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Abstract— Advance communication devices are taking an
application-centric approach, and in the recent years,
wearable accessories have integrated electronic devices. The
paper presents the advance wearable circular patch antenna
on a textile substrate - Felt. The designed antenna on textile
substrate has an operating frequency range of Sub-6GHz (1-
6GHz) with dimensions 48x48x5 mm?® on a DGS ground
structure. The proposed antenna offers a gain of 5.792 dBi
and 5.325 dBi on free space at frequencies 3.545 GHz and
4.715GHz respectively. It has also been proposed for the
detection of kidney stones for which an additional human
body phantom has been created with the gain 0.404 and -4.49
dBi at 2.745 and 3.1GHz frequencies respectively. A SAR
value of 1.54 W/kg has been obtained for 10g of tissue which
is suitable for the human body. The proposed antenna has
been designed and simulated with the help of CST Studio
2022. The described patch antenna will have a potential
application in the fields of wearable technology, medical
imaging, tumor detection, and WBAN biomedical
applications,

Keywords— Circular Patch Antenna, Wearable, Sub-
6GHz, Gain, Biomedical, Kidney Stone Detection

1. INTRODUCTION

Communication keeps people in a global community linked.
In most wearable gadgets, the antenna and batteries are large
and necessary components. Still, the wearable computer
system's size and design have shrunk as -electronic
components have advanced recently. Because of this, the
antennae have been made of cloth. Moreover, fabric-garment
embedded antennas offer a production substitute for a range
of rigid substrates [1]-[4]. Additionally, wearable textile
systems can provide navigation, public safety, and
tracking[5]-[9]. The need for flexible and wearable antenna
devices has grown significantly in the last several years, as
has the development of these devices. The development of
implantable gadgets for a range of medical applications,
including endoscopy, medical imaging, kidney stone
detection, tumor detection, and more, is indicative of the
wearable technology revolution. Along with WiMax,
WLAN, WBAN, and other arecas, wearable antennas have
become essential components [10]-[15]. In these
applications, microstrip patch antennas (MPAs) are the most
widely utilized type of antenna. Its affordability, ease of
fabrication, and portability owing to its light weight are the
reasons behind this. All that makes up a MPA is a patch of
dielectric material, like copper, positioned above ground on

VOL 56 : ISSUE 07 - 2025

Balaka Biswas
Mechatronics Engineering
Chandigarh University
Mohali, India

top of another dielectric substrate. Since the human body
operates as a lossy platform for electromagnetic waves, a
significant portion of those waves are absorbed into the body
as heat and energy, making the MPA ideal for wearable or
other biomedical applications.[16]-[20]

This paper uses the Sub-6 GHz because of its highly used
application in its 5G spectrum and high data rates. Scientists
are concentrating on Sub-6 GHz 5G mid-band spectrum since
it is a highly deployable spectrum that can be used with the
current 4G-LTE system's infrastructure. Many industries that
demand fast data speeds, low latency, and consistent
radiation patterns can benefit from the use of 5G technology
[21]-[24]. Flexible electronics is one of the main industries
that would profit greatly from the spread of 5G. Compact
devices require an antenna with outstanding performance
characteristics that is lightweight, flexible, and conformal.
Due to the varying curvatures of the human body at different
body areas, flexible antennas used in wireless body area
networks (WBANSs) must be extremely conformal.[25]-[28]

One of the most excruciating medical disorders that can affect
a person is kidney stones. Kidney stones cause more than
500,000 people to visit the emergency room each year. The
kidneys may be damaged as a result of kidney diseases that
are not detected in their early stages. It is preferable to look
into the problem in the first stage because kidney blockages
can be dangerous. One of the pre-made lows that is widely
used to identify renal problems is the ultrasonography
machine [29]-[32]. Alterations in location and manifestation
may be the cause of kidney morphological anomalies, such as
kidney puffiness. In addition to kidney anomalies, tumor
cells, stones, inborn abnormalities, urine interception, and
particularly excruciating discomfort for the patient are
possible consequences of kidney anomalies. Establishing the
exact location of the kidney stone is crucial for surgical
procedures. Low disparity, fleck din, and human body effect
are characteristics of the ultrasonic machine [33]-[36].
Researching kidney anomalies follows, which involves some
challenging work. So, the best option might be to use
microwave imaging techniques.[37]-[41]

The work done in this paper is covered in greater depth in in
the sections that follow. Section II examines and talks about
the earlier research that was conducted on such wearable
devices and biomedical applications. Section III discusses the
suggested design of the antenna and how it is made
compatible for the human body. Section IV presents the
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simulated results of the antenna proposed and is also
presented in a tabular form. Section V gives us the
comparison of achieved results from the previous studies
along with the proposed work in this paper. Section VI
summarizes and concludes the overall work done in this
paper along with its future scope.

II. PREVIOUS LITERATURE STUDY

Several antennas has been designed in the past for fulfilling
the purpose of wearable and biomedical applications. Few of
those designs an their studies have been discussed in detail
below along with their results.

The researchers simulate and build a wearable antenna with a
flexible textile substrate in this study [42] and they also
evaluate many aspects of antenna performance. The purpose
of this research is to demonstrate a compact UWB antenna
construction, measuring 20mm x 22mm x 1.07mm for the
antenna. The anticipated dual-band antenna has a notable
FBW of 103.50% in the UWB region, and its resonance
frequencies are 4.450 and 8.750 GHz. The textile MPA that
is being given here is a fantastic option for use as an on-body
antenna for WBAN applications and wireless health device
monitoring because it is small, robust, and flexible. "Jeans,"
a textile substrate used in this study, has a dielectric constant
of 1.7. Figure 1 shows this proposed UWB antenna design.

Fig.1 Layout of proposed antenna
a) Slotted Patch antenna, b) Partial Ground Structure

In this study [43], the researcher presents, a wearable
microstrip patch antenna which is operational within the ISM
bands of (2.4 -2.4835GHz). The research also consists of
designing a body phantom of a human head for the purpose
of detection of brain tumour using the software CST Studio
Suite. The chosen substrate chosen is the FR-4 as it is the
most low-cost and flexible material. The antenna designed
achieved a return loss of -22.299 dB along with a directivity
of 4.731 dBi at 2.424GHz. The SAR value calculated of the
proposed antenna is found to be of 0.586 W/kg for a 10g
tissue. A bandwidth of 1.6 GHz was also observed form the
simulated results.

An implanted, miniaturized antenna device for biomedical
applications is shown in another paper [44]. Internal and
external patch antennas are two virtually similar patch
antennas that make up the system. Both the inner and outside
antennas are attached to the body in the same direction. The
inner antenna is inserted into the body 2.00 mm. A 10.25 x
10.25 x 1.27 mm® implant-side antenna and an 11.1 x 11.11
x 127 mm?® external antenna make up the antenna
configuration. The suggested antenna designs showcased
multiple resonant frequencies on ISM bands, specifically
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915.0 MHz and 2450.0 MHz. The external and internal
antennas achieve bandwidths of 2.38 to 2.47 GHz and 870 to
970 MHz, respectively, according to the computed -10.0 dB
bandwidth using a triple layered human phantom.Medical
treatment with the (SAR) has also been studied. There is good
correspondence between the modeled and actual SI1
parameters.

Another study [45] presents an adaptable textile substrate-
based wearable antenna . The design consists of a 25x20x1
mm?® low-profile textile-based UWB (3.1 - 10.6 GHz) antenna
with a DGS construction. CST Studio Suite 2022 has been
used to model design antenna performance characteristics.
When employing a cotton substrate with a 1.6 dielectric
constant, it provided a gain of 4.204 dBi at 5.11 GHz and
2.993 dBi at 7.39 GHz. The design antenna had a gain of
0.697 dBi, a return loss of -30.863 dB, and a 1.058 VSWR at
53125 GHz frequency, according to simulation tests
conducted on a human body phantom. The planned antenna
for 10g tissue has a SAR value of 1.64 W/kg, indicating that
it is safe for human use. It was concluded that the designed
MPA in this study was seen to be promising for applications
such as medical imaging, tumour detection, wearable and
other WBAN applications. The Figure below (Fig.2) shows
the proposed antenna.

a) b)
Fig.2 Layout of the proposed antenna a) Front view b) Rear view

[45]
II.  PROPOSED RESEARCH DESIGN

The antenna designed in this research has been simulated
with the help of Computer Simulation Technology (CST)
2022. The substrate used for the patch antenna is a textile
material: “Felt” for its wearable purpose and biomedical
purpose. The textile substrate chosen has a dielectric constant
of 1.36 and a loss tangent () of 0.023. For designing the
suggested circular patch antenna, the equations used to
determine its dimensions are as follows [46], [47]:

C

W= 2f, (Sr;l) (1)
L. __c )
eff=
2fo |geff
L = Leff - ZAL (3)

R= ((L + (1.5 x Dh))x(W+(1.5xDh)))2)/2  (4)

The suggested circular patch antenna resulted in having a
Radius ( R ) of 20.264mm and height of 0.035mm. The
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designed antenna operates within the frequency range of 1-6
GHz also known as the Sub-6GHz and has a substrate height
of 2.5mm.

The proposed antenna incorporates the feeding technique
known as the “Proximity Coupling”. In this technique,
instead of having the feedline connected to the patch, it is
placed between two layers of dielectric substrate and is
electromagnetically coupled. The impedance matching of the
antenna is 50 Q. A Plus shaped slot is also cut on the patch to
enhance its efficiency and improve on its radiation pattern
and gain. The antenna design also comprises of a Defected
Ground Structure (DGS) to increase the no. of bands and
increase the total gain and bandwidth in the simulated results.

The final design of the patch antenna is presented as below in
Fig.3 and 4 :

Fig.3 Proposed wearable Circular Patch antenna

Fig.4 DGS of the Circular Patch antenna

The design parameters and specification of the wearable
circular patch antenna are given in the following table (Table
1):
Table 1.
Specifications and parameters for the Wearable antenna

S.No Description Units

1. Substrate Dielectric Constant 1.36

2. Operating Frequency Range 1.0-6.0 GHz
3. Input Impedance 50Q

4. Substrate Width 48mm
5. Substrate Length 48mm
6. Substrate height 2.5mm
7. Ground Width 48mm
8. Ground Length 48mm
9. Patch Radius 20.264mm
10. Width of Feed line 2.82mm
11. Length of Feed line 25.40mm

The research is further continued for the detection of Kidney
Stones within the human body. To perform this task, a human
body phantom has been created on which the patch antenna
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has been placed. The body phantom consists of 3 layers:
Skin,Fat and Muscle. The figure below (Fig.5 ) shows the
proposed antenna placed on a human body phantom.

Fig.5 Proposed Antenna placed on human body phantom

The specifications for the body phantom are as presented in
the tables (Table 2 and Table 3) below:

Table 2.
Specifications for the human body phantom
S.No | Description Width Length Height
(in mm) (in mm) (in mm)
I. Skin 30 30 1
. Fat 30 30 3
3. Muscle 30 30 30
Table 3
Dimensions of the human body phantom
S.No | Description | Dielectric Loss Density
constant tangent
I. Skin 7.98 1.37 1125
kg/m?
2. Fat 3.13 0.27 916
kg/m?
3. Muscle 12.86 0.0012 1084
kg/m?

The suggested antenna is now placed in front of the body
phantom designed representing a kidney and the stone within
it as shown in Fig.6. The phantom created has two layers:
Kidney and the stone within it for the detection. The
specification of this phantom is presented in Table (Table 4)
below:

Fig.6 Proposed human body phantom for kidney stone detection

Table 4.
Specifications of the body phantom for tumour detection
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o Dielectric
S.No Description constant Loss tangent
1. Kidney 98.1 0.811
2. Kidney Stone 3.1 0.04

I\A DISCUSSION OF SIMULATED RESULTS

The simulated results of the suggested antenna is achieved
and discussed within this section. The antenna is built on the
substrate Felt and has made use of proximity coupling as its
feeding technique with the help of CST Studio Suite 2022.
The results obtained, proves that the antenna is operational
and is useful for wearable and the detection of kidney stone.
The achieved simulated results are presented and explained
below:

A. On Free Space

The proposed antenna is foremost placed on free space and is
presented previously in Fig.3 The antenna designed is also
observed to be having two or dual bands. The simulated
results for the antenna are presented and discussed below:

a) Sy Parameters

N—

35 4 D

Fig.7 S11 parameters at 3.545 GHz
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Fig.8 Si1 parameters at 4.715 GHz

From Fig.7 and 8, the simulated results show that at
resonating frequencies: 3.545 and 4.715 GHz, the Sy
parameters obtained are: -13.902dB and -31.121 dB

respectively.

b) VSWR
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Fig.9 VSWR
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Fig.10 VSWR at 4.715 GHz

From Fig.9 and 10, the simulated results for VSWR at both
the resonating frequencies 3.545 and 4.715GHz are 1.505 and
1.057 respectively.

c¢) Gain

From Fig.11 and 12, the simulated results at both frequencies
3.545 and 4.715GHz, the gain achieved is 5.792 dbi and
5.325 dbi respectively

=

Fig.12 Gain at 4.715GHz

d)  Directivity

Fig.13 Directivity at 3.545GHz

Fig.14 Directivity at 4.715GHz

From Fig.13 and 14 ,the results achieved at both the
resonating frequencies of 3.545 and 4.715GHz, are 6.468 dbi
and 6.236 dbi respectively

The simulation results on free-space are presented in a tabular
format below (Table 5):
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Table 5
Simulation results on Free-space
S.No. Parameter @3.545GHz | @4.715 GHz
1. S11 -13.902 dB -31.121 dB
2. VSWR 1.505 1.057
3. Gain 5.792 dbi 5.325 dbi
4. Directivity 6.468 dBi 6.237 dBi

B. On Human body phantom

The human body phantom and its specification has been
discussed in the previous section. This section discusses and
presents the simulated results of the antenna when placed on
the phantom. After simulation 3 resonant frequencies were
achieved out of which the only acceptable frequency having
acceptable results are at 2.715GHz. The results achieved are
shown below along with their figures and table (Table 7).

a) Sy Parameters

/
| i
AL
A

Figl5. S11 parameters at 2.715GHz

From Fig.15 ,the simulated results present that the Si
parameters achieved is -16.664 dB at 2.715GHz.

b) VSWR
From Fig.16 ,the simulated results present that the VSWR
achieved is 1.344 at 2.715GHz.

e ol
\ A

o P g

Fig.16 VSWR at 2.715GHz
¢) Gain

From Fig.17 , the simulated results present that the gain
achieved is 0.5684 dBi at 2.715GHz.

Fig.17 Gain at 2.715GHz
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d)  Directivity

Fig.18 Directivity at 2.715GHz

From Fig.18 ,the simulated results present that the directivity
achieved is 5.639 dBi at 2.715GHz.

Table 7
Simulation results on Human body phantom
S.No. Parameter @2.715 GHz
1 St -16.664 dB
2 VSWR 1.344
3 Directivity 5.639 dBi
4 Gain 0.5684 dBi

The simulation to test the SAR rate/value is carried out to
verify the safety of the radiation when applied to a human
body after the results were obtained on a human body
phantom. The SAR value of 1.54 W/kg was found at 10g of
tissue at an input power of 60mW and 6.76 W/kg at 1g of
tissue at the same input power. The below figure (Fig.19 )
presents the simulated SAR antenna result.

Fig.19 SAR of proposed antenna for 10g tissue

C. For Kidney Stone Detection

The suggested antenna has been designed for the detection of
kidney stone for which a kidney stone phantom has been
designed via CST Studio Suite 2022.(Fig.20 ).

Fig.20 Human body phantom for kidney stone detection
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The antenna was seen to be having 2 resonating frequencies:
2.745 GHz and 3.1 GHz.

The results for the simulated antenna are presented below
along with figures and a table (Table 8):

a)  Si; Parameters

From Fig.21, the simulated results presents the Si; parameters
of -19.96 dB and -12.655 dB at 2.745GHz and 3.1GHz

respectively.
ssssss e B Fig.24 Gain at 3.1GHz
f d) Directivity
From Fig.25 and 26, we can observe that at the operating
frequency of 2.745GHz and 3.1 GHz, the directivity achieved
W= is 5.98 and 4.53 dBi respectively.

Fig.21 S11 parameters at 2.745 and 3.1GHz

b) VSWR

From Fig.22, the simulated results presents the achieved
VSWR of 1.2 and 1.60 at frequencies 2.745 and 3.1GHz

respectively.

WA
iV
..\
o

\

==
Fig.22 VSWR at 2.745 and 3.1GHz

c¢) Gain

From Fig.23 and 24, the results at the frequencies 2.745 and
3.1 GHz are 0.404 & -4.49 dBi respectively, which shows that
the proposed antenna at the frequency 2.745GHz is suitable
for kidney stone detection because of its suitable gain. Fig.26 Directivity at 3.1GHz

Table 8
Simulation results for Kidney Stone Detection
S.No. Parameter @2.75GHz | @3.1 GHz
1 St -21.325dB -12.580 dB
2. Directivity 5.98 dBi 4.93 dBi
3 VSWR 1.18 1.61
4 Gain 0.404 -4.49 dBi

Fig.23 Gain at 2.745GHz

D.  COMPARITIVE ANALYSIS

The table below (Table 9) has presented a comparison of
results between previous research study done in the past few
years.
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Comparative Analysis of Previous Study
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1 a designed human body phantom.
jo proved to be used for the detection

of
Resonant kidney
Ref. Year Substrat Frequency ?11]3 VSWR Gain svl?l? stones
¢ (GHz) (dB) Wike) | ithin
the
[43] 2020 FR-4 2.424 -22.299 -- -- 0.540 human
body
[42] 2020 Jeans 4.5 & 8.75 ~44.25 1.01 3.01 dB -- >
’ ’ (at 8.75 GHz) ) ’
Rogers 915MHz & -23.0 32
[441 1 20211 “5o0p 2.45 (at245GHz) | ~ 290 -- (at 0.5W)
-46.058 . 1.64
[45] 2024 | Cotton 511 & 7.39 (at 5.11 GHz) 1.010 | 4.204 dBi (at 30mW)
-13.902 _
Proposed 3.545 & & 1:50 3.792 dBi 1.54
K 2024 Felt 4715 -31.121 & & 60mW
wor : (at 3.545 & 105 | 5325qg; | (@t 60mW)
4.715)

V. FUTURE SCOPE

There still exists a lot of potential in improving and designing
microstrip patch antennas having different frequency ranges
and other textile substrates which can enhance the achieved
gain and efficiency of the antenna.

Techniques such as mentioned below can also help in
increasing the results, they are as such:

1) Use of Metamaterials

2) Designing AMC Structures.

3) Incorporating EBG Structures etc.

These techniques can help increase the gain and bandwidth
of the patch antenna for a range of uses. The antenna's SAR
value may be further decreased by implementing these
technologies. Because they are inexpensive and portable,
microstrip patch antennas are widely utilized in a variety of
fields, including biomedicine, where they are useful for
kidney stone detection, medical imaging, tumor detection,and
other applications [37]-[39].

The parameters/dimensions proposed in this research can
possibly achieve enhanced results by changing the size or
shape of the patch or slots, or having a DGS of a different
shape. The substrate chosen can also be chosen on the basis
of lower dielectric constants than used in this study [51], [52].

VL CONCLUSION

The research proposes and has successfully designed a
wearable circular patch antenna within the Sub-6GHz
frequency range for kidney stone detection via the help of
CST Studio Suite 2022. The antenna is dual band in nature
and has an overall size of 48x48x5mm? . The feeding
technique used in the study is the proximity coupled feeding
than the commonly used microstrip line feeding.The
suggested antenna has been also tested to be wearable by
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designing a body phantom of the human kidney.

The antenna designed achieved a -13.902 dB return loss, a
VSWR of 1.50 and a directivity of 6.468 dBi at 3.545GHz
and a -31.121 dB return loss, a VSWR of 1.057, and a
directivity of 6.237 dBi at 4.715GHz when placed on free-
space. A gain of 5.792 dBi and 5.325 dBi was obtained at
3.545GHz and 4.715GHz respectively. When placed on a
body phantom, the gain achieved was only 0.568 dBi at
2.715GHz and a gain of 0.404 dBi at 2.745GHz when placed
in front of kidney stone phantom.

It also achieved a SAR value of 1.54 W/kg for a 10g tissue
with an input power of only 60mW which proves its safety
and performance for biomedical applications.

The primary goal of this study is to create and simulate an
antenna which could be used for any biomedical application
such as kidney stone or tumour detection and can also be
functional as a wearable patch antenna or on free-space. The
achieved results further prove that the proposed wearable
antenna consists of a high gain, suitable VSWR and is also
having SAR value as low as 1.54 W/kg which is not harmful
to the human body.
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