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ABSTRACT

Null steering in phased array antenna is used for synthesizing the array pattern with enforcing nulls in the
direction of interference while simultaneously preserving the main beam in the direction of the desired signal
with controlling sidelobe level. The prospective techniques are a GA and Particle Swarm Optimization to
synthesize the amplitude excitation. In this paper, the GA and PSO both are applied to the Phased array
antenna with half-wavelength dipole antennas at an equally spaced distance. The cost function is same for both
the algorithm and analysis is taken in the form of sidelobe level (SLL), Signal-to-Interference Ratio (SIR) and

simulation time are taken to optimize the amplitude excitation. Both algorithms are modified in terms of initial

first excitation which is taken as Taylor amplitude excitation with SLL of -20dB.
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I. INTRODUCTION

Practically, Array antenna has higher gain and
directivity than an individual radiating element.
The Radiation pattern of array elements consists of
the main beam and sidelobe level where main
beam power is provided to the desired user while
Side lobes in the radiation pattern causes
degradation of actual signal. The SLL also
experience the interference from another user
which ultimately create noise to the desired user.
So the paper proposed the work on the null
steering by which we can place the nulls in the
direction of interference and it results in the
improvement of SIR value and simultaneously
control the sidelobe level to reduce wastage of

power.

The radiation pattern synthesis to steer nulls in
the direction of interference while maintaining

the main beam directed towards the desired user

has received much attention. Null steering in
phased and adaptive arrays may be achieved by
controlling some array parameters such as the
complex element weights, element phases,
amplitudes, and element positions [1-5]. It plays
an important role in a communication system,
sonar, and radar applications to improve the
performance (maximizing signal to interference
ratio) and to cancel the jammer signal [6].
Interference suppression in antenna arrays can be
achieved by steering nulls in the directions of
undesired signals while keeping the main lobe in
the direction of user activity by adjusting the
excitation amplitude and phase. Recently,
evolutionary algorithms such as particle swarm
optimization (PSO) [7], and GAs (GA) [3] have
been studied for array synthesis including null

constraints.

This optimization technique is promising, and

researchers are still exploring its capabilities for
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solving electromagnetic problems. Emerging like
an effective alternative to the older and well-
known method of GAs (GA) [8], [9], PSO has been
applied in the electromagnetic field [10], [11]
including antenna design [12], [13]. PSO is a bio-
inspired algorithm similar in some ways to
evolutionary algorithms, such as GA and is
commonly compared with them [14], [15]. Good
performance can generally be obtained with both

methods.

The evaluation of the cost function tends to
dominate the overall computation budget for
electromagnetic optimization, but the
computational overhead requirements of both
optimization algorithms are not always negligible

[16].

Because antenna array synthesis often has a
significant computational burden, finding ways to
reduce the number of iterations and function
evaluations required for stochastic algorithms
represents an open line of research in the antenna
field.

For the specific case of linear antenna arrays
optimized by PSO, we can find different
approaches that are used to design the desired

radiation pattern, some recent research is found in

[16]-[18].

In this paper, an approach based on PSO and GA
for the synthesis of phased antenna arrays is
presented. The objective of this paper is to present
a comparative analysis between GA and PSO for
null steering of half wavelength dipole array
GA and PSO, for this useful design

problem, are evaluated in terms of simplicity and

antenna.

computational time.

II. PROBLEM FORMULATION
The radiation pattern of antenna array is obtained
by array factor and electric field of individual

antenna element. We consider N linear half

wavelength dipole array antenna with equally
spaced distance (d) along the z-axis. The array will
be formed as shown in Fig 1. The array factor of
entire linear half wavelength dipole array can be
given by

N

AF = W e_;l'k(n-l}d(cos[ﬁ-:nsﬂ}
n
n=1
(1)

In this equation the W, is Excitation of n* Element

and # is Direction of the main beam

The Array factor is the factor by which the
directivity function of an individual antenna must
be multiplied to get the directivity of the entire
array. The radiation pattern of the individual

dipole antenna is given by

cos(< cos6)

¢ sin

(2)
The total power pattern (E,,.,;) is the pattern
multiplication of the array factor and electric field
of individual dipole antenna. Normalized power

pattern, P (8) in dB, can be expressed as follows:

|E, .. (B
P(6) = 20 log corai (9)
|Et::-tr1!['9jmrz:r|
3)
Incident Field
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Genetic
Algorithm
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Figure 1. Linear half Dipole Array Antenna
geometry
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The radiation pattern of half wavelength dipole
antenna array can be synthesized by the GA and
particle swarm optimization to optimize the

amplitude excitation.

ITII. PROPOSED ALGORITHM

Each chromosome in population is representing
the amplitude excitation of the antenna array. The
initial amplitude excitation is taken randomly
from MATLAB in normal genetic algorithm where
the initial SLL level is high which results in more
number of iteration required for optimization. So
to reduce the initial SLL, the first chromosome of
initial population is taken as Taylor Excitation and
other chromosomes are randomly generated in
MATLAB. The Taylor Excitation is generating
from PCAAD software at initial SLL of -20dB.

A. Genetic Algorithm (GA)
A GA is an optimization algorithm inspired by the
well-known biological processes of genetics and
evolution. Genetics is the take a look at of the
inheritance and variant of biological trends. There
is no single firm definition for a GA, and the
highly

compared to the actual situation in nature. The

computational system is simplified
GA provides optimal solutions by successively
creating populations that improve over many
generations. This process maintains until the
population converges to a single optimal solution.

GA may be represented as shown below in fig 2.

Initialize Population where 15t Taylor Exctation and
(popsize-1) randomly Generate excitation

| E1.anateCnstnfeadlChrﬂmusume |

ELL <
Eequired SLL

| SEtIteratmnCuutenter 1 |

| Discard (popsize2) and form mating |
!
| Generate (popsize’?) new offspring by |
¥
| Mew Population = Mating pool + New |
¥
| Mutate some value of new offspring |

| Evaluate Cost of each Chromosome | fer=iter +1

N
Last
Iteration
Yax

Optimized Amplimde |

L —

Figure 2. GA for Optimization of Null

Each Chromosome in GA population represents an
amplitude excitation at each element in the array.
Adjusting these settings has a small effect on the
main beam but can place nulls in side lobes. The
goal of the GA is to place nulls in the direction of
interference by adjusting these array excitation.
Since the algorithm must be fast and a global
minimum is not necessary, the GA uses a small

population size.

Amplitude excitations are sent to the antenna
array and output is measured. This way, each
chromosome has an associated cost. Members of
the population with high costs are discarded
because high cost indicates low fitness
chromosome. The surviving members form a
mating pool. The parents are combined in some
manner by crossover process to generate offspring.

The offspring replace the discarded chromosome.
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The next step randomly mutates a certain
percentage of the population by random number
to provide diversity from one generation to next
generation. Normally best chromosome is not
mutated. After mutation, the repeats by measuring

the output associated with the new population.

The Cost function is taken in the form of the value
of Radiation pattern at Null, SLL and main beam.

The cost function is given by,

|AFmai.n|
m=1 [AFyq|* + SLL

costfunction =

(4)

B. Particle Swarm Optimization

The PSO algorithm is based on a population of
individuals (swarm), where each individual, called
agent or particle represents a possible solution
within the multidimensional solution space. The
swarm movement within the solution search space
is given by the velocity of adaptation and position
equations for each particle, considering the inertia

weight model

p{_k+1 = WVz'k + ¢y1 (phest — X:{] + ¢y (ghest —
5)

X = XE+ V]

(6)
where, V¥ represents the particle velocity iin
dimension &, is the inertia weight that regulates
the impact of the previous velocities in the new
particle velocity, €yis the cognitive parameter that
indicates the maximum influence of the personal
best experience of the particle and t;is the social
parameter that indicates the maximum influence
of the social information. The terms ¥ and *; are
two random numbers uniformly distributed
between [0 1]. The personal best and global best
are represented by pbest and gbest respectively.

Finally, X Frepresents particle position.

Amplitude and velodty
Range to decide solution

Inifialize Population where 1* Taylor Excitation
and randomly generated excitation
| Cenerate initial Velocity Randomly |
¥
Evaluate Initial fimess of each
Element and select pbest and ghest
[]

| Set iteration count iter = 1 |

7

TUpdate velocity and
Amplitude of Each Element Calculate
Amplimde

Evaluate Pll:umnfes.dl Element |

Calculate Updated
Velocity
Ve Last Particle Na

ter = ftmr+1
Update pbest TUpdate pbest
Pheae = Phcs = 2*
flp*) < flgbest)
— e
ghest= p*

Last Iteration &
Reomire SLL
optimize Amplitude
and ghest

Figure 3. PSO for Optimization of Null

In the definition of a particle’s vicinity, two main
to}pologws can be discerned: global and local
topologies. In a global topology, all the particles
are interrelated and have immediate access to the
findings of their fellows. In a local topology, each
particle finds its trajectory influenced by its
adjacent neighbors only, remaining isolated from
distant particles of the swarm. In Fig. 3 a flowchart
of the applying a global

asynchronous scheme to antenna array synthesis is

proposed PSO

shown.
IV. RESULT AND DISCUSSION

The Null steering optimization is applied to linear

half-wavelength  dipole antenna with the
frequency of 900MHz.The number of the element
has been taken 20 with 4/2 spacing between two
adjacent elements. Here the analysis is done by the
and Particle Swarm

The Taylor

comparing the GA

Optimization as mention above.
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amplitude excitation is generated at -20 dB SLL
and 71 = 2 which result in the radiation pattern of
-25dB maximum SLL. Here the analysis is dividing
into two parts where first analysis is the individual
performance of GA and PSO for different number
of nulls and the second analysis is the comparison
of SIR and number of iteration for different value
of SLL.

Table 1 and Table 2 show the effect of a number of
nulls on the Number of Iteration, SLL and SIR
values using GA and Particle Swarm Optimization.
The nulls are placed in direction of interference
and main beam direction is taken 90. The
computation time is also mentioned to get a better

analysis.

C. A. Genetic Algorithm (GA)

GA is simulated for 100 iterations and the required
SLL value is set at -40dB. From the table, the effect
of a number of nulls is shown in terms of the SLL,
SIR, and a number of iteration required optimizing
the required SLL.

Table 1. Analysis of GA for a different number of

nulls

No of Noof | SLL | SIR Simulation
Nulls Iteratio | (dB | (dB) Time (s)
n )
30, 135 15 -34 | -69 83.901
30, 45, 35 -35 | -66 89.772
135
30, 45, 59 -35 | -66 86.120
135, 160
30, 45, 60, 25 -37 | -57 86.154
135, 160

The analysis is taken for 3 nulls in the direction of
30°, 45°, 135° and their optimize Excitation plot is

shown in the figure.
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Figure 4. Initial Radiation Pattern(GA)
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Figure 5. Optimized Radiation Pattern(GA)
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Figure 6. Convergence curve over Iteration(GA)
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Figure 7. SIR value over Iteration(GA)
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Figure 8. Amplitude Excitation(GA)

B. Particle Swarm Optimization

PSO is simulated for 100 iterations and the
required SLL value is set at -40dB. From the table,
the effect of a number of nulls is shown in terms
of the SLL, SIR, and a number of iteration required
optimizing the required SLL.

Table 2. Analysis of PSO for a different number of

nulls
Noof | Noof SLL | SIR(dB) | Simulation
Nulls Iteration | (dB) Time
30, 135 4 -37 -49 79.124
30, 45, 4 -35 -47 79.254
135
30, 45, 14 -34 -42 78.325
135, 160
30, 45, 100 -32 -68 78.658
60, 135,
160

The analysis is taken for 3 nulls in the direction of

30°, 45°, 135° and their optimize Excitation plot is

shown in the figure.
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Figure 9. Initial Radiation pattern (PSO)
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Figure 10. Optimized radiation pattern
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C. Comparison of GA and PSO

In the analysis, the desired SLL value is varied to
check the number of iteration required to
optimize the Excitation required for desired SLL
value and at the same time the SIR values are also
checked.
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Table 3. Comparison for PSO and GA

Desired Number of SIR (dB)

SLL Iteration

value GA PS GA PS

(dB) @) @)
-26 2 -72 -69
-28 2 -67 -68
-30 3 -66.5 -68
-32 11 3 -64.5 -68
-34 15 4 -60 -67
-36 25 15 -59 -67
-38 70 17 -56 -67
-40 100 69 -56 -66
-42 Not 100 Not -66

optimized optimized

V. CONCLUSION

We conclude that the PSO performs better
compare than the GA in terms of SLL and
In 100 the GA
optimizes -40dB SLL while PSO optimizes -
42dB SLL. The GA also takes more time around 10

seconds to optimize the required SLL due to the

simulation time. iterations,

different operation (Crossover, Mutation and
selection) performs at each iteration. While PSO
only run based on the gbest and pbest values so
run time is reduced to 70 seconds over 89 seconds.
PSO takes 4 iterations to optimize the three nulls
and SLL of -42dB and GA requires 35 iterations to
optimize three nulls and -40dB SLL.
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