
IInntteerrnnaattiioonnaall  JJoouurrnnaall  ooff  EElleeccttrroonniiccss  EEnnggiinneeeerriinngg  ((IISSSSNN::  00997733--77338833))  
  VVoolluummee  1100  ••  IIssssuuee  11    pppp..  221133--221177      JJaann  22001188--JJuunnee  22001188            wwwwww..ccssjjoouurrnnaallss..ccoomm 

 

 

AA  UUGGCC  RReeccoommmmeennddeedd  JJoouurrnnaall                        Page | 213 

 

NNEEUURROOCCOOMMPPUUTTAATTIIOONN  FFOORR  MMIICCRROOSSTTRRIIPP  

AANNTTEENNNNAA  
 

Sonia Sharma 

ECE Department, University Institute of Engineering and Technology,  MDU, Rohtak, India 
 

 
Abstract: A Neural Network is a powerful computational tool that is able to represent complex input/output 

relationships. The motivation for the development of neural network technology to check from the desire to 

develop an artificial system that could perform intelligent tasks similar to those performed by the human brain. 

The paper provides a tutorial overview of neural network and how used neural networks for antennas, here we 

demonstrate with gives overview of calculate the resonant frequencies for an equilateral triangular microstrip 

antenna geometry using NNs. Neural networks resemble the human brain in the following two ways: A neural 

network acquires knowledge through learning from experience and neural network's knowledge is stored within 

inter-neuron connection strengths known as synaptic weights. 
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1.  Introduction 
The neural network structure has two types of basic components one is Processing elements and other is 

Interconnections between them. The processing elements are known as neurons and the connections between 

them are called as Links or synapses. Every link has a corresponding weight parameter associated with it. Each 

neuron receives input from other neurons connected to it, processes the information and produces an output. 

Neurons that receive input from other neurons and whose outputs are input for other neurons are known as 

hidden neurons in the network. The dendrites receive signals from other neurons. The axon can be considered as 

a long tube, which divides further into branches as shown in Fig.1.Depending upon the type of neuron, the 

number of synapses connections from other neurons may range from a few hundreds to 100,000. The cell body 

of a neuron sums the incoming signals from dendrites as well as the signals from several synapses on its surface. 

A neuron will send an impulse to its axon if sufficient signals are received to stimulate the neuron to its 

threshold level. The interest in neural networks comes from the network’s ability to mimic human brain as well 

as its ability to learn and respond. 

 

 

 

 

 

 

 

 

 

 

 

Fig.1.Neuron and its connection 

 

2. How the Human Brain Learns? 
In the human brain, a typical neuron collects signals from others through a host of fine structures called 

dendrites. The neuron sends out spikes of electrical activity through a long, thin stand known as an axon, which 

splits into thousands of branches. At the end of each branch, a structure called a synapse converts the activity 

from the axon into electrical effects that inhibit or excite activity from the axon into electrical effects that inhibit 

or excite activity in the connected neurons. When a neuron receives excitatory input that is sufficiently large 

compared with its inhibitory input, it sends a spike of electrical activity down its axon. Learning occurs by 

changing the effectiveness of the synapses so that the influence of one neuron on another changes. 

 

3. LEARNING IN NEURAL NETWORKS 
Learning is a process by which the free parameters of a neural network are adapted through a process of 

stimulation by the environment in which the network is embedded. The type of learning is determined by the 
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manner in which the parameter changes take place. All learning methods used for neural networks can be 

classified into two major categories: 

1. SUPERVISED LEARNING which incorporates an external teacher, so that each output unit is told what its 

desired response to input signals taught to be. During the learning process global information may be required.  

2. UNSUPERVISED LEARNING uses no external teacher and is based upon only local information. It is also 

referred to as self-organization, in the sense that it self-organizes data presented to the network and detects their 

emergent collective properties.  

 

From Human Neurons to Artificial Neurons 

We conduct these neural networks by first trying to deduce the essential features of neurons and their 

interconnections shown in fig.2.We then typically program a computer to simulate these features. However 

because our knowledge of neurons is incomplete and our computing power is limited, our models are 

necessarily gross idealizations of real networks of neurons. 

 

 
Fig.2.Neuron Model 

 

An engineering approach 

An artificial neuron is a device with many inputs and one output shown in fig.3. The neuron has two modes of 

operation; the training mode and the using mode. In the training mode, the neuron can be trained to fire (or not), 

for particular input patterns. In the using mode, when a taught input pattern is detected at the input, its 

associated output becomes the current output. If the input pattern does not belong in the taught list of input 

patterns, the firing rule is used to determine whether to fire or not. 

 

 
Fig.3.A simple neuron 

 

Feed-forward networks: Feed-forward ANNs allow signals to travel one way only; from input to output. There 

is no feedback (loops) i.e. the output of any layer does not affect that same layer. Feed forward ANNs tend to be 

straight forward networks that associate inputs with outputs shown in fig.4.They are extensively used in pattern 

recognition. This type of organization is also referred to as bottom-up or top-down. [1]  

              

 

 

Fig.4. Feed-forward networks 

Feedback networks: Feedback networks can have signals travelling in both directions by introducing loops in 

the network as shown in fig.5. Feedback networks are very powerful and can get extremely complicated. 
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Feedback networks are dynamic; their 'state' is changing continuously until they reach an equilibrium point. 

They remain at the equilibrium point until the input changes and a new equilibrium needs to be found. Feedback 

architectures are also referred to as interactive or recurrent, although the latter term is often used to denote 

feedback connections in single-layer organizations.[2],[3] 

 

Fig.5.Feedback Network 

Neural network model development for antennas 

The NN does not represent any antenna unless we train it with antenna data. To develop an NN model, we need 

to identify input and output parameters of the component in order to generate and preprocess data, and then use 

this data to carry out NN training. 

4. Problem Formulation and Data Processing 

 
1. ANN Inputs and Outputs The first step toward developing an NN is the identification of inputs (x) and 

outputs (y). The output parameters are determined based on the purpose of the NN model. Other factors 

influencing the choice of outputs are (1) ease of data generation and (2) ease of incorporation of the neural 

model into circuit simulators. Neural model input parameters are those antenna parameters that affect the output 

parameter values. 

 

2. Data Range and Sample Distribution The next step is to define the range of data to be used in ANN model 

development and the distribution of x-y samples within that range. Suppose the range of input space (i.e., x-

space) in which the neural model would be used after training (during design) is [xmin, xmax]. Training data is 

sampled slightly beyond the model utilization range that is, [xmin −∆, xmax −∆], in order to ensure reliability of 

the neural model at the boundaries of model utilization range.  

3. Data Generation In this step, x-y sample pairs are generated using either simulation data or measured data. 

The generated data could be used for training the NN and testing the resulting NN model. In practice, both 

simulations and measurements could suffer from errors that will affect the accuracy of the NN predictions. 

Considering this, we introduce a vector d to represent the outputs from simulation/measurement corresponding 

to an input x. Data generation is then defined as the use of simulation/measurement data to obtain sample pairs 

(xk , dk ), k =1, 2, . . ., P. The total number of samples P is chosen such that the developed neural model best 

represents the given problem f. A general guideline is to generate a larger number of samples for a nonlinear 

high-dimensional problem and fewer samples for a relatively smooth low-dimensional problem. 

 

4. Data Organization The generated (x, d) sample pairs could be divided into three sets, namely, training data, 

validation data, and test data. Let Tr, V , Te, and D represent index sets of training data, validation data, test data, 

and generated (available) data, respectively. Training data is utilized to guide the training process, that is, to 

update the NN weight parameters during training. Validation data is used to monitor the quality of the NN 

model during the training and to determine termination criteria for the training process. Test data is used to 

independently examine the final quality of the trained neural model in terms of accuracy and generalization 

capability.  

5.Data Preprocessing Binary data (0’s and 1’s), the orders of magnitude of various input (x) and output (d) 

parameter values in antenna applications can be very different from one another. As such, a systematic 

preprocessing of training data called scaling is desirable for efficient NN training. At the end of this step, the 

scaled data is ready to be used for training [5]. A flowchart summarizing major steps in NN training and testing 

is shown in Fig.6. 
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Fig.6. Flowchart demonstrating NN training, neural model testing, and use of training, validation and test data 

sets in ANN modeling approach. 

 

5.  ANN Technique for Antennas: 

 In order to apply ANN techniques for antenna problem, the first task is to bring the problem to a form that is 

suitable for an ANN application: that is, the problem has to be formulated into one of the categories of mapping, 

function approximation, or classification. Data has to be generated to create the training environment for the 

ANN. This can be done using experiments or simulation packages. Depending on the type of problem and 

looking to other factors, like number of data patterns available, number of input/output parameters, or 

complexity of the problem, a training algorithm has to be chosen. Standard training algorithms [6] are available. 

The aim of the training is to get a specified set of weights that can be used to determine the outputs of the ANN 

or the system as a whole. The steps involved to calculate the resonant frequencies for an equilateral triangular 

microstrip antenna geometry using NNs are shown in fig.7. below: 

 

 
 

Fig.7. Geometry of Equilateral Triangular Microstrip Antenna 

 

Step1.Generation of Data: Experimentally measured resonant frequency data available in the literature were 

used for training of the NN. Fifteen sets of such data values were collected for different dimensions and modes 

of the antenna. 

Step2. Choosing the Training Algorithm and the Network Structure: A back propagation training algorithm was 

used in this case because this is the most widely used training algorithm for function implementation and at the 

same time it is easy to use. The task of choosing the number of appropriate neurons in the input and output 

layers is problem dependent. In this particular problem the intention is to find the resonant frequency, which is a 

function of the antenna parameters: side length (a), height of the substrate (h), substrate permittivity (εr), and the 

mode numbers (m and n). Therefore five neurons in the input layer and one neuron in the output layer are 

required. There is no specific rule to determine the number of neurons in the hidden layer(s).  
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Step3. Choosing the Training Parameters: After fixing the network structure, the efficiency of training depends 

on many training parameters such as learning rate, momentum, and training tolerance. The optimum values of 

these parameters are problem dependent and found by trial and error or experience. This is more of an art than 

science. The values of the different training parameters for this problem are given in table.1. below. 

 

Table.1: Training Parameters values 

 
 

Step4. Testing of the Developed Network: In order to ascertain that the developed network is properly trained, 

the trained NN has to be tested for validation with the test data set. If the network is providing proper results 

within the desired tolerance, then the developed network will be treated as a properly trained one. A typical set 

of results from the tested NN, in this problem, is given in table.2.  

 

Table.2: Comparison of Measured and Calculated Resonant Frequencies of the First Five Modes of an 

Equilateral Triangular Microstrip Antenna 
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