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ABSTRACT 

It is well known that several methods are reported to design 

array antennas for the generation of radiation patterns. It is 

found that none of them are optimum. However, in the present 

work, a new swarm intelligence method Firefly algorithm is 

applied for their optimization. Both uniform and non-uniform 

arrays are considered. The power patterns are numerically 

computed for different arrays and they are presented in θ-

domain.  
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1. INTRODUCTION 
Array antenna is one of the best choices to meet the 

requirements of gain, directivity and radiation pattern shapes. 

It can be linear, circular, rectangular and spherical etc. In 

addition to these geometrical configurations, the radiation 

pattern can be controlled by optimizing amplitude excitation 

of individual elements, phase excitation, relative displacement 

between elements and element pattern. Most array antennas 

employ equal and resonant spacing between adjacent 

elements. It is possible however, to operate array antennas 

with non-uniform (or) unequal spacing between adjacent 

elements [1]. 

Synthesis of nonuniformly spaced arrays has become an 

interesting problem in recent years compared with uniformly 

spaced arrays. A nonuniformly spaced array can be used to 

reduce the size, weight and number of elements in the array 

also to reduce complexity and cost. They have wide range of 

applications in radar, sonar, wireless communication and 

other areas. One example of using an unequally spaced array 

is to prevent grating lobes or to obtain a better performance 

than a uniform array. 

The analysis of nonuniformly spaced arrays was first 

presented by Unz [2], who employed a matrix formulation to 

evaluate current distribution necessary to generate a 

prescribed radiation pattern. R.F Harrington [3] reported 

perturbation procedure to reduce the sidelobe level down to 

2/N times of the field intensity of the main lobe, N being the 

total number of elements.  

Ishimaru [4] used the Poisson’s sum expansion to design an 

unequally spaced uniform amplitude array with any desired 

sidelobe level, resulting in grating lobe suppression. Skolnik 

proposed a technique based on dynamic programming 

approach that shows the density of elements located within a 

given array length is made proportional to the conventional 

equally spaced array [5]. In [6], non-resonant spacing is 

proposed to produce sector beams from thick arrays. In 

addition to these methods, many numerical, analytical, and 

optimization methods of pattern synthesis of antenna arrays 

have been reported by several authors in the literature. 

 Many techniques have been proposed for pattern synthesis by 

optimizing the amplitudes alone [7 – 8] or by optimizing 

position of the elements alone [9 – 11]. In [12– 13], both the 

amplitude coefficients and position of the elements are 

optimized separately.  

To reduce the design complexity, many researchers focused 

on symmetrical arrays [14 – 17] and techniques confined to 

inter-element spacing for a finite set of values [18-19]. But, 

the constraint on the array being symmetrical reduces the 

degree of freedom of the optimization process. Optimization 

of amplitude alone and position of the elements alone [20], 

phase and position [21] were also reported in the literature. 

The distribution and height of the sidelobes in a beam pattern 

of nonuniformly spaced array depends on the position of the 

elements and on amplitude excitation coefficients of each 

element. Hence, it is necessary to select best position and best 

amplitude coefficient for each element of nonuniformly 

spaced array to obtain the desired shape of the pattern. 

Sometimes, it becomes difficult to improve performance with 

these traditional methods. Therefore, in the present work, an 

attempt is made to optimize the amplitude and position of 

elements simultaneously so as to reduce the sidelobe level. 

A new evolutionary optimization method, Firefly algorithm 

(FA) is used for the synthesis of linear array to obtain the 

lowest relative side lobe level. The algorithm is based on 

flashing behavior of tropic Firefly swarms. The merit of the 

algorithm is that it can deal with continuous variables in multi 

dimensional spaces [22]. 

The technique of FA is used to solve electromagnetic 

problems due to their robustness and wide range of 

applications. Using the FA, the synthesis of the linear arrays 

with uniform amplitudes, unequal spacing (position only 

synthesis) and unequal spacing, nonuniform amplitudes 

(position-amplitude synthesis) is considered. The design 

examples with numerical results are presented. In the first 

example, FA is used to find the optimum spacing between the 

array elements to produce desired radiation pattern. In the 

second example, optimum spacing between array elements 

and amplitude excitation coefficients are determined using 

FA. The results obtained by position and amplitude synthesis 

are better than those obtained by adjusting the positions alone. 

The rest of the paper is organized as follows: In section 2, 

array geometry and mathematical formulation of the array 

factor is presented. Moreover cost function is given. A brief 

description of FA is given in section 3. Based on these 
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models, numerical results are provided in section 4 and finally 

the paper is concluded in section 5. 

2. PROBLEM FORMULATION 
Assume an aperiodic and asymmetrical linear array with N 

isotropic elements as shown in Fig 1. The array factor  FA  

can be characterized as 

 
Fig. 1 Geometry of an aperiodic and asymmetric linear 

array 
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Where I= [I1,I2,……IN], Ii represents the amplitude excitation 

of the ith element of the array, dm=[dm1,dm2,……dmN-1], dmi 

represents the distance from element i to element i+1, i.e., 

d1=0; d2=dm1; d3=d2+dm2; d4=d3+dm3; …… dN = dN-1+dmN-1, 

  

       k = 2π/λ= phase constant, 
   θ = angle of incidence of a plane wave, 

       λ = signal wavelength, 

      N = total number of elements in the array. 

Normalized power pattern in dB can be expressed as follows               
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The objective of optimization is to minimize the sidelobe 

level of the array pattern by adjusting the parameters. Thus 

the cost (or fitness) function is defined as follows.  
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Here S is the space spanned by the angle θ excluding the main 

lobe and  represents the parameter vector such as element 

positions and amplitudes. Therefore  can be written as 

follows:              

   1Nn0,I,d nn   (4) 

The objective function described above minimizes all the 

sidelobe levels and maximizes the power in the main lobe 

located at
 o . 

3. FIREFLY ALGORITHM 
Firefly algorithm is one of the newest meta-heuristics, 

developed by Yang in 2008. FA uses the following three 

idealized rules [23]. 

 Fireflies are unisex, so that one firefly will be attracted to 

other fireflies regardless of their sex. 

 Attractiveness is proportional to firefly brightness. For 

any couple of flashing fireflies, the less bright one will 

move towards the brighter one. The attractiveness and 

brightness decreases as their distance increases. If there 

is no brighter firefly than a particular one, it will move 

randomly in the search space.  

 The brightness or light intensity of a firefly is influenced 

by the landscape of fitness function.  

The algorithm uses swarm of N, D dimensional parameter 

vectors as a population for each generation. For the current 

problem, each swarm in general represented by two vectors of 

real numbers restricted to be on the range [0,1], i.e. I = 

[I1,I2,I3,……..IN] and another one restrained on the range  

[0.5λ,1λ], i.e. d = [d1,d2,d3,…..dN]. 

The position of ith firefly is denoted by a vector       
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here, I = 1,2,3,……N    and d = 1,2,3,……N. 

(5) 

The search space is limited in Dth dimension by the following 

in equality 

                        
d
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(6) 

The value of the variables 
d

lowx  and 
d

highx  depends on the 

optimization problem. Initially, the positions of the fireflies 

are generated from a uniform distribution using the following 

equation:  

      

  rand*xxxx d
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In order to design FA, two important issues need to be 

defined: (a). the variation of light intensity, (b). Formulation 

of attractiveness. In the FA, the light intensity I of a firefly is 

proportional to the value of fitness function I(s) α f(s), where s 

denotes solution. 

The light intensity I(r) varies according to the following 

equation:                   

   2
o rexpIrI   (8) 

Where Io represents the light intensity of source and γ is the 

light absorption coefficient which can be taken as constant. 

The firefly’s attractiveness is proportional to the light 

intensity seen by adjacent fireflies. Therefore, the 

attractiveness β of a firefly is defined by  

      

   2
ijo rexp*r   (9) 

Where βo is a constant and presents the attractiveness at =0. 
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The distance between any two fireflies xi and xj are expressed 

as the Cartesian distance 
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(10) 

The movement of a firefly i is attracted to another brighter 

firefly j is given by the following equation:  

         

     2/1rand*xx*rexp*xx ij
2
ijoii   (11) 

In the above, the first term is the current position of ith firefly. 

The second term is due to the attraction to another more 

attractive firefly and in the third term  is randomization 

parameter controlling the step size. Here, rand is a random 

number generator uniformly distributed in between 0 and 1. 

The brightness and the attractiveness of each firefly are 

calculated at each iterative step. Based on these values the 

positions of the fireflies are updated. All fireflies converge to 

the best possible position on the search space after a sufficient 

amount of iterations. 

4. RESULTS 
In the present work, FA is applied for the synthesis of linear 

array using position only synthesis and the position -

amplitude synthesis. For both cases, the prior limits assumed 

in the minimum and maximum distance between the elements 

are dmin = 0.5λ and dmax = 1λ. The number of elements 

considered for the FA based synthesis is 20; thus the number 

of parameters to be optimized is 20 for position only synthesis 

and 40 for position-amplitude synthesis.  

In the position only synthesis, For the FA, population size is 

set to 30 and the number of generations is 200. Amplitudes 

are fixed as the case of λ/2 spaced conventional array (In=1) 

and the positions are adjusted by the FA. The optimum 

element positions obtained from FA are traced in Fig.2.The 

lowest sidelobe level obtained for the position only synthesis 

is -20.60dB. 

For the position-amplitude synthesis, the population size is 40 

and the number of generations is 200.In this case, the 

amplitude coefficients and the element positions are 

determined simultaneously using FA. The amplitude 

coefficients are restricted to take on only real values. The 

normalized amplitudes and positions derived using FA are 

given in Table 1. The corresponding normalized power 

patterns are shown in Fig.2. From the Fig.2, it can be seen that 

the lowest sidelobe level for the position-amplitude synthesis 

is -25.27 dB, which is 4.67dB lower than that for position 

only synthesis without any significant difference in the beam 

width. 

Similarly for N=40, element positions obtained for position 

only synthesis are traced in Fig.3. Amplitudes and positions 

obtained for the case of position-amplitude synthesis are 

traced in Fig.4. The resultant normalized power patterns are 

compared in Fig.5. 

Table 2 gives the achieved lowest sidelobe level and null to 

null beam width (FNBW) of the array for the different number 

of elements. From figures. 6 and 7, it can be observed that the 

lowest sidelobe level of the FA-based position-amplitude 

synthesis is lower by about 5dB compared to position only 

synthesis without deteriorating the beam width. 

Table 1: Element positions and normalized amplitudes of 

20-element array derived using the FA based position only 

synthesis and position-.amplitude synthesis. 

S.No 

Position only 

synthesis 

Position-Amplitude 

synthesis 

Positions (λ) Positions (λ) 
Normalized 

amplitudes 

1 0.5475 0.7016 0.2830 

2 1.3969 1.4905 0.2413 

3 2.2468 2.3625 0.3872 

4 2.9848 3.1882 0.4356 

5 3.7465 3.9303 0.4686 

6 4.2465 4.6387 0.4372 

7 4.8729 5.3361 0.5438 

8 5.3828 6.0950 0.6995 

9 5.8837 6.8350 0.7989 

10 6.3877 7.5466 0.7712 

11 6.8923 8.2814 0.6207 

12 7.3965 9.0262 0.7708 

13 7.9235 9.7672 0.7497 

14 8.8056 10.5716 0.7446 

15 9.0515 11.2793 0.6035 

16 9.5970 11.9830 0.4801 

17 10.2897 12.7115 0.5123 

18 11.1341 13.5331 0.4233 

19 11.9835 14.2730 0.3114 

20 12.8288 14.9358 0.2955 
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Fig. 2 Resultant normalized power patterns from the 

position only synthesis and position-amplitude synthesis 

for N=20. 
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Fig. 3 Element positions obtained using FA in position 

only synthesis for N=40. 
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Fig. 4 Amplitudes and element positions obtained using 

FA in position-amplitude synthesis for N=40. 
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Fig. 5 Resultant normalized power patterns from the 

position only synthesis and position-amplitude synthesis 

for N=40. 
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Fig. 6 Lowest sidelobe level with the number of elements. 

 

 

10 20 30 40 50 60 70 80 90 100
0

2

4

6

8

10

12

14

16

18

20

Number of Elements

N
u
ll 

to
 n

u
ll 

b
e
a
m

w
id

th
 (

d
e
g
re

e
)

 

 

Position only

Position-Amplitude

Fig. 7 Null to null beam width of the main lobe with the 

number of elements. 

Table 2: Comparative results 

S.No 

Position only 

synthesis 

Position-Amplitude 

synthesis 

SLL(dB) 

FNBW 

(deg) 

SLL(dB) 

FNBW 

(deg) 

10 -17.83 18.82 -21.48 18.81 

20 -20.60 10.49 -25.27 10.40 

30 -20.61 6.98 -25.63 6.97 

40 -20.69 5.27 -26.15 5.26 

50 -20.72 4.07 -26.17 4.07 

60 -20.86 3.15 -26.03 3.14 

70 -21.16 2.69 -26.31 2.57 

80 -21.20 2.35 -26.30 2.33 

90 -21.26 2.12 -26.31 2.12 

100 -21.27 1.89 -26.56 1.86 
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5. CONCLUSION 
The synthesis of nonuniformly spaced arrays with equal and 

unequal amplitudes has been presented using Firefly 

Algorithm. This algorithm is applied for linear arrays to 

obtain the lowest relative side lobe level. The FA searches 

effectively for the best current amplitude excitations and 

positions of the elements that produce the low sidelobes. The 

power patterns of uniformly excited nonuniformly spaced 

arrays are compared with those of nonuniformly excited 

nonuniformly spaced arrays. It is found from the results, that 

position-amplitude synthesis not only decreases the sidelobe 

level for the same beam width compared to position only 

synthesis but also retains their advantages. The method can be 

extended to other geometries and constraints. 
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