% applied sciences

Article

A Novel Design of Dual-Band Circularly Polarized Microstrip
Patch Antenna for Unmanned Aerial Vehicle Applications

Abdulaziz S. Almehmadi

check for
updates
Academic Editor: Naser Ojaroudi

Parchin

Received: 14 January 2025
Revised: 8 February 2025
Accepted: 9 February 2025
Published: 10 February 2025

Citation: Almehmadi, A.S,;
Aldhaheri, R.W. A Novel Design of
Dual-Band Circularly Polarized
Microstrip Patch Antenna for
Unmanned Aerial Vehicle
Applications. Appl. Sci. 2025, 15, 1816.
https:/ /doi.org/10.3390/app15041816

Copyright: © 2025 by the authors.
Licensee MDP], Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license

(https:/ /creativecommons.org/
licenses /by /4.0/).

and Rabah W. Aldhaheri *

Department of Electrical and Computer Engineering, King Abdulaziz University, Jeddah 21589, Saudi Arabia;
aalmehmadi0119@stu.kau.edu.sa
* Correspondence: raldhaheri@kau.edu.sa

Abstract: This article presents a new design for a dual-band circular polarization microstrip
patch antenna that can be used in unmanned aerial vehicle (UAV) applications. The proposed
antenna consists of an etched circular shape on the radiator side of the antenna with multiple
slots and stubs. The bottom side comprises a partial ground plane with multiple horizonal,
vertical and square slots. These shapes on the front and bottom sides of the antenna are used
to keep the resonant frequencies, impedance bandwidth and axial ratio (AR) at the desired
values. The antenna operation is within the WiFi frequency bands, achieving maximum gains
of 5.01 and 5.27 dBi at 2.4 and 5 GHz, respectively. Circular polarization (CP) is effectively
realized through the implementation of opposite truncated corners and intentionally located
stubs. The 3 dB axial ratio bandwidth (ARBW) is significantly enhanced, while a defected
ground structure (DGS) is utilized to further improve the bandwidth and gain. The optimized
antenna has overall dimensions of 40 x 40 x 1.6 mm® and demonstrates a wide —10 dB
reflection bandwidth of 5.38% (2.396-2.525 GHz) and 9.26% (4.91-5.38 GHz), along with
a broad 3 dB axial ratio bandwidth (ARBW) of 380 MHz (2.29-2.67 GHz) and 80 MHz
(5-5.08 GHz). The proposed antenna is fabricated using a low-cost FR-4 substrate with a
dielectric constant of 4.4 and a loss tangent of 0.02. The fabricated antenna is experimentally
characterized to verify the design concept as well as to validate the simulation results. It is
found that the experimental measurements correlate very well with the simulation results.
A comparison with comparable designs in the literature shows that the proposed antenna
provides a higher gain with a relatively reduced size.

Keywords: microstrip patch antenna; WiFi band; CP; UAV; AR; ARBW; truncated
corners; DGS

1. Introduction

Unmanned aerial vehicles (UAVs) are aerial platforms without a human pilot on
board [1]. They are useful for operations in dangerous environments, that present high
risk for human intervention. UAVs are used in various sectors, such as science, civilian
operations, and the military, for the purpose of covering an expanded geographic region
with high-speed data collection for remote sensing applications. This includes geographical
data observation, soil monitoring, and precision agriculture [1]. They also play a significant
role in disaster management systems. Providing on-demand communication is necessary in
the event of a disaster because there may be no communication network infrastructure [1].
Currently, one of the most common research areas in wireless communication technology
is microstrip patch antenna design [2]. Antennas have gained significant popularity in
the field of UAVs due to their compact size and lightweight design. Antennas for UAVs
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are used to establish wireless communication links [2]. These antennas are designed to
operate within specific frequency bands, such as WiFi bands, which are commonly used
for UAV communication and control [3]. By operating within these bands, the antenna
ensures compatibility with standard WiFi protocols, facilitating seamless connectivity
with ground stations and other WiFi devices [3]. Antennas in UAV applications require
optimization of the antenna’s impedance matching, radiation pattern, gain, efficiency,
bandwidth, and environmental ruggedness [4]. By carefully adjusting the dimensions
of the patch, substrate properties, feeding mechanism, and ground plane configuration,
the desired performance parameters can be achieved while adhering to the size, weight,
and environmental constraints of UAVs [5]. In recent years, the utilization of circular
polarization (CP) antennas has become increasingly prevalent [5]. This is primarily due to
their ability to address challenges, such as multi-path distortion and polarization mismatch,
more effectively than linear polarization [5]. Circular polarization eliminates the need for
precise alignment between transmitting and receiving antennas [6]. Moreover, CP antennas
offer advantages, such as affordability, compactness, and ease of integration, which have
contributed to their widespread adoption in satellite and mobile communication systems
over time [7]. With the rapid development of the modern wireless communications system,
antenna design has turned to focus on circular polarization and small simple structures
that can be easily fabricated. In the literature, various CP antennas operating at different
bands are presented that meet the requirements of current wireless communications. In [8],
a comprehensive investigation of signal propagation and performance under multiple
frequencies is conducted, from mid-band to mmWaves range (3.5, 6, 28, and 60 GHz). In [9],
a low-profile CP antenna is presented with a wide 3 dB ARBW. In [10], a dual frequency CP
truncated square aperture patch antenna is proposed with a slant strip line and an L-shaped
slot for wireless local area network (WLAN) applications with lower band gains of 2.51 dBi
and 2.98 dBi, and upper band gains of 3.51 dBi and 3.49 dBi. In [11], a dual-band CP planar
monopole antenna is presented, and [12] proposes a dual-band microstrip patch antenna
design based on a two-layer stacked patch for GPS and WiFi purposes. In [13], a low-profile
dual-band directional antenna operating at both 2.4 and 5 GHz for WLAN:S is used for UAV
applications with gains of 5.2 and 7.0 dBi, in the 2.4 and 5.8 GHz bands, respectively. In [14],
a crescent-shaped slot antenna is presented with the loading of a circular patch that greatly
enhances the 3 dB ARBW. In [15], a quad-band CP antenna, for applications of a global
navigation satellite system (GNSS), 5G, and WIFI-6E, is designed. In [16], a low-profile,
four-port dual-band monopole multiple-input-multiple-output (MIMO) antenna array is
presented. In [17], a miniaturized high-gain flexible UAV antenna is presented. In [18],
a low-profile wide beamwidth CP patch antenna on a suspended substrate is presented.
A comprehensive review on UAV antennas operating at different bands with different
specifications is given in [19-21]. In [22], a dual-band CP antenna for navigation systems is
presented. Reference [23] presents a miniaturized square shaped CP antenna with gains of
5.14 dBi at 2.20 GHz and 4.5 dBi at 2.30 GHz. In [24], a dual-band and dual-port CP antenna
for UAVs is given. In [25], a single-layer, dual-band, dual circularly polarized (CP) shared-
aperture phased array antenna with wide beam scanning coverage is presented. In [26], a
(CP) microstrip antenna with dual CP that is fed using a 3 dB 90" hybrid coupler to ensure
dual-CP radiation is presented. A miniaturized CP antenna used in a wireless capsule
endoscopy system at 2.45 GHz for industrial, scientific, and medical bands is proposed
in [27]. Reference [28] presents a design to a CP antenna that can achieve broadband ARBW
in the X-band. In [29], a patch array antenna with wideband circular polarization and a
high gain is proposed by utilizing a hybrid meta surface (MS).

The long-term average age of information (Aol)-minimal problem in an unmanned
aerial vehicle (UAV)-assisted wireless-powered communication network (WPCN) is pre-
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sented in [30]. This technique consists of a static hybrid access point (HAP), a mobile UAV,
and many static sensor nodes (SNs) randomly distributed on multiple islands. In [31],
a new design for the sum-channel radiating element with a circularly polarized patch
monopole antenna monopulse feed design is introduced to operate at a center frequency of
2.21 GHz. This band can be used in the UAV applications.

This paper introduces a novel miniaturized and compact microstrip patch antenna de-
signed specifically for UAV applications, with dimensions of 40 x 40 x 1.6 mm?, mounted
on a low-cost FR-4 material as the dielectric substrate. The proposed antenna consists of
a dual-sided geometry. The front side has a circular removed slot with several connected
slots and two stubs at the corners, along with a feed line for signal input. The bottom side
contains a partial ground plane with multiple slots of varying shapes, including vertical,
horizontal, and square slots. These geometrical features are designed to enhance impedance
matching and bandwidth, as well as to enable multi-band operation.

The innovation of this work is highlighted by several key design features: the incor-
poration of truncated corners significantly enhances the CP characteristics, addressing
challenges, such as polarization mismatch and multi-path distortion; the addition of two
stubs positioned on opposite corners effectively achieves an axial ratio of less than 3 dB at
the resonant frequencies of 2.4 GHz and 5 GHz, improving performance while maintaining
a compact size; and the implementation of slots in the ground plane results in enhanced
bandwidth and gain, making the antenna suitable for reliable wireless communication in
UAV applications. Collectively, these innovative features promote the proposed antenna as
a promising solution for WiFi communication in UAV applications.

This paper is organized as follows: Section 2 details the proposed antenna design steps,
performance characteristics, and parametric analysis of this antenna. Also, the circular
polarization is discussed and the parameters that affect the CP and the return loss are
introduced in this Section. Section 3 presents the antenna fabrication and the results and
findings of this work. In Section 4, the experimental results are discussed and a comparison
between the proposed antenna and several antennas presented in the literature is given.
Finally, in Section 5, conclusion of this work is given.

2. Antenna Design and Optimization

A simple, low-cost, and compact CP microstrip patch antenna was designed following
a stepwise development procedure. The three antennas presented in Figure 1 were used
to analyze the evolution process of the final design, which is presented in Figure 2. The
proposed antenna has a radiating modifying shape on the top side and a slotted ground plane
on the bottom side. Figure 2 illustrates the structure of the proposed antenna with geometrical
parameters. The radiating side of the antenna on the top layer consists of opposite truncated
corners in a squared patch shape, two rectangular stubs with chamfered corners, and a
microstrip feed line. The slots on the center merge two cuts: a circle and a horizontal rectangle.
These two cuts are responsible for the output’s presence at the desired operating bands. The
antenna has a 50 Q) feeder line, and an SMA connector is connected at the end of the line.
Figure 1 illustrates that the proposed antenna underwent many design stages. The designed
dimensions through the evolution process to the proposed antenna were obtained using
the commercially available simulation software ANSYS HFSS 2023 R1 [32]. The optimized
parameters of the final design of the proposed antenna are given in Table 1.

The initial design began with a truncated squared patch. Then, the structure was
modified to add two stubs on the other opposite corners. In the last step of this procedure,
two arcs were added onto the lower edge of the centered circular cuts and the two added
stubs were chamfered.
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Figure 1. Evolution of the proposed antenna: (a) Antenna 1; (b): Antenna 2; (c): Proposed Antenna.

/

LV_slot

(b)

Figure 2. (a) Top view and (b) bottom view of the proposed antenna.

Table 1 displays the values of the geometrical parameters for the proposed antenna
according to the definitions shown in Figure 2. The antenna has overall dimensions of
40 x 40 x 1.6 mm> and was fabricated on an FR-4 substrate with a relative permittivity of
& = 4.4 and a loss tangent of 0.02. A 50 () transmission line with a signal strip width of Wf
and a length of Lf was used to feed the antenna. Figure 3 shows the return loss response of
the three antennas.
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Table 1. Proposed optimal dimensions of the antenna in Figure 2.

Parameter Value (mm) Parameter Value (mm)
2 40 Lf 7
L 40 Wi 1.5
h 1.6 Lg 24
D 18 g2 8.5
LH_cut 25.8 g3 0.0625
WH_cut 3.5 LV _slot 9.4375
gl 0.1 WV _slot 0.4
Ls 4.64 LH_slot 8.5
Ws 4.75 WH_slot 2.5
L1 9 Lsq 6
L2 1.5 Wsq 6
arc_r 6
0
/ﬁ  — —
5
101
o
=)
= 15 = Antenna 1
207 -_— Prnop:sed Antenna
-25
-30 T T T T T T T
2.0 25 3.0 35 4.0 45 5.0 55 6.0
Freq [GHZz]

Figure 3. Simulated return loss of Antenna 1, Antenna 2, and Proposed Antenna.

2.1. Circular Polarization

One of the effective techniques for achieving circular polarization in single-feed anten-
nas is the use of truncated corners. This design approach helps to manipulate the current
distribution across the antenna, enhancing its polarization characteristics. Among the three
antenna configurations evaluated, the incorporation of rectangular stubs with chamfered
corners proved particularly beneficial, successfully lowering the AR to below 3 dB at the
desired operating bands.

Figure 4 illustrates the AR performance across the dual-band spectrum for the three
antennas, highlighting the effects of the stubs on polarization. In the first antenna configura-
tion, AR was significantly higher than the required threshold, indicating a lack of effective
CP performance. Conversely, the second antenna configuration achieved AR values of
2.36 dB and 7.97 dB at frequencies of 3.39 GHz and 5.33 GHz, respectively, demonstrating
improved polarization characteristics.

However, adjustments are necessary for both operating bands to ensure that the AR
remains below 3 dB, as seen in the first configuration. The incorporation of chamfered stubs in
the proposed antenna design resulted in notable improvements, yielding AR values of 0.634 dB
at 2.4 GHz and 0.974 dB at 5 GHz. These results underscore the effectiveness of the design
modifications in meeting the AR requirements for optimal CP performance, thereby enhancing
the antenna’s suitability for UAV applications. The findings clearly indicate that careful tuning
of the antenna geometry is essential for achieving the desired polarization characteristics.
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Figure 4. Axial ratio versus frequency of the three antennas given in Figure 1.

2.2. Parametric Analysis

After exhaustive simulation studies focusing on the antenna’s dimensions, practical
lengths and positions were identified to optimize performance. Two merged cuts were
responsible for creating the dual band at 2.45 and 5.0 GHz with the circular cut positioned
at the 20 x-axis and 19.25 y-axis, and the horizontal rectangle at the 32.9 x-axis and 22 y-axis,
with a small gap of g1 at both edges of the patch. On the bottom side, the optimum value
for the length of the ground plane (Lg) is 24 mm and below this value it turns the response
into the UWB, which is far from the operating band. The L-shaped slot starts from the gap
below the edge of the ground plane at g3 and a distance from the right and left sides of
g2. The parameters WV_slot and LH_slot affect return loss and gain especially at 2.4 GHz,
whereas the parameters WH_slot and LV _slot affect return loss and gain at 5 GHz. The
parameters Wsq and Lsq affect return loss and gain in dual-band operation. These slots are
affected only in return loss and gain.

2.2.1. Dual-Band Response

Two essential parameters were identified: the diameter of the centered circular cut
(D) and the dimensions of the centered rectangular cut, namely its length (LH_cut) and
width (WH_cut). Comprehensive simulation studies indicated that the optimal diameter
for the centered circular cut (D) should be 9 mm, which is an improvement over the § mm
used in Antenna 1 and the 10 mm in Antenna 2. Furthermore, the length of the centered
rectangular cut (LH_cut) was optimized to 25.8 mm, compared to 24.8 mm in Antenna 1
and 26.8 mm in Antenna 2. The width of the centered rectangular cut (WH_cut) was refined
to 3.5 mm, compared to 2.5 mm in Antenna 1 and 4.5 mm in Antenna 2. These adjustments
collectively enhance the antenna’s performance in achieving the desired response within
the operating bands.

Changing the Parameter Element D

As illustrated in Figure 5, the design was simulated using various parametric values
for (D), which denotes the diameter of the centered circular cut. It was noted that the
response at 5 GHz varies significantly with alterations to this parameter. Specifically, when
(D) is set to 9 mm, the response achieves optimal tuning. Further simulations indicated
that reducing (D) to values below 9 mm resulted in a substantial leftward shift in the
response. Conversely, increasing (D) beyond 9 mm caused the response to drop below
10 dB, adversely affecting the antenna’s overall efficiency. These observations highlight the
critical role of precisely adjusting the diameter of the centered circular cut during the design
process, as it not only impacts the response but also influences the overall performance
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of the antenna. By systematically optimizing (D) alongside other parameters, the design
attains a robust configuration that effectively facilitates dual-band operation.

S11(dB)

-30 T T T
20 25 30 35 4.0 4.5 5.0 55

Freq [GHz]

Figure 5. Return loss of the parameter D.

Changing the Parameter Element LH_cut

As depicted in Figure 6, the design was simulated using various parametric values
for (LH_cut), which indicates the length of the centered rectangular cut. It was found that
the response at 2.4 GHz varies significantly with changes to this parameter. Specifically,
when (LH_cut) is set to 25.8 mm, the response achieves optimal tuning. Further simulations
revealed that reducing (LH_cut) to values below 25.8 mm caused both bands to shift
rightward, introducing a new response at 3.83 GHz. Similarly, increasing (LH_cut) beyond
25.8 mm resulted in a minor shift and the emergence of a new response in the middle, which
negatively affected the antenna’s overall efficiency. These results highlight the importance
of meticulously adjusting the length of the centered rectangular cut during the design
process, as it not only impacts the response but also has a cascading effect on the antenna’s
overall performance. By systematically optimizing (LH_cut) along with other parameters,
the design achieves a robust configuration that effectively supports dual-band operation.

— LH_cut=24.8mm
— LH_cut=25.8mm

LH_cut=26.8 mm

S11(dB)

35
20 Js 30 35 40 45 50 55

Freq [GHZ]
Figure 6. Return loss of the parameter LH_cut.

Changing the Parameter Element WH_cut

As depicted in Figure 7, the design was simulated with various values for (WH_cut),
which denotes the width of the centered rectangular cut. It was found that the response at
2.4 GHz varies significantly with changes to this parameter. Specifically, when (WH_cut) is
set to 3.5 mm, the response is optimally tuned. Further simulations indicated that reducing
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(WH_cut) to below 3.5 mm caused both bands to shift slightly to the right. On the other
hand, increasing (WH_cut) beyond 3.5 mm negatively affected the response at 5 GHz, which
in turn reduced the antenna’s overall efficiency. These findings emphasize the necessity
of carefully adjusting the width of the centered rectangular cut in the design process, as
it influences the response and has a cascading effect on the antenna’s performance. By
systematically optimizing (WH_cut) along with other parameters, the design achieves a
strong configuration that effectively accommodates dual-band operation.

— WH_cut=3.5mm

0.0

“12.5:

WH_cut=4.5 mm

S11(dB)

-25.0 1

-37.5 ) : ;
20 25 3.0 35 40 45 5.0 55

Freq [GHZ]

Figure 7. Return loss of the parameter WH_cut.

These optimized values of the affected parameters ensure that the AR remains below
3 dB. Achieving a low AR is vital for promoting effective CP, which is important for various
communication applications.

2.2.2. Axial Ratio

To achieve effective circular polarization in the proposed antenna design, three critical
parameters were identified: the length of the truncated corners (L1), the width of the added
rectangular stubs (Ws), and the diameter of the arc added to the lower edge of the circular
slot on the top side (arc_r). Extensive simulation studies revealed that the practical length
of the truncated corners (L1) should be 9 mm, which represents an improvement over the
7 mm utilized in Antenna 1 and 8.25 mm in Antenna 2. Correspondingly, the width of the
added rectangular stubs (Ws) was optimized to 4.75 mm, compared to 5.75 mm in Antenna
1 and 4.5 mm in Antenna 2. For the diameter of the added (arc_r), the optimal centered
position was determined to be at 10.75 on the x-axis and 13.475 on the y-axis, originating
from the left corner of the design, with a diameter of 3 mm as an adjustment from the 4 mm
used in Antenna 1 and 2.55 mm in Antenna 2. These refinements collectively enhance the
antenna’s performance in achieving effective CP and broadening its operational capabilities.

Changing the Parameter Element L1

As shown in Figure 8, the design was simulated for different parametric values
of (L1), which represents the length of the truncated corners. It was observed that the
AR varies considerably with changes in this parameter. Specifically, when (L1) is set to
9 mm, the AR demonstrates optimal tuning across the entire established frequency range,
indicating effective CP. Further simulations revealed that reducing (L1) to values below
9 mm resulted in a significant increase in the AR, exceeding the desired threshold of 3 dB,
which compromised the antenna’s polarization performance. Conversely, increasing (L1)
beyond 9 mm led to a narrower operating bandwidth and a less stable AR, which negatively
impacted the antenna’s overall efficiency. These findings underscore the importance of
fine-tuning the truncated corner lengths in the design process, as they not only influence the
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AR but also have a cascading effect on the overall antenna performance. By systematically
optimizing (L1) along with other parameters, the design achieves a robust configuration
that effectively supports dual-band operation while maintaining the integrity of CP.

48
454
424 v L1=7mm
39
Py 3 L1=8.25mm
g 36
= 334
© — L1=9mm E
> 301 E
o 3 =
:% 27 g
o 247
E§ 21
X 3
E5‘18
o 15
T 124
94
63
E} o c
) R Y
0= T T T T T
20 25 3.0 35 4.0 45 5.0 53

Freq [GHZ]

Figure 8. Axial ratio versus frequency for different values of the parameter L1.

Changing the Parameter Element Ws

As shown in Figure 9, the design was simulated for different parametric values of (Ws),
which represents the width of the two added stubs. It was observed that the AR varies
considerably with changes in this parameter. Specifically, when (Ws) is set to 4.75 mm, the
AR achieves optimal tuning across the entire established frequency range, indicating an
effective CP performance. Further analysis revealed that decreasing (Ws) to values below
4.75 mm resulted in an undesirable increase in the AR, exceeding the target of 3 dB, which
adversely affected the antenna’s ability to maintain consistent polarization. Conversely,
increasing the width of the stubs beyond 4.75 mm led to a reduction in ARBW, highlighting
the importance of precise tuning. These results emphasize the critical role of stub width in
the overall antenna design process. By systematically varying (Ws) alongside other key
parameters, the antenna can maintain a robust performance across dual-band operations
while effectively supporting the requirements for CP. This fine-tuning approach ultimately
enhances the antenna’s suitability for reliable communication in UAV applications.

48
457

dB (Axial Ratio Value)

0 T
20 X X X 40 45

Figure 9. Axial ratio versus frequency for different values of the parameter Ws.

Changing the Parameter Element arc_r

As shown in Figure 10, the design was simulated for different parametric values of
(arc_r), which represents the diameter of the two added circular arcs. It was observed that
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[A/m]
Max: 35.000

35.000
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28.035
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0.173

Min: 0.173

the AR varies considerably with changes in this parameter. Specifically, when (arc_r) is set
to 3 mm, the AR is finely tuned across the entire established frequency range, demonstrating
effective CP characteristics. Further examination revealed that decreasing the diameter
to values below 3 mm resulted in a sharp increase in the AR, often exceeding the critical
3 dB threshold, thereby compromising the antenna’s polarization performance. Conversely,
increasing the diameter beyond 3 mm led to a broader bandwidth but at the cost of AR
stability, indicating a trade-off that must be carefully managed during the design process.
These findings underscore the significance of the diameter of the added arcs in the overall
antenna design. By systematically adjusting (arc_r) in conjunction with other parameters,
the antenna can achieve a balanced configuration that supports robust dual-band operation
while ensuring effective CP. This careful tuning process ultimately enhances the antenna’s
applicability for reliable communication in UAV environments.

arc_r=5mm

— arc_r=6mm

noarc_r=8mm

dB (Axial Ratio Value)

3.00

2.|5 3.0 3.|5 4.0 4.5 5.0 53
Freq [GHZ]

Figure 10. Axial ratio versus frequency for different values of the parameter arc_r.

The surface current distribution of the final proposed antenna at various frequencies
for both top and bottom sides is shown in Figures 11 and 12. In Figure 11, it can be observed
at 2.4 GHz that a considerable amount of surface current is distributed in the horizontal
rectangular cut on the top side at 2.4 GHz, whereas on the bottom side it is on the upper
side of the ground plane. In Figure 12, the surface current is distributed near the opposite
truncated corners and edges of the centered circular cut on the top side at 5 GHz, whereas
on the bottom side it is on the L-shaped cut.

Jsurf
[A/m]
Max: 35.000

35.000
.31 517
28.035

24.552
21.069

B 17557
16104
10.621
7.138

. 3.656

0.173

Min._0.173

(@) (b)

Figure 11. Current distribution at 2.4 GHz: (a) top side; (b) bottom side.
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Figure 12. Current distribution at 5 GHz: (a) top side; (b) bottom side.

In Figure 13, a 3D radiation pattern at 2.4 GHz and 5 GHz is presented for the designed
antenna, illustrating maximum gains of 5.01 dBi and 5.27 dBi, respectively. These patterns
reveal that the proposed antenna exhibits a commendable azimuthal coverage, indicating
its ability to provide uniform radiation characteristics across the operational spectrum. This
high gain, combined with favorable radiation patterns, suggests that the antenna is well
suited for applications in UAVs where reliable communication is crucial. The high gain
observed at both frequencies indicates that the antenna can effectively transmit and receive
signals over extended distances, making it particularly advantageous for UAV applications
involved in remote sensing, surveillance, and data transmission. Additionally, the ability
to maintain good radiation characteristics in varying orientations enhances the antenna’s
robustness in real-world environments.

RS
0

dB(GanTola)
Thela {deg)
0

Max: 5.27

I’IO
5

P

I-15
-20
Min: -16.69

(a) (b)

Figure 13. Three-dimensional radiation patterns of maximum gains of (a) 5.01 dBi at 2.4 GHz and
(b) 5.27 dBi at 5 GHz.

3. Experimental Validation

To validate the simulation results, a prototype of the proposed antenna was fabricated
based on the optimized parameters listed in Table 1. Figure 14 displays the fabricated

antenna, with dimensions of 40 x 40 x 1.6 mm?

, confirming its compact design. The
reflection coefficient and other performance parameters were measured and evaluated

using an Agilent N5247A network analyzer.
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Figure 14. Manufacture of the proposed antenna: (a) top side; (b) bottom side; (c) measurement setup.

Figure 15 shows the simulated return loss compared with the measurements. It is
clearly shown that there is a good agreement between the simulated and measured results.

= Simulation

= Measurement

-25 1

-30 T T T T
2.0 25 3.0 35 4.0 45 5.0 55 6.0

Freq [GHZ]

Figure 15. Simulated and measured S-parameter.

This correlation reinforces the accuracy of the simulation model and the effectiveness
of the design approach. The simulated frequency bandwidths for 1Sy | < —10 dB were
found to be 124 MHz (from 2.396 to 2.52 GHz) and 470 MHz (from 4.91 to 5.38 GHz), while
the measured frequency bandwidths for 157 | < —10 dB were found to be 210 MHz (from
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2.32 to 2.53 GHz) and 450 MHz (from 4.8 to 5.25 GHz). The measured results validate the
enhancements achieved through the design modifications, such as the incorporation of
truncated corners and stubs, which contribute to improved bandwidth and gain.

Figures 16 and 17 illustrate the simulation and measurement of AR and radiation
patterns for the proposed antenna. The radiation characteristics of the fabricated antenna
were evaluated in an RF anechoic chamber, which provides a controlled environment free
from external interference, ensuring accurate measurement results. From Figure 16, it is
found that the 3 dB ARBW were 13.80% (2.3 to 2.64 GHz) and 2.6% (5 to 5.08 GHz) in
both simulations and measurements. Importantly, the 3 dB ARBW is fully encompassed
within the —10 dB reflection bandwidth, confirming the antenna’s effective operation across
the specified frequency ranges. The normalized radiation patterns, both simulated and
measured, at 2.4 GHz and 5 GHz are presented in Figure 17 for the principal planes: the
x—z (¢ =0") planes and the y — z (¢ = 90") plane. The proposed antenna demonstrates
substantial E-plane radiation directed toward the z direction, indicating its capability for
effective communication in this orientation. Additionally, the radiation patterns at 5 GHz
exhibit an asymmetric distribution, tilting away from the broadside direction, suggesting
that the design features positively influence the antenna’s radiation characteristics.
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Figure 16. Simulated and measured axial ratio versus frequency.
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Figure 17. Simulated and measured radiation patterns at (a) 2.4 GHz (LHCP and RHCP) and
(b) 5 GHz (LHCP and RHCP).

4. Discussion

A comparison of the previous works with the proposed antenna is shown in Table 2.
The antenna presented in [9], operating at WLANSs, achieved CP using a pair of rectangular
slots along the diagonal line, giving gains of 2.51 dBi and 3.51 dBi at 2.4 GHz and 3.51 GHz,
respectively, and an antenna size of 40 x 54 mm?. The antenna mentioned in [10] achieved
dual-band CP using truncated corners with a slant strip line and an L-shaped slot for
WLAN applications, giving gains of 5.01 dBi and 5.27 dBi, respectively, at 2.45 GHz and
5 GHz with a size of 40 x 47 mm?. The antenna developed in [11] achieved CP under
dual-band operation by adding two shaped strips, C and L, which are responsible for the
higher and lower bands; this antenna gave a gain of 7.29 dBi with a size of 50 x 50 m?. The
antenna proposed in [12] used the concept of dual-band based on a two-layer stacked patch
for GPS and WiFi purposes, and the antenna size of 56 x 56 m? gave gains of 4.22 dBi at
1.23 GHz and 2.39 dBi at 2.42 GHz. The antenna discussed in [23], operating at the S-band
with a size of 170 x 170 m?, gave gains of 5.14 dBi at 2.4 GHz and 4.50 dBi at 5.8 GHz. From
Table 2, it can be seen that the proposed antenna provides a higher gain with a relatively
reduced size. It can be concluded that the proposed smaller antenna has good radiation
properties and a simple feeding network.

Table 2. Comparison between the proposed antenna and different structures presented in the literature.

Citation Band Size Gain
1tatio (GHz) mm3 (dBi)
[9] WLAN 40 x 54 x 1.6 4.29 at (2.50 GHz)
- 251 at (2.45 GHz)
[10] WLAN /WiFi 40 x 47 x 1.5 351 2t (5.75 GH2)
[11] Sand C 50 x 50 x 1.6 7.29 at (2.44-7.62 GHz)
. 4.22 at (1.23 GHz)
[12] GPS and WiFi 56 x 56 x 1.6 2.39 at (2.42 GHz)
5.14 at (2.20 GHz)
[23] S 170 x 170 x 1.6 15 at (2.50 GHa)
Proposed Work WiFi 40 x 40 x 1.6 501 at (245 GHz)

5.27 at (5 GHz)
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5. Conclusions

In this paper, a novel dual-band circular polarized microstrip patch antenna for UAV
applications was developed and characterized. The antenna, with compact dimensions of
40 x 40 x 1.6 mm?3, demonstrates effective performance across the WiFi frequency bands of
2.4 GHz and 5 GHz. Key features of the design, including the implementation of truncated
corners and strategically placed stubs, contribute to the antenna’s ability to achieve a low
AR and enhanced bandwidth. Our simulation results indicated a 3 dB ARBW of 13.88% at
2.4 GHz and 2% at 5 GHz, both of which align well with the measured results obtained from
the fabricated prototype. Measurements conducted on a physical realization of the design in
an RF anechoic chamber revealed good agreement with the simulation data, confirming the
antenna’s performance and validating the design approach. The effective radiation patterns
exhibited by the antenna suggest its suitability for reliable communication in dynamic UAV
environments. The findings highlight the importance of precise design parameters, such as
the width of stubs and the diameter of cuts, in optimizing both the AR and gain. Overall,
this research contributes to the advancement of antenna technology for UAVs, providing
a solid foundation for future developments. Further optimization and refinement of the
design could lead to even greater enhancements in performance, potentially extending the
antenna’s applicability to a wider range of wireless communication systems. The current
design focuses on two frequency bands (2.4 GHz and 5 GHz), and expanding this range
to include additional communication standards could enhance versatility. By addressing
these limitations, future research can improve the antenna’s robustness and adaptability
for UAV applications.
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