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Abstract
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ration and premature convergence in grey wolf optimization algorithm, an enhanced improved
grey wolf optimization algorithm (EIGWO) is proposed and applied to the optimization of pressure
control parameters in plastic laser welding. The improvement mainly includes three aspects:
firstly, a new search strategy named dimension learning-based hunting (DLH) is proposed, and a
neighbor who can share information for each wolf is constructed by different methods, so as to in-
crease the diversity of the population. Secondly, a nonlinear convergence strategy is proposed to
balance exploration and development, and the alternating behavior of the first wolf and the
second wolf is simulated by modifying parameters A and C. Finally, the dynamic position updating
equation is modified to maintain population diversity and avoid premature convergence. In this
paper, the benchmark function is compared with the original grey wolf algorithm, two improved
grey wolf algorithms (IGWO, LGWO) and particle swarm optimization (PSO) in multiple dimen-
sions. The experimental results show that EIGWO has better optimization performance and stabil-
ity. In the application of PID parameter optimization, by changing parameters and adding distur-
bance, it is proved that EIGWO has better optimization effect, and the stability and robustness of
the algorithm are also better.

Keywords

Swarm Intelligence Algorithm, Grey Wolf Optimization Algorithm, Search Strategy,
Multidimensional Function Optimization, Optimization of PID Parameters, Laser Welding of
Plastics

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|15

TR, AR OAMPMRELSAE TALA P A E, 3 TR ERNE . BT R e R
RIF, AR B AR AR RRE A RURAR G, I RIEAT R R R R R, IR B G T RE
R E B0 BRI R R R AR AN RE 2 (1, ST RO BAT IR R
PR, KSR S SOl Ia MR R B IR A i, RER ARG IR B TR ¥
AR RGELSE . Je T 7R 3R (2]

IRFROCIR R E R R B2 BOLh R . BEGERE . e EAR SREAJK SN0, EEMRR
JE T I0 F4 B R B AT W T A, e B BRI R B N AR e R AR SR (Y, AT RS AR R T
PRE TR B T PR 0 42 ) B SR i A A, 1T A PR ) IR 4] 22 R AR 42 1 PID 24[3], iX
S EE ] RGO P GG N PR s BRI R, RAVEE R RE LA ST PID AT AL, AR
e P PR AR E A B R 1

K2 B2k TRE IS RE s e A SR B UE I 1), (HREE A% R R BEATH SR 4R T, AR St 5
OB AEIER, X, B RESIR IRV BEAE 2 R, AORIEACSIA[4]42 2014 SFFEH 0 —FPEr L 10
MR RIS, CRA SRR, AU WSRO 5 Kl /L BLEs) iz 91T TR
DA, 5K 2 BB B SE —HF, EAESRAF R % BN AR S AR IE AL L P R S IIERA T
VAT SRS PR A1 A R ot e S5 i

LR — RIRTHORPUASTIE N SGE T IR s B 5, SRR B RE AT aG ARl o A4
OBELA: BURRITT, AEAEE TR [S]. B I 52 2] [6] LA K SR4E RAT [ 7]55 S ot SR AL R St g,

DOI: 10.12677/jsta.2023.115049 425 AR IR HIAR 5 B H


https://doi.org/10.12677/jsta.2023.115049
http://creativecommons.org/licenses/by/4.0/

L AN

SEHLA R NIRRT R BE 5T, IR, TSR T a B IE L2 4 B o AE S H A -+
Bl FEECEIRER L8] X BOIR R L9155 e, (EALE RIS I, e CEE6]% 2 AL AR
RS IR B HEAT et DAY 505 1) 4 Joy B AR = S TSR s SR BG5S [10]5I NIES SRR B ARG B
P T BBk R R RE T, MR T EE R VERE

A LIRS A TS, HONETH R — D SO 2 7 RS FEal, T sk b 3oA A ] — Fh R Re s i
R PITA SUE ITA R A B OUAG IR R, ST IR R IORFE AP PERE, & —PhRlE 2 SR (0 19 5 7Y 5 ik
KARF L EIGWO (Enhanced Improved Grey Wolf Optimization), B 5, $&H— RSt T 4E 22 ST s 8 &R
HME(DLH), FIARI72008E AR i — AT UL = E B AEE, DL A EEf 2 ke, ik, 1R
— PP LAt (RS SR S A AR AN T A, FFIRI B TE S 40 A T C RASEFIIRAEAFAS I LR AR SR 1) 5E
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Figure 1. Welding schematic diagram and weld formation process
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Figure 2. Convergence factors before and after modification
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Figure 3. Function value of parameter C before and after modification
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4.2.4. EIGWO ESEf R BN T

Table 1. HiEHIKED
%% 1. Algorithm pseudocode

B2 1: EIWGO SESAT Oy AR
N BCEFMEBIN, RRIEIRIRE Maxiter, 4E% Dim.
W RIALE X, -
WA IRARFh
TR o AR I
While (¢ < Maxiter) do

fori=1toNdo
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for j = 1 to Dim do
RAER(14) IS % a
HAO)IHSH A
R RA5) KA)MKXA0) AT H . BFI S RIISH C
1 201 7) A (18) BT A
end for
end for
H15020) I A R (1)
for i=1 to N do
HRHERQ DL X, (1) B4R N, (1)
for d=1to Dim do
LA RQBEIE d 4o X, (1+1)
end for
end for
HEPRIATI X, o (1 +1) P X, (£41)
EHARE
t=t+1

end while

5. ZROMENA
51. IBHERSHGE

BEME R %58 64 A7H) Windows 10, CPU 4 Intel (R) Core (TM) i5-10210U CPU @ 1.60 GHz 2.11 GHz,
WAEHN 16 GB, 5255158 MATLAB2017b.

WIS B E N R 40, HOAGEIREL 1000, SZI6XEL 505 TEMTEFR AIIME (Mean). bR 2
(Std) LA S i AR AE (Best); i EL LI N JFUA IR BIE(GWO) . Bk K IR H IR (IGWO) . 3 4E AT KRB -
(LGWO) LA SR+ HE B (PSO).

5.2. ZHEREERFMUE RIS

1AM T 5 FEYE EIGWO. GWO. IGWO. LGWO K PSO TEAAZEE R 50 (A S5 s 1T
SERMCPIE . Wil R RAEXT e T SEAFHXTEE 5 R AR R S, e A A B R B (F3
A F4) LSS 2 W R BL(F8 A FO) 13 LR A h e b AT %5 b b, &l 4 B o

T 2 G5 FAAT M, AT RN SR Ok AOR SE(EIGWO) A T i 46 AR 538 (GW O ) R i it
(AR AR B2 DA R -1 B0 (PSO) B A B f iy s PE e Az 1, ELI A 0k R B 4R FE o 8, LA Y%
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RE ) AN R ST Sk B A, WA SO ARG B R

1) T RAEARYEE I mdes b, EIGWO 1E F1. F3 LAK F9 L0 4, B4k 3] 1 BG 1 iUl
0, 175 FE At I K bk 25 b 1) 6 5 SRR A T A S R It B 4 1 3k R

2) AT B KA A [ 28 B R R 45 57T LA 21 EIGWO IS TP AR IR F8 2 A th HiAth
FHANEETHAENESR, mddE 4 Ber a2, EIGWO HIISGHE 5 5P

3) & 2 MSIGas BET AN, BEEYERE BN, EIGWO £ &Mk o 3 _E i S 45 5 R &k 28 B B i As
o, R T REFHFUE T, [FIRE b S SRR e U 4 B SRR, "I EIGWO
14 Jm B AR DA K R R R 0 s, HL R I B AR A WA S B

ZE LRI, EIGWO FHEC T AN, AN A R Eh PR 5 3 K fe 218 Frde I, i HLasse g5 R R,
EIGWO TE 3K fift i 22 I H B 47 1) o] S 1 R A

Table 2. 8 Comparison results under test functions

7= 2. 8 LA R B TN RO EE 4R

gg gg EIGWO GWO IGWO LGWO PSO
Mean 0 1.6406E-131 2.2708E-137 1.0394E-172  4.53548E-07
F1 Std 0 7.5655E-131 1.0771E-136 0 7.57964E-07
Best 0 1.9893E-140  2.8862E-147 1.9751E-183  7.89402E-11
Mean  1.0771E-136 1.29418E-74 1.46026E-80  2.05376E-95 0.076245934
F2 Std 0 4.05896E-74  3.38676E-80  8.65403E-95 0.080554837
Best  4.0278E-291 1.916E-77 5.33354E-83 1.22977E-98 0.001552517
Mean 0 1.51879E-59 1.48739E-63  2.06247E-76 0.004894505
F3 Std 0 8.79282E-59 1.01208E-62  8.40456E-76 0.016060049
Dim =10 Best 0 5.1547E-71 1.38287E-73  2.50662E-91 1.59671E-07
Mean  3.6789E-246 7.4501E-42 2.08373E-42 1.53908E-59 0.271171231
F4 Std 0 2.97613E-41 8.27808E-42  6.89858E—59 0.270080164
Best  5.151E-251 7.50855E-45 1.60966E-46  2.76855E-64  0.007957856
Mean  3.89785E-16  0.005024929 1.21502E-14  5.25147E-10  4.80058E-05
F6 Std  3.54199E-16  0.035169058 9.66702E-15  4.67772E-10  0.000332128
Best  5.07121E-17  2.79298E-07  2.03953E-15 8.93499E-11 1.99999E-11
Mean  2.62312E-05 0.000228989 0.000213215 0.000148024 0.002623192
F7 Std  2.55079E-05 0.000168677 0.000142497 0.000119169 0.001516576
Best  1.95018E-06  2.36028E-05  4.24375E-05  9.26739E-06 0.000485192
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Mean —3731.563004  —2490.702441  —3279.835267  —2406.208953  —2819.731908

F8 Std  213.3672573 333.247377 274.1850847 347.1861626 919.994313
Best —4139.283862  —3355.754152  —3789.828873  —3535.591169  —5824.016808

Mean 0 0.062180637 2.653196099 0.010262952 7423114118

F9 Std 0 0.435264458 1.661244993 0.510826246 3.875927461

Best 0 0.077724803 1.989918114 0.041654850 0.996694828

Mean 0 6.29317E-65  2.03339E-66  2.37605E-84 46.58316477

F1 Std 0 1.4018E-64 5.04841E-66 1.19933E-83 22.54869213

Best 0 7.01314E-68  2.62289E—69  6.05256E—88 6.78489557

Mean  3.3585E-240 2.7276E-38 2.6077E-40 3.11183E-49 5.796043757

F2 Std 0 2.63271E-38 3.10825E-40  3.72381E—49 1.563589671

Best  4.8672E-242 1.29882E-39  7.87347E-42 1.75024E-50 2.876764851

Mean 0 1.08767E-17  4.66493E-12 8.1839E-21 1559.810561

F3 Std 0 4.09678E-17 1.84473E-11 5.6928E-20 1221.990963

Best 0 1.29347E-23 5.57607E-17 1.34045E-28 355.1984184

Mean  4.2037E-211 3.42348E-16  3.83726E-13 2.22478E-22 15.15118481

F4 Std 0 4.08456E-16  7.22951E-13 4.2422E-22 3.725805635

. Best  3.5316E-213 8.29068E~18 5.5846E-15 5.50103E-24 8.173708976
pim=30 Mean  0.000141958 0.494908548 9.31724E-06 0.315356044 47.86255635
F6 Std  6.01347E-05 0.253464518 2.98979E-06 0.220557409 23.82985715

Best  4.67914E-05 1.07029E-05 5.29568E-06  5.62302E-08 10.27119004

Mean  3.32751E-05 0.000674487 0.001069114 0.000540341 0.055455044

F7 Std  2.16103E-05 0.000334699 0.000509755 0.000447714 0.027462197

Best  2.95874E—06 0.000145918 0.000329997 6.91902E-05 0.008641141
Mean  —7595.126004  —5722.295243  —7215.224752  —5050.016076 ~ —6123.894545

F8 Std 897.031315 681.9019037 1171.944476 1119.215167 1203.004834

Best  —9451.727591  —7137.214289  —9155.78634  —7698.372505  —6707.73281

Mean 0 0.156465734 14.4344518 1.13687E-15 63.38042301

F9 Std 0 0.77652268 6.903630326 7.95808E-15 15.9368693

Best 0 2.27374E-14 3.982604312 1.13687E-17 37.01152391
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Mean 0 2.38052E-32 1.70146E-31 4.51426E-40 7866.385741
F1 Std 0 3.80673E-32 2.53541E-31 6.43903E-40 3006.12225
Best 0 4.28027E-34 4.61431E-33 4.62412E-42 4722.887547
Mean  4.2969E-215 1.4205E-19 2.41172E-20 1.14228E-24 50.89957326
F2 Std 0 8.418E-20 1.10899E-20 8.24412E-25 8.300085006
Best 7.0996E-216 4.41031E-20 6.19955E-21 2.0556E-25 35.4902318
Mean 0 1.194502261 406.5832205 1.094541954 94,488.82869
F3 Std 0 1.998910251 329.2448713 3.506265172 26119.20748
Best 0 0.002300143 48.03966449 1.88115E-05 33,065.44489
Mean  5.2535E-197 0.000701727 0.45304777 8.42998E-05 34.62710836
F4 Std 0 0.002071984 1.025701635 0.000427874 3.481087176
Best 1.1972E-198 1.06997E-05 0.00901052 3.89703E-09 25.2412607
Dim = 100
Mean 3.95204518 7.997693338 4.600833564 8.632562062 7572.984185
F6 Std 0.636560276 0.837027334 0.767393835 0.777416951 2931.860069
Best 2.243709498 6.024282135 3.043483879 7.142306665 4693.122323
Mean  2.93573E-05 0.001938282 0.005166135 0.001297686 1.707114683
F7 Std 1.88322E-05 0.000950486 0.001636024 0.000604251 0.757071573
Best 2.09625E-06 0.000259778 0.00221356 0.000512188 0.644904624
Mean —14,412.73572  —13,066.97135  —12,583.24101  —13,023.3336  —12,089.59212
F8 Std 2544.448729 2946.271737 4477.714853 3253.406423 2700.409734
Best  —21,096.26032 —19,464.06189  —18,389.51519  —17,288.31804  —19,444.38625
Mean 0 0.156189997 65.41726094 1.13687E-14 555.3502642
F9 Std 0 0.960524993 43.51960876 3.41061E-14 49.01895193
Best 0 5.68434E-13 8.518165896 5.68434E-16 467.0085407
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Table 3. Dynamic performance evaluation without disturbance
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Figure 4. Convergence curves of different algorithms in different dimensions
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