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Dynamic spider wasp optimizer incorporating duality learning and its
application

Shen Qianwen Zhang Damin
(School of Big Data and Information Engineering, Guizhou University, Guiyang 550000, China)

Abstract: The spider wasp optimizer has problems such as irrational initial population distribution, unbalanced transition
between search and exploitation, and a tendency to fall into local optimization. Therefore, a dynamic spider wasp
optimizer combined with duality learning (CLDSWOQ) is proposed to solve these problems. Firstly, the Tent-Sinusoidal
(TS) mapping which combines the Tent and Sinusoidal mapping is designed to generate the initial spider-wasp population
with a wider and uniform distribution. Secondly, a dynamic tradeoff factor is developed to adaptively adjust the tradeoff
between hunting and mating behaviors to achieve a balance between global search and local optimization. Finally, a
mutation mechanism based on duality learning is introduced to accelerate the convergence and enhance the ability to
escape from the local optimum. To verify the effectiveness of CLDSWO, 10 benchmark functions, CEC2017 functions,
and Wilcoxon tests are carried out. The results show that CLDSWO is more competitive in balancing convergence
accuracy and speed. The CLDSWO algorithm is applied to the pressure vessel design problem and the time difference of
arrival localization problem. The results show that the accuracy of CLDSWO was improved by 1.28% and 36.67% .,
respectively, validating the effectiveness of CLDSWO in solving practical engineering applications.
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Table 3 The results of different improvement strategies
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R B LA B8 ot 22 B Bk LA B {H 1 2
SWO 4.28X10 %" 4.37x10 " 0 SWO 3.75X10° "% 1.45X10° " 2.84X10°"
CSWO  1.98X107* 2.44X10°'" 0 CSWO  3.18X107" 2.00xX107" 3.37x107"

F1  DSWO 1.37X10 " 9.95Xx10 ** 0 F6 DSWO 1.20X10 " 1.31X10 ° 4.68Xx10 °
LSWO 0 0 0 LSWO 0 0 0

CLDSWO 0 0 0 CLDSWO 0 0 0
SWO 3.42X107"  1.99x107%  1.08Xx10°% SWO 5.69X107°  5.85X10"" 4.38X107"
CSWO  6.94x107" 1.67x10 " 8.88x10 * CSWO  5.34X107°  4.89X107" 3.31X10""

F2 DSWO 4.06X10 " 4.72x10 " 2.58X10 " | F7 DSWO  4.52X10 ° 2.50X10 " 1.78X10 '

LSWO  6.46X107 %% 2.69X10*° 0 LSWO 1.35X107° 1.56X107" 1.00X107*
CLDSWO 0 1.10X107% 0 CLDSWO 1.25X107% 1.31X107* 1.39X10 "

SWO  5.99x10 '™ 5.46X10 ' 2.99x10 ' SWO 8.88X 107" 8.88X107 ' 0

CSWO  2.18X107" 5.19X107"" 2.49X10" " CSWO  8.88X107' 8.88X107" 0

F3 DSWO 5.28X10 * 1.77x10 ' 0 F8 DSWO  8.88X107 ' 8.88X107'¢ 0

LSWO 0 0 0 LSWO  8.88X107' 8.88X107' 0
CLDSWO 0 0 0 CLDSWO 8.88X107' 8.88X107' 0

SWO 3.97X107"  4.45X107%  2.44x10" % SWO 9.79X107"  1.19X107"  4.46x107"
CSWO  1.81x107" 2.43X107" 1.33x10° " CSWO  1.36X107"  4.57X107"% 8.94x10""
F4  DSWO 2.74X10 " 5.36X10 ' 2.93X10 ' | F9 DSWO 3.10X10 * 1.15X10 " 1.78x10 "
LSWO  4.93X107*" 3.05x10"'" 0 LSWO  1.57X107% 1.57X107% 5.57X10°*
CLDSWO 3.66Xx10 *° 6.22Xx10 0 CLDSWO 1.57X107™% 1.57X107* 5.57X107*
SWO 2.10x 10" 2.21x10" 5.05X10 " SWO 8.18X10 " 3.46X10 " 6.38x10 "
CSWO 2.13%10" 2.22X10" 4.63X107" CSWO  6.85X107" 3.66X107" 2.01x107°
F5 DSWO 2.10X 10" 2.24X10" 5.80X10° " |[F10 DSWO  4.25X10 " 2.56X10 ° 8.50X10°
LSWO 0 7.23%10° 1. 04 10" LSWO  1.35X107% 1.35X107% 5.57X10°*
CLDSWO 0 5.93X10° 1. 00X 10" CLDSWO 1.35X107% 1.35X107* 5.57X107*
x4 FEAMEEENRER
Table 4 The results of different comparative algorithms
R Bk LA B8 ot 22 ¥ Bk LA H{H T 1 2
CLDSWO 0 0 0 CLDSWO 0 0 0
DBO 4.25X107°" 7.21X107% 0 DBO 6.59X107"  6.79X107°% 2.09X1077

Fl HBA 0 0 0 6 HBA 2.44X10°"%  1.55X10 7 4.59X10"°
MPA 2.21X107%  8.11X107" 1.35x107" MPA 5.20X107""  1.67X1077 8.97x107"
GCHHO 4.05X107* 8.53X10°"° 0 GCHHO 8.81X107" 3.12X10°°* 5.56x10"°
IHHO 0 0 0 IHHO  9.24X107% 1.86X10°" 4.05X10° %

CLDSWO 0 2.47X107% 0 CLDSWO 8.31X10°° 1.43x10° ' 1.11x10""
DBO 3.57X107 "% 1.07X10° " 5.88x10 ' DBO 1.20X10°"  7.64X10°" 6.53X10"

o HBA 1.27X107"  5.57x107" 0 P HBA 2.23X107°  1.69X10°" 1.15X10°"
MPA 2.09X10°*  3.88X10 * 6.87x10 * MPA 9.17X10°  6.97X10 " 5.17X10 "
GCHHO 2.60x10 ' 4.51x10 " 2.30Xx10 " GCHHO 6.15X10°°% 1.32X10 " 1.39X10*
THHO 0 7.36X107* 0 THHO 2.09X107°  8.24X107° 7.56X107°

CLDSWO 0 0 0 CLDSWO 8.88X107' 8.88X10°' 0
DBO 3.75X107%" 1.13X10° " 6.16x 101 DBO 8.88X107' 1.13X10° " 9.01X10 "
HBA  3.42X107"" 2.53X10*" 0 HBA 8.88X107' 8.88X107" 0

E3 MPA 1.82x107" 1.02x107"  4.28%x107" s MPA 8.88X107' 4.09x10°" 1.08x10°"
GCHHO 5.09X10° "™ 5.80X10° " 3.17x10 ' GCHHO 8.88X107' 8.88X107' 0
IHHO 0 0 0 IHHO  8.88X107'¢ 8.88X107'° 0
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Immmmm | F43% 581

AR X #

PR Ak WAME {H bR 2 R Bk WALME YA b o 22
CLDSWO 7.34X10 %% 4,47X10 %" 0 CLDSWO 1.57X107** 1.57X107* 5.57X10™*
DBO 4.69X10 "% 4.21X10 7 2.30x10 % DBO 8.36X10 " 1.46X10 * 7.53x10°®
HBA 1.94X10 "™ 2.09X10 " 7.86x10 " HBA 6.84X10 "  3.59x10 " 1.61x10 "’
F4 —20 —19 —19 F9 —11 —10 —11
MPA 2.91X10 3.08X 10 2.62X10 MPA 7.67X10 1. 77X 10 8.91X10
GCHHO 3.63X10 ' 1.02X10 % 2.41x10 ¥ GCHHO 2.62X10 " 3.08%X10 ’ 2.91x10 "’
IHHO 0 1.22X107% 0 IHHO  2.54X10 % 5.85X10 % 2.24X10 *®
CLDSWO 0 7.36X%10° 1. 06X 10" CLDSWO 1.35X107** 1.35X10°* 5.57X10™*
DBO 2. 44X 10" 2.49x10' 2.48 %10 DBO 7.70X10°°  3.11X10 ' 3.29Xx10"
s HBA 1. 81X 10" 1. 96 X 10" 8.03x10 " Pl HBA 3.64X10 "%  8.12X10°% 1.37X10!
0
MPA 2.26X10" 2.33X10' 3.64X10 " MPA 9.75X10 " 5.70X10 " 2.14X10°
GCHHO 2.00X10 ° 1.59x10 ' 1.12X10 " GCHHO 1.91X10° 5.96X10 % 5.69%x10 °®
IHHO 0 4.14X107%  9.51X107% IHHO  1.35X107** 3.13X10 * 1.45X10 %
100 % 100'
-100
EIO ﬂ]O"OO
= -1
% k=
1 O-ZUU HQ 1 0-200 _____
—~—MPA
HjGCHHO - THH
1030 1030 f ——CLDSWO 103 —'—CLD%WO
0.5 1.0 1.5 20 25 30 0.5 1.0 1.5 20 25 30
PRI IREL <10 PREOTAE R <10
(b) F2 (c) 6
10()
i 107
=
@
|
‘IO-I(J
103

05 1.0 1.5 20 25 30 05 1.0 1.5 20 25 30 05 1.0 15 20 25 30
PRBOEAL UL x10¢ PRBOEAL x10° PRBOAL B x10¢
(d) 8 (&) F9 ® F10
B3 AN R SRk W st 4k
Fig. 3 The convergence curves of different algorithms

3.5 Wilcoxon & #1045 16

K F Wilcoxon B HIR 561 1 5 3301 22 [A] & 35 A7 75 ik
FEWEES . BILMSTIEAT 30 WL B B R ST T B
K. R5 N a=5% 0 EMKT T 1 Wilcoxon Bk FIHE 5 1
P 1H,#F p<<0. 05, WIHE 4 R ¥, R XPIANE A W
EMER RZMEZHEMBE. “+/=/—"4 03 £R
CLDSWO B MRt T AH 2 TR 25 T H ARk, Hoh
“NaN” 25 33 P A58k i PR REAH 4 .

M5 TR L KRB IE B mE R p E/0 T
0. 05, X PLW] CLDSWO H3k iyt g 5 Fo Al 50 i 1 2% 2%
5. WL, CLDSWO H3k BHA RIFm S rERe .

Hh B O T

3.6 CEC2017 & ik

Ak — 2 8E CLDSWO B RE L T 10 438 2Pk ik
PERY CEC2017 MR R %L (% 6) XF FR B sk pEAT I, Fb
FERURE B & R 30, e KB AR IRECH 500 W, B:ASH 37
BT 30 K., R, i #E4T T Wilcoxon #k FIFF 5 K 56, H
PR em” BRG T+ —"HEZ BN, K7
3 CLDSWO FH b B % py St s R, £ 7, CLDSWO
1 CECO01, CEC02, CEC06 1 CEC07 I fE 4 %5 1, 7%
CEC03.,CEC04 ,CEC05,CEC08,CEC09 #l CEC10 | 34
URT MPA B8 HEESE 2 1. MPA Bk Z B E
TN R Ko PR HC 0 R 1) B8 B SR W Al 45 9% 3Rk 7F CEC2017
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Table 5 The results of Wilcoxon rank sum test
CLDSWO DBO HBA MPA GCHHO IHHO
F1 1.21X10 " NaN 1.21X10 " 1.21X10 " NaN
F2 1.95x10 " 1.95x10 " 1.95x10 " 1.95x10 " 5.14x10°°
F3 1.21Xx107" 1.21x10° " 1.21x10°" 1.21x10 " NaN
F4 3.02x10 " 3.02x10 " 3.02x10 " 3.02x10 " 7.74Xx10"°
F5 2.72X10 " 2.21X10? 3.33%x10 " 2.67X10 7 1.04X10"
Fé6 1.21X10 " 1.21X10 " 1.21X10 " 1.21X10 " 1.21X10 "
F7 1.10x10°° 2.84x10" 9.26x10""° 3.63x10 " 9.47x10°
F38 1.61X10" NaN 3.94X10 " NaN NaN
F9 1.21X10 " 1.21X10 " 1.21X10 " 1.21X10 " 1.21X10 "
F10 1.21X107" 1.21x10° " 1.21x107" 1.21x10 " 4.57X10°"
+/=/— 9/0/1 8/2/0 10/0/0 8/1/1 6/3/1
£ 6 104 CEC2017 HifE izt &
Table 6 10 CEC2017 benchmark test functions
ERes bR BY 24 TR FRAE AR AE
CECO01 1 # i€ 5% Bent Cigar %L PRI PR Y 100
CECO02 1w % Jie 7% Zakharov PR 300
CECO03 1 # i€ 5% Rosenbrork’s #R%% FEAS 22 068 PR 400
CEC04 1w #% e %% Levy PREX 900
CEC05 RAERE 2 (N=3) HERERESE i 1 200
CEC06 RAE MR 3(N=3) 1300
CEC07 RAEMEE 6 (N=5) 1 800
CEC08 HERE 2(N=3) B4Rk 2 200
CEC09 BAERE4(N=4) 2 400
CEC10 A RE 10(N=3) 3000
F 7 CEC2017 st of #iiK 45 R
Table 7 The results of CEC2017 benchmark functions
B £ B2 CLDSWO DBO HBA MPA GCHHO IHHO
CECo01 ¥ 1. 00X 10 2.13X%10° 4.14X10° 1. 15X 107 2. 45%10° 2.00X10"
T 1 2 4.04X107" 8.60X10° 3.99X10° 3. 5410 2. 08X 10° 3. 3610’
p1H 3.01x10 " 3.02x10 " 1.09Xx10 " 3.02x10 " 3.02x10 M 3.01x10 "
755 + + + + + +
CEC02 ¥i{E 3.00X10° 6. 77 <10 3.00X10° 3.00X10° 3.01X10* 1. 75X 10
bR 2 2.96x10"* 6.29X10° 1.03X107° 1.18X107" 2.22X10° 1.32x10°
p1H 3.02X10 " 3.20X10 7 1.49x10" 3.02Xx10 " 3.02Xx10 " 3.02X10 "
FERERTS + + — + + +
CECO03 k() 4.01X10° 4. 28X 10° 4. 04X 10* 4.01X10’ 4.12X10° 2.56X10°
b 22 1.17X10° 4.45%10" 1. 2110 9.62X107" 2.36X10' 8.19X 10
pH 1.17X10 ° 2.64x10 " 7.20X10°° 2.07X10 * 3.02x10 " 1.17x10°°
5 Bk + - + + + +
CECO04 ¥IE 9. 01X 10 9. 88X 10 9. 17X 10 9. 00X 10’ 9. 84X 10 2.20%10°
T 1 2 1.56x10° 9. 6610 2. 8810 8.82X1072 1. 05X 10 1. 37X 10
— 168 — HESMHFIEFEAR rh B O )
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PR £k L CLDSWO DBO HBA MPA GCHHO IHHO
p1H 7.85x10 " 3.29X10°° 5.89X10 " 7.11x10 " 2.90x10 " 7.85x10 "
A5 + + — + + +
CECO05 ¥i{A 4.09X10° 3.26X10° 1. 90X 10" 1.32X10° 6.27X<10° 1.30x10°
brifE 22 3.23X10° 5. 06X 10° 1. 69X 10" 7.76 X 10" 9. 0610 4.40X10°
p1H 1.33x10 " 4.80x10" " 8.99x10 " 7.39Xx10 " 3.02Xx10 " 1.33x10 "
55 ® + + + + + +
CEC06 ¥I{E 1.31X10° 1. 27X 10" 1.13X 10" 1.31X10° 1. 34X 10" 1.92x10°
b 22 5.27%10° 1.33x10" 9.94x10° 3.07X10° 1.11x10" 1. 65x10°
p1H 3.02x10 " 3.02x10 " 6.74x10°° 3.02x10 " 3.02x10 " 3.02x10 "
1§45 8 + + + + + +
CECO07 ¥IE 1.80X10° 1. 66> 10* 1. 71x10* 1. 81x10° 1. 77X 10* 7.35%10°
T 1t 22 4.24X10° 1. 34X 10" 1. 40X 10" 5. 84X 10" 1. 23X 10" 5. 68X 10°
p 1B 3.02X107" 3.02X107" 7.22X10°° 3.02X107" 3.02X107" 3.02X107"
A5k + + + + + +
CECO08 HIH 2.29X10° 2.31x10° 2. 30X 10° 2.27X10° 2.30x10° 3.89%10°
T 1 22 2.79X10" 1.36X10' 1. 87x10" 3.80x 10" 2.07X10" 4.14X10*
pE 2.03X10 7 1.77x10°° 9.47x10° 6.05x10 " 3.02Xx10 " 2.03X10 7
55 R + + + + + +
CECO09 ¥I{E 2.56X10° 2.73X10° 2.76X10° 2.50X10° 2.73X10° 3.03X10°
bR 22 1. 05X 10 8. 90X 10" 2.47X10" 1.86X10' 9. 4610 9. 0610
p1H 1.43%x10°°¢ 1.29X10°° 7.62X10 7 1.86X10 " 3.02x10°" 1.43x10°°¢
45 B + + + + + +
CEC10 ¥i{E 6.33X10° 9.55%x10° 4.86X10° 4.22X10° 1.71X10° 6. 44107
T 1 2 3.10x10° 1. 02X 10° 9. 28X 10° 2.74X10° 2. 9610 2. 88X 10"
p 1H 8.99X107" 2.38x10°° 9.83%x10° 6.70x10 " 3.02x10 M 8.99X10 "
55k + + + + + +
+/—/=/gm 57/3/0/54
R LB EAS A, RS CLDSWO & 378 Y (H 48 Fr L A,
M 45 2R e MPA T .55 %, {52 N Wilcoxon Bk AIAT 5 K 5 IDRERNTIE @
55k E ,CLDSWO S B WAL T AW %, BRI S, minf (z) = 0.622 4z, x,2, + 1. 778 lx,x} +
CEC2017 M 45536 W] CLDSWO 2 A, I HEH T 3.166 1oia, +19. 842 fx, 3D
— S TR A R, DA G
4 TENATR g (x) = —x,+0.019 32, <0 (32)
g.,(x) = —x,+0.009 54z, <0 (33)
ik — gt CLDSWO 7 52 bR A% M i) 28 v (1 ‘ 4
R B 2 I A SO MU g 45 4 B T ) RN TG ¥R B 22 2 A3 g:(x) = —mxiz, —Enxi 41296 000<C0  (34)
Ak 1] JEE AT I g.(x) =2, —240<0 (35)
4.1 EABFHFEGITEH DMFLIR .
FE 1 8 A8 BT IR Y b R A T AR A R T Y ) 0,2, <99 (36)
B G B B a4 A e SR AR 4 B R R AR 10 < 2,2, < 200 (37

R(f])9’7§:%§{/<§ L(Iz)vﬂ\%gg T\(Ts)w\&fil‘%gg
T, () T, # T, K 0.625 B85 R fL HiEs:

Hh B O T

S U Fh R B R 30, fx R AR R BN 500 W),
SLIEAT 30 K. AT HCEVE S SWO 2 i DBO &t
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SWO BILH b Y ER ER T T 77. 728 5, 45 i 22 FEAK
T 20.053 6,5 4F T CLDSWO % 1 fi% te 52 By 0] 35 04 4

®8 BHEEENAB|EABEPHERSE T

Table 8 The results of algorithms in pressure vessel problems

ﬁ/ﬁ L1 X2 L3 Ly ﬁjﬁ 15‘4*%
CLDSWO 0.840 8 0.416 4 43.554 4 159. 399 2 5985. 897 6 136.609 1

SWO 1.021 9 0.505 1 52.946 4 76.570 1 6063. 626 1 159.662 7

DBO 1.258 8 0.622 2 65.225 2 10. 000 0 6435. 055 7 678.771 0

HBA 0.778 3 0.384 7 40. 326 4 199. 905 4 6013.351 5 138.094 2
GCHHO 1.000 7 0.494 6 51.849 3 84.318 3 6592.163 5 479. 346 4

4.2 TDOA {4k a1 7% 2) 3K fiff 3t 7

TDOA HARF B b5 A5 5 U5 3 35 & F b 0 B 8] 22 %
W BARALE . B TR ORI R i TDOA 22 {37 I 5
C Bk 0 GF S — AT S5 R0 7 ik
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A(xg, yos20) 3 MMM E BN B(xysy,.21).C(ay,
yos2) D(xsays.2) BB E N E(z,y.2), ME
(RS

ri=(r—x)'+ G —y)'+(z—=z)°

Jr,z =(x—ax)'+ (G —y)+(z—z)° (38)
ri =1, 7T,
t (it —ty)

AH:i=1,2,3; r, FRx BB IR 5 r, TR 8
i B EFREE R r Rm BARR] Eul YIRS B bR B A
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Fig.4 The diagram of three-dimensional TDOA
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B, B bR 85 5 858 B 5% 85 0 9 TDOA Ml
HEN
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e e, HEW G AWBZE A TDOA &R 2%,
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W55 203k Ful i B] A5 5 Bk EEul ¢ AN S
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T

to = [tostosest,]" 4D
t =10ty sty 0]’ (42)
At = [£1gsta0 s st norro )" (43)
e = Lensens e ol (44)
fA AL TT 75 .

At =t —t,+e (45)
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Bl 5% wb = [120,120,50]", F K b = [—120, —120,

B : 01 55 Bt R FH Y 75 W L 4% 3 A B 43 3 A =

(z'yy" vz =arg{min[ (At —t+t )" (At —t+¢t,) ]} [0 km,0 km,0 km |, B=[7 km, —7 km,0 km],C =

(48) [—7 km,—7 km,0 km],D=[0 km,10 km,0 km], Fh B

MG (48D BT LA Hh 7 B 550 0 0 338 57 138 PR BN KANH 30, B RIERR B 500 k. XF LR SWO 52

F(X) = (At —t+t)" (At —t +t,) (49) EM OWOA F3EN CHBA B K& MPA B35 3R

X MR E R A7 B 1 H AR IEAT 30 AR ST SL58 e g5 AN 9 iR,

At —t+t) (At —t+t
- [J T+ ﬂ} .
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Table 9 Comparison of positioning accuracy of different algorithms (%)
o [20 km,20 km, [75 km,75 km [100 km,100 km [119 km,119 km.,
H 5 A b .
25 km | 25 km | 25 km | 25 km |
CLDSWO $E i IE # R 100 100 100 100

SWO 7 7 1E i % 100 96. 67 80 63.33
WOA % i IE 1 R 90 53.33 66. 67 46. 67
HBA & fif IE ) % 100 46.67 13. 33 26. 67
MPA 5 {7 1F i % 80 23.33 10 23.33

M 9 WTLLFEE, CLDSWO B ¥E7E A [ B bR A & 4k
HRREIRF 100 Y6 1 7€ o A 22, Rl B br BB 25 00 i 8
TR SR L, LR R 1 TE LR B BT R IR 24 H AR Ak bRl
[100 km, 100 km.25 km i, MPA & {3 1F i 2 F W {2
£ 10%,SWO.WOA S35 IE#1 % 5 T 60% .1 CLDSWO
Bk — R E 1009 /Y E A7 MER R, Y H bR A AR 23T 0
H L R0119 km, 119 km, 25 km]AF, CLDSWO 2 5 4k 8% 47
F5 100 % W5 L IE 86 %, &5 1, CLDSWO 83k % o i
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