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Multi strategy improvement of dung beetle optimization
algorithm and its application

Liu Wei Ren Tengteng Han Guangyu Li Tong Yan Wenlyu
(College of Information Science and Engineering, Shenyang Ligong University, Shenyang 110159, China)

Abstract: Aiming at problems such as the dung beetle optimization algorithm’s poor global exploration ability and its
tendency to fall into local optimization, this paper proposes a hybrid algorithm based on the positive cosine algorithm
and the dung beetle optimization algorithm called the SCDBO algorithm. The hybrid algorithm adopts the positive
cosine search algorithm instead of the search mechanism of the rolling dung beetle in the dung beetle algorithm, which
balances the global search and local exploitation ability of the algorithm. In addition, while introducing the t-
distribution perturbation to update the dung beetle population with a certain probability during each iteration, the Levy-
Corsi variation operator is introduced to mutate the optimal position. This not only accelerates the convergence speed of
the algorithm but also reduces the possibility of falling into the local optimum. Finally, the population diversity of the
algorithm is enhanced by initializing the dung beetle population with chaotic mapping. The effectiveness of the SCDBO
algorithm is investigated using 23 benchmark functions, and the experimental results show that the algorithm exhibits a
better ability to find the optimum compared with other comparative algorithms. To further evaluate the performance of
the SCDBO algorithm for practical applications, the algorithm was successfully applied to three engineering design
problems. By comparing with other algorithms, the results show that the SCDBO algorithm has high potential in
solving practical engineering problems.

Keywords: dung beetle optimization; sine cosine algorithm; t-distribution perturbation; Levy-Cauchy variation;
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Fig. 1 Distribution map of dung beetle populations
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Fig. 2 Histogram of the distribution of chaotic mapping sequences
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Table 3 Fixed-dimension multimodal benchmark functions
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n T
Folx)=[14+(, +a, +D*9— 14z, + 32} — 1dx, + 62,2, +3x2)] X [—5.5] 3
‘ , , —5,5
[30+ (22, — 3x,)" X (18 — 32x, + 1227 +48x, — 36z, 2, +27x3) ]
4 3
F(x) = Ec,cxp(* Ea,,(xj*]‘),k,)z) 3 [0.1] —3.86
i=1 i=1
4 6
Fu(a) = Dcexp(— Dha,(x, — p,)°) 6 [0,1] —3.32
i=1 j=1
Fu(a)=—2[(X—a)(X—a)" +¢, 1" 4 [0,10] —10.153 2
i=1
Fu)=—2[(X—a)(X—a)" +¢,1" 4 [0.10] —10. 402 8
i=1
10
Fu(o)=— 2 [(X—a ) (X —a)" +¢]" 4 [0,10] —10.536 3
i=1
4 BELEREEENKTEHENIHER
Table 4 Experimental results of each algorithm on unimodal benchmark functions
SR SCDBO DBO NGO SCA HHO WOA SCDBO1 IBWOA
F1 Mean 0 8.21X107"" 3.48x107% 9.65 2.35X10°7 3.00X10—"" 2.11X10 ** 0
Std 0 4.49X107" 1.22X107%  1.69X10" 7.48X107"" 9.37X10° 7 0 0
F2 Mean 0 1.77X10°° 1.09X10 " 1.70X10 % 8.59X10 " 7.59X10 °" 2.04X10 " 1.46X10 *7
Std 0 8.94X10 " 9.79X10 " 1.87X10 * 4.65X10 ¥ 2.37X10 " 1.05X10 ** 0
F3 Mean 0 9.87X107" 1.96X107* 1.09X10" 3.64X10°" 4.52X10" 6.30X107"" 1.66X10"*
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F4 Mean 0 1.35X10°" 1.36X10°%  3.90X10" 1.12X10 " 4.34X10" 8.88X10 " 3.35X10 '*
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F6 Mean 5.38X107° 7.35X10 ' 4.59X10* 1. 25X 10" 1.91X107" 3.94X107" 1.70X107° 1. 44
Std  6.35X107°% 2.13X107° 7.74X107" 1.01X10" 2.12X107" 2.11X107" 3.95X107° 6.05X107"
F7 Mean 1.10X107* 1.21X10°° 6.21X10° " 1.48X10°" 1.39X10° " 4.72X10°% 6.44X10°" 1.27X10°"
Std  1.16X107" 1.00X10° 2.64X10 " 1.61X10 " 1.11X10" 4.98X10"* 5.50X10° " 9.99X10~*°
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Fig. 4 Convergence plots of the algorithms on unimodal benchmark functions
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Table 5 Experimental results of each algorithm on multimodal benchmark functions
S8 SCDBO DBO NGO SCA HHO WOA SCDBO1 IBWOA

F8 Mean —1.26X10* —8.88X10° —7.51X10° —3.75X10° —1.25X10" —1.07X10" —8.04x10° —1.16X10*
Std 7.67X107"  1.75X10°  4.44X10*  3.11X10°  2.62X10° 1. 87X 10° 1.00X10*  1.48X10°

F9 Mean 0 0 0 4.00X 10" 0 1.89X10 ¥ 0 0
Std 0 0 0 2.90X10" 0 1.04X10 ™ 0 0
F10 Mean 8.88X107 ' 8.88X107' 6.81xX10 " 1.22X10" 8.88X107' 3.73X10 " 8.88X107 " 8.88X10™ "
Std 0 0 1.70 X107 " 0 0 2.70X107" 1.00X10"°" 1.00X10""
F11 Mean 0 0 0 9.95X10"" 0 1.26X10°° 0 0
Std 0 0 0 5.89X10"" 0 4.89X10°* 0 0
F12 Mean 1.48X107° 2.39X10° 2.31X10° 1.82X10° 1.24X10° 1.53X10° % 8.36X10 * 8.73X10 *
Std  3.50X107° 8.32X10 ° 6.43X10 ° 6.66X10° 1.60X10 ° 1.02X10 * 4.58X10 * 9.98X10 *

F13 Mean 1.17X10% 5.82X10° ' 2.32X10° ' 7.75X10" 9.50X10°° .30X107 " 6.83X10 ! 1.02
Std  1.77X107° 5.67X107" 1.48X107"  2.21X10° 1.30X107* 2.70X10°" 3.91X10°" 5.91X10"'

ul

Mi-EB T SCDBO 5k HA BT 1 & R R TR . KB . WFEHAT LI SCDBO B :7E F16~F19 L)
3.3 SCDBOBAEBETEHSIEREAN R EH WA J F21~F23 L3l IR B AR E . 75 A 2 X L Bk p, i

SCDBO 5 M Hxb b 85 vk 76 18] 2 4k 22 06 D 4k o 4% W T B SOKE . X T Fl4. F15, F20, B8R
(N 3 frm) BRY ST S B ANFE 6 R GRS AT SCDBO Bk AETE i £ 8 ik R 15 1 A, {3 2 Fr T/l
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Fig. 5 Convergence plots of the algorithms on multimodal benchmark functions
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Table 6 Experimental results of each algorithm on fixed-dimension multimodal benchmark functions

24 SCDBO DBO NGO SCA HHO WOA SCDBO1 IBWOA
F14 Mean 1.13 1.32 9.98EX107" 2.15 1.79 2.54 1. 10 4.39
Std  5.03X10 " 1.78 0 1. 89 1.71 2. 90 4.00X10 4.18
F15 Mean 4.65X10° " 8.77X10 ' 3.08X10™* 1.01X10 ° 4.53X10° " 7.78X10 " 7.04X10 " 4.48X10 "
Std 2.63X10°" 4.96X107" 2.05X107° 3.98X10" 3.36X10 ¢ 4.50X10°° 4.67X10°* 1.86X10 "
F16 Mean  —1.03 —1.03 —1.03 —1.03 —1.03 —1.03 —1.03 —1.03
Std 0 0 0 4.78X10°° 1.18X10 ° 1.84X10 ° 0
F17 Mean 3.98X107' 3.98X107' 3.98X107' 4.00X10 ' 3.98X107' 3.98X10™" 3.98X10™' 3.98X10"
Std 0 3.40X10° " 0 3.56X10°% 4.55X10°7 2.65X10°° 1.13X10 ** 1.13X10 '
F18 Mean 3.00 3.00 3.00 3.00 3.0 4.80 3.00 5.70
Std 4.97X107" 5.56X107° 1.81X107' 1.32X10 " 6.89X10 " 6. 85 4.81X10° " 8. 24
F19 Mean  —3.86 —3.86 —3.86 —3.85 —3.86 —3.85 —3.86 —3.84
Std  2.00X107° 3.78X107°7 2.71X107" 2.27X107° 2.60X107° 2.58X107* 1.44X107° 1.41x107"
F20 Mean  —3.23 —3.19 —3.32 —2.89 —3.09 —3.25 —3.26 —3.15
Std 6.76X10 % 1.81X10 ' 9.97X107"* 2.67X10 ' 1.06X10° ' 1.17X10 " 7.18X10 % 1.64X10
F21 Mean —10.15 —7.06 —9.98 —2.04 —5.36 —8.60 —9.41 —8.96
Std  5.47X107° 2.48 9.31X10 ! 1.82 1.17 2.38 2.29 2.47
F22 Mean  —10.40 —8.56 —10.18 —3.00 —5.25 —8.05 —9.86 —8.97
Std 6.63X107° 2.68 1.2 1.71 9. 48E—01 2.94 1. 84 2.81
F23 Mean —10.53 —8.07 —10.53 —4. 00 —5.27 —6.99 —9.09 —9.04
Std  2.08X10° 2. 96 8.69X10" 1.59 8.08X10 ! 3. 46 3.18 2.88
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Table 7 Results of statistical analysis

PR A DBO NGO SCA HHO WOA SCDBO1 IBWOA
F1 1.21x107" 4,57X107" 1.21X107" 1.21 X107 " 1.21 X107 " 1.21x107" NaN

F2 1.21Xx107" 1.21Xx107" 1.21Xx107" 1.21Xx107" 1.21X107" 1.21Xx107" 1.21X107"
F3 1.21x107" 1.21Xx107" 1.21X107" 1.21 X107 " 1.21 X107 " 1.21x107" 8.42X10°
F4 1.21X107" 1.21Xx107" 1.21Xx107" 1.21Xx107" 1.21X107" 1.21Xx107" 1.21X107"
F5 2.67X10°° 3.02X10° " 3.02X10 " 3.02X10° " 3.02X10" 6.15X10" 3.02X10 "
F6 4,20X107" 3.02x107" 3.02x107" 2.49X10°° 3.02X10"" 6.52>x107" 3.02X107"
F7 8.10Xx107" 1.96X107" 3.02x10 " 2.77X10°" 7.39x10 " 6.01X10° 2.17X10 "
F8 3.02x10 " 3.02x10°" 3.02x107" 1.76 X107 4.98X107" 3.02X10" " 1.02X10°°
F9 NaN NaN 1.21X107" NaN 3.34X10°" NaN NaN
F10 NaN NaN 1.21X10° " NaN 7.46 X107 NaN NaN
F11 NaN NaN 1.21Xx107" NaN 8.15X107* NaN NaN
F12 1.25X10° 3.02x10°" 3.02x107" 3.09X10°° 3.02X107" 3.92X107° 3.02X10"
F13 7.12X10°" 3.02x107" 3.02Xx10 " 2.15X107° 3.34x10 " 4.98%x10 " 3.02X10 "
F14 6.77X10"" 1.54X107° 1.17X107" 5.83x10°" 2.76X10°" 6.44>x10"" 1.55X10°°
F15 9.78X10°° 1.09X10°° 5.09x10°° 6.15X10"" 4.08X10°° 1.27X107° 4.92X10""
F16 NaN NaN 1.21X107" 4.57X107" 1.21X10° " NaN NaN
F17 3.34Xx107" NaN 1.21X10°" 4.57X10°" 1.21Xx10" NaN NaN
F18 6.90X10 " 3.31X10"" 1.41Xx10" 4.69>X10"" 1.41Xx10" 6.07x10"" 1.87X10""
F19 2.26X10°° 8.15X10°* 4.90X10"" 1.15X10°" 2.63x10°" 3.38X10°" 3.38X10"!
F20 9.04X10 " 4.88X10 * 3.47x10°" 5.15X10°° 9.35X10"" 1.20X10°* 6.84Xx10"°
F21 8.29X10" 6.83X10°° 3.01x10°" 3.01x10°" 1.69X10°° 8.94x107" 1.14X10°°
F22 4.79X10"" 7.81X10°° 2.80x10° " 2.80X10"" 7.34X10 % 3.90X10"" 8.80X10*
F23 1.53X10°" 2.98X10°" 3.01x10°" 3.01x10°" 6.68x10 " 6.77X10"" 4.15X10""

. . 4.1 EHBEHREITEE
4+ SCDBO RZZE TR H MM A FE 32 B BT AT B 0 A RALAT 55+ o
TEABIGE R PEFE T 3 AR TR T — W AR RIEW I AT R AU F L B/ME A B8 00 22 A, 3X
T S35 BV R R, P /T A A IR, = ATV U D S ORI A BRI S . SR R T Sk
FHT 2RV [, B A 42 i DAl SCDBO 3832 78 52 b 1) BOJEERE (T ) FH Sk IR RE (T, ) R 28 A 242 (RO L R AR %
SRR B ORAL RS . SR RO A R A, N RSk B PR AR K (L) . SCDBO S8k R A H 3 -
TARIEAS T e 7 A7 5535 A0 4% SCDBO R B . 46 IRASBIE 8 R, MBS0 &R T LA S N .

W THF S BB E & 8 N =30, i i KiE A F(2)=0.622 4z xyx, +1. 781222 +3.166 122z, +19. 8422,
WEEN T =1 000, an

RS ENFBRITOBAZEERUER

Table 8 Optimization results of each algorithm for the pressure vessel design problem

: B i o

ik o - - - R A
SCDBO 0.778 169 0. 384 649 40. 319 619 200 5 885.332 8

DBO 0. 790 507 0. 400 050 40. 778 197 193. 771 680 5959.495 1

NGO 0. 849 501 0.413 433 42.637 891 170. 161 217 6 171.810 0

SCA 0. 801 260 0.416 110 41.420 661 187.955 002 6 061.577 4

HHO 0.832 124 0.431 377 42.905 333 168. 397 260 6 112.607 1

WOA 0. 843 401 0. 508 490 43.638 379 158. 445 163 6 324.007 0
SCDBO1 0.783 380 0. 386 928 40. 554 794 196. 829 561 5899.771 9
IBWOA 0.790 291 0.390 621 40. 945 189 191. 471 146 5 906. 652 9

+ 118 -



X F SRR E AL N A 912
EA D S U minf(z,sz,2;) = (x5 + 22z, a9
g (X) = —2x,+0.019 3z, <0, AR ZAEN
7, (X) = —x,+0.009 54z, < 0, X
bz I~+ L gﬁ(X):l*;l_l. 1\0’
, 4 (18) 71 7852
g:(X) = —nzrir, — —mnzxi+1296 000 << 0,
3 x,dxy, —21) 1
gz(X) == 2 2 <Oa
g (X) =2, —240<0. 12 5662 (x, —2,) 5 108x; (20
AR BUETE N 0 < 21 s <L 99,10 < 2y 5, << 200 140. 452,
s > SFLAL S gs(X):lf 5 7<Os
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Table 9 Optimization results of each algorithm for the tension/compression spring design problem

ik LSl e A
W d L

SCDBO 0.051 897 32 0. 361 748 67 11.377 592 06 0.012 666 02
DBO 0.050 111 26 0.319 272 78 14. 206 045 81 0.012 827 81
NGO 0. 052 680 56 0.380 979 85 10. 091 926 28 0.012 687 73
SCA 0. 050 650 89 0.331 340 55 12.504 359 04 0.012 750 88
HHO 0.052 675 13 0. 380 906 75 9. 822 828 96 0.012 682 68
WOA 0. 050 599 53 0.330 910 31 12.500 000 01 0.012 708 51

SCDBO1 0.051 960 18 0.362 771 94 10. 896 230 91 0.012 732 64

IBWOA 0.052 675 13 0. 380 906 75 10. 379 250 00 0.012 682 68

4.3 =HFHIERIRIT AR
SATFHTAR BT IR D T BT SR T 1F fie 45 3 1
T2 A A = AT AR B R B R /N . 3R 10 S il T RE R St

AR T SR DA I P €=y R g 1
minf () = [A1,A2] = (222, +2,) X1 2D
2x -
gy = Lo o
2zt + 22, x,
g,(x) = #P — 0 < 0 where / = 100 cm.,
«/?II?JFZTlIz
p—o BN BN
cm cm
(x) - P <0
g3\x) = -0
V2, +x, -

22)
Hpo<r, 2, <1,
FH % 8~10 W1, SCDBO B yA7E 3 Fl TR B3 [ 8 I
B A 2 A4k AR L A % b B8 3 T A, S AR IR R TR
e T AR S BRI A 1 HLA e s )

10 ZHMRRITOESEERLER
Table 10  Optimization results of each algorithm for

the three-bar truss design problem

‘ it ht ,
Rk Al It ol A
SCDBO 0.788 639 96 0.408 347 79 263.895 844 33
DBO 0.788 573 94 0.408 564 63 263.898 853 80
NGO 0.789 188 83 0.406 798 08 263.896 115 92
SCA 0.786 695 73 0.413 983 63 263.909 517 77
HHO  0.789 447 56 0.406 067 91 263. 896 281 26
WOA  0.788 21582 0.409 549 01  263.895 999 82
SCDBO1 0.789 283 11 0.406 546 03 263.897 580 12
IBWOA 0.787 849 97 0.410 587 22 263.896 345 18
5 £ it

ARSI T — R BIHT H SCDBO &3k, 8078 T % M
O B TE A% 7% SR o VR Bk O M A o E AT TR, LA R AL
Bk aRiE I e . B, 5] A Logistic-tent R il
W S5 HEAT W0 46 FBE G B A RO IR T RO RE R 2 AL, TR
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