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Improved coati optimization algorithm based on nonlinear adaptation and

applications
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(1. School of automation, Qingdao Unlversny, Qingdao 266071, Shandong, China; 2. Intelligent Unmanned Systems Research

Institute, Qingdao University, Qingdao 266071, Shandong, China)

Abstract: Aiming to address the problems of insufficient global search capability, easily falling into local optima, and slow
convergence speed of the coati optimization algorithm ( COA ), an improved coati optimization algorithm based on nonlinear
adaptation (NACOA) was proposed. A Logistic-Tent mapping was used to initialize the coati population, which improved the initial
search space coverage of the algorithm and generated more dispersed and high-quality initial solutions. The Levy flight strategy was
introduced, which made use of its long-jump characteristic to enhance the global search capability of the algorithm and effectively
avoided the algorithm from falling into local optima. The nonlinearly diminishing inertia weight was used to increase the adaptability
of the population and the search efficiency, balance the global and local search capabilities, and improve the population convergence
accuracy through the golden sine strategy. Comparative simulation experiments were conducted on benchmark test functions, and the
results showed that NACOA had better convergence speed and optimization accuracy. The NACOA was applied to the design of
engineering problems, which proved the effectiveness and practicality of this algorithm.
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Fig.1 Logistic-Tent mapping of population distributions
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Table 3 Comparison of test results of 7 algorithms

N 5
WE L pm wmm gz TSmO P4y bRz Friedman
VAN ZA

* " THHE4 TS
ICOA 0 0 0 1 1.45x107'%¢ 2.97x107'¢ 9.16x107'% 3
GMO 1.81x107'  2.83x107**  2.06x107'* 2 7.08x107% 3.68x107" 1.33x107 4
CDO 1.05x107%¢  3.44x107"¢  1.74x107'" 4 1.75x107" 1.69x107" 1.69x107" 6
GRO 7.50x107"%  5.97x107*"  3.27x107* 3 9.16x107"7 5.90x1077 2.65x107™ 5
ILA 0 0 0 1 1.21x107'% 1.30x107'%*  8.12x107'* 2
SAO 1.80x107 1.72x107 1.32x107° 5 1.73x107 1.68x107° 9.02x10™ 7
NACOA 0 0 0 1 1.60x107*" 2.53x107* 1.30x107>" 1

5 fi

(RGN i - , . Friedman — - e Friedman

L SEI fi brifE2E FAGHES A SEIE fi brifE2E T,
ICOA 4.45x107"  7.35x107"  1.43x107*" 2 2.95x107'" 2.63x107" 5.94x107"* 3
GMO 4.62x107'%  8.28x107'™  3.65x107'* 3 9.88x107% 1.00x107% 9.77x107% 4
CDO 3.52x107'"  3.59x107% 9.34x10™% 4 3.07x107% 1.85x107% 3.43x107% 5
GRO 1.61x10™  4.72x107* 1.24x107* 5 1.32x107* 1.47x107% 3.81x107%° 6
ILA 0 9.32x107 4.32x107* 6 3.97x107' 1.13x107'%  2.66x107'® 2
SAO 1.07x10? 2.57x10? 1.37x10? 7 3.07x10™" 1.30x 10" 3.52x10" 7
NACOA 0 0 0 1 5.66x107*" 8.76x107*" 2.34x107*2 1
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*3(%k)
15 Js
BE O pm mem peee T e g priepz  Lriedman
FHHE# FIHEA
ICOA 3.06x10™! 5.16x107" 4.46x107! 2 2.11x107 2.97x107° 9.76x107° 7
GMO 2.60%10! 2.65x10" 1.00x10° 3 7.08x107 8.91x10™° 2.88x107° 2
CDO 2.70x10" 2.77x10" 2.25%107" 6 7.50x10° 7.50%10° 0 6
GRO 2.60x10' 2.74x10" 7.45%107" 4 1.80x10™" 2.80x10™" 9.69%1072 5
ILA 2.68x10" 2.76x10" 4.24x107" 5 1.90x10™" 2.30%x10"" 1.22x10™" 4
SAO 2.62x10" 4.27x10' 2.95%10 7 1.12x10°° 1.52x10°° 8.70x107’ 3
|INACOA 0 0 0 1 0 0 0 1
fa fs
(=R7S [ N Friedman . e e Friedman
5dyn ¥ fig PR FAGHES SN, -1 fig bRz T,
ICOA 4.85x107° 5.89x107°  2.47x107° 4 -5.60x10’ -3.49x10° 5.86x10° 7
GMO 2.11x107° 2.72x107°  6.04x107 5 -7.38x10° -6.05x10° 3.19x10° 5
CDO 3.82x107° 5.10x107° 1.52x10™ 3 -3.99x10° -3.94x10° 3.25%10? 6
GRO 2.00x107° 6.81x107° 3.40x107* 6 -8.64x10° -8.10x10° 6.02x10° 3
ILA 4.05x107° 2.85x107° 1.77x107° 2 -7.93x10° -7.58x10° 2.84x107 4
SAO 1.60x107 2.40x107 1.00x107 7 -9.55%x10° -9.13x10° 6.36x10° 2
NACOA 5.91x10°° 2.23x10°° 2.21x107° 1 -1.31x10* -2.18x10* 2.15%x10? 1
f9 flO
FE O pm wem beee T e g priepz  Lriedman
FXHEA FIHEA
ICOA 4.44x107"°  4.44x107'° 0 1 0 0 0 1
GMO 3.99x107°  3.99x107" 0 2 0 1.21x10' 9.91x10° 2
CDO 3.99x107°  3.99x107" 0 2 2.03x10° 5.34x10" 2.14x10" 4
GRO 3.99x107°  3.99x107" 0 2 0 0 0 1
ILA 4.44x107"°  4.44x107'° 0 1 0 0 0 1
SAO 6.15%107° 8.41x107° 4.29x107° 3 1.55%10" 2.68x10" 6.85x10" 3
NACOA  4.44x107'°  4.44x107" 0 1 0 0 0 1
S fio
RS — o Friedman = . Friedman
AL AE RSy b2 THHES, A% Sy b2 T HHES,
ICOA 0 0 0 1 9.98x10™" 1.20x10° 4.50x107" 3
GMO 0 0 0 1 4.98x10° 5.47x10° 2.18x10° 6
CDO 0 0 0 1 1.27x10' 1.38x10' 1.49x10° 4
GRO 0 0 0 1 9.98x107! 9.98x107" 3.33x107'¢ 2
ILA 0 0 0 1 9.98x10™" 9.98x10™" 0 1
SAO 1.52x107 1.72x107? 1.48x107 2 9.98x10™" 1.48x10° 7.64x107! 5
NACOA 0 0 0 1 9.98x107" 9.98x107" 0 1
Jis S
TR mmw o owmm xS agm psm e e
ICOA 3.08x107 3.52x107 4.83x107° 7 -1.03x10' -6.44x10" 2.29x10° 4
GMO 3.12x107 3.47x10™ 4.43%107° 6 -1.04x10' -7.69x10° 3.65x10° 3
CDO 3.08x107* 3.28x107* 1.23x107° 5 -9.65%10° -7.79x10° 1.10x10° 2
GRO 3.07x10™* 3.09x107* 1.90x107 2 -1.04x10" -1.04x10' 0 1
ILA 3.12x107 3.16x10™ 4.44x107 4 -1.04x10" -1.04x10" 0 1
SAO 3.07x107 3.10x107* 5.70x107 3 -5.09x10° -4.78x10° 5.70x107" 5
NACOA 3.07x107* 3.07x10™* 3.33x107" 1 -1.04x10" -1.04x10" 0 1




514

MIZRIT, &5 BT AR 3 N A ot e AR T3k K 57

2.3 st xStk AR
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IRARUEL ILA ZE NS R v BB 2 (9 Fa AR
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Fig.5 Convergence curve of the algorithm on the benchmark function

g5 b TERMERREON A h  NACOA 7E-FBKEBE NaN I SRIIFEAEHE — 3, K BIEZ I 22 R L5
GEEAUEOTT TR R B BOR 5 ICOA ML R TR, X NACOA 5 6 Fse 4+ iALE 30 YCHST.
AERA R R E ) MAE R ISR G T st PRy RIS R AT Wilcoxon RIS, #78 E
i DRAN ) 2B B I AL TRl L 12 IR B EME2E e A2 R AN 4 Fos, di3k 4wl L
2.4 Wilcoxon #F#18 B il BIRTE S, | f, EASBEIERIAETEREREAS - (2

Wilcoxon FRFIfG K& —FH TR EE 2 E NACOA 5 6 FEIATE Wilcoxon FRFIAG S HHAY P K
JRMEMAES ARG B, FER S KE a=0.05F,  Z/NF 0.05, W] NACOA HHA 6 Fidikm 2 A
Fr P<0.05, IR A7 2 AIERAE A TR, R PIRD  AST A X, X—EERFRGIEBIARE T HAR 3Rk
FRZ R 22 ARG B L, MR Il NACOA JE7EFLARE ) E HATLH

F4 ARBAKRLR P
Table 4 Algorithm rank sum test P

Y F
ICOA GMO CDO GRO ILA SAO

fi NaN 1.13x107" 1.13x107" 1.13x107" NaN 1.13x107"
5 2.85%107" 2.85%107" 2.85x107" 2.85%107" 2.85%107" 1.13x107"
/s 1.43x107" 1.34x107" 1.34x107" 1.34x107" 1.34x107" 1.14x107"
fa 2.85%107" 2.85x107" 2.85%107" 2.85x107" 2.85%107" 1.14x107"
I 1.13x107" 1.14x107" 1.14x107" 1.14x107" 1.14x107" 1.14x107"
fs 1.13x107" 1.13x107" 1.57x107" 1.13x107" 1.13x107" 1.13x107"
/5 6.00x107° 2.86x107" 1.85x107* 2.86x107" 1.85x107* 1.98x107"
fs 2.22x107" 2.22x107" 2.22x107" 2.22x107" 1.93x107" 2.22x107"
fo NaN 1.13x1072 1.14x1072 NaN NaN 1.14x1072
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F a8
P

ICOA GMO CDO GRO ILA SAO
fio NaN 1.57x107* 1.57x107* 1.57x107" 1.13x1072 9.35x107"
fu NaN NaN NaN 1.13x107"2 NaN 1.13x107"2
fiz 1.27x107° 2.32x107"2 1.08x107"2 NaN NaN NaN
fis 3.68x107° 2.40%x107" 3.48x107" 3.87x107 2.11x107" 4.61x107
fa 6.07x107" 1.21x107° 1.74x107"2 NaN NaN 3.01x107"

2.5 SYEEHMRITLE T2 bR BCTE A [R) 4 B (482 4 300,500 ) 44 T i

o AE R RUE TR R ROR R A PR B AT i, 45 A R LAY BRI o) BSURN 22 06 R K
BER B 2R REE S, MEHHEUE PR TREERWE S5 PR, LOEE AR AE 2 AP
SEIEAE E YRR E S Ge, AR e, OCEE R SO S AR o R A
ICOA .GMO .CDO .GRO } NACOA 35 gk 3 SERIHER,

25 EYEREINRT

Table 5 Comparison of multidimensional function tests

N ! ICOA GMO CDO
PR £ 5y - — . — . —
FHME FrifE A i SEHE PRfEZE
7 300 9.46x107" 1.54x107"2 2.26x107% 5.05x107% 1.46x107 1.18x10™
2
500 1.39x107"% 2.36x107'% 1.23x107% 2.74x107% 1.17x107" 8.86x107*
f 300 1.51x107**2 1.78x107** 6.60x107% 1.46x107* 1.50x107* 3.36x107%
3
500 3.54x107** 8.98x107%" 1.19x107% 1.77x107% 5.84x1077 1.27x1077
f 300 1.39x10' 7.36x10° 2.98x10? 2.35%107" 2.97x10? 6.43x107?
5
500 1.48x10' 1.52x10' 4.98x10? 4.02x107" 4.97x10% 6.05x107?
f 300 -2.68x10° 3.74x10° -4.88x10° 6.78x10° -2.04x10* 7.01x10?
8
500 -1.11x10° 9.17x10° -2.09x10° 7.05%10* -4.18x10° 1.17x10*
f 300 4.44x107' 0 1.67x107* 1.77x107" 3.99x107" 0
9
500 3.44x107" 1.77x107* 1.12x107"2 1.87x107" 3.99x107" 0
/ 300 0 0 1.21x10° 1.34x10° 6.74x10" 8.24%10'
. 500 0 0 1.91x10? 1.44x10° 2.23%10° 3.64x10°
GRO NACOA
PR o i — —
SEHME FrifE A bR
f 300 2.25x107% 2.04x107% 3.42x107% 1.34x1072"
’ 500 8.43x107 1.06x107* 5.96x107* 3.22x107"
f 300 2.11x10° 5.73x10* 0 0
’ 500 5.97x10° 1.13%10° 0 0
f 300 2.80x10° 2.02x10° 0 0
’ 500 2.45%10’ 1.62x107 0 0
7 300 -4.60x10° 1.97x10° -1.18x10* 6.07x10”
8
500 -3.51x10° 6.74x10* -1.26x10* 9.20x10°
f 300 3.99x107" 0 4.44x107' 0
’ 500 2.11x107" 3.12x107" 4.44x107" 0
7 300 0 0 0 0
. 500 6.73%10° 2.13%10"! 0 0

35 ATLLE I, R R B0 = el ik, Ak 78 f, MKrh, 5S4 L, NACOA Rz
NACOA FIH w8 P ., 7F 300 Z4EF1 500 4~ WHEAREIS i, B W I SO, B =
(R ES S 70 o0 R B i Tk A SR b b 4RSS T AR R = AR L FE L s WK
ISR FE 5 e M, 5 NACOA L, ICOA Fifi  HAT NACOA MW SIORS B Fe e PR3k 2 B e il
BRGSO B S W AR KA i, FEZIEREL £, AT NACOA EAA 1 & i AR
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Table 6 Comparison of results of welded beam design problems
B h ! d b EALAE P
NACOA 0.205 7 3.235 6 9.036 0 0.205 7 1.692 8

COA  0.144 0 5366 3 9.011 1 0.207 6 1.866 2 2.44x107"
GMO 0.1851 5.0030 9.1505 0.205 1 1.9058 2.48x10™"
ILA 0.202 4 3.107 9 9.506 4 0.203 6 1.733 8 2.06x10™"
ICOA 0.2050 3.244 7 9.051 5 0.2057 1.6956 1.70x107°
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H bR ek ECh

F=0.062 4(x,+x,+x3+x,+x;) o (15)
AL L)
61 37 19 7 1
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x? x; xi X, X
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0.01<x,<100,
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B AL BE 715 55 ; Wilcoxon %k FIAS 36 45 SR 26 HH
NACOA 5 GMO Hied Y  (H S HAR RN AR H
HEeiTE L ;NACOA it i 1.339 96, 78 f

A RN R WA A iz TR B R B
A RAF AL ETERE

RT R RBIT ISR
Table 7 Comparison of results of cantilever beam design problems

Bk h, h, hy hy hs 52y 3 P

NACOA 6.013 15 5.322 87 4.492 30 3.496 57 2.148 87 1.339 96

COA 5.976 06 5.212 46 4.598 04 3.548 14 2.149 59 1.340 61 2.48x107"

GMO 6.032 40 5.315 34 4.481 03 3.499 02 2.146 08 1.339 97 NaN

ILA 6.023 58 5.316 04 4.490 48 3.502 97 2.141 43 1.340 01 4.37x107"

ICOA 6.522 96 5.262 81 4.278 66 3.276 10 2.280 66 1.349 26 2.43x107"
engineering design[ J|. Expert Systems with Applications,

4 éilj: -L/% 2023, 225 1200609.
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