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Enhanced dung beetle optimization algorithm and its application

Cai Chunlei Liu Wei

(School of Information Science and Engineering, Shenyang Ligong University,Shenyang 110159, China)

Yang Diya

Abstract: Addressing the limitations of the dung beetle optimization algorithm, such as weak global search capability,
slow convergence rate and susceptibility to local optima, this paper innovatively proposes an enhanced dung beetle
optimization algorithm based on the golden sine algorithm, named GSDBO algorithm. Firstly, the population
initialization is optimized using Tent chaotic mapping and lens imaging reverse learning strategy to generate high-quality
initial solutions; secondly, an improved golden sine algorithm is adopted to replace the original position update
mechanism of the rolling ball beetle, in order to improve the global search accuracy and convergence speed of the
algorithm; finally, by combining the t-distribution mutation strategy and adaptive adjustment mechanism, a dynamic
balance is achieved between global exploration and local development capabilities. The experiment used CEC2005 and
CEC2020 test functions, combined with Wilcoxon rank sum test, to verify the effectiveness and feasibility of the
proposed algorithm. The results showed that the GSDBO algorithm exhibited significant improvements in convergence
speed and solution accuracy. In the three engineering optimization problems of cantilever beam design. welding beam
design, and robot path planning, this algorithm has obtained the optimal solution, further verifying its effectiveness in
solving complex practical problems.
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Fig. 1 Model of dung beetle movement trajectory
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Fig. 2 Schematic of lens imaging reverse learning strategy
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Table 1 CEC2005 test function experimental data
[E3RA it & GSDBO DBO WOA GJO SHO SCDBO1 SCDBO2
- TFHIE Avg 0 2.18X10° " 2.41X10° ™ 3.07X10 ° 1.50X10 " 3.85%x10 ** 0
FrifE 2 Std 0 1.19X10 " 1.13X10 ™ 7.41X10 " 1.04X10 ** 0 0
- FIME Avg 0 3.57X10°%  9.57X10°"  2.12X10 " 3.94X10 7 2.31x10 ' 0
FrifE 2 Std 0 1.81X107" 2.73X10°7 2.27X10°7" 1.04X10" "7 1.04X10 "7 0
- FHE Ave 0 LA1X10 " 4.54X10°  2.41X10 " 5.70X10 " 1.41X10 *% 0
FrifE2E Std 0 7.65X107°7  9.63X10°  9.21X107"  1.72X10°" 0 0
- M Ave 0 4.07X10°7  4.48X 10" 2.44X10° 7 1.89X10 7 2.94X10 ¥ 0
FrifE 2 Std 0 1.93X107°"  2.81X10" 1.01X10 " 5.07X10 " 1.02X10 0
- FIE Ave  2.51X 10" 2.57X 10" 2.80x 10" 2.80% 10" 2.80% 10" 2.52X10"  2.53X10"
FrdfE2E Std 2.04X1070 1.42X107"  4.43X10°'  5.93X10 ' 5.71X10°'  2.95X10 ' 2.13X10°"
- FEHE Ave 1.69X10 7 1.53X10 °  4.75X10 ! 2.81 3.39 6.58X10° 8.99X10°¢
FrfEZE Std - 3.18X107°  4.79X107%  2.37X107"  4.28X107"  6.44X107"  2.25X107°  1.47X107°
- FEIE Ave 7.45X107° 1.31X10°°  2.82X10°  5.05X10*  9.83X10 ° 5.30X10 ' 1.43X10*
FRifEZE Std - 5.34X107°  1.17X10°°  2.29X10°°  3.42X10°° 7.04X10° 3.27X10 ' 1.33x10°*
- SEYE Avg —1.25X10°  —8.42X10° —1.03X10" —4.55X10° —6.03X10° —8.20X10° —1.25X10*
FrifE2E Std - 1.90X10? 2.27X10° 1.71X10° 1. 45X 10° 5.29X10° 9.72X10*  2.35X10*
- A Avg 0 1. 19 0 0 0 0 0
PR ifE 2% Std 0 6.53 0 0 0 0 0
Flo EIME Ave 4.44X107"° 4.44X107" 3.52X10 " 6.60X10 P 3.99X10 7 4.44X107' 4.44X107"°
FrifE 2 Std 0 0 2.42X107"  1.59X10°" 0 0 0
- T Avg 0 0 1.47X10 * 0 0 0 0
FrifE 22 Std 0 0 4.62X107° 0 0 0 0
12 FEIME Ave 1.62X107°  1.36X10 °  2.46X10 %  2.27X10 " 2.86X10 '  2.07X10 ° 1.68X10 °
FRdEZE Std 546X 10 °  3.42X10°°  2.24X10 % 8.393X10 % 1.20X10 % 3.74X10 ° 3.27X10°°
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Table 1 (continued)
PR 2 %t & GSDBO DBO WOA GJO SHO SCDBO1 SCDBO2
- FHE Ave 1.33X107% 7.03X10"  5.29X10°" 1. 65 2.11 9.58X10° " 2.33X10*
FRUEZ Std 1.98X107*  4.49X10° ' 2.70X10° " 2.42X10°'  3.15X10°"  5.28X10°' 2.93X10°°
FL FHH Avg 1.13 1.72 3. 48 5.49 4. 64 2.07 1.38
RS Std 5.03X107" 1. 21 3.51 4,42 4.59 2.57 1. 80
- SR Avg 3.42X1070 9.45X10° 1 6.39X10 " 2.57X10°  2.39X10°°  6.87X10 ' 4.26X10°"
FrfE2E Std - 9.52X107°  5.08X10 ' 3.42X10 *  6.03X10 ° 6.10X10 * 3.27X10 ' 1.86X10 *
- T Avg —1.03 —1.03 —1.03 —1.03 —1.03 —1.03 —1.03
BRUEZE Std 6.11X10° " 6.45X10 "  1.15X10° 1.54X10 7 1.61X10° % 5.97X10 " 5.90X10°"
17 EHE Avg 3.98X107" 3.98X107'  3.98X107"  3.98X107' 3.98X107' 3.98X107"' 3.98X107"
FrifEZ Std 0 0 2.76X10°°  2.09X10 * 3.52X10°° 0 0
SEYME Avg 3 3 3 3 3 3 3
F18 i
FRdfEZE Std 3.04X 10" 2.36X107"  1.97X10 * 5.21X10 ° 4.01X10° 2.55X10 " 2.40X10 "
Flo A Avg —3.86 —3.86 —3.85 —3.86 —3.86 —3.86 —3.86
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FRUEZ Std 6.01X1072  1.14X10"  1.74X10° " 2.35X10 " 3.11X10" 8.44X10 % 6.35X10°*°
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PRUEZ Std - 3.61X107° 2.63 3.01 1. 34 2.23 2. 90 4.13X10°°
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Fig. 4 Convergence plots of various algorithms in the CEC2005 test function
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Table 2 CEC2020 test function experimental data

PR giit GSDBO DBO WOA GJO SHO SCDBO1 SCDBO2
- FHIH Ave  4.00X10° 1.18x10° 5. 96X 10’ 2.84X10° 6. 74X 10° 4.09X10°  4.65X10°
FRifE2E Std - 3.69X10° 3.42X10° 9.16X10’ 3.86X10° 8.70X10° 3.40X10°  3.33X10°
- FEHME Ave  1.84X10° 2.03X10° 2.25X10° 2.09X10° 1.93X10° 1.99X10°  1.96X10°
PRdEZ Std - 2.93X 107 4. 06 X 10* 3. 90X 10? 3.69X10° 2.16X10* 3. 77X 10* 2.82X10*
FHE Ave 7,40 X107 7. 47X 10 7. 86X 10 7.59X 10 7.65X10 7.61X10*°  7.56X10
F3
FRifEZ Std - 1.09X 10" 1. 45X 10! 2.46X10" 1. 44X 10! 1.37X10! 1.71X 10 1.78X10!
T Ave  1.90X 10° 1.91x10° 1.91X10° 2.09X10° 3.70X10° 1.90X10°  1.90X10°
F4
FRifE2 Std 1.13 7.36 9.09 9. 85X 10 4.04X% 10" 1.33 1.31
- FHH Ave  5.88X10° 1. 65X 10" 2.66X10° 5.23X10" 2.28X%10° 1. 35X 10" 1.56 X 10"
PrdEZ Std 2.69X10° 1. 65X 10" 5.56X10° 1.16X10° 1.81X10° 2. 73X 10" 3. 48X 10"
- FEHE Ave 1.75X10° 1.79X10° 1.82X10° 1.83X10° 1. 78X 10° 1.80X10°  1.76X10°
FRifE2ZE Std - 9.04X 10" 9.98x10" 8.11X10' 1.01Xx10° 1. 08X 10° 1.36X10°  1.13X10°
7 FHH Ave  6.62X10° 1.09X 10" 5.81X10° 9.65x10° 1. 28X 10" 1.02X10"  6.87X10°
FrUfEZ Std 6.55X10° 1.18X 10" 1. 27X 10" 4. 33X10° 9.27X10° 1.06X10"  7.37X10°
- FHE Ave 2.30X10° 2.31x10° 2.32X10° 2.35X10° 2.42X10° 2.30X10° 2.30X10°
b2 Std 2.52 9.88 7.19 4. 71X 10" 1. 86 X 10* 4.6 1. 45X 10"
Fo FHE Ave  2.68X10° 2.75X10° 2.78%10° 2.77X10° 2.77X10° 2.70X10°  2.69X10°
FRifE2ZE Std - 1.09X10° 6.33X10' 4.95X%10" 2.23X10' 6.42X10' 1.05X10°  1.04X10°
10 SEHIH Ave 2.93X10° 2.94%10° 2.96X10° 2.95X%10° 2.94X10° 2.92X10°  2.93X10°
PRUEZ Std - 2.53X10° 2. 70X 10" 3.34X10' 4. 04X 10" 4.61X10" 2.52X10" 2. 53X 10

&3 Wilcoxon MW FHITER
Table 3 Wilcoxon rank sum test statistical results

%L GSDBOvsDBO  GSDBOvsWOA  GSDBOvsGJO GSDBOvsSHO  GSDBOvsSCDBO1  GSDBOvsSCDBO2

F1 1.21X10°" 1.21X10°" 1.21X10 " 1.21X10°" 1.21X10°" N/A
F2 1.21X10°" 1.21X10°" 1.21x10°" 1.21X107" 1.21X10°" N/A
F3 1.21X10°" 1.21X10°" 1.21Xx10 " 1.21X10°" 1.21X10°" N/A
F4 1.21X10 " 1.21X10 " 1.21Xx10 " 1.21X10 " 1.21X10 " N/A
F5 1.20X10 " 3.01x10 " 3.01x10 " 3.01x10 " 1.41X10 ! 2.15X10 °
F6 5.57X10 " 3.01x10 " 3.01x10" 3.01x10 " 1.05X10°° 2.75X10°°
F7 9.75x10" " 3.01X107" 2.60x10°" 1.98x107" 7.38X10°" 7.97X10°°
F8 9.91x10 " 1.20X10°° 3.01x10 " 3.01x10 " 3.01x10 " 6.37X10*
F9 3.33x107" 1.61x10" N/A N/A N/A N/A
F10 N/A 1.23X10 ° 2.48X10 " 1.68x10 ™ N/A N/A
F11 N/A 1.61x10°" N/A N/A N/A N/A
F12 2.43X107° 3.01x107" 3.01x10 " 3.01x107" 1.27X107*° 3.51X107°
F13 5.07X10 " 3.01x10 " 3.01x10 " 3.01x10 " 3.01x10 " 4,51X10°*
F14 6.84Xx10 " 6.84x10 " 2.47X10 " 3.36x10 " 8.31X10° 3.01X10*
F15 5.61X10 7 4.11X10°7 1.25X10°7 6.35X10 "’ 2.01Xx10"" 1.76X10°
F16 3.08X107" 1.44Xx10 " 1.44X10 " 1.44X10 M 8.04X10 " 3.24X10°°
F17 3.33X10 " 9.10X10 " 1.72X10 " 2.69X10 " 3.33X107" 3.33X107"
F18 1.52X10"" 2.59x10 " 2.59x107" 2.59x10 " 1.28%X10" 2.17X10°*
F19 8.04x10* 1.20x10 " 2.27X10 " 1.34X10 " 1.38X107* 1.76X10°
F20 1.68x10" 1.63X10°° 4,93X107° 7.61X1077 6.96x107" 4.40X107*
F21 3.73X10°° 7.26X10 " 1.08X107" 1.43x107" 4,93X107° 4, 80X107"
F22 6.74X10 " 4.40X10 " 1.95X10 " 1.76 X10 " 2.64X10°° 8.48X10°
F23 5.40X10°° 2.27X10°" 2.27X10°" 2.27X10°" 2.84X10°° 3.39X10°7
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BB B, B B T IR R A A AR X (1D
FER

min f(x) = 0.062 24(x, +x, + x5 +x, +x5)
6—1+3—Z+1—f+%+%—1<0 (14)
s. t. {9 X X3 Xy X5
0.01 << s, sx3s24s25 < 100
HHEERAS R K 4 FiR, GSDBO Bk &2
Sk A B2 LA 1. 339 968 A4 SR A AR 15 B I i H
HxF N Y PO 4% S B4 A o (6,016 565, 5. 302 865,
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Table 4 Optimization results of various algorithms for cantilever beam design problem

%:/i X Xy Xy Xy X5 %ﬁﬁéljj‘%
GSDBO 6.016 565 5. 302 865 4.503 619 3. 490 883 2.159 925 1. 339 968
DBO 5.990 518 5.322 224 4.492 736 3.516 773 2.152 129 1. 340 001
WOA 5.984 946 4.937 222 4.370 197 4.794 383 2. 045 389 1. 381 045
GJO 6.032 467 5.326 509 4. 475 923 3. 488 408 2.127 655 1. 340 075
SHO 6. 048 887 5.257 228 4. 455 210 3.500 194 2.217 995 1. 340 321
SCDBO1 6.012 060 5.323 133 4.515 474 3. 482 932 2.140 679 1.339 995
SCDBO?2 6. 005 941 5.304 943 4.505 115 3.505 244 2.152 664 1.339 971
4.2 BERRTEE M — P<L+Lz>
TR QR R Ak TR] AR Db A1 AR T R 453 ) 48 i &4 o 2
A ZE B, 3 3 1 4 5 K S 0 S I o A e /b, R R (18)
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Table 5 Optimization results of various algorithms for welding beam design problems

Ak H L T B S RN
GSDBO 0.205 728 3. 234 940 9.036 613 0. 205 730 1. 692 771
DBO 0. 205 706 3.235 522 9.036 672 0. 205 729 1. 692 823
WOA 0.188 355 3.815 664 9.015 408 0. 206 699 1. 746 753
GJO 0.205 443 3. 245 458 9.036 305 0. 206 083 1. 696 378
SHO 0.204 068 3.290 352 9.020 356 0. 206 472 1. 700 636
SCDBO1 0. 205 730 3.234 904 9.036 619 0. 205 730 1. 692 773
SCDBO2 0. 205 729 3.234 894 9.036 692 0. 205 729 1.692 774

F o Ry A AR B A AN B

TE 20X 20 W& FR5E P 8 GSDBO Bk 5 AR LT
-2 A A BE RN B O AR BE R IR AT R L. FP RS 3
BN 30, S R IEAC B 500, S 78 K B ML 45 51 ok i 52
Wi, ARSI 4T 30 K, 5 BIL LSS SR 6 TR,

x6 MBABREMXBASEEZRUER .
Table 6 Optimization results of various algorithms for
robot path planning
Ak AL AR 1 g A b e 22
GSDBO 27.56 29.92 1.33
DBO 28.68 32.33 2. 46
WOA 30.13 34. 30 2.47 11
GJO 28.42 31. 24 1.79 0 5 10 15 20
SHO 30. 81 32. 56 2.26 N
—+— GSDBO WOA ——GJO SHO
SCDBO1 28.42 31.57 2.05 . . oy o . o
SCDBO 27 9 . ol 6 GSDBO 53k 5 Hfl ES B 0 L5705 0 e R B 22 1
Fig. 6 Comparison of optimal paths between GSDBO algorithm
i3 6 AT 1, A S0 7 S A B AR L B B AR BT and other swarm intelligence optimization algorithms
2 3 HEAR T B R A R . B MR L&l 5 20
L T RVE I B H R AP 6 R 7 TR s
Kl 6 29 GSDBO 535 5 H AR RE D0 A0 533 35 10y doe U0 B 42 %) 6
FeL I8 7 S GSDBO $ik 5 U DBO K H SOk 5 4 fe ft
4 14
PRAEXSLE
10° 12
—*—GSDBO
DBO = 10
WOA
4 —=—GJO 8
= SHO
R SCDBOI
& —4—SCDBO2 6
E
r 4
B
2
0 5 10 15 20
.......... Sk x
400 500 —#— GSDBO DBO SCDBO1—+—SCDBO2
BARUE Bl 7 GSDBO Sk 554G DBO M MU 8k 1 B R A2 %) L
Bl 5 Ak & Fig.7 Comparison of optimal paths between GSDBO algorithm,
Fig.5 Iteration curves of various algorithms the original DBO and its improved algorithms
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