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ABSTRACT: This paper presents an innovative microstrip patch antenna (MPA) designed and optimized for Ku-band satellite communi-
cations. The proposed design incorporates an asymmetric U-shaped slot and a partial ground plane, constructed using an FR4 substrate
with dimensions of 18 x 16 x 1.6 mm?® (0.416) x 0.37X\ x 0.03), where X is the wavelength at 6.94 GHz). A genetic algorithm is
employed to optimize the U-shaped slot and ground plane dimensions, enhancing the antenna’s wideband performance while preserving
its compact form factor. Simulation results indicate that the optimized design achieves two operational frequency bands with reflection
coefficients (S11) less than —10 dB: a narrowband from 6.83 GHz to 7 GHz, with a resonant frequency of 6.94 GHz, and a wideband from
10.26 GHz to 17.19 GHz, with a resonant frequency of 14.94 GHz. This extensive frequency range enables the antenna to effectively
support direct broadcast services (DBSs) and fixed satellite services (FSS). The design’s effectiveness was confirmed through prototype
fabrication and testing, demonstrating strong agreement with simulated results and proving the antenna’s compactness and exceptional

wideband performance.

1. INTRODUCTION

atellite communications are vital for connecting our planet

with space, enabling long-distance and remote communi-
cation in areas where traditional networks are impractical or
prohibitively expensive. This advanced technology is utilized
for various applications such as global broadcasting, multicas-
ting, weather forecasting, navigation, emergency communica-
tions, and facilitating communication for space and interplan-
etary missions [1,2]. As global connectivity expands, and the
need for real-time data grows, the importance of satellite com-
munications continues to increase.

Antennas are key components in satellite communication
systems that transmit and receive signals over vast distances.
As satellite technology evolves, there is a growing emphasis
on designing compact antennas that integrate seamlessly into
satellites while delivering high performance.

Microstrip Patch Antennas (MPAs) are highly favored for
satellite communication due to their numerous benefits, such
as simple geometry, lightweight construction, compact design,
low profile, and cost efficiency. They are also straightforward
to manufacture and can be adapted for planar and non-planar
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surfaces. However, MPAs are often limited by their narrow
bandwidth [3].

To address these limitations, researchers have investigated
several techniques to enhance the bandwidth of MPAs. These
techniques include incorporating parasitic elements [4, 5], uti-
lizing metamaterials [6], modifying the radiating plane geome-
try [7, 8], and modifying the ground plane [9, 10].

In response to the evolving demands of satellite communica-
tion applications, substantial research and development efforts
are dedicated to developing innovative antenna solutions. Var-
ious designs have been proposed to fulfill the specific needs of
Ku-band satellite systems, focusing on performance optimiza-
tion and reliability enhancement. For instance, in [11], a wide-
band antenna for satellite applications, operating between 12.8
and 15.8 GHz, was presented. This design incorporates etched
slots on the radiating element and a defective ground structure
(DGS) to achieve its broad bandwidth. However, the antenna
has a relatively large size of 40 x 48 x 1.59 mm?. Similarly, [12]
introduced a compact H-shaped patch antenna for Ku-band ap-
plications, offering a broad bandwidth of 4.1553 GHz, spanning
from 11.595 GHz to 15.75 GHz. This design employs an etched
I-slot on the radiating element to achieve its wideband charac-
teristics. Despite its compact design, the antenna’s overall size
is 40 x 40 x 1.6 mm?, which is still relatively large. The antenna
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discussed in [13] utilizes parasitic components in the shape of
adouble L. This design operates across a frequency range from
11.81 GHz to 18.47 GHz, providing a 6.66 GHz bandwidth.
The double L-shaped parasitic elements enhance the antenna’s
bandwidth, but the overall size is 30 x 30 x 1.6 mm?>, which
is considered large. In [14], a compact, dual circularly polar-
ized antenna for the Ku band is designed, covering bandwidths
from 12.3 GHz to 13.2 GHz and from 15.3 GHz to 16.3 GHz.
Its size is 26 x 27 x 1.6 mm?>, which is also relatively large. Fi-
nally, [15] describes an MPA for Ku-band frequencies, offering
a 2 GHz frequency range from 11 GHz to 13 GHz. The design
includes a cap-shaped cut to improve impedance bandwidth.
However, the antenna’s dimensions are 20 x 20 x 1.6 mm?,
which, although compact, is still considered relatively large.

To address the challenge of designing a voluminous antenna,
this paper presents a new method for creating a low-profile,
miniature, wideband MPA. Our approach employs a genetic al-
gorithm (GA) to fine-tune the size of the ground plane and U-
shaped slot, thereby achieving wideband performance without
the need for additional elements. This method effectively mini-
mizes the surface area of the radiating and ground planes while
expanding the bandwidth. While other optimization techniques
such as Particle Swarm Optimization (PSO), Differential Evo-
lution (DE), Simulated Annealing (SA), and Ant Colony Op-
timization (ACO) provide viable alternatives, the Genetic Al-
gorithm (GA) stands out for its efficient global search and fast
convergence to optimal solutions, making it the ideal choice for
antenna design in this study.

The paper introduces a wideband rectangular MPA de-
signed for satellite applications with a frequency spectrum
from 10.26 GHz to 17.28 GHz.  The antenna is printed
on an FR4 epoxy substrate and has overall dimensions of
18 x 16 x 1.6 mm? (0.896\ x 0.797\ x 0.08)). Its small size
and strong performance characteristics make it well-suited for
satellite applications.

This article is divided into six sections. The first section
presents the literature review. Section 2 provides a detailed
explanation of the genetic algorithm. Section 3 details the an-
tenna structure, including its parameters and the genetic algo-
rithm procedure. Section 4 presents the simulated and mea-
sured results and provides a detailed analysis. Section 5 offers
a comparative study, and Section 6 summarizes this study.

2. GENETIC ALGORITHM OVERVIEW

Our strategy uses genetic algorithm (GA), as shown in Fig. 1.
GA is renowned for its strong and random search abilities,
working based on the principles of evolution and natural se-
lection. One of the main strengths of GA is its unique capa-
bility to explore solution spaces without imposing restrictions
during the optimization process. The effectiveness of the al-
gorithm is highlighted by its adaptive nature, using historical
information from previous solution estimates. This innovative
approach enables the GA to improve the performance of future
solution structures, creating a dynamic and self-improving opti-
mization framework [16]. Consequently, the genetic algorithm
is a formidable tool for addressing complex challenges where
traditional optimization methods may face limitations [17, 18].
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FIGURE 1. Genetic algorithm block diagram.

In genetic algorithm optimization, each individual in the pop-
ulation is typically represented as a sequence of bits. The initial
generation is generated randomly to enhance diversity within
the population. The effectiveness of each individual is primar-
ily assessed through the cost function, which evaluates their fit-
ness in the specified context.

When these individuals reproduce, a new generation is cre-
ated. A thorough investigation of the cost function is made
possible by the combination of the crossover and mutation pro-
cesses. The objective is to increase the probability of individ-
uals with higher fitness reproducing, which promotes an iter-
ative process of continuous improvement. This iterative cycle
continues through successive steps until a predefined termina-
tion condition is satisfied, as detailed in the literature [19, 20].
Fig. 1 encapsulates the fundamental aspects of basic genetic al-
gorithm optimizer with a clear block diagram, demonstrating
step-by-step evolution of generations in the quest for optimal
solutions.

The key parameters of genetic algorithms that need careful
consideration include:

* Crossover Type and Crossover Rate: For an optimization
problem, crossover involves exchanging substrings repre-
senting chromosomes, which can be a one-point or two-
point crossover.

* Mutation: Mutation introduces random changes in the
chromosome, altering a gene (bit) to maintain diversity
within the population and prevent premature convergence.

+ Selection Method: Selection methods identify which indi-
viduals within a population will reproduce based on their
fitness. Two widely used methods are Roulette Wheel Se-
lection and Tournament Selection. Each method has its
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own approach to identifying individuals with higher fit-
ness for reproduction.

* Population Size: Population size refers to the number of
chromosomes in each generation. A larger population size
increases calculation time but improves the solution.

* Number of generations: This parameter specifies the num-
ber of iterations for the genetic algorithm (GA) before it
meets the stopping criterion. It is crucial in determining
the duration and thoroughness of the algorithm’s explo-
ration and refinement process.

3. DESIGN METHODOLOGY AND ANTENNA PARAM-
ETERS

A microstrip patch antenna (MPA) is simple, low profile, small,
economical, lightweight, and adaptable for both flat and non-
flat surfaces. Its fundamental shapes can include a rectangle, a
circle, a square, an ellipse, a triangle, a loop, a polygon, or any
combination of these shapes to meet specific design require-
ments [21].

This section describes the design process for the MPA. The
process starts by selecting the shape of the antenna and defining
its parameters. A rectangle-shaped MPA is chosen to achieve
optimal antenna properties. The design is specifically tailored
for operation within the Ku-band, covering the spectrum from
10.5 GHz to 14.5 GHz.

The design process starts with an FR4 epoxy substrate with
a thickness of 1.6 mm and a dielectric constant of 4.4. This
relative permittivity reduces antenna size by lowering the res-
onant frequency, which is advantageous for compact designs.
However, it can also narrow the bandwidth and increase dielec-
tric losses, potentially reducing efficiency. FR4 is favored for
its low cost and simple fabrication. Copper, with a thickness
(ht) of 0.035 mm, is used for the ground plane and radiating
element.

To connect the microstrip transmission line to the radiating
element, an inset feed is utilized to maximize the return loss
and ensure the best matching between the microstrip feed line
and radiating element. Once we determine these initial design
parameters, we will utilize the formulas provided in the cited lit-
erature [22, 23] to calculate the remaining physical dimensions
of the preliminary antenna.

3.1. The Theoretical Development

This section provides an overview of the mathematical mod-
els utilized to estimate the initial dimensions of the rectangular
MPA, as mentioned in [18,23]. Our first step involves calcu-
lating the dimensions of the radiating patch.

Our study focuses on an MPA with a rectangular patch char-
acterized by its length (L) and width (1W). The patch’s width
can be estimated by [3,24]:

o 2
2fr Ver+1

where f,. represents the resonant frequency, 9 the light veloc-
ity in free space (3 x 10® m/s), and ¢, the dielectric constant of

W= (1)
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the substrate. The patch length is defined through the equation
below:

L:L,QAL

2f 4/ Erejf
Here, L suggests the patch length, and ¢, signifies the effec-
tive permittivity, determined by the equation:

e+l e —1 h\ 2

Substrate thickness is denoted by h. Due to the fringing effect
at the edges of the patch, the antenna’s electrical dimension ex-
ceeds its physical dimension. Consequently, the estimated nor-
malized extension of the patch length AL is as follows:

2

A3)

(Y 4 0.264)(g,e5 + 0.3)

AL = 0.412h
(Y + 0.813)(g,e5 — 0.258)

“4)

Using the provided models, the basic antenna design was de-
veloped. Table 1 presents the antenna’s parametric dimensions,
expressed in millimeters.

TABLE 1. Basic antenna parameters.

Design Dimensions .
) Details
Parameters (in mm)
Wub 18 Substrate width
Lsup 16 Substrate length
Wy 18 Ground width
Ly 16 Ground length
Wp 11 Patch width
L, 7 Patch length
Wy 0.7 Feed line width
Ly 5 Feed line length
H 1.6 Substrate Thickness
I 0.035 Ground and patch thickness

3.2. Proposed Antenna Design

In this subsection, we present a new design for rectangular
MPA. This design integrates partial ground plane and a cen-
trally placed asymmetric U-shaped slot. The antenna is opti-
mized using genetic algorithm and has an overall dimension of
18 x 16 x 1.6 mm3. The design aims to develop an antenna
suitable for the Ku-band frequency range, specifically between
10.5 GHz and 14.5 GHz, while maintaining a compact form fac-
tor.

To achieve this, genetic algorithm is used to fine-tune the
ground plane length and U-shaped slot dimensions through an
iterative optimization process based on the fitness function.
The goal is to create an antenna design suitable for satellite
applications, departing from the traditional rectangular patch
antenna.

The antenna design was simulated using High-Frequency
Simulator Software (HFSS), with optimization carried out
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via genetic algorithm integrated into the HFSS environment
through MATLAB. HFSS was chosen for its high precision,
robustness, and finite element method (FEM) simulation
capabilities, making it ideal for antenna design and genetic
algorithm (GA) optimization. The model assumes ideal condi-
tions, excluding factors such as fabrication tolerances, material
variations, and environmental influences. Despite these
limitations, HFSS effectively predicts antenna performance.

To validate the design, a prototype was constructed, and its
performance was compared with simulation and measurement
results.

Figure 2 showcases the constructed antenna, which is de-
signed on an FR4 epoxy substrate with a thickness of 1.6 mm, a
relative permittivity of 4.4, and a loss factor of 0.02. The struc-
ture comprises a rectangular radiating patch featuring a cen-
trally positioned asymmetric U-shaped slot, along with a par-
tially grounded plane.

18mm

(a) (b)

LgO

18mm

©)

E
£
-

11mm

7mm

0.7mm

FIGURE 2. Suggested antenna design. (a) Design geometry, (b) front
side and (c) back side.

3.3. Antenna Evolution

The design process for the antenna involves three stages, with
the antenna size remaining constant throughout. However, the
ground plane size evolves as depicted in Fig. 3. In the first
stage, mathematical models were used to design a conven-
tional rectangular patch antenna design, having dimensions of
18 x 16 x 1.6 mm? (0.416\ x 0.37X x 0.03), where ) is the
wavelength at 6.94 GHz), built on an FR4 epoxy substrate cho-
sen for its low cost and ease of fabrication. The radiating patch
is rectangular, excited through a microstrip line, and supported
by a full ground plane, as illustrated in Fig. 3(a).

In the second stage, depicted in Fig. 3(b), a symmetrical U-
shaped slot was introduced at the center of the patch to improve
the bandwidth. In the third stage, genetic algorithm is applied
to optimize the design by adjusting the slot size and shortening
the ground plane. The symmetrical U-shaped slot transforms
into an asymmetric U-shaped slot, where one arm of the slot is
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smaller and the other larger, as illustrated in Fig. 3(c). Addition-
ally, the ground plane is modified from a full to a partial con-
figuration, which further enhances the antenna’s performance.
This optimization is performed to attain the desired frequency
band, as demonstrated in Fig. 4. The combination of the par-
tial ground plane and asymmetric U-shaped slot effectively en-
hances the antenna’s bandwidth.

Figure 4 compares the simulated reflection coefficients for
the initial and proposed antennas. The initial antenna res-
onates around 8.64 GHz, with a reflection coefficient (S11)
around —16.37 dB and exhibits a narrow bandwidth, limiting
its operational capabilities. In contrast, the proposed antenna
significantly improves performance, achieving a wide band-
width from 10.26 GHz to 17.19 GHz. It exhibits resonance fre-
quencies at 14.94 GHz, as well as an additional resonance at
6.94 GHz. The figure clearly illustrates that adding an asym-
metric U-shaped slot and modifying the ground plane effec-
tively improve the antenna’s bandwidth.

3.4. Genetic Algorithm Procedure

Our design objective is to attain an S7; of at least —10 dB within
the frequency bands from 10.5 to 14.5 GHz. To achieve this, we
defined the fitness function 7, which is maximized during the
search to find the most optimal solution, as follows:

r= |25 e ©
with
~f Su(fi) for Sii(fi) > —10dB
QW—{ "10dB for Su(f) < —10dB

In the given equation, f; represents the i-th sampling frequency
in the range 10.5-14.5 GHz, N the quantity of samples col-
lected, and S41 the coefficient of reflection.

The fitness function 7" is established to reflect an impedance
bandwidth below —10 dB across the specified frequency range.
To optimize this function 7', as detailed in Equation (5), a new
function G is introduced, which needs to be minimized using
the genetic algorithm, such as:

1

“iET ©

The iteration process concludes when the value of G reaches its
minimum.

Our optimization approach uses the genetic algorithm to find
the optimal parameters for improving antenna performance.
There are a total of seven parameters: “Lg,”, “a”, “b”, “c”, “d”,
“e”, and “f”, where L, represents the length of the ground
plane, while “a”, “b”, “c”, “d”, “e”, and “ f” define the geomet-
ric dimensions of the U-shaped slot etched into the patch.

In our design, the optimization procedure consists of several
steps illustrated in Fig. 5.

First, an initial population is created randomly. Then, the
HFSS software generates and solves a model, with the calcu-
lated (S11) parameters automatically retrieved from the main
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FIGURE 3. Antenna evolution. (a) Stage 1, (b) Stage 2, (c) Stage 3.
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FIGURE 4. Simulated reflection coefficients of both initial and pro-
posed antennas.

Matlab function. The fitness function then evaluates the mag-
nitude of S1;. In the next step, genetic algorithm (GA) opti-
mization is applied, and the fitness function is evaluated. If
the stopping criterion is met, the process stops; otherwise, it
proceeds to the next step. After optimizing the selection of in-
dividuals, mutation and crossover are performed. This process
continues until the fitness value converges.

The genetic algorithm used to obtain this solution was de-
fined by the following parameters:

* Population size: 30.

* Number of generations: 50.
+ Selection: Roulette method.
* Crossover: two points.

Table 2 details the U-shaped slot dimensions and the length
of the ground plane, which were optimized using the GA to
achieve improved bandwidth performance. With these opti-
mized dimensions, the surface area of the patch was reduced
by approximately 71.43%, while the size of the ground plane
was minimized by 51.25%.

Figure 6 presents the convergence curve, illustrating the op-
timization process of the genetic algorithm. The blue line rep-
resents the best fitness per generation, while the red dashed
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FIGURE 5. Schematic illustration of the adopted Genetic Algorithm.

TABLE 2. Optimized dimensions for the U-shaped slot and the ground

plane length.
Design Parameters | Dimensions (in mm)
A 4.63
B 6.43
C 5.68
D 1.62
E 1.23
F 1.94
Lgo 8.20

line indicates the population’s mean fitness. The best fitness
improves rapidly in the early generations and stabilizes as the
algorithm converges, while the mean fitness follows a simi-
lar trend, reflecting the overall improvement of the population.
This demonstrates the algorithm’s efficiency in exploring the
search space and converging to an optimal solution within a
reasonable number of generations.
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FIGURE 6. Convergence curve of the genetic algorithm.
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FIGURE 7. Comparison of the simulated S11 for the proposed antenna
using HFSS and CST.

(b)

FIGURE 8. Fabricated antenna design: (a) front side and (b) back side.

4. RESULTS AND DISCUSSION

This section concentrates on evaluating the performance of
the proposed antenna by analyzing key parameters, includ-
ing reflection coefficient (S11), voltage standing wave ratio
(VSWR), gain, efficiency, and radiation pattern.

4.1. Reflection Coefficient

CST MWS simulators were used to validate the reflection co-
efficient results from ANSYS HFSS. As shown in Fig. 7, the
reflection coefficients from both simulators exhibit consistent
variations. The strong agreement between the results confirms
the accuracy of the simulations and reinforces the reliability of
the proposed design.

As depicted in Fig. 7, the antenna operates across two distinct
frequency bands where the reflection coefficient (S11) remains
below —10dB. The first frequency band spans from 6.83 GHz
to 7 GHz, with a resonance observed at 6.94 GHz. The sec-
ond band is a wideband covering 6.93 GHz, from 10.26 GHz
to 17.19 GHz, with a resonant frequency of 14.94 GHz. This
makes the proposed antenna suitable for direct broadcast ser-
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vices (DBSs) and fixed satellite services (FSSs). Specifically,
it can handle FSS frequencies from 14 to 14.5 GHz (transmis-
sion) and from 12.2 to 12.7 GHz (reception), as well as DBS
frequencies from 11.7 to 12.2 GHz (reception).
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FIGURE 9. Simulated and measured reflection coefficients.
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FIGURE 12. Normalized radiation pattern: (a) 2D Illustration and (b) 3D Illustration.

The proposed antenna model was fabricated on an FR4-
epoxy substrate, as illustrated in Fig. 8. It was evaluated using a
Vector Network Analyzer 3656D, with a frequency range from
300 KHz to 20 GHz. The effectiveness of the proposed antenna
was validated by comparing the prototype’s performance with
the simulation results.

Figure 9 shows that the measured S1; for the prototyped an-
tenna exhibits two distinct bands: the first covers 1.93 GHz,
ranging from 4.71 GHz to 6.64 GHz, and the second is a wide
band spanning 10.41 GHz, from 8.92 GHz to 19.33 GHz. These
measured results align with the simulated ones, demonstrating

57

strong agreement. Although minor differences exist between
the measured and simulated results, they can be attributed
to fabrication imperfections, material property variations, and
measurement uncertainties.

4.2. Voltage Standing Wave Ratio (VSWR)

The VSWR should ideally be less than 2 for the operating
bandwidth [3]. Fig. 10 illustrates both the simulated and mea-
sured VSWRs of the proposed antenna. As seen, the simulated
VSWR is less than 2 across the satellite band (from 10.26 GHz
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TABLE 3. Comprehensive and detailed comparison of the antenna design’s performance against previous research.

Antenna Substrate Operating Band Resonant L
Ref. Year . 3 . . Applications
size (mm®) material band (GHz) width (GHz) frequency (GHz)
11.4-12.98 1.58 12.25
[25] 2020 20 x 20 x 1.6 FR-4 14.21-14.86 0.65 14.16 Ku-Band
17.41-18.98 1.57 17.50
[11] 2021 | 40 x 48 x 1.59 FR-4 12.8-15.83 3.03 14 Ku-Band
[26] 2021 30 x 30 x 1.6 FR-4 13.6-18.56 4.96 14.5 Ku-Band
[12] 2021 40 x 40 x 1.6 FR-4 11.595-15.75 4.1553 12.54 Ku-Band
11.0-11.5 0.5 11.36
[27] 2022 20 x 20 x 1.6 FR-4 11.8-12.3 0.5 12.14 X and Ku-band
13.0-14.3 1.3 134
[28] 2023 34 x 35 x 1.6 FR-4 13.6-18.56 24 14 Ku-Band
12.2-13.5 1.3 12.7
[14] 2023 27 x 26 x 1.6 FR-4 Ku-Band
14.8-16.4 1.6 15.6
12.5-14.9 24 12.9
[29] 2023 20 x 20 x 1.6 FR-4 Ku-Band
16.0-19.3 33 17.1
Rodgers
[4] 2024 | 40 x 40 x 0.508 15.16-17.16 2 16 Ku-Band
RT5880
[30] 2024 | 25 x 25 x 1.635 FR-4 16.31-17.18 0.867 16.694 Ku-Band
[15] 2024 20 x 20 x 1.6 FR-4 11.25-13.6 2.35 12.62 Ku-band
6.83-7 0.17 6.94
Proposed | 2025 18 x 16 x 1.6 FR-4 X and Ku-Band
10.26-17.19 6.91 14.94

to 17.19 GHz), reflecting the high efficiency of the simulated
microstrip patch antenna. This simulated result is in good
agreement with the measured ones, confirming the antenna’s
effective performance.

4.3. Gain and Efficiency

Figure 11 displays the simulated gain and radiation efficiency
of the antenna. We remark that the gain rises across the opera-
tional frequency range from 10.26 GHz to 17.19 GHz, achiev-
ing a maximum value of 4dB. This result indicates that the
proposed antenna design provides good gain across its oper-
ational band. Additionally, the radiation efficiency is between
75% and 84%, reflecting effective radiation across the entire
frequency range.

4.4. Radiation Pattern

The 2D normalized radiation patterns for the far-field region
were evaluated in two principal cut-planes: X Z-plane (¢ =
0°) and Y Z-plane (¢ = 90°), corresponding to H-plane and
E-plane, respectively. These patterns were analyzed at its two
primary resonance frequencies of 14.94 GHz and 6.94 GHz as
illustrated in Fig. 12(a). The corresponding 3D radiation pattern
is presented in Fig. 12(b). The proposed antenna demonstrates
a bidirectional radiation pattern with a peak gain of 4.82 dB at
14.94 GHz, whereas at 6.94 GHz, it exhibits an omnidirectional
radiation pattern with a peak gain of 2.2 dB.
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5. COMPARATIVE STUDY

Table 3 presents a performance comparison between the pro-
posed antenna design and various Ku-band antennas proposed
in the literature. Compared to other published designs, the
proposed antenna offers notable advantages, including a wide
bandwidth (from 10.26 GHz to 17.19 GHz), compact size, good
radiation level, and good gain. The proposed work introduces a
novel approach to enhancing the bandwidth of microstrip patch
antenna without increasing its volume. These exceptional char-
acteristics make the antenna particularly suitable for Ku-band
satellite applications.

6. CONCLUSION

This article introduces the design of a compact, high-efficiency
wideband microstrip patch antenna optimized for satellite ap-
plications. The proposed antenna incorporates an asymmetric
U-shaped slot and a partial ground plane, with a genetic al-
gorithm used to fine-tune their dimensions and enhance band-
width while maintaining a compact form factor. With dimen-
sions of 18 x 16 x 1.6 mm?® and being fabricated on an FR-4
epoxy substrate, the antenna offers a cost-effective and manu-
facturable solution for modern satellite systems. The measured
results indicate that the optimization successfully expands the
bandwidth of the proposed antenna without increasing the an-
tenna’s physical volume, achieving dual-band operation from
4.71 GHz to 6.64 GHz (1.93 GHz bandwidth) and 8.92 GHz to
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19.33 GHz (10.41 GHz bandwidth), with a maximum gain of
4 dB. These results highlight the antenna’s effectiveness and
suitability for fixed satellite services (FSSs) and direct broad-
cast services (DBSs), demonstrating an optimal balance be-
tween size, bandwidth, and efficiency. The successful appli-
cation of genetic algorithm-based optimization underscores its
potential for enhancing antenna performance without increas-
ing design complexity. Future research could explore advanced
low-loss substrates, alternative feeding techniques, and multi-
objective optimization to further improve gain, polarization pu-
rity, and radiation efficiency.
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