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This study suggests a bail-shaped microstrip patch antenna designed for 5G
applications. This antenna model operates in the 3.45 GHz wireless
communication frequency range, which is a component of the so-called C-
band (3.3 to 4.2 GHz), which is widely utilized for mid-band 5G
deployments across the globe. Antenna size optimization is achieved at
31x28 mm?. On the patch, a slot is added to enhance the return loss features.
The light gradient boosting machine (LightGBM) model for prediction acts
as an objective function of the considered piranha foraging optimization
algorithm (PFOA) to adjust the antenna’s slot dimension, which will be used
to optimize the slot width. In order to get a superior return loss value of
around -39.90<-10 dB, the optimization approach that is provided seeks to
achieve the ideal slot length. The proposed device exhibits remarkable
radiation efficiency by partially grounding, with a peak gain of around 2.535
dBi at 3.45 GHz. A novel hybrid approach combines the LightGBM
prediction model with the PFOA to fine-tune slot dimensions, achieving a
superior return loss of -39.90 dB. The exclusivity of this effort is the

incorporation of machine learning algorithms to attain significantly
improved parameters.
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1. INTRODUCTION

The 5G technology is in high demand in the industry of wireless communication since it offers
previously unheard-of connectivity and incredibly rapid data transfer speeds [1], [2]. 5G technology uses
low-latency and high ratio frequencies to connect to numerous devices simultaneously [3]. This
communication also improves the reliability and consistency of connections in crowded urban environments.
Patch antennas' compact size, low profile, ease of integration, and multiband adaptability have made them
more significant in modern wireless communication systems [4]. As a result, a patch antenna is created on a
dielectric substrate that has several advantages due to its design. Patch antennas' low cost, ease of
manufacture, and adaptability with a variety of form factors are some of their main advantages. This makes
these antennas an excellent choice for use in wireless systems, internet of things (10T) devices, and other
small electronic devices [5]. Also, 5G networks will have to meet a number of performance requirements,
including accurate frequency band coverage, high gain, and improved radiation efficiency. In order to
achieve those requirements, a prior antenna arrangement had to overcome some obstacles. Finding an
antenna with improved return loss behaviour at a given resonant frequency requires both optimal dimension
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values and improved results. On the other hand, patch antennas pose some challenges since there exists no
systematic process or precise mathematical formulas that guarantee precise solutions [6]. This technique
covers machine learning (ML) and model of optimization models for implementing antenna design, thus to
attain effective and optimum solutions [7], [8]. Furthermore, this in turn enables fine-tuning the parameters of
antenna, thus attaining optimal performance metrics which could be complicated in attaining over traditional
design iteration.

Traditional microstrip patch antennas for the application of 5G might be huge and thus less suitable
for integrating them with compact devices [9]. Furthermore, conventional design methods may rely on
laborious human or semi-automated optimization techniques. Without the sophisticated optimization scheme,
it may be impossible to achieve ideal performance metrics like return loss and gain, which could lead to
delayed designs. In order to construct an optimum patch antenna, this study uses an ML-dependent
metaheuristic optimization model. In order to determine the ideal slot length for the proposed patch antenna
and improve return loss values at 3.45 GHz (usually 3.3 to 4.2 GHz), a trained light gradient boosting
machine (LightGBM) model will be used along with the objective function of the proposed piranha foraging
optimization algorithm (PFOA).

2. LITERATURE REVIEW

Gonzélez et al. [10] described design, implementation, simulation, and experimental results, and
implementation of a wide bandwidth slotted planar microstrip patch antenna that spans from 3.1 GHz to 4.2
GHz. This work was applied to the initial trials along with the introduction of 5G services. The antenna that
is being shown has a high bandwidth of 32% and a higher polarization purity. For the use of 5G, Ramasamy
et al. [11] demonstrated a patch antenna on FR4 substrate. The recommended antenna operates in 5G n34
bands, WLAN at 5.2GHz, and Wi-max at 5.5GHz.

Ramasamy et al. [11] constructed a new millimeter-wave antenna array that operates at a incidence
of 28 GHz for the 5G mobile communication system. This patch antenna has been rebuilt and features two U-
shaped slots carved into the RT Rogers 5880 substrate. With an improved gain of 12 dB, the antenna design
that is being shown achieves a radiation efficacy of almost 93%. The author of the paper introduced a 28
GHz microstrip patch antenna with a rectangular slot [12], [13]. An antenna with a height of 0.4 mm will be
manufactured on a Rogers Rt-duroid substrate. According to an investigation, the gap-integrated feeding
model was the best fit, satisfying the requirements for their use in 5G [14], [15].

A performance of microstrip patch antenna for varied substrates was estimated in the work [16]-
[18]. A deep learning aided optimization strategy design was proposed for improving the performance of the
antenna. A dual-band ultra-thin antenna appropriate for 5G applications will be designed. A presented model
of an antenna occupies an area 30x30 mm?, having a thickness of about 0.8 mm. This 28 GHz microstrip
patch antenna is small, measuring 6.2x7.2 mm, and is intended for use with 5G networks. A designed
antenna attains a return loss of about -26.40 dB with a bandwidth of 1.102 GHz. This in turn attains a gain
value of 7.4 dB with an excellent voltage standing wave ratio (VSWR) of about 1.102 for the cellular 5G
application. Defective ground structure (DGS) refers to the technique of controlling electromagnetic waves in
an antenna by introducing intentional defects or disturbances in the ground plane [19].

Alfakhriet et al. [20] presented a compact, simple MIMO antenna that functions at UWB frequency
band. The suggested antenna has four components, and the radiators' shape is derived from a number of
adjustments made to a traditional rectangular patch antenna. A fractional bandwidth of 112% spanning from
3.1 GHz to 11 GHz was achieved, with a reflection coefficient below -10 dB and mutual coupling between
antenna elements maintained below -20 dB. A lower antenna size and improved performance metrics indicate
that the suggested antenna may find utility in a range of UWB applications, including portable handheld
devices.

A non-uniform metasurface circularly polarized patch antenna design was proposed by Zeng et al.
[21] using a real multi objective Bayesian optimization (MOBO) model. An optimized model attains an
operating bandwidth of about 25.6% (3.75 to 4.85 GHz), having |S11| < —10 dB, with an axial ratio lower
than 3 dB with a maximal realized gain of 7.15 dBi. A better agreement between measurement and
simulation outcomes validates optimization model.

Wang et al. [22] suggested A wearable dual-band planar inverted-F antenna (PIFA). In order to
achieve wire band and dual band features, a design makes use of slots at the radiating plate with a ground
plane. The prototype will be built and measured to confirm the design, and it will incorporate two operating
bands of the application long range (LoRa), which are 433 MHz and 868 MHz. With a maximum gain of
roughly 1.25 dBi, a proposed device offers a total radiation efficacy of roughly 70% across operating bands.

A novel tree-shaped Metamaterial microstrip antenna was introduced by Christydass et al. [23]. A
suggested model structure measures a resistivity bandwidth of 45.39% with split-ring resonator (SRR) and
53.48% without SRR. The recommended antenna would satisfy the primary needs of contemporary wireless
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devices, including multiband operation, small magnitude, high bandwidth, and two-dimensional structure.
The presented model has sufficient impedance matching with small and wider bandwidth.

Several works have explored antennas for the communication of 5G; however, they might encounter
some challenges like huge dimensions, low bandwidth impedance, or low gain that in turn affects the
wireless communication quality [24], [25]. More research is needed to improve higher speed transmission of
data ability. This suggested design seeks to optimize an antenna specifically tailored for cellular wireless
communication applications. using ML techniques, with a focus on maximizing gains and decreasing return
loss.

3. METHOD

The Bail-shaped microstrip patch antenna concept that has been suggested is shown in Figure 1.
Figure 2 display the size of the antenna where Figure 2(a) shows the dimensions of the antenna (front view),
and Figure 2(b) shows the back view of the antenna. This is then made up of the grounding layer, substrate,
and radiating layers. The Rogers AD 450 (lossy) substrate will have a suggested antenna installed on it. The
substrate's dielectric constant is 10.2 at a thickness of 1 mm. 5G communication systems are best suited for
patch antennas with better permittivity and lower tangent dielectric loss because of their increased
dependability and efficiency. Additionally, the substrate's thermal stability has been enhanced. As a result,
they retain their electrical characteristics across a broad temperature range. Also, substrate offers better
mechanical strength, thus making them suitable for the design of complex circuits that might involve in
flexing or bending. The patch antenna’s top surface comprises of single slot line having a thickness of
0.36 mm for enabling Bail-shaped operations. The proposed antenna is designed with a partially ground
technique to improve the wider bandwidth and to tailor the gain and directivity. Also, this technique supports
signal transmission efficiency by reducing return loss S11.

Figure 1. Bail-shaped microstrip patch antenna structure

G1 |

(b)

Figure 2. The structure and size of the proposed patch antenna with (a) front view showing the antenna
dimensions, and (b) back view of the antenna

The intended frequencies for three operating bands can be created by cutting a 2.5 mm long slot in a
radiating patch. 3 GHz, 4 GHz, and 4.2 GHz will be reached with a return loss value of roughly -39.90<-10
dB, respectively. This improves the transmission efficiency and makes it appropriate for contemporary
compact wireless communication. Table 1 shows the projected antenna's dimensions. The optimal slot length
to enhance these return loss values is found using an optimization-based method in combination with the
LightGBM model.
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Table 1. Dimension of antenna

Parameter Value (mm)
Patch length (A) 16
Patch width (B) 18
Substrate width (L) 31
Substrate length (W) 29
Diameter of slot (R) 4
Width of feed line (F1) 0.75
Length of feed line(W1) 28
Ground width (G1) 31
Ground length (G2) 8

3.1. Model development of piranha foraging optimization algorithm-lightGBM
This portion discusses inspiration and mathematical modeling of Piranha foraging optimization
procedure:

r ‘xll ‘xlz X13 aes xlD -I
x21 x22 XZ3 . x2D
X = (1)
Xtn-1)1 Xm-1)2 X@m-1D3 . Xm-1)D
l xnl xnz xn3 an J
x; = [x1 X - Xip] signifies position vectors, which signifies piranhas.

Accordingly, a PFOA identifies three patterns: hunting and scavenging forage, cluster attack, and
limited grouping attack. Key stages include initializing and evaluating the population, then updating
parameters and agent positions. The population set is expressed as:

— Step 1: initialization of population: initiate the position vectors for each individual in the population of
piranha as per the following (2).

X; = lbl + Bl X (ubi - lbl) (2)

In this, x; signifies ith location of individual piranha candidate solution, ub; and lb; denotes upper and
lower boundaries of piranha habitat search, correspondingly. B, denotes random number among 0 and 1.

— Step 2: define the parameter F for predation intensity: typically, Piranhas are sensitive tremendously top
blood recognition, a feature which is influenced by concentration of blood F; and d; distance among prey
and piranhas. Piranhas mostly swim over the areas of higher blood concentration, fastens their movement,
the higher the concentration of blood, and vice versa, [26] thus yielding following (3)-(5).

Fi=f % @)
d; = Xprey = Xi 4
xZ; = [x,(6) = x01 (O] ®)

Here, B2 is a random value between 0 and 1, Fi is the predation intensity parameter for location with
individual piranha, Z is the source intensity, and Zi is the perceived source intensity from ith search agent
that will alter in real time as agents continue to follow. Di is the distance (best solution) between the
position of the individual piranha and the prey.

— Step 3: strategies for non-linear parametric control: non-linear parametric control methods help smoothly
balance exploration and exploitation. They are effective for handling changing random processes and help
avoid early convergence of the population. In the early and middle stages of the PFOA algorithm, high
values of S allow search agents to explore the global search space and avoid getting trapped in local
optima using audit-based strategies. In contrast, later phases of this PFOA could converge quickly with
changes in S, as (6) illustrates (6).

S=C.COSE®( ‘ )]4 (6)

Max_Iter

Here, C is the confirmed constant (usually taken to be 5), and the maximum number of iterations is
indicated by Max_Iter, ® which signifies the value of the product and variable.
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— Step 4: the reverse escape search method: here, the 4-population search is redirected using flag E and the
reverse escape search technique. This drives the examination to a new site and further enhances the
solution by preventing the candidate population from becoming caught in the local area. Because it
happens more frequently during the search process, search agents have more opportunities to carefully
and thoroughly examine the search region, as illustrated in (7).

1 B3<05
E= {—1 By > 0.5 )

In this Bs signifies random number among 0 and 1.
— Step 5: Proxy formula location update
i) A pattern of limited group attacks:

Like a group of foraging animals, this one may attack prey several times higher than itself when it is
hungry. A splash of water is created when a prey enters the environment, and the piranha are alerted to the
signal. The agent nearest to the prey attacks first as they quickly assemble to encircle and bite the victim. A
mathematical model of a localized group attacking pattern will be shown in (8).

xi(t + 1) =" }221% - xprey(t) (8)
Here, pc stands for randomly generated integers in SearchAgents_no. SearchAgents_no is the total number of
agents, xi(t+1) is the new searching agent location, and Lk (t) is the amount of local population fraction
attacks that are achieved for the initial imitating attack, where L € X, and X is the number of randomly
generated piranhas. Whereas Xprey(t) represents the location of the best agent discovered in a prior iteration,
Xi(t) indicates the location of the current agent. A random number, y1, is evenly scattered between [—2,2] and
has a substantial influence on changing the piranhas' trajectory.
ii) A bloodthirsty cluster attack pattern

Piranhas usually have a unique sensitivity for blood, are acutely aware of the blood's scent, and can
detect when their prey is injured or bleeding. As a result, distant piranhas are drawn to the area of high blood
concentration and begin attacking them violently. It can swim more quickly if its blood concentration is
higher. The non-linear cosine factor, or S, which is influenced by E, blood concentration Fi, and the distance
between piranhas and their prey, is the main determinant of this phase. Altering the movement of piranha
direction could avoid local optima effectively, thus enabling them to identify better location of prey as shown
in (9).

xi(t+ 1) =y; % €Y% % Xppey () + G * Xpyey (1) + Ex F; + E % By xS+ F 9)

Here, x;(t + 1) is a search agent of new location, X, (t) resembles best agent’s location identified in
previous iteration, y; denotes random number that are distributed uniformly6 at [-1/2,1/2] and B, signifies
random number among 0 and 1. G signifies piranha's capacity for foraging, and it is an integer G>5 (in this
case, G = 9). y; * e¥? shows the uniform dispersion thus letting active alterations and trade — offs among
local search & global search abilities.
(iii) Scavenging foraging patterns

Due to their poor vision, piranhas swim erratically to their habitat at night to feed on seeds and
carrion, and they scatter from a group during forage in muddy watersheds. Vector analysis modelling is done
by (10).

Xi(t+1) = % [e7? * x¢1(t) — E * x;(8)] (10)

In this, x;4q) signifies search agents’ new position, y2 denotes a random number that is distributed
uniformly between [—1,1], E denotes the parameter which alters the movement direction, x,(t) indicates
randomly selected closest agent position from piranhas, x;(t) indicates i™ position of the agent selected
arbitrarily among agents, and C1#i.
(iv) Survival strategy of Piranha population

Piranhas and their various natural predators have a reproductive trait that restricts the expansion of
its population. In (11), it is used to determine the agent's survival rate (SR) in order to maintain population
variety. The offspring population will be replicated once the SR falls below 1/4, indicating a decreased
survival rate using (12).

SR (L) _ fitnessmax—fitness(i) (11)

fitnessmax—fitnessmin
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xi(t+ 1) = xprey (8) + %{[xm () — E *xc2(0)] — [xc2(8) — E * x5 (D)1} (12)

In this, x;(t + 1) depicts newer position of the searching agent, x,,., (t) resembles the best agent
position identified in previous iteration, E indicates parameter to change direction and x.; (t), xc,(t), and
X3 (t), signify agent positions C1, C2, and C3 selected randomly from piranhas with values C1#£C2#C3
corresponding. The PFOA flowchart is revealed in Figure 3. This approach serves as an effective method for
identifying optimum values, thus facilitating an effective search for optimal solutions at varied problem
domains.

3.2. LightGBM model

LightGBM, a framework of gradient boosting, might be employed in optimizing the designs of
antennas. Their scalability and efficiency for huge datasets make them suitable for tasks such as predicting
the performance of an antenna or the parameters of optimization. This could be employed in training models
that predict the performance of antennas depending on the design parameters, thus allowing them for
effective design space exploration. LightGBM will be known for its higher accuracy, thus making them a
reliable option for the optimization of antenna performance. This iterative process includes loss function
minimization on adding newer models, which could complement deficiencies of traditional schemes.

A projecting model based on LightGBM was established to calculate return loss values for the slot
radius (R) of a projected antenna at resonance frequencies of 3.45 GHz. PFOA employs the LightGBM
model as its goal function to determine the optimal return loss parameters. 3 return loss yields that
correspond to the designated frequency are produced by the LightGBM model using the slot radius as input.
In essence, for a given radius R, the model predicts return loss values. The PFOA-LightGBM algorithm's
consecutive phases are shown in Figure 4. In this approach, LightGBM’s return loss predictions serve as the
fitness function in the PFOA. During both exploration and exploitation, LightGBM predictions guide the
selection of better candidate solutions for slot radius. The fitness function evaluates how well a particular
radius enhances return loss at the desired frequencies.
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Figure 3. Flowchart of PFOA+lightGBM model
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Figure 4. S11 plot for proposed antenna
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4. RESULTS

This section delivers the results estimated for the proposed bail-shaped microstrip antenna design.
Figure 4 shows the S-parameter (S11) magnitude response of the device over a frequency range that ranges
from 1 GHz to 12 GHz. The S11 parameter, plotted in red, signifies the input reflection coefficient in dB.
The clear resonance is observed approximately at 3.42 GHz at which S11 magnitude reaches a minimal value
of -39.9 dB, thus indicating excellent matching and minimal reflection at this frequency. A deep null suggests
that the device is well matched at 3.42 GHz, thus making it an ideal operating frequency for the antenna.
Beyond resonance, S11 value increases with notable variation over a frequency range, thus indicating varied
impedance matching performance at varied frequencies.

Figure 5 is the power distribution over varied categories as a function of frequency that ranges from
1 GHz to 12 GHz. A loss in dielectrics, loss in metals, power absorbed at all ports, power accepted, outgoing
power at ports, and simulated power are estimated and are shown in varied colors. The plot shows that the
device exhibits maximum radiation efficiency around 3.4 GHz, correlating with strong impedance as shown
in S11 plot. The losses remain minimal over all materials, thus emphasizing effective design.

Figure 6 shows a polar representation of the far-field electric field radiation pattern in the E-plane.
(Phi=90°) at frequencies 6(a) 3 GHz, 6(b) 4 GHz, and 6(c) 4.2 GHz correspondingly. Electric field strength
of the main lobe in decibels relative to 1 V/m. 17.2 dB(V/m)~6.48 V/m (linear scale). This is adequate for
typical line-of-sight (LOS) 5G applications, especially in urban or suburban scenarios. The main beam is
directed at 176 degrees in the azimuth plane, nearly due south. Directionality is essential for beamforming,
sectorized coverage, and spatial reuse in 5G. A beamwidth of 90.5° is relatively wide, indicating a broad
coverage area. This outcome confirms consistent far-field performance and directionality over 3-4.2 GHz
range having slight enhancement in the radiated strength at 4.2 GHz.

Power in W [Real Part]

== Loss in Dielectrics

== Loss in Metals
Power Absorbed at all Ports

; —— Power Outgoing all Ports
—— Power Radiated

Power Stimulated

i 2 3 4 5 6 7 8 9 10 11 12
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Figure 5. Power estimated representation in W
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Figure 6. E-field: (a) 3 Ghz, (b) 4 Ghz, and (c) 4.2 Ghz

Figure 7 shows the 3D radiation pattern (directivity) at 3 GHz, Figure 7(a) thus showing the
directivity distribution of the far-field electric field. The radiation pattern is nearly omnidirectional in the Phi
plane with clear symmetry around the Z axis. The structure radiates more efficiently horizontally in (theta
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plane), typical of dipole-like antennas. It indicates a moderately directive antenna having good efficiency at
which most of the power is radiated in the horizontal plane. Figure 7(b) shows the 3D radiation pattern
(directivity) at 4 GHz, thus showing the directivity distribution of the far-field electric field. The radiation
pattern is broadly omnidirectional in the horizontal theta plane with clear symmetry around Z axis, thus
resembling a doughnut-shaped pattern. The antenna exhibits efficient radiation having moderate directivity,
thus maintaining wide angular coverage.

Figure 7(c) shows the 3D radiation pattern (directivity) at 4.2 GHz, thus showing the directivity
distribution of the far-field electric field. The radiation pattern is broadly omnidirectional in the horizontal
theta plane with clear symmetry around the Z axis, thus resembling a consistent doughnut-shaped pattern.
At this range, the antenna continues to deliver effective performance with stable radiation characteristics.
Figure 8 is the estimation of VSWR plot as a function of frequency, which is a key metric to estimate the
impedance of the antenna over a frequency range. This plot confirms that the antenna is optimized for the
function near 3 GHz, aligning well with the radiation pattern outcome attained as shown before. Figure 9
displays the Z-parameter (impedance) magnitude plot of the antenna system over the frequency range of 1
GHz to 12 GHz. The plot confirms that the antenna design or system is matched optimally around 3 GHz,
and is 50 ohm. Figure 10 shows the maximum gain estimation over frequency, a performance indicator of
antenna efficiency and directionality over a broad frequency range (1 GHz to 12 GHz). An optimal gain
performance is attained from 3 GHz as 2.5 dB, 4 GHZ (2.5 dB), 4.2 GHz (2.8 dB), and a maximum of 5.4 dB
gain at 8 GHz.

farfield (f=4) [1]

farfield (=3) [1]

Fa

Dir.
v

farfield (f=4.2) [1]

pe Farfield

Figure 7. Directivity at (a) 3GHz, (b) 4 GHz, and (c) 4.2 GHz
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5. DISCUSSION

Gain (dB)

100

/\ N\ 80

[ ﬁ.,

_______

40

—=
-
-

AY
Total Efficiency (%)

20

=== Frequency versus Gain
= Frequency versus Tot.Efficiency

3 4 5 6
Frequency (GHZ)

Figure 10. Gain vs frequency estimation plot

Figure 11 shows a fabricated bail-shaped patch antenna. Figure 12 shows an antenna connected with
VNA to measure the antenna parameters. Figure 13 displays a graph titled "simulated vs measured,” plotting
the S11 parameter (in dB) of an antenna against frequency (in GHz). The graph shows two curves: a solid
blue line represents the simulated S11, while a dashed red line denotes the measured S11. The measured
results (red dashed line) generally follow the trend of the simulated results, showing a significant dip in S11
around 3.7 GHz, reaching a value of roughly -38 dB. This indicates that the fabricated antenna's resonant
frequency is closely related to higher compared to the simulation. The suggested antenna design is contrasted
with alternative design methodologies in Table 2. The proposed antenna design achieves a gain of 2.535 dBi,
outperforming other models and minimizing power loss.

Figure 11. Fabricated bail bail-shaped microstrip

patch antenna

511 4dB)

Figure 12. Proposed antenna connected with VNA to

measure the S11 parameter

Simulated vs Measured

e Simnalated S11
=== Mzasurec 511

Frequency

Figure 13. S11 parameters measured vs stimulated
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Table 2. Comparison of proposed antenna design

References Size (mm) Substrate Technique used Operating frequency S11 (dB) Gain (dBi)
material (GHZ2)
7 44x12 FR-4 Partial ground 3142 <-10 -
[17] 48x44x1.6 FR-4 Defected ground 3.1-11 <-20 4.7
structure
[18] 1.1220%0.8610 FR-4 Circularly 3.75-4.85 <-10 7.15
0.0692 polarized
[19] 0.1220%x0.25X Textile PIFA 4.3-8.68 <-10 1.25
[20] 16x15 FR-4 Partial ground 5.5-10.72 -23.73 1.35
-12.01
Proposed work 29x31x1 Roger 350 Partial ground 3.4 (3.01-4.7) -39.90<-10 2.535

Table 3, besides Figure 14 shows the evaluation of prediction accuracy of various existing models
and proposed model employed for antenna design. The existing models like random forest, Gaussian process
regression, neural network, XGBoost are compared with proposed (PFOA+LightGBM) model. The analysis
shows the proposed model achieves higher prediction accuracy (about 98.6%) compared to existing schemes,
demonstrating strong capability in assessing accuracy across varied slot widths. However, the LightGBM
model is more complex to tune and less intuitive than other methods, with challenges in scalability and
sensitivity for large, complex designs.

Table 3. Performance comparison of proposed scheme

Types of models Prediction accuracy [%]

Random forests 89.5

Gaussian process regression 91.6

Neural networks 93.5

XG Boost 96.4

Proposed (PFOA+LightGBM) 98.6
— Prediction accuracy[%0]
S 100
g 95
§ 90 -
< 85 -
c
S 80 - r — r r .
L - X D
5 £ R ¥ & 2
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> D
& &
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Figure 14. Performance comparison of prediction accuracy

6. CONCLUSION

A design development and optimization of a bail-shaped microstrip patch antenna was essential for
attaining improved 5G wireless connection performance. In order to improve performance, a new hybrid
model based on machine learning and metaheuristic optimization was created in this study for constructing a
microstrip patch antenna. The presented LightGBM model is identified to be the suitable one on comparing
other ML maodels for performance comparison. The antenna designed resonates at frequency range of 3.45
GHz, having a return loss of -39.90<-10 dB correspondingly. A higher gain value of about 2.535 dBi is
attained for proposed design. The outcome simulated shows a better outcome in relation to radiation pattern,
field distribution, VSWR, and so on. An antenna designed is a suitable choice for the application of 5G
technology, specifically in the case of a high gain need. The developed antenna's outcomes are quite
satisfactory and suit quite fine with 5G communication. Future work could focus on integrating advanced
optimization or deep learning models to automate antenna dimension tuning and reduce noise for practical
5G communication.
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