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ABSTRACT: This paper aims to propose efficient scenarios for constructing subarray structures based on innovative cluster configura-
tions for high-performance beamforming. Two efficient methods, spatial assembly clustered subarray (SACS) and radial section clustered
subarray (RSCS), are proposed for constructing multiple planar antenna arrays. Several array grid shapes were selected, including the
rectangular array (RA), uniformly circular area randomly filling (UCARF), polycycle concentric array (PCA), and circular rectangle
lattice array (CRLA). Synthesizing large arrays requires a high-performance algorithm to ensure error-free tuning. Therefore, the opti-
mization process was assigned to the convex optimization (CO) algorithm. A set of radiation constraints was incorporated to generate
a strong phased beam pattern (PBP) based on the innovative cluster structures, including steering and null steering, and a significant
reduction in the sidelobe levels (SLLs). Complex excitation optimization of the subarray elements was used to meet the requirements of
electromagnetic radiation. Simulation results show that the four topologies using the RSCS method offer better control than the SACS
method in terms of reducing the SLL. The CRLA-RSCS method achieved —82.6 dB, the CRLA-SACS of —60 dB, the UCARF-RSCS of
—45 dB, the PCA-RSCS of —39 dB, and the RA-RSCS method of —35 dB, with the other subarrayed array methods achieving —30 dB.
Regarding the null steering characteristic, the CRLA-SACS method achieved a better depth, reaching —150 dB, than the other clustered
array tiling methods. In all the proposed configurations, the main beam was steered at a 30-degree angle and could be reconfigured as
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required. Therefore, the design of such antenna arrays makes them suitable for modern and future communication applications.

1. INTRODUCTION

hased array antenna system is used in many modern com-
munication applications, such as 5G and beyond, and radar
[1-3]. The operating strategies of these applications require
antennas with high gain efficiency and efficient steering range,
along with a very high drop in the SLLs in their transmitting
and receiving units. For example, some modern radar systems
require high-directional beams and variable-band scanning an-
tennas to ensure the detection of the desired target without gen-
erating dead zones [4]. For this reason, there is a necessary
need for an antenna system with high flexibility in its radia-
tion performance in terms of the main beam steering and the
wavelength spacing between the radiating elements. However,
increasing the size of the radiating elemental antenna system
creates significant problems in terms of power feeding network
design (high system cost), which requires feeding each element
individually, both amplitude and phase [5]. To address such
problems, several efficient simplification techniques have been
proposed, the most important of which is dividing a large array
into co-feeding element clusters, which is called the subarray
technique. This approach is based on reducing the number of
transmit/receive chain units, which are responsible for the com-
plexity of the system in practice.
Recently, steered subarrays have been discussed remark-
ably [6-9]. Such subarrayed arrays are characterized by greatly
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reducing the number of transmit/receive (T/R) units by making
the radiating elements into unified groups that share a single
channel, thus reducing complexity and cost. For phase-specific
subarrays, non-periodicity in the arrangement of clusters is very
important to avoid the generation of troublesome SLL that may
reduce the efficiency of radiation steering. Based on this, two
types of methods for achieving non-periodic SLL have been
proposed by the researchers. The first method involves ar-
ranging the subarrays by creating irregular and rounded shapes
[10—14], while the second method involves non-periodic phase
feeding [15]. Although a beam can be directed with high effi-
ciency by designing irregular subarrays, it leads to significant
design complexity due to the huge number of radiating assem-
blies. In [16], reducing the complexity of an antenna system
by using similar and repeating clusters was proposed. Any-
way, the use of such a subarrayed array is limited and restricted
because it takes the form of fixed clusters. However, design-
ing subarrays with different internal feeds in terms of ampli-
tude and phase can provide an efficient beam scope while re-
ducing system complexity [17]. In [15], partial-directed arrays
were designed in terms of cluster composition and varied feed-
ing to achieve a wide coverage range in the azimuth axis. In
all the previously proposed approaches, the authors attempted
to achieve both phased and unphased beam patterns while op-
timizing the electromagnetic performance requirements of the
antenna system. As mentioned earlier, the use of subarrays in-
troduces problems in the generated pattern due to the aperiodic-
ity of the SLL [18] and grating lobes [19]. To solve these prob-
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lems, different tiling techniques were used and have proven
their optimization efficiency [10]. The techniques used in the
aforementioned research are the creation of different polyomi-
nos, a partially clustered array, a hybrid clustered array, and
the tiling of a quarter of the square array with rotation to the
remaining quarters. Synthesizing the steering main beam sub-
arrays is a challenge among authors as it requires providing a
highly steering beam and high SLL reduction with a few irreg-
ular clusters tiling to avoid systemic and computational com-
plexity. Using clusters in large numbers requires the use of op-
timization algorithms with many iterations, which may result
in a time cost that exceeds the acceptable range. A wide va-
riety of optimization algorithms based on biological or mathe-
matical methods have been developed to address such methods,
including genetic algorithms, swarm intelligence, compressed
sensing techniques, and others. However, as the number of
clusters in the subarray increases, the computational efficiency
of these algorithms deteriorates significantly, even though they
have significantly improved the beam pattern, especially when
the tiling process exhibits irregularities.

In this study, an efficient systematic strategy is presented
for synthesizing two-type cluster tiling configurations on four
types of 2D antenna arrays and comparing them, enabling the
construction of high-performance antenna array systems. The
proposed scenario integrates the framework for designing con-
ventional and unconventional array grids with the creation of ir-
regular and unconventional cluster substructures through adap-
tive distribution of excitation amplitudes and phases. The pro-
posed method facilitates the synthesis of various antenna aper-
ture grids, including RA, UCARF, PCA, and CRLA grids, by
partitioning them using SACS and RSCS, enabling the provi-
sion of an adaptive electromagnetic radiation structure suitable
for large and narrowband complex array systems.

The proposed method offers adaptive synthesis and dynamic
control of a high-performance electromagnetic PBP in terms
of beamforming and damping using the CO algorithm. Conse-
quently, this combination results in easy beam direction with
high-precision focusing at the required coverage angles. Si-
multaneously, the SLL power is dampened by interference sig-
nal suppression through the generation of deep zero regions.
This optimal electromagnetic performance allows the designer
to synthesize a flexible beamforming in terms of beam scanning
with high efficiency across various subarrayed array apertures.
Furthermore, the complex excitations of the proposed clustered
arrays are flexibly controlled by a balanced dynamic distribu-
tion of the subarrays. The entire approach was supported by the
MATLAB environment.

2. THEORY AND OPTIMIZATION MODEL PROCESS

Assume a 2D array matrix composed of N x M isotropic ele-
ments uniformly positioned (equal distance between any two
successive elements) along the x and y axes. Each element
in the array has an independently distinct excitation amplitude
and phase. Based on the above, the hypothetical mathematical
model for the array factor (F) of the 2D array can be expressed
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as follows [14]:

(M

where I,,,,, is the complex (amplitude and phase) excitation; A
is the wavelength of the center frequency; d = d, = dy =
0.5\, u = sinfcos ¢, and v = sinfsin ¢ are the elevation
and azimuth planes, respectively; (u,,v,) refer to the steering
main beam direction. To prepare the grid configuration for the
2D array, a mathematical equation is considered in terms of its
standard spatial dimensions with respect to A, which is defined
as follows:

G={(@n ym)hnm_  CR:, NxM=I|G| ()

Based on the parameter structure shown in Eq. (2), the array fac-
tor model enables the construction of various 2D arrays, such
as rectangular, square, triangular, hexagonal, and circular con-
figurations. However, to enable fair comparisons in terms of
array dimensions, RA, UCARF, PCA, and CRLA array struc-
tures were constructed. The minimum bound integer is repre-
sented by the symbol |-|. For each geometric grid, the space
area of the array can be expressed using a mathematical model
derived from the parameters specified in Eq. (2). The construc-
tion process begins by studying the RA grid configuration as
shown in Fig. 1(a), where RA is constructed as follows:

ZTg,p =0ady, a=0,1,...,N -1 3
Ya,b =bdy, b=0,1,...,. M —1

RA=NxM (4)

For the UCARF configuration as shown in Fig. 1(b), the radius
(R) is defined as:

Ndg(or Md,)

R= 2

®)

It is specified at random angles (6 or ¢ ~ [0, 27]) within the
radial coordinates (u, v) using a sampling limit in a regular cir-
cular space (7', or m = Ry/Un, OF \/Ur, ) as follows.

Ty = Ty, €OS 0, OF Yy, = Ty SING,,

(6)
As shown in Fig. 1(c), the PCA is defined as a regular concen-
tric ring pattern of multiple circular rings that share the same ge-
ometric center with varying and symmetrical diameters. Math-
ematically, a polycycle can be expressed as a chain equation
according to the number of rings as follows:

Ry, = [Tl% = le + y?rz'(xnvym)] (7)

where r? is the radius of the rings kth ring in the PCA (rj41 >
ri). All elements in the rings are arranged equidistant from
each other such that:

2mn  2mm
Yre,norm = 77— OF
N, M,

®)

k
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FIGURE 1. Imagination of the 2D array grids for the four topologies, (a) RA, (b) UCAREF, (c) PCA, (d) CRLA.

So,

n = U dew COSYry,n OT Ym = U dey COSYri,m (9)

Tk Tk

Finally, the CRLA grid can be defined as a grid consisting of
a set of points distributed over a surface area consisting of two
vectors of equal length with an alternating angle of 60° (see
Fig. 1(d)). This topology can be expressed mathematically as:

(xna ym) = (ndac + mdy)
(10)

(n42)” + (may)* < R

The electromagnetic radiation generated by the four array
grids can be expressed using the array factor model in Eq. (1).
In this model, the combination enables the construction of an
undirected beam pattern by optimizing the excitation weights of
the array elements individually (high complexity) while main-
taining the inter-element spacing constant, as discussed above.
From here, the idea of partitioning the array elements into
smaller subarrays can be considered, which reduces the com-
plexity of the overall antenna structure, both practically and
computationally. An important consideration when synthesiz-
ing clustered arrays is to preserve the radial characteristics of
the patterns, as in the case of fully synthesizing arrays. Car-
less partitioning can lead to undesirable engineering problems,
such as the generation of prominent periodic SLL, formation of
grating lobes, failure to generate null steering, and, most im-
portantly, difficulties in steering the main beam to the required
coverage angles under the constraints imposed by the clustered
subarray structure. Accordingly, in this study, two types of
subcluster partitions are proposed to encompass the geometric
configurations of the four array grids. Let g be the number of
cluster subarrays, which is adaptively determined by both the
quantity and geometric configuration of the submatrices, and is
expressed as follows:

s:{Ll,...,N} {1,..., M} = {1,...,Q},
s(n, m) =clustered subarray index of elements NxM (11)

To establish clustered subarrays under different structural con-
figurations, the centers of the subarrays were designated as fol-
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FIGURE 2. The suggested SACS architecture.

Two cluster splitting models, which include four array grids, are
presented to facilitate the design of high-performance electro-
magnetic planar arrays capable of generating customized PBPs.
In the first clustered subarray method, the main array elements
are adaptively segmented into tightly packed subarray clusters
based on the spatial proximity of the radiating elements. This
can be referred to as SACS, as shown in Fig. 2. This segmenta-
tion ensures that the structural density of the element clusters is
nearly equal, guaranteeing a largely balanced spatial coverage
across the array aperture. Providing a stable performance of
the radiated PBP against the random excitation distortions gen-
erated by the synthesis of regular clusters, as discussed in the
Introduction. The SACS approach offers a stable and electro-
magnetically efficient pattern with the ability to be reconfigured
as required. To achieve such radiation specifications, highly
flexible dynamic subarrays must be constructed that precisely
manage spatial variation and can be applied to various types of
two-dimensional apertures. Then, the mathematical model of
the SACS method can be represented as:

N M 2

. T
min z,y - 55 n,m H
{5q},s<.>7;7;H[ P = Ostmam

A second partitioning method based on radial plane shapes with
varying radial distributions, called RSCS, was considered. In
this architecture, the partitioning process relies on spatial con-
figurations, where subarrays are constructed by arranging ele-
ments into expanding diffusion clusters. These clusters were
partitioned according to the type of aperture in the array, ei-
ther diffusion from the center to the edges or from the bot-
tom to the top, as illustrated in Fig. 3. This architecture pro-
vides coherent angular diffusion cluster structures in the ar-

(13)
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FIGURE 3. The suggested RSCS architecture.

rangement of radiating elements based on the principle of ra-
dial diffusion, thus offering adaptive flexibility in synthesizing
radial coverage patterns. This leads to the generation of un-
equal cluster sizes with irregular spatial densities, particularly
near the edges of the aperture. To illustrate this principle, let
Brnm = atan2(x,y) € [0, 27), then:

(14)

= [o%2]

2T

Once one of the 2D array grids and one of the two cluster subar-
ray block types are identified, the two structures are combined
through a unified array factor model, which is then incorpo-
rated into the excitation optimization process. As previously
mentioned, Q € RV*M where:

0 1, if the elements n x m belongs to subarray S,
9730, otherwise

(15)
Accordingly, the matrix representing the effective cluster
weights is expressed as:

Eq. (16) is combined with Eq. (1) to enable the synthesis of
a clustered subarray-based array grid structure within the real-
time optimization process. To achieve effective control of the
generated PBP, an array factor model is designed with a set of
control constraints that force the generated electromagnetic pat-
tern to steer the main beam in the desired direction with high
directivity, significantly reduce SLLs in other directions, and
impose wide and deep zero null-steering in specific directions
during the real-time optimization process. The main beam is as-
sumed to be directed along (ups, Vps) = (Ops, Pps) With a half of
BW /2, such that the main beam orientation can be represented
in terms of the angular parameters (6, ¢) as:

Gbs = [gbs -
¢bs - [¢bs -

BW /2, 6y, + BW /2] '
BW /2, ¢ps + BW /2] a7

During the array optimization process, a specific parameter,
BW , was fixed to regulate the width of the main beam, whereas

14

the SLL was constrained by the specifications along the eleva-
tion and azimuth axes, assuming that the two axes were sym-
metrical as follows:

Osrr={0:0<0ps—BW /2—€}U{0:0> 0, +BW /2+€}

={0:0<ps—BW/2-5}U{¢:¢ > s+ BW /2 + &}
(18)

Here, £ denotes the prescribed SLL that must be attained in the
synthesized PBP. The zero null-direction strict, on the other
hand, is determined by forcing the array operator to be zero
(i.e., F(uns, vns) = 0), as expressed by:

F(u’ns; Uns) = [F(ensa ¢ns)] e NxM (19)

Ultimately, the task of synthesizing the above mathematical set-
tings and concepts is assigned to the CO algorithm as follows:

F(u,v) finat = a(u,v) { nm} (20)

where a(u, v) = exp(jZEd((n—1)(u—uo)+(m—1)(v—1,))).
The final normalization of Eq. (20) can be expressed in dB scale
as:

F(U, U)final
max [F(u, v) finai

F(u,v)qs = 20log (21)
The proposed strategy aims to formulate a compliant PBP for-
mation problem based on the three required constraint behav-
iors (main beam steering, SLL reduction, and deep and wide
null steering) as an advanced model that provides a solution to
the array pattern performance problem.

maﬁmizeé

subject to: RU{IZ N aluupe, vs)) > £, V(0,6) € (Boss 1)
’{Inm USLLaUSLL)‘<§a V(0,¢)€(0sLL, psLr)
(12,3 @i, vs)| <6, ¥(6,6) € (Bus, d0s)
152, <

(22)

where SLL = 10735 and ns = 10~ 3. 11%,,]l2 < 1 indicates
the threshold value allocated to express the total input power of
the clustered subarray elements.

3. SIMULATION RESULTS

To demonstrate the significance and effectiveness of the pro-
posed approach, assume the initial use of an RA with 30 X
40 elements evenly distributed along the two axes. This ar-
ray was then subdivided into two proposed subarrays, RA-
SACS and RA-RSCS. The design of the other array aper-
tures was then considered to construct the following config-
urations: UCARF-SACS, UCARF-RSCS, PCA-SACS, PCA-
RSCS, CRLA-SACS, and CRLA-RSCS. In all the proposed
optimized configurations, complex excitation optimization was
employed to achieve the best possible electromagnetic perfor-
mance. Likewise, all combinations adhered to the constraints
imposed by the algorithm as follows: (0ps, dps) = (30°,30°),
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FIGURE 5. Numerical computing investigation: results of test 1 (RA with RSCS), (a) amplitude clusters distribution, (b) phase clusters distribution,

(c) PBP.

& = —30dB, BW = 5, and 50° of null steering of 20 width and
—120dB deep. These constraints are used as reference char-
acteristics to achieve a high-performance PBP and perform a
comparative analysis across the four array grid configurations
under the proposed cluster block structures. A series of empir-
ical trials were performed based on the number of synthesized
structures, with each structure being executed multiple times to
confirm the validity of the proposed method for synthesizing
the constrained PBP resulting from the tiling of the proposed
subarray structures. To clarify the vision and interpretation of
the results in all scenarios, the resulting PBP from the combina-
tions was plotted on two axes (azimuth axis) rather than three
axes.

Testl: First, the SACS method was applied to the RA as
shown in Fig. 2. Based on the initial configuration, this ar-
chitecture presents a homogeneous cluster distribution model.
Within the constraints imposed by the algorithm, this architec-
ture demonstrated its ability to adapt to these limitations, result-
ing in precise main beam orientation of 30° with a beamwidth of
approximately 5°, SLL of —30 dB, null steering at —50° with a
beamwidth of 20°, and a depth of approximately —139 dB (see
Fig. 4). Owing to the intelligent and homogeneous distribution
of the subarrays, spatial distributional balance was achieved
among the elements within the clusters, with no overlap or any
element being excluded from any cluster within the main aper-
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ture boundaries. In contrast, the RSCS architecture offers better
control of the constraints by maintaining the orientation of the
main beam and reducing the SLL by 5 dB for the same aperture
(see Fig. 5). Regarding the zero-null depth, the first method
had greater control than the second, generating a depth 19 dB
deeper.

RSCS reduced the dispersion of the SLLs by 5 dB compared
with that of the SACS. This reduces the spatial adaptability of
the clustered subarrays but enhances the PBP accuracy within
the specified corner compartments. Therefore, SACS pool-
ing demonstrated the ability to generate a significantly deeper
null region spatially, achieving significant destructive interfer-
ence and enhancing interference signal attenuation to a depth
of —139dB. The second clustered subarray, RSCS, produced
mostly constant angular profiles in specific directions, thus
providing slightly wider gap regions in the PBP than the first
method, resulting in narrower suppression zones. The SACS
configuration provided a deeper null region, demonstrating an
improvement in the strong null depth for the same direction of
approximately 19 dB compared to the RSCS.

Test 2: As shown in Fig. 6, the UACREF, which uses SACS,
provides an improved adaptive capacity for forming random
clusters within the grid overlay based on the complex feeding of
each cluster, allowing greater cluster configuration flexibility in
the spatial assembly of the array topology. Despite the random

WWwWw.jpier.org



Hussein and Abdulqader

© of A 1
2 -20
1 -40
o
T 60
0
o 8o} Beam Pattern
1 o Main Beam Region )
) 100k - - - Beam Direction
Null Region
-2 120 F SLL
i
3 -140 - L L L e
-100 -50 0 50 100

0 (deg)

FIGURE 6. Numerical computing investigation: results of test 2 (UACRF with SACS), (a) amplitude clusters distribution, (b) phase clusters distri-

bution, (c) PBP.

(€Y
6 0.9
4l 08
07
2r 06
< ot 0.5
>
04
2F
03
4r 02
6 0.1

©
0
f
2 1
=20 !
1
1
1 -40 i
o \ I
Z 60 '
0 o H
'
E -80
—Beam Pattern
-1 -100 f Main Beam Region
- - - -Beam Direction
-120 F Null Region
2 sLL
-140 = L L L L L
-100 -50 0 50 100
0 (deg)

FIGURE 7. Numerical computing investigation: results of test 2 (UACRF with RSCS), (a) amplitude clusters distribution, (b) phase clusters distri-

bution, (c) PBP.

arrangement of elements within the aperture and the subsequent
random arrangement of clusters, this approach demonstrated its
ability to handle the strict constraints imposed by the algorithm,
reducing the level of the imposed sidelobes to —31 dB. It also
provided the necessary protection for the main beam against
distortions resulting from the random distribution of elements
and clusters.

In the second architecture, because the target aperture is cir-
cular, the longitudinal angular clusters are formed as rays em-
anating from the center of the array to its edges, resulting in
subarrays that are different from those of square and rectan-
gular apertures. It gives the array a distinctive geometric con-
figuration, as shown in Fig. 7. This combination resulted in
an arrow-shaped spatial distribution of elements, including the
clustering of different excitation weights within a cluster. This
arrangement of elements was better than that of the first method,
significantly reducing random distances. Therefore, a high-
performance pattern was formed, particularly in terms of reduc-
ing the SLL to more than —45 dB (approximately 15 dB com-
pared to the first method), while maintaining other constraints.
This improvement is attributed to the similarity of the amplitude
and phase excitation cluster structures in terms of geometric
distribution, in addition to the lower complexity of the cluster
structure.

Test 3: In this test, the elements in the clusters were ar-
ranged as circular, uniformly contained, randomly arranged
spatial blocks (i.e., SACS) within PCA. This resulted in a PBP
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with electromagnetic performance that perfectly met the algo-
rithm’s constraints, as shown in Fig. 8. Conversely, the sec-
ond cluster architecture (i.e., RSCS) imposed a mostly linear
cluster arrangement, leading to a pattern that exceeded the con-
straints in terms of the SLL, achieving a reduction of —40dB
while maintaining the other properties as specified, as shown in
Fig. 9. This method exhibited minimal scattering in the element
distribution, as some elements were left without clustering, par-
ticularly in areas far from the center. However, the number of
scattering elements was fewer than the total number of elements
in the array. This could be a drawback from the design of the
feeding network, as each element requires individual synthesis
away from the cluster feeds. However, this can be mitigated by
disabling them (i.e., setting them off) since they carry a lower
excitation weight than elements near the center.

Test 4: In this case, as in the other structures, the elements
were arranged according to the proposed cluster structures, as
shown in Figs. 10 and 11. These structures produced a high-
performance PBP that far surpassed those of the other struc-
tures. The CRLA-SACS achieved an SLL of —60dB and a
null depth of —120 dB, whereas the CRLA-RSCS achieved a
reduction of —82.6 dB SLL with a null depth of —150 dB. This
superiority stems from the dynamic structure of the hexago-
nal topology, which combines the distribution of elements in
square, rectangular, circular, and triangular shapes.

To demonstrate the robustness of the proposed cluster syn-
thesis methods, the obtained results were compared with each
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other and with results obtained from other literature stud-
ies[15,20-23], as shown in Table 1. The comparison was based
on several different subarray synthesis scenarios and consid-
ered design and radial characteristics such as antenna system
complexity (number of feeding network components), beam
orientation, SLL reduction, null orientation, and the type of al-
gorithm used. Based on the comparison parameters shown in
the table, the advantages of the proposed approaches can be
seen in terms of design simplicity and efficient results. Some
literature, as shown in [15, 20, 21], relied on optimizing a single

results of test 4 (CRLA with SACS), (a) amplitude clusters distribution, (b) phase clusters distri-

excitation (amplitude or phase) in the clustered subarray syn-
thesis process, achieving results in reducing the SLL by values
ranging from —18 to —28.25 dB. However, in terms of reduc-
ing system complexity, Ref. [20] achieved a reduction of only
1.6%. This percentage is very small (and a very ideal case), but
it was achieved at the expense of the SLLs, resulting in a slight
reduction compared to the other references. This is because the
degrees of freedom in the algorithm used were affected, nega-
tively impacting the resulting pattern, since dealing with subar-
rays requires highly sophisticated geometric calculations. The
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TABLE 1. Performance comparsion between the proposed methods and related studies work.
Array | Clustered . . Optimization Main N“?‘
Array Number of | Excitation | Complexity . SLL steering
Ref. element | subarray algorithm beam -
type . subarrays type (%) i (dB) | Width | Deep
size type type steering?
(Deg.) | (dB)
Tetromi Invasive weed
[15] | Square | 32x32 | CoOmHO 49 Phase only 9.6 optimization yes | —18 | - -
subarrays
(IWO)
Amplitud
[20] | Square | 35x35 | K-means 10 mp ; ude 1.6 ISODATA No |-—28.3
only
] Local and
[21] Square 20 x 20 |Nonuniform 122 Phase only 61 yes —20 - -
global
Polyomino
[22] Square 12 x12 | (Land T) 10 Complex 27.7 Algorithm X yes —-18 - -
shaped
Irregular
[23] |Rectangular| 22 x 12 domino- 231 Complex 43 GA yes —18.8 - -
shaped
[this
RA 40 x 30 SACS 30 Complex 6.6 CO yes —-30 30 —139
work]
[this
RA 40 x 30 RSCS 30 Complex 6.6 CO yes —35 30 —-120
work]
thi 900
[this ;A cRF SACS 30 Complex 6.6 co yes | —30 | 30 |-119
work] elements
thi 900
[this ;A cRE RSCS 30 Complex 6.6 co yes | —45| 30 |—119
work] elements
[this | pep 900 SACS 30 Complex 6.6 co yes | —30 | 30 |—120
work] elements
thi 900
[this | pep RSCS 30 Complex 6.6 co yes | —39 | 30 |—120
work] elements
thi 900
[this | ppa SACS 30 Complex 6.6 co yes | —60 | 30 |—120
work] elements
thi
[this | cpra 900 RSCS 30 Complex 6.6 co yes | —82.6| 30 |—120
work] elements

solution to this negative impact was to synthesize complex exci-
tations when constructing clusters. This is observed in [22, 23],
although they did not fully utilize this processing. The avail-
able results in these two references were around —18.4 dB as
an average value, along with a systemic complexity of 43% in
Ref. [23]. Another important factor affecting the results of [23],
which did not allow for the full exploitation of the availabil-
ity of complex trigger enhancement, is its use of a GA that
requires high computational settings and presents algorithmic
convergence challenges. In addition, a very important factor
that previous literature has not considered is the null steering
generation process.

High-performance radiation was achieved in the proposed
scenarios. Unlike the literature listed in the table, a con-
vex mathematical algorithm was used with cluster synthesis
methods to produce the desired pattern under strict constraints.
Comparing the results of previous studies with those of all
methods used in this study, the proposed cluster structures

18

demonstrated their robustness in achieving the imposed radi-
ation characteristics with high precision. Under the constraints
outlined in Eq. (21), all methods achieved the main beam ori-
entation at 30° with the possibility of reorientation in any de-
sired direction. Regarding the sidelobe leveling characteristic,
the CRLA-RSCS method achieved the best SLL reduction at
—82.6 dB, followed by the CRLA-SACS structure at —60 dB.
Other methods, such as the UACRF-RSCS structure, achieved
—45 dB, whereas the remaining methods ranged between —30
and —39 dB.

Regarding the zero-zone orientation (null steering) charac-
teristic, the CRLA-RSCS structure achieved a depth of ap-
proximately —150 dB, the RA-SACS structure approximately
—139dB, and —120dB in the other cases, along with a zero-
zone width of 30° for all the methods. Regarding systemic com-
plexity, all methods achieved very low levels despite the use of
complex excitations in the synthesis process, with a complexity
percentage of 6.6% across all proposed methods.
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FIGURE 11. Numerical computing investigation: results of test 4 (CRLA with RSCS), (a) amplitude clusters distribution, (b) phase clusters distribu-

tion, (c) PBP.

4. CONCLUSION

This study proposes two novel approaches for robust subdi-
vision cluster structures, SACS and RSCS, for slicing four
different types of known array aperture grids: RA, UACREF,
PCA, and CRLA grids. In all composite array grids, the RSCS
method outperformed the SACS method in achieving high pat-
tern performance due to its spatial distribution property based
on a radial distribution. The proposed structures are built upon
strict radial specifications, such as main beam steering, signifi-
cant reduction of SLLs, and highly efficient zero-zone steering,
in conjunction with an efficient optimization algorithm such
as CO. All structural scenarios successfully met the strict con-
straints, and some methods significantly exceeded these con-
straints, as shown in the simulation results section. Regarding
radial steering, all subarrayed arrays adhered to this constraint
with negligible distortion. The results regarding the reduction
in SLLs varied among the clustered constructs. The CRLA-
RSCS method achieved a reduction of —82.6 dB, whereas the
CRLA-SACS method achieved —60 dB, with lower reductions
in the other methods. Conversely, regarding the zero null-
direction properties, the CRLA-RSCS method achieved a depth
of —150dB, compared to —120 dB in the other methods. Fur-
thermore, all the constructs adhered to a 30° null steering width,
which is a crucial characteristic for precise applications that is
difficult to achieve in subarrayed array synthesis. The most im-
portant aspect of these proposed methods is achieving a very
low systemic complexity (low cost) compared to previous stud-
ies, as shown in Table 1. The design of such constructs (all sub-
arrayed array grid cases) is innovative and meets the require-
ments of modern communications, e.g., 5G, radar for high-
performance beamforming.
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