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[bookmark: _Hlk225602799]Abstract—The rectangular microstrip patch antenna is a widely used planar antenna in modern wireless communication due to its compact size, low profile and ease of fabrication. Typically designed on a thin dielectric substrate, this configuration enables efficient radiation and reliable integration with planar circuits while maintaining a simple structure. In this work, a novel Meerkat-Hippo Optimizer for Optimal Designing of Microstrip Antenna (MHO-ODMA) framework is proposed that employs the Hippopotamus assisted Meerkat Optimization Algorithm (H-MOA) for optimally tuning antenna parameters. The MHO-ODMA methodology begins by establishing a comprehensive antenna framework, which incorporates critical structural parameters such as patch length, width, height and feed line thickness, which directly influence resonant frequency, radiation efficiency, bandwidth and impedance matching. The H-MOA algorithm iteratively tunes these parameters under specified constraints that includes gain, directivity and return loss to achieve optimal antenna performance. By systematically adjusting the patch dimensions and feed properties through constrained optimization, the approach enhances radiation characteristics, improves efficiency and ensures precise impedance matching. The H-MOA demonstrates the significant improvement in gain magnitude across the frequency range of 2.4 GHz by 8.6 dB. 
[bookmark: _Hlk207272557]Keywords—Microstrip antenna, Wireless communication, Antenna design optimization, H-MOA, Rectangular microstrip patch antenna.
I. INTRODUCTION
In wireless communication, antennas play a crucial role not just as front-end devices for transmitting and receiving electromagnetic waves, but also as converters that switch high-frequency electrical energy into electromagnetic wave energy. Among the various types of antennas, microstrip antennas (MSAs) are extensively utilized in communication systems due to their key benefits, such as being lightweight, compact, low-profile and capable of supporting dual or multiple frequencies [1]. 
Microstrip patch antennas are commonly used in various wireless communication technologies that includes mobile devices, Radio Frequency Identification (RFID), Global Positioning Systems (GPS) and several other applications. One of the main challenges with microstrip antennas is their limited bandwidth but this can be addressed using various techniques. In contrast, enhancing gain presents a greater challenge as it requires careful attention to prevent significant degradation of bandwidth [2]. Typically, an antenna’s gain is directly linked to its aperture with smaller sizes often leading to reduced gain. Therefore, finding a balance between antenna size and gain remains a major challenge [3]. The primary objective of the research presented in this paper is to improve both gain and directivity while reducing return loss.
Antenna features are closely linked to specific circuit applications and usage contexts, which means antennas often require tailored designs. As a result, the efficiency of antenna design plays a crucial role in determining the product’s time to market that makes it a significant factor in the overall development process. To enhance antenna design efficiency, significant research has been devoted to antenna synthesis and optimization techniques. Traditionally, antenna optimization relies on heuristic algorithms but due to their blind search approach that tend to be highly time-consuming [4]. Additionally, many reported benchmarks train various algorithms on datasets or splits that are not directly comparable that makes it difficult for antenna designers to interpret the trade-offs between accuracy and cost effectively [5]. To address these limitations, this paper proposes a Meerkat-Hippo Optimizer for Optimal Designing of Microstrip Antenna (MHO-ODMA). The main contribution of this study is given as follows:
· Proposing a Hippopotamus assisted Meerkat Optimization Algorithm (H-MOA) for optimal tuning of antenna parameters under the constraints such as gain, directivity and return loss. Also, it improves the optimization by allowing the algorithm to explore the solution space more freely that increases the likelihood of identifying superior outcomes.
This paper is structured as follows:  Section II, provides an overview of previous studies on optimizing microstrip antenna designs. Section III outlines the proposed MHO-ODMA methodology. Experimental findings are presented in Section IV. Finally, Section V offers the conclusion of the study.
II. LITERATURE REVIEW
This section provides a comprehensive review of the existing literature on the optimization of microstrip antenna designs that highlights key techniques, methodologies and advancements in the field.
In 2025, Fredelino A. Galleto Jr. and Aaron Don M. Africa [6] introduced a machine learning–based pseudocode framework aimed at improving the design of microstrip antennas, with a focus on enhancing gain and radiation efficiency. It integrated tools such as MATLAB, OriginPro and ROSE to process and fuzzify important antenna parameters that included dimensions and substrate properties. Furthermore, the approach demonstrated adaptability, making it suitable for various antenna designs, materials, and frequency ranges in advanced wireless communication systems.
In 2025, Dhawan Singh et al., [7] focused on developing, refining, and experimentally verifying a compact circular patch antenna fed by a CPW structure, specifically intended for RF energy harvesting in 5G applications. The final optimized configuration incorporated hexagonal ring slots that enabled the antenna to achieve a broad operational bandwidth. The inclusion of hexagonal ring slots that was an innovative element absent in earlier designs contributed to enhanced impedance bandwidth without increasing the antenna size. When compared with existing models, the proposed structure delivered wider bandwidth and comparable gain, highlighting its effectiveness for broadband RF energy harvesting. Moreover, the design showed potential for further improvement through the addition of a matching rectifier circuit, which could increase RF-to-DC conversion efficiency, making it well-suited for applications such as low-power IoT devices, wireless power transfer, and next-generation 5G energy harvesting systems.
In 2024, Arun M and M.R. Ebenezar Jebarani [8] investigated the enhancement of microstrip patch antenna performance by minimizing side lobe levels through the application of a RGA. The approach concentrated on refining key design aspects such as element spacing, excitation current distribution, and radiation characteristics to ensure more efficient power transmission in the intended direction. In a related effort, microstrip antennas operating at 2.4 GHz were designed and optimized using a genetic algorithm within the HFSS environment, targeting improvements in bandwidth and operating frequency. Overall, the findings highlighted the effectiveness of genetic algorithm techniques in advancing microstrip antenna design, particularly for high-frequency applications.
In 2025, Archana Tiwari et al., [9] proposed an innovative hybrid strategy for the development of compact wearable antennas by integrating Taguchi-based design principles with a quasi-Newton optimization technique. By utilizing a gradient descent mechanism to approximate parameter ranges, the method significantly minimized the number of required experimental trials, thereby accelerated the overall design cycle. In contrast to conventional Taguchi approaches that converge to local optima, this framework adjusted level intervals to guide the solution toward a global optimum. Additionally, it proved effective for handling multiple design objectives and exploring complex parameter spaces that makes it well-suited for advanced antenna engineering tasks. 
In 2023, Saman Rajebi et al., [10] described the development of an antenna specifically intended for hyperthermia treatment, where controlled heating was applied to a tumor region. Designed to function around a resonant frequency of 432 MHz, the antenna’s behavior was examined using the FDTD technique. To refine its performance, the PSO algorithm was applied that enabled efficient energy delivery to the target area while limiting thermal impact on surrounding healthy tissues. Although certain experimental constraints existed such as the use of artificial tissue samples and minor fabrication inaccuracies the overall findings validated the antenna design and demonstrated strong agreement between simulated and practical results.
III. PROPOSED METHODOLOGY




[bookmark: MTBlankEqn]The system consists of a rectangular microstrip patch antenna designed on a thin dielectric substrate. The patch itself has a length () of 0.1151 mm, a width () of 0.1499 mm, Height () of 0.0024 and it is placed at the center of a ground plane measuring 0.2398 m × 0.2398 mm. The patch is positioned slightly off-centre relative to the feed with a feed offset of -0.0187 mm along the x-axis. The substrate beneath the patch is a dielectric layer of air with a relative permittivity of 1, loss tangent of 0 and a thickness () of 0.0024 mm. The conductor forming the patch and the ground plane is a standard metal and the antenna may include a lumped element load to tune its response. The patch can be tilted around a specified axis along the x-direction though the tilt is set to 0, where the patch lies flat on the substrate. Overall, this setup represents a classic microstrip patch antenna configuration with a single-feed arrangement. The patch’s dimensions and thin substrate make it more sensitive to fabrication tolerances, which can detune the antenna. Moreover, the antenna’s performance is easily affected by slight variations in feed position. So, this paper proposes a Meerkat-Hippo Optimizer for Optimal Designing of Microstrip Antenna (MHO-ODMA) that achieves better resonance matching and improved radiation efficiency, which allows for a more efficient and targeted signal transmission.
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Figure 1: Representation of MHO-ODMA design
The design of an MHO-ODMA (as shown in Figure 1) begins with establishing a complete antenna framework, where key structural parameters such as the length, width and height of the patch as well as the thickness of the feed line are defined. These parameters directly influence the antenna’s resonant frequency, radiation efficiency, bandwidth and impedance matching. To achieve the best performance, the antenna parameters are tuned using the Hippopotamus assisted Meerkat Optimization Algorithm (H-MOA) under specific constraints such as gain, directivity and return loss. This iterative optimization ensures that the antenna meets the desired specifications while improving its radiation characteristics that enhances efficiency and achieves precise impedance matching. By systematically adjusting the patch dimensions and feed properties within these constraints, the methodology enables the design of a high-performance microstrip antenna suitable for advanced wireless communication applications.
A. Optimal Microstrip Antenna Design via H-MOA
i. [bookmark: _Hlk225274055]Hippopotamus assisted Meerkat Optimization Algorithm (H-MOA)
Meerkats are small and diurnal mammals with striped coats is known for standing upright using their long tails and spotting predators with dark eye patches. They forage cooperatively using their keen sense of smell to hunt, while sentries alert the group to danger. These behaviors inspire the MOA, which mimics their teamwork, vigilance and adaptive strategies to efficiently explore and exploit solutions in complex optimization problems.
In its standard form, the MOA [11] can struggle in high-dimensional problems, as the balance between exploration and exploitation may cause it to converge prematurely to suboptimal solutions rather than reaching the global optimum. So, this paper proposes a Hippopotamus assisted Meerkat Optimization Algorithm (H-MOA) that enhances the search process by enabling more flexible exploration, which allows the algorithm to discover improved solutions while reducing the chances of being trapped in suboptimal regions.
ii. Constraints considered in H-MOA
Optimal microstrip antenna design using the H-MOA focuses on improving key parameters such as gain, directivity and return loss. H-MOA helps optimize these factors that ensures improved antenna performance for communication systems.
i. Gain

Gain () is a dimensionless quantity that reflects both the directivity and radiation efficiency of an antenna. It is computed using Eq. (1).

					(1)
ii. Directivity



Antenna directivity () quantifies how well an antenna concentrates its radiation in a particular direction, relative to an isotropic source. It is defined as the ratio of the peak radiation intensity () to the average radiation intensity () as in Eq. (2).

				 (2)
iii. Return Loss

Return Loss () is a relative measurement of the power reflected by a disruption in a transmission line or optical fibre. Such disruptions can occur due to a mismatch between the line's impedance and the connected load or termination. Typically, return loss is expressed as a ratio of the power of reflection compared to the transmitted signal that is given as in Eq. (3).

			 (3)
iii. Solution Encoding and Objective function
In H-MOA, the solution is encoded with values ranging from a minimum of 0.001 to a maximum of 0.5. Then the objective function is computed using the Eq. (4).

		 (4)

where,  is the weight parameter that is given as in Eq. (5).

				(5)

	Here, .
iv. Mathematical modelling of H-MOA
This section begins by describing how the H-MOA algorithm is set up and then proceeds to detail the underlying mathematical concepts.
a) Initialization of the Population Setup



In MOA, the initial population  is created as in Eq. (6) by modeling the group behavior of meerkats. It is generated using Eq. (7) as a normal distribution within the defined lower () and upper () bounds that represents how meerkats are spread across the search space.

 (6)



Here,  denotes the total number of individuals,  indicates the dimensionality of the problem and corresponds to an individual candidate solution at a given stage.

	(7)

where,  refers to a value drawn from a normal distribution with a standard deviation set to 0.3.
b) Foraging behavior and alert monitoring
Initially, the behavior of meerkats is determined by whether any threat or warning signals are present. When conditions are considered safe, individuals either forage or hunt with equal likelihood thereby performs a global search through these actions from Eq. (8) to Eq. (10).

				(8)

		 (9)

			 (10)


When  is less than a randomly generated value, the meerkats expand their search outward from their initial direction, simultaneously looking for food and monitoring potential threats. The parameter  is set to 0.5, maintains a balance between these two behavioral patterns. Meanwhile, the step size parameter gradually decreases as iterations progress, which is essential for broad exploration in the early stages and steady convergence in later phases. It is given as in Eq. (11).

 (11)

Alternatively, during the search process a meerkat may randomly encounter another member of the group and move toward it to engage in cooperative hunting, where  represents a randomly chosen individual apart from itself. 
The limitation of Eq. (11) is that it can cause excessive exploration, which makes the algorithm less efficient in refining and converging to the best solution. So, this paper modifies the Eq. (11) using the Hippopotamus Optimization (HO) algorithm [12], where HO formulation is given as in Eq. (12).

			(12)

Now substitute Eq. (9).  in Eq. (8), where. The computations are given using the Eq. (13) to Eq. (16).

(13)

 (14)

	  (15)

(16)

Thus the Eq. (11) is updated using the Eq. (16). Here, in Eq. (16) the  in standard method. This study uses the Customized Logistic Map (C-LM) to enhance the diversity of the initial population and uniform random values generated during the initialization process. The C-LM is given as in Eq. (17).

			(17)


where,  that control chaos and .
c) Defensive Response to Threats

When , meerkats begin scanning for potential predators or threats, alerting others to either seek shelter or prepare to defend themselves, as described below Eq. (18) to Eq.  (20).

				 (18)

 (19)

			(20)
A drawback of Eq. (20) is that it oversimplifies the emergency response that potentially ignores more complex interactions and adaptive behaviors that could improve the system’s overall efficiency and accuracy in dynamic environments. Thus, the Eq. (20) is modified as in Eq. (21).

		 (21)






where, ,  is a scaling factor that is given as , is the Euclidean distance between the individual position  and global best position .

In an emergency, if , it suggests that the fitness value is improved when meerkats move towards the leader, which can be considered as the historical global optimal position. In this case, the individual meerkats update their locations in that direction, as described in Eq. (19). To ward off potential threats, they adopt the strategy of appearing as a large and intimidate creature.

	(22)



In contrast, if the fitness function , this suggests that meerkats exhibit lower adaptability towards the leader. This implies that when they encounter barriers like invaders blocking their path or a particularly formidable enemy, the meerkats will retreat in the opposite direction to seek safety, as described in Eq. (22). The term  in Eq. (18) represents a random bias introduced to expand the range within which individuals search. Without this  parameter, the leader’s direction update is designed to promote quicker convergence.
d) Exploration in a random direction
To maximize their chances of finding food, the meerkat group has a probability at each step to venture in a random direction. This strategy helps them escape local optima and discover superior food sources.

(23)












In Eq. (23),  represents the  flight step. The formula for  is given by . Here,  ,  and  are random numbers that follow a normal distribution, with  and  being their respective standard deviations. Specifically,  is defined as  and respectively.
e) Reincarnation and Demise
When an individual crosses the defined limits, it is deemed deceased and removed from the population. To preserve the population size, new individuals are generated according to Eq. (24).

		(24)
Figure 2 shows the H-MOA flowchart for easier understanding.
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Figure 2: Flowchart of H-MOA 
IV. RESULTS AND DISCUSSION
A. Simulation procedure
The proposed optimal design of the microstrip antenna was implemented using MATLAB and performed on a system equipped with an 11th Gen Intel (R) Core (TM) i5-1135G7 @ 2.40GHz   2.42 GHz with 16 GB of installed RAM (15.7 GB usable). 
B. Simulation setup 
The optimized microstrip patch antenna consists of patch with length of 0.1151 m, width of 0.1499 m and height of 0.0024 m, mounted on a substrate of air with a thickness of 0.0024 m, relative permittivity (εr) of 1 and loss tangent of 0. The ground plane measures 0.2398 m × 0.2398 m and the patch is centered with an offset of [0, 0], while the feed is offset at [-0.0187, 0]. The patch uses a metal conductor, with no tilt applied (tilt = 0, tilt axis = [1 0 0]) and includes lumped element load. This configuration represents the optimized design parameters of the proposed microstrip patch antenna.
C. Performance Analysis of the Microstrip Antenna
In this portion of study, the performance of microstrip antenna is analysed using parameters such as efficiency, gain, reflection coefficient, return loss and VSWR with respect to frequency. By this analysis, it demonstrates the capability of antenna’s radiation and overall reliability across the frequency range of 1 GHz to 2.4 GHz. The efficiency analysis measure how much input power is actually radiated by the antenna and gain analysis over the frequencies implies how strongly the antenna radiates their energy in specific directions. The comparative review is taken across the different optimization frameworks such as MFO, PSO, GGO, BWO, RPO, HOA, MOA along with H-MOA. Here, the optimizer HOA has delivered minimal efficiency than the H-MOA by 0.7 in frequency of 1 GHz, 0.78 in 1.25 GHz, 0.9 in 1.75 GHz and reached by efficiency range of 0.95 in 2.4 GHz (Figure 3(i)). While the H-MOA optimizer attained maximal efficiency over all the frequency levels by 0.9 in 1 GHz and reached by 0.97 in 2.4 GHz. In gain level estimation, the optimizer HOA, MOA and BWO has notably exhibited minimal magnitude range by around 3 dB to 5 dB in frequency of 1 GHz, 6 dB to above 7 dB in 2 GHz and reached by approximately 8 dB (Figure 3(ii)). But exceeded this, the H-MOA has depicted maximal gain magnitude over 1 GHz to 2.4 GHz by 5 dB to 8.6 dB respectively. In contrast, the reflection coefficient and return loss analysis is taken among the optimizer approaches in terms of frequency variation, as shown in Figure 3(iii) & Figure 3(iv).  In this observation, the baseline optimization frameworks such as MFO, PSO, GGO, BWO, RPO, HOA, MOA are attained maximal magnitude than the H-MOA to implied the poor performance. This is confirmed via the minimal magnitude of H-MOA by -0.91 dB to -0.6 dB in reflection coefficient analysis and obtained return loss magnitude by 0.9 to 0.7. In addition, the analysis is taken over VSWR vs frequency is illustrated in Figure 3(v). 
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Figure 3: Antenna performance evaluation based on frequency (i) Efficiency vs Frequency (ii) Gain vs Frequency (iii) Reflection Coefficient vs Frequency (iv) Return Loss vs Frequency (v) VSWR vs frequency
D. 
E. Current Distribution Analysis 
The current distribution analysis emphasizes how the surface currents are flows across the microstrip patch antenna by plotting x(m) and y (m) axes, which represents the physical position of antenna surface. By this validation, it reflected which area that the current is stronger and weaker. The current distribution ranges of optimization frameworks over the surface of antenna are expressed in nC/m. Whereas, the higher nC/m ranges indicates that the regions with greater charge accumulation have contribute more to radiation and lower nC/m values represent the regions with less contribution to radiation. Figure 4 shows the comparative current distribution study of baseline optimizer such as MFO, PSO, GGO, BWO, RPO, HOA, MOA along with H-MOA. In this analysis, the H-MOA has obtained higher charge distribution at the center of the antenna and exhibited lower over the surrounding regions to demonstrates the efficient current flow and better radiation performance than existing optimizers. 
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Figure 4: Current distribution analysis of H-MOA (i) BWO (ii) GGO (iii) HOA (iv) MFO (v) MOA (vi) PSO (vii) RPO (viii) H-MOA
F. Charge Distribution Analysis
This section illustrates the charge distribution efficiency of baseline optimizers MFO, PSO, GGO, BWO, RPO, HOA, MOA and H-MOA in Figure 5. The charge distribution describes how the electric charges are distributed on the surface of antenna. Here, the A/m represents the magnitude of surface current density on the antenna patch. Regarded to this analysis, it reflected that the H-MOA has reached lower A/m value at the center and slightly raised higher A/m value over the surrounding region and exhibited lower A/m value towards the outer edges. This distribution pattern shows that the proposed antenna structure supports to efficient the electromagnetic behavior and improve the radiation performance.
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Figure 5: Current distribution analysis of H-MOA (i) BWO (ii) GGO (iii) HOA (iv) MFO (v) MOA (vi) PSO (vii) RPO (viii) H-MOA
G. 3D pattern analysis
Figure 6 highlights the 3D pattern analysis outcome of baseline optimizers MFO, PSO, GGO, BWO, RPO, HOA, MOA and H-MOA with frequency range 1.24 GHz. The 3D pattern analysis demonstrates how the antenna radiates electromagnetic waves in all directions at specific frequency, which provides the strength and distribution of radiated energy by showcasing the maximum “strongest” and minimum “weaker “points, and in-orderly depicts the variation of radiated power along the azimuth (horizontal) and elevation (vertical) planes to implies the directions of maximum and minimum radiation. By this analysis, the H-MOA has reached strong main lobe in the desired direction with effective spatial converge to proven their stability than the other optimizers. 
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Figure 6: 3D pattern analysis of H-MOA (i) BWO (ii) GGO (iii) HOA (iv) MFO (v) MOA (vi) PSO (vii) RPO (viii) H-MOA
H. Directivity Analysis 
Figure 7 presents the directivity analysis of baseline optimizers MFO, PSO, GGO, BWO, RPO, HOA, MOA and H-MOA with directivity values of 1000000000, 1250000000, 1500000000, 1750000000, 2000000000 and 2400000000 respectively. This directivity analysis showcases how the antennas are concentrates their radiated power in a specific direction. Overall, this comparative study depicted that the H-MOA framework has achieved efficient directional radiation to confirmed their superiority over the other baseline optimizers. 
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Figure 7: Directivity analysis of H-MOA (i) Directivity-1000000000 (ii) Directivity-1250000000 (iii) Directivity-1500000000 (iv) Directivity-1750000000 (v) Directivity-2000000000 (vi) Directivity-2400000000 	
V. [bookmark: _Hlk205891817]CONCLUSION
	This work proposed a novel Meerkat-Hippo Optimizer for Optimal Designing of Microstrip Antenna (MHO-ODMA) framework that employed the Hippopotamus assisted Meerkat Optimization Algorithm (H-MOA) for optimally tuning antenna parameters. The MHO-ODMA methodology began by establishing a comprehensive antenna framework, which incorporates critical structural parameters such as patch length, width, height and feed line thickness, which directly influenced resonant frequency, radiation efficiency, bandwidth and impedance matching. The H-MOA algorithm iteratively tuned these parameters under specified constraints that included gain, directivity and return loss to achieve optimal antenna performance. By systematically adjusting the patch dimensions and feed properties through constrained optimization, the approach enhanced radiation characteristics, improved efficiency and ensured precise impedance matching. The H-MOA optimizer achieved higher efficiency across all frequency levels by attaining 0.9 at 1 GHz and reaching up to 0.97 at 2.4 GHz.
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Nomenclature
	Abbreviation
	Description

	BWO
	Black Widow Optimization Algorithm

	C-LM
	Customized Logistic Map

	FDTD
	Finite Difference Time Domain

	GGO
	Greylag Goose Optimization Algorithm

	GPS
	Global Positioning Systems

	H-MOA
	Hippopotamus assisted Meerkat Optimization Algorithm

	HO
	Hippopotamus Optimization

	HOA
	Hippopotamus Optimization Algorithm

	MFO
	Moth-Flame optimization

	MHO-ODMA
	Meerkat-Hippo Optimizer for Optimal Designing of Microstrip Antenna

	MOA
	Meerkat Optimization Algorithm

	MSAs
	Microstrip Antennas

	PSO
	Particle Swarm Optimization

	PSO
	Particle Swarm Optimization

	RFID
	Radio Frequency Identification

	RGA
	Real-Coded Genetic Algorithm

	RPO
	Red Panda Optimization Algorithm
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Meerkat - Hippo Optimizer for Optimal Designing of  Microstrip Antenna   Nibedita Mukherjee   Department  Electronics and Communication Engineering   Budge Budge Institute of Technology,   Nishchintapur,   Budge , West Bengal,700 137,   India .   nibeditamukherjee430@gmail.com   Sneha Hazra   Department  Electronics and Communication Engineering   Budge Budge Institute of Technology,   Nishchintapur,   Budge , West Bengal,700 137,   India.   hazrasneha1@gmail.com A bstract — The rectangular microstrip patch antenna  is a  widely used planar antenna in modern wireless communication  due to its compact size, low profile and ease of fabrication.  Typically designed on a thin dielectric substrate, this  configuration enables efficient radiation and reliable integration  with p lanar circuits while maintaining a simple structure. In this  work, a novel  Meerkat - Hippo Optimizer for Optimal Designing  of Microstrip Antenna (MHO - ODMA) framework  is proposed  that employs   the Hippopotamus assisted Meerkat Optimization  Algorithm (H - MOA)   fo r optimally tuning antenna parameters .  The   MHO - ODMA   methodology begins by establishing a  comprehensive antenna framework,  which  incorporat es   critical  structural parameters such as patch length, width, height and  feed line thickness, which directly influence resonant frequency,  radiation efficiency, bandwidth and impedance matching. The  H - MOA algorithm iteratively tunes these parameters under  s pecified constraints   that includes   gain, directivity and return  loss to achieve optimal antenna performance. By syst ematically  adjusting the patch dimensions and feed properties through  constrained optimization, the approach enhances radiation  characteristics, improves efficiency and ensures precise  impedance matching.   The H - MOA demonstrates the significant  improvement in gain magnitude across the frequency range of  2.4 GHz by 8.6 dB.    Keywords — Microstrip antenna, Wireless communication,  Antenna design optimization, H - MOA, Rectangular microstrip  patch antenna.   I.   I NTRODUCTION   In wireless communication, antennas play a crucial role  not just as front - end devices for transmitting and receiving  electromagnetic waves, but also as converters that switch  high - frequency electrical energy into electromagnetic wave  energy. Among the vari ous types of antennas, microstrip  antennas (MSAs) are extensively utilized in communication  systems due to their key benefits, such as being lightweight,  compact, low - profile and capable of supporting dual or  multiple frequencies   [1] .     Microstrip patch antennas are commonly used in various  wireless communication technologies   that includes   mobile  devices, Radio Frequency Identification (RFID), Global  Positioning Systems (GPS) and several other applications.  One of the main challenges with microstrip antennas is their  limited bandwidth but this can be addressed using various  techniques.   In contrast, enhancing gain presents a greater  challenge as it requires careful attention to prevent significant  degradation of bandwidth   [2] .   Typically, an   antenna’s gain is  directly linked to its aperture with smaller sizes often leading  to reduced gain. Therefore, finding a balance between  antenna size and gain remains a major challenge   [3] .   The  primary objective of the research presented in this paper is to  improve both gain and directivity while reducing return loss.   Antenna features are closely linked to specific circuit  applications and usage contexts, which means antennas often  require tailored designs. As a result, the efficiency of antenna  design plays a crucial role in determining the product ’ s time  to market   that makes   it a significant factor in the overall  development process. To enhance antenna design efficiency,  significant research has been devoted to antenna synthesis  and optimization techniques. Traditionally, antenna  optimization relies on heuristic algori thms but due to their  blind search approach that tend to be highly time - consuming   [4] . Additionally, many reported benchmarks train various  algorithms on datasets or splits that are not directly  comparable   that makes   it difficult for antenna designers to  interpret the trade - offs between accuracy and cost effectively   [5] .   To address these limitations, this paper proposes a  Meerkat - Hippo Optimizer for Optimal Designing of  Microstrip Antenna (MHO - ODMA). The main contribution  of this study is given as follows:      Proposing a Hippopotamus assisted Meerkat  Optimization Algorithm (H - MOA) for optimal tuning  of antenna parameters under the constraints such as  gain, directivity and return loss.   Also, it improves the  optimization by allowing the algorithm to explore the  solution space more freely that increases the likelihood  of identifying superior outcomes.   This paper is structured as follows:  Section  II , provides  an overview of previous studies on optimizing microstrip  antenna designs. Section  III   outlines the proposed  MHO - ODMA  methodology. Experimental findings are presented in  Section  IV . Finally, Section  V   offers the conclusion of the  study.   II.   L ITERATURE REVIEW   This section provides a comprehensive review of the  existing literature on the optimization of microstrip antenna  designs that highlights key techniques, methodologies and  advancements in the field.   In 2025, Fredelino A. Galleto Jr. and Aaron Don M.  Africa   [6]   introduced a machine learning – based pseudocode  framework aimed at improving the design of microstrip  antennas, with a focus on enhancing gain and radiation  efficiency. It integrated tools such as MATLAB, OriginPro  and ROSE to process and fuzzify important   antenna  parameters   that included   dimensions and substrate properties.  Furthermore, the approach demonstrated adaptability,  making it suitable for various antenna designs, materials, and  frequenc y ranges in advanced wireless communication  systems.   In 2025, Dhawan Singh  et al.,   [7]   focused on developing,  refining, and experimentally verifying a compact circular  patch antenna fed by a CPW structure, specifically intended  for RF energy harvesting in 5G applications. The final  optimized configuration incorporated hexagonal ring slots   that enabled   the antenna to achieve a broad operational  bandwidth. The inclusion of hexagonal ring slots that was an  innovative element absent in earlier designs contributed to  enhanced impedance bandwidth without increasing the 

