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Abstract—Conformal antennas are designed to
accommodate different special curved surfaces and have shown
advantages in areas such as aerospace and the Internet of
Things (IoT), including wearables and automation technology
of smart Jewelry sensing. In this study, the effect of antenna
curvature on radiation efficiency and impedance matching is
investigated by measuring the reflection coefficient S11 at
different curvatures using a vector network analyser (VNA).
The results show that although the resonant frequency is stable,
the magnitude of S11 decreases with decreasing intermediate
curvature and then changes with increasing curvature, which
is attributed to the enhanced capacitance effect of the
compensating inductive reactance. The best performance is
achieved when the curvature is between 120 and 150 degrees,
with minimal reflection and increased transmission.
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I. INTRODUCTION
Conformal antennas fit closely into a variety of curved

surfaces, making them particularly suitable for applications
that require seamless integration, such as aerospace,
automotive, mobile devices, and the Internet of Things.
Conformal antennas provide advantages over traditional
antennas in terms of aesthetics and concealment, while
maintaining good radiation performance and signal coverage.
They can be made with flexible circuits, printed circuit
boards (PCBs), and 3D printing, providing design flexibility
to meet the high-performance demands of modern
communication systems [1]. For wearable devices such as
smart Jewelry, conformal antennas adapt to the human
body's curves and support Bluetooth communication [2,3],
enhancing fit and aesthetics. By optimising the curve,
engineers can improve radiation patterns and impedance
matching to ensure efficient signal transmission and stable
connections [1].

This study explores the influence of antenna curvature on
key performance metrics such as radiation efficiency and
impedance matching. While previous studies have focused
on general performance enhancement, the effect of curve
angle has been less explored. By measuring the reflection
coefficient (S11) of the conformal antenna at different
curvatures, the results show that the best performance occurs
when the curvature is between 120 and 150 degrees [4],
when the reflection is minimised and the transmission
efficiency is the highest.

II. THE IMPACT OF CURVATURE ON CONFORMAL ANTENNA
PERFORMANCE

The curvature of a conformal antenna significantly
affects its performance across several key parameters:

Radiation efficiency is an important parameter for
measuring antenna performance [1], especially in high
frequency applications. Excessive curvature leads to
radiation loss, which affects the signal quality. In practical
applications, an optimal balance between curvature and
radiation efficiency must be found to maintain high
efficiency. The input impedance of a conformal antenna can
lead to impedance mismatch, resulting in reflection loss and
reduced signal transmission efficiency. Therefore, good
impedance matching is key, and adjusting the curvature
during the design process helps to achieve this goal. The
curvature also affects its radiation pattern, potentially
increasing the radiation intensity in some directions [2] and
weakening it in others.

III. MEASUREMENT AND ANALYSIS

To analyze the effect of antenna curvature on
performance, we conducted structured experiments. We
quantified the curvature of the antenna, designed sectors with
fixed arc lengths, and varied the angle in 30-degree
increments to create different radii. The antennas were
attached to these sector structures sequentially to ensure a
tight fit to each surface. A vector network analyzer (VNA)
was used to measure the S11 parameters of the antenna at
different levels of curvature.

Fig. 1. S11 Variation under Different Curvature Conditions
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The experimental design enables a systematic
investigation of how curvature affects antenna performance
metric. Fig. 1 shows the superimposed data from all our
measurements. It is evident that the antenna ’ s resonance
points did not significantly shift due to the curvature (The
fixed arc length is 4.5cm and the angle � is changed every
30° to obtain different curvatures.) only the magnitude
changed.

From Fig. 2, we can observe that the resonance
frequencies of the antennas fluctuate between 2.5 GHz and
2.7 GHz, without showing a clear pattern. This suggests that
the curvature of the antenna does not have a significant or
consistent impact on the resonance frequency.

Fig. 2. The resonance frequency and magnitude of antennas with different
curvature.

The resonance point of an antenna is primarily
determined by its physical dimensions and the wavelength of
the signal. Bending the antenna can alter the current
distribution along its surface, causing only minor effects on
the resonance. The minor fluctuations observed here indicate
that the antenna ’ s overall electrical length is minimally
affected by the curvature. Therefore, the resonance frequency
remains largely consistent despite changes in curvature.

For the S11
we observe an initial decrease and followed by an increase

magnitude at the resonance as shown in Fig. 2,
.

This behavior has underlying causes. Although the antenna
was originally designed to have impedance matched, with a
target of zero imaginary impedance should be zero, attaching
the antenna to a 3D-printed material caused the imaginary
impedance to increase, even without bending.

imaginary part of the impedance gradually decreased,
indicating that the capacitive nature of the antenna becam

Fig. 3. Smith Chart of the impedance matching for antennas with different
curvatures.

As we increased the curvature, Fig. 3 shows that the

e

more pronounced. Increasing the curvature helps to
counteract the inductive effect introduced by the material,
tuning the antenna ’ s impedance closer to the desired
matching point.

In this experiment, the optimal matching point lies
between 120 and 150 degrees of curvature. As shown in Fig.
3, he S11 performance is optimal in this range, indicating
minimal reflection and maximum signal transmission.

The increase in capacitive characteristics with curvature
increases may results from two factors:

1. Increase in Distributed Capacitance: Bending brings
different antenna sections closer together, especially in
dipole antennas or other multi-element antennas, where the
coupling effect between adjacent sections is enhanced. This
increased coupling leads to a rise in distributed capacitance
between the different segments of the antenna. The increase
in distributed capacitance directly causes the imaginary part
of the antenna impedance to exhibit stronger capacitive
characteristics.

2. Change in Electric Field Distribution: Bending
changes the distribution of the electric field, especially near
the surface and nearby regions of the antenna, intensifying
the field in localized areas, further contributing to capacitive
effects. This redistribution of the electric field results in the
imaginary part of the antenna impedance exhibiting stronger
capacitive characteristics.

IV. CONCLUSION
Optimizing curvature in conformal antenna design is

crucial for achieving high performance. Adjusting curvature
improves impedance matching, reduces reflection, and
enhances transmission efficiency. This study shows that
optimal S11 performance occurs at curvatures between 120
and 150 degrees, balancing capacitive and inductive effects.
These findings provide practical insights for designing
conformal antennas that maintain efficient performance on
curved surfaces.
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