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Enhanced beluga whale optimization algorithm and its application

WEN Yujie, ZHANG Damin
(College of Big Data and Information Engineering, Guizhou University, Guiyang 550025, Guizhou, China)

Abstract: Aiming at overcoming drawbacks of insufficient search efficiency and tendency to slip into local extremes of beluga
optimization algorithm, an enhanced beluga whale optimization (EBWO) algorithm was proposed in this paper. First, a weight-
based scramble beluga was included and applied to the algorithm’s development phase to enrich the position updating technique, and
a greedy mechanism was employed to select a better location and increase the quality of the understanding. Second, an adaptive
Gaussian strategy was introduced to locally perturb the beluga in the whale falling phase, to make it adjusted to the vicinity of the
optimal position to improve the convergence speed of the algorithm. Finally, a convex lens imaging learning strategy was used to
carry out the information position after sharing. The comparative examination of the optimization of the ten benchmark test functions,
the CEC2020 test set, and the Wilcoxon rank sum test revealed that EBWO's optimization speed and convergence accuracy had
significantly improved. To test the EBWO algorithm’s practicality and feasibility, it was applied to solve engineering design
problems involving speed reducers and pressure vessels. It was discovered through experimental comparative analysis that the EBWO
algorithm had a certain degree of superiority in solving actual optimization problems.

Keywords: beluga whale optimization; scramble beluga; Gaussian variation; convex lens imaging learning; engineering optimization
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CPOEBWO 3.23x1077  4.92x107°  2.45x107? CPOEBWO 1.41x107"®  2.39x10™*  3.32x107"
EBWO 0 0 0 EBWO 8.88x107*  8.88x107 0
BWO 0 0 0 BWO 8.88x107°  8.88x10° 0

; PSO 3.21x10" 6.06x10" 1.38%10" ; PSO 1.98x10' 1.98x10" 2.44%107

7 WOA 0 0 0 ' wWoA 8.88x107°  5.74x107"°  2.18x107"
DBO 0 4.64%x107" 1.84 DBO 8.88x107°  8.88x10 0
CPOEBWO 0 0 0 CPOEBWO 8.88x107'¢  8.88x10™¢ 0
EBWO 1.57x107%  1.57x10™*  5.57x10™* EBWO 1.34x1072  1.34x10™?  5.56x107*
BWO 2.32x107"  7.02x107™™  1.00x107" BWO 2.41x107"  1.79x107®  3.87x107"

; PSO 1.66x1077 1.73x107%  3.93x107 fio PSO 6.85%107° 5.25x107° 5.70x10*

’ WOA 3.22x107°  2.66x107! 1.33 WOA 1.55%107" 5.78x107" 2.93x107"
DBO 8.32x107*  3.96x107* 1.49x107° DBO 9.75%1072 7.19x107" 4.74x107!
CPOEBWO 6.15x10™7  8.21x107™"  1.36x107" CPOEBWO 4.67x10™°  4.69x10™°  4.69x107"
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Fig.6 Convergence curves of different algorithms on some benchmark test functions

3.5 CEC2020 izt ik #ik 56 43 47

AT PR EBWO R332 Sk ke @
PE AT 5 B CEC2020 pRAE L oEAT 4k oK
fift, CEC2020 pREICHE Fhk oME B A K Y 10 Ak
[RIRAZH B, 0% 1 NG R B R R £, 3 D e
SRR B Z2 W PR B S, ~ f0 3 IR PREL f5 ~frs
3ANIEEREL fig ~froo PREUEMIE BINER 5 iR,
WAL 50, SRR 500, 25 HE
SAEAT 30 IR

5 CEC2020 JHAAE s B
Table 5 CEC2020 test set function information

PR Y EL)e e BARAE
it 10 [-100,100] 100
fiz 10 [-100,100] 1 100
fis 10 [-100,100] 700
S 10 [-100,100] 1 900
fis 10 [-100,100] 1 700
fis 10 [-100,100] 1 600
S 10 [-100,100] 2 100
fis 10 [-100,100] 2 200
fio 10 [-100,100] 2 400

EBWO } %t LB B 7E CEC2020 MR 4E 1) 45 R
g 6 Wi, B— IR E E Bk et g 5

MR, A% EBWO 7E K34 B F sy
SEXAE BE S T HAth 5 Rl e Bk 7R 4 e A
BiREH £, ~ fis BRI, EBWO -1 10 45 - HE 4 48
—, fi.'h ,EBWO WX T PSO, {H H 845 (1) P-4 45
SRR L4230 S U s & 5315 7E CEC2020 i 4R
PRA S AR HES BT an 18 7 e, HIEL T
Al EBWO 7E 7 A~ eR 8 ¥ HEZ 36— i — 4t
WA 4 1 10 B v 8 8 e Aol R LA i ol B
[ RE ST

—*—EBWO
——BWO
—A—PSO
—v—WOA
—+—DBO

—«— CPOEBWO

B 7 %A ELE CEC2020 FHHER 40 Hr

Fig.7 Ranking analysis of comparison algorithms
at CEC2020

#6 AHFLFE CEC2020 FHYE5RST
Table 6 Statistical results of different algorithms at CEC2020

R RS SFH{H bRz BRIEL RS SFH{H FrifE 2%
EBWO 1.11x10° 5.91x10° EBWO 1.43x10° 1.90x10>
BWO 7.75%107 4.15x10’ BWO 1.79x10° 1.31x10?
PSO 1.74x10° 2.17x10° PSO 1.89x10° 2.46x10°
N WOA 1.28x10’ 1.65x10’ S WOA 2.23x10° 3.35%10°
DBO 3.01x10° 1.29x10’ DBO 1.90x10° 3.58x10°
CPOEBWO 9.24x10’ 4.50x10’ CPOEBWO 1.95x10° 1.33x10°




96 R K % % M (L % W %5548
F6(4h)

PRIZR ER7S XA bR PRIZR ER7R XA bR
EBWO 7.27x10? 1.08x10" EBWO 1.91x10° 5.39
BWO 7.46x10° 6.21 BWO 1.91x10° 3.72
PSO 7.32x10° 2.07x10" PSO 1.90x10° 5.80x107"

e woa 7.79x10° 2.43%10" hs woa 1.91x10° 3.71
DBO 7.35%10° 1.03x10" DBO 1.90x10° 2.38
CPOEBWO 7.53x10° 7.70 CPOEBWO 1.91x10° 2.23
EBWO 3.94x10° 2.41x10° EBWO 1.60x10° 2.60x107"
BWO 2.70x10° 1.29x10° BWO 1.62x10° 4.09
PSO 5.06x10° 4.21x10° PSO 1.61x10° 8.44

his WOA 1.77x10° 2.52x10° he  woa 1.61x10° 8.20
DBO 1.15x10* 1.67x10* DBO 1.60x10° 4.16
CPOEBWO 2.53x10° 1.32x10° CPOEBWO 1.60x10° 7.47x107!
EBWO 2.69%x10° 1.71x10° EBWO 2.31x10° 6.69
BWO 2.61x10* 2.48x10* BWO 2.32x10° 1.88x10?
PSO 5.17x10° 1.80x10° PSO 2.30x10° 1.74x10°

fa WOA 1.65x10° 1.75%10° Fis WOA 2.35%10° 1.46x10%
DBO 7.69x10° 9.96x10° DBO 2.30x10° 1.08x10?
CPOEBWO 4.35%x10* 3.17x10* CPOEBWO 2.32x10° 1.99x10°
EBWO 2.68x10° 1.06x10" EBWO 2.91x10° 8.72x10"
BWO 2.72x10° 1.12x10° BWO 2.94x10° 1.59x10"

fro PSO 2.79%10° 8.32x10" PSO 2.93x10° 2.18x10'
WOA 2.77x10° 4.92x10" Fa WOA 2.95x10° 3.13x10"
DBO 2.69x10° 1.10x10? DBO 2.94x10° 2.88x10"
CPOEBWO 2.68x10° 8.18x10° CPOEBWO 2.94x10° 1.80x10"
3.6 Wilcoxon FXFN& 16 “/ =/ =" RN R T N B R
KA EBWO fUPERE A S5 X LB M7, i3 7 AT EBWO S5 X)L EEIEAE £, f,

IRTEFR 1 L ED K R B 4E 4T Wilcoxon £ Bk
RG24 P<0.05 B, &8 2 R VA A7 AE 1o 5 1k 22
539 P>0.05 B2 A ER EEE T4 P
i NaN, W28 2 Fhiak SRR A Y

Giit RN 7 BT R, S O T T ) o 4

PREL (5 PSO A B EME25) Ly T8 1Al
M OEH A R A S A B
E5,

ZE AT A 5T 4 S 1% 25 5 7R 1 ) fb Rk
HA—E M ee s .

# 7  Wilcoxon £ 5 BRAG I 45 S

Table 7 Results of Wilcoxon signed rank test

_ BWO PSO WOA DBO CPOEBWO
PRl

P S P S P S P S P S
N 1.21x107" + 1.21x107" + 1.21x107" + 1.21x107" + 1.21x107" +
£ 1.21x107" + 1.21x107"2 + 1.21x107"2 + 1.21x107"2 + 1.21x107"2 +
£ 1.21x107"2 + 1.21x107"2 + 1.21x107"2 + 1.21x107"2 + 1.21x107"2 +
I 1.21x107" + 1.21x107" + 1.21x107" + 1.21x107" + 1.21x107" +
fs 9.25x107" + 7.85%107"2 + 1.09x107" + 1.39x107" + 9.35x107? +
fe 1.21x107"2 + 1.21x107"2 + 1.21x107"2 + 1.21x107"2 + 1.21x107"2 +
5 NaN = 1.21x107" + NaN = NaN = NaN =
fi NaN = 1.21x107"2 + NaN = NaN = NaN =
fo 1.21x107"2 + 1.21x107"2 + 1.21x1072 + 1.21x1072 + 1.21x107"2 +
fio 1.21x107"2 + 1.21x107" + 1.21x107"2 + 1.21x107"2 + 1.21x107"2 +
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Fig.8 Model of speed reducer design problem
ERUE iy aanEIFiNibE oy SIvE(1
BN
f(x)=10.785 4x1x§( 3.333 3x§+ 14.933 4x,-

43.093 4) —1.508x, (x> +x3 ) +

0.785 4(x,x2+x3x2) o (14)
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AP AR IR RN 2.6<x,<3.6, 0.7<x,<0.8,

17=x,=<28, 7.3=x,<8.3, 7.3=sx;=8.3, 29=<
X, <3.9, 5=x,=55,

EBWO 5% URIE AR T AR M A3 Bl kAR S0

LRI 30 WHISS R AR 8 iz, HHE 8 R ASHIFFEH A9
(x)= 27 <o EBWO FIE IS 1) fe NI 2 444.749 8,5
T FABSE AT L ARS8 ISR AR R 35
£8P AR TR LSRG
Table 8 Statistics on the results of speed reducer design problem
xS X, X X3 X, xs Xg X, AL
EBWO 4.061 0 0.684 0 14.461 8 8.370 2 8.1319 3.356 6 5.286 8 2 444.74
BWO 3.600 0 0.700 0 17.000 0O 7.300 0 7.800 0 3.379 3 5.2955 2 877.73
PSO 2.600 0 0.739 7 17.000 0O 7.300 0 7.800 0 3.349 8 5.286 4 2 844.88
WOA 2.806 7 0.700 1 17.001 9 7.300 8 7.800 9 33920 5.286 5 2 856.93
DBO 2.802 2 0.700 0 18.354 5 7.9510 7.828 4 3.350 7 5.286 3 2 881.40
CPOEBWO 2.600 0 0.800 0 17.000 0O 7.300 0 7.800 0 3.394 1 5.287 8 2 905.05
42 ENFHFTEE

FEFIAS AR BT B Am A 706 e AR 7 75 B ] B
ST b, Fe 125t it [m] i i 455 2 o %]
9 /R IZBBIILAT 4 MRS RIS 7, A
R (AEEL) o, B 2, BELEE 2,

JEN A A BCE RO AT

EEANT O]

f(2)=0.622 47,2,7,+1.778 17,23+

3.166 1717,+19.847;z, (15)
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Model of pressure vessel design problem
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AR KR K AARENHAARK 0<z7<99,0<z,<99,

8,(z)=~-z,+0.019 3z, <0,
8,(2)=-2,+0.0095 4z, <0,

4
g:(2)= —’n'zizr?ﬂn-ziﬂ 296 000<0,

84(2): Z4_240$0’

10<z,<200,10 <z, <200, EBWO 5%} [t & VL 7E
AR A A0 S 30 IRIGZE SR N 9 Fis
AN, 28 EBWO Pk J5 i AR 2% ol 5 837.63 T,
B P F oAl 5 Fhowt FE AR

*O ENESROHREE R

Table 9  Statistics on the results of pressure vessel design problem

ik z 2 % % L
EBWO 1.107 6 0.547 5 57.388 6 48.739 5 5 837.63
BWO 1.162 6 0.420 1 42.2113 175.356 1 6 879.73
PSO 0.893 1 0.441 5 46.277 0 130.927 7 5 947.70
WOA 1.256 6 0.631 7 63.172 5 19.141 0 7 192.20
DBO 0.778 2 0.384 6 40.319 6 200.000 0 5 885.33
CPOEBWO 1.186 1 1.220 9 54.839 8 95.750 0 7 328.98
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