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Abstract
In this work a new approach to synthesize sum and difference 
pattern in the radiation pattern of linear antenna arrays is proposed. 
To reduce the design cost of the feed network of the array for 
the desired array pattern, only part of the radiating elements are 
excited non-uniformly whereas the remaining elements are excited 
uniformly at constant amplitude. The work is illustrated with a 
30 elements symmetrically excited linear array. To synthesize the 
sum pattern, 16 end elements (8 elements at each end) are assumed 
to be excited non-uniformly whereas for the difference pattern 
only 16 central elements are perturbed with low Dynamic Range 
Ratio (DRR). The effectiveness of the Differential Evolution 
(DE) algorithm is used to synthesize the desired pattern. The 
DE optimized sum pattern reduces the Side Lobe Level (SLL) to 
-25.12 dB and the SLL of the corresponding difference pattern 
is obtained as -16.48 dB. Also the directivity of the synthesized 
sum and difference pattern are observed as 35.18 dB and 37.76 
dB respectively.

Keywords
Linear Array (LA), Side Lobe Level (SLL), Differential Evolution 
(DE)

I. Introduction
A single element antenna provides low directivity or gain because of 
its wide radiation pattern. This problem can be overcome by using 
an antenna array which is formed by a geometrical arrangement of 
number of radiating elements. The antenna arrays provide sum and 
difference patterns usually with narrow beam width, low side lobe 
levels and high directivity. The sum and difference pattern is used 
for designing of monopulse antenna which is used as transmitting/
receiving devices for searching-and-tracking the direction of the 
target in radar. In [2], an interactive procedure is proposed to obtain 
a trade-off between SLLs and the beam width of the resultant 
patterns. In [3], hybrid real/integer-coded differential evolution 
and in [4], Genetic Algorithm (GA) is used to improve the desired 
patterns by minimizing their corresponding SLLs. Particularly 
the objective of the sum pattern is to maximize the gain and the 
difference pattern is concerned with first null beam width. In [5], 
although the SLL of the desired sum and difference patterns are 
reduced to -25.2 dB and -19.4 respectively, but the beam width 
(BW) of the pattern can be minimized further.
Generally to produce the desired sum and difference patterns in 
antenna array, corresponding to the sum and difference pattern, 
different set of amplitude distributions are required. Hence, two 
feed networks are required to produce the corresponding sum and 
difference pattern and switching from one pattern to the other 
needs to switch the corresponding feed network of the array. Thus, 
generation of multi beam pattern in an antenna array increases the 
design cost of the feed network. In this paper, a new approach is 
proposed to reduce the design cost of the feeding network in which 
to synthesize the desired sum and difference pattern only a part 
of the array is assumed to be excited non-uniformly. Differential 

Evolution Algorithm (DE) is used to optimize the non uniform 
excitations of the array elements. DE algorithm introduced by 
Storn and Price [6], is a population based, stochastic evolutionary 
algorithm. The algorithm uses a fewer control parameters and has 
the ability to find the true minima not depending upon the initial 
parameters values [7]. In the DE algorithm the vector differences 
of floating-point parameters are found out instead of the uniform 
or point crossovers on binary strings which are followed in the 
Genetic Algorithm (GA). The most significant advantage of the DE 
compared to the GA is that it helps us in optimizing large antenna 
arrays with more computational efficiency compared to the GA. 
A details survey of the DE as applied in engineering applications 
and electromagnetic are presented in [8-9] respectively.
Sum and Difference Patterns in Linear Array
Let, a broadside linear array of 2N isotropic radiating elements 
which are equally spaced by a distance, ‘d’. With reference to the 
centre of the array, the array factor expressions for the sum pattern, 
S(θ)and that of the difference pattern, D (θ) can be obtained as 
given in (1) and (2) respectively [1]. 

            (1)

             (2)                                                          
Where In: normalized excitation coefficient of nth element; N: the 
number of elements in the array; d: the spacing between the array 
elements; θ: the angle made by the line joining the observing point 
and the origin with the array-axis; λ: the operating wavelength.

III. DE Algorithm
In 1995, Price and Storn commenced the Differential Evolution 
(DE) algorithm which is based upon differential mutation operator. 
Analytical methods are not as efficient to resolve the practical 
problems with different types of objective functions such as non-
linear, noisy, flat, non-differentiable, non-continuous, and multi-
dimensional or have many local minima. Hence DE is used, which 
is a robust statistical method for cost function minimization. It 
does not use a single nominal parameter vector but instead it uses 
a population of equally important vectors and is very advantageous 
to find the most approximate solution to any of the above type 
of problems. In DE algorithm the objective function is sampled 
and a set of initial points are chosen randomly from the entire 
search space. In the next step a new parameter vector called 
mutant vector is generated due to the addition of the weighted 
difference between the two population vectors to the third vector 
and the process is called mutation. Then a uniform crossover is 
employed in which the mutant vector is further mixed with the 
predefined parameters to produce the trial vector. The last step 
is called selection in which trial vector is replaced by the target 
vector if the trial vector has lower cost function than the target 
vectors. The above steps are continued until the pre defined number 
of generation is reached or the desired value of cost function is 
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obtained. The more details about the algorithm can be obtained in 
[6-8]. To realize the algorithm let the problem is a function of D 
number of independent parameters. In this work the linear array 
having N number of elements are placed with an equal spacing of 
0.7λ in which a part of elements are non-uniformly excited. The 
DE algorithm is run for a maximum of 1000 iteration. The initial 
population size is taken as 50 and these are randomly generated 
whereas the mutation factor and the crossover probability are 
taken as 0.7 and 0.85 respectively. The cost functions used to 
synthesize the desired sum and difference pattern are given in 
(2) and (3) respectively.

               (2)
Where, ; max

sumSLL and sum
dSLL are the maximum 

and desired SLL measured for sum pattern in each iteration 
respectively.

               (3)

Where,  ; max
diffSLL is the maximum SLL and 

diff
dSLL  is the desired value for difference pattern. W1 and W2 are 

the weighting factors whereas H1 and H2 are the Heaviside step 
functions for sum and difference pattern respectively.

IV. Simulation Results and Discussions
To demonstrate the proposed work, a symmetrical nonuniformly 
excited linear antenna array of 30 element with constant element 
spacing of 0.7λ is considered. It is assumed that the array elements 
are placed along the positive half of X-axis with first element at 
the origin. The amplitude distribution of the upper half of the array 
elements are the mirror image of the lower half of the array. The 
synthesized sum pattern is obtained by perturbing only the 16 
end elements (8 at either end) and the amplitude distribution of 
the remaining elements are kept at its maximum value. Similarly 
for the difference pattern only 8 central elements are excited 

non-uniformly. Thus for sum pattern the normalized amplitude 
of 8 elements from either end of the array and for the difference 
pattern, the normalized amplitudes of 4 central elements taken 
from either half of the array are the optimizing parameters of the 
DE algorithm. DE synthesized sum and difference patterns are 
shown in fig. 2 and fig. 3 respectively.

Fig. 2: DE Optimized Sum Pattern

Fig. 3: DE Optimized Difference Pattern Using the Proposed 
Method

Table 1: Normalized Amplitude Coefficients for the Sum and Difference Pattern
Element Number 
(N)

1
(30)

2
(29)

3
(28)

4
(27)

5
(26)

6
(25)

7
(24)

8
(23)

9
(22)

10
(21)

11
(20)

12
(19)

13
(18)

14
(17)

15
(16)

An’s for sum pattern .267 .305 .262 .430 .387 .595 .653 .572 1 1 1 1 1 1 1

An’s for difference pattern 1 1 1 1 1 1 1 1 1 1 1 .622 .173 .391 .626

For the DE optimized sum pattern the SLL is obtained as ─25.12 
dB and for the difference pattern the SLL is ─16.48 dB. As given in 
Table.1, for the sum pattern at the both ends of the array 8 elements 
are non-uniformly excited whereas the normalized amplitude of 
the central elements is unity. Dynamic Range Ratio (DRR) for 
the sum pattern is calculated as 3.81 which is better than that in 
[3]. But for the difference pattern only 8 central elements (4 in 
either half) are excited non-uniformly keeping all other elements 
at uniform amplitudes. From Table 1, it is also observed that 
for the difference pattern DRR is 5.77. As in compared to [5], 
directivity (35.18) of the synthesized sum pattern is higher with 
relatively low DRR. However due to non-uniform excitation of 8 
central element with low DRR (5.77), compared to [5] 3 dB lower 
value of SLL is obtained. The directivity of the difference pattern 
[37.56] is significantly higher than that obtained in [5]. Finally 
the half power beam widths of the sum and difference patterns 

are observed as 2.90 and 2.10 respectively.

V. Conclusion
Differential evolution algorithm successfully synthesizes the sum 
and difference pattern in a linear array antenna with sufficiently 
low side lobe level. The sum pattern is obtained by perturbing 
only a few end elements whereas to get difference pattern, some 
of the central elements which are not perturbed in sum pattern, 
are non-uniformly excited. Thus, the feed network for the end 
elements can be used to control the amplitude distribution for the 
desired sum pattern and only the central part of the feed network 
can be utilized to produce the corresponding difference pattern. 
Hence, the method can be used to reduce the design cost of the 
array feed network.
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