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Abstract— Directivity is very important fundamental 

parameter of antenna. This directivity is the ratio of the 

maximum value of the power radiated per unit solid angle to 

the average power radiated per unit solid angle. Antenna 

array provides capability of a steerable beam, high gain etc. 

calculating directivity of an antenna array by using formula 

increases the complexity.  In this paper neural network is 

used for solving this problem. Directivity prediction for 

different antenna array, using radial basis function neural 

networks (RBF-NNs) are presented. 
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I. INTRODUCTION 

Antenna is usually used for transmitting or receiving radio 

signals. Mobile networks face the problems of increase in 

interference, delay spread and multipath fading problem in 

single antenna. The smart antenna technology formed from 

antenna arrays can combat these problems. An antenna array 

is group of antennas connected and arranged in a regular 

structure to form a single antenna that is able to produce 

radiation patterns not produced by individual antennas.   

This gives us a freedom to choose (or design) a certain 

desired array pattern from an array, without changing its 

physical dimensions. 

         Prediction of directivity using neural network 

reduces complexity which occur in a single antenna. For 

calculating directivity commonly numerical methods are 

used. But this method is time consuming. In this paper we 

are represented the method of directivity prediction of 

antenna array for yagi uda antenna of parallel short dipole 

array, collinear short dipole array and planer array. Radial 

basis neural network is used for predicting directivity in this 

method. This method is simple method reduces the 

complexity. 

A. Antenna Array: 

An antenna array several elements interconnected and 

arranged in a regular structure to form an individual 

antenna. The purpose of an array is to produce radiation 

patterns that have certain desirable characteristics that a 

single element would not. A stacked dipole array, is 

comprised of vertical dipole elements. This dipole array has 

an omnidirectional pattern like the element dipole does; but 

has higher gain and a narrower main lobe beam width in the 

vertical plane. In this paper yagi uda antenna is used for 

predicting the directivity. In designing of yagi uda antenna 

that uses passive elements. This antenna is inexpensive and 

effective. It can be constructed with one or more (usually 

one or two) reflector elements and one or more (usually two 

or more) director elements.  Generally, the more elements a 

Yagi has, the higher the gain, and the narrower the 

beamwidth. This antenna can be mounted to support either 

horizontal or vertical polarization and is often used for 

point-to-point applications, as between a base station and 

repeater-station sites. 

1) Parallel Short Dipole Array Antenna: 

Yagiuda antenna consisting of multiple parallel short dipole 

elements in a line, usually made of metal rods. It consist of 

single driven element connected to the transmitter or 

receiver with a transmission line and additional parasitic 

elements.  

This designs achieves a very substantial increase in the 

antenna directionality and gain compared to a simple dipole. 

2) Collinear Short Dipole Array: 

In telecommunications, a collinear (or co-linear) antenna 

array  is an  array  of  dipole  antennas mounted in such a 

manner that the corresponding elements of each antenna are 

parallel and collinear, that is they are located along a 

common line or axis. Collinear arrays of dipoles are high 

gain omnidirectional antennas. A collinear array of dipoles 

has gain, radiating more of its power in azimuthal directions 

and less toward the axes. A collinear array is usually 

mounted vertically in order to increase overall gain and 

directivity in the horizontal direction and reduce the power 

radiated into the sky or down toward the earth.  Collinear 

dipole arrays are often used as the antennas for base stations 

for land mobile radio systems that communicate with mobile 

two-way radios in vehicles, such as police, fire, ambulance, 

and taxi dispatchers. 

3) Planer Short Dipole Array: 

In telecommunication and radar, a planer array antenna is an 

antenna in which all of the elements , both active and 

parasitic, are in one plane. A planer array provides a large 

aperture and may be used for directional beam control by 

varying the relative phase of each element. A planer array 

may be used with a reflecting screen behind the active plane. 

A planer array with a reflecting screen is related to a radar 

absorber. 

B. Directivity: 

Basically the directivity of an antenna is defined as the ratio 

of the maximum value of the power radiated per unit solid 

angle, to the average power radiated per unit solid angle. 
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  Where   ( , 𝜙) is directivity,   ( , 𝜙) is maximum 

radiated power and      is average radiated power of ideal 

antenna. 

        In yagi uda antenna there are several limitations in 

parameters. That are reflector length should be 5% longer 

than dipole length, driven element length should be in 

between 0.45λ-0.49λ, director spacing in between 0.3λ -
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0.4λ, radius of director should be in between 0.15λ-0.25λ 

and separation between driven elements 0.15λ- 0.25λ. 
          The directivity expression is given for the collinear short 

dipole and parallel short dipole array are mentioned in (2) and 

(3). Accordingly, directivity of a uniform collinear short dipole 

antenna array is 
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       Where M is the number of elements, d is the inter 

element spacing and k=2π/λ. Directivity of a uniform parallel 

short dipole array is 
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The directivity for a (Mx×My) short dipole square array in x-

y plane having radiation pattern,    (            ) is         
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Where, A=      B=    , E=√(               ) ,   

AT=       (
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C. Neural Network: 

 Inspired by research into the functioning of the human 

brain, artificial neural network are able to learn from 

experience. These powerful problem solvers are highly 

effective where traditional, formal analysis would be 

difficult or impossible. Their strength lies in their ability to 

make sense out of complex, noisy or nonlinear data. Neural 

networks can provide robust solutions to problems in a wide 

range of disciplines, particularly areas involving 

classification, prediction, filtering, optimisation, pattern 

recognition and function approximation.               They 

adapt to the variations in the heuristic data and use this 

knowledge to interpolate and estimate the output even for 

those inputs for which they are not trained. Their non linear 

nature helps them to adopt the behaviour of the antenna 

elements easily. Once trained properly, they can predict the 

output for unseen inputs and perform effectively in real 

time. 

D. Neural Network Model: 

The directivity for the collinear short dipole, the parallel short 

dipole for yagi uda antenna and short dipole planer array 

depends on the number of elements M, and d/λ (as k=2π/λ). The 

operation of the model is based on the prediction of the output 

after training (learning from the data set). The data sets required 

for the training of ANNs, are collected from the theoretical 

(desired) values of directivity obtained using (2),(3) and 

(4).The process of training updates the weights of the ANN. 

This is continued till the performance goal in terms of a pre-

defined mean square error (MSE) value is achieved. 

E. Radial Basis Neural Network: 

In the field of mathematical modeling, a radial basis 

function network is an artificial neural network that uses 

radial basis functions as activation functions. The output of 

the network is a linear combination of radial basis functions 

of the inputs and neuron parameters. Radial basis function 

networks have many uses, including function 

approximation, time series prediction, classification, and 

system control. 

 
Fig. 1: Architecture of a radial basis function network. An 

input vector χ is used as input to all radial basis functions, 

each with different parameters. The output of the network is 

a linear combination of the outputs from radial basis 

functions. 

         Radial basis function (RBF) networks typically have 

three layers: an input layer, a hidden layer with a non-linear 

RBF activation function and a linear output layer. The input 

can be modelled as a vector of real numbers     . The 

output of the network is then a scalar function of the input 

vector      , and is given by 

 ( )  ∑    (         
             (5) 

 Where N is the number of neurons in the hidden 

layer,  is the center vector for neuron , and  is the 

weight of neuron  in the linear output neuron. Functions 

that depend only on the distance from a center vector are 

radially symmetric about that vector, hence the name radial 

basis function. In the basic form all inputs are connected to 

each hidden neuron. 

II. OBJETIVE OF PROPOSED DESIGN 

We are taking collinear short dipole array antenna, parallel 

short dipole for yagi uda antenna and short dipole planer array 

antenna depends on the number of elements M, and d/λ (as 

k=2π/λ). As shown in Fig.2. The operation of the model is 

based on the prediction of the output after training (learning 

from the data set). The dataset for training ANN are collected 

from calculating theoretical directivity using (2), (3) and (4).  
In MATLAB environment and after successful data training 

we test it, by giving some data. The process of training 

updates the weights of the ANN. This is continued till the 

performance goal in terms of a pre-defined mean square error 

(MSE) value is achieved. 

III. CONCLUSION 

This paper presents the modeling of antenna array parameter 

using neural network for directivity prediction. The paper 

determines the directivity of antenna using ANN. A neural 

network based solution can use for the exploit prior 

knowledge of the radiating system related with a given 
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directivity distribution that must be applied to each radiating 

element without increasing complexity.  It gives excellent 

result with minimum error. 
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