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Abstract

In recent decades, wireless communication has advanced significantly. People increasingly rely on the
Internet of Things, cloud computing, and big data analytics. These services require higher data rates, faster
transmission and reception times, greater coverage, and increased throughput. 5G technology supports all
of these features. Antennas, essential components of modern wireless devices, must be designed to meet
the growing demand for fast and intelligent products. This study aims to optimize the dimensions and
characteristics of a rectangular patch antenna. To examine the impact of independent variables (such as
patch length, patch width, inset slot length, and inset slot width) on the response variables (return loss and
resonant frequency), Response Surface Methodology (RSM) combined with Central Composite Design (CCD)
was applied. The findings of the RSM analysis indicated that the experimental data were best represented by
a quadratic polynomial model, with regression coefficients exceeding 0.970 for all responses. The optimized
parameters identified are as follows: a patch length of 4.7 mm, a patch width of 4.7 mm, an inset slot length of
0.8 mm, and an inset slot width of 1.0 mm. The antenna designed using these optimized parameters achieved
a target return loss of −45.865 dB at a frequency of 28.122 GHz. Finally, the results were validated using CST
Studio Suite, which demonstrated good agreement with the experimental data.
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1. Introduction
Wireless systems have experienced significant advance-
ments over the years. The antenna is central to every
wireless communication system, a crucial element that
facilitates the transmission and reception of data via
electromagnetic waves. With the continuous evolution
of communication technology, the adoption and uti-
lization of wireless devices have expanded consider-
ably. Consequently, future generations of wireless com-
munication systems are expected to offer even higher
data rates and enhanced capacities, with the antenna
remaining an indispensable component for efficient
data exchange. Microstrip patch antennas play a vital

∗Corresponding author. Email: ngocttb@vaa.edu.vn

role in wireless communication. They consist of a
dielectric substrate, a ground plane, and a thin metal-
lic patch usually made of copper or gold. The patch
is separated from the ground plane by the dielectric
substrate. Commonly called "patch antennas," they are
well-known for their flat and compact design [1–3].
These antennas generally consist of a metallic patch
or conductor printed on a dielectric substrate and
may include a ground plane depending on the design
[4]. Patch antennas come in various shapes, including
circular, rectangular, square, elliptical, triangular, and
dipole designs. Circular and rectangular microstrip
antennas are the most widely used, especially in devel-
oping 5G applications [4]. These antennas operate by
transmitting and receiving information through radio
waves. Microstrip patch antennas offer advantages over
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traditional antennas, such as being lightweight, cost-
effective, foldable, and easy to manufacture. They sup-
port multiple frequency operations and often outper-
form conventional antennas in terms of efficiency and
versatility. Consequently, they are extensively used in
telecommunications, including mobile phones, defense
systems, and wireless wearable devices. Despite their
many benefits, microstrip antennas face limitations,
such as narrow bandwidth and low radiation efficiency
[4].

Antenna design is inherently a multi-objective chal-
lenge, requiring the simultaneous consideration of sev-
eral often conflicting criteria. While the primary focus
is typically on optimizing reflection [5], other critical
factors include gain [6, 7], radiation pattern [8], and
size, which is particularly important for specific appli-
cations [9, 10]. Despite this complexity, most antenna
design problems are treated as single-objective tasks
in the optimization field. Typically, only one objec-
tive—most commonly the reflection characteristics—is
directly optimized, while other criteria are managed
through the use of constraints or penalty functions
[10]. To increase the efficiency of antenna design, exten-
sive research has been conducted on antenna synthesis
and design optimization. Patch antennas can be tai-
lored to function across a wide frequency spectrum,
ranging from microwave to millimeter-wave bands,
by simply adjusting their physical dimensions. This
flexibility enables them to accommodate the varying
frequency requirements of numerous wireless stan-
dards and applications [11]. Additionally, their fabri-
cation benefits from well-established Printed Circuit
Board (PCB) manufacturing techniques, ensuring a
cost-efficient and scalable production process [12, 13].
In [14], the authors introduced a patch antenna design
method utilizing two evolutionary optimization tech-
niques: Central Force Optimization (CFO) and Differ-
ential Evolution (DE). CFO is a recently developed
deterministic evolutionary algorithm (EA) inspired by
gravitational kinematics, while DE is a population-
based evolutionary optimization algorithm that relies
on mutation and crossover operations. These optimiza-
tion methods offer a powerful approach to antenna
design, allowing engineers to achieve specific perfor-
mance criteria without relying on a labor-intensive
trial-and-error process.

The Design of Experiments (DoE) method is a
structured, statistical approach used to identify the
relationships between factors that influence a process
and the resulting output [15]. Response Surface
Methodology (RSM) is design technique for modeling
that aims to optimize the levels of independent
variables. The RSM is a subset of DoE that focuses
on modeling and optimizing a response affected by
multiple variables. A widely used design within RSM
generates data to build accurate quadratic models.

Designing a patch antenna requires defining its
geometric parameters, including the patch dimensions
and feed position, to achieve an optimal configuration
that satisfies specific performance criteria. A trial-
and-error approach alone can be inefficient and may
not lead to the best possible design. Therefore,
utilizing advanced optimization techniques enables
designers to develop high-performance antennas more
efficiently and effectively. The RSM optimizes the
design of patch antennas by minimizing the need
for extensive simulations and experiments. This
objective is achieved through structured experimental
designs, such as Central Composite Design (CCD)
and Box-Behnken Design (BBD), among others. In
this study, we specifically select CCD. As a key
method in RSM, CCD is the most popular class of
designs needed for fitting a second-order (quadratic)
model. This second-order polynomial model effectively
captures nonlinear interactions between variables,
thereby enhancing performance optimization while
reducing computational costs. Additionally, the RSM
helps identify the optimal configurations to maximize
bandwidth and minimize return loss, making it a
valuable tool for improving antenna efficiency in
wireless communication and radar applications.

The authors in [16] explore the integration of DoE
and RSM to optimize the performance of microstrip
patch antennas. Their approach is shown to be more
efficient than traditional electromagnetic simulation
methods. Meanwhile, to enhance impedance bandwidth
and operational frequencies for 5G applications, RSM
is utilized to optimize the geometric parameters of
a pi-slotted rectangular microstrip patch antenna [9].
Additionally, the authors in [17] examined the use of
RSM to assess the impact of design factors on antenna
responses, which aids in optimizing a multiband
reconfigurable antenna. Furthermore, another study
applies RSM to predict the performance characteristics
of a double elliptical microstrip patch antenna designed
for radiolocation systems [18]. This method enables
accurate predictions of critical parameters such as
bandwidth, gain, and radiation patterns.

This study presents a DoE approach, specifically
CCD-RSM, to enhance the efficiency of antenna
optimization. The key layout parameters of the patch
antenna are analyzed using RSM to optimize its return
loss at resonant frequency of 28 GHz band. The
results demonstrate that employing DoE to estimate
and enhance antenna performance is more effective
than relying solely on computer simulation technology
(CST) simulation tools. An antenna optimized through
the DoE method was tested, and the simulated results
showed a directivity of 5.58 dBi and a return loss of
−45.865 at a resonant frequency of 28.122 GHz.

This paper is organized as follows: Section 2 and
Section 3 provide a comprehensive overview of the

2
EAI Endorsed Transactions 

on Industrial Networks and Intelligent Systems 
| Volume 12 | Issue 3 | 2025 |



Return Loss Optimization in Rectangular Microstrip Patch Antennas Using Response Surface Methodology (RSM) for 5G Applications

structure and methods employed in the antenna design.
4 presents the simulation results and examines their
implications. Finally, Section 5 summarizes the main
conclusions drawn from the study.

2. Antenna Structure
The efficiency of a microstrip patch antenna is mainly
affected by its geometric configuration, structural
dimensions, and the material properties used in
its construction. In this study, a rectangular patch
was chosen because it is easy to fabricate and
analyze. Furthermore, its broader shape offers a
wider impedance bandwidth compared to other types
of antennas, which improves overall performance.
The preliminary design parameters of the radiating
element feature a rectangular patch, with its physical
dimensions (length and width) determined using the
transmission-line model antenna design equations [4,
19]. Fig. 1 illustrates the geometric configuration of
the rectangular microstrip patch antenna. The proposed
antenna consists of a rectangular radiating patch
element with two insets, a ground plane, a substrate,
and a feeding component. The radiating element
and ground plane, represented as Perfect Electric
Conductors (PECs), are positioned on the top and
bottom sides of the substrate, respectively. Moreover,
FR-4 has been selected as a dielectric substrate material
having a thickness of 0.2 mm, dielectric constant (ϵr )
of 4.3, and tangent loss of 0.0009. A radiating copper
metal thickness of 0.02 mm to function at 28 GHz
center frequency has been used.

Figure 1. The physical configuration of the projected rectangular
microstrip antenna.

The model also incorporates a waveguide port for
excitation. The dimensions of the microstrip feed line
are calculated using the formula in [4, 19]. The original
rectangular patch is modified by inserting slots, which
are etched to enhance return loss and improve antenna
radiation characteristics. In this paper, the primary

goal is to minimize the reflection coefficient at the 28
GHz band. This focus allows for further parametric
studies and optimizations aimed at enhancing the
antenna’s return loss performance. To simplify, the list
of notations used throughout this paper is presented in
Table 1.

Table 1. The compilation of symbols and their definitions

Notation Meaning Notation Meaning

hg Ground thickness PL Patch length
SW Substrate width hp Patch thickness
SL Substrate length Wf Feedline width
hs Substrate thickness InL Inset slot length
PW Patch width InW Inset slot width

3. Design of Experiments
Patch antennas require careful tuning of various
parameters to achieve desired performance metrics,
including return loss, gain, bandwidth, efficiency and
radiation pattern. RSM is a statistical and mathematical
tool for the systematic modeling and optimization
of complicated systems. It facilitates the study of
the design area by establishing correlations between
design parameters (for example, substrate thickness,
patch dimensions, and feed position) and performance
responses.

Initially, key variables that influence the system
are identified, including patch width, patch length,
inset slot width, and inset slot length. Suitable initial
values are then selected for the experiment. The main
effects and lower-order interactions typically influence
the responses, making a two-factor interaction model
appropriate for this analysis. The Rotatable CCD-RSM
is utilized, focusing on four key independent variables
that significantly impact the experimental outcomes.
The corresponding performance measures, referred to
as responses, are then analyzed.

The objective of this study is to minimize the return
loss value (Y) at a specific 28 GHz frequency band.
Patch length (A), patch width (B), inset slot length (C),
and inset slot width (D) were chosen as independent
variables to optimize the circumstances for attaining
the lowest return loss value since they have a substantial
influence on the outcomes. Under the condition that
other parameters of the patch antenna are fixed: hg =
hs = hp = 0.2 mm, SW = SL = 6 mm, Wf = 0.6 mm.

The total number of experiments conducted was
determined by the formula N = 2k + nc + 2k, where
k represents the number of independent variables,
nc is center point experiments and 2k denotes the
additional experiments at the star points [15, 20]. In this
work, k = 4;nc = 5. Thus, a total of N = 29 experiments
were performed with 16 factorial design experiments,
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along with 5 center point experiments to evaluate the
error, and 8 additional experiments at the star points,
located at a distance of α = (2k)1/4 = 2 from the center
experimental point. This information is summarized in
Table 2.

Table 2. Independent variables and their corresponding levels

Independent variable Symbol Coded levels
−α -1 0 +1 +α

Patch length X1 4.5 4.6 4.7 4.8 4.9
Patch width X2 4.5 4.6 4.7 4.8 4.9
Inset slot length X3 0.7 0.75 0.8 0.85 0.9
Inset slot width X4 0.9 0.95 1 1.05 1.1

The experimental design centers on the following
parameters: a patch length (PL) of 4.7 mm, a patch
width (PW) of 4.7 mm, an inset slot length (InL) of
0.8 mm, and an inset slot width (InW) of 1 mm. Based
on the preliminary analysis of these parameters, the
return loss and resonant frequency are anticipated to
exhibit optimal performance characteristics, aligning
with expected values.

Table 3. CCD design of experiments.

Std Run A:PL B:PW C:InL D:InW
(mm) (mm) (mm) (mm)

1 25 4.6 4.6 0.75 0.95
2 18 4.8 4.6 0.75 0.95
3 11 4.6 4.8 0.75 0.95
4 5 4.8 4.8 0.75 0.95
5 24 4.6 4.6 0.85 0.95
6 29 4.8 4.6 0.85 0.95
7 17 4.6 4.8 0.85 0.95
8 21 4.8 4.8 0.85 0.95
9 6 4.6 4.6 0.75 1.05
10 1 4.8 4.6 0.75 1.05
11 26 4.6 4.8 0.75 1.05
12 14 4.8 4.8 0.75 1.05
13 22 4.6 4.6 0.85 1.05
14 7 4.8 4.6 0.85 1.05
15 3 4.6 4.8 0.85 1.05
16 12 4.8 4.8 0.85 1.05
17 23 4.5 4.7 0.8 1
18 27 4.9 4.7 0.8 1
19 28 4.7 4.5 0.8 1
20 16 4.7 4.9 0.8 1
21 10 4.7 4.7 0.7 1
22 15 4.7 4.7 0.9 1
23 19 4.7 4.7 0.8 0.9
24 20 4.7 4.7 0.8 1.1
25 2 4.7 4.7 0.8 1
26 8 4.7 4.7 0.8 1
27 4 4.7 4.7 0.8 1
28 9 4.7 4.7 0.8 1
29 13 4.7 4.7 0.8 1

In this regard, the DoE method is used to perform
statistical analysis to obtain the response-surface
model, which relates coded variables and can be used
experimentally to obtain the responses.

The model used to predict the value of the objective
function (Y) is expressed as follows [15]:

Y = β0 +
k∑

i=1

βixi +
k∑

i=1

βiix
2
i +

k∑
i<j

∑
βijxixj + ϵ (1)

where xj and xi are design or independent variables
(e.g., patch length, patch width, inset slot length, inset
slot width). β0 is constant or model coefficient, βi ,
βii and βij are coefficients for the linear, quadratic,
and interaction effects, respectively. k is the number of
independent variables and ϵ is the model error [15].

Design-Expert software was used to execute the
experimental design using RSM. To obtain the response
values, such as return loss (RL) and resonant frequency
(F), CST Studio Suite 2018 software is used for
simulation with the antenna dimensions specified in
Table 3. To minimize potential errors related to the
simulation and experimental procedures, the sequence
of experimental runs is determined randomly.

The model’s fitness is evaluated using results
from Analysis of Variance (ANOVA) and residual
analysis. These analyses apply model adjustments
that improve convergence speed and accuracy. After
creating a well-fitted model, parameters are tuned
using a limited numerical technique to obtain the
required performance. Finally, simulations with the
electromagnetic solver CST Studio Suite 2018 confirm
the enhanced antenna’s performance.

4. Results and Discussion
4.1. CCD-RSM experimental model utilizing Design
Expert software
The ANOVA results in Tables 4 and 5 show that
quadratic models accurately represented the experi-
mental data. They were also evident that the factors sig-
nificantly influenced the objective function. A smaller
p-value and a larger F-value indicate a highly signifi-
cant effect of any term on the response variable.

The model F-values of 53.91 (for return loss) and
2863.01 (for resonant frequency) indicate that the
models are significant, with only a 5% chance that
such large F-values could result from random error.
Additionally, p-values of less than 0.05 confirm the
models’ significance. Specifically, the factors had a
significant influence on the models. In contrast, factors
with p-values greater than 0.05 do not significantly
impact the models. The F-values of 4.94 (for return loss)
and 0.8142 (for resonant frequency) demonstrated that
the Lacks of Fit are suitable and did not significantly
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Table 4. ANOVA analysis of the variables affecting the return loss function

Source Sum of Squares df Mean Square F-value p-value

Model 2641.91 12 220.16 53.91 < 0.0001 significant
A-PL 1.74 1 1.74 0.4258 0.5233
B-PW 11.40 1 11.40 2.79 0.1143
C-InL 3.59 1 3.59 0.8783 0.3626
D-InW 16.17 1 16.17 3.96 0.0640
AB 58.62 1 58.62 14.35 0.0016
AC 155.43 1 155.43 38.06 < 0.0001
BD 160.76 1 160.76 39.36 < 0.0001
CD 21.54 1 21.54 5.28 0.0355
A2 922.85 1 922.85 225.98 < 0.0001
B2 934.57 1 934.57 228.85 < 0.0001
C2 820.08 1 820.08 200.81 < 0.0001
D2 786.56 1 786.56 192.60 < 0.0001

Residual 65.34 16 4.08
Lack of Fit 61.21 12 5.10 4.94 0.0679 not significant
Pure Error 4.13 4 1.03

Cor Total 2707.25 28

Table 5. ANOVA analysis of the variables affecting the frequency function

Source Sum of Squares df Mean Square F-value p-value

Model 3.78 9 0.4197 2863.01 < 0.0001 significant
A-PL 0.4483 1 0.4483 3057.76 < 0.0001
B-PW 3.14 1 3.14 21413.87 < 0.0001
C-InL 0.1014 1 0.1014 691.68 < 0.0001
D-InW 0.0726 1 0.0726 495.23 < 0.0001
AB 0.0081 1 0.0081 55.25 < 0.0001
AD 0.0025 1 0.0025 17.05 0.0006
BD 0.0009 1 0.0009 6.14 0.0228
A2 0.0031 1 0.0031 21.44 0.0002
B2 0.0018 1 0.0018 12.57 0.0022

Residual 0.0028 19 0.0001
Lack of Fit 0.0021 15 0.0001 0.8142 0.6595 not significant
Pure Error 0.0007 4 0.0002

Cor Total 3.78 28

influence the models when compared to pure errors,
indicating the models’ statistical accuracy [15].

To evaluate the models’ predictive performance,
we used the optimized return loss and frequency
parameters, which were validated by simulating return
loss and frequency under optimized conditions.

The regression coded equations for each response
variable, formulated using response surface methodol-
ogy, are detailed below.

RL = −44.8516 − 0.269167A + 0.689083B

− 0.386583C − 0.820917D − 1.91413AB

+ 3.11675AC − 3.16975BD + 1.16037CD

+ 5.96392A2 + 6.00167B2

+ 5.62205C2 + 5.50592D2

(2)

F = 28.1285 − 0.136667A − 0.361667B

− 0.065C − 0.055D + 0.0225AB + 0.0125AD

− 0.0075BD − 0.0106705A2 − 0.00817045B2

(3)
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ANOVA results revealed that the experimental data
could be represented well with a quadratic polynomial
model with a coefficient of determination (R2) values
for return loss (RL), and resonating frequency (F) being
0.9759 and 0.9993, respectively. If the value of R2 is
close to one, it indicates a better fit of the model to the
actual data. Conversely, lower values of R2 suggest that
the response variables are not suitable for explaining
the variation in behavior [15].

4.2. Response surface analysis
Figures 2a, 2b, and 2c illustrate the response surface
and contour plots depicting the interactions between
variables affecting return loss (RL). Specifically, they
show RL as a function of PW and PL, InW and PL, and
InL and PL, respectively. The plots exhibit a noticeable
curvature, highlighting the effectiveness of the models
used [15, 21]. Meanwhile, Figures 2d, 2e, and 2f present
3D response surface plots for resonant frequency (F),
showing F as a function of PW and PL, InL and PL, and
InW and PL. These plots display a nearly flat curvature,
indicating a more stable frequency response.

In the contour plots shown in Fig. 2, the dark regions
represent lower response values, while the light-colored
regions indicate higher response values.

The contour plots display lines of constant response,
each representing a specific value. Each contour line
indicates a particular height on the response surface.
The features observed in the response plots suggest
that the proposed models are both appropriate and
effective. In the surfaces of "PL versus PW, PL," "RL
versus InW, PL," and "RL versus InL, PL," across the
selected ranges, the independent variables (PL, PW, InL,
and InW) increase from lower to higher values. Initially,
the return loss decreases, followed by an increase. The
minimum return loss is observed approximately at the
center of the surface.

Additionally, for the relationships "F versus PW," "F
versus InW," and "F versus InL," within the selected
ranges, as the independent variables (PL, PW, InL, and
InW) decrease, the resonant frequency increases.

4.3. Optimized antenna results
Numerical optimization. In mobile and wireless technol-
ogy, a return loss of less than -10 dB is considered the
baseline for acceptable performance, with even lower
values being ideal, particularly within the frequency
range of 28 GHz. To ensure reliable operation, the
antenna must be finely tuned to the target frequency.
In the numerical optimization method, the goal is set
to minimize the return loss (RL) value while ensuring
that the parameter F remains within the range of 27.5
GHz to 28.3 GHz. The optimal result obtained from the
model is a minimum return loss value of −45.865 dB,

with the following dimensions: PL = 4.7 mm, PW = 4.7
mm, InL = 0.8 mm, and InW = 1 mm.

The antenna’s dimensions include the optimized
dimensions mentioned above and the fixed dimensions
listed in Table 6.

Table 6. Antenna parameters after optimization

Parameter Dimension (mm) Parameter Dimension (mm)
hg 0.2 PL 4.7
SW 6 hp 0.2
SL 6 Wf 0.6
hs 0.2 InL 0.8
PW 4.7 InW 1

The conclusive simulation outcomes validated the
precision of the parameter. Figure 3a illustrates
how the return loss of the optimized antenna
varies with frequency, in comparison to three other
antenna structures. The plot reveals that changes in
geometric parameters affect both the position of the
minimum return loss point and its corresponding value.
Additionally, Fig. 3b presents the return loss values,
with the optimal value being −45.865 dB at a frequency
of 28.122 GHz. As shown in Fig. 3b, the bandwidth
(BW) of the antenna is determined by the frequency
difference between two junction points at 28.592 GHz
and 27.686 GHz, resulting in a bandwidth of 0.906
GHz.

The Voltage Standing Wave Ratio (VSWR) quantifies
the power reflected by an antenna. It is recommended
that the VSWR value be a positive number. As the
VSWR value decreases, the antenna’s performance
improves, indicating better impedance matching of
the transmission line. The ideal VSWR value is 1,
which should ideally be below 2 [4]. Fig. 4a shows a
visualization of the VSWR for the optimized microstrip
patch antenna vs three different designs. Fig. 4b shows
that the optimized design has a simulated VSWR of
around 1.01.

Figures 5a and 5b depict the optimized antenna’s 2D
and 3D radiation patterns, respectively. These patterns
provide a visual representation of the antenna’s
performance, illustrating how it radiates and receives
energy in space. Fig. 5 highlights the direction in
which the antenna exhibits the highest directivity. At
a frequency of 28.12 GHz, the antenna attains a peak
directivity of 5.58 dBi, with the main beam having an
angular width of 51°. The obtained radiation patterns
demonstrate good consistency.

Graphical optimization. One key benefit of the DoE
method is that it not only identifies the parameters that
minimize return loss but also determines the actual
return loss value for a specific set of dimensional
parameters. This is particularly advantageous because,
in practice, if the fabricated dimensions vary within an
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Figure 2. 3D response surfaces of (a) RL versus PW and PL ; (b) RL versus InW and PL; (c) RL versus InL and PL; (d) F versus PW
and PL; (e) F versus InL and PL; (b) F versus InW and PL.
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Figure 3. (a) Comparison of the return loss of the optimized antenna with antennas of various sizes; (b) Return loss of the optimized
antenna

Figure 4. (a) A comparison of the VSWR of the optimized antenna with antennas of various sizes; (b) The VSWR of the optimized
antenna

allowable range, the resultant return loss value will be
lower than the specified target. This process is known
as graphical optimization.

In this method, we establish target response values,
specifically the return loss (RL) and the resonant
frequency range. This process results in a set of antenna
dimensions that satisfy these criteria. For instance, as
shown in Fig. 6, with the RL set to −44.5 dB or lower
and the F within the range of from 28 to 28.3 GHz,
the optimal antenna dimensions fall within the yellow-
highlighted area. Specifically, when the values of InW,

InL, PW, and PL vary from InL1 to InL2, InW1 to InW2,
PW1 to PW2, and PL1 to PL2, the desired RL and F
values are achieved.

The optimized antenna outcomes are compared with
earlier publications on dimensions, resonant frequen-
cies, return loss, directivity, VSWR, and bandwidth. As
presented in Table 7, the proposed antenna exhibits
a return loss (RL) of -45.865 dB, comparable to the
-47.7 dB value reported in [28] and approximately
13% lower than that reported in [27]. Notably, this
return loss shows an improvement, being lower by a
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Figure 5. Antenna radiation pattern: (a) 2D and (b) 3D

Figure 6. The graphical optimization of the return loss has been set to −44.5 within the frequency range of 28 GHz to 28.3 GHz.

factor of up to 4 compared to other references listed
in Table 7, highlighting the enhanced performance of
the proposed design. In terms of bandwidth (BW), the
designed antenna achieves BW similar to that reported
in [22, 25, 26, 33], approximately twice as large as
those in [27, 28], but narrower than those presented
in [23, 24, 29–32]. It is noteworthy that the designed
antenna in this work demonstrates a nearly ideal VSWR
value compared to others; however, its limitation lies in
having the smallest directivity. As a result, the designed
antenna stands out as a strong candidate for 28 GHz

5G applications. The findings indicate that the CCD-
RSM optimization method is effective for determining
the optimal dimensions of the patch antenna.

5. Conclusions
This paper explores the application of RSM within the
framework of DoE to examine the relationship between
return loss at the resonant frequency and four input
parameters: patch length, patch width, inset slot length,
and inset slot width. The investigation focuses on a
microstrip patch antenna designed for 5G applications,
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Table 7. Comparison results between the optimized antenna and the reference ones.

Reference/year Dimensions Frequency (GHz) RL (dB) VSWR Directivity (dB) BW (GHz)
[22] 2019 3.4 × 4.1 × 0.5 27.954 -13.48 1.5376 8.37 0.847
[23] 2020 18 × 17 × 1.605 27.7 -22.2 1.16 6.11 7
[24] 2020 7 × 7 × 0.8 28 -27.79 1.08 7.45 2.62
[25] 2021 4.55 × 4.678 × 0.15 27.5 -25.4052 1.095 6.9 0.96
[26] 2022 4.2 × 3.3 × 0.5 28.008 -17.2 1.32 7.9 0.97
[27] 2022 3.58 × 3 × 0.13 28 -40.5 - - 0.51
[28] 2023 7.24 × 6.24 × 0.78 28 -47.7 - - 0.482
[29] 2023 4.2 × 3.4 × 0.35 28 -18.2144 2.1487 6.3094 1.3
[30] 2023 2.95 × 2.48 × 0.35 28 -24.50 1.12 7.193 1.352
[31] 2024 6 × 6 × 0.254 28 -35 dB – – 19
[32] 2025 4.3 × 2.3 × 0.035 24.02 -31.54 1.05 8.127 2.8046
[33] 2025 2.93 × 2.93 × 0.25 28 -35 – 7 1
This work 4.7 × 4.7 × 0.2 28.122 -45.865 1.01 5.58 0.906

operating within the frequency range of 27.5 GHz to
28.3 GHz. The findings of this study demonstrate that
these parameters significantly influence both the return
loss and the resonant frequency. Additionally, the study
shows that RSM is an effective tool for optimizing
return loss at the resonant frequency while analyzing
the relationship between the independent and response
variables. Using the CCD-RSM experimental model,
the optimal result identified was a return loss of
−45.865 dB at a resonant frequency of 28.122 GHz.
The optimal input parameters were determined to be
a patch length of 4.7 mm, a patch width of 4.7 mm,
an inset slot length of 0.8 mm, and an inset slot
width of 1 mm. The simulated results indicate that the
proposed antenna could serve as a strong candidate for
wireless communication systems. Future fabrication of
the antenna is suggested to compare the actual results
with the simulated outcomes.
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