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Abstract 5
2
Linear Antenna Arrays (LAASs) are widely used electromagnetic systems in modern §
2

wireless communication, and Metaheuristics algorithms have been utilized to reduce side
lobe level SLL and reach the optimal solution. This paper employs three algorithms: the first,
Particle Swarm Optimization PSO, the second, Genetic Algorithm GA, and the third, Flower
Pollination Algorithm FPA. Each test consists of N = 8, 16, 32, 64, 128, and 256 antenna
array elements. To reduce SLL and the concentration of radioactive energy in the main lobe,
each algorithm compares the beam pattern to the theoretical beam pattern. In addition, the
algorithms were compared with the existence of the theoretical beam pattern, and it was
discovered that there is a superior algorithm for each number of antenna elements; in N = 8,
when comparing FPA to other algorithms, it was discovered that FPA reduced SLL by a
value of -20.8492dB, which was superior to the other algorithms. SLL decreased by -
27.2992dB when comparing PSO with other algorithms at N = 16. When N = 32,64
represents FPA more accurately than other algorithms where the SLL plummeted to -
28.3071dB and -28.0148dB, respectively. GA is superior to other algorithms when N =
128,256, reducing SLL by -28.5568 dB and -28.6204 dB, respectively.

Keywords: Linear Antenna Arrays, particle swarm optimization, genetic algorithm, Flower
pollination algorithm, side lobe level, beam pattern.
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1.

INTRODUCTION

Antenna arrays play a vital role in modern wireless communications due to their
advantages and design diversity in terms of employing one or more antenna elements for high

gains and steering and employing them in a variety of beam pattern formation processes [1].

Phased arrays can direct energy in a specific direction, which is crucial for antenna
architects, as this is accomplished by minimizing side lobes [2]. The process of collecting
signals from beam formation direction elements is referred to as the array containing multiple
antenna elements that collect signals for all element arrays. Producing a steering beam and
maintaining a very low level of lateral lobe reduces interference with other beam patterns [3],
which is essential for synthesizing its array. Numerous intensive studies have been conducted
to synthesize the linear antenna arrays described in the references [4,5].

To bring the radiation pattern closer to the intended pattern, the physical design of the
antenna array must be modified. Synthesis techniques aim to reduce SLL, maintain the gains
and direction of the primary radiation, and reduce interference and confusion. The distance
between antenna elements is a crucial element of design for pneumatic arrays, and it is
governed by the design.

Numerous Metaheuristics algorithms, such as the genetic algorithm GA [6], particle
swarm optimization PSO [7], Grey Wolf optimization GWO [8], cat swarm optimization
CSO [9], Ant colony optimization ACO [10], flower pollination algorithm [11], differential
search algorithm [12], and cuckoo search algorithm [13], have been successful in designing
antennas for arrays.

In this paper, we investigate the effect of the algorithms and use each individually
in LAA to find the optimal solution. We also compare algorithms with others and conclude
that, for a given number of antenna elements, the GA algorithm is superior to other
algorithms.
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1. LINEAR ANTENNA ARRAY

Fig. 1. The 2N-element symmetric linear arrays x-axis placement’s geometry.

The excitation distribution of linear arrays was designed using PSO, GA, and FPA
algorithms [14], which were also used to increase the distances between linear array
components, build a radiation pattern with minimal SLL, and regulate blank mode. The array
geometry is shown in Figure 1. With 2N isotropic radiators, it is presumed that the x-axis is
aligned symmetrically. Due to symmetry, the array factor in the azimuth plane (x-y plane)

can be expressed as follows:

N
AF(Q) =2 Z I, cos[kx, cos(D) + ¢,] (D

n=1
Where ¢, I, k, and x,, are the phase, excitation amplitude, wavenumber, and location of the
ntelement respectively. If we additionally assume that there is uniform amplitude and phase

excitation (¢, = 0 and I,, = 1), the array factor can be expressed as:

AF(@) = 2 z cos[kx, cos(®)] )

n=1
The purpose of this research is to implement the methods for determining the optimal
element positions x,, ,obtaining an array pattern with minimal SLL, and arranging the nulls in
the requisite directions. In linear antenna arrays, it is vital to position antennas accurately. If
the antennas are placed too closely or too far apart from one another, the grating lobes will be
affected.
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2. Particle Swarm Optimization

It is one of the algorithms metaheuristics used in many applications, including in
optimization techniques where the population must be considered to solve problems solving
global optimization. PSO has many parameters, and each has several characteristics, such as
access to convergence speed and met with adjustment and others [15]. This algorithm has
many parameters used to evaluate particle fitness functions, such as beam pattern, direction,
size, etc., as it does not work with coding parameters but with an actual number.

PSO interferes with social life, such as fish flow, evolutionary calculation, etc. It can
simulate stampede movement within an area of specific dimensions. A certain velocity
characterizes each particle v,. Each particle has a location that represents the best location
for ppesex as well as the best location for all g,.s:x particles and is given the following

relationships [16]:

Vy = Uy + 2rand (Ppese X — X) + 2rand(gpeseX — X) 3)
X=X+ vy 4)

Updates to particle velocity are made by adjusting particle velocity via the
proportional positions of the present particles affecting how fast they move
Prest and gpese WWhen the directions are determined by the parameter w, within the range (0,
1), and thus, called inertia, the most significant initial velocity at a given weight that can be
fitness is achieved through Eq. 5. This equation also determines the extent to which the
particle reaches the best state and the world of the best positions. If w is linearly decreased
with iterations starting at 0.9 and linearly ending at 0.4 at the last iteration, it is
demonstrated that the PSO method converges more quickly. The particle can be easily
moved to its following location. The new coordinates for each dimension are derived using
the following equation once the speed has been determined:

V&1 = V& + Grand(PE — X2,) + Cyrand(PE, — X&) (5)
th+1 = Xic,lt+Vifit+1 (6)

Where Vft +1 and Xft +1 It represents the speed after the movement of the particle
and the best position of the particle respectively. Fig.2. Flowchart shows the PSO algorithm
steps.
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I Initialize PSO parameters randomly |

gt

| Initialize swarm velocities and position |

JL

| Evaluate objective function for initial population |

L

Update velocity and swarm position (move

the particles with the new PSO velocity)

=l

Evaluate objective function for each particle

1y

[ Compute pbest, gbest ]

Iter=Tter+1 “J\_ ,.!'-"
| Calculate new searching direction |

Obj_Fun

is satisfied

| Get global solution I

Fig. 2. Flowchart of PSO Algorithm.

3. Genetic Algorithm

The genetic algorithm is a research algorithm that relies on artificial evolution [17].
The research mechanisms that have been adopted often depend on the pursuit of adaptation
with modifications to the original algorithm, and the efficiency of this algorithm depends on
the search and which depends on its formulas. This algorithm has previously been applied to
several scientific aspects, including pipeline design. While others used this algorithm to
improve the discharge of a straight network such as natural gas [18]. It is one of the
evolutionary technologies proposed and developed by the scientist John Holland, and its
working mechanism consists of a set of encrypted symbols and a chromosomal-shaped token
that is superior to using each symbol individually to obtain optimal solutions for a given
group [19]. These include steps in form Fig. 3: initiation, evaluation, and selection for
reconstruction. The last three are the main steps. Starting with the first step is that the

chromosomes are selected randomly to determine the number of the population, after which
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the assessment will be made; the unique fitness of each mosque will be determined and
reassembled where the original (parents) and depending on the fitness (children) representing
the new chromosome will be identified, two points considered essential in genetic algorithms

are mutation and crossover.

o o
Tas stopping TTT——

q“‘-—-i_____ Criterion been mmvet?™ e

—_—

= T1

S

Fig. 3. Flowchart of GA Algorithm.
There are three values for 6 venom, longitude, radial distance, R (Equal to about
6378100 meters, the value of the Earth's radius), used to build Spherical coordinates of the

point. Using the formula below [20].

X =R Xsinf X cos® (7
Y =R Xsinf Xsin® (8)
Z =R Xcos@ 9

Chromosomal parameters X, Y, and Z can manufacture images using 2D Fourier
conversion is separate. In reference [21], where u-v was used n(n-1) through the presence of
particle swarms applied to them for improvement arrays composition, the increasing
frequency and reducing SLL for the evolutionary algorithm were used to scale up Antennas.

The initial stage of the GA genetic algorithm is the beginning, which works on Constructing
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chromosomes randomly between higher and lower length points to achieve appropriate
annexation. Then the assessment process begins to reach the required physical fitness,
afterwards the process of identification and reconstruction is selected through part of the
chromosomes between them based on the probability of crossover and mutations in the next

generation.

1. Crossover: The crossover operator creates a new chromosome by randomly cutting
Chromosomes in one or more locations (X, Y, or Z). Single or multiple-point intersection is
possible. While the Intersection does not lead to the production of new materials Within the
population, it creates new chromosomes by blending two Existing ones, improving average

fitness in the next generation.

2. Mutation: The evolutionary algorithm randomly alters the chromosome gene; the mutation
can change X, Y, Z, or maybe More than one. The mutation adds new chromosomes to the
population to increase the size of the solution space. Using random modifications to the gene

on chromosomes Discover new sites that may improve the problem [19].

Flower Pollination Algorithm

It is one of the Metaheuristics algorithms inspired by the pollination of flowering
plants and developed in 2012 by Xin-She Yang [22]. It has been used extensively and is
based on four basic rules: cross-vaccination and bioavailability are global vaccinations, but
for local inoculation, it uses biological and subjective pollination, as well as probability p,

which represents the ratio of local vaccination substitution and global inoculation.

FPA contains core parameters of population size (N), Switching Probability p , Levy-
flights based step size L(f), scaling factor y,and ¢ € (0,1) and is uniform distribution often

used in local inoculation [11].

Global and local inoculation is determined by choosing a random number if it is less
likely to switching probability p, a global inoculation is performed and otherwise the

inoculation is local.

The following equations provide a mathematical depiction of flower constancy and

global pollination:

t+1

x{tt = x{ + ¥ L(gpest — X{) (10)
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Where g,.s; is the current best solution, and x! is the solution vector x; at iteration t.
y is a scaling factor to control step size, L denotes the Levy flights-based step size, this is a

measure of the pollination intensity.
The below mathematical formula is used to represent local pollination:
Xt = xf + e(xf +xf) (11)
Where x£ and xjf are pollination from various flowering of the same flowering plants.

If xf and x are This is similar to a local random walk because it was chosen from the same

population and was drawn from a uniform distribution in (0,1). The flowchart above shows
the fundamental FPA steps in Fig. 4.

Start

| Imitial population solution |

| Find the Best solution in the initial population |

| Define a switch probability p = [0.1] |

For each iteration

No No

: ’_>Rand <p sthch —

T

L :-| Evaluate the new best solution |

No

Mew solution T

Tes

Tpdate new best population position

g
MNo Mo

< Swp

Optimal solution

End ’:;<: I

Fig. 4. Flowchart of FPA Algorithm.
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5. Results and Discussion

Using MATLAB simulation shows the following forms represent the two-
dimensional beam pattern obtained using LAAs containing a different number of elements at
(N = 8,16, 32, 64, 128, and 256) each to improve the solution, gain the highest and width

ISSN: 2616 - 9916

range of the main lobe, and the lowest amount of side lobes.

Compared to the theory of many antenna elements, the 2D package pattern shows
optimization results obtained using the PSO algorithm. The best beam pattern was found in N
= 256 with a value of up to -28.5405dB, as shown in Fig.5. In addition, the same results were
inferred when compared to the same algorithm and with the numbers of different elements as

in the Fig.6.
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Fig.5. PSO comparizon with theoretical benm pattern for a different number of elements.
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Fig.6. Shows PSO comparison by the number of elements

The following Fig.7. shows us the GA algorithm with LAA, the best optimization of

the beam pattern was obtained when the array antenna is 256 elements as the optimization

amount is -28.6204dB as the SLL was reduced and the bandwidth of the required main beam

pattern was obtained. Also, the same conclusions were reached using the same algorithm and

the same number of distinct elements as shown in the Fig.8.
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In Fig.9. the FPA algorithm was used with LAA and when compared with the
theoretical for a different number of antenna elements. The best optimization was reached at
32-element with a gain of -28.3071dB. The SLL decreased and was a good percentage.
Furthermore, identical results were deduced if applied to the same algorithm and with the
same number of distinct elements as illustrated in the Fig.10.
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Fig.9. FPA comparizon with theoretical beul pattern for a differentnumber of element:
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Fig.10. Shows FPA comparison by the number of elements

The following shown in Fig.11. is the comparison of PSO, GA, and FPA algorithms
with each other and with the theoretical, as the FPA algorithm in the antenna arrays with 8-
element is found to be better than other algorithms because the optimization process has
reduced SLL more than other algorithms. When the number of antenna elements is 16-
element, the PSO algorithm beats GA and FPA with a value of -27.2992dB. When the
number of antenna elements is 32 and 64, the FPA algorithm is better than other algorithms
due to the SLL drop as low as possible as the values reached -28.3071dB and -28.0148dB,

respectively.

When the number of antenna elements is 128-element and 256-element, GA is the
best algorithm, reducing the amount of SLL to -28.5568dB and-28.6204dB, respectively.
After comparing the algorithms, it was concluded that the best algorithm in which SLL
reduction occurred in GA when the number of elements is 256-element. Table.1. Compare
algorithms with each other with the best function value.
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Table.1. Conclusive Values of Three Algorithms with Theoretical Patterns

'3 Number of 8 16 32 64 128 256
£ Element
ﬁ: E Theoretical -16.847dB | -14.8815dB | -14.0977dB | -13.6939dB | -13.4779dB | -13.3727dB | ¢
= Q.
r 5 PSO -20.1984dB | -27.2992dB | -27.3525dB | -27.8289dB | -28.3277dB | -28.5405dB %
(=]
| = 5y
'L < GA -20.4335dB | -26.9987dB | -27.8764dB | -28.0044dB | -28.5568dB | -28.6204dB | —
L FPA -20.8492dB | -24.5472dB -28.3071dB | -28.0148dB | -26.4663dB | -23.0646dB
b _ j
B The Table.1. above shows the conclusive values of the theoretical beam pattern and
44
{ comparison with the three algorithms where it was found that these values were deduced at
E an objective function and that these values could change depending on that function.
¢ Table.2. Results of Previous Studies
"1 References | Type of Antenna and Connecting | The Technique Best Result
% Technique Applied for
T Optimization
L [23] Time-Modulated linear array PSO, IWO The results showed that IWO reduced SLL to -
0 | TMA. 40.53dB, while PSO decreased SLL by -25.49dB.
When comparing algorithms, IWO was found to be
b | better than PSO.
{2 [11] Linear antenna array synthesis. FPA, PSO, FPA is better than other algorithms, followed by
| ACO, CSO CSO, ACO, and PSO, where they all retained SLL at
E specific values but FPA outperformed different
'E algorithms where the value reached -23.45dB, at a
5 certain number of antenna elements.
[24] Non-Uniform circular antenna PSO, GA In the reference, PSO outperformed GA results, as
2 arrays. SLL reduced as much as possible and used non-
T: uniform circular antenna arrays.

ey ¢

The results of this paper are contingent on a particular objective function and

initialization values, with each algorithm differing based on the values introduced. There is

no algorithm that is superior to others based on the number of elements and the objective

function when compared to the findings of other studies.
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6. Conclusion

It is possible to conclude that minimal side lobes are achieved in order to achieve the
highest possible direction of the radiation pattern when the three algorithms PSO, GA, and
FPA are applied to different numbers of elements of the antenna array. It was discovered that
the best SLL value when using PSO occurs when the number of antenna elements is 256, and
its value is -28.5405dB. When using GA, the optimal antenna has 256 elements and a value
of -28.6204dB. When using FPA, the optimal SLL is achieved when the number of elements
is 32, with values reduced to -28.3071dB.

Comparing algorithms with one another and for various numbers of antenna elements,
the study demonstrated that the optimal algorithm was employed when the number of antenna
elements was 256-element GA, where SLL was minimized as much as possible. Other
algorithms also reduced SLL, but when applied to this objective function, GA outperformed

the other algorithms.

7. References:

[1] C. A. Balanis, Antenna Theory and Design, John Wiley & Sons, New York, NY, USA,
1997.

[2] Godara, Lal Chand. Smart antennas. CRC press, 2004.

[3] M. H. Er, “Linear antenna array pattern synthesis with prescribed broad nulls,” IEEE
Transactions on Antennas and Propagation, vol. 38, no. 9, pp. 1496-1498, 1990.

[4] M. A. Panduro, D. H. Covarrubias, C. A. Brizuela, and F. R. Marante, “A multi-objective
approach in the linear antenna array design,” AEU-International Journal of Electronics and
Communications, vol. 59, no. 4, pp. 205-212, 2005.

[5] D. Bianchi, S. Genovesi, and A. Monorchio, “Design of linear arrays by employing
randomly-overlapped subarrays,” in Proceedings of the XXXIth URSI General Assembly and
Scientific Symposium (URSI GASS ’14), pp. 1-4, IEEE, Beijing, China, August 2014.

[6] Z. Zhang, T. Li, F. Yuan, and L. Yin, “Synthesis of linear antenna array using genetic
algorithm to control side lobe level,” in Computer Engineering and Networking, pp. 3946,
Springer, 2014.

[7] Y. Li, F. Yang, J. Ouyang, Z. Nie, and H. Zhou, “Synthesis of nonuniform array antennas
using particle swarm optimization,” Electromagnetics, vol. 30, no. 3, pp. 237-245, 2010.

[8] S. Mirjalili, S. M. Mirjalili, and A. Lewis, “Grey wolf optimizer,” Advances in
Engineering Software, vol. 69, pp. 46-61, 2014.

[9] L. Pappula and D. Ghosh, “Linear antenna array synthesis using cat swarm
optimization,” AEU—International Journal of Electronics and Communications, vol. 68, no.
6, pp. 540-549, 2014.

28

ISSN: 2616 - 9916

www.journalofbabylon.com

info@journalofbabylon.com | Journal.eng@uobabylon.edu.iq


mailto:info@journalofbabylon.com
mailto:info@journalofbabylon.com
mailto:Journal.eng@uobabylon.edu.iq
https://www.journalofbabylon.com/index.php/JUB/issue/archive

ARTIPIE JOURNAL OF UNNVERSITY OF BABYLON
For ENGINEERING SCIENCES (JUBES)

Vol.31, No.6.| 2023

€9 oty

™

\&24 3

<
-

~T

ué‘r?frrwﬁ:v

1 T

ey ¢

<

T

vc)‘r?ng"r\gv

1 T

ey ¢

Y <

T

[10] E. Rajo-Iglesias and O. Quevedo-Teruel, “Linear array synthe-  sis using an ant-
colony-optimization-based algorithm,” IEEE Antennas and Propagation Magazine, vol. 49,
no. 2, pp. 70-79, 2007.

[11] Saxena, Prerna, and Ashwin Kothari. "Linear antenna array optimization using flower
pollination algorithm.” SpringerPlus 5 (2016): 1-15.

ISSN: 2616 - 9916

[12] K. Guney, A. Durmus, and S. Basbug, “Antenna array synthesis and failure correction
using differential search algorithm,” International Journal of Antennas and Propagation, vol.
2014, Article ID 276754, 8 pages, 2014.

[13] M. Khodier, “Optimisation of antenna arrays using the cuckoo search algorithm,” IET
Microwaves, Antennas & Propagation, vol. 7, no. 6, pp. 458-464, 2013.

[14] Khodier MM, Christodoulou CG (2005) Linear array geometry synthesis with minimum
sidelobe level and null control using particle swarm optimization. IEEE Trans Antennas
Propag 53(8):2674-2679.

[15] Mehrabian, Ali Reza, and Caro Lucas. "A novel numerical optimization algorithm
inspired from weed colonization.” Ecological informatics 1.4 (2006): 355-366.

www.journalofbabylon.com

[16] Chen, Jingfeng, et al. "Efficiency improvement of time modulated array with
reconfigurable power divider/combiner.” IEEE transactions on antennas and
propagation 65.8 (2017): 4027-4037.

[17] Holland, J. H., Adaptationi n Natural and Artificial SystemsU, niv. Of Mich. Press, Ann
Arbor, 1975.

[18] Davidson, J. W., and I. C. Goulter, Evolution program for the design of rectilinear
branchedd istributions ystemsJ, . Comput.C iv. Eng., 9(2), 112-121, 1995.

[19] Jones, M. T. 2003, Al Application Programming (Hingham: Charles River Media).

[20] Shahideh, K., Kyun, Ng. C., & Noordin, N. K. 2013, Proc. IEEE Space Science and
Communication (IconSpace) Conference, 39.

[21] Thompson, A. R., Moran, J. M., & Swenson, G. W. 2008, Interferometry and Synthesis
in Radio Astronomy (2nd ed.; New York: Wiley).

[22] Yang X-S, Karamanoglu M, He X (2014) Flower pollination algorithm: a novel
approach for multiobjective optimization. Eng Optim 46(9):1222-1237.

[23] Saad S. Hreshee and Israa Mohamed, "Reduction of Side Lobe Level in a Time-
Modulated Linear Array Using Invasive Weed Optimization and Particle Swarm
Optimization", Journal of Engineering and Applied Sciences, Vol.13 (14 Sl), pp.11048-
11054, 2018.

[24] Najjar, Mohammad Shihab—Yahya, and Nihad Dib—Majid Khodier. "Design of non—
uniform circular antenna arrays using particle swarm optimization.” Journal of electrical
engineering 59.4 (2008): 216-220.

info@journalofbabylon.com | Journal.eng@uobabylon.edu.iq

29


mailto:info@journalofbabylon.com
mailto:info@journalofbabylon.com
mailto:Journal.eng@uobabylon.edu.iq
https://www.journalofbabylon.com/index.php/JUB/issue/archive

ARTIMPIE JOURNAL OF UNNVERSITY OF BABYLON

Vol.31, No.6.| 2023

For ENGINEERING SCIENCES (JUBES)

{

€9 oty

VT

IV‘V \.

<y

vé‘ﬁ\:\-wﬁ:v

1 T

ey ¢

<y

vetrsi.'?"..!‘tv

VT

ey ¢

lgaj ) oa Aijlia 3ok oo Al ) sgl) il ghusa o) skiudy Apsiladl (o seadl) S

FPA.s GA sPSO
e e s ae el g

el i 0 /U Al

-

ADAl)

AL L) gy @lai o iy allines 56€ olai o adll 3l Clisiias o
pasinn i) Jall ) Jsashs ilall Gl (5 sinnn JaliE] (i galival) Cilia ) 53 pladind o5 389 cAaal
Gaa s AN 5 cAaial) Ane ) pal) Ay ilamall Ciu gmend o I Tl a EDE Cadl o
aalie desana e Dpaic LYOUNYASTE Y T oA pualiall 222 e LA U 0S5 L e 3l
Aol i A ) s IS )W (ot )l Gadll b Aedial) AN 3 g iladl el (5 giae JalE] L ) sl
Jga g LIS g oAy laill Aajall Jaad 3 gm0 ilaa )l sad) A jle cuad ol Y A8l A kil da sl dass,
& s DAY @ilaa )l sl il dua )l sa Al die A =g A s sell sualic e aae JSIAEE Al sa
A e sal) o A i culS g cdan —Y 0 AEAY day el adll (s gie il Ll calin)
o Clawall Qopm Gawad 4l Al die cJuwd —YVLYAAY laia ailall gadll (5 slue misl)
Oe By ST O clemal) mdl A A Jie YYE = o Laie V=g die gAY @l sal
O Dl e iy “YALDVEA 5 dasar YAY LYY ) alal) Gadl) (mis) Gum 5 AY) @il )l 580
Ay Aalal) el I e (YOTNYA =5 Lavie (5 ,aY) @il lsall o 3 Gl dua )3
(Al e edunn —YATY 6= Juan —YAL00TA

il B s csind Fae i) lamunl o (pmen a3 s chaladll 3 sell il ghonal) AN el

30

ISSN: 2616 - 9916

www.journalofbabylon.com

info@journalofbabylon.com | Journal.eng@uobabylon.edu.iq


mailto:info@journalofbabylon.com
mailto:info@journalofbabylon.com
mailto:Journal.eng@uobabylon.edu.iq
https://www.journalofbabylon.com/index.php/JUB/issue/archive

