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Hybrid strategy improved dung beetle optimizer and
its engineering application

JI Rugin, QIN Jiangtao
(Business School, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: Aiming at the problems that the original dung beetle optimizer (DBO) is easy to prone to local
optimum and the low convergence precision, a multi-strategy fusion improved dung beetle optimizer
(TDBO) is proposed. Using the Tent chaos initialization population mapping strategy to makes the
initial position of dung beetle distribution more uniform, and improve the diversity of population,

adaptive inertia weight was applied during the breeding stage to improve the optimization ability. Levy
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flight was introduced into the dung beetle stealing behavior formula to improve the search ability of the

algorithm, make the algorithm jump out of the local optimal, equates the relationship between diversity

and convergence accuracy. Compared with the basic DBO algorithm, four comparison algorithms and

single-strategy improved DBO algorithm on 9 test functions, and Wilcoxon rank sum test is used to

verify the performance of the TDBO algorithm. The results show that the speed and accuracy of the

TDBO algorithm are better than the comparison algorithm on multiple functions, and the TDBO

algorithm has significant difference. Through the test of benchmark functions, the verification of

Wilcoxon rank sum test, and validation of three engineering optimization problems, the TDBO

algorithm has better convergence accuracy and speed.

Keywords: dung beetle optimizer; Tent chaotic map; adaptive inertia weight; Levy flight
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Tab.1 Basic test functions
PRI A HepE HBRIXE] i
n n
Fir(o= ) ll+] [ 30 [-10,10] 0
- L
i . i=1 .
n I
Fy(x)=) [Z x_,-] 30 [-100,100] 0
i=1 \j-1
F3(x) =max{|x;|,1 <i<n} 30 [-100,100] 0
Fa(x) = Z ix! + random([0, 1) 30 [-1.28,1.28] 0
i=1
Fs(x) = Z ! 30 [-1,1] 0
Fe(x) = Z[x —10c0s (27x;) + 10] 30 [-5.12,5.12] 0
i=1
F1(0) = 7055 000 Zx - ncos— +1 30 [-600,600] 0
sm2 ( @ /xl +x2 - 0.5)
Fg(x)=0.5+ g 2 [~100,100] 0
(1.0+0.001(x2 + x2 ))
X1 (b +b; xz)
Fo(x)= Y |a; 4 [-5,5] 0.0003
o Z o b2+b,xg+X4
2 RAEEZMRER
Tab.2 Test results of different algorithms
PRI GWO SSA WOA NGO DBO TDBO
. 1.16E-16 6.02E-29 5.70E-50 1.34E-45 9.95E-52 0.00E+00
1
8.24E-17 2.45E-28 2.31E-49 1.86E-45 5.45E-51 0.00E+00
4.83E-06 1.65E-29 3.85E+04 1.79E-22 2.35E-59 0.00E+00
F 1.20E-05 8.85E-29 1.17E+04 5.74E-22 1.29E-58 0.00E+00
8.70E-07 2.47E-30 4.92E+01 2.51E-37 1.21E-53 0.00E+00
Fs 7.82E-07 8.72E-30 2.69E+01 3.31E-37 4.61E-52 0.00E+00
2.49E-03 2.22E-03 3.00E-03 5.60E-04 1.37E-03 1.21E-04
Fa 1.49E-03 2.58E-03 3.62E-03 2.28E-04 1.10E-03 1.06E-04
6.01E-93 3.14E-53 4.23E-99 3.61E-180 3.93E-105 0.00E+00
Fs 3.27E-92 1.72E-52 2.29E-14 0.00E+00 2.15E-104 0.00E+00
2.65E+00 0.00E+00 7.60E-15 0.00E+00 0.44E+00 0.00E+00
Fo 3.55E+00 0.00E+00 2.47E-14 0.00E+00 1.44E+00 0.00E+00
3.97E-03 0.00E+00 3.70E-18 0.00E+00 5.15E-04 0.00E+00
Fr 5.27E-03 0.00E+00 2.03E-17 0.00E+00 2.82E-03 0.00E+00
3.45E-02 0.00E+00 2.24E-02 9.72E-03 9.72E-03 0.00E+00
Fs 8.39E-03 0.00E+00 1.78E-02 6.17E-14 1.10E-07 0.00E+00
- 4.42E-03 3.47E-04 8.12E-04 3.15E-04 7.49E-04 6.45E-04
2 8.28E-03 1.05E-05 5.64E-04 3.85E-06 3.32E-04 1.60E-04
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Tab.3 Results of ablation experiment testing

PR DBOI1 DBO2 DBO3 DBO TDBO

4.40E-57 0.00E+00 2.56E-84 9.95E-52 0.00E+00

Fi
2.08E-56 0.00E+00 1.22E-83 5.45E-51 0.00E+00
3.15E-62 2.72E-89 2.30E-66 2.35E-59 0.00E+00

F
2 1.72E-61 1.49E-88 1.26E-65 1.29E-58 0.00E+00
6.64E-57 2.56E-73 7.07E-73 1.21E-53 0.00E+00

F
3 3.46E-56 1.40E-72 4.82E-72 4.61E-52 0.00E+00
1.10E-03 8.27E-04 1.34E-03 1.37E-03 1.21E-04

F
4 8.19E-04 4.93E-04 1.09E-03 1.10E-03 1.06E-04
5.16E-111 0.00E+00 3.05E-123 3.93E-105 0.00E+00

F
5 2.83E-110 0.00E+00 1.67E-122 2.15E-104 0.00E+00
1.33E-01 0.00E+00 0.00E+00 0.44E+00 0.00E+00

F
6 7.27E-01 0.00E+00 0.00E+00 1.44E+00 0.00E+00
0.00E+00 0.00E+00 1.15E-03 5.15E-03 0.00E+00

F
7 0.00E+00 0.00E+00 6.29E-03 2.82E-02 0.00E+00
9.39E-03 3.24E-04 9.72E-03 9.72E-03 0.00E+00

Fg

1.77E-08 1.78E-03 5.86E-08 1.88E-07 0.00E+00
6.46E-04 5.19E-04 6.88E-04 7.09E-04 6.45E-04

F
’ 2.84E-04 2.12E-04 3.04E-04 3.32E-04 1.60E-04
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% 4 Wilcoxon BFN#38 p &
Tab.4 Wilcoxon rank and test p-value

3 R AL TDBO/GWO TDBO/SSA TDBO/WOA TDBO/NGO TDBO/DBO
F 1.73E-06 1.73E-06 1.73E-06 1.73E-06 1.73E-06
Fy 1.73E-06 2.56E-06 1.73E-06 1.73E-06 1.73E-06
F3 1.73E-06 1.73E-06 1.73E-06 1.73E-06 1.73E-06
F4 1.73E-06 2.35E-06 1.73E-06 2.13E-06 1.73E-06
Fs 1.73E-06 2.56E-06 1.73E-06 1.73E-06 1.73E-06
Fe 3.60E-06 NaN 1.61E-01 NaN 2.50E-01
F7 1.56E-02 NaN 1.25E-02 NaN 2.50E-01
Fg 1.73E-06 NaN 5.54E-06 1.73E-06 1.73E-06
Fo 2.37E-01 2.88E-06 1.53E-01 1.73E-06 2.99E-01
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min f(x) =0.622 4x1x3x4 +1.778 1x2x§+
3.166 1x}xs +19.84x% x3

AN
g1(x)=-x1+0.0193x3 <0
g2(x) =—-x2+0.009 54x3 <0
3 (x) = —mx3xy —4mx3/3+1296 000 < 0
g4(x)=x4—-240<0

x120,x<99,x3 > 10, x4 <200
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min f(x) = 0.06224(x; + x2 + x3 + x4 + x5)

AR

0.01 <x; <100, i=1,2,3,4,5

x5 EHBEHFEITEENRERILER

Tab.5 Comparison of test results for pressure vessel design

problem
RS x| X2 x3 x4 A (HEF)
GWO 08125 0.4345 42.0891 176.7587  6051.5639(5)
SSA 0.8544 0.4223 442742 1514194  6029.0111(4)
WOA 1.0057  0.4982  52.0119 83.1434  6413.7919(6)
NGO 0.7934  0.4130 41.1021 189.4275 5976.5747(3)
DBO 0.8125 0.4023 42.0984 176.6367  5949.1354(2)
TDBO 0.8019 03976 41.5449 183.6372  5931.8711(1)

3 6 7, TDBO Rk By L (E AR/ NI AR
Pk E /N ME TR DBO Bk, FL4RE
B TR R G

Fo6 BERGITEBMIRE RILK

Tab.6 Comparison of test results for cantilever beam design

problem
vk X X2 x3 X4 x5 EEGHDT)
GWO 59806 53460 4.4886 3.4912 2.1690 1.33662 (4)
SSA  6.0288 53116 4.5059 3.4750 2.1529 1.33655 (3)
WOA 9.6875 4.0717 5.5529 3.1009 2.9477 1.57844 (6)
NGO 6.0122 53194 4.4981 3.4917 2.1525 1.33653 (2)
DBO 59311 5.2286 4.5970 3.5156 2.2143 1.33732 (5)
TDBO 6.0107 5.3108 4.5060 3.4933 2.1528 1.33651 (1)
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x3(x1 — 2x4)3 +2x7X4 (4xi +3x1 (x — 2x4))
15x, X 10°
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10<x1 <€80,10< xp <50,x3 20.9,x4 <5
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Tab.7 Comparison of test results for I-beam design problem

g (x) =

-6<0

RS x| X2 x3 X4 A (HE )
GWO 80 50 0.9 2.3214 0.013076(2)
SSA 80 50 0.9 23217 0.013074(1)
WOA 80 30.8767 0.9012 3.8014 0.013530(3)
NGO 80 50 0.9 23217 0.013074(1)
DBO 80 50 0.9 2.3217 0.013074(1)
TDBO 80 50 0.9 2.3217 0.013074(1)
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