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Abstract The design automation of complex mechatronic system is an important branch of knowledge automation,
which has great theoretical significance and practical value in robot system, high-end computerized numerical con-
trol machine and intelligent equipment system design. This paper gives a review of applications of evolutionary al-
gorithms in the design automation of complex mechatronic system. First, some basic algorithms in the field of evol-
utionary computation and their advantages are briefly introduced. Next, a comprehensive summary of applications
of evolutionary algorithms in the design automation of electronic systems, micro-electro-mechanical systems, and
complex mechatronic system are presented, respectively. Then, we select a typic complex mechatronic system, i.e., a
robot system, to discuss the development of robot design automation with evolutionary algorithms. Finally, some
common key issues of applications of evolutionary algorithms in the design automation of complex mechatronic sys-
tem have been discussed and prospected.
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The relationship between the components of

the intelligent design and manufacturing platform
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minimize F(:E) = (fl(w)’fQ ((E) P ?fm (:B))T
subjectto g; () >0, i=1,---,p
hj(x)=0, j=1,-,q
T = (1,2, ,Tn)
(1)

Ho F(z)=(fu=), - fm ()" A=A m %M
HARFIE, gi(x) > 0Hlh; (z) =0 9 A AAERL
FREELH, p Al g 70 5l A RS R A 20
FHANEL, 2= (21, 20, -+, ) NUSEIIE, 21,20, ,
xp, A n AR R S AT DO ik — AN ME
o > 0 FAR A E L, Rl

hj(x) =0 —|h; (@) >0 (2)
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Fig.2 A non-convex Pareto front of a multi-objective
optimization problem
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GA); 2) ZF gL (Genetic programming,
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GP); 3) #LHEHE™ (Evolution strategies, ES); 4)
R BEHVEPY (Particle swarm optimization,
PSO); 5) 4 L E %P (Differential evolution,
DE); 6) W& (Ant colony optimization,
ACO). THZalxf ik 6 FpiRikidb 47 fa 241,
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TER A FEFIRSEHAL A 75 T AN R A, DA K% &R
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BRI LU AN AL
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2) BT RAMPERIHE E L F BT R
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BT RGN A SHGAE Tl F A R S
TERPIEED, FHAETIH =4 T — M B NEFER
11 B3It (Electronic design automation, EDA) [
PN A Tl B A R R Ak, a4k
MAK =K EDA #ffEk: Cadence. Mentor
Graphics Fl Synopsys 2 " 7E EDA 4k i 4 1 1R
2 R AL, FE R DA IR 5 SR L FH )
BREFFE M. Cadence A& P2 M T T BT
BTN AL, BLFE Rkt 1IC 226 KA &
4, W IRAEE S K 1C 51t 4. Mentor
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T ERIEES.
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Fh 4 J53 2 A0 Ak T v R e AL FL B AT AR AR B 1T
27 VR BE AT CAHEAT S5 M P P 2R SORT DA e 11
BT S HAAL . Koza 200 57 F 3 DR 4 F2 o B 0L
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Wz at AT IEAT T, Dupuis 2149 321 7 —Fb
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BT, H B AE B 2 T ST oA b
SRS H R LR B s 1% R 80, faidnt
DC-DC 75 #245 F 8% 11 F B0 TG UE T 1% 7 ]
AT RN R

B bR TAEAN, HAh BAREERNEN TAE R B HE:
fiR e 7 1 A R I8 FOBOR Bk AT T B B
Wil ARARFEED S T — MR AT I8 0 AR S,
ZEER B AR B e B R N L A
HLE 1 AT B R ), 1B SEI R I T %4
i SR e A RN e v AL I TR B R T R R T
. Mallick S 2 1 7 —Fh B TRA M5 /1
R LR PR R 4 A e e ik, B
T CMOS 122 53 UK R B& A — 2 i B80K FRL i
BEAT WAL, 1% 5 ) VR A Bl R ok [R] (9 5
A5 I TSGR, R AR 13 B B S B
e MOS T fe /N IO FL S . Zheng 2517 $ HY —
P07 PR R s, ROAR AR VEAN F8 A5 0T 2 1 Fh 3
PIANREATHE Y, 0 o AR A TR 95 37
FREE, FRPREE AR S AR, A SR AR B S AR EE AR
TR AR AT S AN A, e AT
P FPRE A AR, FEAE R AR SN I A, R
W& 5 22 43 AL VR AR 45 A F T Ve s B AR AL 2 H R
PRAL R . f e, I O H B T BRI T SR
WA %k, %23 Koza 2509 B4 H 195 K 9w FE 1 R
R, Mattiussi 1 3 H T — FRR B0, 3 (R 4 1Y
FIFE R R IE v, BT e B A 4% (48l i
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2.2 WHBARGRITEIT 7k, Wikt T — i 2 AN OB R A RS A TR DR

WAL RSt (Micro-electro-mechanical systems,
MEMS) 1E8—MEER BB BN RS, & HRH
T2 SR P 2 55 % 45 S U T R 4.

Har, st &L MEMS it 3 304k 75 it
CEIAF TIRKREE P, e gk ok MEMS #
W HBIE T, Nabavi 04 8 7 — M3 T
MEMS ] & HL g B R A AR H sk itk 54607
%, SRR SRE N R LR B R AR AR W B S Bk
174k, 15 3050 B Dh 2R EOR I T R B RS, &
J&, WAL S B e R AR 2R AT A R TT 4 A R
JR BRI, 2 B 18 A% BV AE 3 KR R R AR 2R 1
L, O L R gk b - B0 BT 1) 77 T LA 8 v AR A Ak
2oOME, TR H T —MET GA Mt E)
HHARET R GA X g B R AR HE R kAT
PeAbseTt, MITR  5 R AL A0 28 R $2 T g B R B2 2K
2, JRdE A HEBALIER] T GA P Rk, £XF
fe48 MEMS fg &8 K AR 28 TAE 98 48 AR & (1 1E
L, AR GA SRR RE R RS B JLATTEAR,
T4 Z B MAEL PSS E T RAZ B H
FEARB A S0 e L RE B R AR AR Y. I 5, &4y
PrEMRAEET GA U013 201 5 i e R s
AIDLR KR A e B R AR . KAk, Wen 5607 | H
% Hbrist e FiE—Fh MEMS Hs e R AR 2%
FET BN 2 01O B E 5 S BT
. B0 32 il T2 5] AR I LR AN sE e PR i 1)
MEMS KJ¥it, Fan 50 $& H 7 —MpsE T odk 24
HACEER) MEMS B3 &80 77E, i xf
—RUIR XS OE PR 48 B A R st 3ok 117V AE
BB ) R A R

— i s, E24H MEMS H kT B 3 Bl
ML T2 R, Fe vt i R AT AT LU A R 2, ko e
ITRACB BN R, T B RTA A2 R 5 E %
THR AR S & L 5V MEMS #H47 % tH 1k,
FHR TAEA: Fedder 255 fiff FI SR 5 88 R AU EE Al L
PR HL B BT P I 2 R RS, SR T —Fb
-+ MEMS 14y 2% % 1T 77 1%. Mukherjee 261
FIHZ 53 JZ B 71200 FUR SR Sh 0B 4R 25 1) 41 =)
BT REAT T HETT, RERDIR IR S IR 4% T ReAa 14 ()
JURT 04T 7 | sh itk Ak, (B2 A1 77 %
BRI LA MEMS IR 451 f1 240, Fan &0
e 7 —F MEMS W73 JZ st Bk 5k, &
S M L DRl g R R # P R e & B 4t —
FRRE 71k B ik MEMS R K147 WAL, SR
J& 18 F A 20 R g A% SRk B Bl T ds AR TR
RF 240 FIAHXF MEMS #4572 40% 11 B 36

MEMS & & AR, B &5H—
SEAH H PR H AR, AR SEbr TR S AR,
AT LA MEMS 3z A Ak 1) i b S — 2K 2 HAx
AR R, IR B 2 B bR SR IE AT SR A
WfESCik [57) A, FIH 2 H kst St —Fh
T4 R SRS B i MEMS JE L R AR 28
Farnsworth 260 £t | — P& T3 FIKVE I MEMS
e A @ S AL Tk, R MR 2 B AR
5% NSGA-II 1 SPEA2 43 5%} MEMS 7 i € i
BT Z BREIIAL. B T M2 GO R
SR R R R, MR E A, &5, B =
FHAS AT MEMS 7 38 JE 9% 2% IO A % 1H 56 0E
T NSGA-II 1 SPEA2 HIA %0, Di 252 %AW
M 2R EIE B 2 BAR R R SR — PR T AR
VI ER2E ) 2 B AR LR E, R A5 R SR HE
77, 18 HARZS [ IR 150 R B A i s )
— iR AR LI TR AT W I Tz VRN
k. KZHIA MEMS #iH e 4k J7 1 R kb 7 %
THR SRR B>, BARES T FE R K 1 BUE AR B
T B ) 2 IR AR A 2P, Liul 4%
H—FHELR 1 & AR A B AR AL HE SR 4 22 )
HEALEERN BZHELL T A — b B . s g
FRGH B 22 4 b A SR A 2 v vy o A A B A
RN &5 5% 10 B L 45 AT T . @ X A
MEMS IX 5 2% it 380012 5092 b oA 7 2
TERCE . AL RE 7 5 BB B AR stk Ah, XY
MEMS X g2 7E ALt fe i, H AR 1 L 7H
FEUI SR A B FERS Ky RICRARSE )@, Liu 5504 %%
PR R BRI S FEA S A T — R T
ARG 58 By (09 A A Ak 7 725 — A4 Rk B 5 2
() 45 R BEAT AL . AE BT R v, K A BE R B
VAR B BT B RRAS R R 1) T 0P R i e B A
BRI AR A T B RRAS w5 B (SR A ) R, AT 3 T
R

Bk LRI TAEAL, I — R E AR R
HIF 72 2 AT Sk MEMS [ 45 46 fil 2 B0dk 47 8- 4k
U1 Kamalian® $& 7 —Fh B85 BN T ERF:
XA BT AT PR 1 A2 Bk B i
FEARTT DO MEMS 4 $h &5 /8 A2 Budk AT 34710
k. Zhang™ X} 3CHR [65] M TAEHEAT T E— 005
FHIRH T M BRSO, ZEEERT
—Fh % H bRt B A — R T R6 B 1 R R AL
5k, AT DU N SRE M FE B T AR R B T
Mt E A, ARG R eI S5, C T
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AT SEAE MEMS BETHEAL A (1 5503t Fi T A mT LA
Z WICHR [67).

2.3 EFRBRFRITEL

HUH R GAEA 5T b2 46 A $ 1] RS 2 3
ARG, ML RSB B — N
BB, B8 V2 ok B AN R AR AU LA, Lk,
B RS AR R G ENLR R G, s 1E N
PR A (ORI, HAE BE R AF IR BRI L R 48
ML 5. AT 70 ) WAL R GE AR ARt 128 ] iR
T PR RS SRR RIRT RO = AN DT T .
2.3.1  #HERFEAEKILT

FENLHL = G T B FE o, AR AR S5 4 B E & 1
THE P SR BT B i R BT — AR
B B, AR B T 1) R e 5 SR Aok 7 6.

FENL L R GEAARME S Bt J7 B 54 Cha-
krabarti £ $2 1 1 — X T AU R S8 ML ST
BEAT BN G TR SR, 2T EE SRR B B4
tH— R P ATREWE 2 R D RE veTE Z R M2 Bt
EA R P s it & G 1 B ) S R v kAT o0
Campbell™ JF & T —F 2T Agent MHLHE RAH
BN VT HESE, 1207 1R HE SR BE 0% 38 S 5h A ALY
BOTE I, HLR R B 2 0 BT T RSB )5
R REAT 4 T 23 BT O e

B4 (Bond graph, BG) J& —FlREW 48—
RS R G ] 4 AR, RERE XS T
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