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Abstract
This work describes about the synthesis of the flat top power 
pattern of linear antenna array using differential evolution (DE) 
algorithm as an optimizing algorithm. In this work a flat top beam 
pattern of sharp transition (T), low Side Lobe Level (SLL) and 
very little ripple (R) has been achieved. To reduce the design cost 
of the feed network of the synthesized pattern, only the complex 
excitation coefficients of the elements with two states [0 or π] of 
their phase value are considered as the optimization parameters. To 
demonstrate the proposed approach a 32 element equally spaced 
symmetrical linear antenna array has been taken. The flat top 
beam width, SLL, ripple and the transition width of synthesized 
power pattern are obtained as 500, -35.1178 dB, 0.18dB and 40 
respectively. 
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I. Introduction
Over the last six decades, many researchers are interested on 
synthesizing the shaped beam patterns in the power pattern of 
linear antenna array due to the fact that the pattern finds various 
applications in the communication system. Flat top pattern is a 
kind of shaped beam pattern. The pattern finds application to 
broadcast from satellite for illuminating uniformly over a sector 
of region. Also it is used in wireless communication system, under 
water acoustics etc.  Woodward [1] first introduced the analytical 
method to achieve the pattern and later on Steyskal [2], Stutzman 
[3] etc has proposed various other method to improve the shaped 
of the pattern. The synthesis method in [2] works well for SLL 
up to -30 dB but, below this level the method is inefficient on 
the grounds of computational difficulties. Woodward-Lawson 
[4] method is one of the simple classical methods for linear array 
to provide the analytical solution for the pattern. However, in 
the flattop pattern there are three parameters SLL, ripple and 
transition width which are contradictory in nature i.e. if one of 
this parameter is decreased other will increase as seen in Fourier 
series and Woodward-Lawson method [5]. 
In this paper our objective is to optimize these three parameters 
i.e., SLL, ripple (R) and transition width (T) by reducing the 
design cost of the feed network of the synthesized flat top shaped 
pattern by considering only the complex normalized amplitude 
coefficients of the array elements with two states [0 or π] of 
phase values as the optimization parameters. The effectiveness 
of the Differential Evolution (DE) algorithm is used to find 
out the optimum values of the amplitude coefficients. The DE 
algorithm introduced by Price and Storn [6] in the year of 1995, is 
a stochastic, global search evolutionary algorithm. It is a simple, 
robust and efficient evolutionary algorithm than other algorithm 
like Genetic Algorithm (GA) [7-8].  

II. Theory of linear antenna array 
Consider a linear array having N number of equi-spaced and 
mutually uncoupled isotropic elements placed along the X-axis. 

If the phase excitation of all elements is identical, then the array 
factor of the linear array is as follows-   
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where na is the magnitude of normalized complex excitation 
coefficient, ψn is the corresponding phase with any one of the 
available states 0 or π,  the wave number , θ, is the angle 
made by the line joining by the observing  point and the origin 
with the X-axis, d  is the separation between two consecutive 
elements of the array .

Fig. 1: Linear Array

III. Differential Evolution Algorithm
DE algorithm involves with the following steps:

Step 1: Identifying the Parameters to be Optimized and 
Defining the Cost Function to be Minimized
The normalized amplitudes in the search range [0, 1] with two 
states static phase shift of 0 or π are taken as the optimization 
parameters. The cost for the algorithm is defined as  

  (2)

where δ1 1 max| | | |d = −dSLL SLL and δ2
2 max| | | |d = −dR R : SLLmax and Rmax are 

the maximum value of the SLL and ripple at each iteration in the 
searching process whereas SLLd and Rd are their corresponding 
desired value. H1 and H2 are the Heaviside step function and W1 
and W2 are the weighting factors, respectively. max∆ is the sum 
of all the sampled ripples within the angular width of the flat 
top region. 

Step 2- Initialization
DE initializes with an arbitrary NPOP number of population each 
with D-dimensional real valued parameters. The ith vector of the 
population at the current generation can be represented as- 

 , 1, , 2, , 3, , , ,[ , , ,...., ]i G i G i G i G D i Gx x x x x=
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Step 3- Mutation
Three vectors 0,


r Gx , 1,


r Gx , 2,


r Gx  from the current population are 

randomly taken and the difference of the two vectors with the 
scale factor (F) added to the third one to produce the mutant 
vector ,


i Gv   as

, 0, 1, 2,( )i G r G r G r Gv x F x x= + −
   

                                                (4)

Step 4- Crossover
In this step parameters of the mutant vector ,


i Gv  are mixed 

with the parameters of target vector ,


i Gx  to produce to trial 
vector , 1, , 2, , 3, , , ,( , , ,......, )=


i G i G i G i G D i Gu u u u u ; the procedure is as 

follows-

       (5)
In the above equation, 1( , ) [0,1] ∈ rand i j  is a uniformly distributed 
random number for each jth component of ith parameter vector and. 

[0,1] ∈ CR is the user defined crossover probability. 2( ) [1,2,..., ] ∈ rand i D   
is a randomly chosen index, which ensures that ,


i Gu gets at least 

one parameter from ,


i Gv .

Step 5- Selection
Compare the trial vector with the target vector and change the 
target vector with the trial vector in the next generation if the 
trial vector has an equal or lower cost function than the target 
vector i.e. 

         (6)

Step 6- Stopping Criterion
The process of step 3-5 will repeat until the optimum is located 
or maximum iteration is reached. 
The DE parameters are chosen as- scale factor (F) = 0.4, crossover 
probability (CR) = 0.8, maximum iteration= 2,000, number of the 
population (NPOP) = 50, strategy= DE/rand/1/bin.      

IV. Result and Discussions
To synthesize flat shaped pattern using DE algorithm, a 32 element 
symmetrical linear antenna array with uniform spacing of 0.6λ 
is considered. The array is assumed to lie at the right side of the 
X-axis with first element at the origin. As the array is symmetrical, 
the number of optimizing parameter for DE will be half of the 
number of array elements. Therefore the number of optimizing 
parameters will be 16 to represent the complex excitations of half 
of the array elements.The DE program are coded in MATLAB. 
The simulated DE optimized normalized power pattern of the array 
is shown in fig. 2. fig. 3 and 4 shows the normalized amplitude 
and phase distribution of the corresponding elements. In fig. 2, it 
observed that the SLL, beam width and the transition width of the 
flat top shaped pattern are -35.1178 dB, 500 and 40 respectively. 
More importantly, a remarkably low value of the maximum ripple 
(0.18 dB) is achieved at the flat region. 

Table 1: Comparison Between the Actual and Modified Pattern

Since, for an equally spaced antenna array, Fourier transform of 
the array factor gives the element excitations [9].  Fig. 3 shows that 
the amplitude distribution is almost looked like a Sinc function (
sin /x x ) which is the Fourier transform of square wave. However 
the direct application of the Fourier synthesis method provides 
high ripple in the flat top region of the pattern because, the ripple 
[5] in the flat region is zero when the amplitude distribution exactly 
follows the Sinc function. But due to the finite array length, 
the Sinc wave form is truncated. Although Woodward-Lawson 
method offers low value of ‘R’ but ‘T’ is high [5]. In this work, 
DE finds out the optimum values of the static amplitudes and the 
corresponding phase shift of the array elements in such a way 
that the synthesized array pattern of specific SLL and beam width 
provides minimum value of R and T. Comparing the DE optimized 
pattern with that generated for 20 elements array by using Fourier 
series method and Woodward-Lawson method in [5], 12.5 and 
5.5 dB lower values of SLL, 0.69 and 0.09 dB lower values of R 
and, 1.40 and 3.70 improvement in T are achieved respectively 
in the synthesized pattern shown in Fig. 2. However the dynamic 
range ratio (DRR) is 181.3091 is quite higher. But from Fig. 3, 
it is observed that the amplitude of the two elements (11, 22) is 
closed to zero. When these two elements are discarded from the 
array, the corresponding DRR value become almost half (97.76) 
without much degradation of the radiation parameters as shown 
table 1. It is further observed that when the four elements (2, 11, 
22 and 31) are discarded, the synthesized pattern is obtained with 
an acceptable tolerance (Table 1).  

V. Conclusion
In this paper, a 32 element symmetrical uniformly spaced linear 
array is synthesized to generate the flat-top radiation pattern by 
optimizing the complex excitation coefficients with only two states 
of static phase shift using DE algorithm. In the desired pattern, 
the side lobe level and ripple are reduced to -35.1178 dB and 
0.18 dB whereas the flat top beam width and transition width are 
maintained at 500 and 40. The simulated result shows that the 
DE successfully synthesizes the desired pattern by optimizing 
the conflicting parameters of the flat shaped pattern.
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