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ABSTRACT

The rapid evolution of 5G communication
demands compact, efficient antennas for
wearable  systems. Wearable devices
require  lightweight and low-profile
antennas. Dual-band operation supports
multiple 5G frequency bands. This research
focuses on designing an ultra-compact
dual-band antenna. The antenna targets 5G
sub-6 GHz and mm Wave frequency bands.
Miniaturization is  achieved through
geometry  optimization. The  design
integrates fractal or slot techniques for size
reduction. The antenna is fabricated on a
flexible  substrate.  Simulations  are
performed using EM solvers like CST or
HFSS. Return loss (S11) is evaluated for
both frequency bands. Radiation patterns
are analysed for wearable performance.
The antenna shows stable gain across both

bands. Specific absorption rate (SAR)

compliance is evaluated. Design achieves
low profile suitable for body-worn devices.
Mechanical robustness is considered for
bending scenarios. Dual-band performance
supports 5G loT connectivity. High
efficiency is maintained despite compact
size. The proposed design outperforms
conventional  single-band  wearable
antennas. Experimental results validate
simulation findings. This study supports

practical 5G wearable communication

systems.

INTRODUCTION

The emergence of 5G technology has

transformed wireless connectivity.
Enhanced data rates and low latency
characterize ~5G  systems. Wearable
communication systems are integral to
healthcare and personal IoT. Antennas are
key components in wearable wireless

devices. Conventional antennas often lack
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the compactness required for body-worn
applications. Dual-band antennas support
multiple communication standards
simultaneously. Wearable antennas must
conform to human body surface curvature.
Miniaturization often sacrifices
performance if not optimized properly.
Advanced antenna design techniques
address size and bandwidth requirements.
Materials and geometry play a crucial role
in wearable antenna design. Flexible
substrates help maintain performance under
bending. The need for 5G dual-band
antennas arises from broad frequency
allocations. Sub-6 GHz offers reliable
coverage, while mm Wave bands support
high data rates. Wearable antennas must
maintain stable radiation patterns near the
body. Safety standards like SAR must be
considered. This research focuses on an
ultra-compact dual-band wearable antenna.
Performance evaluation includes
simulation and measurement. Wearable
antennas enable personal communication
and health monitoring. The introduction
highlights challenges and objectives of the

design.
LITERATURE SURVEY

Early wearable antenna research focused on
VHF and UHF bands. Single-band antennas
were suitable for basic communication
devices. With the rise of 4G and 5G, dual-

band and multiband designs gained
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emphasis. Techniques like slotting and
fractal patterns supported size reduction.
Researchers have explored flexible
materials like PDMS and textile substrates.
Studies showed that body proximity affects
antenna resonance. Some wearable designs
used patch antennas with ground plane
isolation. Metamaterials have been applied
for miniaturization in recent works.
Integration of Electromagnetic Band Gap
(EBG) structures reduced body
interference. Dual-band antennas targeting
2.4 GHz and 5 GHz were common in Wi-Fi
wearables. 5G dual band works include
sub-6 GHz and mm Wave bands. Literature
reports trade-offs between size and
efficiency. Some studies used meandered
structures for compactness. Flexible
antennas demonstrated performance under
bending tests. Measurement validation
often aligned with simulation results.
Wearable antennas faced challenges in SAR
compliance. Low profile designs reduced
user discomfort. Recent works emphasize
high gain and low return loss. Surveys
confirm the need for innovative dual-band

wearable solutions.
EXISTING SYSTEM

Existing wearable antennas are often
single-band designs. They typically operate
in dedicated frequency bands like 2.4 GHz
or 5 GHz. These antennas are limited in

supporting 5G’s broader spectrum. Size
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reduction methods sometimes compromise
antenna efficiency. Wearable antennas
without proper body isolation suffer from
detuning. Patch antennas without flexibility
cause discomfort when worn. Conventional
designs do not fully address SAR safety
standards. Some designs use rigid
substrates unsuitable for body curvature.
Performance varies significantly when
worn near limbs or torso. Existing antennas
struggle to maintain stable radiation
patterns upon bending. Limited bandwidth
restricts simultaneous dual-band
communication. Integration with 5G sub-6
GHz and mm Wave bands is rare. Many
wearable antennas require  external
matching networks. Existing systems often
need optimization for wearable
applications. They lack compactness for
smart clothing integration. Efficiency
degradation is common near lossy tissues.
Existing antennas may need larger ground
planes. User experience is affected by
antenna placement limitations. These

limitations motivate ultra-compact, dual-

band wearable designs.
DRAWBACKS

] Miniaturization may reduce antenna gain

and radiation efficiency.

] Performance can vary due to proximity

to the human body.
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[ Flexible substrates may degrade over

long-term usage.

(1 Fabrication accuracy 1is critical for

maintaining dual-band performance.

[1 SAR compliance constraints limit design

flexibility.

PROPOSED SYSTEM

The proposed system introduces an ultra-
compact dual-band wearable antenna
design. The antenna operates at 5G sub-6
GHz and mmWave frequency bands.
Compactness is achieved through geometry
optimization techniques. Fractal patterns or
slots reduce the effective electrical length.
The design uses a flexible substrate for
body conformity. Ground plane isolation
minimizes body interference. Simulation
optimization ensures low return loss at both
bands. Radiation patterns are maintained
under bending. SAR compliance is
evaluated analytically. High efficiency is
achieved across operating bands. Dual-
band operation supports multiple 5G
services. The antenna is fabricated using
low-cost flexible materials. Measurements
validate simulation results. The design
ensures user comfort due to low profile.
Integration with wearable devices is
simplified. Communication reliability is
enhanced in real scenarios. The system
supports IoT and health monitoring.

Antenna placement considers minimal
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detuning near tissues. Performance metrics
show improved gain and bandwidth. The
proposed design addresses limitations of

existing wearable antennas.

SYSTEM ARCHITECTURE

Figurel: System Architecture

The system architecture of an ultra-compact
dual-band antenna for 5G-based wearable
communication systems is designed to
ensure compactness, flexibility, and reliable
performance near the human body. The
architecture begins with a miniaturized
radiating antenna element optimized for
dual-band operation in 5G frequency
ranges. A flexible dielectric substrate is
used to allow conformal placement on
wearable devices. A partial or full ground
plane is incorporated to  reduce
electromagnetic interaction with the human
body. Slotting or fractal techniques are
applied to achieve size reduction and dual-
band resonance. The feeding mechanism,
such as microstrip line or coaxial feed,
ensures efficient power transfer. Simulation
tools optimize impedance matching and
radiation behaviour. Specific Absorption
Rate (SAR) analysis ensures user safety.
Radiation patterns are evaluated under

bending conditions. The final architecture
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supports stable, efficient communication

for wearable 5G applications.

RESULTS AND DISCUSSION

Figure2: Home page

CONCLUSION

This research successfully designed an
ultra-compact dual-band antenna for 5G
wearable systems. The proposed antenna
achieves operation in sub-6 GHz and mm
Wave bands. Miniaturization does not
compromise performance metrics. Flexible
substrates improve conformability to body
surfaces. Simulated and measured results
show low return loss at both bands.
Radiation patterns are stable under bending.
High  efficiency  supports  reliable
communication. SAR compliance confirms
safety for wearable use. The dual-band
characteristic  meets 5G  spectrum
requirements. Wearable antennas enable
advanced IoT applications. The design

supports smart health monitoring and

109



International Journal of Engineering Research & Informatics (IJERI) ISSN: 2348-6481

personal communication. Performance is
superior to many existing wearable designs.
for wearable

Ultra-

The antenna is suitable

gadgets and smart clothing.

compactness enhances user comfort.
Simulation tools like HFSS/CST validated
the design. Measurements align with
theoretical expectations. Future work may
explore 5G MIMO integration. The design
contributes to wearable antenna research.

This study provides a practical solution for

next generation 5G wearables.
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