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ABSTRACT: A partition optimization strategy (POS) based on the differential evolution (DE) algorithm is proposed for low sidelobe
synthesis of sparse linear arrays (SLAs). The approach starts by dividing the array aperture into a centrally symmetric full zone and
several sparse subzones, where elements are fully arranged in the former zone and sparsely populated in other zones. Then, by introducing
random parameters, including a full-zone adjustment factor, sparse subzone reduction factors, and sparse subzone filling factors, both the
size of the full zone and the array aperture, as well as the total number of elements, could be dynamically adjusted. Next, for each sparse
subzone, two random parameters are introduced to generate a nonuniform vector based on the 1D Rastrigin function so that the elements
within the current zone are non-uniformly arranged by using the components of the vector. Finally, all the aforementioned parameters
were optimized by the DE algorithm to find the SLA with reduced sidelobe level. Numerical simulations demonstrate that this method can
reduce the SLAs’ sidelobe level by 0.37~4.34 dB along with the decrement of the number of elements by about 0.7%—15.0%, compared

to the published reports.

1. INTRODUCTION

parse array (SA) refers to an array configuration in which

the elements are randomly distributed within the aperture.
It helps reduce system weight, hardware cost, and element mu-
tual coupling by using SAs, thereby finding applications in
fields such as radar detection, satellite communication, and
radio astronomy [1-3]. Over the past few decades, exten-
sive research has been conducted in the pattern synthesis of
sparse arrays. Commonly used algorithms include heuristic op-
timization algorithms (HOAs), such as ant colony optimiza-
tion (ACO) [4], genetic algorithm (GA) [5], and differential
evolution (DE) [6, 7], as well as some hybrid algorithms that
integrate with HOAs [8—12]. Moreover, other methods, such
as almost difference set (ADS) algorithms [13, 14], iterative
Fourier technique (IFT) [15,16], iterative chirp-z transform
technique (ICZT) [17], matrix mapping method [18, 19], and
Bayesian compressive sampling (BCS) [20, 21], have also been
proposed.

To the best of our knowledge, although the aforementioned
methodologies have shown good performance in the pattern
synthesis of different types of SAs, most of them require the
total number of elements and aperture size to be predetermined.
The operation is not conducive to improving the performance
indexes of sparse arrays with the minimum number of elements
and the best aperture size. To address this issue, Wang et al. [12]
proposed a new strategy named partial density tapering (PDT)
for the synthesis of sparse planar arrays. According to PDT, the
2D aperture is divided into a series of concentric loops that have
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the same shape as the aperture, and the elements could only be
equipped on these loops. Further, the loops near the center of
the array are fully populated, whereas the peripheral loops far
from the center are sparsely arranged. Consequently, the num-
ber of elements to be optimized is significantly reduced, and
the element layout always maintains a density-tapering distri-
bution. For the aforementioned reasons, this strategy not only
greatly reduces the computational burden of the HOA, but also
effectively avoids infeasible solutions.

In this paper, inspired by the method in [12], we propose
a partition optimization strategy based on differential evolu-
tion (POSDE) for the low-sidelobe synthesis of sparse linear
array (SLA). Firstly, the array aperture is divided into a cen-
trally symmetric full zone and a certain number of sparse sub-
zones (SSZs). In the full zone, the elements are fully arranged,
whereas in SSZs, they are sparsely equipped. Then, by in-
troducing random parameters, such as a full zone adjustment
factor and a sparse subzone reduction factor, the dimensions
of both the full and sparse zones are simultaneously reduced,
thereby achieving a reduction in the overall array aperture size.
Further, a set of filling factors that describe the number of ele-
ments accommodated in all SSZs is introduced so that the total
number of elements in SLA can be dynamically adjusted via
optimizing the filling factors between fixed upper and lower
bounds. Moreover, in order to arrange the elements in SSZs,
two random parameters are introduced for each SSZ to generate
a uniform vector. Then, the vector is mapped to a nonuniform
vector by using the 1D Rastrigin function, and the elements of
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the SSZ are non-uniformly arranged by using components of
the latest vector.

Finally, all the aforementioned parameters are optimized by
the DE algorithm to find the best design with reduced sidelobe
level. Some numerical results for different SLAs are presented
and compared with the published reports to demonstrate the ef-
fectiveness of the proposed method.

The paper is organized as follows. Section 2 describes the
formulation of the POSDE. Section 3 provides several numer-
ical examples to validate its performance, and Section 4 con-
cludes the work.

2. FORMULATION OF THE PROPOSED METHOD

Assume a linear array consisting of N isophoric elements
placed along the z-axis. The pattern of the array can be ex-
pressed as

N-1

E An 6jkuzn
n=0

where k is the wavenumber; u = sin 8; 6 is the angle between
the far-field direction and the array normal; A,, and z,, repre-
sent the excitation and coordinate position of the n'" element,
respectively. Furthermore, we assume that the elements are fed
with equal amplitudes, thus, A,, can be regarded as 1.

F(u) = (1
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FIGURE 1. Schematic diagram of aperture division for sparse linear
array.

Considering a linear array with the initial aperture length
equal to a (the unit is A, which stands for a wavelength, and
the same applies hereafter), we divide the aperture into three
zones: a full zone and two sparse zones. All zones are symmet-
rical with the aperture center as the reference point, as shown in
Figure 1. If we denote the minimum value of element spacing
as d, then the full zone means that the elements are uniformly
populated with spacing d, while the sparse zone corresponds to
the configuration in which the elements are randomly arranged
with element intervals greater than d. To determine the size of
the full zone, we define € as the full zone adjustment factor.
Therefore, the initial length of the full zone is

b=a-e, foree[0.2,0.6]

2
Accordingly, the number of elements that can be accommo-
dated in the full zone is expressed by

G =2-int(0.5-b/d) 3)

where G is an even number, and int(A) denotes the nearest in-
teger less than or equal to A. The element positions within the
full zone are recorded as

Trg==%(g—0.5)-d, forg=1,2,---,G/2 (4)
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According to Eq. (4), the coordinates of the element locations
on the left and right edges of the full zone can be denoted as

ing/g = i(G/2—05) -d (5)
Hence, the actual length of the full zone is
V=2-(G/2-05)-d 6)

By comparing (2) and (6), it can be seen that b > b’. In other
words, the actual length of the full zone was somewhat reduced
compared to its initial value. Therefore, the lengths of the two
sparse zones beside the full zone shown in Figure 1 are both

n=(a—"V)/2 (7
Furthermore, both the sparse zones are divided into M SSZs of
equal length. As a result, a total of 2M SSZs were generated,
and we numbered them sequentially from 1 to 2, as shown
in Figure 1. The length of an individual SSZ is

l=n/M ®)

Correspondingly, the maximum number of elements that can be
populated in an SSZ is:
t =int(l/d) ©)

To determine the number of elements in the SSZ, we define
the filling factor as the ratio of the actual number of elements
in the SSZ to the number of elements when the SSZ is fully
populated. Then, a vector constituted by the filling factors of
all SSZs is introduced and described as

f:[fhf%"' (10)

where the component f,,, m = 1,2, ...2M represents the filling
factor of m" SSZ. Further, let f,,, be varied within the specified
upper and lower bounds; thus, we have

fmingfmgfmaxa form:172u"'72M

Accordingly, the number of elements accommodated in m"
SSZis

I fugn, o fau)

(11)

h

qm = floor(t - f,), form=1,2,--- 2M  (12)

To illustrate the method for reducing the aperture size, we con-
sider the m™ SSZ as an example. First, place all the elements
within the current SSZ from left to right with an interval of d;
thus, the initial positions of those elements can be described by
the vector

X0 — %+(m71)-l+’y-d, form < M
m —[%+(m—M—1)~l+7-d7 else

(13)

where ~ represents the vector {1,2,---,¢,}. For conve-

nience, the size occupied by these elements is denoted as 7,,, =
Gm - d. Therefore, the residue of the m™ SSZ, which describes
the unoccupied part of the current zone, can be expressed as

(14

Figure 1 shows the schematic diagram of aperture division for
SLA and describes the difference between 7,,, and 6,,,, where
the symbols “e” denote the elements. Further, a reduction fac-
tor o, € (0,1) is introduced to reduce the length of d,,, and

Oom =1—Tm
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thereby the residue of m™ SSZ is updated as

8 =0m Om, form=1,2--- 2M (15)
According to (14), the length of m™ SSZ is reduced to
U, =68 +Tm (16)

Hence, the element locations described by (13) are updated to
the vector

%4—7 d, form=1
%—i—i U, +~-d, for2<m<M
. h=1
Xin = % } form=M-+1
. S yed| ) for M4z <m< oM
h=M+1

(17)
After all SSZs are reduced according to Egs. (15)—(17), they
are connected end to end to compress the overall aperture of
the SLA.

Since the arrangement of elements in SSZs described by (17)
is not conducive to suppressing the sidelobe level of SLA, it is
necessary to find a strategy that enables a nonuniform distribu-
tion of elements within the SSZ to suppress the array’s sidelobe
level. However, to realize a random element arrangement in
SSZ, it is usually necessary to introduce the same number of
random variables as the number of elements in the current SSZ.
Consequently, the lengths of different individuals to be opti-
mized are inconsistent, which makes intelligent optimization
algorithms unusable. For this reason, two random variables are
introduced for each SSZ to realize a nonuniform arrangement
of the elements using the 1D Rastrigin function. For a detailed
illustration, we still consider the m™ SSZ as an example. The
function of 1D Rastrigin can be expressed as

v(x) = 2% — 10 cos(2mz) + 10 (18)

with z € (—o0, +00). Figure 2 describes the variation curve
of the function within the interval (—4, 4). Firstly, two random
parameters, labeled as ¥,, and &,,,, are generated in between the
interval (—4, 4) with 9,,, < &,,,. Then, a uniformly distributed
vector is generated and recorded as

Ym = lins (ﬂmvgmaqm) (19)
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FIGURE 2. Diagram of 1D Rastrigin function.
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Eq. (19) describes a set of coordinate points that are evenly
spaced along the x-axis from 9,,, to &,,,, and the total number of
points is g,,. Then, the vector y,,, is mapped to a nonuniform
vector by substituting it into (18); thus, we obtain a new vector

Vi = 0(Ym) (20)

Next, with the components of V,,,, the residue ¢/, is divided
into g,,, unequal parts, which can be expressed by the vector

o7, - cumsum(V,, )
sum(V,,)

AV,, = 1)

where sum(-) and cumsum(-) represent the summation and cu-
mulative summation of the components in vector V,,,, respec-
tively. The components in vector AV,, represent the incre-
ments of the element positions of the m™ SSZ, in order from
left to right. Therefore, by assigning AV,, to (17), the latest
element coordinates of the m™ SSZ are updated as

v
5 +7v-d+ AV, form=1

%+Zl +~-d+AV,,, for2<m<M

X2 = [ +’y-d+AVm]7f0rm:M+1
, m—1
%+ X U+v-d+AV,
h=M+1

for M +2<m<2M

(22)

Because the 1D Rastrigin function is non-periodic and ex-
hibits high-frequency oscillations, its values are extremely sen-
sitive to small changes in the independent variable. This sensi-
tivity leads to large fluctuations in the function value over any
random interval, which, in turn, causes the element locations
in the m™ SZZ determined by (22) to exhibit greater random-
ness. As a result, the element positions described by Eq. (22)
are non-uniformly distributed, which is conducive to suppress-
ing the sidelobe level of SLA.

By applying the procedures described in (13)—(22) to all
sparse subzones, a random distribution of elements is achieved
in all SSZs. Additionally, because each SSZ requires only two
random variables to control the element layout within the same
partition, heuristic algorithms can be used so that the lengths of
different individuals remain consistent during the optimization
process. Based on the above analysis, the parameters involved
in the aforementioned procedures, such as the full zone adjust-
ment factor e, minimum element spacing d, filling factors of all
SSZs, and reduction factors, are combined to form the individ-
ual vector as

X = {Eadaflmea"' af2M7013027"' 70-2Ma1917192a"' )
Yanr, €1, €2, €anr } (23)

where d belongs to [0.5A, 0.55A]. Finally, the individual is opti-
mized by employing the differential evolution algorithm to sup-
press the sidelobe level of SLA.
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FIGURE 3. Synthesis for symmetrical SLA with an aperture length of 45.96\. (a) The convergence curve of the fitness value, (b) the far-field pattern,

and (c) the distribution of element locations.

3. NUMERICAL EXAMPLES

To illustrate the effectiveness of the proposed method, some
numerical instances for SLA of different sizes are presented and
compared with published reports. The population size was set
to 100, and the number of evolutions was 500. Unless otherwise
specified, the filling factors of all SSZs are constrained within
the range (0.3, 0.8).

3.1. Symmetrical Sparse Linear Array

Considering a symmetrical SLA with an initial aperture length
of 49.5)\, we set the number of SSZs equal to 4. However,
because the array is symmetrical about its center, only two
SSZs are independent. By using this method, an SLA with a
sidelobe level of —24.86dB and a 3 dB beamwidth equal to
1.318 degrees was created. The convergence curve in Fig-
ure 3(a) depicts the fitness value versus the number of genera-
tions, together with Figure 3(b) describing the far-field pattern
of the best SLA. The effective aperture length, minimum ele-
ment spacing, and total number of elements in this array were
45.96), 0.5027), and 68, respectively. Compared with algo-
rithms such as ACO [4], IFT-DE [9], and the modified iter-
ative Chirp-Z transform (MICZT) [17], the proposed method
achieves the sidelobe reduction 0of4.34 dB, 1.3 dB, and 3.99 dB,
respectively. In addition, the aperture size is reduced by up to
3.54)\, whereas the number of elements is decreased by 10.5%—
15%. Figure 3(c) shows the element distribution of the SLA,
where the ordinate represents the normalized amplitude of the
element excitations.

If the initial aperture length is increased to 99.5\, we set
the number of SSZs to 6. The SLA obtained by this method
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has an effective aperture length of 91.03\. In addition, the
sidelobe level is —26.71 dB, which shows sidelobe reduction
of 1.84~3.85dB with almost no sacrifice of beamwidth, as
compared to reports of the novel binary differential evolution
(NBDE) [6], differential evolution and 1évy flight (DELF) [7],
IFT-DE [9], IFT [15], probability tapering IFT (PTIFT) [16],
and MICZT [17]. Nevertheless, the number of elements re-
quired by this array is 126, which is six less than that obtained
by the other methods. Figures 4(a) and (b) show the conver-
gence curve of this synthesis and the farfield pattern of the best
SLA, respectively.

Furthermore, if we take the same initial parameters as in the
previous instance but simply change the range of filling fac-
tors from (0.3, 0.8) to (0.4, 0.9), the radiation pattern of the ob-
tained SLA is displayed in Figure 5. The array consists of 144
elements, with a sidelobe level of —25.82 dB and beamwidth
of 0.602 degrees, while the aperture length remains almost un-
changed. Compared to the results obtained by the M-cGA [5],
NBDE [6], DELF [7], IFT-DE [9], hybrid genetic algorithm
and modified IFT (HGAMIFT) [10], almost difference set-GA
(ADSGA) [13], IFT [15], and MICZT [17], the number of el-
ements is saved by 5.2%—-6.4%, while the sidelobe levels are
decreased by about 1.73-2.9 dB. Table 1 lists the coordinates
of all elements in the array.

To assess the performance of the method for the synthesis
of ultra-large SLA, the initial aperture length was increased to
999.5\ with the number of SSZs equal to 16. The obtained
SLA has a sidelobe level of —36.70 dB, which is 3.65 dB lower
than the result reported by DELF [7]. Moreover, the aper-
ture length was reduced to 989.2), and the total number of
elements was decreased by 12. Table 2 presents all the com-

WWwWw.jpier.org



PIER C Yang et al.

-22 T T T T T T T T T

Fitness value

0 50 100 150 200 250 300 350 400 450 500
Number of generations

o N AR

-1 -08 -06 -04 -02 0 02 04 06 08 1
u

Normalized amplitude (dB)
)
o

FIGURE 4. Synthesis for symmetrical SLA with an aperture length of 91.03\. (a) The convergence curve of the fitness value and (b) the far-field

pattern.
TABLE 1. The element coordinates of the symmetrical SLA with an aperture length of 99.44\ (unit: \).
Element Element Element Element Element Element
Number Position Number Position Number Position
1,144 +0.25 25,120 +12.25 49,96 +26.3698
2,143 +0.75 26,119 +12.75 50,95 +27.1996
3,142 +1.25 27,118 +13.25 51,94 +28.0833
4,141 +1.75 28,117 +13.75 52,93 +28.9255
5,140 +2.25 29,116 +14.25 53,92 +29.9898
6,139 +2.75 30,115 +14.75 54,91 +30.7444
7,138 +3.25 31,114 +15.25 55,90 +31.6590
8,137 +3.75 32,113 +15.75 56,89 +32.3776
9,136 +4.25 33,112 +16.25 57,88 +33.1860
10,135 +4.75 34,111 +16.75 58,87 +33.9183
11,134 +5.25 35,110 +17.25 59,86 +34.6657
12,133 +5.75 36,109 +17.9644 60,85 +35.4596
13,132 +6.25 37,108 +18.5531 61,84 +36.1934
14,131 +6.75 38,107 +19.0614 62,83 +37.0946
15,130 +7.25 39,106 +19.5776 63,82 +37.8639
16,129 +7.75 40,105 +20.1856 64,81 +38.9166
17,128 +8.25 41,104 +20.9205 65,80 +40.9655
18,127 +8.75 42,103 +21.7505 66,79 +41.7819
19,126 +9.25 43102 +22.5937 67,78 +43.7012
20,125 +9.75 44,101 +23.3623 68,77 +44.9803
21,124 +10.25 45,100 +24.0095 69,76 +45.6235
22,123 +10.75 46,99 +24.5550 70,75 +47.5624
23,122 +11.25 47,98 +25.0746 71,74 +48.6083
24,121 +11.75 48,97 +25.6598 72,73 +49.7179
parison results between POSDE and some existing algorithms, SLAs yielded by the proposed method could reduce the side-
where N, BW, and SLL denote the total number of elements, lobe levels by 0.37—4.34 dB and decrease the number of ele-
3 dB beamwidth, and sidelobe level, respectively. The findings ments by 0.7-15%. Nevertheless, the aperture length has been
demonstrate that relative to other approaches, the symmetrical decreased by 10.3)\ at most.

462 WWwWw.jpier.org



Progress In Electromagnetics Research C, Vol. 171, 458-466, 2026

PIER C

TABLE 2. Comparative synthesizing results for symmetrical SLAs by using the POSDE and some published tools.

Aperture length () Methods N SLL (dB) BW (°)

49.50 ACO [4] 80  —20.52 -

49.50 IFT-DE [9] 76 —23.56 -

47.50 MICZT [17] 76  —20.87 1231

45.96 POSDE 68 —24.86 1.318

73.00 NBDE [6] 78 —19.51 -

73.00 DELF [7] 78 —20.59 -

69.73 POSDE 76 —21.07 1.003

90.50 NBDE [6] 132 —23.03 -

90.50 DELF [7] 132 —24.87 -

93.00 IFT [15] 132 —22.86 0.685

92.00 PTIFT [16] 132 —23.3 0.687

97.00 MICZT[17] 132 —2328  0.672

99.50 IFT-DE [9] 132 —24.59 0.680

91.03 POSDE 126 —26.71 0.688

99.50 M-cGA [5] 154 —23.75 -

98.50 NBDE [6] 152 —23.31 -

98.50 DELF [7] 152 —24.09 -

99.50 IFT-DE [9] 154 —24.04 0.580

99.50 HGAMIFT[10] 154  —23.47 -

98.50 ADSGA [13] 154 —23.05 -

99.50 IFT [15] 154 —22.92  0.588

99.50 MICZT [17] 154 —23.1 0.560

99.44 POSDE 144 —25.82 0.602

250.50 DELF [7] 251 —22.69 -

250.50 ADSGA [13] 251 —21.31 -

242.87 POSDE 248 —23.06 0.286

999.50 DELF [7] 1540  —33.05 -

989.20 POSDE 1528 —36.70 0.057
%‘ 0 ' ' ' ' ' ' ' ' a sidelobe level of —25.61 dB, a beamwidth of 1.289 degrees,
E’ 5T ] and an aperture length of47.13\. Compared to the symmetrical
3-10f . counterpart, the number of elements is reduced by one, while
'E- st ] the sidelobe level and beamwidth are decreased by 0.75 dB and
S 20} i 0.029 degrees, respectively. Figure 6(b) depicts the SLA’s radi-
ﬁ pl | ation pattern, and the matchstick diagram in Figure 6(c) shows
s the distribution of elements across the aperture.
g 'SOMMM“ Similarly, for the SLA with initial aperture length equal to

'35_1 08 -06 -04 02 0 02 04 06 08 1 99.5\, the convergence curve using POSDE is presented in Fig-

u

FIGURE5. The far-field pattern for the symmetric SLA with an aperture
length of 99.44\.

3.2. Asymmetrical Sparse Linear Array

For the asymmetric SLA, we still set the initial length of the
array to 49.5X\ and the number of SSZs to four. Unlike the
symmetrical SLA, all the SSZs here are independent; thus, the
number of variables to be optimized is nearly twice as much
as in the symmetric case. The convergence curve obtained by
performing the POSDE is depicted in Figure 6(a), which in-
dicates that the best fitness value is reached at the 450" gen-
eration. The obtained SLA comprises 67 elements, exhibiting

463

ure 7(a), while Figure 7(b) depicts the radiation pattern of the
best SLA. The array consists of 133 elements, which has a side-
lobe level of —26.98 dB, a beamwidth of 0.659 degrees, and its
aperture length is reduced to 97.09\. Compared to those ob-
tained by NBDE [7], IFT-DE [9], IFT [15], PTIFT [16], and
MICZT [17], the number of elements is reduced by six, and the
sidelobe level is lowered by 1.52~2.68 dB. Table 3 tabulates all
the comparative results of POSDE with existing approaches.

3.3. Sensitivity Analysis for the Number of Sparse Subzones

A limitation of the proposed method is that the number of SSZs
(denoted by Q) needs to be predetermined. The value of @ has
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FIGURE 6. Synthesis for asymmetrical SLA with an aperture length of
47.13 ). (a) The convergence curve of the fitness value, (b) the far-field
pattern, and (c) the distribution of element locations.
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FIGURE 7. Synthesis for asymmetrical SLA with an aperture length
0of 97.09)\. (a) The convergence curve of the fitness value and (b) the
far-field pattern.

an important impact on the optimization results. To address the
issue, we take a symmetrical linear array with an aperture length
0f49.5) as an example and perform numerical simulations with
Q@ equal to 4, 6, and 8, respectively. The convergence curves of
the algorithm under different cases are shown in Figure 8. It can
be seen that when ) = 4, the convergence speed is effectively
accelerated. When the evolution generations reach 150, the al-
gorithm almost converges to the optimal solution. When the
evolution generations reach 500, the sidelobe level of the best
array is reduced by 0.28 dB and 0.9 dB, respectively, compared
to the results of the other two cases.
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TABLE 3. Comparative synthesizing results for asymmetrical SLAs by
using the POSDE and some published tools.

Aperture length () Methods N SLL(dB) BW(°)
47.13 POSDE 67 —25.61 1.289
96.00 NBDE [6] 139 —24.64 -
99.50 IFT-DE [9] 139 —25.46 0.640
99.00 IFT [15] 139 —24.30 0.643
99.50 PTIFT[16] 139 —24.70 0.642
99.50 MICZT [17] 139 —24.59 0.644
97.09 POSDE 133 —26.98 0.659
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FIGURE 8. The convergence curves of fitness value versus the num-
ber of generations for Q = 4, 6, and 8, respectively (aperture length:
49.5)).

Similarly, when the aperture of the array is increased to
99.5\, the convergence curves of the algorithm for Q = 4,
6, and 8 are shown in Figure 9. We can see that the algorithm
exhibits better performance for @ = 6. The sidelobe level of
the SLA in this case is reduced by about 2.8 dB compared with
the cases when (Q = 4 and 8. Therefore, tthe algorithm per-
formance is highly sensitive to the value of ). In general, the
appropriate value of () needs to be determined through a small
number of numerical experiments. However, through extensive
prior numerical experiments, we suggest that it is a suitable way
to increase the number of sparse subzones by 2~3 for each in-
crement of 50 in the aperture length.
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FIGURE 9. The convergence curves of fitness value versus the num-
ber of generations for Q = 4, 6, and 8, respectively (aperture length:
99.5)).
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4. CONCLUSION

For the low-sidelobe synthesis of sparse linear arrays, we pro-
pose a partition-based optimization strategy combined with a
differential evolution algorithm. This approach overcomes the
limitation of most algorithms that require the number of el-
ements to be preset in advance, thus enabling dynamic opti-
mization of both the total number of elements and the aperture
length. Consequently, it is possible to obtain an SLA with the
desired performance by equipping as few elements as possible
with a reduced aperture size. Simulation results demonstrate
that relative to existing algorithms, this method can reduce the
sidelobe levels of SLA by approximately 0.37—4.34 dB and de-
crease the number of elements by 0.7%—15%. Meanwhile, the
aperture lengths have also been somewhat reduced. All numer-
ical results were obtained using a PC equipped with a 16-GB
RAM and an Intel I5-12400 processor. The calculation time
for different instances ranged from 2 to 14 minutes.

However, there are still some limitations of the method that
need further investigation. Firstly, the number of sparse sub-
zones needs to be preset through a few preliminary numerical
experiments, which affects the acquisition of the optimal solu-
tion. If the number of sparse partitions can be included as an
optimization variable, it would facilitate enhancing the perfor-
mance of the sparse array. Secondly, for each sparse subzone,
two random variables need to be introduced and mapped via a
1D Rastrigin function to obtain a random arrangement of ele-
ments within the current zone. However, the approach is not
unique, and its performance directly affects the acquisition of
the best SLA. Therefore, it remains an issue that requires fur-
ther investigation to explore a better method for nonuniform
element arrangement.
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