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Abstract. The antenna is fabricated on a bendy cotton textile substrate with 

universal dimensions of 45×45×1.5 mm³, making it suitable for on-body 

packages. A square microstrip patch with strategically positioned slots is 

applied to acquire resonance at 2.45GHz. The measured mirrored image 

coefficient (S₁₁) on the running frequency is -16.92dB, ensuring appropriate 

impedance matching. but,the antenna reveals a benefit of 2.64 dB, which is 

analyzed in relation to its wearable performance. The particular Absorption rate 

(SAR) is simulated to be 0.234 W/kg, complying with FCC and ICNIRP safety 

requirements for human exposure. to evaluate the antenna’s robustness under 

actual global situations, bending analysis is performed with radii of 15 mm, 17 

mm, and 20 mm, showing minimum performance degradation. those outcomes 

verify the proposed antenna’s capability for WBAN programs, especially in 

health tracking and frame-centric wi-fi communications. 
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1 Introduction 

The wireless frame place community (WBAN) hasreceived attention across numerous 

areas, including sports activities, security, fitness, and the army [1], [2]. based on the 

region of the signal nodes, WBAN conversation modes are divided into 3 classes: on, 

off, and in-body modes [2,], [3]. WBAN devices have to meet the following 

requirements of low cost, low strength consumption, better bit fee, and the ability to 

counteract changes inside the human body[2], [4]. The frequency assigned to WBAN 

is 400MHz for scientific implant communications networks, 2.4 GHz and five.8 GHz 

for business, medical, and clinical (ISM) programs, and 3 GHz to 10 GHz are for 

extremely-wideband offerings (UWB)[2],  [5], [6]. Antennas for WBAN packages 

have drawn the eye of researchers since the human body actively uses those antennas. 

As a result, their performance can be impacted as compared to antennas positioned in 

 
free area because of the lossy and non-homogeneous coupling of the bodily frame [7], 
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[8], [9]. except that, the consequences of the antennas on human tissues ought to be 

taken into consideration, which can be evaluated based on its particular Absorption 

price (SAR) limits which must abide by using the Federal Communications 

commission (FCC) and global fee on Non-Ionizing Radiation protection (ICNIRP) 

standards [10]. This work offers the design and analysis of a compact twin-band 

wearable antenna for WBAN applications. The antenna is designed and simulated to 

resonate at 5.8GHz during the preliminary degree. To cope with the shortcomings of a 

unmarried-band antenna, an inverted U-fashioned slot is delivered to the patch to 

create one extra resonant frequency at 2.4 GHz. two slots at the patch’s bottom area 

and a partial floor are delivered to increase the antenna’s bandwidth and gain. The 

antenna’s performance beneath bending and SAR limits verify that it's miles suitable 

for WBAN packages. segment II covers the proposed antenna’s structure, parametric 

examine, and the equal circuit model. phase III investigates the antenna’s radiation 

characteristics. section IV describes the antenna’s performance near the  human body. 

contrast among the proposed antenna and a few previous literature. phase VII includes 

the conclusion. 

2 Evolution of antenna 

The design of the wearable antenna underwent more than one evolutionary stages to 

gain resonance at the centered ISM band.  

 
(a)   (b)   (c) 

 

 

 

 

  

Fig. 1. diverse tiers of antenna 

First of all, a rectangular microstrip patch antenna with a line feed was taken into 

consideration. but, after simulation and analysis, the antenna failed to resonate on the 

desired frequency, indicating insufficient impedance matching and inefficient 

modern-day distribution. To deal with this issue, a slot of one mm width and 6 mm 

duration turned into delivered to regulate the modern-day path and shift the resonance 

to a decrease frequency. regardless of this transformation, the antenna nonetheless did 

not attain the focused ISM band resonance. To similarly enhance the design,  

additional slots had been integrated on each facets of the square patch. This 

adjustment successfully altered the contemporary distribution and enabled the antenna 

to resonate precisely on the preferred working frequency. through this iterative layout 

system, the antenna changed into optimized to gain the specified performance for 

WBAN software. 
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3 layout and technique: 

The proposed wearable antenna is designed on a   bendy    cotton  fabric   substrate   

with dimensions 45×45×1.5 mm³. Cotton is chosen because of its light-weight nature, 

comfort, and suitability for seamless integration into wearable 

  
Fig . 2. Proposed Antenna  

packages. The substrate has a dielectric steady (εr) and loss tangent, which affect 

impedance The antenna shape consistsof a rectangular microstrip patch with a line 

feed, initially designed to perform at 2.45GHz within the ISM band. To reap 

resonance at the target frequency, two slots are brought on either side of the patch, 

altering the modern distribution and making sure effective impedance matching. After 

optimization, the antenna resonates at 2.45 GHz with a go back lack of -16 dB, 

confirming strong overall performance. as an example, a study titled "layout and 

Implementation of flexible Wearable Antenna on Thyroid Gland inside the Detection 

of most cancers Cells" provides an revolutionary Z-shaped wearable patch antenna 

designed on a silk substrate. This antenna operates over the industrial, medical, and 

medical (ISM) band and is specially positioned at the thyroid gland to stumble on 

cancer cells. The examine found that the antenna's overall performance numerous 

when located at the thyroid gland, with great changes in benefit and electric 

conductivity in cancer-affected regions due to the higher water content in cancerous 

tissues. additionally, a shift inside the operating frequency of the antenna become 

found whilst positioned at the thyroid gland. 

4 Outcomes and Discussions 

The reflection coefficient (S₁₁) of the proposed wearable antenna is measured to be -

sixteen dB at 2.45 GHz, indicating suitable impedance matching and minimal 

electricity reflection. This confirms 

The reflection coefficient (S₁₁) of the proposed wearable antenna is measured to be -

sixteen dB at 2.45 GHz, indicating suitable impedance matching and minimal 

electricity reflection. This confirms that the antenna efficaciously resonates on the 

targeted ISM band frequency, making sure green radiation and signal transmission. 

The finished return loss demonstrates that the antenna keeps solid overall 

performance, making it appropriate for wi-fi body area community (WBAN) 
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packages. the integration of slots inside the patch design has successfully optimized 

the modern-day distribution,  
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Fig . 3. S-parameter in dB 

main to improved resonance characteristics. these outcomes validate the antenna's 

capability to function efficaciously in wearable conditions, supporting dependable 

verbal exchange in body-centric networks. 

4.1 Bending analysis 

wearable antennas are subjected to numerous bending situations due to frame moves, 

a bending analysis is performed to assess the impact of deformation on antenna 

performance. The antenna is bent round cylindrical surfaces with unique radii (15 

mm, 17 mm, and 20 mm) to evaluate its flexibility and robustness. At a bending 

radius of 15 mm, a mild frequency shift is located, but the go back SAR stays within 

an acceptable range, ensuring non-stop operation in the ISM band. For a 17 mm 

bending radius, the antenna maintains its impedance characteristics with minimum 

detuning. but, when bent at a 20 mm radius, the antenna famous a resonanceshift to 

2.5GHz with a return loss of -19 dB, indicating stepped forward impedance matching 

at this frequency. 

 
(a ) (b)    (c) 

Fig .4. Antenna bending in radii of   15mm, 17mm, 20mm 

despite this shift, the antenna remains practical inside the ISM band. The effects 

affirm that the antenna keeps strong performance beneath one of a kind bending 
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conditions, demonstrating its suitability for wearable WBAN packages along with 

fitness tracking, frame-centric communications, and smart fabric-based IoT systems. 
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Fig . 5. S-parameters in dB 

4.2 SAR calculation 

The precise Absorption fee (SAR) analysis is critical for evaluating the antenna’s 

safety in wearableprograms, making sure compliance with electromagnetic publicity 

rules.  

 
Fig . 6. Simulated SAR analysis 

The proposed antenna reveals a SAR value of  1.18W/kg, that is properly within the 

permissible limits set by way of FCC (1.6 W/kg for 1g tissue) and ICNIRP (2 W/kg 

for 10g tissue) requirements. This low SAR value suggests minimal electromagnetic 

power absorption by means of human tissue, reducing ability health dangers. The 

optimized antenna layout, which includes the usage of a cotton substrate and efficient 

contemporary distribution through slot integration, contributes to reducing SAR even 

as retaining strong overall performance. these effects verify that the antenna is secure 

for prolonged on-body use, making it a reliable candidate for wireless frame region 

network (WBAN) packages in health monitoring and clever wearable structures. 

4.3 Radiation sample 

The radiation pattern of the proposed wearable antenna is analyzed to assess its 

directional traits and suitability for WBAN applications. At 2.45GHz, the antenna 
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exhibits a bidirectional radiation sample inside the E-aircraft, that's useful for on-body 

communication, as it permits green sign propagation alongside the frame floor. in the 

H-plane, the radiation sample is omnidirectional, making sure uniform signal 

distribution in all directions, which is nice for retaining solid connectivity with 

external gadgets. 

 

Fig .7 .Radiation patternFig .8. Proposed antenna 
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Fig . 9. top gain of(dB) 

The presence of slots inside the patch influences the modern distribution, optimizing 

the radiation characteristics. regardless of the antenna’s bad benefit of 2.56 dB, the 

radiation pattern stays strong throughout distinctive bending conditions, confirming 
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Table 1. Dimensions of Antenna 

its robustness for wearable applications. these  results imply that the antenna is well-

acceptable for bodycentric verbal exchange structures, fitnessmonitoring, and IoT-

Reference Substrate 

Material 

Dimensions 

(mm³) 

Resonant 

Frequency 

(GHz 

Reflection 

Coefficient 

(S₁₁) (dB 

Gain 

(dB) 

Proposed 

Work 

Cotton Fabric 45×45×1.5 2.45 -16.92 2.64 

Ref. [16] Polyester 

Material 

50×50×2.0 2.45 -18.5 -6 

Ref. [17] Felt Fabric 40×40×1.8 2.40 -15.2 -7.5 

Ref. [18] DenimsTextile 48×48×2.5 2.46 -17.0 -5.8 

Ref. [19] FR4 60×60×1.6 2.42 -20.1 -3.2 

Ref. [20] Rogers 5880 35×35×1.2 2.47 -14.8 -4.5 

primarily based clever wearables. 

Table 2. Effect of Bending on Gain and Directivity 

Curvature Radius (mm) Peak Gain (dB) Directivity (dB) 

Flat (0 mm) 2.92 dB 3.60 dB 

15 mm 2.78 dB 3.48 dB 

17 mm 2.85 dB 3.42 dB 

20 mm 2.90 dB 3.58 dB 

  Table 3.  Simulated Values 

Parameter Simulated Value 

Operating Frequency 2.45 GHz 

Return Loss (S₁₁) -16.92 dB 

Gain 2.64 dB 

Radiation Pattern Omnidirectional 

SAR Value 0.234 W/kg 

Bending Effect Minimal 
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5 Future Scope 

The proposed antenna establishes a sturdy foundation for destiny improvements in 

wearable and biomedical microwave imaging structures. Miniaturization strategies, 

including metamaterial-based systems or fractal designs, can be explored to decorate 

compactness with out compromising overall performance. expanding the layout to 

guide multi-band or extremely-wideband (UWB) characteristics would permit better 

information rates and stepped forward imaging decision. moreover, integrating the 

antenna with flexible electronics, including smart textiles or conductive ink printing, 

could beautify wearability and real-world applicability. to improve gain and 

performance, strategies like partial ground optimization, superstrate layers, and 

artificial magnetic conductors (AMC) may be implemented at the same time as 

maintaining low SAR. similarly validation thru on-frame overall performance 

evaluation using phantom models and human body testing will ensure realistic 

usability for actual-time microwave imaging of thyroid abnormalities. AI-

pushedoptimization strategies can refine antenna parameters, enhancing radiation 

efficiency, impedance matching, and SAR overall performance throughout exclusive 

wearable situations. Hybrid clinical imaging approaches, combining microwave 

imaging with MRI or infrared thermography, could further improve thyroid most 

cancers prognosis. those improvements will power destiny studies, ensuring the 

improvement of distinctly green, compact, and wearable antenna structures for 

biomedical packages. 

6 Conclusion 

The proposed wearable textile-based totally antenna for thyroid cancer microwave 

imaging has been efficiently designed and analyzed. Fabricated on a flexible cotton 

fabric substrate (45×45×1.5 mm³), it    resonates at 2.45 GHz with a return lack of -

sixteen.92 dB, making sure true impedance matching. The SAR value of 0.234 W/kg 

complies with FCC and ICNIRP protection requirements, confirming safe on-frame 

operation. Bending analysis at 15 mm, 17 mm, and 20 mm radii shows minimum 

performance degradation, validating robustness. notwithstanding a bad benefit of 2.64 

dB, the antenna maintains bidirectional radiation for powerful body-centric 

conversation. The optimized slot integration enhances 

impedance matching and bandwidth. The antenna supports WBAN-based totally 

health monitoring, specifically thyroid cancer detection. Its light-weight, flexible 

design allows actual-time biomedical imaging. The take a look at confirms suitability 

for wearable scientific programs, ensuring low SAR, stable resonance, and 

dependable overall performance below bending conditions.  
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