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Abstract

In order to solve the problems of boomerang aerodynamic ellipse optimization algorithm (BAEO)
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in complex search space, it is easy to fall into the local optimal and the population initial distribution
is not equal, a hybrid strategy improved Boomerang aerodynamic Ellipse optimization algorithm
(IBAEO) was proposed. Firstly, a Logistic-Tent composite chaotic mapping is used for population
initialization to enhance the diversity and uniformity of the initial solutions. Secondly, the Thinking
Innovation Strategy (TIS) is introduced, and through the collaborative effect of three core opera-
tors—information events, knowledge depth, and imagination—the tangent operator’s nonlinear
perturbation is utilized to enhance the algorithm’s ability to escape from local optima. At the same
time, the above improvements are integrated with the original air dynamic ellipse local mining
mechanism of BAEO into a two-stage optimization framework. Through the dynamic maintenance
of the elite memory bank and the secondary cognitive perturbation, a fine balance between global
exploration and local exploitation is achieved. Finally, the verification through CEC2022 test func-
tions and the welding beam design engineering shows that IBAEO converges faster and has higher
stability than the original algorithm and other comparison algorithms, and can effectively reduce
engineering costs, verifying its high stability and engineering practicability under complex nonlin-
ear constraints.
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AL S 1% (Metaheuristic Optimization Algorithms)FH#EA: 5258 [ 1],

JCA RAEIVEART LR — PN RAESE, &AM H bR R SEUE S, T i A4 R 1] 1)
BENIREN 515 B3 =, £ BERR SWREFF R Z MR AP Flan, S s it i, HAeE
VRO A I R AR B ) S S5-I A% ) SO 5925 (Ant Colony Optimization, ACO) [2]. BRI TRIIWE S
FUURH D £ e R ) S HERE AR AT A I FRIR OB 5% (Tunicate Swarm Algorithm, TSA) [3]1BA 2T B
T2 6 A B U 15 ) (R A0URS S0 1 B2 £ 1L 5272 (Giant Trevally Optimizer, GTO) [4]55. XRE LA H
FUR SRR 5 AT LA ORI S UGG O RE V), I C BOA B AR 2 TR rp AR 2 . ANAT it
o HE R B 45

5] e LS, B AR [ A4k 5 (Boomerang Aerodynamic Ellipse Optimizer, BAEO) [5]/2 i #iFi 2 HH #oc )3
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BT FIREREG, ASCIEH T — PR A SRS O R Rl ER R R A AL B, fRIFR IBAEO. 1 BETE
YK H Logistic-Tent WA GIRTHFHE 2 FEPE S /A3 501k ik, 51 NJE4EGHT 5K & (Thinking Inno-
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Figure 1. Comparison diagram of the three mappings
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Figure 2. Diagram of thinking innovation strategies
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4.1. FREMR R B S M SR8
4.1.1. EERBEREEE

A THEAS B BRI AL R R, A SCik B CEC2022 Fe v ok i UL [ 71T B A B2 . 42 i
12 AN EA AN R B RV 1) BR B 3, B 7 LU R (1) Al BRI B (F2~FS) L TR & BRI BU(FO~F8) L K 415 R
H(F9~F12), et R, TR A FR 3 WL R AR i3 5t, sk 1 i

YHIE IBAEO LRI RE, ¥ H 5 5 46 BAEO Sk J PUh &8 B 3 Re A AL S0 IOIRAR AL S5 (Grey
Wolf Optimizer, GWO) [8]. W1k 5 19:(Dung Beetle Optimizer, DBO) [9]. i F#f 5% (Particle Swarm
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Optimization, PSO) [ 10771 Jff 42 4 2 % 1=(Sparrow Search Algorithm, SSA) [ 111374} Fb sz, % B G Hik
S5 FSCROR R — 80 BT BIE MR G — &0 30, BcRIERIKER Y 500, & HIETEA R

PR ARSLIEAT 30 Uk, DA ORISR SR A PR S Geit wl FE bk

Table 1. CEC 2022 function set

5% 1. CEC2022 Fi#&E

BRI H ey i ¥ ] wILE
F1 Shifted and full Rotated Zakharov Function [-100, 100] 300
F2 Shifted and full Rotated Rosenbrock’s Function [-100, 100] 400
F3 Shifted and full Rotated Expanded Schaffer’s F6 Function [-100, 100] 600
F4 Shifted and full Rotated Non-Continuous Rastrigin’s Function [-100, 100] 800
F5 Shifted and full Rotated Levy Function [-100, 100] 900
F6 Hybrid Function 1 (N= 3) [-100, 100] 1800
F7 Hybrid Function 2 (N = 6) [-100, 100] 2000
F8 Hybrid Function 3 (N=5) [-100, 100] 2200
F9 Composition Function 1 (N=5) [-100, 100] 2300
F10 Composition Function 2 (N=4) [-100, 100] 2400
F11 Composition Function 3 (N=5) [-100, 100] 2600
F12 Composition Function 4 (N= 6) [-100, 100] 2700

4.1.2. WSS
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Figure 3. Convergence curve comparison chart
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X W] IBAEO e A AR RS MR FEAS B, TEZSHIAR XS ] B AR AUAT 55 R IR HH 5 PR AL R0

TEAL PRV G BRI BU(FO~F8)If, IBAEO IR FKIR W35 . FEAZ1E F6 % b, 24 BAEO. GWO %55
M NUCSIGR TR, TBAEO 531 HH B S (B ik xU R B ERZE, 5 TV B 4 s B L X 4. SR B T it o
WS E 52 44 28 72 () TP RS AR R0 IR PR 2 PR 1, 8 RVEE IR JRZRME TR T e PR IFAR A I R F )

B xok BA Bhl T 4 & B B(F9~F12), IBAEO JEHL T ik 4 RIR R S5k B i e 1. X3
M AEWZ BE M RMIEE, B SR DBO. PSO il SSA 28 B /E AR S A B T AN [FI R
(L2 8k, T IBAEO Al 28 U BEHF SR T M Al S, JROLH BE SR . 25 BATIR, JEiR D6 fi
R RR%, IBAEO B REFE R SR 5 RS 5 2 [ I A9 BRAR P4, F B 1 LA AR v 4 5 24 AR AK 1) 1 i £
P M

4.1.3. MEESHT

N T BN A SEAEAS RN o A B SR A kB, A SOR B A AT T AL R

TS VEM bR (R E . BEE BE PE 2B R MeTE s, B2 A7 7E B3 1=
MWES, HHEBEUIEHBBELH EEE, MU SHEDEA A, 75 DUE R — R T B2 e
g tEfe. Ak, SIANRAERK - HB/NA— 5306 BRI AL B, K BT A FR AR (E WL 22[0.1,
LOJIX ] BRI AT

X —-X.
S = 1- _max v 17
a+( a)xX (17)

y

A, X, N i DNEIRES MR TR EUE, X, 5 X, 2RISR T A X B P R ok
HSR/AME. G, ERRRIE X, BN 1.0, XN EIAEKRINE: &Z2EE X, SN 0.1, fif
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Figure 4. Test function indicator comparison radar chart
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Wikl 4 frzn, IBAEO 7E 12 A CEC2022 JUAR R £ 1 (1) 2 8 L AR B AR F Fofhont bRk, e 17 3
TEHE, Fah e, JRA KAAGTURRE ESGA R . WRIERE(FL) KA, IBAEO 7E¥{H S5
HEZEYERE PRI, IR AR = (0 R R e ) S Wi 1t 7E A 22 16 R 4 (F2~F5) |-, IBAEO
TERAE S TEGEERA R, REHBYARCPE 2 RIRR SRR, B R R TR,
MRS 1 SN IR TR A B BU(FO~F8) 5 4175 i B (F9~F12) |, IBAEO A B 4E QBT 5 51 A BN RIS
MU, FEXMES R ZEYEE F SHMEER T 2 20, R BORIE RS & .

4.2. 8T iR E RN SE0e

VAL IBAEO fif YR SERR L) 0] B S ik, AT IR BURE R BT (123X — 28 0 TR vl 1) AT 1
B R4Sl ~, S HE 30 RMNLIZ 1T DRI Gt 252 U R ARAE . ~FI5(E Bobrite
P o BT L SO0 A TRV ST AR R IS A 2 R (1 4 R P[RR AL T R

PR QR TT I)  E TE @ A DA R S8, TR R 2 T = AR RT3 T S/ MG s . o5
5N, S R RS RS R, NSRRI IREEIERE(h ) BRI ()
TG 3 (o ) ORI S TE (B ), B0 X =[x,3,,5,%, | = [ 0,0,0] o« FLELARIIECA IR a] 3k 40 F -

f(¥)=1.10471x]x, +0.0481 1xx, (14.0+x, ) (18)

LFGRAF T IFRRAE TARIRES T 222 R, AR

8:(¥)=0(%) =0, <0,

83(X¥)=6(X) =Sy <0,

g4(i)=xl—x4 <0, (19)
&.(7)=P-P ()20

g6 (%)=0.125-x,<0,

g, (¥)=1.10471x; +0.04811x,x, (14.0+x,)-5.0<0

Hob, o(3) AARSEYIRS, o (R) NBNE MBS, 8(F) NRMEE, P (F) NE MBS M
A ST

(20)
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HESHBEEWMF: P=60001b, L=14in, &, =025in, E=30x10°psi, G=12x10°psi,
7o =13600 psi o B RFHETIEN: 0.1<x,x,<2.0, 0.1<x,,x <10,

T2 MBI IR R, R E AR AR R B B 1 N, IBAEO I TR R
PR P 5 e i Radd bk o A b HAh FORP X B 55355, IBAEO AMY R IHER S 1 42 = S AR 1) 1l it AR (1.6926)
FEF=HF I CARLI R N2 1 R 2 IR RS B s BRI, HOARHE 22(0.0026) 4 H A B35 KR %
X, HAPEHFREG RN ILE LIS R . X — R AE I HbE B 1 o SR e ik T A e R
THER I TR 85 SR B R 5y B Jmy BB RO R Bes S0 50025 e 8 AR e 14 s B 3 A i i L v ot 1)
SERTE T %, HAR R SE AR B A A {E
Table 2. Comparison of test results for welding beam design problems

2. BRI IR S RIS

DBO PSO GWO SSA BAEO IBAEO

“FIME 1.708278591 1.716804103 1.742266065 1.754586312 1.784101907 1.696393476

PRz 0.029838933 0.03532683 0.043982126 0.201463211 0.164442171 0.002639035
RAUE 1.692768263 1.692780761 1.693750106 1.692768856 1.692792647 1.692617739
X 0.20572963 0.205727676 0.205738136 0.205729445 0.2057125969 0.205393662
X, 3.234919306 3.234953214 3.235868312 3.234924161 3.23525971 3.23485144
X3 9.036623988 9.036673728 9.040886675 9.036624902 9.036647042 9.03662391
X4 0.20572963 0.205729942 0.205744697 0.205729691 0.20572963 0.205729524

Figure 5. Welding beam design structure diagram
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e 5 A A B A 33 (BAB O AL 248 22 75 1] o 5 WA N RS 5011« A BEI M 1 23 A AR 75 i
S, T R A SRR S 1 [ R S SR B £ 1 B (IBABO) . %015 B\ % B SUHLE], )
SEHL T X AL I R B ROR AR, BRI

(1) BE5INT Logistic-Tent 5 AVRHMIMLT, @A T Logistic MU 2 IIEHFE 5 Tent WS 135
FI¥5IME, A R0R R T — WU S BRI R S T IX, BRI T RIA R (0 R 5 2 R

(2) SLEETTI LA T 2 NSNS K ) A QU7 W (TIS) — /7T, TIS MR A5 BB IE . SRR
FE S8R 77, FIFIE VIS T H07F SRR, o R A X () Mt 2540 R 0 Al R s ), Sl 7
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LRSS ST, AR S AR AT P A S 2 AR I 4 R A A, 8 I T SR S AR B U A R A A
Zhi IR TIS INFIRBHEAT RARRYZ . XM AR R ST R IR A, BREBUSHE TR B 1 3
LIS, W DR T AR I SR (10 2 e R AR 52 MR BE RS G B 4 SR e

(3) 1 CEC2022 bRl iR ¥ b4 mixt LSRR W], IBAEO £ i, SEafi g, RE LA SR
BRI EGRSIOE B S & R, ZRatEREIL T IR ah BAEO DAS HAR i % ok, fER#
HA B AR ME L R 4 I W B, IBAEO AMUSINBIUE T AR M HE iAo LUK AR
HEZEAE ] 7 AR P8 J7 A AR B e A 1 5 i B S T RE I P AR B
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