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1. Introduction 

An antenna array consists of multiple stationary antenna 

elements, which are typically fed coherently. Recently 

various application of antenna array has been investigated in 

order to improve the performance of mobile and wireless 

communication system by using efficient spectrum 

utilization, increasing channel capacity, extending coverage 

area, tailoring beam shape etc [1], [2]. Antenna array have 

been devoted considerable interest in different application 

like radar systems, audio systems, biologic drugs and 

communication systems. However, arbitrary array design 

may lead to increment in pollution of the electromagnetic 

environment and more importantly, wastage of precious 

power, which proves fetal for power- limited battery-driven 

wireless devices. 

Antenna array have several advantages including the 

flexibility in array pattern synthesis, design both in 

narrowband and broadband beam-forming, and the ability of  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
all-azimuth scan. Among the different types of antenna 

arrays CCAA have become most popular. Hence, design and 

performance evaluation of CCAA is of considerable interest. 

Synthesis methods are concerned with suppressing the SLL 

while preserving the gain of the main beam [3].  

In general, several parameters must be considered in design 

of an antenna array in order to enhance its efficiency, such as 

antenna gain, sidelobe level, beam width, radiation pattern, 

antenna size, etc. Ignoring sidelobe will reduce the efficiency 

and performance of the antenna. Therefore, finding the best 

set of distances between elements and elements excitation 

amplitude is proposed as an optimization problem, which is 

solved by the GA. 

Mandal et al. [4] carried out a study for maximum side lobe 

level reduction of three-ring concentric circular antenna 

array using a novel practice swarm algorithm. They showed 

that among all the designs, the three-ring structure containing 
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Abstract – The Concentric Circular Array Antennas (CCAAs) are made up of 

elements that are distributed on different concentric circular areas with different 

radiuses. In this paper we determine the non-uniform distribution of elements 

excitation amplitude and their positions, in order to achieve more reduction in 

sidelobe level and beam width. The difference of side lobe levels becomes more 

important when the beam width of the antenna needs to be kept fixed. The sidelobe 

level reduction is proposed as an optimization problem and a Genetic Algorithm 

(GA) is used to handle the large mass of parameters that associate with each 

other. In this article, experiments have been performed for 3 different cases. In 

the first case, it is assumed that 18 elements have been distributed on 3 centered 

rings, and in second case we assumed that 24 elements have been distributed on 

7 non-uniform distribution centered rings and in third case 30 elements are 

distributed on 6 non-uniform distribution centered rings. Based on the results 

obtained, for first case the proposed method represents -1.89 dB reductions, for 

second case the proposed method represents -8.16 dB reduction, and for third 

case also the first sidelobe level -0.44 dB Reduced. The results showed that the 

design of the non-uniform distribution of elements with non-uniform excitation 

amplitude for CCAAs, decreased significantly the sidelobe level and beam width. 
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(N1=4, N2=6, N3=8) result in the optimal design owing to the 

highest SLL reduction. Reyna and co-authors [5] used the 

genetic algorithm for optimal design of steerable concentric 

rings array for low side lobe level. They reported a 

considerable reduction of side lobe level of ≤28 dB with 

respect to the conventional case progressive phase 

excitation. Then Mandal et al. [6] used different evolutionary 

optimization techniques to finding the maximum SLL 

reduction. Real coded GA (RGA), canonical PSO (CPSO), 

craziness based PSO(CARPSO), and hybrid evolutionary 

programming (HEP) were used. They concluded that HEP 

leads to the maximum reduction in SLL, about -31.86 dB. 

The genetic algorithm has been used by Haupt et al. [7] to 

reduce the sidelobe level in CCAAs. The PSO algorithm has 

been applied by Mandal et al. [8] and Pathak et al. [9] to 

determine the best set of excitation amplitude of elements for 

highest reduction in sidelobe level. Efficient techniques for 

reducing the sidelobe level have been studied by Dessouky 

et al. [10]. Also, Pal et al. [11] have tried to determine the 

best excitation amplitude of elements to achieve the highest 

reduction in the sidelobe level.  

Misra et al. [12] Distributed the array antenna elements 

normally and at equal intervals on 5 concentric loops and 

then turned off or on the optimal number of elements on each 

loop to further reduce the area of the side lobes. They were 

finally able to achieve a maximum reduction of -30.15 dB at 

the lubrication level for 72 elements distributed on 5 loops 

with First Null Beam Width = 43.20. 

In this paper, the highest reduction in sidelobe level and the 

main beam width are found by optimizing the elements 

excitation amplitude, the elements position, ring quantity and 

rings radiuses in CCAA. There are Nelements on M rings 

with the radius of 𝑟1,𝑟2 …𝑟𝑚. The obtained radiation 

pattern, sidelobe level and the beam width on concentric 

circles according to non-uniform distribution of elements 

and amplitudes are presented. Then, the results will be 

compared with Ref, [6]. Based on the present results, the 

proposed method causes the highest reduction in sidelobe 

level on concentric circles for the minimum beam width. 

 

2. Methodology 
 

According to Figure 1, N isotropic elements with distances 

of 𝑑𝑚 are assumed to be in x-y plane and they are located on 

M concentric rings with radiuses of 𝑟𝑚. Regarding isotropy 

assumption for the elements, it can be denoted that the 

distribution pattern of this array of antennas can be expressed 

by its array factor as: 

𝐴𝐹 =  ∑ ∑ 𝐼𝑚𝑖 𝑒𝑥𝑝(𝑗(𝑘𝑟𝑚 𝑠𝑖𝑛 𝜃 𝑐𝑜𝑠(𝜙 −
𝑁𝑚
𝑖=1

𝑀
𝑚=1

𝜙𝑚𝑖) + 𝛼𝑚𝑖))                                                           (1) 

ϕmi =
2 π( (i−1)

Nm
                                                  (2) 

αmi =  −krm cos(ϕ0 – ϕmi)                             (3)  

k rm =  
2 πrm

λ
=  ∑ dmi

N
i=1                                   (4) 

 

Figure 1. The structure of CCAA with M rings and N 

elements [13]. 

In Eq. (3), ϕ0   is the angle of the main beam, dmi  is the 

distance between 𝑖𝑡ℎ and (𝑖 + 1)𝑡ℎ element of 𝑚𝑡ℎ ring of the 

array antenna and  Imi  stands for the excitation amplitude of 

𝑖𝑡ℎ element of 𝑚𝑡ℎ ring.  

Phase difference between the elements is equal to the 

constant value of 
2π𝑎

λ
 and θ = 90°, ϕ is the collision angle of 

the beam with x-y plane and  λ  is the wave length of the beam. 

Our intention is to find the best set of elements positions and 

their excitation amplitude on M concentric circles with the 

radiuses of rm. 

In this paper, as mentioned earlier, finding the best set of 

elements position and their excitation amplitude can be 

proposed as an optimization method. Thus, a target function 

must be defined to tackle the problem by means of a GA, so 

that the algorithm could result in the optimal solution. 

 

3. The Used Target Function 

To define the target function, we consider the following 

parameters: ϕ0 is the angle in which the maximum emission 

is obtained, and ϕ varies in the range of [−𝜋 , 𝜋]. θmsl  is the 

angle in which the first sidelobe is formed and it is the largest 

sidelobe as well. BWFNdesired  is the maximum beam width 

that is assumed to be equal to 50 as a constant value and the 

BWFN(Imi , dmi
) is the first null beam width. Thus, the target 

function can be described as follows [14]: 
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𝑓1 =
|𝐴𝐹(𝜃𝑚𝑠𝑙1 ,𝐼𝑚𝑖

,𝑑𝑚𝑖
)|

𝐴𝐹(𝜃𝑚𝑠𝑙1 ,𝐼𝑚𝑖
,𝑑𝑚𝑖

)
+ |𝐵𝑊𝐹𝑁𝑑𝑒𝑠𝑖𝑟𝑒𝑑 −

 𝐵𝑊𝐹𝑁(𝐼𝑚𝑖
, 𝑑𝑚𝑖

)|                                             (5) 

According to the defined target function, the best set of 

Imi  and dmi  is achieved when f1   is in its minimum value. 

 

4. The Proposed Algorithm 

The main purpose of this paper is to design a CCAA with 

non-uniform element distribution on external surfaces 

regarding the limitation of the maximum beam width with the 

aim of succeeding the highest reduction in the sidelobe level. 

To this end, we have used a population-based stochastic 

procedure denominated genetic algorithm. 

The GA is essentially a probabilistic search algorithm 

which is built based on the concept of assessment and natural 

selection. In each generation, an initial population of possible 

solutions is produced from members called chromosomes.  

Each chromosome is evaluated by a function called Fitness 

that is usually the cost function or objective optimal function 

of the problem. Then, a number of the best chromosomes are 

elected in the next step based on Fitness function. This 

technique helps to keep the finest members in each 

generation.  

To generate new Childs, some solutions remain 

unchanged and some of them pass to the next step with 

Crossover and Mutation operations from the chosen solutions 

in the previous step. Thus, some of the best solutions generate 

new solutions. This procedure leads to evolution of the 

members. Therefore, the search space will evolve in the 

direction of optimizing the solution.  

In this algorithm, the Crossover operation has the 

exploratory property and it can search the spaces between 

parents by big jumps to discover new areas. But the Mutation 

operation has the extension property and it can make small 

random changes to extend discovered areas. Figure 2 shows 

the implementation of the components of the genetic 

algorithm that is described earlier as: 
 

1) The Function of Initial Population: This function 

produces the initial population in a uniform and random 

form. 

2) Evaluation Functions: At each stage, this function 

iterates all the solutions using a fitness function or Fitness is 

evaluated. Then some of best hypothesis using a likelihood 

function are selected and they form new population. 

3) Operations of Crossover and Mutation functions: 

Some of these selected solutions are used in their current 

state, and the others are utilized to make Childs by using 

genetic operations such as Crossover and Mutation. 

4) Stopping Criteria: The algorithm continues until the 

generation counter reaches the maximum number of 

generations or the best evaluation function value does not 

change. 
 

Start
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population
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End 

Yes

No

No

Yes

No
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Figure 2. The GA flowchart [15]. 

5. Results 

In this section, the proposed method for non-uniform 

distribution of array antenna elements with non-uniform 

excitation amplitude is implemented. It is assumed the 

concentric rings radiuses to vary using the GA algorithm, and 

the results have been compared with the results of previous 

studies [1] for designing a CCAA. For all cases, the angle in 

which the maximum emission occurs, (ϕ0 = 0°) is assumed 

to be equal to zero. 

In the first case, it is assumed that 18 elements have been 

distributed on 3 centered rings, and in second case we 

assumed that 24 elements have been distributed on 7 non-

uniform distribution centered rings and in third case 30 
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elements are distributed on 6 non-uniform distribution 

centered rings. 
 

A. Case  One: Number of elements=18 , Radiuses =[1   2   3] 

In figure 3, the radiation pattern of non-uniform 

distribution with non-uniform excitation amplitude is shown 

on CCAA. According to figure 3, the proposed method 

represents -1.89 dB reductions in the first sidelobe level and 

60.4 degrees reduction in beam width compared to that of 

reported in Mandal et al. [1]. Based on these results, the first 

state clearly shows its superiority over the previous study.  

 

B. Case  Two: Number of elements=24 , Radiuses =[ 1     

2     3     4     5     6     8] 

Similar to Figure 3, Figure 4, also shows the radiation pattern  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

of CCAA that its elements have non-uniform excitation 

amplitude with non-uniform distribution of elements 

position. Based on the provided results, the proposed method 

represents -8.16 dB reduction in the first sidelobe level and 

51.92 degrees reduction in beam width. In this case, we can 

likewise observe the superiority of the propose method over 

the previous study. 
 

C. Case  Three: Number of elements=30 , Radiuses =[ 1     

2     3     4     5     6 ]  

The radiation pattern of CCAA with 30 elements that have 

non-uiform excitation amplitude with non-uniform 

distribution of elements position is shown in figure 5. Here 

also -0.44 dB reduction in the first sidelob level and 51.66 

degrees reduction in beam width is observed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Radiation pattern and the position of CCAA elements (the 𝟏𝒕𝒉 state) 

 
Figure 4. Radiation pattern and the position of CCAA elements (the 2^th  state) 

 

Figure 5. Radiation pattern and the position of CCAA elements (the 𝟑𝒕𝒉 state). 
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Table 1 also shows the results of the proposed method and 

the previous investigation. Here, the radiuss and number of 

rings are free to change, which is a reason for superioty of 

this method compared to the previous studies.  

6. Conclusions 
In this paper, we have proposed and applied a method of 

non-uniform elements distribution that has non-uniform 

excitation amplitude for CCAAs using the GA algorithm. The 

objective of this paper is to reduce the maximum sidelobes 

and the beam width simultaneously. The results clearly show 

the superiority of the proposed method in reducing the 

maximum sidelobe level and the beam width, compared to 

previous studies. Therefore, we recommend using the non-

uniform distribution of array antenna elements method with 

non-uniform excitation amplitude at for CCAA. As a future 

subject (study), we can focus on the best proportion of 

number of rings and elements on concentric circular array 

antennas. Thus, we can determine the optimum number of 

rings for N elements 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

antennas. Thus, we can determine the optimum number of 

rings for N elements. 
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