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 A design of elliptical printed dipole antenna based on neural network approach is presented 
in this paper for recent WiMAX, Bluetooth, WLAN, LTE, and future 5G applications. The 
dipole patch is printed on top of substrate which has relative permittivity of 2.2 and 
0.787mm of thickness. The elliptical dipole antenna is single band and the operational 
frequency is controlled by the major and minor axes of the ellipse. Neural network 
composed of one input layer, one hidden layer, and one output layer is implemented using 
simulated dataset of 24 samples collected using the electromagnetic simulator CST 
Microwave Studio. The neural network is trained using Levenberg-Marquardt algorithm 
and we divided the data set into 90% for training, 5% for testing, and 5% for validation. 
The error, described by the difference between the target data and expected output, is less 
than 0.005. The neural network model is a promising candidate to implement the design of 
elliptical dipole antenna to eliminate the simulation time taken by the EM simulator and 
reduce the cost of using large computing cluster. 
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1. Introduction 

Single band antennas recently become more demanded designs 
for modern WLAN, WiMAX, and ISM applications due to the 
small size and uniform radiated gain with minimized side lobes. 
The  light weight feature, low profile, flexibility, conformability, 
and ease of fabrication increased the demand of printed antennas 
in integrated circuit of modern wireless systems [1].  

There are various tools of electromagnetic simulators have 
been used to design and analyze variety of antennas and built using 
computational electromagnetic analysis which aims to solve 
Maxwell equations for particular design. The three most common 
software’s are: Ansoft HFSS, CST Microwave studio and FEKO. 
Some of these software’s are based on Finite Element Method and 
some others are based on Finite Difference Time Domain and 
Finite Difference Frequency Domain as well as Method of 
Moment. The main disadvantages of these tools are, but not limited 
to: 1) Complexity of the structure determines the simulation time 
hence some of the structures could take up to several days , 2) The 
individual license cost of these tools are extremely high and could 
go up to thousands of dollars, and 3) requirements of powerful 

computing machines to handle the simulation structure of these 
tools and solve the design in considerable time. As a result of these 
major drawbacks, the approach we believe is the best candidate to 
overcome these issues is machine learning. This approach could be 
utilized to implement microwave circuit and antennas designs 
despite the fact of long simulation time and by this technique we 
could obtain cost-effective simulator. 

There are different machine learning approaches could be used 
to implement EM simulators, however, Artificial Neural Network 
(ANN) is the highly recommend technique due to its capabilities 
in learning of solving complex and non-linear problems in 
different aspects. The weight of the neural network adjustment 
depends on the training algorithm and the given data set. Different 
training algorithms could be used which give different network 
performance and depends on the type of the problem we are trying 
to solve, the size of the training dataset and how we divide them to 
train the model and number of layers we could use to implement 
the model [2-4]. The technique of ANN has been implemented on 
several designs with different functionality. One example of E-
shaped slot embedded in microstrip patch antenna where the neural 
network is used to obtain the effect of feeding point on the antenna 
performance [5]. Another example of C-Shaped patch antenna 
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which is implemented using Bayesian Regularization algorithm to 
calculate the frequency of operation. A compact triple-band PIFA 
is implemented using ANN for antenna modeling [6]. 

This paper presents the design of elliptical shape printed dipole 
antenna using ANN. The ANN constructs of 1 hidden layers of 10 
neurons. The Levenberg-Marquardt algorithm based on 
backpropagation is used to optimize the model. Parametric study 
and sensitivity analysis have been done on the design of the printed 
dipole to measure the effect of each design parameters on the 
frequency of operation. It is noted that the design of the printed 
dipole antenna is mostly affected by the major and minor axes of 
the elliptical shape and the gap between the two ellipses. 
Therefore, the input of the ANN is considered the desire frequency 
of operation and the output represented by the major axis of the 
ellipse, minor axis of the ellipse, and the maximum expected gain 
at the design frequency.  The ANN is train using dataset of 24 
samples. The dataset was collected using CST Microwave studio, 
2017 [7]. The optimized ANN model is achieved when the dataset 
is split as 90% for training set, and 5% for both validation and 
testing. The error is less than 0.005 in all the phases as this error 
representing the difference between the output of the ANN and the 
expected value. The ANN presented in this paper is a good 
approach for the design of single band dipole antenna for modern 
wireless applications. 

The follow sections are divided and summarized as: Section 
two possess antenna geometry and the antenna performance under 
one case study. Section three describes the  neural network model 
and analysis. Section four concluded the presented work and 
followed by the used references. 

2. Antenna Geometry and Design 

The printed dipole antenna is modeled using CST microwave 
studio, 2017. The scattering parameters (S-parameters) is used to 
show the performance of the model using EM simulator. Dipole 
antenna is built on substrate of  2.2 relative permittivity and 0.787 
mm of thickness. The dipole is fed at the center by discrete face 
port. Figure 1 shows the geometry of the printed elliptical dipole. 

 

 

 

 

 

 

 

 
 

Figure 1. Printed dipole antenna geometry and parameters definition. 

The numerical method implemented in the CST EM tool is 
based on Finit Difference Time Domain which is used to solve 
Maxwell equations for antennas using time domain analysis. The 
operational frequency of antenna is represented by the S11 and 
which represemts the ratio of the reflected signal to the incident 

signal. By understanding the design philosophy using sensitivity 
analysis and parameteric study, the operational frequency of the 
given printed elliptical dipole antenna is controlled by the major 
and minor axes of the ellipctcal shapes and the gap between the 
two ellipes is used to achieve impedance matching. One case 
study of S-parameters is shown in Figure 2 and the design 
parameters are given in Table 1. 

The operational frequency of antenna is given by the point 
where the S11 is ≤ -10 dB. This criterion is a must to define valid 
data set hence the leak of the previous research is addressed by 
using data set with invalid data points to train the network. As 
shown in Figure 2, the resonance frequency (fo) is equal to 6.28 
GHz.  

Table 1. Design parameters of the case study 

Parameter Value Parameter Value 

L 27.5 mm A 11 mm 

W 8.25 mm B 5.5 mm 

g 0.624 mm h 0.787 mm 

 

 

 

 

 

 

 

Figure 2. S-parameters of the elliptical shape printed dipole. 

3. Neural Network Model 

There are several undesired factors encouraged the use of 
neural network approach for the design of antennas and 3D 
modeling including, the time the simulator takes to solve the 
structure, the need of powerful computing unit, and cost of 
purchasing software’s license. As mentioned eariler, machine 
learning, specifically ANN, is considered as a good candidate to 
synthesis the design parameters and performance metric of 
antennas without the need of expesive EM tools. Moreover, 
implementing designs using 3-D field simulators requiring the 
understanding of the EM boundaries and requirements for the 
basic by which the software is built to maintain realistic 
simulation enviroment. 

In this research paper, neural network is used to model the 
design synthesis of the elliptical printed dipole antenna. The ANN 
model presented in this paper is built using dataset composed of  
the S11, realized gain, and antenna’s geometry. The implemented 
network is build of single input layer of one input parameter 
which is the antenna operating frequency, one optimzied hidden 
layer of 10 neurons and the output layer is composed of four 
variables gain (G), major axis (A), minor axis (B), and the gap 
between the two ellipse (g) as shown in Figure (3). 
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Figure 3. The model of the ANN for the elliptical dipole antenna. 

The desired operational frequency is the input to the nerual 
network and the goal of the ANN is to synthesis the the physical 
dimenions and the realized gain. The simulated data of 24 samples 
were collected using the well-known EM simulator CST 
Microwave Studio, 2017. The major factor to make the ANN 
model succeed in antenna design is to have valid collected data 
where the requirement of S-parameters ≤ -10 dB is considered. 
The goal of the implemented ANN is to predict the physical 
dimenions of the dipole antenna working within the (1-10) GHz 
as most of the current and modern application work in this 
frequency band. 

The ANN network used is based on the backpropogation 
technique and  the Levenberg-Marquardt algorithm has been used 
to train the ANN and adjust the weights to predict the parameters 
of the elliptical printed dipole antenna based on the given 
operational frequency. In the hidden layer, the neurons compute 
its trigger value using the activation fucntion given in (1) which 
shows that each value of basis function for each neuron is a result 
of multiplying the activation function  by the sum of each input 
multiplies by the weight [2]: 

   φi (x) =  σ∑ aij  
k 𝑥𝑥𝑘𝑘 + 𝑏𝑏𝑖𝑖                     (1) 

where, φi is the basis function, σ is the activation function (which 
is a sigmoid function used in this paper), aik is the node weight, 
and xk is the input value. The system output (y) is described by 
(2): 

   𝑦𝑦 =  ∑𝑤𝑤𝑖𝑖𝜑𝜑𝑖𝑖               (2) 

where, wi is the orthogonal weight. MATLAB is software utilized 
to model the network. The dataset is divided into 90% for learning, 
and 5% for both validation and testing. The output regression of 
the ANN is shown in Figure 4 and the resultant prediction rate is 
more than 99%. The regression is described by how the predicted 
output of the neural network in difference phases are align with the 
given training data after optimizing the weights. The good 
regression is when the data are aligned along the slop of the 
regression (Fit). 

 
Figure 4. The regression of the neural network in training, validation, and testing 
phases. 

 It is noted that the amount of error given by the difference 
between the output of the ANN and the dataset shown in Figure 5 
is below 0.005 over the entire dataset. Therefore, the data set of 
24 samples is sufficent to learn the ANN hence the neural network 
discribed in this paper is a promising candidate for modeling the 
elliptical printed dipole antenna. 

 
Figure 5. The error between the predicted output and the target output given in 

the data set. 

4. Conclusion 
 This paper presents the design of elliptical printed dipole 
antenna using machine leanring based neural network. The dipole 
is printed on top of substrate with  2.2 of relative permittivity and 
0.787 mm of thickness. The dipole is fed at the center point by 
discrete port. Based on sensitivity analysis, the three design 
parameters control the operation frequency of the dipole; major 
and minor axis and the gap between the two elliptical poles. The 
dataset is collected using the CST microwave studio, 2017. The 
the neural network singe input is the desire frequency of operation 
and the target output is defined by the physical dimentions and the 
predicted gain. The traing algorithum is Levenberg-Marquardt 
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which is based on backpropagation. The data set is divided into 
90% for learning, and 5% for both validation, and testing. The 
error difference between the output of the trained network and the 
target output is less than 0.005. The ANN is highly recommended 
candidate for the design of elliptical printed dipole single band 
antenna to avoid the time consumed using EM tools, and the 
requirement of powerful computing servers. 
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