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Abstract:  

During the last decades the race for innovation in communication systems has not ceased to evolve, which 

has led to important studies in the field of antennas, which today have very different forms depending on 

the applications such as: mobile telecommunications, television, radio, satellites, communicating systems, 

radar, remote sensing, radio astronomy [1]. Among the most used antenna families are the microstrip 

antennas (also called printed antennas or patch antennas) [2]. These antennas are characterized by: low 

manufacturing cost, mass production possible, linear and circular polarization, feed and matching networks 

manufactured simultaneously with the antenna.  

The limitations of conventional neural modeling have been overcome by the introduction of neural 

networks based on electromagnetic knowledge. A neural network using effective parameters in 

conjunction with the GALERKIN function has been developed for modeling the resonant frequency of a 

rectangular antenna printed on a substrate [3]. Thus, we set up a rectangular PATCH antenna model on 

HFSS for a resonant frequency close to 6GHZ and extract the parameters S11, Z11, and VSWR, and also 

check the training errors on MATLAB by generating the error types on a 4-input model (Thickness, 

Length, Width and substrate type) and one (1) output (Resonant Frequency) that will allow to extract the 

final dimensions of the antennas thanks to this neural model.  

   

Keywords: Rectangular patch antenna, method of moments, resonance, neural networks, networks based on 

electromagnetic knowledge. 

Introduction 
In modern communication and wireless systems, there is an increasing demand for the integration of 

antennas not only with RF front-end circuits but also with intermediate frequency or even baseband 

components (including analog and digital signals) [4]. Due to its low cost, minimal weight and planar 

structure, the microstrip patch antenna (MPA) is probably the most likely candidate for this integration [5]. 

In particular, for millimeter-wave applications, the size of the patch antenna can be much smaller than the 

printed circuit board (PCB) substrate [6], where the analog and digital devices are integrated.  

This paper will solve the problem of dimensioning a fixed frequency rectangular patch antenna by applying 

neural networks. The characterization of the antenna will be determined from its microwave parameters 

(resonant frequency, bandwidth, radiation pattern and gain) [7] using the electromagnetic simulation 

software HFSS. The rest of the paper is organized as follows Section 1 we will highlight the neural 
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mathematical formulations [8] of the printed antennas, in section 2 we will highlight the methods and 

simulation results concerning the performance on HFSS and output the optimized antenna.  

We will close the work with a general conclusion that will summarize all the work done and the perspectives 

that could complement the present work. 

 

Materials and Methods 
The equation of the phenomenon of electromagnetic wave propagation by the MAXWELL formalism; 

Presentation of the simulation tools (HFSS and MATLAB), 

Finite moment method which is the operating principle of HFSS; 

Transmission line methods as well as the presentation of neural network methods for the modelling of the 

resonance frequency. 

 

Results and Discussion 
The proposed network is designed and simulated on two simulation software HFSS and MATLAB to 

compare the results. In this design, we simulate and measure several parameters such as parameter S11, 

antenna gain, bandwidth, VSWR and radiation pattern that must be evaluated at different frequencies before 

we can conclude that the proposed network is functional. 

Figure 5 shows a set of curves that represent the variation of the reflection coefficient with the frequency for 

different spacing values between the elements.  

After optimization and compared to the result obtained in (Figure 6) we notice that the cut-off frequency is 

at 6GHZ which shows the improvement of the frequency band once the dimensions of our antennas are 

simulated on MATLAB. 

 

Advice on Equations 

● Step 1: Calculation of W 
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With fr resonance frequency and εr relative permittivity of the substrate used.  [21] 

● Step 2 : Calculate       
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With ε reff: efficient dielectric constant; [22] 

● Step 3:  Calculate    

                                                   
             

 

 
       

               
 

 
     

                                    (3) 

Calculation of the variation of the patch antenna length.  [23] 

 

 

● Step 4: Calculation of L 

                             
 

    √     
                                                     (5)         calculation of the length 

L of the patch antenna  [24] 

Advice on Figures 

- MLT simulation algorithm 
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Figure 1: Interface Antenna patch algorithm 

 

 
Figure 2: Parameter S11 after optimization 

● Modeling the learning model 

In this work we implemented a model 4 inputs and 1 outputs according to the parameters of the antenna 

(Length, Width, Thickness and substrate) then output the resonance frequency.  
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Figure 3: Case of 50 iterations 

With 50 iterations we get these results: We see for an iteration of 50 we have 452 Epoches and the 

simulation time according to the Levenberg-Marquardt algorithm is 4 seconds and a better performance of 

52. 

 

 
Figure 4: Histogram of calculation errors between input parameters and resonance frequency fr. 

The regression coefficients and validation values of the model are as follows: 
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Figure 1: Different Regression from Test to Validation 
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Figure 6: Radiations on Plan E 

Human vision distinguishes colors in the  photonic (diurnal) domain, that is to say with a luminance of 3 to 

5,000 cd / m. Comparing the effect of monochromatic radiation giving the same perception of luminosity, 

we find that the radiance is minimal for a radiation of wavelength close to 555 nm, which corresponds to a 

yellowish-green. This radiation close to the maximum of that of the sun, corresponds to the greatest visual 

sensitivity. 

Each "spectral color" corresponds to a specific wavelength; however, the spectrum of lights present in nature 

generally includes all radiation, in varying proportions. Spectrometry studies the processes of 

decomposition, observation and measurement of radiation in narrow frequency bands.  [26] 

Advice on Tables 

 Tableau 1: Parameter W and L to obtain Resonance Frequency 

 

Conclusions 

The rectangular patch antenna was studied according to all their physical and electrical parameters and 

taking into account losses in the dielectric. For the improvement of bandwidth and/or the gain of the single-

layer patch antenna, multilayer antennas have been proposed in the literature. We investigated the effect of 

W(mm) L(mm) 

Resonance Frequency Obtained after calculations and 

simulations 

ERROR  

MLT MoM  ANN ELT-MoM ELT-

ANN 

16.59 12.98 5.48 5.49 5.5 -0.01 -0.02 

16.3 12.78 5.587 5.59 5.6 -0.003 -0.013 

16.01 12.52 5.68 5.69 5.7 -0.01 -0.02 

15.73 12.3 5.81 5.75 5.8 0.06 0.01 

15.47 12.08 5.9086 5.902 5.991 -0.01 -0.085 

15.21 11.89 6.02 6.05 6 -0.03 0.02 

14.96 11.7 6.105 6.110 6.100 -0.05 0.05 

https://fr.wikipedia.org/wiki/Vision_humaine
https://fr.wikipedia.org/wiki/Domaine_de_vision
https://fr.wikipedia.org/wiki/Domaine_de_vision
https://fr.wikipedia.org/wiki/Luminance
https://fr.wikipedia.org/wiki/Radiance
https://fr.wikipedia.org/wiki/Rayonnement_solaire
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introducing an air gap between the ground plane and the dielectric substrate on improving bandwidth and the 

effect of introducing a protective dielectric layer for gain enhancement. An air gap antenna and a protective 

layer were also analyzed. A very long calculation time, complexity of formulation, presence of poles along 

the integration axis and sometimes non-physical solutions are the main limitations of the method used. 

Artificial neural networks were proposed and used for the analysis of the antennas considered. Being 

universal, highly nonlinear and interconnected approximaters, neural networks are capable of approximating 

any function, no matter how complex. Using data generated by the spectral method to ensure accuracy, 

MLP neural networks (4 inputs and 1 output) have been developed for the calculation of the resonance 

frequency of the rectangular patch antenna. The first neural model written in MATLAB language based on 

the MLT algorithm, the second using the facilities made available by the Matlab Toolbox.  

However, the research deserves to be continued in order to make our antenna that we have sized at fixed 

frequency (6GHZ) to be agile (reconfigurable) and also to bring out a new approach of reconfigurability in 

power 
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