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Abstract: To deal with the problem of premature convergence and low precision of the traditional particle swarm
optimization algorithm, a particle swarm optimization (PSO) algorithm based on multi-scale cooperative mutation,
is proposed, which is guaranteed to converge to the global optimal solution with probability one. The special
multi-scale Gaussian mutation operators are introduced to make the particles explore the search space more
efficiently. The large-scale mutation operators can be utilized to quickly locate the global optimal space during early
evolution. The small-scale mutation operators, which are gradually reduced according to the change of the fitness
value can implement the accuracy of the solution at the late evolution. The proposed method is applied to six typical
complex function optimization problems, and the comparison of the performance of the proposed method with other
PSO algorithms is experimented. The results show that the proposed method can effectively speed up the
convergence and improve the stability.
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SR FH S VP8 S 1 35 2 502 gk Ak, Zhang 45 N WSV P AR 7 0 i 50 FE b 1 I A AR A
B BT LL B 148 3 K /)y ;Ratnaweera 25 N\ T3 g 25 | A Bk A8 i 3o [R] 7 0 N A8 453 R IR 1, 2t 080 58 1 4
VLRI R R AR S Zhan S5 ONHR 9 B 3E b F B AR 4K 592 (adaptive particle swarm  optimization, {5 &
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B 1 W] DL B AR BN AR A, AN R RS 7 (10 U7 Z2 R A B0 AN [F) AR SCH2 th 1 2 ROBEAR S 35T fig
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Fig.4 Convergence performance comparison of
30-dimension Quadric function
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Fig.6 Convergence performance comparison of
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Fig.8 Convergence performance comparison of
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4 LRI REE RO
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PR A B BRI RN B AR UE . R 1 7R PSO e HAth ek 5VETE Quadric F1 Tablet s HUA0AK ) L E R A1
B 1, EN T34 2% 1 Rosenbrock & 4, i TR MEAf 2 foe DU AR 48 4 U7 1o, DR 0 % b 8925 B T 8 IR 22 S AR R T A
SCSRR BLAS B (R AR R () 22 S AR 2/, 50 IRSEB P AR FIE B 94%, PR b 2 B AT 5T 47 1R AR MR A
HoAE

Table 1 Performance comparison of MAEPSO and other PSO algorithms in uni-model function
F 1 MAEPSO FIJiAth PSO SFAALE ks Benchmark finl il - ¥ P REXT LL

ERA ik M A TEIME HE IEONIE
PSO 6.2e-22 1.1e-20 1.1e-19 8.2e-19 5.6e-18
DPSO 1.4e-11 1.8e-10 1.6e-10 1.3e-11 2.8e-10
Tablet HPSO 2.1e-26 2.5e-24 3.9e-24 4.7e-24 1.6e-23
AEPSO 1.2e-128 5.6e-124 2.6e-122 8.1e-122 6.9e-121
MAEPSO 0 (100%) 0 0 0 0
PSO 0.722 70.65 1.2e+2 1.1e+2 4.8e+02
DPSO 7.8e-04 3.5e-03 3.8e-03 2.0e-3 1.1e-02
Quadric HPSO 0.255 1.198 1.412 0.811 3.837
AEPSO 4.4e-11 6.5e-10 1.2e-09 1.4e-09 7.5e-09
MAEPSO 1.6755e-215 4.1340e-081 3.1277e-010 1.1703e-009 4.3788e-009
PSO 4.873 77.24 93.71 1.5e+02 1.0e+03
DPSO 8.2e-02 20.64 32.08 32.17 1.7e+02
Rosenbrock HPSO 5.3e-02 72.57 1.9e+02 1.1e+02 6.9e+02
AEPSO 2.3e-03 8.322 12.28 17.19 79.69
MAEPSO 0 (94%) 0 2.9273e-007 1.6430e—006 1.1155e-005

4.2 %iE7AsBenchmarki® #x bbS2 16

B 6~ 8 u] LLA 5T 3 A2 BiA i 8, A SCBLIE BE g L A S AR 1 /D AR TR N 8 A 31 4 R e AR
AR B S T X35, 4 S 4 22 R BH B A T L Ath e A 2 T 41, MAEPSO &k IR PR . 340 {1 FH bR vk 2 25 % T 4K
P dhy B2 T A ST, B T8 Sk I RSUE M A M A b P 22 B2 Griewank B BURT Rastrigrin g8 S04 4L 7]
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FELIN AEAT FRARE LA 4R 2 1 ) ) e L e, -0 3 50 3135 1) 95.5% 1 92%. 1T~ Schaffer i £if)45 7k
5, A S A e 349 2 A S 45 OR B AR B 1) B LA O, 1 AR SCAVRAE 50 RIS AT 22% 1 Bl
B 7 AR e YU BRAS SRR T 2 B8 1) A A A R UG AT #R BE 4K B4 R i Ak (H 2 RS 7 2 K
IEARRELMAEPSO 595 4 RER H Jmy # S 0 4K 21 42 R S gt I 2 v doe DA A1 e 2 A S 36 405 SR 2 1) 110 22 57 T
DA Y, o182 PSO B3 i e oA e itk 50305 0 b P 220 5028 R A0 A i) L PR G RE P AR 22, 0 AR SC LR AR X T
A SR T 5 AR MR P e, IX BSOS th T A SCEE R T 2 R AR 7 S5 T 3 SA RE W AE 18 R 2 (e W ik

(i E i EAINERE S

Table 2 Performance comparison of MAEPSO and other PSO algorithms in multi-model function
% 2 MAEPSO MIHAl PSO $idifr £ 172 Benchmark fial i_L (I PEREXT LE

B Hik fR/ME A LRI T JiZ KA
PSO 6.7e-11 1.96e—02 2.6e-02 2.8e-02 0.108
DPSO 4.4e-12 1.7e-02 2.5e-02 3.3e-02 0.147
Griewank HPSO 1.1e-16 9.9e-03 1.5e-02 2.1e-02 8.5e-02
AEPSO 0 8.6e-03 1.2e-02 1.6e-02 6.6e-02
MAEPSO 0 (95.5%) 0 1.0102e-010 6.2184e-010 4.3974e-009
PSO 30.87 56.71 55.18 1.2.31 81.59
DPSO 7.2e-09 7.0e-06 0.201 0.498 2.058
Rastrigrin HPSO 12.93 26.86 29.02 8.963 55.81
AEPSO 0 4.0e-12 0.577 1.087 3.980
MAEPSO 0(92%) 0 2.0467e-008 7.0900e-008 2.4560e-007
PSO 2.4e+02 2.9e+02 2.9e+02 30.91 3.5e+02
DPSO 82.35 1.5e+02 1.3e+02 31.17 2.3e+02
Schaffer HPSO 1.9e+02 2.4e+02 1.9e+02 22.42 2.1e+02
AEPSO 44.57 1.2e+02 1.1e+02 39.19 2.3e+02
MAEPSO 0 (22%) 0.2974 1.4397 2.2676 9.0606

43 AEHBSHT I E LR
KT B AE ) UR B AE S B0 AR SO RE 16 52 ma, A B AN [R) (B a7 Schaffer,Griewank,Rosenbrock A%
Rastrigrin 5 #0347 5256, 556 A BUAS R (W 4R 0, 52 36 45 SR n il 9 .

SANAES LN

25
20 ST T
,f ——————— Schaffer
15 4 Griewank
’_,’ — - — -Rosenbrock
. — —Rastrigrin
10 AN ‘
T e
ol = ~
0.9 0.5 0.1 0.1e-1 0.1e-2 0.1e-3
Ta WIS 5L

Fig.9 Effect of initial parameters T, on performance

K9

ANTF] To MIAAL Z B0 A BE A S

FeATTAT LA Y B (B HC[0.1,0. 9 e SR A I e DL 7R de Ay AL, 3K |y T FE LW AR Be R e FUH T 2 R
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