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Abstract

Aiming at the problems of insufficient early-stage search and premature convergence in the late
stage of the standard Particle Swarm Optimization (PSO) algorithm in continuous optimization, this
paper introduces dynamic learning factors and a velocity upper bound decay strategy into the orig-
inal PSO framework. Specifically, the cognitive learning factor decreases gradually with iterations,
while the social learning factor increases, shifting the particle search from relying heavily on indi-
vidual experience to utilizing swarm information. Meanwhile, a cubic convex function is adopted to
nonlinearly compress the velocity upper bound, thereby controlling the search step size of particles
in the later stages. To verify the effectiveness of the proposed strategy, four standard benchmark
functions—Sphere, Rastrigin, Rosenbrock, and Ackley—are selected. The improved algorithm is
compared with the standard PSO and two ablation versions through 10 independent experiments.
The experimental results show that the complete improved algorithm performs better overall and
achieves more stable convergence on the Sphere, Rosenbrock, and Ackley functions. On the Rastrigin
function, although the improved algorithm does not demonstrate a significant advantage, it still
maintains results close to the baseline algorithms. This indicates that the proposed method is more
effective for unimodal or relatively smooth problems, while its improvement for complex multi-
modal problems remains somewhat limited.
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1 ’ }H‘IJ Cl(t) = C.L_start +(Cl_end - Cl_start ) xprogress ,
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P BRI =Y N 1 progress = —

max

1’ )Jvmax =V + (Vatart = Veng )><(1—progress)3 .
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3. SEERRIT
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Figure 1. Average convergence curve of the Sphere function
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Figure 2. Average convergence curve of Rastrigin function
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Figure 3. Average convergence curve of Rosenbrock function
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Figure 4. Average convergence curve of Ackley function

4. Ackley &R # Ui Syl 2

DOI: 10.12677/airr.2026.156124 1371 PNER ST IR YN


https://doi.org/10.12677/airr.2026.156124

PN S

4.3. SSHTWL

K5 g T e Bkt PSO IS B I . oo BEISACIRECE IR, SR A T II R MA 2 56035
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Figure 5. Curve of dynamic parameter changes after complete improvement of PSO
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44, SLEGITER

21 NBUEZ X 10 $E 5256 (iR & 45 AT TIC K. 7£ Sphere |, 52344t PSO Ayl fl—#FBEIT Y
R BB ECRE LR, W 2T Baseline; 7E Rosenbrock |, 58 itk PSO IIME B, EHIE 0 45 A 451
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Table 1. Statistical analysis of final fitness mean and standard deviation over 10 rounds
# 110 R RLENENESWEEST

IR R E N Y8 PRz
Sphere FrifE PSO 7.92e-01 5.64e—01
Sphere JHEL 1 3.49e-03 1.32e-03
Sphere V2 3.04e+02 1.10e+02
Sphere it PSO 7.88e—03 2.27¢—03

Rastrigin FrifE PSO 1.01e+01 1.99e+00

Rastrigin A1 1.06e+01 4.52e+00
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Rastrigin VA il 2 3.74e+01 6.32e+00
Rastrigin Buidk PSO 1.08e+01 3.85e+00
Rosenbrock P PSO 8.30e+01 7.56e+01
Rosenbrock TR 1 1.08e+02 2.43e+02
Rosenbrock T 2 1.65e+04 1.62e+04
Rosenbrock Budt PSO 1.83e+01 3.62e+01
Ackley FrifE PSO 7.06e-01 3.95e-01
Ackley TR 1 2.80e—02 6.58e—03
Ackley k2 7.29e+00 1.30e+00
Ackley ik PSO 3.73e—02 7.89e-03

ST, VR L R R R AR B i B B AR e S TR 2 DU AE DY S R K R
AigFs, SR RSN 2 R FIeA 2 DA e B R R AT 25 . SRt PSO 78 BRI AN 7= 25 i) il 1 R
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BEEEHRLWIRFZ —, FOVERIPLEITE R, seie s R S ) ik .
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FEAE X B REAR LA R 1T 5 5 ) R P AR E . RTHIORRE—E IR R /e )1, B PR g R E, H
UL T 25 5 R B U SISO FE RORS B 3Tt . ML 2R, Rastrigin BIEUEE R R 2 R ERAE, R R
IR SIS ET 2R 8, WA RER RS X Az h], it AR THIE A X BR -
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TFAEARFIEARR B r iz Bl BEFN 2 ST, R 8A SO M 2 [ 5 B3t . G Sea Sk — by
SRR B BRI, AT ULEILE SEORERER L, SIAEE . BEIsheESE RS E, IR
Sk R AR Re J1[5] [7]-

4.6. FEEWERRITHIOH
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Figure 7. Single-factor parameter sensitivity analysis of fully improved PSO
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