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Abstract Keywords

Planar four-bar linkage is a common transmission mechanism. The optimal design of mechanical parame- multi-agent chaos bird swarm
ters is an important way to achieve the best dynamic performance. In this study, a multi-agent chaos bird algorithm
swarm algorithm ( MACBSA) is proposed to deal with the mechanical parameters’ optimization problem. The multi-agent system ;
proposed algorithm combines the action policy of agents in a multi-agent system and a chaos search strategy chaos search;
with an evolutionary process in a bird swarm algorithm (BSA). The competition and cooperation scheme be- Logistic map;
tween agents improves the information interaction and learning ability of individuals. It also enhances the di- mechanism optimization

versity and information feedback within the swarm. In addition, the chaos search helps the algorithm break a-
way from the local optimum. Lastly, the proposed algorithm is tested on four benchmark functions and then
applied to optimizing the design of the planar linkage mechanism. Simulation results reveal that the algorithm
has more advantages over seven other algorithms in precision, convergence speed, and robustness. It is more

suitable for solving such mechanism optimization problems.
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20 Fochk Xk X700k SRk BiGR SR BSA Fk | PSO STk ACO Bk
EHT o, 6 15 Z K (26) 15 15 2R (27) 15 1.496 18
a, a, 1.0 1.0 1.0 1.0 1.0 1.0
. [08,1] [08,1] [08,1] [08,1] [0.8,1] [0.8,1]
St P BEBLEC  BEBLEC  BERLE BN LA LA
y [0.5,09] [05,09] [05,09] [05,09] [0.5,009] [0.5,009]
L FL BERLS MR REOLEC BRI LA LA
AR ES FQ 10 10 10 10 10 10
gﬁjﬁ:ﬁfﬁx%%u 6x6 36 36 36 36 36 36 36
R 4 4 4
M m 2 2 2
P HAE w 0.729 8
(5B E R A 08
R BRI 02
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331 6x10%

PRI 4.951 4x107°
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Fig.7 Comparison of convergence curves by different algorithms
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Tab.3  Optimal parameters
Bk f a b
AR 0.007 6 4.130 3 2.320 7
BARINE *:5 0.008 6 4.289 6 22995
X718k 0.009 3 4.399 9 22792
Rl B 0.009 4 4.384 8 23205
B 38 B 5 A 0.010 4 4.586 4 2.3056
BSA 441 0.010 3 45626 22796
PSO &k 0.0111 4.629 0 2.266 2
ACO &3 0.013 4 4.610 8 2279 1
4 GHiER
Tab.4 Statistical results

RN FHEIE R/ME RKE PRifE 2

PN R 0.0079 0.0076 0.0107 7.2124x10~*
X[11]%%:  0.0094 0.0076 00121 0.001 5
L7]5k 0.0087 0.0076 0.0125 0.001 5
RS Y 0.0123 00078 0.0351 0.005 4
BE N S#EEE 0.0087  0.0076 0.0118 0.001 3
BSA &3k 0.0093 0.0076 0.0127 0.001 3
PSO #3% 0.0086 0.0077 0.014 1 0.001 4
ACO Bk 00112 00096 0.0145 0.001 4

4 e

ARTCAR M — b 22 R AR T 5 BB oA b B T U i
N ZEOUAL TR RE. B0 S RESIE AT AR 19 5 B A e
BRI, A SCTE LR b5 A28 REIA R ST
T AR B AL, I 2278 e M A0 48 s (] ) 3 4 5
AAEHLRIALIE A SO0 E, PR REIR i iR (L BT RS 5 T
S 4 JRy B U RE AR LA TR DA S AR R, A
FEBEN R TR AL A (i BLAS SRR MRS R AR L |
W S B2 DL R e Ty AR B R P, iy EL A Ak 2
iRy 2y AU AL R B BAT AT e, T — 25 T AR
FTRAMELR 7 T I 2 1) 3 R AR SCHR i el 5 vk B 2
FIAR DL LS, 2 AT LA A S Ak 22 BLARCHE 5 A A% 00 L
1y, TESEPRNL T 4 & RGT B R BT 2R, ATREW K
Z HRMEALIEL 2) B3R 28R A I A Rl B HE ik
PEATHGHE, Qi s 4 2 AR eR O A AN B 2 H BRI AL S

[Fa] .

[1] Meng X B, Gao XZ, Lu L, et al. A new bio-inspired optimisation algorithm: Bird swarm algorithm[ J]. Journal of Experimental & Theoretical

Artificial Intelligence, 2016, 28(4) . 1 —15.

(2] BRI, &l Sk Sk KO SOK BRI IR B R R AT (T ]

SRR HAABIERR, 2016, 38(6) 1 7 - 14.

Cui D W, Jin B. Improved bird swarm algorithm and its application to reservoir optimal operation[ J]. Journal of China Three Gorges University

('Natural Sciences) , 2016, 38(6): 7 - 14.

(3] X0mde, T, BBeE, . FET3RAE TMSEIUE )], THRPLINE S5, 2016, 24(12) : 194 -197.
Liu X L, Ning Q, Zhao C P, et al. Bird swarm algorithm based on levy flight[ J]. Computer Measurement & Control, 2016, 24(12) . 194 —

197.

(4] B3R, DR, fEd. FT Levy WATIRMEAY BN BCHE S REFEIE L], WAL TR 22#4k, 2017, 46(5) : 10 - 16.
Yang W R, Ma X Y, Bian X L. Adaptive improved bird swarm algorithm based on Levy flight strategy[ J]. Journal of Hebei University of



4 1

RN, G5 SET 2R BERIRIE SRR E L i 457

[5]

[6]

[10

[

[11

[

[15

[

[16

[

[17

[

[22]

Technology, 2017, 46(5) : 10 - 16.

PIEFE, TR — RS S IEE T ] ol TR 5L, 2018, 35(9) 0 79 - 84.

Li Y Y, Wan R X. An improved algorithm for bird swarm optimization[ J]. Microelectronics & Computer, 2018, 35(9); 79 - 84.

B, FEAR — R SRS R[], BB TR (A RBIERR) , 2018, 32(4) 177 - 185.

Shi X D, Gao Y L. Improved bird swarm optimization algorithm[ J]. Journal of Chongqing Institute of Technology ( Natural Science Edition) ,
2018, 32(4): 177 - 185.

RE, Theie. ETHREHHEMLR Osu GRS HITIELT]. BB 7257151, 2018, 35(12) : 119 -124.

Wu J, Wang L L. An Otsu image segmentation algorithm based on chaos optimization of two BSA[J]. Microelectronics & Computer, 2018 , 35
(12): 119 - 124.

EHERL, WK ST R SRR AT R SE Y TG B AR A [T ] Ol A, 2018, 46(25) ¢ 1 -

Wang J L, Gao Y L. Optimization problem of cold chain logistics distribution path of agncultural products based on improved algorithm of bird
swarm optimization[ J|. Journal of Anhui Agricultural Sciences, 2018, 46(25) ;
FHAR, IR GIAERS RIS SR Y itk %ﬁﬁ(ﬁ&ﬁ&*%ﬂlﬁﬁ*ﬂ’]fhm[ﬂ R TR (A ABLERR) , 2018, 44
(4): 617 -624.

Wang ] W, Peng Y G. Improved bird swarm algorithm based on migration and mutation strategy and its application in parameter estimation[ J].
Journal of East China University of Science and Technology ( Natural Science Edition) , 2018, 44(4) . 617 —624.

By, XA, P, 45 BT ARZER F I BGE SRR S SR AR E R M [T ] B S E B AR, 2020, 42(3): 729 -
736.

Luo J, Liu Z W, Zhang P, et al. Application of improved bird swarm algorithm based on nonlinear factor in dynamic energy management[ J].
Journal of Electronics & Information Technology, 2020, 42(3) . 729 -736.

TR, IR, BPSH. SOk SRR R AT R RN I T ], e RGO A Bk, 2019(10) : 140 - 144,

Wang H J, Yang W R, Yang Q X. Application of improved bird swarm algorithm in home appliance load decomposition[ J]. Proceedings of
the CSU-EPSA, 2019(10) . 140 - 144.

O, WIR, [EWEAR. TSR A S e ER AR R IEARRLT]. RADE%:, 2019, 40(6) : 1059 - 1066.

Weng X H, Lei W H, Ren X D. Nonlinear unmixing of hyperspectral images based on double-bird flock optimization[ J]. Journal of Applied
Optics, 2019, 40(6) : 1059 - 1066.

AL MATLAB ZEffi TREN FSERRIM]. Jbgt: WEHERZF ML, 2014 434 -452.

Yu S W. Application of MATLAB in vehicle engineering[ M ]. Beijing: Tsinghua University Press, 2014 ; 434 —452.

BIC, BONT, R, & ETUEERER U 2L e ot (1] ZkmBl, 2019, 39(1) : 77 -83.

Li B, Li WN, Song Y Y, et al. Optimal design of double-pan roasting machine based on ant colony algorithm[ J]. Journal of Tea Science,
2019, 39(1) . 77 - 83.

AL, Wik, IREF. HET MATLAB g AN#EAT UL fE e[, Hli&Ed A 3k, 2016, 38(1) : 102 - 105.

LiYY, YouM, XuJJ. Optimization design of crank rocker structure under the given output angle constraint[ J]. Manufacturing Automation,
2016, 38(1): 102 - 105.

FEBHE, ok, 2k, . BT E Agent KT RHUALEE NI REATT AT L) ], I RGP S0, 2012, 40(10) : 42 -
47.

Tang X L, Zhang H, Li ], et al. An economic load dispatch method of power system based on multi-agent particle swarm optimization algorithm
[J]. Power System Protection and Control, 2012, 40(10) ; 42 -47.

FEBHE, 2, 2, . ZEARMOR FRHOUALHY SVR BRI R[], 0 53, 2014, 29(4) : 593 -598

Tang X L, LiY, Li P, et al. Model predictive control based on SVR opllmlzed by multi-agent particle swarm optimization algorithm[ J]. Con-
trol and Decision, 2014, 29(4) . 593 —598.

Kumar R, Sharma D, Sadu A. A hybrid multi-agent based particle swarm optimization algorithm for economic power dispatch[ J]. Internation-
al Journal of Electrical Power & Energy Systems, 2011, 33(1). 115 -123.

BB, BET OB R RS FIR m@ B i s st L] HEALRE, 2019, 46(21) @ 601 -604.

Hu X N. FIR high pass digital filter design based on improved chaos particle swarm optimization algorithm[ J]. Computer Science, 2019, 46
(z1): 601 —604.

WA, ERUR, B SETIRMMIEI RN 22 BAMES L], ok 725715, 2019, 36(6) : 55 -59.

Huang W J, Xin F J, Huang Y. Multi-objective task scheduling based on chaos cat swarm optimization in cloud computing[ J]. Microelectron-
ics & Computer, 2019, 36(6) : 55 - 59.

ST, FETIRMRLTRECIL BP 22 M E8 1 28 22 2 XU Al R Gt [J]. BlaAPoR 517, 2019, 19(16) : 251 -255.

Duan X J. Design of network security risk assessment system based on chaotic particle swarm optimization BP neural network[ J]. Science
Technology and Engineering, 2019, 19(16) ; 251 -255.

Cai J J, Ma X Q, Li L X, et al. Chaotic particle swarm optimization for economic dispatch considering the generator constraints[ J]. Energy

Conversion & Management, 2007, 48(2) . 645 - 653.



458 TERE5RH 50 %

(23] sk, A, BkEIEE, . ETUHEL HARZE /0 IORE B M AL [T]. 15 B 546, 2020, 49(1) : 78 - 86.
Zhang T, Yu L, Yao J F, et al. Reactive power optimization of distribution network based on improved multi-objective differential gray wolf op-
timization[ J ]. Information and Control, 2020, 49(1) . 78 - 86.

[24] Wets J B. Minimization by random search techniques[ J]. Mathematics of Operations Research, 1981, 6(1); 19 -30.

(=P
FRAMF(1983 =), L, W, PR, AR SOl AT SUEON B BB IE MOV, RGBS (.
ARG (1996 — ), 2, Bl BRSSO B BB 1%, TR,
BER-(1966 ), 55, Wi, Bz, MRS, DR S A% I 4 R S ], IR T, IR AL B

(_LHe5 440 51)

(17] JBish. FEFR/h ZRIENRESEIHALT]. DA AL, 2017, 22(21) : 39 -41.
Gu W. Identification of system parameters based on least square method[ J]. Office Informatization, 2017, 22(21) : 39 —41.

[ 18] Giuseppe F. Frequency response estimation from impulse or step-like response by virtual experiments[ J]. Asian Journal of Control, 2016, 18
(4) . 1289 - 1298.

(19] 23], EILWI. 3T ICHE LM A E R SEOROE )], [R50, 2020, 49(3) : 315 -322.
Li C, Wang Y G. Parameter identification method based on repetitive and non-repetitive pole plus delay model[ J]. Information and Control,
2020, 49(3): 315 -322.

[(20] fRULAE, PhoR, HRELHY. K fem PLEERlas g J]. W 50K, 2004, 19(1) : 99 -101.
Xu J H, Sun R, Shao H H. PI controller tuning for large dead-time processes[ J]. Control and Decision, 2004, 19(1): 99 —101.

(=Pl
B F1996 - ), 5, BT BIHCSUSNRGSR, LI
EWNIC1967 - ), 5, Wi, S BRTTSUBONRGHIL, ettt .

( b H26 448 31)

[25] ZR/hae, AR, XIHE. AR AT R ARG HAE I Al M 28 IR ER I [T ] =ikl 5 Y3k, 2016, 31(10) : 1860 - 1866.
Li X H, Xu B, Liu Y. Adaptive neural network tracking control for a class of nonlinear largescale systems with expanding construction[ J].
Control and Decision, 2016, 31(10) ; 1860 — 1866.

(26] #hnti. APLERBAR—M AT E R MR RIEORTM . deat: Ry Tl ik, 2008.
Han J Q. Active disturbance rejection control technique — The technique for estimating and compensating the uncertainties] M]. Beijing: Na-
tional Defense Industry Press, 2008.

[27] Ren B, San P P, Ge S S, et al. Adaptive dynamic surface control for a class of strict-feedback nonlinear systems with unknown backlash-like

hysteresis[ C]//American Control Conference. Piscataway, USA; IEEE, 2009. DOI. 10.1109/ACC.2009.5160295.

fEATRN
BTN (1992 - ), B, BUEAE. DRACUS AR RS B U
BME1964 ), L, Wik, O, MR S, BRSSO KRG O R BIIE ST, ARk R R
A WU 5 % e PG R A 5.
fATAIC(1963 =), 5, P TRIE. BFSE OB Toll 11 3 b TRLE F i



