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Abstract: Rectangular patch microstrip antennas are widely recognized for their compact size, low profile, and ease of 

integration into various communication systems. These antennas, consisting of a metallic patch suspended over a ground 

plane with a dielectric substrate, offer flexibility in tuning their electrical characteristics, making them suitable for 

applications ranging from satellite communication and radar systems to wireless networks and RFID tags. Accurate 

prediction of antenna dimensions is crucial for optimizing performance. Recent advancements in machine learning have 

significantly enhanced the design process, providing precise and efficient predictions of these dimensions. This review 

paper explores the integration of machine learning techniques in the design of rectangular patch microstrip antennas, 

highlighting the benefits and challenges of these approaches. Emphasis is placed on the impact of dimensional accuracy 

on antenna performance, the potential for rapid prototyping, and the ability to adapt to evolving technological demands. 
The paper concludes with a discussion on the future directions and potential applications of machine learning in antenna 

design. 
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I. INTRODUCTION 

Rectangular patch microstrip antennas are widely recognized and utilized for their compact size, low profile, and ease of 

integration into various communication systems. They consist of a metallic patch suspended over a ground plane with a 

dielectric substrate in between, offering flexibility in tuning their electrical characteristics such as resonant frequency and 

impedance. Their simple structure and ability to operate across a broad range of frequencies make them suitable for 

applications spanning from satellite communication and radar systems to wireless networks and RFID tags. Understanding 
and accurately predicting the dimensions of these antennas are crucial for optimizing their performance, and recent 

advancements in machine learning offer promising avenues for enhancing the design process by predicting these 

dimensions with high precision and efficiency. Considering the presumptions of the near future, the data-hungry devices 

(smart-phone, tablet, sensor and etc.) will lead to a shortage in the bandwidth. Hence, the advancement of wireless-based 

networks is essential. The 5G technology employs high frequency bands and wide signal bandwidth in order to increase 

the transmission bit rates, thereby providing better coverage with low battery consumption [1]. In the recent fifteen years, 

the microstrip patch antennas (MPAs) are the most rapidly developing systems in the antenna field. They have received 

creative attention from the researchers worldwide and several patents, articles or books have been published. Also, multiple 

symposium sessions and short courses have been executed. As a result, MPAs have quickly evolved from an academic 

novelty to commercial reality, with applications in a wide variety of microwave systems [2]. 

Antenna design is done in ANSYS High Frequency Structure Simulator (HFSS) tool. It is a 3D simulation tool applicable 

for high frequency electronic elements as antenna and antenna arrays. This software tool has worldwide application that 
can be used in wireless communication, radar applications, satellite communication, Internet of things products. It solves 

the problems in 3D EM design. Complete analysis and provides guaranteed accuracy as result. The parameters necessary 

to analyse the antenna can be viewed in 2D and 3D model for accurate analysis [3]. 

The geometry and configuration of the proposed antenna is shown in the figure. Initially the design properties are selected 

by adjusting the local variables such as the substrate thickness, height, material, transparency and position as well. As 

shown in the figure the proposed antenna consists of a substrate on which a cylindrical coax of Teflon is developed. The 

cylindrical coax pin is made up of the material pec. Also the height and radius of the coax are – 16.67mm and 0.283mm 

respectively. The feed pin is also cylindrical with a radius of 0.083mm and the height of 62mil. Before covering the design 

with a radiation air box the circular wave port on the substrate with a radius of 0.283mm is made. Finally the design is 

covered with a vacuum air box before the simulation and analysis [4]. 
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Figure 1 Rectangular Microstrip Patch Antenna   

II. IMPORTANCE OF DIMENSION PREDICTION 

Dimensional measurement is how we know and quantify the size and shape of things. It involves lengths and angles as 

well as geometrical properties such as flatness and straightness. Dimensional measurement is of fundamental importance 

for interchangeability and global trade. The importance of dimension prediction in the context of rectangular patch 

microstrip antennas lies in its pivotal role in optimizing antenna performance and design efficiency. Accurately predicting 

the dimensions of these antennas using advanced techniques such as machine learning can significantly enhance several 

critical aspects. 

 
Figure 2 Importance of Dimension Prediction 

Machine learning has revolutionized the design of microstrip antennas by enabling precise prediction of antenna 

dimensions, which directly influence crucial performance parameters such as operating frequency, bandwidth, radiation 

pattern, and impedance matching. By accurately predicting these dimensions, engineers can optimize antenna performance 

tailored to specific communication requirements, ensuring efficient and effective operation. This predictive capability 

reduces the traditional reliance on iterative prototyping, cutting down on time and costs associated with physical testing. 

Additionally, machine learning's ability to analyse vast datasets allows for sophisticated customization of antenna designs, 

catering to diverse applications in telecommunications, satellite communication, radar systems, and IoT devices. 

Furthermore, it supports the continuous adaptation of antenna designs to evolving technological advancements and 
environmental conditions, maintaining relevance and efficiency over time. This integration with advanced technologies 

ensures seamless compatibility and optimal performance within compact and multifunctional electronic systems, 
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underscoring the transformative impact of machine learning in modern antenna design and engineering. Dimensionn 

prediction using machine learning not only enhances the performance and efficiency of rectangular patch microstrip 
antennas but also fosters innovation in antenna design by enabling rapid prototyping, customization, and adaptation to 

evolving technological landscapes. 

III. LITERATURE REVIEW 

Rajendran Ramasamy, and Maria Anto Bennet, (2023) [5] Based on performance requirements, the smart antenna 

synthesis approach automatically determines the best type of antenna and offers the best geometric properties. Three 

different types of antennas are classified using a decision tree classifier, and the ideal antenna size parameters are found 

using a fuzzy inference system. With a MAPE of less than 5.8% and an accuracy of over 99%, the system provides 

outstanding parameter prediction, making it appropriate for smart antenna design. 

Yiğit, H., & Karayahşi, K. (2023) [6] With the help of this study, microstrip antennas with the necessary radiation patterns 

can be designed quickly and without the need for laborious calculations and experiments. It makes use of cavity model 

expressions, a novel model-based design technique. The two graph models, "employer" and "employee," minimize design 

error by describing the behaviors and effects of parameters. Based on the cavity model, the models propose physical 

parameter values for the intended antenna radiation pattern. 

A. N. Aulia Yusuf et. al. (2023) [7] The lengthy antenna design procedure frequently uses an ineffective trial-and-error 

method. In the design phase, machine learning techniques can yield significant time and effort savings as well as improved 

antenna performance. This study compares six machine learning models based on four widely-used metrics in multi-output 

regression situations in order to analyze appropriate machine learning techniques for forecasting microstrip antenna 

dimensions. The outcome demonstrates that the Random Forest approach is the most appropriate algorithm since it yields 

the lowest error value (i.e., 2.024 for RMSE, 4.097 for MSE, and 0.674 for MAE) and the greatest R 2 score (0.757) of all 

the techniques. 

N. Sarker, et. al. (2023) [8] The focus of this review paper is on machine learning and deep learning methods in the context 

of AI-based antenna design and optimization for wireless communications. It covers several optimization techniques, 

reinforcement learning-based methodologies, and electromagnetic simulators such as CST and HFSS. The article also 
covers automated computational electromagnetics software and AI-based methods for choosing antennas. Design 

procedures are accelerated, simulations are decreased, efficiency is increased, and antenna behavior prediction is improved 

using ML/DL. 

Bicer, M. (2023) [9] This study analyzed and synthesized L-shaped and T-shaped compact microstrip antennas using 

regression-based machine learning algorithms. It simulated 3808 LCMAs and 900 TCMAs at UHF and SHF frequencies, 

analyzing their physical and electrical characteristics. Four baseline regression models and seven machine learning models 

were developed, and three-dimensional LCMAs and TCMAs were created using polylactic acid, felt-based substrates, and 

copper tape. 

Table 1 Parametric of Antenna Design Approaches 

Author(s) Year Antenna Type(s) Methodology Algorithms/ 

Models 

Performance 

Metrics 

Key Results 

Rajendran 

Ramasamy, 

Maria Anto 
Bennet 

2023 Rectangular patch, 

pyramidal horn, 

helical 

Smart antenna 

synthesis 

approach with a 
decision tree 

classifier and 

fuzzy inference 

system (FIS) 

Decision tree 

classifier, fuzzy 

inference system 
(FIS) 

Accuracy, Mean 

Square Error 

(MSE), Mean 
Absolute 

Percentage Error 

(MAPE) 

Accuracy > 

99%, MAPE < 

5.8% 

Yiğit, H., 

Karayahşi, 

K. 

2023 Microstrip 

antennas 

Model-based 

design using 

cavity model 

expressions, 

graph theory, 

and machine 

learning 

Employer 

model, 

employee model 

(graph theory, 

machine 

learning) 

Design error Proven 

validity of 

model-based 

design 

technique 

A. N. Aulia 

Yusuf et. al. 

2023 Microstrip 

antennas 

Machine 

learning 
algorithms for 

predicting 

antenna 

dimensions 

Random Forest, 

compared with 
five other ML 

models 

R² score, Mean 

Absolute Error 
(MAE), Mean 

Square Error 

(MSE), Root 

Mean Square 

Error (RMSE) 

Random 

Forest: R² = 
0.757, MAE = 

0.674, MSE = 

4.097, RMSE 

= 2.024 



Mishra and Rathor et al. 

  

 

412 | Research Journal of Engineering Technology and Medical Sciences (ISSN: 2582-6212), Volume 07, Issue 02, June-2024 

N. Sarker et. 

al. 

2023 Various antennas 

for wireless 

communications 

Review of AI-

based antenna 

design and 
optimization 

Machine 

learning (ML), 

deep learning 
(DL), 

reinforcement 

learning (RL), 

EM simulators 

(CST, HFSS) 

Efficiency of 

design and 

optimization 
processes 

ML/DL 

improve 

prediction, 
reduce 

simulations, 

enhance 

efficiency, and 

speed up 

design 

processes 

Bicer, M. 2023 L-shaped compact 

microstrip 

antennas (LCMA), 

T-shaped compact 

microstrip 

antennas (TCMA) 

Regression-

based machine 

learning 

algorithms for 

synthesis and 

analysis 

Four baseline 

regression 

models, seven 

machine 

learning models 

Resonant 

frequency 

prediction, 

physical 

parameter 

determination 

Feasibility of 

ML models for 

LCMA and 

TCMA 

analysis and 

synthesis 

IV. CHALLENGES IN ANTENNA DIMENSIONING 

Challenges in antenna dimensioning are multifaceted, involving technical, physical, and environmental considerations. 

Technically, achieving the desired frequency, gain, and bandwidth while maintaining a compact size is complex. Physical 

constraints such as space limitations and the material properties of the antenna further complicate the design process. 

Environmental factors, including signal interference and the impact of weather conditions, can affect performance and 

necessitate adjustments in dimensioning. Additionally, the integration of antennas into devices requires careful balancing 

to avoid compromising the functionality of other components. Addressing these challenges requires innovative engineering 

solutions, rigorous testing, and a thorough understanding of electromagnetic principles. 

1.3.1 Common Challenges in Determining Optimal Dimensions for Performance 

Determining the optimal dimensions for a rectangular patch microstrip antenna involves several challenges that can 

significantly impact its performance. Achieving precise control over the resonant frequency is crucial, as even minor 

deviations in the patch dimensions can lead to significant shifts, affecting the antenna’s operational frequency band. 
Balancing the dimensions to achieve an adequate bandwidth while maintaining other performance characteristics is a 

complex task. Narrow bandwidth is a common limitation, requiring careful dimensioning to enhance it without 

compromising other parameters. Ensuring high radiation efficiency involves optimizing the patch size and shape to 

minimize losses, which can be influenced by substrate properties and fabrication tolerances. Proper impedance matching 

between the antenna and the feed line is essential for efficient power transfer. This requires precise dimensioning to avoid 

mismatches that can lead to reflection losses. Variations in the manufacturing process can lead to discrepancies between 

the designed and fabricated dimensions, impacting the antenna’s performance. Managing these tolerances is critical for 

consistent performance. The performance of the antenna can be affected by the surrounding environment, including 

proximity to other components and materials. Accounting for these factors in the design process is challenging but 

necessary to ensure reliable performance. In summary, determining the optimal dimensions for a rectangular patch 

microstrip antenna involves navigating challenges related to resonant frequency accuracy, bandwidth optimization, 
radiation efficiency, impedance matching, fabrication tolerances, and environmental factors. Each of these aspects must be 

carefully considered and balanced to achieve optimal antenna performance. 

 

Figure 3 Dimensions for a rectangular patch microstrip antenna Common challenges 
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1.3.2 Impact of Dimensions on Antenna Performance 

The dimensions of a rectangular patch microstrip antenna significantly impact its performance across several key 
parameters. The resonant frequency is directly related to the length and width of the patch; even minor variations in these 

dimensions can lead to substantial frequency shifts, making precise dimension control crucial. The bandwidth of the 

antenna is also influenced by the patch size, where a larger patch can offer a broader bandwidth. However, balancing this 

with other performance characteristics, such as efficiency and gain, presents a complex challenge. The radiation pattern 

and beamwidth are affected by the dimensions as well, with specific shapes and sizes producing different radiation 

characteristics. This necessitates careful optimization of the patch shape to achieve the desired radiation pattern. 

The gain and efficiency of the antenna are closely linked to its dimensions, with larger patches generally providing higher 

gain but potentially lower efficiency due to increased losses. Proper impedance matching is another critical aspect 

influenced by the patch dimensions; mismatched dimensions can lead to significant reflection and power loss, reducing 

overall performance. Practical considerations during fabrication, such as manufacturing tolerances, can cause discrepancies 

between the designed and actual dimensions, impacting the antenna’s final performance. It is essential to consider substrate 

properties and material constraints to maintain design integrity. 

Real-world examples and case studies highlight how variations in dimensions can lead to different performance outcomes, 

providing valuable insights into optimizing antenna design. By understanding and addressing these factors, designers can 

achieve a balance that maximizes the antenna’s effectiveness for its intended application. 

V. CONCLUSION 

Rectangular patch microstrip antennas have become a cornerstone in modern communication systems due to their compact 

size, low profile, and versatile performance. The ability to accurately predict the dimensions of these antennas is critical 

for optimizing their functionality and meeting the demands of various applications. Machine learning has emerged as a 

powerful tool in this regard, offering precise predictions that streamline the design process, reduce costs, and enhance 

performance. This review highlights the transformative impact of machine learning on antenna design, emphasizing its role 

in achieving high accuracy, efficiency, and adaptability. As technology continues to advance, the integration of machine 

learning in antenna engineering will likely expand, paving the way for innovative solutions and broader applications in 
telecommunications, satellite systems, radar, and IoT devices. The ongoing development and refinement of these 

techniques promise to address current challenges and open new frontiers in antenna design, ensuring their relevance and 

effectiveness in future communication landscapes. 
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