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Abstract— In this paper, the synthesis of linear antenna array 
for wireless communications is described using particle swarm 
optimization (PSO). PSO is applied to optimize amplitude 
excitations for performance improvement such as minimum side 
lobe level and null control with periodic spacing between the 
elements.  Two design examples are considered and results are 
illustrated. In comparison with the conventional linear array 
antenna radiation pattern, this approach yields lower side lobe 
levels and advanced null control. 
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control, radiation pattern, amplitude excitations. 
 

I. INTRODUCTION 
 
Antenna arrays [4, 5] have been widely used in wireless 

communications systems. It helps in improving the system 
performance by improving directivity, extending range 
coverage and spectrum efficiency. In many wireless 
communication applications, it is necessary to design the 
antenna with high directivity and low side lobe levels to meet 
the demands of long distance coverage and noise free 
communication.  Excessive side lobe radiation wastes energy 
and may cause interference with other communication system. 
Thus, control of side lobe level is required to achieve long 
distance and interference free communication.  
 

The radiation pattern of the antenna array depends on the 
structure of the array, distance between the elements and 
amplitude & phase excitation of individual elements. 
Synthesis of linear antenna arrays has been extensively 
studied from the past 5 decades. Evolutionary algorithms have 
been successfully applied in the design of linear antenna 
arrays. Side lode level reduction has been attempted by 
placing the elements non-uniformly using evolutionary 
algorithms. But, by placing the antenna elements non 
uniformly, there is a probability of appearance of back lobes 
in radiation pattern which leads to a huge wastage of energy. 
Additionally, non-uniform placement of antenna elements is 
difficult to implement as it increases the cost. So, in this paper, 
instead of employing non-uniform geometry, the PSO is used 
to optimize the amplitude excitation of the individual elements 
to produce a minimum side lobe level with no back lobes 
pattern of the linear antenna array. The design of the linear 
array is discussed further in Section 2. 

The Particle swarm optimization (PSO) [1, 2, 3, 10, 11], a 
high performance stochastic evolutionary algorithm, has 
previously been applied for solving multidimensional 
optimization problems in electromagnetic applications. It has 
been developed by Eberhart and Kennedy in 1995 who 
obtained motivation from the simulation of social behaviour, 
such as behaviour of a swarm of bees and a flock of birds. 
PSO is easy to understand and implement compared to other 
evolutionary algorithms. In PSO, each particle (the possible 
solution) moves in the search space with a velocity which is 
changing according to its own best position and its associate 
particles best positions. The process is further discussed in the 
section 3. 
 

II. LINEAR ANTENNA ARRAY 
 
The geometry of 2N element periodically spaced linear 

antenna array and placed symmetrically along x axis is 
considered and shown in figure 1. 

 
 
 
  
 
 
 
 
 
 
 
 
 

 Figure 1. Geometry of the 2N-element linear array placed along x-axis. 
 
The array factor in the azimuth plane [1] is 
 
ሻߠሺܨܣ               ൌ ∑ ௡ܫ cos[݇ݔ௡ cosሺߠሻ ൅ ߮௡]ଶே௡ୀଵ           (1) 
 
Where ݇ is the wave number, ߠ is the azimuth angle,  ܫ௡ , ߮௡ 
and  ݔ௡ are the excitation amplitude, phase and position of 
element ݊ respectively. 
 
Let us assume uniform phase excitation for all elements, ߮௡ ൌ0. 
 

… ….… ….  ߠ
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ሻߠሺܨܣ                       ൌ ∑ ௡ܫ cos[݇ݔ௡ cosሺߠሻ]ଶே௡ୀଵ           (2) 
The goal of the optimization is to minimize the side lobe level 
and the controlling of nulls by employing non uniform 
excitations to individual elements of the antenna array, i.e., by 
varying ܫ௡ . Therefore, the fitness function [1] is given as 
 
ݏݏ݁݊ݐ݅ܨ  ൌ ∑ ଵ

Δఏ೔ ׬ ሻ|ଶఏೠ೔ఏ೗೔௜ߠሺܨܣ| ߠ݀  ൅ ∑ ௞ሻ|ଶ௞ߠሺܨܣ|         (3) 
 

Where  ߠ௟௜ ௨௜ߠ ݀݊ܽ   is the spatial regions in which side lobe 
level is minimized, ߠ௞’s are the direction of nulls and  Δߠ௜ ൌߠ௨௜ െ  ௟௜ . The first term in the equation solves for theߠ
minimization of side lobe level and second term solves for 
controlling of nulls. 

 

III.  PARTICLE SWARM OPTIMIZATION 
 
A swarm of particles (individuals) is randomly initialized 

in a search space, where each particle has a position and a 
velocity. The position and the rate of the position change 
(velocity) are defined in N dimensional problem as ܲ ൈ ܰ 
matrices.Where ܲ  is the number of particles in the swarm. 
Each row of the position matrix represents a possible solution. 
Particles move through the solution space and evaluated 
according to the fitness function and searches for optima by 
updating generations. In each generation, each particle is 
updated by the velocity of that particle. The velocity of the 
particle is changed according to the two best values known as 
personal best position (pbest) and global best position 
(gbest).The pbest is the position at which each particle 
achieved best solution up to the present iteration. The gbest is 
the best fitness value obtained so far by any particle among 
pbest’s. 
 The particle velocity and position are updated by the 
following equations [2, 3]. 
 
    ௧ܸ ൌ ߱ ௧ܸିଵ ൅ ܿଵݎଵሺ ௧ܲିଵ െ ܺ௧ିଵ ሻ ൅ ܿଶݎଶሺ ܩ௧ିଵ െ ܺ௧ିଵ ሻ    (4) 
                        
                                 ܺ௧ ൌ ܺ௧ିଵ ൅ ௧ܸ                                (5) 
 
Where ߱ is a inertial weight and is varies linearly from 0.9 at 
the beginning to 0.4 toward the end of the optimization. ݎଵand ݎଶ are the random numbers in the interval 0 and 1. The 
parameters ܿଵ and ܿଶspecifies the relative weight of the pbest 
versus and gbest and both the values are chosen as 2. 
 

IV. EXAMPLES 
 

Two examples were selected to illustrate the method of 
PSO to optimize the amplitude excitations for minimum side 
lobe level and null controlling. The element spacing for these 
arrays along x axis is assumed to be ߣ 2⁄ , where frequency of 
operation is 300MHz. The mutual coupling between the 
antenna elements is ignored in this analysis. This algorithm is 
implemented using MATLAB. 

A. Example 1:  
 

The first example illustrates the synthesis of 10 element 
array for minimum side lobe in the region of  [2௢,  79[݋180,݋103] & ݋. The proposed PSO algorithm’s 
parameters are given in the table 1. Table 2 and 3 shows the 
results for non-uniform amplitude excited symmetric linear 
array with spacing of ߣ 2⁄  between elements using PSO. The 
obtained array patterns using the optimized amplitude 
excitation coefficients and the corresponding fitness value plot 
at each generation are shown in the figures 2&4 respectively. 
 

It is seen from figure 2 that there is an improvement in 
suppression of side lobes using PSO compared to 
conventional arrays.  The first side lobe level of proposed 
array configuration has been lowered from -13 dB to -24dB of 
about 11.13 dB. In addition the main lobe beam width has 
been increased from 24଴ to 30଴. There is no energy wastage 
in the formation of back lobes as has been seen when 
optimizing other parameters of the array like the spacing. 
 
B. Example 2: 

 
The second example illustrates the synthesis of 28 element 

array for minimum side lobe in the region of [2௢,87௢]&[99௢, 180௢] with desired nulls at 61௢, 121௢. The array 
pattern and fitness value plot for the optimized array are 
shown in the figures 3&5 respectively. It is seen from the 
figure 3, the PSO algorithm offers improvement in 
suppression of first side lobe level around 9.12 dB compared 
to uniformly excited array. In addition broad nulls around -
50dB are achieved at the desired directions and also there is 
no wastage of energy in the formation of back lobes. 

TABLE 1. PSO ALGORITHM PARAMETERS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

S. No. 

 

Parameters 

 

10 element 

array 

 

28 element 

array 

 
1 

 
No. of particles  

 
30 

 
30 

 
2 

 
No. of variables 

 

 
5 

 
14 

 
3 

 
No. of generations 

 
1000 

 
1000 

 
 

4 
 

 
Search Space 

 
[0 1] 

 
[0 1] 

 
5 
 

 
 ܿଵ 

 
2 

 
2 

 
6 
 

 
 ܿଶ 

 
2 

 
2 

 
7 

 
 ߱ 

Linearly 
varies from 

0.9- 0.4 

Linearly 
varies from 

0.9- 0.4 
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TABLE 2. OPTIMIZED CURRENT EXCITATION WEIGHTS 
FOR 10  ELEMENT  ARRAY 

 

 

TABLE 3. OPTIMIZED CURRENT EXCITATION WEIGHTS 
FOR 28  ELEMENT  ARRAY 

 

 
 

Figure 2. Normalized array factor of 10 element linear array 
 

 
             Figure 3.  Normalized array factor of 28 element linear array. 

 

 
 
Figure 4. Global best fitness values versus number of generations of 10 

element linear array. 

 
 
 
 
Figure 5. Global best fitness values versus number of generations of 28 

element linear array. 
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10 
element 
array 

 
 ଵܫ 
 

 
 ଶܫ 

 
 ଷܫ 

 
 ସܫ 

 
 ହܫ 

 
0.2249 

 

 
0.3694 

 
0.5195 

 
0.6405 

 
0.7130 

 
 ଺ܫ  

 

 
 ଻ܫ 

 
ܫ଼   

 
 ଽܫ 

 
 ଵ଴ܫ 

 
0.713

0 
 
 

 
0.6405 

 
0.5195 

 
0.3694 

 
0.2249 

 
 
 
 
 
 
 
 
 

28 element 
array 

 
݋ݐ ଵܫ                              ଵସܫ
 
 
          0.2761, 0.2775, 0.4364, 0.5660, 0.5621, 
 
          0.4915, 0.4648, 0.6314, 0.6526, 0.6074,  
 
               0.7540, 0.7192, 0.6292,    1.0000 
 
݋ݐ ଵହܫ                                                                                                               ଶ଼ܫ
 
          1.0000, 0.6292, 0.7192, 0.7540, 0.6074,  
 
          0.6526, 0.6314, 0.4648, 0.4915, 0.5621, 
 
                0.5660,0.4364,0.2775,0.2761 
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V. CONCLUSIONS 
In this paper, evolutionary algorithm PSO is applied to 

optimize the excitation amplitudes for suppressing the side 
lobe level and placement of nulls in a desired direction. The 
outcome results are compared with results of conventional 
linear array geometry in which the elements are excited with 
uniform amplitudes. Results are shown that there is a 
considerable reduction in side lobe level with no back lobes 
and placement of nulls in a desired direction is also achieved. 
This design will enhance the performance of the wireless 
communication systems by reducing the interference. 
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