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Abstract 

The design and analysis of microstrip patch antennas are crucial for microwave applications, such as 

communication systems, radar, and imaging devices. However, the complex interactions between the antenna's 

geometrical parameters, material properties, and performance characteristics make the design process 

computationally expensive and time-consuming. This paper presents a comprehensive study on data-driven 

surrogate modeling techniques for efficient design and optimization of microstrip patch antennas. We discuss 

various surrogate modeling techniques, such as support vector regression machine, Gaussian process models, 

artificial neural networks, and deep learning-based approaches, and evaluate their performance in predicting 

the antenna's performance metrics. Additionally, we demonstrate the application of surrogate modeling in the 

optimization of microstrip patch antennas and address the challenges and future research directions in this 

field.  
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1. Introduction 

The utilization of Radio Frequency (RF) communication has become an essential component of contemporary 

society, with its implementation extending across diverse fields, including telecommunications, sensing, and 

wireless power transmission. The Industrial, Scientific, and Medical (ISM) band is a significant segment in the 

RF spectrum that presents a distinctive prospect for a broad spectrum of applications owing to its unlicensed 

nature. The International Telecommunication Union (ITU) has allocated the ISM bands, which are usually 

centered around 2.4 GHz, 5.8 GHz, and 24 GHz, to cater to a diverse range of applications without requiring 

explicit licensing or regulatory approval. The adaptability of these frequency bands has facilitated the swift 

advancement and dissemination of wireless technologies and apparatuses, thereby engendering new and inventive 

implementations.  

Microstrip patch antennas have gained widespread popularity in microwave applications due to their low-

profile, lightweight nature, and ease of fabrication [1-4]. The design of microstrip patch antennas involves the 

optimization of various geometrical parameters, such as patch dimensions, substrate thickness, and feed position, 

to achieve the desired performance characteristics, such as radiation pattern, bandwidth, and gain [5]. However, 

the complex relationships between these parameters and the antenna's performance characteristics make the 

design process computationally expensive and time-consuming, particularly when employing traditional 

electromagnetic simulation tools [6]. 

In recent years, there have been notable advancements in the design of microwave antennas, which can be 

attributed to the increasing need for communication, sensing, and radar systems with superior performance. The 

growing complexity and evolving requirements of these systems have resulted in a heightened demand for 

modelling techniques that are both efficient and accurate. These techniques are necessary to enable swift design 

iterations and performance optimization. The accuracy of traditional full-wave electromagnetic (EM) simulations 

is well-established, however, their computational demands are substantial and time-consuming, which can present 

obstacles for tasks that require timely decision-making and optimization. The utilization of data-driven surrogate 

modelling has surfaced as a potent and adaptable approach that connects the disparity between computationally 

costly simulations and prompt, dependable predictions. Surrogate models, also referred to as metamodels, utilize 

data derived from a restricted set of simulations or experiments to furnish an estimation of the fundamental 

systems. This approach offers valuable insights into the behavior of the systems while considerably mitigating the 

computational load. Data-driven surrogate modeling offers an attractive solution to overcome these challenges by 
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providing rapid and accurate predictions of the antenna's performance characteristics based on a limited set of 

input-output data [7]. Surrogate models, also known as metamodels are approximations of the underlying complex 

system, which can be trained using available data to provide predictions at a significantly reduced computational 

cost [8]. In this paper, we present a comprehensive study on data-driven surrogate modeling techniques for 

efficient design and optimization of microstrip patch antennas for microwave applications [9]. 

2. Antenna Design and Its Surrogate Modelling 

  Herein, the present study investigates a Microstrip patch antenna design (depicted in Figure 1) featuring a 

square-shaped radiator and a tapered transmission line. Table 1 provides the lower and upper bounds of the 

variable space for the given problem. The Latin-Hyper cube Sampling (LHS) technique has been selected as the 

sampling approach for producing training and testing samples, utilizing the input domain specified in Table 1. A 

set of 800 data samples was utilized to assess the efficacy of the data-driven models, with 800 samples allocated 

for training and 200 for hold-out purposes. Each data sample generated in this study includes the scattering 

parameter response within the frequency range of 1-4 GHz, with a step size of 0.1 GHz. This study employs 

prevalent artificial intelligence algorithms for data-driven surrogate modelling, and their outcomes are exhibited 

in Table 2. The results presented in this study were obtained through a k-fold validation approach, where k was 

set to 5. Additionally, a hold-out dataset consisting of 200 samples was used, and the Relative Mean Error (RME) 

metric (as defined in Equation 1) was employed. The M2LP model has been determined to be optimal for this 

problem based on its lowest error value in both k-fold validation and hold out data sets. 

                                                    (1) 

 

Figure 1. Schematic of the studied antenna. 
 

 

Table 1. Design variables and their variation limits 

Parameter Lower Upper Parameter Lower Upper 

L1 20 30 W1 30 40 

L2 5 15 W2 0.5 1.5 

L3 5 15 W3 2 4 
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Table 2. Performance results of algorithms. 

Model Hyper-Parameters K-fold/Holdout 

SVRM [10] 
Epsilon=0.2,  

Kernel of Radial basis  
9.9% / 10.7 % 

Gaussian Process 

Regression [11] 

Kernel 'ardmatern52', predication  

Block coordinate descent block size of 

1500 

6.4% / 7.6% 

MLP [12] 

Two hidden layers with 25-30 

hidden neurons with trained with 

Levenberg-Marquardt back 

propagation 

7.3% / 8.2% 

M2LP [13] 
depth of 3 with initial neurons size 

of 128 
4.2% % 5.1 % 

 3. Study Case 

Optimization plays a crucial role in various scientific and engineering applications. The search for efficient 

optimization techniques has led to the development of several nature-inspired algorithms, including Genetic 

Algorithms, Ant Colony Optimization, and Particle Swarm Optimization (PSO). It was proposed by Kennedy and 

Eberhart in 1995, and since then PSO has attracted considerable attention due to its simple nature and working 

principle [14]. In PSO each individual, called a particle, represents a potential solution in the search space. The 

particles move iteratively through the search space, updating their positions and velocities according to their own 

experiences and those of their neighbors. The best position found by any particle in the swarm is named as “global-

best”, while the best position found by a particle individually is called “personal-best”. The present study has 

opted for PSO as a proficient meta-heuristic optimization method to optimize antenna geometries [15-17]. The 

cost function, as represented by Eq. (2), has been employed to steer the search process. 
 

max1

min1

1

11
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( )

i

f

f

C

S f
=                                                                          (2) 

 

The value of weighing C1 is set to unity, and the frequency range is specified as 2.3 to 2.5, centered at 2.4 GHz, 

for applications in the ISM band. Table III displays the geometric design variables that were optimally selected 

through the implementation of PSO. Figure 2 displays the simulated performance of the antenna that has been 

optimally designed. To validate the efficacy of the proposed data-driven surrogate model, a comparison is made 

between the simulated performance of the optimal antenna obtained through M2LP and the results obtained 

through a full-wave simulation model. As depicted in Figure 2, the simulated S11 characteristics are in close 

agreement with the expected results presented in Table II. 

 
Table 3. Optimal determined design parameters of the Antenna in [mm] 

L1 
28.8 

W1 
37.3 

L2 
8 

W2 
0.8 

L3 
10 

W3 
3.2 

L 
59.5 

W 
54.8 
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(a) 

 

 
 

(b) 

 

 
(c) 

 

Figure 2. (a) full wave simulation model of optimally designed antenna, (b) simulated S11 results of M2LP and full wave 

simulation model, (c) simulated radiation pattern of the antenna @ 2.4 GHz.   

 

4. Conclusion 

This study presents a methodology for optimizing the design of a Microstrip Antenna using a computationally 

efficient approach that relies on data-driven surrogate modelling techniques. The surrogate representation of the 

antenna problem was created using data samples obtained from 3D electromagnetic simulators. The optimal 

solution for this problem was determined to be M2LP based on a performance comparison of a series of regression 

algorithms. Subsequently, in order to validate the proposed methodology, three distinct case studies were selected 

and treated as optimization problems to be solved using the aforementioned approach. The outcomes derived from 

this approach were then juxtaposed with those obtained from 3D EM full wave simulator results. The results 

demonstrate that the proposed surrogate modelling approach effectively identifies the desired geometrical design 

variables to elicit the desired design response. Furthermore, the results obtained exhibit a high degree of agreement 

with the outcomes of 3D EM simulations. 
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