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 In this paper we are interested to calculate the resonant frequency of 

rectangular patch antenna using artificial neural networks based on the 

multilayered perceptrons. The artificial neural networks built, transforms the 

inputs which are, the width of the patch W, the length of the patch L, the 

thickness of the substrate h and the dielectric permittivity    to the resonant 

frequency fr which is an important parameter to design a microstrip patch 

antenna.The proposed method based on artificial neural networks is 

compared to some analytical methods using some statistical criteria. The 

obtained results demonstrate that artificial neural networks are more adequate 

to achieve the purpose than the other methods and present a good argument 

with the experimental results available in the literature. Hence, the artificial 

neural networks can be used by researchers to predict the resonant frequency 

of a rectangular patch antenna knowing length (L), width (W), thickness (h) 

and dielectric permittivity      with a good accuracy. 
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1. INTRODUCTION  

The Microstrip patch antennas become one of the most popular antenna types used in many 

applications and in several fields like, GPS, Bluetooth, LTE, mobile phone, wireless application, satellite 

communication … The patch antennas are compatible with planar and non-planar surfaces [1]. These 

antennas are characterized by several advantages. In one hand, the low cost to manufacture it from 

compatible circuit with hybrid circuits and MMIC (Monolithic Microwave Integrated Circuit) [1,2]. In the 

other hand, they can be mounted on any surface due to their low weight and low volume. Furthermore, these 

advantages have recently increased their use in many areas and have led to improve their performance. 

However, microstrip antennas have the drawback of narrow bandwidth, low gain and can operate 

effectively only in the vicinity of the resonant frequency. For this reason and in order to design a patch 

antenna it’s important to determine the resonant frequency accurately [3]. 

In the literature, artificial neural networks (ANN) models have been built usually for the analysis of 

microstrip antennas. They are called the data-processing models inspired from the structure and behavior of 

the biological neurons [4].The computational capability of ANN is given by connection weights, architecture 

and training algorithm [5]. ANNs have been used in different fields of science, technology and in the design 

of microstrip patch antenna [6]. ANNs have been used to calculate the resonant frequency of a rectangular 

patch antenna at a given length, width, height and dielectric constant [7]. In [8] artificial neural models based 

on the MLPs and the RBFNs are presented for computing the resonant frequency of circular microstrip 

antennas with thin and thick substrates. With the suitable learning algorithm, the ANN can be trained to 

achieve, from input variables, a minimum error between the network output and the target. 
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In this paper, we are interested to apply the artificial neural network method based on the multi layer 

perceptron (MLP) to calculate the resonant frequency of the rectangular patch antenna for a number of 

samples. The length (L), the width (W), the thickness (h) of the substrate and the dielectric permittivity      
are used as inputs of the artificial neural network model. Some statistical criteria such as MSE, RMSE, 

MAPE and R are used to compare the approximation of the resonant frequency using the ANN and those 

given by the analytical methods available in the literature in particular those proposed by James and al [9], 

b.Sengupta, D.L [10] and Güney, K [11]. 

 

 

2. DESCRIPTION OF RECTANGULAR PATCH ANTENNA 

Microstrip antenna is a very small conducting patch with dimensions of width (W), length (L) over a 

ground plane with a substrate thickness (h) .The patch is generally made of conducting material such as 

copper built on a ground plane separated by dielectric substrate      usually in the range of  2.2≤   ≤12, 

depending on the used material [1]. The radiating patch may be square, rectangular, thin strip (dipole), 

circular, elliptical, triangular, or any other configuration. 

The transmission-line model represents a rectangular microstrip antenna as an array of two radiating 

narrow apertures (slots), each of width (W) and height (h), separated by a distance (L) [1]. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Rectangular patch antenna 

 

 

The fringing fields makes the microstrip line look wider electrically compared to its physical 

dimensions       ,  the length of the patch has been extended by    on each side; the effective length of 

the patch is now              [1]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Radiating element extended by ∆L 

 

 

3. APPROXIMATION OF THE RESONANT FREQUENCY  

A number of methods available to determine the resonant frequency of rectangular patch antennas. 

In this part, we are interested to calculate the resonant frequency with three theoretical methods proposed by 

James and al [9], Sengupta, D.L [10] and Güney, K [11]. 

Consider a microstrip antenna with a rectangular patch of width W and length L over a ground plane 

with a substrate of thickness h and a relative dielectric constant   , as shown in Figure 1. The approximate 

equations to calculate the resonant frequency is proposed in this section. 
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3.1.  James  and al method 

The resonant frequency    suggested by James and al [9] is given by: 
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3.2.  Sengupta D.L method  

The expression of the resonant frequency approximated by Sengupta, D, L [10] takes the following 

expression: 
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The effective dielectric constant is given as: 
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3.3.  Sengupta D.L method  

To calculate the resonant frequency, Güney, K [11] proposes the following formula:  
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The effective dielectric constant is defined as: 
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where:  
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The effective length of the patch is: 
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The wave vector    and the wave length    are expressed by: 
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4. ARTIFICIAL NEURAL NETWORK METHOD 
Artificial neural networks are computational models inspired from the structure and behavior of 

biological neurons and recently became a modeling and design tool that is an alternative of numerical models 

and analytical models [4]. The most used model of artificial neural networks nowadays is Multilayer 

perceptron (MLP) [15]. 

Multilayer perceptrons as a feedforward neural network trained with the standard backpropagation 

algorithm have been applied successfully to solve many problems in a supervised manner [12]. The 

architecture of a multilayer with an input layer, one hidden layer or intermediate layer and an output layer is 

given in Figure 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Multilayer perceptrons structure 
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5. MLP STRUCTURE  
An artificial neural network is a mathematical function used to predict data; the structure used in this 

network has four inputs: the length of the patch (L), the width (W), the thickness of the dielectric substrate 

(h) and the dielectric permittivity    .The desired output is the resonant frequency     .To build ANN 

structure, you have to determine: number of layers, number of neurons in each layer, neurons activation 

function and learning algorithm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. MLP structure 

 

 

The database used is obtained from measurements performed by Kara M [13] and [14]; the 

identification of the MLP neural networks requires two steps. The first one is the determination of the 

network structure where the distribution of data is given in the table below: 

 

 

Table 1. Database distribution 
Database 

distribution 
Percentage Number of 

samples 
Training 80% 26 

Validation 00% 00 
Testing 20% 07 

 

 

The second one is the identification of parameters (learning of the neural networks): the number of 

hidden layers, the number of neurons in hidden layer, the appropriate learning algorithm and the most 

suitable transfer function for the network. 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Variation of MSE for different number of hidden layers 
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Figure 6. Variation of MSE for different number of neurons in hidden layer 
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Figure 7. Variation of MSE for different training algorithms 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Variation of MSE for different transfer functions 

 

 

The optimum network structure for the proposed problem after multiple training consists of three 

layers MLP with a number of neurons, the input layer with four input neurons, one hidden layer with 10 

hidden neurons and one output neurons in the output layer. While the most suitable learning algorithm is 

Levenberg Marquardt (LM).The appropriate transfer function in the hidden layer is sigmoid function, while 

the transfer function used in the output layer is the linear function.  

 

 

6. RESULTS AND DISCUSSION 
In this study our goal is first to calculate the resonant frequency of the rectangular patch antenna 

which depends on the dimensions of the antenna; length (L), width (W), substrate thickness (h) and dielectric 

permittivity (  ), secondly we perform a comparison of the obtained results using artificial neural network 

with three analytical methods. 

 

 



IJ-ICT  ISSN: 2252-8776  

 

Comparison of the Resonant Frequency Determination of a Microstrip… (Lahcen Aguni) 

7 

The performance of our results is checked using statistical criteria giving by the following 

equations: 

Mean Square Error: 
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where:  n is the total number of samples,    and    represent respectively target and output data. 

In the table below we have grouped the values of some statistical criteria exploited in this study for 

the analytical methods and the ANN method: 

 

 

Table 2. Statistical criteria obtained for various methods 
Variable MSE MAPE R 

James  and al 1.1288 19.432 79.22 

Sengupta, 

D.L 
0.1031 5.1538 98.10 

Guney, K 1.1661 19.395 78.54 

ANN 0.0020 0.2886 99.96 

 

 

As shown in Figure 9 the total number of 55 epochs is required to reduce MSE level to a low value. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Mean squared error 

 

 

The regression coefficient R for our MLP network which describes the relationship between the 

predicted values (outputs) and the observed values (targets) is shown in the Figure 10. The data should fall 

along a 45 degree line, for a perfect fit, where the network outputs are equal to the targets. For this problem, 

the fit is reasonably good for all data sets, with R values in each case is approximately R=1, the value of this 

coefficient shows that the network built with structure (4-10-1) is performing. 
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Figure 10. Regression curves of trained ANN 

 

 

To provide additional verification of network performance we plot in Figure 11 the resonant 

frequency vs. the number of samples for: experimental method, analytical methods and ANN method. 

 

 

 
Figure 11. Resonant frequency vs. samples 

 

 

We can see from the comparison between the artificial neural network method and the analytical 

methods in Figure 11 and in Table 2 that; the obtained results by ANN method using the learning algorithm 

Levenberg-Marquardt LM are in perfect adaptation with the experimental results presented by KARA, M 

[13] and [14].  

 

 

7. CONCLUSION 

In this paper, we are interested to apply the artificial neural networks method based on the 

multilayer perceptrons (MLP) to calculate the resonant frequency of the rectangular patch antenna. The 

proposed method using ANN is compared to some analytical methods in term of statistical criteria. The 

obtained results demonstrate that ANN is more adequate to rich the purpose than the other methods because 

 



IJ-ICT  ISSN: 2252-8776  

 

Comparison of the Resonant Frequency Determination of a Microstrip… (Lahcen Aguni) 

9 

it presents a good argument with the experimental results. Consequently, artificial neural networks can be 

used by researchers to predict the resonant frequency of a rectangular patch antenna using length (L), width 

(W), thickness (h) and dielectric permittivity      as the network inputs. The correlation value R is 99.96% 

which indicates the good agreement between the measured and ANN predicted values. Therefore, the ANN 

can further be employed as a tool to obtain the geometric dimensions of the microstrip patch antenna with a 

high accuracy. 
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