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[ Abstract] The Honey Badger Algorithm (HBA) is a new type-of intelligent optimization algorithm that simulates the
foraging behavior of honey badgers. It has the characteristics of a simple structure and fast convergence speed. A multi-
strategy improved Honey Badger algorithm (MSHBA ) is proposed to address the issues of low convergence accuracy,
slow convergence speed, and insufficient global optimization ability of the HBA to solve high-dimensional complex
problems. It designs a restricted reverse learning mechanism that updates the population with restricted reverse solutions
generated through algorithm iteration, improved population quality, and accelerated algorithm convergence speed.
MSHBA introduces adaptive weight factors to adjust the optimization step size for different optimization paths as the
number of iterations changes, thus coordinating different exploration stages of the algorithm, improving stability, and
accelerating convergence speed; and construct a new hungry search strategy that changes the optimization step size for
the optimization path based on population energy and global worst-case position to prevent premature convergence.
Based on nine standard test functions, simulation experiments are conducted on the MSHBA, HBA, Whale
Optimization, Harris Hawks ;and. single strategy in different dimensions. The results show that the MSHBA has better
stability and convergence-accuracy. The algorithm is applied to mechanical design optimization problems and the results
are compared. Compared with the original HBA, the MSHBA achieved 88% performance optimization, confirming its
suitability for solving high-dimensional complex problems.

[Key words] Honey Badger Algorithm (HBA) ; restricted reverse learning mechanism; adaptive weight factor; hungry
search strategy ; mechanical design
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Table 2 Test functions and specific information

PRI L R X ) /M
Fi(x)=Yx [ -100,100] 0.000 0
i=1
30 30
Fy(x) = D|x |+ I x| [ -10,10] 0.000 0
i=1 i=1
2
Fy(x) = 2(2’6) [ -100,100] 0.000 0
i=1\j=1
Fy(x) =max{|x,|.1<i<30] [ -600,600] 0.000 0
Fy(x) = (22~ 10cos(2ax,) +10) [ =5.12:5.12] 0.000 0
i=1
Fy(x) =—20exp| —0.2 310fo)exp(;ozcos(an,))+20+e [-32,32] 0.000 0
i=1 i=1
| . .
Fo(x)=—>x?= [Jeos| 2= | +1 -600,600 0.000 0
0= g St Teoe 2 | oo, o]
3t x.(b?+b.xz) ’
Foy) = AL, -5,5 0.000 3
() Zl:a, b2 +bx,+x, : ]

Fo(x) = [1 +(x, +x,+ 1)2(19—14xl+3xf— 14x2+6x1x2+3x§)} x
. [-2.2] 3.000 0
[3o+ (2x,-3x,) x (18-32x, + 12xi+48x2—36x,x2+27x§)}

%3/ MSHBA 53ttt B A7 R &R Fn 2 B E A9 (LM BE SR 4R
Table 3 Optimization performance indicators of MSHBA-and comparison algorithms

on different functions and dimensions

Eg 4 ey EizkN GA PSO WOA HHO SCA HBA MSHBA
Mean 9.55x10° 2.68 7.04x1077 9.58x107" 5.94 5.27x107"% 0
30 Std 5.24x10° 1.13 3.83x1072 5.00x107% 9.31 1.58x107"* 0
Best 1.93x10° 1.08 7.69%107% 2.32x107' 4.20%1072 3.23x107'* 0
Mean 5.31x10° 1.20x10° 2.77x1077° 4.53x107" 5.15x10* 8.78x107""7 0
F, 200 Std 3.14x10* 1.10x10° 1.46x10™ 1.75x10™ 2.52x10* 4.28x107" 0
Best 4.21x10° 9.40x10? 9.99x107% 5.92x107'"? 1.40x10* 2.80x107'* 0
Mean 1.49x10° 1.26x10* 1.10x107% 1.39x10™" 1.96x10° 6.86x107'" 0
500 Std 4.68x10" 6.14x10° 4.14x107% 7.35x107" 7.26x10* 2.34x107'"? 0
Best 1.38x10° 1.13x10* 1.44x107% 1.80x107'" 2.84x10* 1.66x107'" 0
Mean 4.16%10 4.25 4.65x107? 7.24x107? 1.34x107? 3.89x1072 2.91x1072%
30 Std 7.42 1.23 1.06x107" 2.08x107" 1.42x107? 1.17x107" 0.00
Best 2.38x10 1.98 6.50x107* 3.78x107% 5.64x107 9.40x1077 3.06x1072%
Mean 5.21x107 7.19x10% 2.97x107% 1.11x107% 2.79x10 1.23x107? 7.23x1072%
F, 200 Std 2.43x10 3.93x10% 1.01x107% 3.77x107% 1.73x10 3.23x107" 0.00
Best 4.81x10° 7.27x10% 4.67x107 2.86x1077 3.92 1.08x107% 2.82x1072
Mean 1.19x10' 3.62x10"* 3.53x107* 1.09x107* 1.09x10* 9.76x10™" 2.42x10721°
500 Std 6.53x10'% 1.98x10' 1.61x107" 5.19x107% 6.39x10 2.06x107%° 0.00

Best 5.09x10% 7.25%x10% 4.98x107° 6.89%x107° 2.25x10 1.10x107* 2.10x107%°
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PR 44 sty GA PSO WOA HHO SCA HBA MSHBA
Mean 3.64x10* 1.84x10° 4.14x10* 7.87x107"7 1.10x10* 9.43x107% 0.00
30 Std 1.04x10* 5.08x10" 1.41x10* 4.24x1077 6.65x10° 4.67x107" 0.00
Best 1.80x10* 1.11x10° 2.05x10* 8.66x10™° 3.64x107 9.45x107'"7 0.00
Mean 2.01x10° 9.75x10* 4.35x10° 4.87x107° 1.10x10° 1.77x1077° 0.00
F, 200 Std 7.59x10° 1.83x10* 1.50x10° 2.00x107 2.24x10° 8.03x1077° 0.00
Best 7.47%10° 6.41x10* 2.23x10° 2.55%107" 6.16x10° 1.36x107% 0.00
Mean 1.59x107 6.49x10° 2.99x10’ 2.05%107% 6.91x10° 1.48x107% 0.00
500 Std 4.46x10° 1.40x10° 1.01x107 1.12x107* 1.28x10° 5.66x107% 0.00
Best 8.57x10° 3.73x10° 1.46x107 6.56x107% 4.87x10° 4.79x1077° 0.00
Mean 6.72x10 2.00 3.51x10 3.15x107 3.43x10 1.26x1077 3.11x1077
30 Std 9.11 2.67x107" 2.92x10 1220%107* 1.17x10 2.29x1077 0.00
Best 4.75%10 1.36 2.59x10™" 3.57x107 1.36x10 1.88x107%° 9.11x107%
Mean 9.75%10 2.08x10 8.21x10 3.28x107 9.65%10 1.71x107% 3.04x1072%
F, 200 Std 7.37x10" 1.37 1.97x10 8.15x107% 1.09 5.85x107 0.00
Best 9.62x10 1.79x10 3.28x10 5.81x107° 9.25x10 8.84x107% 4.77x1072°
Mean 9.92x10 2.89x10 7.75%10 9.90x10™" 9.91x10 5.04x107% 4.42x1072"
500 Std 2.65%107" 1.69 2.52%10 3.77x107% 4.04x10™" 8.80x107% 0.00
Best 9.83x10 2.58x10 3.55 1.31x107° 9.80x10 5.03x107%° 9.53x1072%*
Mean 2.34x107 1.69%10° 1.89x107" 0.00 4.89x10 0.00 0.00
30 Std 4.52x10 2.83x10' 1.04x107" 0.00 4.55%10 0.00 0.00
Best 1.56x10” 1.05%10° 0.00 0.00 2.22x1072 0.00 0.00
Mean 3.31x10° 2.88x10° 1.52x107" 0.00 5.74x10% 0.00 0.00
Fy 200 Std 1:02>x10° 1.58x10° 8.30x107"* 0.00 2.27x10° 0.00 0.00
Best 3.09%10° 2.43x10° 0.00 0.00 2.82x10° 0.00 0.00
Mean 8.71x10° 8.03x10° 0.00 0.00 1.42x10% 0.00 0.00
500 Std 1.13x10% 2.35x10? 0.00 0.00 5.40%10% 0.00 0.00
Best 8.52x10° 7.58x10° 0.00 0.00 3,61x10* 0.00 0.00
Mean 1.98x10 2.46x10 4.68x107" 8.88x107' 1.54x10 1.33 8.88x107'
30 Std 4.42x10™" 4.82x107" 2.63x107" 0.00 8.29x10 5.05 0.00
Best 1.88x10 1.39x10 8.88x107'¢ 8.88x107' 1.32x107 8.88x107' 8.88x107'
Mean 2.10x10 9.61x10 491x107" 8.88x107' 1.93x10 3.32 8.88x107'
F, 200 Std 6.64x107 3.01x10™" 2.42x107° 0.00 3.70 7.55 0.00
Best 2.07x10 8.96 8.88x107"¢ 8.88x107' 8.51 8.88x107' 8.88x107'
Mean 2.11x10 1.44x10 4.44x107" 8.88x107' 1.97x10 2.65 8.88x107'
500 Std 3.66x107 1.99x107 2.29x107" 0.00 2.97 6.88 0.00
Best 2.10x10 1.41x10 8.88x107'¢ 8.88x107' 9.42 8.88x107' 8.88x107'°
Mean 9.24x10 1.22x10™ 1.42x107° 0.00 1.10 0.00 0.00
30 Std 5.66x10 5.05%107? 4.51x107 0.00 1.15 0.00 0.00
Best 2.21x10 5.40x107? 0.00 0.00 9.43x107? 0.00 0.00
Mean 4.85x10% 1.47x10 3.70x107"* 0.00 4.75x10° 0.00 0.00
F, 200 Std 229%107 3.38%107° 2.03x107"7 0.00 2.00x10* 0.00 0.00
Best 4.41x10° 1.42x10 0.00 0.00 2.00x10* 0.00 0.00
Mean 1.35x10* 1.73x10 0.00 0.00 1.94x10° 0.00 0.00
500 Std 3.20x10” 1.51 0.00 0.00 6.77x10” 0.00 0.00
Best 1.28x10* 1.45x10" 0.00 0.00 6.51x10* 0.00 0.00
Mean 1.12x1072 8.61x10™ 7.87x107 4.38x107* 8.90x10™* 8.33x107° 4.76x10™
Fy 4 Std 8.79x107° 1.48x107* 4.78x107 2.88x107* 3.08x107™* 1.01x107* 1.08x107*
Best 7.40x107* 4.33x10™ 3.08x107* 3.08x107™* 4.37x10™ 3.07x107* 3.07x107*
Mean 3.90 3.00 3.00 3.00 3.00 3.80 3.01
F, 2 Std 4.93 4.55x107"° 8.43x107* 5.23x1077 1.74x107 4.56 2.12x107
Best 3.00 3.00 3.00 3.00 3.00 3.00 3.00
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Fig.1 Convergence curves of each algorithms at dimension 200
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B AT 5 A L5 5 A o FF HBA MSHBA 5 H R
PR J52 1] 2% 3 HL ] 9 HBA (ic/F HBA-1) . H R A
TE WA A F 19 HBA GIE/E HBA-2) | HR YLk 48

B WS HBA (I /FE HBA-3) gE 47 X [k, 5 Fh i v &
g E 5 R 1 HBA S50 B A H 5 Fp & L7
R PR B YE B R 30 B A SO0 PR RE 45 SR a0 3 4 B .
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Table 4 Performance comparison among different algorithms at dimension 30
PR E oy HBA HBA-1 HBA-2 HBA-3 MSHBA
Mean 4.65x107"* 0.00 0.00 2.25%x107'% 0.00
F, Std 2.44x107'3 0.00 0.00 1.08x107"% 0.00
Best 1.31x107'* 0.00 0.00 6.92x107'* 0.00
Mean 3.96x107" 1.33x1075¢ 1.72x107'7 1.45x10772 5.97x107%
F, Std 2.12x107° 0.00 0.00 3.50x1077* 0.00
Best 4.68x107"° 2.19x107%% 2.69%x107'2 8.46x107° 4.18x1072™
Mean 6.36x107 0.00 1/52x107% 1.40%x1077 0.00
F, Std 3.49%x107" 0.00 0.00 4.88x107™7 0.00
Best 1.08x107'% 0.00 0.00 1.29x107'% 0.00
Mean 2.64x107° 1.72x107"! 2.67x101* 2.73x107 8.77x10727
F, Std 1.03x107° 0.00 1.42x107"* 7.32x107°° 0.00
Best 7.92x107% 3.01x1072% 3.80x107'% 6.82x107°" 2.96x10727
Mean 0.00 0.00 0.00 0.00 0.00
F, Std 0.00 0.00 0.00 0.00 0.00
Best 0.00 0.00 0.00 0.00 0.00
Mean 6.65%x107" 8.88x107'¢ 8.88x107'¢ 8.88x107'¢ 8.88x107'°
F, Std 3.64 0.00 0.00 0.00 0.00
Best 8.88x107'¢ 8.88x107'¢ 8.88x107'¢ 8.88x107'¢ 8.88x107'¢
Mean 0.00 0.00 0.00 0.00 0.00
F, Std 0.00 0.00 0.00 0.00 0.00
Best 0.00 0.00 0.00 0.00 0.00
Mean 6.65x107 5.66x107 5.68x107* 5.29x107 4.63x107*
Fy Std 9.80%10° 6.15x10™* 3.50x107* 8.66x107° 1.30x107*
Best 3.07x107* 3.07x107 3.09x107 3.07x107 3.07x107*
Mean 480 3.90 3.00 3.90 3.00
F, Std 6.85 4.93 5.73x107° 4.93 5.52x107°
Best 3.00 3.00 3.00 3.00 3.00
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Fig.2 Structure problem of piston rod

ZIE ZERT BT A B BN T
minimize f( H,B,D,X) = %nDZ(LZ—LI)
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G,=QLcos—RF<0
G,=0(L-X)-M,, <0

max

subject toy G, =1.2(L,~L,) =L, <0 (12)
D
G4=?—BSO
/\’:F[:
R |-X(Xsin0+H) +H(B~-Xcos0)| o TPD’
- =
(X-B) +H

L=+ (X-B)'+H®

L,= \/(Xsin9+H2) +(B-Xcos0)’
0=45° 0=10000 Ibs, M=1.8x 10° Ibs
P=1500psi, L =240
0.05<H,B,D <500, 0.05<X<120 (13)
R XYW E IR T P AT Y i KA
MR DR EATR LM AMSE . RS TR
MSHBA F1HAth 0 320 55 105 AR A5 0 e AR ik e O 22, i it
AL, MSHBA 3K 15 (% of 0t IR f# [H, B, D, X1 =
[0.05,2.05,4.09, 119.95] , f (H.B,D,X }=8.45, & W
MSHBA 3k 15 e /N il i, 6 b IR B ik LRt = T
88%. &l 3 [T Jhy M ik B3 oK Mt 1 2E AP iR 1 In] 1)
W Sl 8, 3F Bl MSHBARE 958k 3 $£.21] 1if 28 #F 1% 11
AL e AR e %
x5 BEMGTEEFSEEORLE R

Table 5 Comparison of optimization results of various

algorithms in piston rod design problem

Fk H B D X f
PSO 500.00 500.00 2.21 60.07 167.72
WOA 134.96 223.40 2.21 71.82 118.43
GA 60.48 92.76 3.89 94.02 129.46
SCA 0.06 2.13 4.13 119.44 9.04
HBA 200.03 201.23 3.33 96.00 72.04
MSHBA 0.05 2.05 4.09 119.95 8.45
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Fig.3 Convergence curves of testing algorithms

for piston rod design problem
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