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Abstract: - A Textile-based co-planar Tri-slotted Rectangular Patch (TSRP) antenna of dimensions 100x30x1.05 mma3 is proposed for early
detection of the thyroid cancer. In the designing process, textile material denim is used as a substrate with dielectric constant (er) 1.7 and the
technique of DGS (Defected Ground Structure) is used to overcome the drawback of narrow bandwidth. The proposed TSRP antenna is
designed for ISM (Industrial, Scientific and Medical) band applications, which covers the frequency range from (2.25 - 3) GHz and
resonates at 2.41 GHz. The bandwidth and reflection coefficient of the antenna when simulated in free space are 0.75 GHz, with an S11 of -
47.68 dB respectively. The gain of the TSRP antenna in free space is 2.62dBi. The characteristics of the antenna are varied when placed on
the thyroid gland. When the TSRP antenna is placed on the human tissue without tumor, it resonates at 2.12 GHz frequency and covers the
range of (1.61 - 2.72) GHz frequency whereas with tumor, it resonates at 2.17GHz frequency and covers the range of (1.66 to 2.71) GHz
frequency. The gain and reflection coefficient of antenna when simulated on body without tumor are -8.81 dBi, -16.61dB. Similarly, with
tumor the gain and reflection coefficient are 3.63dBi, -14.62dB. The antenna is said to be helpful for thyroid cancer detection because, the
reflection coefficient shows variation when placed on with and without tumor cells. The main lobe magnitude of the antenna is observed as
2.31dBi for E-plane and -2.44dBi in H-plane. SAR (Specific Absorption Rate) for the antenna in bent state when simulated on Body without
tumor is 1.77 W/kg. The TSRP antenna is simulated using CST (Computer Software Technology) Simulation software.

Keywords: CPW (Co-planar waveguide), DGS (Defected ground structure), ISM (Industrial, Scientific and Medical), SAR
(Specific Absorption Rate), Wearable Antenna.

I. INTRODUCTION

Wearable Antennas are becoming popular nowadays. The technological development in the antennas spreads to
new industries like Biomedical, Aeronautical, Space, Military [1], [2], [3], [4], [5], [6] etc. Due to the
advancement in antenna technology, we are more attracted towards textile-based antennas which can be used for
bio-medical applications. The concept of wearable textile antennas is focused at improving human life quality by
providing them with several wearable continuous monitoring applications [7], [8]. These wearable antennas using
textile as a substrate can be easily integrated into clothes. The low dielectric constant of these textile-based
substrates helps us reduce the surface wave losses and also improve the bandwidth of the antenna [9]. Even
though we have many conventional antennas like Yagi Uda, Horn etc., these are not suitable for conformal
applications because of this many microstrip patch antennas are introduced and considered as best suitable for
wearable applications [10], [11].

The main drawback of microstrip patch antenna is Narrow bandwidth and we can overcome this with the help of
many techniques like DGS, EBG, CPW[12] etc. The CPW technique is employed for the enhancement of
bandwidth [13], Better impedance matching, Better reflection coefficient and reduction of back lobe losses [14],
[15]. The antennas are made compact to make them easily self-Adaptable. Apart from microstrip antennas,
wireless body area networks (WBAN), Printed circuit boards (PCB) are also one of the most researched interests
[16]. The main drawback of the PCB is flexibility. The antenna is directly affected by the thickness of the
substrate, dielectric constant, so attention must be paid to them while designing the antenna. The first and
foremost challenge faced while designing is operating them at Low frequency ranges without affecting their gain
and radiation efficiency. To increase the current path is the effective solution in order to overcome the difficulties
such as reduction in bandwidth, degradation of gain. In Another aspect, the researchers are recently attracted
towards the materials like polyimide substrates because of the fact that they have excellent mechanical properties
including their light weight, durability, tensile strength, flexibility, high heat resistance, high moisture release,

14 Dept., of ECE, Raghu Engineering College, Vizag, A.P, India

2 Dept., of ECE, NRI Institute of Technology, Krishna Dt., A.P, India

3,5 Dept., of ECE, PSCMR College of Engineering and Technology, Vijayawada, Andhra Pradesh, India

* Corresponding Author Email: ‘dattatreya.gopi@gmail.com, 2kondalu.phd@gmail.com, 3krishnadharavath4u@gmail.com,
4sridhar1209@gmail.com, >pragna2004@gmail.com

Copyright © JES 2024 on-line: journal.esrgroups.org

1642



J. Electrical Systems 20-9s (2024): 1642-1651

low moisture uptake, excellent electrical properties. So, they want to include them in their designs for wearable
antennas.
With the increase in demand for the wearable biomedical antennas, the researchers have shown great interest in
them because of that these antennas are working better than several medical devices, when embedded in textile
materials [17], [18, 19]. In order to build these high quality biomedical devices the researchers have designed
several antennas to match the required performance. However, even after designing antenna with wearable
materials, the wearable antenna should undergo different analysis and test such as Antenna size, low weight,
Power consumption, Gain, SAR for the compatibility on human body[20].
In addition, even though many modifications have been done the obstacles of constructing and operating a textile
antenna on the human body are numerous, such as the effect of their location on human body, the amount of
radiation emitted, reliability losses due to Antenna deformation and Electromagnetic leakages from wearable
antenna towards the human body. Steps must be taken to guarantee that the performance does not deteriorate
significantly.

Il. ANTENNA DESIGN ANALYSIS
The proposed TSRP antenna design is used for biomedical applications. And while designing it there are certain
steps to be followed. Firstly, select a frequency range from ISM bands as an operating frequency for the proposed
antenna. Secondly, select a substrate material suitable for the wearable applications. These are needed to
determine the dimensions. For the proposed antenna the frequency band of 2.4 to 2.45 GHz and denim having
permittivity (&) of 1.7 and tangent losses () of 0.020 are considered as a substrate. The dimensions of the
radiating patch are determined by Ag
Where Aq IS gcuide wavelength [21] i.e.,
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Fig. 1. Geometry of TSRP antenna.
Fig. 1 shows the geometry of the proposed antenna. The dimensions of proposed antenna are reduced to 30x30
mm? in order to make the antenna suitable for our requirement. And DGS has been used for enhancing the
bandwidth, slots are considered at point where the feed line meets the radiating patch of antenna in order to match
the impendence. In order to get the desired band of frequency evolution process is considered for the proposed
TSRP antenna as shown in Fig.2.

-

Table I: Dimensions of proposed TSRP antenna

Geometrical Parameters | Values (Mm) | Geometrical Parameters | Values (Mm)
Antw 100 S1. 10

AntL 30 Siw 82

Pw 86 SaL 6

PL 22 Sow 37.20

Grw 48.20 Sorw 41.20

Gsw 6 Woes 0.30

An 1.05 SH 1.0

PH 0.05 PiL 7.30

FL 15.03 Fw 3.00
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Fig. 2. Proposed TSRP antenna evolution process
2.1 TSRP Antenna in Free Space
The Fig. 3(a) represents proposed TSRP antenna in planer state and is observed in free space to ensure the
antenna is radiating in ISM Band. Similarly the performance of the antenna is also observed when it is subjected
to bending with an angle of 32° as shown in Fig. 3(b) to make sure its operating frequency lies between ISM
Band and are also similar when compared with TSRP antenna in planer state.

—
e

(a) (b)
Fig. 3. Proposed TSRP antenna in (a) Planar state, (b) Bent state

2.2 TSRP Antenna with Human Tissues

The proposed TSRP antenna is a wearable antenna which can be incorporated into the collar or can be used in
neckband, so it becomes mandatory to observe the performance of the antenna when placed on human tissue. In
order to perform the analysis, simulated human thyroid tissue model is designed as shown in Fig. 5 with a
dimension of 140x50mm? which includes skin, fat, muscle, thyroid gland and tumor on which the antenna is
placed. Fig. 4(a) represents antenna in planer state when placed on thyroid tissue model whereas Fig. 4(b)
represents the bent state of antenna placed on tissue model.

(@) (b)
Fig. 4. Proposed TSRP antenna with simulation human tissue.
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Fig. 5. Human Thyroid Tissue model for the proposed TSRP.

Each layer of the tissue model have a different Permittivity (er), Tangent loss, Conductivity and Density as shown
in table 2 i.e. for skin the er is 31.29 and Tangent losses is 0.2835, fat ¢, is 5.28 and Tangent losses 0.19382,
muscle er is 52.79 and Tangent losses of 0.24191, thyroid er is 1.5 and conductivity is 1.469 [22]. The thickness
of this layers also varies, the top most layer being skin has a thickness of 1.5 mm followed by fat of thickness 4.5
mm and next layers Muscle, thyroid and tumour has a thickness of 6mm ,4mm, 6mm as shown in table 2(a) and
2(b).
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Table 11(a): Human tissue simulation model properties
Tissue Layerser |[Conductivity (S/M)[Tangent Losses (Tan o)

SKIN 31.295.0138 0.2835
FAT 5.28 0.1 0.19382
MUSCLE 52.791.705 0.24191

THYROID 1.5 [1.469 -
TUMOR 4.5 |6 -

Table 11(b): Human tissue simulation model Parametric values
PARAMETER | HS | HF | HM | HT | HTU
VALUES(mm) | 15 |45 | 6 4 6
I1l. RESULT AND ANALYSIS

In order to get the desired band of frequencies, evolution process is considered as shown in Fig. 2. Fig. 6 shows
the change in operating frequency, reflection coefficient, and bandwidth. Fig. 2(a), Ant.1 is initial stage represents
a basic patch antenna which is rectangle in shape with dimensions of (86mmx22mm) and is resonating at 2.65
GHz with a Reflection coefficient of -12.748dB. In Fig. 2(b) the Ant. 2 ground is extended on the left and right
side of the antenna patch as resulted in frequency shift at 2.66 GHz.

Reflection Coefficient (dB)

T T T T T
1.0 1.5 20 25 3.0 35 4.0

Frequency (GHz)

Fig. 6. S11 response of the evolution process.

In Fig. 2(c) i.e. Ant-3 slots are added in between feed and patch to match the impedance. This results in shift of
frequency of the antenna to 2.401 GHz with a reflection coefficient of -29.24dB. Fourth Stage Ant.4 involves
adding of slots to the ground as shown in Fig. 2(d) which resulted in enhancing the bandwidth and reflection
coefficient of the proposed antenna. Three different slots are added to the antenna patch in Ant.5 and Ant.6 as
shown in Fig. 2(e) & Fig. 2(f) in order to obtain an S11 of -47.6dB at 2.413GHz frequency.

Table I11: Antenna evolution process parameters

TSRP antenna Resonating Frequency Frequency Range Reflection coefficient S11
evolution (GHz) (GHz) (dB)
Ant-1 2.60 2.5-2.9 -12.7
Ant-2 2.66 2.34-3.23 -28.17
Ant-3 2.401 2.23-3.00 -29.24
Ant-4 2.401 2.24-2.97 -40.22
Ant-5 2.401 & 1.549 (12526?'2'99) & (1.53- -29.53 & -13.55
Ant-6 2.413 & 1.549 (12'5265;'3'00) & (1.53- -47.68 & -20.05
] ] k Ir:'k]\lt.‘n‘ci (GHz) > > e . b s ;OFreque:':y (GHZ);O 3 A
Fig.7. Reflection coefficient of proposed antenna in Fig. 8. Reflection coefficient of proposed antenna in
planer and bent state in free space. planer and bent state without tumour.
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) ) Frequency (BH2) . Fig. 10. Reflection coefficient of proposed antenna
Fig.9. Reflection coefficient of _proposed antenna in in planer state without tumour and different air
planer and bent state with tumour. gaps.

Fig. 7 shows the reflection coefficient of proposed antenna in both the planar and bent state in free space. The
solid line indicates the reflection coefficient Si1 of proposed antenna in planer state and dashed line indicates the
reflections coefficient of antenna in bent state. Proposed antenna in planer state is resonate at two frequency i.e.
1.5 GHz and 2.4 GHz with a frequency range of (1.53 GHz to 1.56 GHz), (2.25 GHz to 3 GHz) with a bandwidth
of 30MHz and 750MHz whereas antenna in bent state is resonating at two different frequencies i.e. 1.51 GHz and
2.29 GHz with a frequency range of (1.50 GHz to 1.53 GHz) and (2.16 GHz to 2.83 GHz) and the bandwidth is
0.3 GHz and 0.67 GHz as mentioned in FIG. 8 shows the reflection coefficient S110f proposed antenna in both the
planar and bent state without tumor. The solid line indicates antenna in planer state and dashed line indicates
antenna in bent state when placed on human tissue without tumor. Antenna in planer state and bent state are
resonating at frequencies 2.12 GHz and 2.05 GHz and the Si; is observed as -16.6dB and -18.1dB with a
frequency range of (1.61 to 2.72 GHz) and (1.44 to 2.48 GHz) and with a bandwidth of 1.11 GHz and 1.04 GHz
respectively, and it is observed in Fig.9 that some deviations are observed when placing antenna on thyroid
tumor and the observed results are 2.17 and 2.12 GHz , -14.62 and 17 dB , (1.66 — 2.17 GHz) and (1.47 — 2.48
GHz) , 0.51and 1.01 GHz. Table 4 indicates the

Parameters of Planer and Bent antenna in different operating states.

Fig. 10 represents the reflection coefficient of proposed antenna in the planar state with different air gaps as
mentioned in Table 4. Without air gap a bandwidth ranging from (0.9 to 1.3) GHz is observed with an S11 of -
24dB when the air gap is increased to 0.5mm the Bandwidth ranging is increased to (1.5 - 2.5) GHz with S11 of -
15.19dB. Similarly when the air gap is increased to 1mm, 1.5mm, 2mm, 2.5mm, 3mm it is observed that the
bandwidth and SAR are decreasing whereas the s11 is increasing.

Table 1V: Parametric Analysis of proposed antenna.

Gap (mm) | Frequency (GHz) | Bandwidth (GHz) | Reflection coefficient(dB) | Gain | SAR
0 1.61-2.27 0.66 -13.14 -11.1 | 4.85
0.5 1.42-258 1.16 -15.19 -9.87 | 3.74
1.0 1.61-2.71 1.10 -16.61 -8.81 | 3.67
15 1.81-2.79 0.98 -18.33 -76 | 3.17
2.0 1.92-281 0.89 -20.13 -6.67 | 2.17
2.5 1.99-2.70 0.71 -22.18 -5.96 | 2.31
3 2.04—2.68 0.64 -24.79 -5.38 | 2.01
Table V: Parameters of Planer and Bent antenna in different operating states.
Operating State Frequency (GHz) Bandwidth (Ghz) | S11(dB) Gain(dB) | SAR(W/kg)
Planar Free Space 2.41 (2.25-3.00) & | 0.75 & 0.03 -40.40 2.62 -
1.54(1.53 — 1.56)

Planar on Body with 2.12(1.61-2.72) 111 -16.61 -8.81 3.67

out tumour

Planar on Body with 2.17(1.66 — 2.71) 1.05 -14.62 3.63 3.63

tumour

Free Space with 2.29(2.16 —2.83) & | 0.67 & 0.03 -33.77 &-18.05 | 2.17 -

bending 1.51(1.50 — 1.53)

Tissue withoutTumour | 2.05(1.44 — 2.48) 1.04 -18.13 -8.78 2.27

(with bending)

Tissue with tumour 2.09(1.47 - 2.42) 0.95 -17.20 -8.93 1.77

(with bending)
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Fig. 11. Radiation pattern of Planar and Bent Antenna in all operating states

Fig. 11(a-c) represents the E and H field radiation patterns of the proposed antenna for planar, bent and tissue
models. Planer antenna is indicated with solid line and bent antenna is indicated with dotted line. Fig. 11(a)
represents the E-field and H-field of planer and bent antenna in free-space. For E-field planer antenna is radiating
with Main lobe magnitude of 2.31dBi in the direction of 36.0deg whereas the bent antenna is radiating at an angel
of 35.0deg with a Main lobe Magnitude of 1.58dBi, and Angular width (3dB) of both antennas are 48.7deg and
49.4 deg. Similarly for the H-field the planer antenna has Main lobe Magnitude of -2.44dBi at 193.0 deg, whereas
the bent antenna has a main lobe Magnitude of -1.78 which is radiating at 34.0deg. Fig. 11(b), Fig 11(c) indicate
E and H field for antenna in planer and bent state when placed on tissue without tumor and with tumor
respectively. The analysis is show in Table-6.

Table VI: Radiation Pattern analyses of planer and bent antenna in different operating State.

Operating State Operating Mainlobe Main lobe Angular
Frequency magnitude direction width(3dB)
(GHz) (dBi) (deg) (deg)
Planer E- Free Space 2.45 GHz 2.31 36.0 48.7
plane On tissue without 2.45 GHz -8.92 278.0 104.8
tumour
On tissue with tumour 2.45 GHz -9.53 52.0 201.6
Planer H-  |Free Space 2.45 GHz -2.44 193.0 90.0
plane On tissue without ~ [2.45 GHz -10.9 94.0 239.7
tumour
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On tissue with tumour [2.45 GHz -9.96 70 161.9
Bent E-plane [Free Space 2.45 GHz 1.58 35.0 49.4

On tissue without 2.45 GHz -8.83 274.0 101.1

tumour

On tissue with tumour [2.45 GHz -9.74 312.0 81.5
Bent H-plane |[Free Space 2.45 GHz -1.78 34.0 104.1

On tissue without 2.45 GHz -12.5 95.0 98.5

tumour

On tissue with tumour 2.45 GHz -14.5 76.0 128

Phase 0o Phase 900

Fig. 12. Surface current distribution of TSRP antenna model in Planer mode (a) free space, (b) On tissue model
without tumor, (¢) On tissue model with tumor.

Fig. 12 indicates the surface current distribution of all TSRP antenna models in planer state at two different phase
angels i.e., phase 0°and 90°. the surface current for these models are observed as 81.8 A/m for free space antenna
at a phase angle of 0° and the maximum current is observed near the feed line, inner edges of the ground whereas
at phase 90° the maximum current is observed at the edges of the patch as shown in fig. 12 (a), when the TSRP is
placed on the tissue model without tumor as shown in Fig.12 (b) the surface current is observed as 74.2 A/m, at
phase 0° the surface current is maximum at the bottom edge at the patch whereas at 90° maximum current is
observed inner edges of the three slots of the patch. Similarly, when the antenna is placed on tissue model with
tumor the maximum surface current is observed as 72.9 A/m as mentioned in Fig. 7 (c). The surface current tends
to change when the proposed antenna is subjected to bending.

Fig. 13 (a-c) indicates all models of the TSRP antenna in bent state and in Fig. 13 (a) the surface current is
observed as 108 A/m for antenna where the maximum current at phase 0° is observed on the side edges of the
patch when compared to 90° the maximum current is observed near the feed line and on the outer edges of the
patch. The surface current is re induced to 85.9 A/m when it is placed on human tissue model without tumor and
it is observed that the surface current is evenly distributed over the surface but in phase 90° the surface current is
density is reduced at some points on the patch and ground of the antenna as shown in Fig. 13(b). Similarly, when
the TSRP antenna is placed on human tissue model with tumor it is observed that the maximum current is
increased to 91.4 A/m and the surface current density is comparatively higher at phase 0° than at phase 90° as
shown in Fig. 13(c).

Phase 0o Phase 900
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Fig. 13. Surface current distribution TSRP antenna model in bent states, (a) free space, (b) On tissue model
without tumor, (c) On tissue model with tumor.

Planer State Bent State
1 Y
i

(d)

(b)

dei

(©
Fig. 14. Gain of TSRP antenna bent and planer state.

In the above Fig. 14(a-f) the gain of the proposed antenna in both planar and bent state are shown. Fig. 14(a)
shows the gain of the proposed antenna in planar Free State and it is observed that it has gain of 2.573dBi at
2.41GHz frequency. Fig. 14(b) shows the gain of the proposed antenna without tumor and it is observed that it
has gain of -7.594dBi at 2.4 GHz frequency. Fig.14(c) shows the gain of the proposed antenna with tumor and it
is observed that it has gain of -7.95dBi at 2.4 GHz frequency. Fig. 14(d) shows the gain of the proposed antenna
in bent state and it is observed that it has gain of 2.17dBi at 2.45 GHz frequency. Fig. 14(e) shows the gain of the
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proposed antenna in Bent state without tumor and it is observed that it has gain of -8.78dBi at 2.45 GHz
frequency. Fig. 14(f) shows the gain of the proposed antenna in Bent state with tumor and it is observed that it has
gain of -8.93dBi at 2.45 GHz frequency.

W/kg

Fig. 15. SAR of propsed antenna in bent state when placed on tissue affected with tumour.

SAR (specific absorption rate) is the measurement of the amount of the RF energy which is absorbed by the
human tissue. It is observed that the proposed Antenna must has a low SAR for it to be used for wearable
applications. And the proposed design simulated on the human tissue to calculate the SAR value and show that it
is well under the threshold Value. The SAR for the proposed antenna is 1.77w/Kg as mentioned in Fig. 15.

IV. CONCLUSION

This work demonstrates that fully functional textile antenna has strong potential to be used as biomedical antenna

for early detection of thyroid cancer. The proposed TSRP antenna resonates at 2.41GHz and has the bandwidth of

0.75GHz. In free space an Si; of -47.68dB with a gain of 2.62dBi is observed. It is observed that the
characteristics of the antenna are varied when placed on the thyroid gland of the human tissue. When the
proposed TSRP antenna is placed on the human tissue without tumor, it resonates at 2.12 GHz frequency. The

Gain and Reflection coefficient of antenna when simulated on Body without tumor are -8.81dBi, -16.61 dB

respectively. Similarly, when the proposed TSRP antenna is placed on the human tissue with tumor, it resonates

at 2.17 GHz frequency. The Gain and Reflection coefficient of antenna when simulated on Body with tumor are
3.63dBi, -14.62 dB respectively. SAR (Specific Absorption Rate) for the antenna in bent state when simulated on

Body without tumor is 1.77 W/kg, which is considered safe according to IEEE standards and can be perfectly

used for thyroid detection. Based on the analysis the proposed TSRP antenna is a suitable for wearable textiles for

early detection of cancer tissue.
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