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Table 3 Robust analysis of five algorithms
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AR £ wFIPS 2.26E+00 1.91E+00 4.34E+00 4.85E-02 7. 60E-02 1. 08E-01
UPSO 2. 61E+00 1. 95E+00 4.96E+00 1.47E-01 8. 90E-02 1. 96E-01
MLFDR 1. 36E+00 1. 46E+00 2.39E+00 3.35E-02 6. 01E-02 6.73E-02
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Table 5 Rotation test function to find the optimal result

Y%it® ik i 1 5 fi /5 fs 17 fs
PSO 4.98E+00 6.20E-01 4.00E+00 2.20E-03 1.33E-02 4.12E-02 1.14E-01 1.01E-01
FDR 2.99E+00 4.98E-02 3.00E+00 3.15E-02 2.32E-01 4.0l1E-02 6.16E-02 7.65E-02
AL wFIPS 3.98E+00 2.87E-01 2.00E+00 3.60E-02 2.57E+01 2.23E-02 8.44E-02 1.34E-01
UPSO 4.98E+00 1.79E-02 7.00E+00 1.80E-03 3.78E+00 1.04E-01 1.14E-01 1.04E-01
MLFDR  1.99E+00 5.30E-03 1.00E+00 4.26E-07 6.30E-03 1.93E-02 4.99E-02 4.43E-02
PSO 1.20E+01 6.50E+00 1.44E+01 4.70E+01 4.02E+03 2.45E-01 2.48E-01 2.45E-01
FDR 1.29E+01 2.73E+00 1.21E+01 1.03E+01 1.59E+03 2.15E-01 1.60E-01 2.21E-01
P wFIPS 1.07E+01 2.59E+00 8.19E+00 1.30E+01 4.68E+03 1.52E-01 1.73E-01 3.97E-01
UPSO 1.31E+01 2.63E+00 1.59E+01 2.64E+01 7.78E+03 4.21E-01 2.48E-01 3.60E-01
MLFDR  8.36E+00 2.58E+00 7.31E+00 8.71E+00 1.54E+03 1.41E-01 1.48E-01 1.86E-01
PSO 5.07E+00 1.55E+01 6.72E+00 6.58E+01 3.99E+03 1.49E-01 1.02E-01 7.57E-02
FDR 5.69E+00 2.15E+00 5.17E+00 1.94E+01 2.05E+03 9.55E-02 6.32E-02 7.75E-02
£ wFIPS 3.37E+00 1.82E+00 3.48E+00 1.44E+01 5.55E+03 1.14E-01 5.21E-02 1.25E-01
UPSO 5.26E+00 2.09E+00 6.04E+00 4.22E+01 8.39E+03 1.95E-01 1.02E-01 1.54E-01
MLFDR  2.49E+00 1.69E+00 3.44E+00 1.19E+01 1.72E+03 6.94E-02 4.39E-02 6.53E-02

3.3.4  Wilcoxon #kAnihIb

3R 6 Al 8 T #F— LAl MLFDR H: g,
TE a = 5% o F KT, X 30 I Sr iz 47 F 1
MLFDR T HAth 4 AN ) S 45 S 21T Wilconxon
FRFIKGS . LABGIE MLFDR FIrf5-45 5 5 Hofth 4 5
BRI RN ER R B A G E L, %6 Bnk

WL RTR, NTFET 0.05 RRGERA Z(FY9
“17), KT 0.05 FRGEREAER(F5907) 7
8 AN FEAEMIR PR &L, MLFDR AP RETE 8 AN bR
15 PSO .FDR wFIPS il UPSO HikA 25 M H
MLFDR (¥ p fH3EAHR /N T4 T 0. 05, & W] MLFDR
M2 SPEE ST W,
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# 39 %

% 6 Wilcoxon #5418 p &

Table 6 Wilcoxon rank and test p values

& R MLFDR-PSO MLFDR-wFIPS MLFDR-FDR MLFDR-UPSO
f 0.024 0 0.001 6 0.026 8 0.017 6
5 1. 868 2E-05 . 831 4E-08 7.118 6E-09 3.368 1E-05
S 5.092 2E-08 . 870 1E-06 4.713 8E-04 7.380 3E-10
fr 3.830 7E-05 0.018 4 0.0150 1.584 6E-04
S 0.028 1 . 167 4E-05 0.007 0 0.001 0
/i 0.031 4 .510 0E-04 0.002 7 4.214 4E-04
fi 2.388 SE-04 0.0117 0.027 1 0.048 4
fs 0.003 3 0.002 9 0.016 3 1. 040 7E-04
1/0 8/0 8/0 8/0 8/0
[4] WUY, WU Y, LIU X. Couple—based particle swarm
4t NS optimization for short—term hydrothermal scheduling| J].
4 % ® p : .
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Research on Improved Particle Swarm Algorithm Based
on Average Position Learning

YANG Mei-lan' , LIU Yan-min’ , ZHANG Qian' , SHU Xiao-Ii’
(1. School of Mathematics and Statistics, Guizhou University , Guiyang 550025, China;
2. School of Mathematics, Zunyi Normal College, Guizhou Zunyi 563006, China ;
3. School of Data Science and Information Engineering, Guizhou Minzu University, Guiyang 550025, China)

Abstract: Particle Swarm Optimization (PSO) has some shortcomings in solving complex multi-dimensional
and multi—peak problems, such as low local search accuracy and easy to fall into local optimum. Therefore, this
paper presents an improved particle swarm optimization algorithm based on average position learning. In this
algorithm, neighboring particles with better adaptive values than the particles themselves are adopted as learning
objects in the learning strategy ,and the algorithm is divided into two stages with different updating speed formulas.
In stage one, the average position of all particle positions in the whole population is introduced into the updating
velocity formula. In the second stage, a new average position is introduced into the velocity updating formula, and
the greedy strategy is adopted to select the individuals selected after each updating of the particles to be better than
the historical optimal adaptive value of the population. In addition, the historical optimal positions of the
corresponding individuals are stored, and their average positions are calculated after the end of the first stage.
Taking the average position as the learning object can enhance the information exchange among particles, and
balance the local development performance and global search ability of the algorithm. In the CEC2017 test function
experiment, the experimental results show that the proposed algorithm has certain advantages compared with the
other four algorithms.

Key words: particle swarm optimization; mean position; information exchange
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