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Abstract- This paper presents the effects of mutual coupling on the optimization of linear antenna array. Firstly, the
linear antenna array is optimized by using Genetic Algorithm without considering the effects of mutual coupling. After
that mutual coupling is introduced to analyses its effect on the radiation pattern of antenna in terms of side lobe levels
and nulls. It has been found that Side lobe level adjoining to the main lobes increased by 4.95 db. The antenna array is
again optimized in the presence of mutual coupling to nullifying detrimental effects of mutual coupling and it has been
found that 1.65 dB can be compensated when antenna array is optimized in the presence of mutual coupling.
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1. INTRODUCTION

The radiation pattern of an antenna array is determined by the array factor. Array factor basically depend on
geometrical configuration (linear, rectangular etc.), inter-element spacing, current excitation amplitude and phase.
Side lobe reduction and interference suppression can be obtained by controlling these parameters. The methods used
for the synthesis of antenna arrays: deterministic method include analytical methods, neural networks and stochastic
method include genetic algorithm (GA), simulated annealing (SA), and differential evolution (DE). Stochastic
methods has the ability to deal with large number of optimization parameters, easy to implement on computers. SLL
is an important problem in the synthesis of antenna array [13]. Furthermore, whenever antenna arrays are synthesized,
effect of mutual coupling between the arrays elements become a major problem. In such cases, it is important to use
the optimization technique that can compensate the effect of mutual coupling.

In the past, optimization techniques were used in the antenna array analysis in different ways to optimize the
parameter of the array. A converging algorithm technique is employed in [1] for the calculation of element currents
that include the effects of mutual coupling, also analysis of the gain and impedance had been done. Linear and planar
antenna arrays are analyzed by using iterative algorithm for the calculation of elements current which include the
effect of mutual coupling [2]. In [3] study on the effect of mutual coupling on near field direction of arrival estimation
of uniform circular array elements is done and also Genetic Algorithm optimization approach is used to compensate
the effect of mutual coupling. A Genetic evolutionary algorithm approach is employed to the direction finding of
adaptive antenna array which include the effect of mutual coupling and used the method of moment to eliminate the
mutual coupling effect [4]. Various optimization techniques for antenna arrays is discussed in [5] to minimize SLL
and nulls, also a brief introduction on GA and particle swarm algorithm (PSO) is done. In [6] Genetic Algorithm
(GA) optimization method is used for realizing a nonlinear antenna array which include the effects of mutual
coupling. Effect of mutual coupling is studied by several researchers on different type of antenna array. It includes
Yagi Uda antenna array [8], circular array [9], micro strip patch antenna array [10], linear antenna arrays of dipole
and spiral antennas [11] and helical antenna [12].

In this paper, we are presenting the optimization of linear antenna array using genetic algorithm (GA) without
considering the mutual coupling effects and then mutual coupling is introduced to analyses its effects. Furthermore,
antenna array is again optimized by using Genetic Algorithm to compensate the mutual coupling effect. The rest of
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the paper is arranged as follows: In Section II problem formulation is presented. Simulation results are presented in
Section I1I followed by conclusions in Section IV.

II. PROBLEM FORMULATION
The GA optimization is applied to synthesize the linear antenna arrays with maximum reduction of SLL and nulls
using the GA.

The array factor of a linear antenna array with uniform element spacing d is given by [14]:

AF(L d, @=2 Z¥_. Incos(kdn ces(#) + @n)

Where k =2*pi/A is the wavenumber, n is the number of element, and In, @n and dn are amplitude, phase excitation
and distance of the nth element from the origin, respectively. The absolute value of this array factor and its square are
then calculated, then its value is integrated over all the values of theta and the resultant function is optimized by GA.
A MATLAB program is developed for performing this optimization and GA is presented next. For mutual coupling,
impedance matrix is calculated then element current is calculated.

The problem is formulated on an array consisting of 16 elements, the initial values for amplitude excitations are taken
as unity, phase excitation are taken as zero for all elements, the value of distance are taken in terms of A/2. Each
optimization is run with the following GA parameters:

Maximum number of generation “g”’= 500
Population size “p”=20

Spacing between the elements should be greater than 0.35A lambda and amplitude excitation should be less than
2.8[7].

II.SIMULATION RESULTS

The various radiation pattern obtained by GA with and without considering the effect of mutual coupling for 16
element are as follows:

A. Optimization of linear antenna array without considering the effects of mutual coupling
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Fig. 1 Radiation pattern for the case of without mutual coupling
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Here deep nulls of -41.1 dB occur at 80 and 100 angle. Also SLL are there in which near side lobes level are at -
31.65 dB from [75 81] and [99 105] and far side lobes level from [40 66] and [115 141] are below -42.35 dB.

Table 1: Results obtained by optimizing the amplitude excitation of the elements

In Current amplitudes
I1 0.7227
12 0.9059
I3 0.7108
14 0.6875
I5 0.9466
16 0.9828
17 0.8608
I8 0.6354
19 0.6602
110 0.500
111 0.5341
112 0.500
113 0.500
114 0.500
115 0.7150
116 0.6954

B. Optimization of linear antenna array with considering the effects of mutual coupling
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Fig. 2 Radiation pattern for the case where the mutual coupling is taken into the consideration.
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Table 2: Relative element current amplitude where mutual coupling effect is taken into consideration

In Current amplitudes
11 0.0118 - 0.0024i
12 0.0166 - 0.0013i
13 0.0160 - 0.00101
14 0.0171 - 0.00111
IN] 0.0175 - 0.0016i
16 0.0150 - 0.0008i
17 0.0131 - 0.00081
18 0.0125 - 0.00091
19 0.0115 - 0.00081
110 0.0105 - 0.0006i
I11 0.0100 - 0.00071
112 0.0096 - 0.00061
113 0.0099 - 0.00071
114 0.0097 - 0.00061
115 0.0117 - 0.00071
116 0.101- 0.00241

Here deep nulls of -35.21 dB occur at 80 and 100 angle. Also SLL are there in which near side lobes level are at -

26.49 dB from [75 81] and [99

C. Further optimization of line
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Here deep nulls of -33.21 dB occur at 80 and 100 angle. Also SLL are there in which near side lobes level are at -
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From the comparison of figure 1 and 2 it can be observed that due to mutual coupling, the level of side lobes
adjoining to the main lobe is increased by 4.95. From figure 2 and 3, it can be observed that when we optimized the
antenna array in the presence of mutual coupling, the side lobes level adjoining to the main lobes reduced by 1.95
dB.

VIII. CONCLUSION

In this paper, the analysis of mutual coupling effects on linear antenna array has been presented. Optimization of
linear antenna array using Genetic Algorithm with and without considering the effects of mutual coupling is done.
When optimization is done in presence of mutual coupling, the side lobe levels and nulls are increased by 4.95 db.
Due to the destructive effects of mutual coupling the antenna array is again optimized and it has been found that the
1.65 dB amount of losses compensates.
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