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Abstract. This paper evaluates interference suppression solutions using beam-
forming (BF) techniques based on phase control of the excitation signal for each
element in the antenna array and metaheuristic algorithms. The metaheuristic
algorithms investigated in this study include BA Algorithm (BA), Hybrid Par-
ticle Swarm Optimization-Gray Wolf Optimization (HPSOGWO), Multi-Verse
Optimizer (MVO), and Jaya. Nulls are placed in the interfering directions on the
radiation pattern of the equally spaced linear half-wavelength antenna array (Half-
wave Dipole Uniformly spaced Linear Array-HDULA). The evaluation results
have demonstrated that the interference suppression solutions based on meta-
heuristic algorithms are capable of suppressing sidelobes, maintaining the main
lobe, and accurately imposing nulls in any interference direction. Furthermore,
this evaluation has also shown that the solutions utilizing BA, HPSOGWO, and
MVO outperform the Jaya-based ones in terms of computation time and null depth
levels.

Keywords: Metaheuristic algorithms - Beamforming - Interference
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1 Introduction

Today, the evolution of the fifth-generation (5G) mobile network has reached new
heights, boasting expanded coverage, increased information traffic, reduced latency, and
connection density with enormous bandwidth. This remarkable progress is proving to be
a crucial driving force behind the development of the Internet of Things, ushering in an
era where billions of sensors can seamlessly connect over the Internet [1-3]. However,
amidst these advancements, a significant challenge that looms large for 5G networks is
interference. The promise of 5G lies in its potential to deliver incredibly faster internet
speeds compared to its predecessor, 4G. This leap is achieved through the utilization of
wider bands and higher frequencies. Unfortunately, this progress also brings with it the
vulnerability of high-frequency bands to interference and signal weakness when con-
fronted with obstacles like buildings or trees. The deployment of 5G signals introduces
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particular obstacles that need to be overcome to fully exploit the potential of this state-of-
the-art technology. One notable issue is the vulnerability of 5SG waves, which operate in
the millimeter wave (mmWave) range, to being weakened or absorbed by physical struc-
tures. This characteristic can lead to signal loss or a reduction in strength as the waves
pass through buildings and other obstacles. Interference from various electronic devices
is another concern in 5G networks. With the expectation of supporting a multitude of
devices concurrently, there is a risk of bandwidth contention and interference from other
electronic gadgets within the environment. Additionally, when numerous base stations
and connected devices are in close proximity, signals may interfere with each other,
resulting in compromised performance and reduced connection speeds. To overcome
these problems and challenges, it is crucial to focus on research and development efforts
to create new technologies that enhance the network’s ability to suppress interference.
Improving performance and connection speed during the deployment and operation of
5G networks is paramount importance.

The effectiveness of 5G in the Internet of Things hinges on three pivotal elements:
ensuring secure communication, enhancing overall performance, and achieving smooth
transmission of substantial data volumes devoid of disruptions [4, 5]. To accomplish this,
fast-response interference suppression solutions are essential for 5G wireless commu-
nication technology [6]. In the realm of information network processing, an integrated
interference suppression solution holds paramount importance.

Several popular interference suppression solutions are available today, offering var-
ious advantages and capabilities. These solutions encompass various technologies such
as digital encryption, error correction codes, information filtering, channel code usage,
improved Multiple Input Multiple Output (MIMO) technology, the Maximum Ratio
Combining (MRC) method, digital signal processing techniques, multi-user MIMO
(MU-MIMO), and BF techniques. The beauty of these solutions lies in their versa-
tility, as they can be combined and tailored according to the specific requirements and
conditions of the information network, ensuring the highest performance and reliability
[4, 7-9]. This paper places special emphasis on evaluating the interference suppression
solution using BF. In the context of 5G mobile communication systems, BF assumes a
vital role, boasting numerous advantages such as extended coverage, improved signal
transmission quality, enhanced spectrum usage, and effective interference suppression
capabilities.

The BF technique involves controlling the signal of each antenna element based on
a predefined principle. The primary purpose of this control operation is to shape and
direct the beam of the antenna array, achieving specific objectives such as generating
and steering the main beam in a designated direction, modifying the sidelobe level, and
establishing a “Null” region. The configuration and control of the antenna array’s beams
are effectively tailored to suit the communication system’s requirements [10, 11]. In
general, the received signal from each element can be adjusted in terms of magnitude,
phase, or both magnitude and phase. Different control techniques, each with unique
benefits and drawbacks, have been extensively utilized in practical applications. This
paper focuses on a method that sets the “Null” region through phase adjustment and
optimizes it using a metaheuristic algorithm to address specific limitations. This approach
presents enhanced complexity and attractiveness for phase arrays since it leverages
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existing controls without incurring additional costs. Furthermore, correcting the main
beam’s direction can be easily accomplished through phase weight adjustments [12, 13].

Metaheuristic techniques like BA, HPSOGWO, MVO, and Jaya have been utilized to
address continuous optimization challenges. These algorithms are non-derivative meth-
ods and are known for their simplicity, adaptability, and capability to avoid getting
trapped in local optima. They operate in a stochastic manner, beginning the optimiza-
tion process by generating random solutions. Unlike Gradient search techniques, meta-
heuristics do not require the calculation of derivatives for the search space. They are
both flexible and easy to comprehend due to their straightforward concepts and ease
of implementation. These algorithms can be easily customized to suit specific prob-
lems. Moreover, owing to their inherent randomness, these techniques function like a
black box, steering clear of local optima and efficiently exploring the search space. They
achieve a balance between two critical processes: exploration and exploitation. During
the exploration phase, the algorithms extensively explore potential search spaces, and
subsequently, they conduct a local search in the identified promising areas [14].

BA is an optimization algorithm that draws inspiration from the foraging behavior of
BAs in their natural environment. It mimics their use of echolocation techniques to detect
prey, avoid obstacles, and determine locations in the darkness. During the search process,
BAs interact and learn from each other by modifying their positions and velocities. By
utilizing this process, BA becomes capable of finding optimal solutions for optimization
problems. Introduced by Xin-She Yang in 2010, the algorithm has proven successful
in solving a wide range of engineering problems [14—16]. HPSOGWO combines the
exploration capability of Grey Wolf Optimizer (GWO) and the exploitation ability of
Particle Swarm Optimization (PSO) to achieve enhanced performance in discovering
optimal solutions [17]. It utilizes a population of agents to create a search space. The
search process involves interactions among the agents, where PSO is employed to adjust
their velocities and GWO is used to update their positions. MVO is a unique nature-
inspired algorithm that draws inspiration from three cosmological concepts: white holes,
black holes, and wormholes. It constructs mathematical frameworks based on these
ideas to execute exploration, exploitation, and localized investigation within optimization
challenges. The study outcomes have demonstrated the encouraging capacity of MVO
to adeptly address practical issues encompassing unfamiliar search domains [18]. Jaya,
on the other hand, is a relatively recent metaheuristic algorithm with a straightforward
structure, needing only the population size and termination conditions for optimization.
Due to these two characteristics, Jaya has found extensive applications in solving various
optimization problems. However, when dealing with complex optimization problems,
Jaya may become susceptible to getting stuck in local minima because of its single
learning strategy and limited population information [19].

After the introduction, we will move on to the problem formulation. In this section,
we will detail the specific issue that this research is focusing on. There will be a detailed
description of how interference reduction will be performed using metaheuristic algo-
rithms as well as phase control of the excitation signal for each element in the antenna
array. Important aspects of the problem will be analyzed and outlined, ensuring that the
reader has a clear view of the scope and goals of the research.
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2 Problem Formulation

This paper will consider HDULA with a three-dimensional radiation pattern, depicted
in Fig. 1, and an equidistant linear array of M uniformly spaced elements positioned
along the axis y as illustrated in Fig. 2. Throughout the paper, the azimuth angle ¢ will
be considered at 90°.
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Fig. 1. 3D radiation pattern of a dipole antenna with a length equal to half of a wavelength.
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Fig. 2. The dipole antenna array comprises M elements.

The array factor of the HDULA can be represented as shown in references [20] and
[21]:

M
AF () = Z el =Dk sin(0) "

m=1
where:

e W, = ane® : the complex current (or complex weight) excited at the m array
element.
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ap, : the amplitude of the current at the m array element.
dm: the phase of the current at the m array element.

M : the total number of array element antennas in the array.
k = ZT”: the wave numbers.

A: the wavelength.

d= %: the distance between adjacent elements.

The expression for the array factor in Eq. (1) is as follows:

M
AF(0) = Z a el (= 1dk sin(@)+bn) )

m=1

where EF (0) is the array element pattern and [ = % is the length of dipole.

This paper will use the technique of setting null as the phase control of the weights
to obtain the optimal radiation pattern for interference suppression. The block diagram
of interference suppression solutions based on beamformer is illustrated in Fig. 3, where
the total number of elements in the array M is an even integer (M = 2N). Through
the center of the antenna array, the amplitudes of the weights are chosen as an even
symmetric function (a_, = a,), and the phase of the weights is chosen as an odd
symmetric function (6_, = —38,) [22, 23]. As a result, through the main beam direction
(6 = 0), an antisymmetrical pattern is formed. So, when a_,, = a, and §_, = —4§,, the
array coefficient in (2) can be rewritten as:

N
AF () =2 Z ay, cos(knd sin(0) + &,) 3)

n=1

The radiation pattern of the array P(6) is calculated by the principle of multiplication,
which is the product of the radiation pattern of the element EF (6) and the array coefficient
AF (6)[20]:

P(®) = EF(6)AF(0) “4)

An optimization problem has the following form:

minimize  f(x), x=(x,....x)" €R?
subject to g;(x) = 0, i=1,...,K (®)]
hj(x) <0, j=1,...,N

where x is the optimal variable vector to be found for the problem, the function f (x) is the
objective function, and the functions g; (x) withi =1, ..., Kand hj(x) withj = 1,..., N
are bound functions. A vector xx is said to be optimal or a solution to the problem if it
has the smallest objective function value among the vectors satisfying the conditions of
the constraint functions. That is, for any vector z where g1(z) =0, ..., gx(z) = 0 and
hi(z) <0,...,h,(z) <0,thenf(z) > f(xx)[15, 23].
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Fig. 3. Block diagram of beamformer based interferences suppression solutions with M = 2N

One of the ways to solve this optimization problem is to apply the Penalty
Method [24]. Then, the constrained optimization problem (5) is transformed into the
unconstrained optimization problem [15]:

minimize f (X) 4+ P,(X) (6)

where P,(x) is the penalty component, defined as follows:

K N
Pe®) = Y &g+ Y vymax(0, h(x))* )

i=1 j=1

The penalty parameters, or penalty coefficients, in this instance are & > 0 and
v; > 0. By transforming the constrained optimization problem into an unconstrained
optimization problem, the penalty function method has the advantage of removing con-
straints. The new objective function specifically includes all binding functions. But as
a result, there are more free parameters (penalty parameters) than values that must be
identified in order to address the issue [15]. To simplify the implementation, assume that
& = §; for every i and v = vj for every j. The new objective function can be rewritten
as follows:

K N
FREV) =) +£ D g0 +v Y max(0,hj(x)* 8)
i=1 j=1

Itis evident that, when the equality constraint g; (x) is satisfied, their influence or con-
tribution to the objective function is zero. However, when violated, they are penalized
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by multiplying the penalty parameter £, and their contribution to the objective func-
tion increases significantly. Likewise, they are also true for the inequality constraints
hj(x)[15].

However, choosing the right values for penalty parameters can help solve the problem
efficiently. Deciding which values are appropriate is a matter of concern. If the penalty
parameters are too small, they can lead to insufficient penalties for violations; conversely,
when the penalty parameters are too large, they can lead to excessive fines, from which
the solution X too satisfies the condition the constraint functions instead of minimizing
the objective function [15]. In this paper, the penalty parameter chosen is 10000.

According to the goal and requirements of the interference suppression solution, the
beamformer is able to resist interference while maintaining the direction and width of
the main beam and keeping the auxiliary beam at a pre-specified level. This means that
the problem to be solved is a constrained optimization problem. Based on the above
analysis, this problem can be expressed as an unconstrained optimization problem with
a similar objective function (8) as follows:

K
Fx. &) =f&x) +£ Y 18X ©)

i=1
& F(W,£) = f(W) + Pe(W) (10)

where:
6=90°
fwy= Y |Py(W,0) — Pa(w,0) (11)
6=—90°, 6£6;
N;

Pe(W) =€) |Po(w, 6 (12)

i=1

e The variable vector x is mapped by the weight vector w;

f (w) is used to maintain the main beam’s direction and width and keep the sub-beam

at a pre-specified level;

e P,(w)isused to set nulls in the directions of the noisy signal on the radiation pattern;

e P,(w,0) is the optimal radiation pattern obtained by optimization algorithms at 6.

e P;(w,0) is the radiation pattern with the main beam and the desired SLL specified
in advance at 6;

e P,(w,6;) is the optimal radiation pattern at 8;

e N; is the total number of directions of the interfering signal;

e 0 is the direction of the i interferences signal withi = 1,...,N;

The final objective function of the issue can be restated as:

6=90° N;

Fw, &)= Y [Py, 0) —Pa(w,0)> +& D IP,(w, 00>  (13)

0=—90°, H£6; i=1
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The existence of other antenna elements in the array has an impact on the radia-
tion properties of the antenna elements during electromagnetic energy transmission in
the array, including impedance and radiation pattern. Mutual coupling (MC: Mutual
Influence) is the name given to this influence. In an adaptive array, taking into account
the interaction effect is crucial since it has a direct impact on the array’s effectiveness
and performance, including the primary beam direction, SLL, and NDL. Therefore, the
terms mutual impedance, coupling matrix, S parameter, or embedded element radiation
(Embedded Element Pattern) have been used to describe the features of the interaction
[20]. In order to analyze the interaction effect in HDULA in this paper, mutual impedance
will be used.

For mutual impedance, if the source voltage V = [V, V2, ..., VM]T is taken, the
input currents (excitation weight) I = [y, I, ..., Iy 1T will be calculated using the
following equation:

Zl =V (14)

It can be determined using the induced electromotive force method, which is
described in references, using Z as the mutual impedance matrix [20] and [21]:

Zu Ziy ... Zim

Ly Iy ... Z
7 — 21 422 2M

(15)
v Zy2o ... Zym
The mutual impedance (Z,,,) between element m and element n in the array is
specified according to the information provided in references [20, 21, 24]:

, { 73.129 + 42.546) if m=n
" 30[2C;(ug) — Ci(ur) — Ci(u2)] — 30/[2S;(uo) — Si(u1) — Si(u2)] if m #n
(16)

where: uy = 2nd, u; = 2n+/d? +0.25 + 7; up = 2w+/d? + 0.25 — m; the distance
between the dipole elements is denoted as d, and C; and S; are given by:

u

Ci(u) = / Coi(x) dx

o]

a7

Si(u) = / sinx(x) dx

o0

Based on Eqgs. (7), (8), and (9), it is clear that the mutual impedance matrix Z,,, 7 0
is non-diagonal, as Z,,, # 0 when m # n. Hence, the effective input currents / may
not be identical to the voltages V. This leads to certain distortions in the array’s pattern,
affecting the nulls as well.
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By applying noise suppression using an adaptive beamformer based on various
nature-inspired algorithms. The adaptive beamformer requires global optimization algo-
rithms to function properly. In this paper, algorithms BA, HPSOGWO, MVO, and Jaya
will be applied to develop adaptive BF algorithms based on BA, HPSOGWO, MVO,
and Jaya. To do so, the following steps will be performed:

e Map the location of the individual with the weight vector (including amplitude and
phase), which are the variables to look for in the optimization process.

e Determine the search size of an instance: This value is equal to the product of the
total number of weights and the number of binary bits representing a value.

e Limit the search value range of parameters.

Thus, the algorithm flowchart of an adaptive beamformer based on Jaya, HPSOGWO,
BA, and MVO can be illustrated as Fig. 4, 5, 6 and 7, where the termination condition
is the maximum number of iterations of the algorithm [25].

Start

Set parameter for antenna array, interference
direction, Termination conditions;
Define the objective function F;
Initialize population size, number of design variables
and termination criterion
Find the best solution based on F

N
Y

The termination
conditions
is satisfied?

Update best and worst solutions in
the population

!

Modify the solutions based on best
and worst solutions

L Contruct the optimal weitgh vector from the best
solution and then perform NULL placement radiation

. pattern
Solution after update
is better than solution

before update
Y
Accept and repla‘ce the previous
solution
—' Keep the previous solution 2
End

Fig. 4. Interferences suppression solutions based on Jaya
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Set parameter for antenna array, interference direction,
termination conditions;
Define the objective function F;
Initialize wolf instances {X,, Xy, X4, Fa, F, F4, X, V}
Find current best solution based on F

Adjust the position and update the
motion vector;
Update location of wolves

!

}‘
Y

The termination conditions
is satisfied?

Update the velocity (V) and position
(X) of the swam

Contruct the optimal weitgh vector from the best solution
and then perform NULL placement radiation pattern

¥

End

Fig. 5. Interferences suppression solutions based on HPSOGWO

Set parameter for antenna array, interference direction, termination conditions;

Define the objective function F;

Initializing bat population: frequency (fi ), velocity (v ), pulse emission

rate (r; ), loudness (Ai), and location/solution (x; )
Finding current best solution based on F {F(x*)}.

Adjust the frequency (f}) and
updating the velocity (vi)
Calculate the fitness value;

Updating the location of {xi}.

The termination conditions
is satisfied?

-

v Building aray element
weights from the result and
Selecting a solution among the best solution; then perform NULL
Generating a local solution around the selected best solution; placement radiation pattern

[«

Updating new solution;

Ranking the bats and find the curent best solution; v

Fig. 6. Interferences suppression solutions based on BA
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Set parameter for antenna array, interference
direction, termination conditions;
Initialize WEP, TDR, and best_universe;
Create random universes (U);
SU=Sorted universes;

Define the objective function F;

Find the best univers based on F;

>]
Y

The termination conditions
is satisfied?

Update the value of WEP and TDR
Calculate the inflation rates using
fitness function
Find WEP and TDR for each
universe and find best universe

Contruct the optimal weitgh vector from the
Sort the universe inflation rates and best solution and th.cn.pcrform NULL
select white hole index using placement radiation pattern
Roulete wheel

—’ Evaluate inflation rates Y
End

Fig. 7. Interferences suppression solutions based on MVO

After the problem is presented and analyzed, we perform eight simulation scenar-
ios to evaluate interference suppression solutions using BF techniques based on phase
control of the excitation signal for each element in the antenna array and metaheuristic
algorithms. Eight simulation scenarios are presented, including convergence rate, plac-
ing single null, multiple nulls, and broad nulls on the radiation pattern in an ideal case,
the impact of interference, steering the main beam, and the final scenario to evaluate the
effectiveness of the solution as increasing the number of antenna elements will be done
through the technique of setting null by phase adjustment based on BA, HPSOGWO,
MVO, and Jaya algorithms.

3 Numerical Results

To evaluate interference suppression solutions using BF techniques based on phase con-
trol of the excitation signal for each element in the antenna array and metaheuristic
algorithms, the study will investigate seven scenarios. The significant weight distribu-
tion in the Chebyshev array results in an optimized radiation pattern that effectively
balances the sidelobe levels in the pattern and achieves a beamwidth for the first null
point of the main beam in equally spaced arrays [26]. As a result, in this communica-
tion, the Chebyshev array factor has been selected as the desired pattern to regulate the
Sidelobe Level (SLL) and beamwidth of the main beam. Initially, a Chebyshev array
pattern exhibiting a SLL of 30 dB has been employed, consisting of 20 half-wave-dipole
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elements with an inter-element spacing of A/2. The step size of the theta angle in (1) is
1. The smaller 0 is, the more accurate the main beam direction and the null point will
be, but the time to find the optimal solution will increase.

In Fig. 8, it can be seen that the pop = 50, 100, 150, and 200 cases almost all reach
the same objective function value at the loop of 50 and quickly reach F < 2. However,
a large number of instances means increased computation time. Therefore, pop = 100
and iter = 50 will be selected for simulation for the remaining scenarios. The step size
of a random walk is 0.01; boundary frequency values: f i, = 0 and f ;0 = 1.

6.0
m—BA: pop = 50
55 =s/c= BA: pop = 100
5.0 =C==BA: pop = 150
c == BA: pop =200
2
k1]
c
=]
[y
[
=
k7]
(7]
2
o
1.5+ T T T

0 25 50 75 100 125 150 175 200
Iteration

Fig. 8. Objective function of BA based solutions with different population sizes

Scenarios 1 and 2, named “Convergence Rate,” were utilized to measure the con-
vergence time of the objective function using the BA, HPSOGWO, MVO, and Jaya
algorithms. Moving on, Scenarios 3 to 6 were used to assess the null steering capability
of the waveform generator based on the BA, HPSOGWO, MVO, and Jaya algorithms in
an ideal scenario disregarding mutual coupling effects. Expanding the evaluation, Sce-
nario 6 was used to investigate the influence of mutual coupling, specifically employing
the MVO algorithm. Scenario 7 focuses on main beam steering; the last scenario is used
to evaluate the solution’s effectiveness by increasing the number of antenna elements
using the technique of setting null by phase adjustment based on the MVO algorithm.
The simulation results for all scenarios are depicted in Figs. 8, 9, 10, 11, 12, 13, 14, 15,
16, 17, 18 and Tables 1 and 2.

A. Convergence rate

In Scenario 2, the convergence rate of the beamformer generator is evaluated using
four algorithms: BA, HPSOGWO, MVO, and Jaya. Since the complexity of the algo-
rithms is the same, the computation time and number of iterations to achieve a target
objective function value are the parameters used to assess and compare these algorithms.
The objective function values for each algorithm are illustrated in Fig. 9. The time taken
for all four solutions to reach a target objective function value (F < = 2.5) is 0.216
s for BA, 0.738 s for HPSOGWO, 1.364 s for MVO, and 3.659 s for Jaya, respec-
tively. These evaluations were conducted on an Intel(R) Xeon(R) CPU @ 2.20GHz with
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13 GB of RAM. The number of iterations for all four solutions to reach an equal objec-
tive function value (F < = 2.5) is 7, 12, 17, and 150 iterations, respectively, for BA,
HPSOGWO, MVO, and Jaya algorithms. It is evident that BA converges faster compared
to HPSOGWO, even faster than MVO, but significantly faster than Jaya. With such fast
computation times, BA, HPSOGWO, and MVO can be considered promising solutions
for real-time applications in wireless communication systems.

6
—O—JAYA
——BA
5. —/=—MVO
‘ —/—HPSOGWO
s
°
c
=
w
o
2
k]
()
2
o
T T T

T T T
20 40 60 80 100 120 140
Iteration

Fig. 9. Objective function of interferences suppression solutions with different algorithms

B. Ability to eliminate single-interferences

In Scenario 3, the radiation pattern is optimized with a single null. This null can be
placed at any angle, and in this case, it is chosen at the peak of the second sidelobe (14°).
The individuals were initialized as Chebyshev array weights with an SLL of —30dB.

0 2 =/&=MVO
) 1N =O=JAYA
-104 3 ‘e ——HPSOGWO
4 N == Chebyshev Pattern
~-20+ 9 ¥ = BA
g ] A
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Theta Angle (deg)

Fig. 10. Optimized patterns with a single null at 14°
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In [11], Haupt made a significant discovery that the phase has a more substantial
impact on the main beam compared to the amplitude, and introducing slight phase per-
turbations during nulling will not significantly degrade the main beam. Additionally, a
smaller phase weighting range leads to a faster convergence rate. Hence, during the sim-
ulation process for all radiation pattern adjustment scenarios, the phase weight variations
were confined to the range from —O0.1 to 0.1 radians. Figure 10 displays the optimized
radiation patterns with a single null obtained using the BA, HPSOGWO, MVO, and
Jaya algorithms. These algorithms successfully retain almost all the characteristics of
the original Chebyshev pattern, such as the half-power beamwidth (HPBW = 7.64°)
and Sidelobe Level (SLL) of —30 dB, except for a few sidelobes exhibiting an approxi-
mate maximum SLL of —20 dB. Notably, the depth of the null point (NDL) at 14° is —
87.8 dB, —87.8 dB, —85 dB, and —79.5 dB, respectively, for HPSOGWO, MVO, BA,
and Jaya algorithms. These results clearly demonstrate the high effectiveness of inter-
ference suppression achieved by accurately placing null points at interference directions
using metaheuristic algorithms.

C. Ability to eliminate Multiple-interferences

In Scenario 4, the radiation pattern is optimized with multiple individual nulls located
at angles —48°,20°, and 40°, corresponding to the peaks of the next three sidelobes after
the main beam in the Chebyshev array radiation pattern. Figure 11 displays the opti-
mized radiation patterns with multiple nulls obtained using the BA, HPSOGWO, MVO,
and Jaya algorithms. These algorithms effectively preserve almost all the characteris-
tics of the original Chebyshev pattern, including the half-power beamwidth (HPBW =
7.64°) and Sidelobe Level (SLL) of —30 dB, with only a few sidelobes exhibiting an
approximate maximum SLL of —20 dB. The NDL at —48°, 20°, and 40° is presented
in Table 1, demonstrating that all NDL values are deeper than —73 dB and all SLL
values are lower than —20 dB, while the HPBW remains close to the Chebyshev pattern.
These results further illustrate the interference suppression and cancellation capabilities
of metaheuristic algorithms in this scenario.

0 - i =/&=MvO
SN, JAYA
4 ——HPSOGWO

-104 — - Chebyshev Pattern

Normalized Power (dB)

)¢
T T T T T T T T T T T T T T T T T
-90 -80 -70 -60 -50 -40 -30 -20 -10 O 10 20 30 40 50 60 70 80 90
Theta Angle (deg)

Fig. 11. Optimized patterns with three nulls at —48°, 20°, and 40°
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Table 1. Null Depth Level in Fig. 11

Parameters BA (dB) HPSOGWO (dB) MVO (dB) Jaya (dB)
NDL at:—48° —74.2 —79.5 —79.5 —74.2
NDL at: 20° —79.5 —87.8 —88 —79.5
NDL at: 40° —73.6 —78.2 —717.8 -71.7

D. Ability to eliminate Broad-interferences

In interference suppression applications, a broad null becomes essential when the
Directions of Arrival (DOA) of interferences slightly vary with time, are not precisely
known, or when continuous null steering is required to achieve an appropriate signal-to-
noise ratio. To showcase the capability of broad interference suppression, in Scenario
4, a pattern has been generated with an imposed broad null covering the target sector of
[30°, 40°]. This pattern is depicted in Fig. 12.
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Fig. 12. The optimized patterns exhibit a broad null spanning from 30° to 40°

The main beamwidth remains nearly unchanged, and the maximum Sidelobe Level
(SLL) is approximately —20 dB. The results demonstrate that the BA pattern outperforms
HPSOGWO, MVO, and Jaya in terms of NDL, with wide null and NDL values reaching
a minimum of < —53.9 dB, —41.3 dB, 40.9 dB, and 40.9 dB, respectively, for the BA,
HPSOGWO, MVO, and Jaya patterns.

E. Patterns with Mutual Coupling

Scenario 6 is used to explore the impact of mutual coupling on the radiation pattern
optimized by MVO.

To achieve this, the influence of mutual coupling is computed using the mutual
impedance matrix presented in Sect. 2, and Fig. 13 illustrates the simulation results for
the case of placing multiple nulls simultaneously, with results summarized in Table 2.
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The results have indicated that the nulls have been successfully placed at the desired
positions, but with a shallower NDL and more challenging control of the sidelobes at
around —30 dB, although the main lobe is still maintained.
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Fig. 13. The optimized pattern (with nulls at angles —48°, 20°, and 40°) accounting for mutual
coupling effects

Table 2. Null Depth Level in the Fig. 13

Parameters Null at: —48° Null at: 20° Null at: 40°
Algorithm MVO MVO-MC MVO MVO-MC MVO MVO-MC
NDL (dB) | —79 —48.8 —88 —60.6 783 | —48.6

F. The radiation pattern when steering the main beam

The beamformer can also steer the main beam in any direction in space. To achieve
this, before proceeding with the search for optimal weights, the Chebyshev radiation
pattern in the objective function needs to be steered in the desired direction. In this
scenario, the main beam is steered towards #° = 10° while setting various types of
nulls, as illustrated in Fig. 14.

The results indicate that interference suppression solutions based on metaheuristic
algorithms can still perform well, as presented in the cases above. Specifically, the main
beam is preserved almost similarly to the main beam of the Chebyshev radiation pattern,
and the majority of the SLL is controlled at around —30 dB, except for some sidelobes
at approximately —20 dB due to the odd-symmetry nature of the phase-only control
technique.
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Fig. 14. The optimized radiation patterns when steering the main beam.

G. Change the number of antenna elements in the antenna array to evaluate the solution
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Fig. 15. HPBW versus the number of array antenna elements

Scenario 8 is designed to comprehensively evaluate the impact of varying the number
of antenna elements in the array on essential performance parameters, namely HPBW,
FNBW, NDL, and MaxSLL. The results of this scenario are displayed in four graphs
that unravel the dynamic relationship between key performance metrics (HPBW, FNBW,
NDL, and MaxSLL) and antenna element counts, providing an in-depth analysis. About
the multifaceted interaction between antenna array size and BF performance. We inves-
tigate the relationship between each parameter and the number of antenna elements,
which varies from 20 to 100 elements with penalty parameters is 10000 and based on
the MVO algorithm.

Figure 15 and 16, which depict the relationship between antenna elements and HPBW
and FNBW, respectively, contribute significantly to our comprehension. Within these
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Fig. 16. FNBW versus the number of array antenna elements

visuals, an intriguing pattern comes to the fore: both HPBW and FNBW exhibit a ten-
dency to narrow, signalling the enhanced capabilities of larger arrays in terms of more
precise main lobe concentration and improved angular precision.
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Fig. 17. NDL versus the number of array antenna elements

Observing the graph in Fig. 17, we discern a noteworthy trend: as the number of
antenna elements increases, the null point depth experiences a consistent improvement.
This trend underscores the pivotal role of spatial diversity in array configurations, where
a larger number of elements empowers BF algorithms to more precisely nullify interfer-
ence and noise from specific angles. The upward trajectory of null point depth with grow-
ing array size holds immense promise for enhancing signal clarity, target localization,
and noise suppression in a wide array of applications.

In Fig. 18, as the number of antenna elements increases, the graph shows a marked
decrease at the maximum side-beam level. This phenomenon highlights the benefit of a
larger antenna array in reducing signal leakage and unwanted radiation away from the
main lobe.
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Fig. 18. MaxSLL versus the number of array antenna elements

While a larger antenna array delivers improvements in null point depth, sidelobe
reduction, and angular precision, there is a point of diminishing returns. Beyond a certain
array size, the benefits may become marginal, and concerns such as hardware complexity,
cost, and signal processing burden come to the fore. Industries such as telecommunica-
tions, aerospace, and defense have distinct metrics based on their unique requirements.
Therefore, the pursuit of an optimal array size necessitates a holistic approach, balanc-
ing technical advancements, practical constraints, and specific needs. In conclusion, four
graphs provide a panoramic view of the intricate synergy between performance metrics
and the number of antenna elements in BE. As researchers and practitioners look for
better BF solutions, this relationship acts as a guide, showing them how to find array
configurations that make the most of null point depth, sidelobe suppression, angular
accuracy, and null beamwidth. This will shape the future of signal enhancement and
noise suppression.

4 Conclusion

In this study, we looked at how to get rid of interference using metaheuristic algo-
rithms and controlling the excitation signal’s phase only for each antenna element in
the array. The interference suppression capability was demonstrated through eight sce-
narios, including convergence rate, placing single null, multiple nulls, and broad nulls
on the radiation pattern in an ideal case, the impact of interference, steering the main
beam, and increasing the number of antenna elements. The results demonstrate that the
solution can precisely apply the aforementioned nulls to any arbitrary interference direc-
tion while maintaining low sidelobe levels and the main lobe in both circumstances of
mutual coupling. Moreover, solutions based on BA, HPSOGWO, and MVO demonstrate
superior efficiency compared to Jaya-based ones in terms of computation time, pattern
nulling, and sidelobe suppression during antenna array radiation pattern synthesis. In
this paper, we examine this solution within the context of 5G. However, the outcomes
also highlight its potential applicability and suitability for future 6G technology. In the
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future, solutions for unknown interference directions based on different optimization
techniques, such as convex optimization or deep learning, will be further explored.
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