
5 I wt (5 mm)
C
£ 4
5 3
=
& 2-
x
©
=
14
0_
3 4 5

Frequency (GHz)

Fig. (6). Comparison of maximum SAR value for various frequen-
cies in without and with tumor breast. (4 higher resolution / colour
version of this figure is available in the electronic copy of the arti-
cle).
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Fig. (7). Comparison of various positions of actual, maximum SAR
at Smm and 3mm tumor radius. (4 higher resolution / colour ver-
sion of this figure is available in the electronic copy of the article).
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CONCLUSION

A compact slotted rectangular UWB antenna is proposed
for the early-stage detection of the breast tumor using SAR
analysis. The proposed compact antenna successfully brings
out a bandwidth of 2.5GHz to 13GHz. The simulated data
above strongly suggests that the maximum SAR values were
higher in the breast phantom with tumor as compared to the
breast without tumor. With different tumor radius (3 mm
and 5 mm) analyzed with different resonant frequencies like
3,4 and 5GHz at the actual tumor location of (0, 0, 35). It is
observed that maximum SAR coordinates are very close to
the actual tumor location. So, the maximal value of SAR co-
ordinates indicates the existence of a tumor in the breast
phantom. Even though a model representing the real proper-
ties of breast tissue is required to assess the validation of any
imaging process, so the real-time development of an equiva-
lent breast phantom and its execution is needed.
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