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ABSTRACT: To enhance the performance of microwave power transmission (MPT) systems’ transmitting arrays, it is essential to com-
prehensively consider key factors such as beam collection efficiency (BC'E), the level of sidelobes outside the reception area (C'SL),
and expense. Current transmitting array models commonly suffer from issues like low BC'E, a large number of array elements, and
complex feeding systems. Addressing these issues, this paper proposes a novel transmitting array design referred to as Large Spacing
Nonuniform-Excitation Sparse Planar Array (LSNSPA) and introduces a new subarray partitioning algorithm named Multi-Parameter
Dynamic Weight Particle Swarm Optimization for Rectangular Subarrays (MP-DWPSO-RS). The algorithm is capable of optimizing the
subarray structure, as well as the element positions and excitations, during each iteration. This paper achieves a relatively higher BCE
metric than other arrays by utilizing only a small number of subarrays, through the combination of a large-spacing distribution strategy
and a subarray partitioning strategy. Simulations have verified that the proposed MP-DWPSO-RS algorithm can achieve a BC'E of
nearly 94% when optimizing the LSNSPA with an aperture of 4.5\ x 4.5\ consisting of 8 X 8 elements.

1. INTRODUCTION

PT technology is widely regarded as a highly promising
method for wireless energy transmission [1]. This tech-
nique enables the transmission of energy from one place to an-
other by using microwaves, which are electromagnetic radia-
tion with frequencies that range from 300 MHz to 300 GHz. It
has a variety of applications in wireless sensor networks [2],
mobile internet [3], and industrial control fields [4], as well as
sensors and terminal devices such as smartphones, drones, and
implantable medical devices [5]. Although the overall trans-
mission efficiency of an MPT system is the product of the ef-
ficiencies of its various components, BC'E is one of the most
critical efficiencies in an MPT system. It can be defined as the
ratio of the total energy emitted by the transmitting antenna to
the energy that is received by the receiving antenna. Its defi-
nition is the proportion of the total power that the antenna that
transmits emits to the total power that the receiving antenna re-
ceives [6]. Moreover, another crucial performance indicator in
MPT is C'SL, or the maximum sidelobe level observed beyond
the receiving region. If every element in an array antenna is
stimulated differently, it becomes necessary to build a circuit
for amplifiers and a phase changer circuit for each element,
which can make the entire array’s feeding network extremely
complex and increase the array’s implementation cost. There-
fore, achieving an effective simplification of the feeding net-
work for the transmitting array in an MPT system is a current
challenge in array design.
In MPT systems, subarray partitioning technology simplifies
the feeding network of array antennas by grouping indepen-
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dent array elements into the same subarray for unified optimiza-
tion [7]. This will provide the best synthesis of the sparse planar
array after subarray partitioning. Creating a sensible subarray
structure has significant study implications for transmitting ar-
rays [8]. Attaining high BC'E with few subarrays is the current
research emphasis for small arrays.

To solve these problems, this paper suggests a Multi-
Parameter Dynamic Weight Particle Swarm Optimization for
Rectangular Subarrays (MP-DWPSO-RS). By using the largest
generalized eigenvalue as the fitness level of the optimization
process, and this method improves both the locations and exci-
tations of array elements at the same time [9]. The innovation
of this paper lies in the introduction of side length optimization
factors and the use of position interval division for subarrays,
achieving simultaneous optimization of element positions, ele-
ment excitations, and subarray layouts, classified as a one-step
optimization algorithm. This study creates a Large Spacing
Nonuniform-Excitation Sparse Planar Array (LSNSPA). It has
more optimization freedom than regular symmetric arrays,
and the large-spacing element distribution aids in accelerating
the convergence of the algorithm and effectively avoids local
optima, thus further enhancing the optimization metrics.
Simulation results show that the proposed algorithm is suitable
for array optimization schemes with few subarrays; when the
number of subarrays is 3, BC'E can reach 93.21%, and C'SL
is —13.79 dB. This study proposes a scheme that significantly
reduces costs and simplifies the design of the feeding network,
making it theoretically significant for scenarios in practical
applications that require only a small number of subarrays.

Published by THE ELECTROMAGNETIC ACADEMY


https://doi.org/10.2528/PIERM24070903

rPIERM

Cui and Li

Circular

2uo Reception
Area
Mo
Square : i .
Reception Area Launch array
. o e ° ° ° &
(XI ' yl ) (XN-HI ’.y.\") o ‘)‘. .l‘. * - ('T\.\uf Ay I).|:‘.|'..\;..| Ap-l)+1 )
< ¢ .’ L4 e} .
(xz 2 Yy ) (X_m-ﬂ s Vapsa ) \ ["(.\‘..-4_-\ 1)+20 Y MR} 2 )
® . ° . ~ ] ~ . K R
. . ?
L . ® ® ~ E /
L.j2
¢ ¢ b ® ® S -
(X.\.- \.M ) (x:.\, Yaou ) ; (.\"\‘ Y » Y ricy )
L /2 >
X

FIGURE 1. The model of the LSNSPA.

2. SPARSE PLANAR ARRAY MODEL AND SUBARRAY
PARTITIONING MODEL

Figure 1 illustrates the LSNSPA model in the MPT system, and
the symbols along with their meanings in the formulas men-
tioned in this paper are detailed in Table 1. This section will
elaborate on the derivation of maximum BC'E and the subar-
ray partitioning method.

As seen in Fig. 1, let the planar array’s size of the aperture
be L, x L,. On the XOY plane, M elements are dispersed
at random. (z,,, yn,) is a representation of the mth element’s
location, and the element excitation is w,, = I,e 7%™. Ac-
cording to [9], substituting these parameters into a rectangular
planar pattern function yields the directional pattern function of
the LSNSPA:

M

F (u,v) = Z Wi e FUTmtvym) €))
m=1
where k is the wave number, and u = sin(f)cos(ip)

and v = sin(f)sin(y) are the two angular coordinates
that describe the radiation range of the array. The re-
ceived power Py within the square-shaped reception
space ¥ = {(u,v):—ug <u<ug,—vop <v<wv} and
the total power P, within the whole viewable area
Q = {(u,v) : u? + v*> = 1} can be expressed as:

{ Py = [, |F (0. dudv

Po = [y IF (6, 9) dudv @

From Eq. (2), the general notation for BC'E can be written as
follows:

Py _ [y |F(6,9)| dudv
Po  [,|F(8,¢)? dudv

BCE = 3)
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Let Vy,(u,v) = e*(uem+vym) and we can rewrite the array
pattern function as:

F (u,v) = Wi Vi, (u, v)

“)

1=

in this context, w = [wy,ws,...,wys] can be represented as
the element excitation vector of the array, and V(u,v) =
[e—ik(uzl—&-vyl)’ e—ik(umg+vyg)7 o ,e—ik(uzM+vyM)]H can
be represented as the element direction vector of the array.
By using the aforementioned equation, we can derive the
expression for the beam pattern function of the LSNSPA given
the known array element direction vector V (u,v) and the
element excitation vector w. Based on Eq. (4), BC'E can be
represented as:

BCE = f‘I’ wHV (u,v) VH (u,v)wdudv _ wH Zw 5)
fQ WAV (u,v) VI (u,v)wdudv  wHQw
wherein:
2= [ VooV, vduae
T
(6)

Q= [ V(u,v)VH (u,v)dudv
Q

Furthermore, the peak sidelobe value beyond the receiving arca
is specified as the C'SL, which is a metric for assessing the
transmitting array’s performance. C'SL can be written as fol-
lows [9]:

maXG,ga%\I/ |F(97 90)|2

CSL(dB) = 101
(dB) I maxg pcq [F (0, 0)

(M
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TABLE 1. The list of symbols.

the angular coordinates that describe the radiation range of the array

the level of sidelobes outside the reception area

the pitch angle and azimuth angle of the array

the element excitation vector after subarray partitioning
the element velocity and the side length update speed

Symbols Meanings

k the wave number

m, M the number of array elements

n, N the number of subarrays

Amin the minimum element spacing

Ly, Ly the planar array’s size of the aperture
Wm the element excitation

Im the excitation amplitude

Qm the excitation phase

T, Ym the element’s location

u, v

BCE the beam collection efficiency

CSL

Py the received power

Pq the total power

v the square-shaped reception space

Q the whole viewable area

\% the element direction vector of the array
0,0

wOPt the optimal element excitation vector
Tmax the maximum generalized eigenvalue
Bx, By the side length vector of the subarray
SR the subarray division matrix

I; the initial element excitation vector
Tsup the subarray excitation vector
Tsub_aul

Vi, Voa, Voy

pbest the local optimal individual

pbest,, pbestyy, pbestsy

gbest
gbests, gbestys, gbestyy

the positions of the elements and the subarray side lengths
corresponding to the local optimal individual

the global optimal individual

the positions of the elements and the subarray side lengths

corresponding to the global optimal individual

The array’s receiving matrix and transmitting matrix are rep-
resented respectively. According to [9], we can transform the
problem of solving the maximum BCFE of the LSNSPA into
solving the maximum generalized eigenvalue of the matrix
equation, that is:

opt __ opt
ZWP" = Ninax QWP

8
BOEmax = TImax ( )

Furthermore, to divide the subarrays, we compare the max-
imum value of the element position coordinates with the max-
imum random side length of the rectangular subarray. The di-
vision method is shown in Fig. 2.

The side length vector can be represented as:

.,baﬁN}

BX = [bwl,bl’z, ..

O
By = [by1, bya, - . )

Based on Eq. (9), the side length optimization model has the
following expression:

find Bx = [bx1,bza,. .. ,ba:N]H
By = [by1, bya, ..., byn]"
maximize BCFE (Bx, By)
subject (a)bxy = L, /2, byn = Ly/2;
(b) dmin/2 < bxn < La:/27
dmin/2 < byn < Ly/2>
n=1{1,2,...,N};
(€) bpy1 — by > dimin,
byn+1 — bYn > dmin,
n={1,2,...,N —1};

(10)

Subarray partitioning method: Min (bx,,,by,) < Max(z,,
Ym) < Max (bzni1,0ynt+1); me (L, M), ne(l,N-1),
this indicates that the nth subarray contains the mth element.
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FIGURE 2. Subarray Division Model.

Let the subarray division matrix SR be an M x N matrix,
which represents dividing M elements into different subarrays
and can be expressed as:

i R11 R12 RlN
R21 R22 RQN
SR=
| By R Ryn |

R — 1 The mth element € The nth subarray
M0 The mith element ¢ The nth subarray
m=1,2,..., M;

n=12,...,N. (11)

Make sure that each element belongs to one subarray by satis-
fying the condition:

1, m=1,2...,M (12)

N
> Bonn =
n=1

For the initial element excitation vector, provide the following
definition:

Ly =L, Lo, Tn)" (13)
The subarray excitation vector is defined as follows:
sUu sUu Su H
Loy = [I§"0, 15", .. T3] (14)

The excitation formula for each subarray is calculated as fol-
lows:

M
:mibgggg, n=1,2,.
Z Rmn

m=1

LN (15)
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By multiplying the subarray partitioning matrix by the subarray
excitation vector, the element excitation vectors after subarray
partitioning can be obtained, as shown below:

Isubiall =SR- Isub (16)

Therefore, according to Eq. (5), Eq. (15), and Eq. (16), we can
deduce that:

(Isubiall)H -Z- Isubiall

BCE = -
(Isubiall) : Q ! Isubiall

amn

3. MP-DWPSO-RS ALGORITHM AND ITS UTILIZA-
TION ON THE LSNSPA

3.1. Overview of the LSNSPA Model Based on MP-DWPS0-RS

Through multiple simulations, we have found that for intelli-
gent optimization algorithms such as particle swarm optimiza-
tion, appropriately increasing the minimum element spacing
can accelerate convergence. Therefore, this paper proposes a
sparse rectangular planar array model with a large spacing dis-
tribution that experiences nonuniform stimulation. The opti-
mization model of the LSNSPA using the MP-DWPSO-RS al-
gorithm can be represented as:

find [X] = [xl,:rg,...,xM,yl,yg,...,yM]H

[BX7BY] = [bxlabeM . 'abeabyhbyQa .. abyN]H
maximize BC Enyx [X, Bx, By]|
subject (a) —L;/2 <z, < L, /2, m={1,2,...,M};

(C) \/(me - xm2)2 + (yml - ym2)2 > dmina
mi,mo € {1,2,..., M}, my # mag;
(d) (w1,51) = (—La/2,—Ly/2),
(Tena y1) = (Le/2, _Ly/2 ;
(e) (T1,Yena) = (_Lx/27Ly/2)7
(xend7yend) = (Lw/za Ly/2)
(f) dmin/2 <bx, < LJ;/27
dmin/2 < by, < L,/2, ne€{1,2,...
(g) bxn—&-l - bxn > dmin;
bynt1 — byn > dmin, n € {1,2,..., N — 1};
(h) bxn = Ly /2, byy = Ly /2;

)

N}

(18)
The model aims to maximize BC'F as the optimization objec-
tive, with the optimization variables being the element positions
and side length vector. The element positions in this model are
randomly distributed, offering higher degrees of optimization
freedom than symmetrically distributed array models. Since
small arrays have smaller apertures and fewer elements than
large arrays, their overall complexity is relatively low, making
the strategy of large-spacing random distribution suitable for
small arrays to enhance optimization metrics.

3.2. Overview of the MP-DWPSO-RS Algorithm

MP-DWPSO-RS is an improved algorithm based on DWPSO
that incorporates multi-parameter and subarray partitioning to
propose a comprehensive optimization algorithm for planar

WWwWw.jpier.org
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The pseudo-code of the MP-DWPSO-RS

Initialization parameters.

Initialize element position (x,,,y,,) and subarray side lengths b, ,b, .

Initialize particle velocities V_ and side length velocities

For t=1:T
For NP =1: NP

Update subarray partitioning matrix SR.
and BCE .

Calculate subarray excitation /_,

Update local optimal individual pbest .

Update particle velocities ¥, and side length velocities

V...V, .

bx>" by

V

bx>

v,

by *

Update element position (x,,, y,,) and subarray side lengths b, ,b, .

End
Update global optimal individual gbest.

End
Output the above parameters.

FIGURE 3. The pseudo-code of the MP-DWPSO-RS.

transmit arrays. Here are the specific steps of the MP-DWPSO-
RS algorithm:

Step 1: Initialize parameters. Initialize the number of ele-
ments (M), the number of subarrays (IV), the planar ar-
ray’s size of the aperture (L, x L), element positions
(Zm, Ym ), the element velocity (V,,), receiving area (¥),
subarray side length (Bx, By ), side length update speed
(Vba, Viy), current iteration number (), and the number
of iterations (7), etc.

Step 2: According to the subarray partitioning method men-
tioned in this paper, partition the subarrays and calculate
the subarray excitations using the formula, thereby obtain-
ing the element excitations after subarray partitioning, and
calculate the BC'E value in Eq. (3).

Step 3: Update the element positions (x,,, y,,) and element
update speed V,; according to Eq. (19).

- (wmax - wmin) X (t/T)z
=w x Vg, + ¢1 x rand x (pbest,

W = Wmax

V

Ti41 - xt)

(19)

+ o X rand x (gbest,, — )

Top1 = + Voo

Step 4: Calculate the side length update speed (Viz, Vi) ac-
cording to Eq. (20).

Viger =W X Vi, +c1 X rand x (pbesty,, —bxy)
+ co X rand X (gbestp,, — bxy)

brii1=bxy + Voo, , 20)

Viyesr = W X Viy, +c1 xrand x (pbesty,, —by;)
+ co X rand x (gbesty,, — by:)

bytJFl = byt + bet+1

135

Step 5: Update the local optimal individual (pbest) and global
optimal individual (gbest) according to Eq. (21).

if pbest < BCE
pbest = BCE

end

1)

gbest = max (pbest)

The above formula uses a dynamic weight calculation
method that has nonlinear characteristics and represents
the current iteration number. In the early stages of the
algorithm, a large weight coefficient facilitates global
search, allowing particles to explore the solution space
more widely. Therefore, in the early iterations, the weight
should be set as high as possible. In the later stages of
iteration, a low weight coefficient facilitates local search,
enabling particles to conduct detailed searches near known
solutions. The MP-DWPSO-RS algorithm can effectively
transition from global search to local search by using dy-
namic weights, which represent the local learning factor
and global learning factor, respectively.

Step 6: Determine if ¢ has reached the maximum number of
iterations, and if not, return to step 2; otherwise output
gbest.

By following the above steps, we can obtain the maximum
BCE value after subarray partitioning. The algorithm is ca-
pable of simultaneously optimizing the element positions and
excitations during each iteration, classifying it as a one-step
optimization algorithm. Additionally, by combining subarray
partitioning techniques with a multi-parameter particle swarm
optimization algorithm, it becomes advantageous in searching
for the fittest individuals within the population. Fig. 3 displays
the pseudo-code for the MP-DWPSO-RS algorithm.

WWwWw.jpier.org
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FIGURE 4. The simulation results of the LSNSPA when N = 2.
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FIGURE 5. The simulation results of the LSNSPA when N = 3.

4. SIMULATION TESTING AND RESULTS ANALYSIS

In this part, we will use simulations to look into the MP-
DWPSO-RS algorithm’s optimization level and how well it
works on different array models. We will also compare the MP-
DWPSO-RS’s optimization results to those of other algorithms
to see how well it works. First, we utilize the MP-DWPSO-RS
algorithm to optimize the LSNSPA array model. Next, to test
the universality of the algorithm, we also apply it to a Sym-
metric Quadrant Sparse Rectangular Planar Array (SQSRPA)
and Non-Uniformly Excited Sparse Rectangular Planar Array
(NESRPA). Furthermore, we compare the optimization results
of these three arrays with those from the literature, including
the number of elements, the number of subarrays, sparsity ra-
tio, BCE, and CSL. Finally, to illustrate the benefits of the
MP-DWPSO-RS algorithm for the thorough optimization of the
LSNSPA model, we conduct a comprehensive evaluation of the
MP-DWPSO-RS algorithm against three other particle swarm
optimization algorithms under the same constraints. The paper
focuses solely on the research of beam patterns in a fixed ver-
tical direction and does not address the issue of beam steering.

The parameters related to MP-DWPSO-RS are as follows:
population particle number NP = 50, wavelength A set to 1,
learning factors ¢; = ¢ = 2, maximum iteration number 7' =
200, array aperture set to L, x L, = 4.5\ x 4.5, number of
elements set to M = 8 x 8, and receiving area uy = vg = 0.2.

136

All simulation experiments in this paper were conducted using
an Intel Core 17-1250U CPU with a main frequency of 2.0 GHz,
with a memory size of 16 GB, and the simulation software used
was MATLAB R2021a.

4.1. Results of Array Optimization Using the MP-DWPSO-RS
Algorithm

The first array model to be simulated is the LSNSPA array,
which employs a large spacing distribution strategy, with its
minimum element spacing d,, set to 0.6. Table 2 presents
the comprehensive results after optimization using the MP-
DWPSO-RS algorithm.

For subarray numbers 2, 3, and 4, the element positions and nor-
malized power directions are shown in Figs. 4, 5, and 6, respectively.

TABLE 2. Results of the LSNSPA Optimization Using the MP-
DWPSO-RS Algorithm.

N up = Vo Isub BCE/% CSL/dB

2 0.2 0.8434, 0.3806 87.23 —15.78

0.2 0.8827, 0.5800, 0.2511 93.21 —13.79

4 0.2 0.9877,0.7977, 93.60 —13.53
0.5360, 0.2343

Www.jpier.org
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FIGURE 7. The simulation results of the SQSRPA when N = 3.

The second simulation model utilizes the SQSRPA array model with
an aperture of 4.5\ x 4.5, consisting of 64 elements and a minimum
element spacing of dmin = 0.5\. The results after comprehensive op-
timization using the MP-DWPSO-RS algorithm are presented in Ta-
ble 3.

TABLE 3. Results of the SQSRPA Optimization Using the MP-
DWPSO-RS Algorithm.

N | uo =19 Tsup BCE/% | CSL/dB
2 0.2 0.8304, 0.3887 90.15 —13.44
0.2 0.8555, 0.6223, 0.3001 91.38 —12.87
4 0.2 09737, 0.8043, 91.78 —11.91
0.4323, 0.2941

When the number of subarrays is 3, the element distribution and
normalized power directions are shown in Fig. 7.

The final simulation model is the NESRPA model, which maintains
consistent array parameters with the SQSRPA model. The results of
comprehensive optimization using the MP-DWPSO-RS algorithm are
presented in Table 4.

When the number of subarrays is 3, the element distribution and
normalized power directions are shown in Fig. 8.

Through the simulation of the above three array types, we can un-
derstand that the BC'E of all three arrays can reach over 90% when
dividing just a few of subarrays. Among them, when the number of

137

TABLE 4. Results of the NESRPA Optimization Using the MP-
DWPSO-RS Algorithm.

N ug = Vo Isub BCE/% CSL/dB

2 0.2 0.7753,0.3185 88.23 —12.57

3 0.2 0.8531, 0.6563, 0.2797 91.51 —12.75

4 0.2 0.8741,0.6736, 91.81 —11.19
0.3461, 0.1219

subarrays N = 3, the BCE of LSNSPA reaches over 93%, which
is a relatively good optimization result for dividing only three sub-
arrays, thus verifying the effectiveness of the MP-DWPSO-RS algo-
rithm. Looking at the optimization results of the LSNSPA and NES-
RPA array models side by side, it is clear that, under the same condi-
tions, arrays with a lot of space between them can improve their overall
performance to achieve a high BC'E and a low C'SL.

4.2. Comparison of MP-DWPS0-RS Algorithm with Other PSO Algo-
rithms

To validate the superiority of the MP-DWPSO-RS algorithm in op-
timizing sparse planar arrays, this paper compares it with Basic PSO
(Base-PSO) [10], Constricted Factor PSO (C-PSO) [11], and Dynamic
Weighted PSO (DW-PSO) [12]. The tests were conducted on the NES-
RPA model with the following parameters set: population particle
number N P = 50, wavelength A set to 1, maximum iteration number
T = 200, array aperture set to L, X L, = 4.5\ x 4.5\, number of

Www.jpier.org
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TABLE 5. Comparison of comprehensive results of various arrays under rectangular receiving area.

Ref. [9] | Ref. [13] | Ref. [14] | SQSRPA | NESRPA | LSNSPA
M 100 100 64 64 64 64
N 1 1 6 3 3 3
Ve (%) 100 100 64 64 64 64
Ya (%) 1 1 9.4 4.68 4.68 4.68
BCE (%) | 8648 | 91.09 91.11 91.38 91.51 93.21
CSL(dB) | —7.78 | —14.68 | —16.01 | —12.87 | —12.75 | —13.79

elements set to M = 8 x 8, number of subarrays N = 3, minimum
element spacing dmin = 0.5, receiving area set to uop = vo = 0.2,
and the simulation software used in this paper is MATLAB R2021a.

Figure 9 shows that compared to other PSO algorithms, the MP-
DWPSO-RS method produces superior simulation results. Relative
to DW-PSO, the algorithm achieves higher BC'E values in the early
stages of iteration. This is mainly because the algorithm uses random
side lengths of subarrays as optimization parameters, enabling the si-
multaneous optimization of element positions and subarray parameters
during the iteration process, which significantly improves the overall
efficiency of the optimization process and accelerates the search for
the optimal value. Compared to C-PSO and Base-PSO, the algorithm
adopts a nonlinear dynamic inertia weight, focusing on global search
in the early stages of iteration and local search in the later stages, which
helps to improve the convergence speed and search efficiency of the
algorithm.
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E 09
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150 200

FIGURE 9. Simulation outcomes for various PSO algorithms.
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4.3. LSNSPA Array Model Performance Comparison

For an emission array with the same aperture and reception area, the
LSNSPA proposed in this paper employs a large-spacing distribution
strategy and a subarray partitioning strategy, effectively reducing the
number of array elements and amplifiers. By comparing it with the
SQSRPA, NESRPA, and the array models optimized using the “one-
step” method mentioned in [9, 13, 14], we will conduct a comparison
in terms of the number of elements M, the number of subarrays IV, el-
ement sparse distribution rate (. ), power amplifier sparse distribution
rate (7q), BCE, and CSL.

Table 5 demonstrates that under the same conditions, the LSNSPA
outperforms the SQSRPA and NESRPA, confirming the effectiveness
of the large-spacing distribution strategy in enhancing array perfor-
mance. By combining the large-spacing distribution strategy and sub-
array partitioning strategy, it is possible to achieve a high BC'E value
with a reduced number of subarrays, while taking into account both
the expense and performance of the array.

5. CONCLUSION

In this paper, addressing the issue of achieving a high BC'E value by
dividing a few subarrays, an efficient subarray partitioning algorithm
named MP-DWPSO-RS is proposed. This algorithm is a one-step ap-
proach that combines the large-spacing distribution strategy, subarray
partitioning techniques, and dynamic weight particle swarm optimiza-
tion, allowing for the simultaneous optimization of element positions,
excitations, and subarray parameters. The algorithm takes the random
side length of the subarrays as optimization parameters, achieving si-
multaneous optimization of positions and subarray partitioning side
lengths during each iteration. This enhances the algorithm’s global
search capability while finding optimal values and avoiding local op-
tima. Extensive simulations have shown that applying this algorithm
to the LSNSPA can achieve a BC'E of 93.21% by dividing only three
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subarrays. Compared to other algorithms that require the division into
three or more subarrays, when partitioning a few subarrays, this al-
gorithm can significantly reduce the number of amplifiers and array
elements, achieving a high BC'E and low cost.
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