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Abstract
Antenna array design is one of the most imperative electromagnetic 
optimization problem of current interest. In the antenna arrays the 
side lobe level is main problem which causes waste of energy. 
In this paper, different evolutionary algorithms are presented for 
reduction of side lobe level in antenna array. The invasive weed 
optimization(IWO) algorithm outperform  PSO, ACO, and GA  
based on metrics such as average final accuracy,side lobe level 
(SLL),directivity, convergence speed, and robustness. 
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I. Introduction
The idea of an antenna array was first introduced in military 
applications. Antenna arrays  play significant role in detecting 
and processing signals arriving from different directions.In these 
days, antenna arrays are preferred because the use of a single 
element has numerous limitations in terms of directivity. The 
significant role of antenna array is  in detecting and processing 
signals arriving from different directions.The  communication 
system  depends  on the antenna arrays for their performance[1]. 
The array also enabled the antenna system to be automatically 
steered – to receive or transmit information mostly from a 
particular direction without unconsciously moving the structure. 
As the field of signal processing developed, arrays could be used 
to receive energy (or information) from a particular direction 
while rejecting information or nulling out the energy in avoidable 
directions. The synthesis of antenna array aims at obtaining a 
physical structure whose radiation pattern is close to the preferred 
radiation pattern. The most of applications recommend to attain 
high, main lobe to side lobe ratio.Other mean to position the 
null in exacting direction; so as to accomplish these favored null 
locations and minimizing the side lobes.Total field of the antenna 
array is originate by vector addition of the fields radiated by each 
individual element. There are five controls in an antenna array that 
can be used to form the pattern properly, they are, the geometrical 
arrangement (linear, circular, rectangular, spherical etc.) of the 
overall array relative displacement among elements, excitation 
amplitude of the individual elements, excitation phase of the 
individual elements and comparative pattern of the individual 
elements [2]. The array geometry is shown in fig. 1.

Fig. 1: Geometry of a 2N Element Symmetric Linear Array [4] 

II. Side Lobe Level Reduction in Antenna Array
Side lobe level will be defined as the highest value of the total 
radiation pattern exterior of the main beam. In the  transmitting 
antennas, the radiation of extreme side lobe  wastes energy and 
cause interference to other equipment. In receiving antennas, side 
lobes may accept interfering signals, and enlarge the noise level 
in the receiver. In the antenna arrays the side lobe level is main 
problem which causes waste of energy .The sidelobe level of an 
array fundamentally depends on the  array elements positions 
(d) and the weights (w). Determining the minimum possible side 
lobe level of an N-element linear array consists of finding the 
optimum amalgamation of weights and element positions that 
minimize the sidelobe level.

III. Side Lobe Level Reduction Algorithms
Due to the large increase in the computational competence 
of computers, array geometry optimization has been under 
exploration recently using evolutionary algorithms, such as 
Genetic Algorithms (GA), Particle Swarm Optimization (PSO), 
Ant Colony Optimization (ACO), Invasive Weed Optimization 
(IWO) algorithm, Firefly algorithm.

A. Genetic Algorithm
The Genetic Algorithm (GA) is an optimization and search 
technique based on the principles of genetics and natural selection. 
A flow chart representation of the GA algorithm is shown in fig. 
2.

Table 1: Relationships Between Elements of GA and Antenna 
Arrays [5]
Gene Amplitude
Chromosome One Element
Individual One Array
Population Several Arrays

Table 1, defines the association between elements of GA and 
antenna arrays.The total field of the array of identical elements 
is equal to the field of a single element situated at the origin 
multiplied by a factor which is generally referred to as the array 
factor. For the genetic algorithm the radiation pattern (AF) can 
be written as [5].
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                  (1)
Whereѱ=kdcosθ,I=[ ], ’s are the excitation 
coefficients of the array elements,k=2π/λ is the phase  constant, 
and θ the angle of incidence of a plane wave [5].
A GA allows a population composed of many individuals to grow 
under exacting selection rules to a state that maximizes the “fitness”.
It results in genetic changes during natural selection, genetic drift, 
mutation, and migration.In genetic algorithm, the population is 
optimized for its atmosphere .Input to an objective function is a 
chromosome. The output of the objective function is known as 
the cost when minimizing.Each chromosome composed  of genes 
or individual variables. The genes acquire on certain alleles much 
as the variables have definite values. A group of chromosomes 
is known as a population. For our purposes, the population is a 
matrix with each row corresponding to a chromosome. 
The procedure of varying the distinctive parameter in the genetic 
optimization is termed as genetic modulation. Thus Genetic 
Modulation which is an evolutionary approach obviously shows the 
degradation in side-lobe levels by varying the one of the constraint 
“mutation rate” of the Genetic algorithm.Several variations of 
genetic algorithm used to control the side lobe level in antenna 
array. Single and multiple nulls also imposed by optimizing the 
current amplitude excitations of each element through real Coded 
Genetic Algorithm (RGA). The hybrid adaptive genetic algorithm 
optimization method used  in the SLL reduction and pattern 
synthesis of  array antenna for the purpose of suppressed sidelobe 
in confident regions and null situation in approved directions and 
shaping the main beam region [5]. 

Fig. 2: Flowchart of Genetic Algorithm [5]

B. Particle Swarm Optimization
PSO is a flexible, vigorous population-based stochastic optimization 
method which can simply handle with non-differential objective 
functions, contrasting conventional optimization methods. PSO 
is less prone to getting intention on local optima contrasting GA, 
Simulated Annealing etc. PSO  conception comparable to the 
performance of a swarm of birds. PSO is developed through 
imitation of bird flocking in multidimensional space. Bird flocking 
optimizes a confident objective function. Each particle (bird) 
knows its best value so far (pbest). This information corresponds to 
personal experiences of every particle. Additionally, every particle 
knows the best value so far in the group (gbest) amongst pbests.  
Mathematically, velocities of the particles are modified according 
to the following equation [6]

                 
      (2)
Where  is the velocity of particle at iteration,w is the 
weighting function,  and  are the positive weighting factors,

and  are thr random numbers between 0 and1,  is 
the current position of particle,  is the personal best of 

particle,  is the group best of the group at iteration 
[6].
The side lobe level in antenna array reduced by optimize the 
interelement spacing and current excitations of the array elements 
using PSO.The Several variations of PSO like Improved particle 
swarm optimization (IMPSO), Craziness based Particle Swarm 
Optimization (CRPSO),Modified Particle Swarm Optimization 
(MPSO) are used for the reduction of side lobe level in antenna 
array [6].

C. Ant Colony Optimization
The ACO algorithm is based on the approach that is used by ant 
colonies to seek out for food. In such an algorithm the optimal 
solution is searched for by a set of secluded agents (artificial ants) 
that perform and correlate like real ants. These agents can move 
in a distinct space defined by nodes and on each node they pass 
through they leave a pheromone track. The ants prefer to move on 
the nodes with higher pheromone and the pheromone left by an 
ant on the nodes is comparative to the decency of the solution it 
represents. It must be noted that depending on the type of problem 
the pheromone track can be deposited either on the nodes, on the 
connections between the nodes or both. Thus it is very helpful 
when thinning is required to reduce side-lobes of active arrays 
with a constraint on the reduction of the transmitted power [7].

D. Invasive Weed Optimization Algorithm
Invasive Weed Optimization (IWO) is a meta-heuristic algorithm 
that mimics the colonizing activities of weeds .A flow chart 
representation of the IWO algorithm is shown in figure 3. The 
(IWO) optimize the spacing between the elements of the array to 
construct a radiation pattern with minimum side lobe level and 
null position control[8].For side lobe suppression the objective 
function for invasive weed algorithm is [8]

   (3)
Where AF is the array factor [8].
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Fig. 3: A Flowchart of IWO Algorithm [8]

IV. Overall Analysis of Different Side Lobe Level 
Reduction Techniques in Antenna Array
The side lobe level reduction algorithm should be chosen with 
awareness according to various system requirements. We have 
studied several algorithms in the previous section. Each algorithm 
has their  own advantages and disadvantages. We have studied 
different side lobe level  reduction algorithms in antenna array, 
such as Genetic algorithm (GA), Particle Swarm Optimization 
(PSO), Ant Colony Optimization (ACO), algorithm, Invasive 
Weed Optimization (IWO) algorithm.

V. Comparisons of Side Lobe Level Reduction Algori-
thms
Hybrid adaptive genetic algorithm is more proficient than standard 
genetic algorithm.  Compared to other evolutionary methods such 
as genetic algorithms and simulated annealing, the Improved 
Particle Swarm Optimization (IPSO) algorithm is much easier to 
understand and better performance in terms of the side lobe level  
and requires the least of mathematical preprocessing. The Invasive 
weed optimization algorithm is more superior than using other 
state-of-the-art metaheuristics like the Genetic Algorithm (GA), 

Particle Swarm Optimization (PSO), Ant Colony Optimization 
(ACO) based on metrics such as average final accuracy, Side Lobe 
Level (SLL),directivity, convergence speed, and robustness. 

VI. Conclusion
In this paper ,the side lobe level and its various reduction algorithms 
are reviewed. In the antenna arrays the side lobe level is main 
problem which causes waste of energy.Each algorithm discussed 
above has its own advantages and disadvantages for appropriate 
reduction in side lobe level. The invasive weed optimization(IWO) 
algorithm is superior than PSO, ACO, and GA  based on metrics 
such as side lobe level (SLL),directivity, convergence speed, and 
robustness. Research is going on to further improve side lobe 
level reduction and improving the performance of antenna array 
systems. 
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