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Different Polygonal Clustered Subarray Partitioning Structures
Synthesis with High Performance Beam Pattern
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ABSTRACT: Synthesizing large arrays composed of irregularly clustered subarrays is a research approach that is attracting increasing
attention from researchers. In this study, an irregular clustered subarray tiling strategy based on different polygonal shapes as masks and
a convex optimization algorithm (COA) is proposed. A set of polygon partitions was proposed by formulating the problem of tiling an
array of irregular subarrays to make it suitable for any aperture grid. To further reduce the complexity of the systems and accelerate the
execution time of the corresponding algorithm, amplitude-only feeding was considered. In all the proposed partitioning scenarios, only
16 polygonal clusters (i.e., a complexity of 1.7%) were synthesized, achieving high-constraint radiation performance targets by reducing
the sidelobe level (SLL) to −45 dB and generating a 6-degree wide and −180 dB deep null steering with the ability to orient the main
beam as required. Polygonal clusters of varying sizes, shapes, and side counts were synthesized, ranging from a three-sided polygon (i.e.,
a triangle) to a ten-sided polygon (i.e., a decagon). Based on this, six polygonal segmentation configurations were proposed, resulting
in a high-performance electromagnetic beam pattern (BP). Computer simulation results demonstrated the robustness and effectiveness
of the proposed scenarios in meeting the performance constraints imposed on the optimization algorithm. The good performance and
potential inherent in the methods presented in this study were verified by comparing them extensively with current methods in various
numerical examples.

1. INTRODUCTION

Phased and non-phased antenna arrays have become widely
used in many modern wireless applications, such as radar

systems, particularly those with large elements, to achieve op-
timal electromagnetic performance. Increasing the number of
radiating elements in an array significantly expands the radi-
ation range of the antenna system and makes numerous con-
tributions in terms of signal processing, such as signal steering
and detection, removal of noise and interference signals, and the
provision of spatial resolution. However, the practical handling
of large array elements is not an easy task, because of the com-
plexity of the transmission/reception system and the increased
burden of optimization computing [1]. Several effective engi-
neering methods have been proposed to solve these problems,
most notably the synthesis of apertures by dividing them into
subarrays to address the challenges [2]. This technique is based
on shaping the electromagnetic beam at the subarray level at a
much lower computational and systemic cost than at the level of
individual elements. The synthesis of subarrays directly affects
the performance of array signal optimization algorithms [3].
Several clustered subarray configurations have been used by

designers, the most common of which are regular, irregular,
and nested [4]. Synthesizing regular subarrays is one of the
easiest techniques to implement; however, it suffers from un-
forgivable radiation problems owing to the generation of high
and periodic side lobes [5]. This problem was solved by mak-
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ing the tuning irregular and distributing the feed centers of the
clusters periodically across the aperture so that each cluster in-
dependently triggers a different response distribution in the an-
tenna system. All synthesis algorithms and cluster formation
methods applied to different array apertures suffered from the
problem of reducing SLLs and generating null steering. This
suffering revealed ambiguity in the directions of the electro-
magnetic signals affecting the array pattern. Therefore, if the
direction of the interference signal matches one of these signals,
the improved weights may also reduce the level of the main
beam or generate a null steering in the main beam region, caus-
ing a large distortion in the generated beam pattern and thus
a loss of the useful electromagnetic signal [6]. Therefore, re-
searchers face two major challenges. The first challenge is syn-
thesizing high-performance radiation subarrays, and the second
challenge is forming a small number of efficient clusters with-
out compromising radiation performance, thus facilitating op-
erational maintenance and system adaptability. An example of
addressing the second challenge is using symmetrical or similar
rotated cluster subarrays to fill the desired array aperture [7].
In the literature, numerous optimization algorithms have

been used to solidify the idea of synthesizing differently-shaped
subarrays and producing the desired radiation patterns. These
algorithms include evolutionary algorithms such as the genetic
algorithm (GA) [8], particle swarm optimization (PSO) [9],
etc., and mathematical algorithms such as COA [10], Com-
pressed sensing [4], etc. In [11], finding the optimal solution
for synthesizing an antenna array using a GA was considered.
A problem arose in this study: it did not guarantee complete
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FIGURE 1. Different types of polygonal shapes.

coverage of the radiation performance, leaving some gaps in
the result, which negatively impacted the array’s efficiency in
terms of directivity. In [12], an innovative Bayesian algorithm
was proposed to solve the problem of constructing contiguous
subarrays. Unfortunately, this method struggled to achieve ro-
bust, non-overlapping solutions in the array aperture. One of
the difficult problems that arises in the synthesis of subarrays
is the overlap of the structures of the formed clusters, which
leads to a shortage of patterns in the final designs. To avoid
this problem, the results in [13] showed an optimal combina-
tion by proposing domino-like clusters that provided complete
coverage of the aperture without overlapping and offered the
best radiation performance. Ref. [14] also addressed the X al-
gorithm to achieve precise cover solutions in order to find pre-
cise structures for filling the array without overlapping. How-
ever, the problem was concentrated in the time taken and the
high computational costs of the synthesis process. Moreover,
finding the perfect clustered subarray synthesis within a huge
solution space to achieve efficient and robust radiation perfor-
mance is extremely difficult.
The designs of clustered subarray structures vary in their ef-

fects on the performance of the resulting beam pattern; there-
fore, it is necessary to choose suitable architectures to suppress
the sidelobe levels significantly or to orient different null ar-
eas to prevent interference or distortion. It is preferable to tile
subarrays that are spatially and dynamically adaptable in form,
so that they take irregular and adaptively changing forms as re-
quired. Therefore, in this study, a synthesis of polygon-based
dividing masks, compatible with a square array aperture, was
proposed to generate regular and irregular clustered subarrays.
The optimization task was assigned to the COA, owing to its
high efficiency, particularly in subarray synthesis techniques.
Amplitude-only feeding was used exclusively to excite poly-
gon cluster elements and reduce systemic and computational
complexity. The synthesis of six polygon-based segmentation
mask architectures was proposed to improve the performance
of highly constrained electromagnetic BP. TheMATLAB tools’
environment was used to implement all the proposed optimiza-
tion scenarios.

2. POLYGONAL SUBARRAYS COVERING SYNTHESIS
To construct a cluster mask controller based on spatial division
in the Cartesian axes, two types of partitioning covers are de-

rived depending on the distribution of elements within the ar-
ray aperture. The construction of two types of cover structures
responds to the requirements of synthesizing regular and irreg-
ular subarrays innovatively. To synthesize polygonal cluster
covers that emulate the shapes of the array apertures, the ar-
ray parameters are first defined with equally spaced elements,
thereby providing a fixed position for each element, and ensur-
ing that the elements are contained by the generated clusters
without overlaps. Based on this, two types of polygonal masks
can be synthesized depending on which best covers the radi-
ating elements. Therefore, different polygonal shapes can be
considered for use as clusters within partition covering masks
(see Figure 1).

2.1. Regular Polygonal Subarrays Covering (RPSC)
To place a regular covering mask consisting of polygonal geo-
metric shapes with equal-length sides, a polygonal seed is gen-
erated and placed in one corner of the two-dimensional array.
Subsequently, the entire covering mask is completed with sev-
eral polygons similar in shape and size to the seed. To accom-
plish this, first, the dimensions of the array comprisingN ×M
elements placed at equal distances on the two axes, x and y, are
defined as follows:

x = dx

(
n− N − 1

2

)
(1)

y = dy

(
m− M − 1

2

)
(2)

These elements can be placed in a 2D matrix in the following
order:

Bij =


x1y1 . . xiy1
. . . .
. . . .

x1yj . . xiyj

 ,
i = 1, 2, . . . , N
j = 1, 2, . . . ,M

(3)

To formulate a mathematical model through which the polygo-
nal cover is controlled so that the array aperture is divided into
a set of specific and regular clusters, each polygonal area is de-
fined by a set of the followingmathematical parameters: c (cen-
ter point), r (radius), and s (number of sides). These parame-
ters determine the spatial distribution of each polygon within
the main mask cover compatible with the dimensions of the 2D
array. These parameters can be expressed mathematically as
follows:

cxy =


c11 . . cp1
. . . .
. . . .

c1p . . cpp

 , p = 1, 2, . . . , P (4)

where P is the number of polygons. Therefore, a polygon can
be defined geometrically using these parameters:

Pr,s︸︷︷︸
x,y

=

[
cx + r cos[ 2πT s]
cy + r sin[ 2πT s]

]
,
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(a) (b)

FIGURE 2. NRPC with s = 6 (hexagonal) structure. (a) Generating a single polygon cluster. (b) Generating 16 polygon clusters.

. . . . .

(a) (b)

FIGURE 3. RRPC with s = 6 (hexagonal) rotated 45 deg. Counterclockwise structure. (a) Generating a single polygon cluster. (b) Generating 16
polygon clusters.

s = 3, 4, . . . , total number of sides (T ) (5)

In this manner, polygonal shapes of different sizes and sides
are combined to build a decorative covering mask composed of
several similar polygonal shapes in order, with the possibility
of rotating them and controlling their size. It is worth noting
that increasing the number of sides of the polygon, s > 15,
can transform the shape of the polygon into a circle within the
imposed mask. Figures 2 and 3 show the possible configura-
tions of regular polygons that are equal in size and number of
sides, with the possibility of rotating them (for example, a 45◦
counterclockwise rotation). Two types of tiling configurations,
non-rotated regular polygonal clusters (NRPC) and rotated reg-
ular polygonal clusters (RRPC) can be generated.
The arrangements shown in the two figures provide flexi-

ble modification to polygonal clusters in terms of size, shape,
and rotation direction without affecting the coordinates of the
basic array aperture. Now, the radiating elements in the array
aperture were linked to the generated polygons by the proposed
partition mask through a cluster joining experiment of the ele-
ments. Therefore, an indicator in the mask curtain ξi,p is de-
fined as follows:

ξi,p =


1 Bij ∈ Pr,s︸︷︷︸

x,y

(p)

0 otherwise

(6)

This condition results in a definitive partitioning of the array
elements based on spatial proximity and area coverage of the
polygon. It is worth noting here that polygonal shapes may not
extend fully within the applied mask curtain to the array, which
may produce elements not intended for the resulting cluster.
This problem can be solved by including some of these unal-
located elements in the nearest polygon based on the principle

of Euclidean spacing reduction and by excluding the other un-
allocated elements. In other words, including non-assigned el-
ements to nearby polygons will be based on the following:

pi = argmin
p

∥Bij − cxy∥2 (7)

where ∥.∥2 is norm2. Therefore, the clustered subarrays can be
expressed as follows:

clustered subarray(i) = pi (8)

2.2. Irregular Polygonal Subarrays Covering (IPSC)
In this section, to increase the ease of tiling clustered arrays,
thereby affording later high flexibility andmore degrees of free-
dom to the improved algorithm, different size and side polygons
are tiled. This property enables better utilization of radiating el-
ements in groups within the array aperture. Consequently, more
irregular polygonal mask covering synthesis cases are gener-
ated. Additionally, the polygon rotation feature can be enabled
to achieve more dynamic tiling configurations. Here, several
factors must be considered when composing this type of clus-
ter. For example, the number of clusters being tiled, the number
of sides per polygon and the direction of their rotation provide
many possibilities for tiling. There are two types of tiling, non-
rotated irregular polygonal clusters (NIPC) and rotated irregu-
lar polygonal clusters (RIPC), as shown in Figures 4 and 5.
These covering cluster masks are characterized by parame-

ters that directly affect the performance of the array aperture
from an electromagnetic perspective, including the number of
polygonal sides and their size (i.e., the area of coverage of the
polygon as a cluster). To increase the flexibility of controlling
the proposed RIPC-polygonal clusters, Figures 6 and 7 illus-
trate the generation of a polygonal mask network with varying
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(a) (b)

FIGURE 4. NIPC with s = 6 (hexagonal) structure. (a) Generating a single polygon cluster. (b) Generating 16 polygon clusters.

. . . . .

(a) (b)

FIGURE 5. RIPC with s = 6 (hexagonal) rotated 45 deg. Counterclockwise structure. (a) Generating a single polygon cluster. (b) Generating 16
polygon clusters.

. . . . .

(a) (b)

FIGURE 6. RIPC with different radii and rotation structures. (a) Generating a single polygon cluster. (b) Generating 16 polygon clusters.

. . . . .

(a) (b)

FIGURE 7. RIPC with different numbers of sides and rotation structures. (a) Generating a single polygon cluster. (b) Generating 16 polygon clusters.

sides and rotation angles. This flexibility may give the algo-
rithm greater ease and probability of synthesizing patterns more
efficiently than other methods.

2.3. Polygonal Clustered Subarray Elements Feeding
Consider a square array aperture consisting ofN×M elements
placed on the x and y axes as shown in Eqs. (1) and (2). This
aperture possesses an array factor (F), which contains several

special optimization parameters for tuning a robust beam pat-
tern, as illustrated in:

F (θ, ϕ) =

N∑
n=1

M∑
m=1

Inme−j 2π
λ [xn(θ−θo)+ym(ϕ−ϕo)] (9)

where Inm is the complex feeding comprising amplitude |Inm|
and phase ∠Inm, which is the target parameter in the subse-
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quent optimization process. (θ, ϕ) are the basic orientation an-
gles of the resulting beam, and in the default case, the orienta-
tion is at angle (0, 0). To synthesize the feeding of elements to
the formed clusters in the proposed polygonal covering masks,
a set of elements is allocated to each cluster. Note that |Inm| it
can only be optimized as an amplitude while keeping the phase
∠Inm zero for all elements to reduce the systemic and com-
putational complexity. After a set of cluster masks for array
partitioning has been generated and synthesized, the next step
is to allocate the amplitude-only feeding to each cluster. To ac-
complish this, we establish a common link between the feeding
for individual elements and clusters, as follows:

|Inm| = |Ipi
| for clustered subarray(i) = p (10)

Therefore, the amplitude-only feeding of clustered elements
can be expressed as follows:

|Ipi
| = [|I1| , |I2| , . . . , |Ip|]′ (11)

A mathematical link is established in the form of a matrix be-
tween the radiating elements and the sub-cluster matrix, as fol-
lows:

E ∈ {0, 1}(N,M)×p , Ei,p = ξi,p (12)

Finally, the total number of elements is obtained as |Inm| =
E|Ipi|. Therefore, the array factor can be updated as:

F (θ, ϕ) =

P∑
p=1

|Ipi|
N∑

n=1

M∑
m=1

|Inm| e−j 2π
λ [xn(θ−θo)+ym(ϕ−ϕo)]

(13)
Up to Eq. (13), the process of building clustered array structures
is configured to optimize the beam pattern at the level of the
cluster elements without compromising the physical accuracy
of the array aperture.
With the proposed polygonal cluster masks, a set of con-

straints is imposed on the beam pattern to assess the effective-
ness of the proposed scenarios. To ensure that the effectiveness
of the presented methodology is not lost, the optimization task
is assigned to the convex optimization model (COM) algorithm
to efficiently improve the synthesis of amplitude-only triggers
for cluster elements. This algorithm works by creating a com-
patible bridge relationship between the spatial partitioning of
the array aperture based on different polygonal shapes and the
amplitude excitation modeling of the resulting subarrays, thus
providing a robust geometric design and formulation for devel-
oping the electromagnetic performance of the generated beam
pattern. It is ambitious that polygonal masks support optimiza-
tion tasks in terms of directing the main beam (if the phase ex-
citation is activated), significantly reducing the SLLs, and gen-
erating a null steering to perfectly and completely cancel one
of the sidelobes. These features are examined in the simulation
results section. In addition to achieving these features, a clear
and transparent mathematical model is provided for a perfect
understanding of the optimization process and the ability to re-
produce the desired results. The objective constraints imposed
on the beam pattern are defined as follows:

EH(θo, ϕo) |Ipi| = 1, mean beam steering goal (14)∣∣EH(θo, ϕo)|Ipi|
∣∣≤β, ∀(θ, ϕ)∈(θ, ϕ)SLL exmpt(θo, ϕo) (15)

SLLs reduction goal

EH(θSL, ϕSL) |Ipi| = 0, null at any sidelobe angle (16)

These constraints are combined into a single objective function
to synthesize the desired beam pattern, as follows:

min|Ipi|
∥∥EH(θ, ϕ)

∥∥
∞

S.t.
EH(θo, ϕo) |Ipi| = 1, and
EH(θSL, ϕSL) |Ipi| = 0

(17)

Therefore, the optimization and synthesis processes for cluster
polygonal covering masks can be summarized in Figure 8.

3. SIMULATION RESULTS
In order to demonstrate the effectiveness of the considered
scenarios in synthesizing large array apertures, several struc-
tural tests were performed on a 2D array whose elements are
N × M = 30 × 30. It is worth noting that the dimensions
of the array can be changed to different dimensions, and the
topology of the array can be changed to other grids, such as
a rectangle, rhombus, circle, etc. The task of performing the
synthesis of clustered arrays was assigned to the COA in all
the presented scenarios, and the same optimization tools were
installed. To make the computation easier, the amplitude-only
feeding was considered, with the phase of all elements set to
zero (if the main beam is not steered to a certain angle). In all
structural scenarios, an attempt is made to obtain the radiation
performance targets shown in Figure 9. These objectives in-
clude orienting the main beam at zero or other angles, reducing
the SLLs to−45 dB or less, and generating a null steering at the
angle 45◦ (with a width and depth of 6◦ and −180 dB, respec-
tively). Also, in all the proposed structures, only 16 polygonal
clusters are generated to cover the antenna aperture, taking into
account a set of polygonal parameters in the optimization pro-
cess, such as the shape and number of polygons, the number
of sides, the size and radius of the polygon, and the angle of
arrangement of the polygon. It is important to note that radiat-
ing elements near the polygonal mask are added to the cluster,
while those farther away are considered inactive (i.e., in an off
state). The results of the proposed scenarios will be reviewed
in detail in the following sections.

3.1. RPSC Scenario Results
In this section, a clustered coveringmask is generated from sim-
ilar and non-rotated polygons based on the number of sides and
size, with the following characteristics: T = 6 sides (hexagonal
shape) and r = 3λ. To demonstrate how to achieve the perfor-
mance targets shown in Figure 9, the method for reaching the
desired beam pattern is presented, starting from the generation
of the first cluster up to 16 clusters, as shown in Figure 10. It
can be observed from this figure that the synthesis of one cluster
does not perfectly meet the desired targets because of the high
proportion of inactive radiating elements; however, with an in-
crease in the number of clusters to three, it is observed that the
beam pattern begins to approach the specifications of the ob-
jectives. Therefore, after the number of clusters is increased to
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FIGURE 8. The flowchart of the optimization steps.

16, the targets are achieved better. In this method, because of
the similarity of the generated clusters, it is observed that gen-
erating a wide and deep null is extremely difficult. All clusters,
especially polygons with sides located inside the array aper-
ture, take on the inclusion of some elements near their borders,
which generates polygons as shown in Figure 10. This is part
of the proposed plan to include as many radiating elements as
possible in clusters to achieve the desired performance targets.

To increase the quality of performance targets, especially
in terms of widening the null steering while also increasing
its depth, all regular polygonal shapes are rotated at a 45-
degree angle counterclockwise. This property resulted in a
slight change in the shapes of the polygonal clusters, which
provided a slight advantage to the algorithm leading to this pos-
itive change; consequently, the width of the null increased by
two degrees (see Figure 11). It was worth noting that the reason
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FIGURE 9. The radiation performance targets.

(a) (b) (c)

(d) (e) (f)

FIGURE 10. The NRPC results. (a) Generating a single polygon cluster with corresponding BP in (d). (b) Generating 3 polygon clusters with
corresponding BP in (e). Generating 16 polygon clusters with corresponding BP in (f).

for the irregular arrangement of the SLLs at equal levels is the
scattered distribution of amplitude-only feeding to the polygo-
nal clusters after the optimization process. It is observed that
the feeding of themaximumweights of the cluster elements was
not concentrated in the middle of the aperture, but distributed
in a scattered manner, which led to these results.

3.2. IPSC Scenario Results
In this section, a partition covering mask is constructed con-
sisting of 16 hexagonal clusters (s = 6) with different radii.
This combination provides more flexibility than the first sce-
nario for the algorithm to achieve the performance goals. Fig-
ure 12 illustrates the results of this case. It can be observed
from this figure that the main beam is maintained while reduc-
ing the SLLs by 3 dB, as well as maintaining the width and
depth of the null steering as in Figure 9. Despite the overlap-
ping polygonal shapes, the elements were assigned according to

priority in generating these clusters, resulting in irregular and
non-overlapping cluster elements. By adding the rotation prop-
erty to the polygons, the quality of the desired radiation targets
can be significantly increased. Figure 13 shows the results of
the rotation property, where all polygons were rotated by an
angle of 45 degrees counterclockwise.
It is evident from this configuration that the SLLs have been

reduced to−40 dBwhile maintaining the fluctuation of the lobe
levels close together and consistent owing to the concentra-
tion of the maximum weight feeding in the middle of the aper-
ture, approximately. The depth of the null was also reduced
to −180 dB while maintaining the main beam. In addition, the
performance goals shown in Figure 9 can be achieved by com-
bining other covering masks built with different angles of ro-
tation polygons (see Figure 14) or by generating masks with
a different number of sides and different polygon angles (see
Figure 15).
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(a) (b)

FIGURE 11. The RRPC with 45 deg. Counterclockwise rotation result. (a) Generating 16 polygon clusters with corresponding BP in (b).

(a) (b)

FIGURE 12. The NIPC with different radius results. (a) Generating 16 polygon clusters with correponding BP in (b).

(a) (b)

FIGURE 13. The NIPC with different radii and 45 deg. Counterclockwise rotation result. (a) Generating 16 polygon clusters with corresponding BP
in (b).

(a) (b)

FIGURE 14. The RIPC with different radii and different rotation results. (a) Generating 16 polygon clusters with corresponding BP in (b).

In all the proposed mask covers, the overlap of polygonal
shapes does not imply the overlap of elements between clus-
ters. This depends on the priority of building the cluster and al-
locating its elements, as mentioned previously. Consequently,
irregularly shaped subarrays were generated in most cases, con-

firming the theory of irregular tiling in enhancing the radial per-
formance of the array pattern. Figures 16 and 17 illustrate the
effect of polygonal cluster tiling structures on controlling elec-
tromagnetic performance targets, especially in terms of reduc-
ing the SLLs. Figure 16 shows the effect of the radius (r) of the
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(a) (b)

FIGURE 15. The RIPC with different numbers of sides and rotation results. (a) Generating 16 polygon clusters with corresponding BP in (b).

 

FIGURE 16. Variation of SLL output under different numbers of sides. FIGURE 17. Variation of SLL output under different numbers of polygon
radii.

polygon shape with a constant number of sides, and Figure 17
shows the effect of the number of sides (s) with a constant ra-
dius on controlling the SLLs.
As shown in Figure 16, by increasing the radius to a limit

of 3.75λ while maintaining the number of sides constant at six
(hexagonal shape), the SLL is reduced to −35.4 dB, with the
highest reduction of −36.61 dB, obtained at a radius of 3λ. In-
creasing the polygon radius too much causes the generation of
clusters with fewer than 16 elements owing to the large overlap
between the clusters. Generating large polygons leads to the
stacking of clusters on top of each other, thus prioritizing the
initial clusters in allocating elements and reducing the num-
ber of subarrays to at most three or four. As shown in Fig-
ure 17, by increasing the number of sides (that is, changing the
shape of a polygon from a triangle with s = 3 to a decagon
with s = 10) while keeping the radius constant, the number of
clusters is maintained at 16. This results in the synthesis of 16
different-shaped clusters, which enhances control over perfor-
mance targets as required.
To examine the effectiveness of the results of the proposed

scenarios in this paper and to compare them with the results
of similar approaches achieved in previous literature, Table 1
presents an extensive comparative study. The table takes
into account a comparison of a set of optimization parame-
ters, including array aperture type, total number of radiating
elements, total number of subarrays, feeding type (amplitude
only, phase only, or both), complexity percentage, optimization
method, and achievement of electromagnetic radiation perfor-

mance goals in terms of beam steering, SLLs reduction, and
null steering (width and depth). This comparison offers a well-
defined design vision of important trade-offs that combine the
robustness of the approach with the balanced adjustment of ge-
ometrically acceptable polygonal clusters. The results shown
in [1–7] demonstrate that the approaches used deal with phased
or complex feeding control of their cluster feeds with the syn-
thesis of different types of array apertures in coordination with
different types of optimization algorithms. This resulted in a
set of acceptable improvements where the complexity percent-
age ranged from 3.6% to 16.7% and the SLLs from−13.1 dB to
−29.8 dB, with the inclusion of the main beam steering feature
in [1–3, 4–7] and the null steering feature in [2, 3]. As for Ref.
[8], although the complexity percentage was greatly reduced
to 1.75%, the achievement of performance goals was some-
what modest, as the SLL was reduced to −20 dB only, with-
out achieving other goals. The use of a feeding system based
on complex excitation has led to more advanced improvements
than other systems, as described in [3] and [6]. The presented
scenarios based on the COA offer highly superior radial and
geometric performance in synthesizing a clustered polygonal
square array aperture. This achieved the required performance
targets with high professionalism, producing a reduction in the
level of the sidelobes ranging from−35 dB to−45 dB and gen-
erating zero null orientation ranging from −80 dB to −180 dB,
with the possibility of directing the main beam with high flex-
ibility. In addition, all the synthetic scenarios achieved a high
reduction in complexity percentage, reaching only 1.7%, which
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TABLE 1. Details in performance of different approaches.

Ref. Array type
#

elements
#

clusters
Feeding
type

Complexity
%

Optimization
method

Performance goals

MBS (◦)
(θ, ∅)

SLL
(dB)

NS
Width
(◦)

Deep
(dB)

[6] Square 64 ∗ 64 16 Phase only 3.9
Adaptive
differential
search

(10, 0) −20 - -

[4] Circular 221 8 Phase only 3.6 CO (0, 0) −20 4 −50

[1] Rectangular 36 ∗ 12 8 complex 3.6 CO (20, 0) −24.5 4 −80

[15] Square 12 ∗ 12 12 complex 16.7
Improved

Algorithm X
(90, 20) −18 - -

[16] Rectangular 22 ∗ 12 8 complex 6.06
L1 norm
convex

optimization
(0, 0) −13.1 - -

[17] Linear 200 14 complex 7
Compressed
sensing

(0, 0) −29.8 - -

[18] Circular 349 8 complex 4.6

Heuristic iterative
convex relaxation
programming
(H-ICRP)

(20, 20) −15.206 - -

[7] Square 20 ∗ 20 9
Amplitude

only
1.75 GA (0, 0) −20 - -

Phase only 1.75 GA (0, 0) −20 - -

Figure 10(c) Square 30 ∗ 30 16
Amplitude

only
1.7 CO (0, 0) −35 4 −80

Figure 11(b) Square 30 ∗ 30 16
Amplitude

only
1.7 CO (0, 0) −35 6 −80

Figure 12(b) Square 30 ∗ 30 16
Amplitude

only
1.7 CO (0, 0) −35 6 −80

Figure 13(b) Square 30 ∗ 30 16
Amplitude

only
1.7 CO (0, 0) −40 4 −180

Figure 14(b) Square 30 ∗ 30 16
Amplitude

only
1.7 CO (0, 0) −40 4 −180

Figure 15(b) Square 30 ∗ 30 16
Amplitude

only
1.7 CO (0, 0) −45 4 −180

makes these arrays practically simple to construct despite their
large number of radiating elements. Due to the variety of sce-
narios, the IPSC architectures provided a significant reduction
in the SLL, reaching −45 dB, with a 4◦ width and −180 dB
depth. While structures (cases 3 and 4) achieved a reduction
of−40 dB, the other structures achieved a reduction of−35 dB
with zero null orientation, a width ranging from 4 to 6◦, and a
depth of−80 dB. In all proposed structures, the main beam was
oriented towards 0◦, with the possibility of orienting it to any
desired angle. The current results demonstrate the robustness of
using the COA in synthesizing polygonal clusters of different
shapes and sizes, which ensures the required convergence and
provides optimal control to achieve the proposed performance
goals.

4. CONCLUSION

Efficient and robust innovative subarray optimization ap-
proaches based on the COA for synthesizing a square antenna
array aperture are presented. Novel array partitioning methods
are proposed based on generating different covering masks
consisting of only 16 clusters in the form of regular and irreg-
ular polygons. A set of cluster polygons with varying sizes
and numbers of sides is constructed to provide segmented cov-
erage compatible with the array aperture dimensions, thereby
producing efficient structures for generating highly restricted
electromagnetic BPs. By relying solely on amplitude-only
feeding and using only 16 clusters, the system complexity was
reduced to only 1.7%. In addition to this advantage, robust
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radiation characteristics were achieved, with a reduction in
the SLL of −45 dB and the generation of broad and deep
nulls of 6◦ and −180 dB, respectively, in some scenarios.
Computer simulation results confirmed the validity of the
proposed scenarios for synthesizing polygonal clusters and
meeting the requirements of highly restricted BPs. Finally, the
performance and capabilities of the approaches were verified
by comparing them with similar techniques in the same field.
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