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ABSTRACT: This article presents a compact and flexible ultra-wideband (UWB) antenna with a defected ground structure (DGS) for IoT
applications. The antenna is fabricated on a 0.7mm thick jeans substrate to ensure high flexibility and take advantage of its universal
availability. Machine learning (ML) techniques are applied to optimize the antenna’s performance. A ring-shaped patch with DGS and C-
type stubs is used to achieve a large bandwidth and reduce size. The total dimension of the proposed flexible antenna is 38×26×1.7mm3.
The primary aim of this article is to design a flexible UWB antenna with a remarkable impedance bandwidth of 131.45%, which covers
frequencies from 2.56GHz to 12.38GHz. It operates at 3, 8, and 11.32GHz frequencies with 99%, 98.30%, and 96.71% radiation
efficiencies, respectively. The realized gain is 2.51, 3.70, and 5.46 dBi at frequencies 3, 8, and 11.32GHz, respectively, with a peak gain
of 5.46 dBi at 11.32GHz. Specific absorption rate (SAR) values were tested using a human phantom and met FCC limits, confirming
suitability for wearable and flexible IoT applications. The design was optimized using ML, with KNN performing best, achieving 99.5%
accuracy in S-parameter prediction. The measured and simulated results are correlated with each other for flat and bent antennas.

1. INTRODUCTION

In recent decades, with the continuous advancement in wire-less communication technology, many devices and gadgets
have been connected to the internet [1, 2]. These different
communication devices are interconnected and used in vari-
ous applications through internet of things (IoT) networks [3].
The idea to design strong, flexible antennas that could be put
on wearable or bending devices was accelerated by the vari-
ety of connected devices [4]. The system’s performance is
upgraded using accurate equivalent circuit models of the an-
tenna, which may require complex mathematical analysis and
simulation [5]. Because UWB devices provide fast transmis-
sion of information, extensive bandwidth, minimal energy uti-
lization, encrypted communication, simple structure, and out-
standing radiation performance, they could fulfill high connec-
tivity demands [6, 7]. The Federal Communications Commis-
sion (FCC) permitted UWB applications to exploit the 3.1–
10.6GHz frequency spectrum in 2002, providing a 7.5GHz
overall bandwidth [8, 9]. Meanwhile, the Electronic Commu-
nication Committee has set aside the 6 to 8.5GHz frequency
band for UWB applications [10]. Due to their compact size
and convenience, UWB antennas are essential to wireless body
area networks (WBANs) and IoT devices [11]. These anten-
nas are well suited for particular applications with inexpensive
wireless sensors that need low-radiated power and stable data
transmission [12]. Owing to their distinct properties, UWB an-
tennas are well suited for integration into flexible and wearable
IoT devices, enabling reliable and efficient wireless communi-
cation [13]. Textile materials are well suited for wearable an-
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tennas because of their mechanical flexibility and the comfort
they offer to users [14].
The literature contains many UWB antenna designs on flex-

ible substrates [15–19]. Praveena et al. designed a flexible an-
tenna with full ground by using a flexible polydimethyl silox-
ane (PDMS) polymer substrate. Machine learning is used for
validation, and the operates at 3.10–10.42GHz range for wear-
able applications [15]. Desai et al. presented a polyethylene
terephthalate (PET) substrate-based wearable antenna for IoT
applications with a maximum gain of 2.49 dBi [16]. Lakrit
et al. developed an elliptical antenna for wireless communica-
tions, which is Teflon-based and fed with a triple-band coplanar
waveguide (CPW). DGS and split-ring resonators (SRRs) with
circular shapes generate triple bands [17]. Das et al. presented a
UWB antenna with circular polarization, which has dimensions
of 75×63×1.52mm3 and is printed over a Rogers RO4232 sub-
strate. To achieve UWB performance, it uses an L-shaped feed
and two L-shaped radiators [18]. This study introduces a circu-
lar UWB flexible antenna developed for IoT-based applications
in the 2.56 to 12.38GHz frequency band on a jeans substrate
(εr = 1.7), with DGS ground. The jeans substrate minimizes
the back radiation and obtains low SAR. The suggested flexible
UWB antenna’s overall measurements are 38× 26× 1.7mm3,
which confirms the antenna’s compact form factor. Bandwidth
enhancement techniques, including the incorporation of slots
and stubs, are required to get UWB performance. Addition-
ally, an ML-based approach is utilized to predict the antenna’s
return loss characteristics with improved accuracy.
The key contributions are addressed in the proposed antenna

design.
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(a) (b)

FIGURE 1. Layout of ring-shaped UWB antenna. (a) Plan view of layout, and (b) rear view. Physical specifications (Each element are in mm) are,
L = 38,W = 26, L1 = 5,W1 = 8.5, Lf = 12.5,W2 = 3, Lg = 14.11, L2 = 2, a1 = 11.5, a2 = 3.

(a) (b)

FIGURE 2. (a) Various evaluation steps. (b) Comparison between S11 for evaluation steps of UWB antenna.

• A novel and compact circular ring-shaped antenna
achieving UWB with an impedance bandwidth of
131.45% (2.56–12.38GHz) for |S11| < −10 dB.

• An ML approach is used to predict S-parameters.

• A flexible thin jeans substrate is employed to reduce sur-
face wave losses and enhance impedance matching, meet-
ing wearable IoT antenna requirements.

• It provides a notable peak gain of 5.46 dBi at 11.32GHz.

• The suggested antenna is ideal for wearable IoT applica-
tions since it reliably operates well under various bending
scenarios in both free space and on-body conditions, with
SAR values that are safely below FCC standards.

In order to examine the reflection coefficient (S11), the sug-
gested antenna is constructed and compared to the simulated
ones. The following is a description of the paper’s upcom-
ing sections. Section 2 describes the antenna design, materi-
als, evolution, and parametric study. Section 3 describes ML
algorithm optimization, while Section 4 describes the practical
outcomes. Section 5 presents the performance of the antenna
in wearable IoT applications. The paper comes to an end in
Section 6.

2. ANTENNA MODELING

2.1. Antenna Layout Aspects
Figure 1 illustrates the configuration of the proposed circu-
lar ring-shaped flexible textile antenna designed for wearable
UWB applications. The antenna consists of a circular copper
radiating patch with a thickness of 0.035mm and a resistivity
of 0.4 × 10−5 Ω ·m, fabricated on a 0.7mm thick jeans fab-
ric substrate. The substrate, with a relative permittivity (εr) of
1.7 and a loss tangent of 0.085, provides both flexibility and
mechanical robustness. The ground plane is implemented be-
neath the substrate, acting as the lower conductive layer [6, 11].
The low dielectric constant of the fabric helps suppress sur-
face wave losses and enhances impedance matching across the
UWB range [19]. To improve bandwidth and impedance char-
acteristics, a defective ground structure (DGS) and a C-shaped
stub are incorporated into the design. The DGS disrupts the
current path and enhances electromagnetic coupling, while the
C-shaped stub positioned between the 50-Ωmicrostrip feed line
and radiating patch modifies the current distribution and ef-
fective electrical length, leading to improved impedance be-
haviour. The antenna’s evolution is shown in Figure 2(a), con-
sisting of four design steps. Step 1 begins with a basic circular
patch fed by a microstrip line, yielding a narrow bandwidth of
0.23GHz (9.96–10.19GHz), as shown in Figure 2(b). This lim-
itation is attributed to high-Q geometry and limited current path
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FIGURE 3. Comparison of simulated S11 for different values, (a) Lg , (b)W2.

diversity. In Step 2, bandwidth is enhanced by trimming the
ground plane to 14.11 × 26mm2, resulting in dual-band oper-
ation (2.58–3.79GHz and 5.61–8.18GHz). Step 3 introduces
a 3mm radius circular ring slot to increase the electrical path
and redistribute surface currents, which improves impedance
matching. Step 4 integrates the C-shaped stub, which further
increases the current path and provides reactive loading, en-
abling full UWB coverage. The final antenna structure, with
dimensions of 26 × 38 × 1.7mm3 and a 12.5mm long, 3mm
wide feed line, achieves efficient 50-Ω matching. The full de-
sign evolution and corresponding S11 results are presented in
Figures 2(a) and 2(b), with optimized dimensions detailed in
Figure 1.
According to Balanis [19], equations provided in [1, 20] are

used to determine the antenna’s dimensions. These values are
subsequently fine-tuned to optimize the S11 response in Com-
puter Simulation Technology (CST). The resonant frequency of
the dominant mode, TMZ , is calculated by the following equa-
tion.

(fr) =
1.8421 v0
2πa1

√
εr

(1)

where vo is the light’s free space velocity, a1 the circular patch’s
radius, and εr the relative permittivity.

2.2. Parametric Study of Ring-Shaped UWB Antenna
A parametric study is crucial to better understanding the behav-
ior of the antenna. It analyzes the impact of ground height and
feed width variations.

2.2.1. Effect of Variation of Ground Plane (Lg)

Antenna impedance matching is more significantly impacted
by ground layer variations at higher frequencies than at lower
ones. Adjusting the size of the ground layer from 13.11mm to
15.11mm in 1mm steps shows that the best impedance match-
ing occurs when the ground plane is 14.11mm, depicted in Fig-
ure 3(a). As a result, the ideal ground plane size is 14.11mm,
which offers a bandwidth of 9.82GHz and ultra-wideband from
2.56GHz to 12.38GHz.

2.2.2. Influence of Antenna Feed width (W2) Modification

An antenna must have proper impedance matching in order to
work effectively. An appropriate feed width must be deter-
mined for the microstrip line to achieve a 50Ω impedance. As
the feed width varies between 2.5mm and 3.5mm, a shift in the
frequency range where S11 < −10 dB was observed across fre-
quencies from 2.56GHz to 12.38GHz. For a 3mm feed width,
the return loss reached−68.31 dB at 11.32GHz and−37.48 dB
near 3GHz, while at 8GHz, the return loss was −31.99 dB, as
shown in Figure 3(c). Therefore, a feed width of 3mm resulted
in the best return loss of−68.31 dB at 11.32GHz for providing
a UWB from 2.56GHz to 12.38GHz.

3. OPTIMIZING USING AMACHINE LEARNING ALGO-
RITHM
Machine learning (ML) is employed for estimating the sug-
gested antenna’s S-parameters. We can significantly decrease
the number of simulations required via machine learning, sav-
ing time andminimizing errors. The proposed antenna’s perfor-
mance depends on factors such as the outer and inner radii of the
patch, as well as the feed width. Several ML algorithms, such
as K-Nearest Neighbors (KNN), RandomForest (RF), Decision
Tree (DT), XG Boost (XG), and Artificial Neural Networks
(ANN), are employed with the antenna dataset [20, 21, 23].
This dataset is created using CST software by adjusting dif-
ferent input parameters. A total of 708,969 data samples are
created with various configurations.
The collection of data has been divided into 20% to be eval-

uated to assess the performance of the ML models and 80% for
learning. To measure accuracy, various error metrics such as
Mean Square Error (MSE), Mean Absolute Error (MAE), and
R2 Score are calculated, which are presented in Table 1. The
predicted vs. actual results of various ML models are shown in
Figure 4. The training time, testing time, and accuracy of each
model are depicted in Figure 5. Figure 6(a) shows the error cal-
culation for all configurations. A comparison of KNN, DT, RF,
XG Boost, and ANN with CST simulation results is shown in
Figure 6(b). Figures 4, 6(a), and Table 1 clearly show that KNN
achieved the highest accuracy among all the ML models.
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(d) (e)

FIGURE 4. Predicted vs Actual values of different ML algorithms.

(a) (b) (c)

FIGURE 5. (a) Different ML algorithm’s testing time, (b) training time and (c) accuracy (R2 Score).

TABLE 1. MSE, MAE and R2 scores of various ML algorithms.

ML Algorithm MSE MAE R2 Score

KNN 0.2111 0.1332 0.9958

DT 0.3945 0.2031 0.9923

RF 0.2495 0.1829 0.9951

XG boost 0.8101 0.4045 0.9842

ANN 1.1872 0.5836 0.9768

4. RESULT ANALYSIS AND DISCUSSION

4.1. Return Loss (S11)
In Figures 7(a) & (b), the fabricated prototype is exhibited,
which is used to verify the predicted result. Figure 8(c) de-
picts the return loss of the measured and simulated antennas. A
wide range of measured impedance bandwidth from 131.45%
(2.56GHz to 12.38GHz) for return loss (S11) < −10 is in-
dicated in the measured result. The measured antenna’s S-
parameter shows outstanding consensus with the predicted re-
sults, indicating that the calculations were accurate. There is a
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(a) (b)

FIGURE 6. (a) Error analysis for different ML algorithms. (b) Comparison of S11 between CST and different ML algorithms.

(c)

(a) (b)

FIGURE 7. Fabricated design. (a) Top view. (b) Bottom view. (c) Simulated and measured S11 of the proposed antenna.

(a) (b) (c)

FIGURE 8. The surface current distributions (a) at 3GHz, (b) at 8GHz, and (c) at 11.32GHz.

significantly lower difference between the simulation and ex-
amined outcomes in S11 at 8GHz, and it occurs due to the non-
uniformity of the substrate, insertion loss, and fabricationmeth-
ods.

4.2. Surface Current
At 3GHz, the surface current is primarily concentrated along
the edges of the radiating patch and feedline, signifying the
excitation of the fundamental resonant mode. This distribu-
tion is relatively uniform and symmetrical, indicating effective
impedance matching and efficient radiation with minimal re-

active losses. At 8GHz, the current begins to exhibit more
complex and localized paths across the patch, forming distinct
current loops and regions of high current density. These fea-
tures are characteristic of the excitation of higher-order modes,
which enhance the overall impedance bandwidth and support
multi-resonant behaviour. The increase in mode complexity at
this frequency demonstrates the antenna’s capability to main-
tain stable performance across a wide operational range. At
11.32GHz, the surface current becomes highly concentrated
near the corners and edges of the radiating patch, while nulls
appear in the central region. This distribution is a clear indica-
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FIGURE 9. Gain versus frequency plot of ring-shaped UWB antenna. FIGURE 10. Comparison of simulated step 3 versus step 4 efficiency of
ring-shaped UWB antenna.

tor of higher-order resonant mode excitation, allowing efficient
radiation at the upper end of the antenna’s frequency range. Ad-
ditionally, it can be observed that as the operating frequency in-
creases, the current density intensifies, particularly at the patch
extremities. This increase in surface current density contributes
to a stronger radiation field, which in turn leads to an improve-
ment in antenna gain. The progression of current distribution
with frequency demonstrates the antenna’s ability to operate ef-
ficiently over a broad spectrum, making it suitable for wideband
or multiband wireless applications.

4.3. Analysis of Gain and Efficiency

Figure 9 shows the difference between the UWB antenna’s
measured and simulated gains. The simulated gains at fre-
quencies 3, 8, and 11.32GHz are 2.51, 3.70, and 5.46 dBi,
respectively. Therefore, the maximum gain of 5.46 dBi oc-
curs at a higher frequency of 11.32GHz. While the measured
gains at frequencies 3, 8, and 11.32GHz are 1.91, 3.22, and
4.96 dB, respectively, which shows a great match between the
predicted and evaluated gains of the UWB antenna. It offers a
maximum radiation efficiency of 99% at the lower band. Fig-
ure 10 compares simulated radiation efficiencies for Step 3 and
Step 4, showing that Step 4 performs better at lower and mid
frequencies, while Step 3 shows slightly higher efficiency at
11.32GHz.

4.4. Radiation Pattern

The antenna’s radiation pattern was measured in an anechoic
chamber and is shown in Figure 11 for 3, 8, and 11.32GHz.
Co- and cross-polarizations were analyzed in the E (XZ) and
H (Y Z) planes, showing excellent agreement between simu-
lated and measured results. The realized gain ranges from 2.51
to 5.46 dBi, with radiation efficiency between 96.71% and 99%.
At 3GHz, the cross-polarization in the x-z plane was 44.82 dB
lower than the co-polarization, and the same difference was ob-
served in the y-z plane across the entire frequency range. At
8GHz, the cross-polarization was 43.52 dB lower than the co-
polarization in both the x-z and y-z planes. At 11.32GHz, the
cross-polarization was 52 dB lower than the co-polarization in
the x-z plane, and this 51.67 dB difference remained consis-
tent in the y-z plane throughout the frequency range. Figure 11
shows a strong match between the antenna’s measured and sim-

ulated radiation patterns in the E andH planes. The IoT appli-
cations typically need an omnidirectional radiation pattern, and
these results indicate that the diversity antenna has an omnidi-
rectional radiation pattern, making it ideal for IoT applications.

Although the proposed antenna demonstrates strong perfor-
mance in terms of bandwidth, gain, flexibility, and SAR com-
pliance, certain limitations exist. SAR analysis was limited
to simulations, as experimental measurement is time-intensive
(24–48 hours per operating frequency) and impractical for ex-
tended testing on human subjects. Additionally, while machine
learning significantly reduced simulation efforts, its effective-
ness is dependent on the quality and diversity of the dataset,
which may restrict its applicability to other antenna geometries.

5. INVESTIGATING ANTENNA PERFORMANCE IN
WEARABLE APPLICATIONS

5.1. Bending of Antenna
The UWB antenna is bent across several cylindrical radiuses
(R) in mm at 30, 50, 70, and 90 around the Y -axis, as shown
in Figure 12(a), in order to measure the bending. The selected
radius corresponds to typical human body parts like wrist, fore-
arm, leg, calf, and thigh. Antenna performance is determined
by examining how bending affects the return loss. When the
antenna is bent, its resonant frequency shifts toward lower val-
ues due to the increased effective length. Figure 12(b) shows
nonlinear frequency variations from 2.56 to 12.38GHz with
increasing bending radius, resulting from multiple bending-
induced effects on return loss (S11). Bending alters the gap
between the feed line and ground, affects impedance match-
ing, and deforms the ground structure, changing current distri-
bution. These combined effects make the return loss behav-
ior difficult to predict. Despite nonlinear frequency shifts, the
impedance bandwidth in the targeted frequency range remains
stable, with no significant changes in center frequencies com-
pared to the flat condition.

5.2. Performance Analysis on the Human Body
Textile antennas, with a thin profile and low dielectric constant
(εr = 1.7), offer improved impedance matching and reduced
surface wave losses. Unlike rigid antennas, they adapt well to
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(a)

(b)

FIGURE 11. Radiation pattern at 3GHz, 8GHz, and 11.32GHz for (a) E plan, (b)H plan.

(a) (b)

FIGURE 12. (a) Bending of ring-shaped UWB antenna in the Y -axis and (b) comparison of flat and bent antennas at various radius.

(a) (b)

FIGURE 13. (a) Antenna measurement and (b) comparison of the proposed antenna’s S11 in free space with different human body parts.

body contours and varying tissue properties. However, antenna
performance degrades due to radiation absorption by lossy bi-
ological tissues of the human body. As shown in Figure 13(a),
the antenna was tested on various body parts, hand, chest, and
leg, and compared to its performance in free space at operating
frequencies of 3, 8, and 11.32GHz.

Figure 13(b) reveals slight differences in return loss between
free space and on-body conditions, indicating frequency detun-
ing. The 3GHz frequency shifted to 3.34, 3.49, and 3.52GHz
on different body parts. Similarly, the 8GHz and 11.32GHz
frequencies also shifted to these values. Despite minor in-
creases in return loss, the antennamaintains its ultra-wide band-
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TABLE 2. Relative permittivity, conductivity and mass density of tissue model.

Freq. Tissue Relative Perm. (εr) Conductivity (S/m) Density (kg/m3)

At 3GHz
Skin 37.45 1.74 1001
Fat 5.22 2.46 900

Muscle 52.05 2.14 1006

At 8GHz
Skin 33.18 5.82 1001
Fat 4.76 0.44 900

Muscle 45.49 7.79 1006

At 11.32 GHz
Skin 29.99 9.54 1001
Fat 4.50 0.68 900

Muscle 40.98 12.56 1006

(a) (b)

FIGURE 14. (a) 3D Phantom model (b) Comparison of simulated S11 for variation of the air gap (g) on phantom.

width of 9.82GHz, confirming stable on-body performance
across conditions.

5.3. On-Phantom Results

Human tissues exhibit higher conductivity at radio frequencies
than at DC due to their fluid content. Antenna performance
near the body, including bandwidth and gain, is significantly
affected. A three-layer body phantom in CST simulates human
anatomy, with an adjustable air gap (g) introduced to replicate
clothing effects. The phantom, sized 50 × 40mm, consists of
layers representing 2mm of skin, 5mm of fat, and 20mm of
muscle, as shown in Figure 14(a). The electrical properties of
these layers at 3, 8, and 11.32 GHz are provided in Table 2.
The S11 performance of the antenna was analyzed using CST
simulation, with the air gap (g) varied between 1 and 4mm. As
illustrated in Figure 14(b), the antenna demonstrates optimal re-
turn loss and the widest impedance bandwidth when the air gap
between the antenna and body phantom is maintained at 1mm.
This result highlights the critical role of proximity between the
antenna and human body in determining electromagnetic per-
formance. Human tissues, particularly muscle, have high water
and electrolyte content, making them highly conductive at ra-
dio frequencies (RF). When the antenna is positioned too close
to these tissues, especially within 1–2mm, it undergoes strong
electromagnetic coupling with the lossy medium. At an air gap
of 1mm, this coupling is balanced: it ensures sufficient inter-
action with the body for wearable applications while avoiding

excessive dielectric loading or energy absorption. As the air
gap increases beyond 1mm (e.g., 2–4mm), the dielectric influ-
ence of the body decreases, leading to impedance mismatches,
detuned resonances, and degraded return loss. On the other
hand, when the air gap is reduced to 0mm, i.e., the antenna
is in direct contact with the phantom, excessive loading from
high-permittivity, high-loss tissues causes a reduction in band-
width and radiation efficiency. Therefore, maintaining an opti-
mal 1mm gap offers a practical solution in wearable scenarios.

5.4. SAR Analysis
Specific Absorption Rate (SAR), expressed in watts per kilo-
gram (W/kg), quantifies the rate at which electromagnetic en-
ergy is absorbed by biological tissues when they are exposed
to RF fields. To ensure user safety, regulatory agencies such
as the Federal Communications Commission (FCC) have es-
tablished SAR exposure limits, 1.6W/kg for 1 g of tissue and
2.0W/kg for 10 g of tissue, along with standardized procedures
for SAR evaluation [15, 24]. SAR is calculated using the fol-
lowing equation.

SAR =
σ |E|2

ρ
(2)

where σ is the electrical conductivity of the tissue (S/m), E
the root mean square (RMS) electric field (V/m), and ρ the tis-
sue density (kg/m3). To evaluate SAR, a three-layer human
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TABLE 3. Comparison of simulated vs measured gain, bandwidth, and SAR.

Freq. (GHz) Gain Bandwidth SAR
Sim. Meas. Sim Meas. Sim. (1 g/10 g)

3 2.51 1.91
9.82 9.73

0.605/0.26
8 3.70 3.22 0.842/0.248

11.32 5.46 4.96 0.793/0.263

(a)

(b)

FIGURE 15. SAR values at 3, 8, and 11.32GHz for (a) 1 g and (b) 10 g.

TABLE 4. Comparison of the proposed work with the existing reported literature.

Ref.
No.

Dimension (mm3) Sub. Mat.
Oper. Fre.
Band (GHz)

Bandwidth
(GHz)

Peak Gain
SAR (W/kg)
for 1 g/10 g

Machine
Learning

[15] 35.5× 30.5× 1 PDMS 3.1–10.42 7.32 NR NR/0.66, 0.53, 0.90 Yes
[19] 45× 55× 1 PET 3.19–9.30 6.11 2.49 NR No
[22] 97× 88× 1 Felt 3.4–10.2 6.8 1.9 NR No
[24] 20× 30× 1.4 Jeans 2.85–9.81 6.96 3.28 1.3/NR No
[25] 27.8× 23.8× 1 Jeans 3–13 10 5 NR No
[26] 43× 40× 2 Denim 1.8–10 8.2 5.09 NR No
[27] 30× 35× 1.2 Denim 3.2–11.8 8.6 3.61, 486 NR No
This
work

38× 26× 0.7 Jean’s 2.56–12.38 9.82 5.46
0.605, 0.842, 0.793/
0.26/0.248/0.263

Yes

∗NR- Not Reported

body phantom was modeled in CST Microwave Studio to ap-
proximate human anatomy. The phantom consists of 2mm of
skin, 5mm of fat, and 20mm of muscle, resulting in a total
size of 50 × 40 × 27mm3, as illustrated in Figure 13(a). An
adjustable air gap (g) was introduced between the antenna and
phantom to emulate real-world wearable conditions such as the

presence of clothing. For SAR analysis, an optimal air gap of
1mmwas maintained between the antenna and phantom during
simulation. The electrical properties — including relative per-
mittivity, conductivity, and density — of each tissue layer at 3,
8, and 11.32GHz are listed in Table 2. SAR simulations were
performed using CST’s time-domain solver with adaptive mesh
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refinement enabled to enhance accuracy, particularly around
tissue boundaries and high-field regions. A hexahedral mesh
structure was used to maintain consistency and efficiency in the
simulation. SAR values were computed according to IEEE/IEC
62704-1 and FCC standards, for both 1 g and 10 g of tissue, un-
der an input power of 5mW. The simulated average SAR values
at 3, 8, and 11.32GHz are 0.605, 0.842, and 0.793W/kg for 1 g
tissue, and 0.26, 0.248, and 0.263W/kg for 10 g tissue, all well
below the FCC limits of 1.6W/kg and 2W/kg, respectively, as
shown in Figures 15(a) and 15(b). Therefore, it makes the ring-
shaped UWB antenna for wearable applications.
Table 3 presents a comparison of simulated and measured re-

sults for gain, bandwidth, and SAR. It is important to note that
SAR values are based solely on simulation, as practical mea-
surement is highly time-consuming, typically requiring 24–48
hours per frequency point, and is not feasible for extensive on-
body testing scenarios. Table 4 shows the comparison of the
proposed work with the existing reported literature. The pro-
posed antenna offers a wide bandwidth of 9.82GHz, high gain
5.46 dBi, and compact size using a jeans-based flexible sub-
strate. It is one of the few designs with detailed SAR analy-
sis for 1 g and 10 g tissues, ensuring user safety. Additionally,
it uniquely employs machine learning techniques for perfor-
mance optimization, making it superior tomost existing designs
in the literature.

6. CONCLUSION
This study presents a compact and flexible ring-shaped UWB
textile antenna. A C-type stub is integrated into the design,
while a circular slot is removed from the radiator to improve
impedance bandwidth. The suggested antenna has a broad
impedance bandwidth and a maximum gain of 5.46 dBi, cov-
ering frequencies from 2.56GHz to 12.38GHz, 131.45% of
its center frequency range. Bending analysis was conducted
on various human body parts, and it was found that all the re-
sults showed good agreement, and an omnidirectional radiation
pattern was found. Also, no effect on ultra-wideband arises.
Additionally, SAR analysis was conducted to assess how the
antenna’s radiation affects the human body. At frequencies of
3GHz, 8GHz, and 11.32GHz, the SAR values for 1 g of tissue
were 0.605, 0.842, and 0.793W/kg, and for 10 g of tissue, they
were 0.26, 0.248, and 0.263W/kg. These values are well below
the FCC safety limits, 1.6W/kg for 1 g of tissue and 2W/kg for
10 g. KNN machine learning algorithm gave the most accurate
results and correctly predicted S-parameters of the proposed
antenna. KNN achieved higher accuracy 99.58% than all other
ML models. Hence, the proposed antenna is suitable for wear-
able IoT applications.

7. FUTURE WORK
Future work will focus on improving the real-world applica-
bility and deployment of the proposed flexible UWB antenna.
A primary direction involves the real-time implementation of
machine learning models on embedded platforms or edge de-
vices to enable rapid and energy-efficient antenna performance
prediction, thereby reducing dependence on full-wave electro-

magnetic simulations. Furthermore, the mechanical durabil-
ity of the antenna will be experimentally evaluated under re-
peated bending, folding, and washing conditions to assess its
robustness in wearable environments. Analyzing any potential
performance degradation will help determine long-term relia-
bility. In addition, integration into a complete IoT hardware
platform will facilitate end-to-end performance evaluation in
practical scenarios such as health monitoring, activity tracking,
and wireless body area networks (WBANs), bridging simula-
tion and practical realization.
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