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Cultural algorithm (CA) is a new evolutionary program inspired by sociology
and archaeology theories that assisting formulating cultural evaluation. Its
use to solve optimization problems. This paper analyzed the beamforming of
a uniform circular antenna array (UCAA) via using the CA algorithm. The
sidelobe level (SLL) is minimized by adjusting the appropriate weight for
each element. In addition, the optimal beam pattern is achieved by using CA
for UCAA, which means that the main beam is steering to the desired user,
while the nulls represent the interference signals. The excitation amplitude is
supposed to be constant while the elements are assumed isotropic. The
circular array number elements and the interspacing distance between them
are setting as optimization parameters. The simulation results show that the
CA rationally reacts to the changing environments, and it is valuable for SLL
reduction. A —25 dB of relative SLL is achieved under beam scanning (0°)

and (15°), respectively.
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1. INTRODUCTION

The statistics confirm the upward trend of using mobile wireless communication services around the
world and it will increase exponentially in the upcoming years [1]. Studies indicate that data traffic has
increased substantially due to the internet of things (10T) applications and has become heavily dependent on
wireless mobile communication service companies. All this is in light of the limited bandwidth like any other
resources in nature [2]-[6]. Researchers have tended to solve the limited frequency spectrum by using different
techniques to improve and enhance the data transmission, as well as to reduce energy consumption [7]-[9].
Smart antennas are considered one of the most promising technologies to handle these problems, where it’s
simply produced by attaching an ordinary antenna with certain algorithms to steer the main radiation pattern
into the desired users while reducing the energy consumed by minimizing the sidelobes level (SLL) [10], [11].
This can be achieved through direct beamforming [12]-[23].

In [24], a space timing with multiple antennas at the base station has been constructed and analyzed
through the utilized realistic processing method of interference and channel models. In [25], a multiple signal
classification (MUSIC) algorithm has used to obtain the beamforming, where the deep nulls and the mean
beam were considered only in the direction of signal interfering. In [26], three techniques, grey wolf
optimization, least mean square, and genetic algorithm, were used to reduced SLL and increased directivity.
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A cultural algorithm (CA) is a cultural-social algorithm, which similar to a genetic algorithm. It is
used instead of the biological integration optimization method. It was modeled by [27]. However, CA is used
in this article to minimize the SSL. The paper contributions are listed below:

— The directivity is linked directly with inter-element spacing means when antenna spacing gets larger we
obtain narrower beam width and higher directivity and it results in a more accurate beam pattern.

— The beam-width is also related to antenna elements number in a backward manner. Therefore, a better
directivity has gained through the increase of antenna elements number in the UCA that give narrower
beam-width.

The other section of this article is organized as follows: Section 2 describes a culture algorithm
where its implementation steps are debated. Section 3 illustrates a configuration of a uniform circular antenna
array (UCAA), where the array factor equations are analyzed. In Section 4, several cases for uniform circular
array analysis that optimized with the CA algorithm with changing the inter-spacing between elements and
number of elements are studied. Moreover, the array patterns are demonstrated in the same section, while the
conclusions are clarified in section five.

2. CULTURAL ALGORITHM PROCESS
The CA process can be summarized as follows [28]-[32]:

— The population is established as a collection of individuals (probable solution). Every individual can be
described by two terms, the first one is a set of traits or behavior, and the second term is the Mappa or
generalized description of their experiences. Traits can be lost or added to the population. It can also be
changed and exchanged between individuals. In every generation, the set of individuals are qualified in
terms of currently usable traits.

— A fitness function is used to evaluate the performance of each individual through a set of chosen
parameters.

— A generalized map of the experience is produced from every individual during a time, which is defined as
outlining. A dominant belief is launched upon the most general belief that generated Mappa.

— The adjusted belief space has defined a group of present acceptable Mappa collections at a given time
level. The rejected Mappa can be forced or not at the population level. The individual processing of the
associated beliefs is not allowed in the group of the next generations when the rejected Mappa is forced,;
while it can be, resurface in the next populations when the group does not impose the rejection of Mappa.

— Several things can be changed through the belief space, such as the effectiveness of individuals in the
population space, impose the rejected Mappa, and change the set of acceptable traits. Thereafter, a new
population is generated by population space via selecting individuals to be parents for the next generation.
It is used to promote a new population through the enforcement changes of different factors. In this way,
the processing is integrated with parallel due to the possibility that there can be many groups placing in
the belief space. Every boosted through a subcollection of the present population can utilize a function or
fraction of the solving environment problem. The outlining, merging and pruning processes together with
the acceptance and combination tasks is defined how the beliefs space would be searched in parallel by
individuals in the populations. Figure 1 simply illustrates the CA process.
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Figure 1. Cultural algorithm flow chart
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3. CONFIGURATION OF UNIFORM CIRCULAR ANTENNA ARRAY

The elements are set in a circular ring in the uniform circular antenna array, where it has equally
spaced for N number of it. In the present wireless communication systems, a circular array has been
suggested in smart antenna applications [33]-[43]. It has the capability of scanning through 360 degrees
azimuthally. Figure 2 shows a geometry of a uniform circular antenna of N-elements.

Figure 2. Geometry of UCAA

The circular array has consisted of N-isotropic elements, which are equally spaced through the x-y
plane over the circular ring of radius a. The array factor (AF) of UCAA is given by [10]:

AF (e’ ¢’ d)=2%=1 Inej[Ka sin © cos(p—dpn)+anl (1)

where I,, is the value of amplitude excitation of nt" element, a,,is the nt" element excitation phase and ¢,,
is the nt" element angular position in the x-y plane, and d is the arc distance between every two elements.
The main beam in the (8,, ¢,) direction indicates to the peak of the phase excitation of the n** element,
which is expressed as:

@, = —ksin 0, cos(py — ¢Pp,) (2)
So, the AF is given by:

AF(©,0,d)=3N_, Inejka[sin 8 cos(¢p—y)—sin B, cos(Po—Pn)] 3)
And it can be simplified to:

AF (8, ¢, d)=X.N_, I, e kel cos=cos(po)] )

The fitness function of UCAA can be written as:

Ftness = min ( max (20 log (42240 | ) ®)

In this case study, the number of elements and the separation distance between them is taken as optimization
parameters.

4. RESULTS AND DISCUSSION
The CA optimization method is applied to decrease the SLL in which the main beam is steered at
different angles. The performance of the system is analyzed through a MATLAB simulation tool. A relation
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between the phase angle and SLL of different elements has been taking into account. The main paper
simulation parameters are listed in Table 1.

In this paper, the number of circular array elements is setting to 15 and 20, respectively. Besides, the
spacing between elements is setting by 0.5 A and 0.75 A, respectively. Tables 2 and 3 shows the effect of
antenna parameters when the inter-element spacing and the number of elements are varied. From Table 2, it
is noticed that the increased number of array elements results in raising the maximum array output, which
causes a sharper beam with more directivity. Though it is caused the improvement, it brings more SSL.
Table 3 recognized that the increase of inter-element spacing results in less maximum array output, which
means less directivity.

For different case studies. Firstly, fifteen elements of UCAA with 0.5 A interspacing amongst
elements have been studied. Figures 3(a) and (b) shows the plots of the effective parameters accomplished by
applying the CA algorithm. Figure 3(a) shows that the maximum array output is close to one. Also, from
Figure 3(b), the normalized value of maximum AF output and maximum value of sidelobe level is equal to
-0.0022 and -10.44, respectively.

Secondly, a 15-element of UCAA with 0.75 A interspacing between elements have been taken. From
Figure 4(a), it is clear that the maximum array output is 0.922 that is close to the desired output. From
Figure 4(b), it can recognize that the maximum AF output is -0.0319, while the maximum sidelobe level is
-10.44. As a comparison between Figure 3(a) and Figure 4(a), it can recognize that the maximum array
output is decreased from 0.997 to 0.922 when the inter-element spacing increased from 0.5X to 0.75 A.

Thirdly, a 20-element of UCAA with 0.5) interspacing between elements were examined. From
Figure 5(a), it is noticed that the maximum array output is 0.99. Also, in Figure 5(b), the normalized value of
maximum AF output is equal to 0 and the maximum value of sidelobe level equal to -10.44. Finally, a
0.75 A interspacing of twenty elements of a UCAA has been considered. From Figure 6(a), it is clear that the
maximum array output is 1.002 which is more than the maximum array output with the same number of
antenna clements with 0.5 A inter-element spacing. In Figure 6(b), the normalized value of maximum AF
output equal to -0.012, and the maximum value of sidelobe level equal to -10.45. As a comparison between
Figure 5(b) and Figure 6(b), it can realize that the maximum sidelobe level is increased from -10.44 to
-10.45 when the inter-element spacing increased from 0.5 A to 0.75 A.

Table 1. Simulation parameters

Parameter Description
Direction of arrival (DOA) DOA= 40
Direction of interference DOA=0
No of iteration 250
Element spacing 0.51, 0.754

Table 2. Results based on number of elements Table 3. Results based on inter-spacing distance

Number of Peak of array Max Max array Element spacing  Peak of array Max Max array
elements factor SLL output in LA factor SLL output
15 -0.014 -10.44 0.96 0.5 -0.01 -10.44 1.003
20 -0.014 -10.46 0.994 0.75 -0.018 -9.72 0.98
1.5

Signal
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Figure 3. (2) max. Array o/p N=15, A=0.5 and (b) max. SLL, main lobe for N=15, 2=0. 5
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Figure 6. (2) max. Array o/p N=20, A=0.75 and (b) max. SLL, main lobe for N=20, A=0.75

5. CONCLUSION

In this paper, a cultural algorithm was used to form the radiated beam of the circular antenna array,
where the optimal beam pattern with minimum sidelobe level is achieved. In general, it can realize that the
increasing number of elements in a UCAA results in a better beam pattern due to a narrower beam and more
directivity. This enhancement occurs in the amplitude level and the sidelobe numbers, respectively. It is also
observed that when the distance between elements is increased, this results in narrower beamwidth, thereby
better directivity on the account of increased sidelobe level. The findings demonstrated that CA provides
imposed raising in beamforming.
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