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R AL PR Wy = R SB[ 2F5 3 N A 31
BRI A AL G HE AL T 5 O 1% 3K ik 1 R AR
K2 2% R Ge A A 11 B 1 I 1K A R 3ok
PR st A5 Sk 4 H iR A A 24 A R )
RO 2 BT v A A U AT B 0 A B O
MEEIAT T W EITE, TWIit RN R & 4
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T, A7 ey [ 0L i 235 [0 22 06 1) 1 I, 25 9 ol O i P A
TR AR XA R B 2 R i A i L AR SR A TR
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FHAY TR Z A 0 7T TR M TR R ge e it [m) .
121y B A R R 7 o ke e W | R (= w N i B =
B AR SCHFSY G . 1994 4F Potter S8 # T 4&
Y =28 B 6] 32F 4k 35 35 (cooperative coevolutionary
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with coarse-to-fine grain strategy, CCEA-CFG),
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Hui, CCEA WI/E H ML BT 57 32 2 38 i3 X1k pei
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3.1 BHBIHEE
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VTR SR bR R AR T AR BT AR
FEVETT SR 48 b5 b T E S B 1 SR A [a] A
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(1) 72847 J32 P ) A 8 1 ) A 00
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Tab. 1 Statistic of the computational results
— L SR 2 A/ (kg » m?) TR /s
ok — - - W/ % IR

fe/MA FHE ISP i bR 2% fe/ME T A ISP | FrifE 2%
CCGA-CFG 714. 60 718.70 726. 86 2.29 149. 47 175.52 225.96 12.77 22 106
CCGA 728.65 740. 14 752.05 5.45 298.92 329. 68 404.93 18. 48 13 106
GA 726. 36 736. 94 749. 20 3. 50 227.08 284. 36 740.51 50.13 7 10°

MIE 1 Ef i 2R . CCGA-CFG [ GA I (2) 78R J3E SR s 19/

CCGA WS B A A ) o J38 PR i HL ik B R
G TS R 100 YOS 1Y T H AR A
SIS A B AR e 22 f . R 2 S T CCGA-CFG
4 o A A1 Jm O 6

30000

—4— CCGA-CFG
—=— GA
—— CCGA

0 2000 4000 6000 8000 10000
k
Bl 30 T3y bR &
Fig. 1 Evolutionary curves of the fitness of three

algorithms

CCGA-CFG 5 CCGA # . ALt H Fr
) S AR AE AT 4 57 i L T SRR B 4 ek T 2 47 %
TR R AR & T 900, W T AR & A48 R B O I
YRR 3 W k.

ME 1 Bt fbith 4 & . CCGA-CFG £ 3 000
R AT AURACEE —HEFRE A W, BT DL T H AR A 2
RN S ER QA N (K [ N=DIC TR A 5 7 e
HIMAZ 5 CCGA-CFG % He iy i 8% 21 %5 0 1 ik
AR AT AR B S W A e 1 BRI W SGH T

HARA SR 1.
(3) 5 3 F Il EJo /M st 15 /R F BE B iR
(QPGP) Y b8

553k (17 ] H R A 25 F 3008 o0 4 B 9 st
1% /B T BER B (QPGP) M HE L A8 7 B By [ i Ak
BRIt 7 L R H AR A5 3] TR
F+. CCGA-CFG 13 8| i1 H A5 1) e A5 F1-F-
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Tab.2 The best layout scheme got by CCGA-CFG
o A7 B A T 1) - A B A E A . AR BB AT )
T P Fri
x/mm y/mm a;/rad x/mm y/mm a;/rad x/mm y/mm

1 132. 252 284.114 /2 21 —200. 148 18.919 9 0 41 —327.77 —46. 521
2 —18.317 8 359.518 0 22 152.707 152. 383 0 42 —202.29 360. 303
3 —120. 455 —326.417 0 23 2.192 38 186.731 /2 43 160. 664 261.903
4 —360. 879 7.448 92 /2 24 —360. 384 21.5231 =n/2 44 360. 65 —15. 361
5 204.175 —165. 553 0 25 —200. 891 24.1158 45 86.009 7 —210. 319
6 21.188 7 175. 542 0 26 34,254 4 —197.265 46 —290. 749 —109. 100
7 225.461 —0.724 65 0 27 191. 954 —56.306 5 47 —347. 064 72.348 9
8 —181.593 —47.322 1 /2 28 —67.850 6 188. 141 48 —188.592 334.917
9 —13.747 7 —202.37 /2 29 53.880 8 —381.822 49 —77.2743 —415.749
10 389. 86 —161.922 /2 30 —136.425 —205.573 50 —102. 483 —172.748
11 —23.244 9 —365.404 0 31 —249.453 —139. 811 51 108. 874 —191. 143
12 —26.1111 224. 875 /2 32 95.547 5 128. 697 52 —168.503 209. 494
13 —99.281 6 —220.558 /2 33 226.113 114.492 53 81.7116 390. 347
14 —186. 79 123. 146 /2 34 256. 482 184. 488 54 —285. 948 —146.171
15 175. 247 24. 8101 /2 35 —220.033 190. 725 55 353. 892 —150. 710
16 258.122 —201.135 /2 36 —205. 397 —285. 656 56 —235.529 —301. 469
17 —235.097 —294. 54 /2 37 105. 819 336.467 57 179. 994 283.703
18 78.121 2 —371.404 0 38 —58.084 2 336. 428 58 —8.05107 —314.854
19 320. 878 171.011 /2 39 148. 458 —328. 887 59 263.63 —267.062
20 201. 31 —0.812 32 0 40 —354.525 80. 802 6 60 —53.1265 336. 836

{43 %Rk 714,60 1 718. 70 kg « m*, 1i QPGP
8 1 B bR 9 S5 0 18 RS- 24948 43 50 R 758. 33 il
773.58 kg e m” AP HIARE T 6 00 700, AL W
N> QPGP FEM L R EE S L 5 AR kA — &
2280 A QPGP M IH 5 8 .

25 b SR AR ORI ) TR AR A SR ) R
(1) 75 7 B2 5 W A R0 4 4 1 SRR I L O 3] T
R 1 R A T B T 5 (2) 788 s 3 I [ 9 A 0 B

137 3 FhEE iR O BT E B 25 A AL B 1 X
T HARE A R D 5T SRR I [R] i B R4
& R (100 YIRS, B it H A A58 i ) ) B
MEZE /N 5 (O AR SCEIA AL L R B SR 17 ]
KM QPGP 3K fif Fit i A7 8 K 42 /. CCGA-
CFG SRAF I LA Jm Jr S WK 2 B % 05 S8 1
PERESR PR AN 3 K.

(a) 7RI S,

(b) A S,

(c) ZRETA S, (@) 7R S,

B2 CCGA-CFGmttfiml % _%T&E
Fig. 2 The 2-dimensional drawing of the best layout scheme got by CCGA-CFG
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Tab.3 The performance index of the best layout scheme got by CCGA-CFG

et/ (kg » m?) M e 1/ rad 0 A BR /mm )
F ¥ e/ mm? FEHT /s
X y P4 x ‘y z x :y z
273.94 269.80 171.22 0 0 0.01 1.69 0. 35 553.24 0 189. 46
4 & ") S A7 1 25 5 B A e i e A T BB BT K Y

AR SCER S AR SR 2 2% TR A SRy Bt

)R 38 1T — A R 2 A 1 5 ) R AR B0 3%
TG T O R BEAL SR AE L SR — B s 2

=}

=20
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Layout

Coevolutionary algorithm with coarse-to-fine grain strategy

and its application to layout design of satellite module

CHEN Yu,

TENG Hong-fei”

( School of Mechanical Engineering, Dalian University of Technology, Dalian 116024, China )

Abstract: The main problems for evolutionary algorithm to deal with the complex layout design of

satellite module include easily being trapped into local optimality, high complexity of interference

computation and large amount of consuming time. To enhance the global search ability in the complex

solution space, the layout design problem was decomposed and cooperative coevolutionary algorithm

was employed for optimization search. Meanwhile, in order to reduce the computational time, a

coarse-to-fine grain strategy of design variables is presented and applied to the co-evolutionary search

of the sub-problems. The proposed algorithm was called cooperative coevolutionary algorithm with

coarse-to-fine grain strategy (CCEA-CFG). The experimental results in a layout design of satellite
module show that, the CCGA-CFG (CCEA-CFG based on GA) not only enhances the quality of
solution, but also shortens the consuming time and is more robust, in comparison with genetic
algorithm (GA) ,cooperative coevolutionary GA and QPGP.

Key words: coevolution;coarse-to-fine grain;layout design



