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WE 45 =%T EMAEMEAF M (three-dimensional satellite module layout optimization problem,
3DSMLOP), AX#H T — M B WASBM kit A TEEHE L HABHE LN BERBERELE LS, K&
%2 W B AR I A T B % (multi-stage dual neighborhood artificial bee colony algorithm, MS-DABC).
3DSMLOP Z—MEFM LA KBEF A, HEEF2FES, F4K. Z2HEAHW. MS-DABC ¥
3DSMLOP 4 # A # AN F R 4%, ARFERUERELNTFRAZ B EXZ, BRAITELS; HFA
M. Z—ME, 4 TBme A BT, &40 F RGA R BA B8 M oy st A T8 8 5k fd
HATRM. EE—NBEKRKENREBOEM L F_NBEXA—MATEHLEZREATRENIE
BRAE FARAENTRAGZ AN FRERERBABENRMER. HEEZRERRNA ZHEERKME
09 T E M A B 5] BLAE % 34, & 3DSMLOP H K EMaE R .

XR TEMRNAE ATHRREE #elFA ZHE KA

1 3]

il

TEMA LA B (satellite module layout optimization problem, SMLOP) Wt 145 %€ ¥4 £ A1l
AR AE T B AR A PR 25 18] b 6 BEAT R, 523 2 A AR i e v EERAN PR ), 8 T PERE 20 A () A1
JRfe A ] .

X T SMLOP, K 2 £t 5 2 Lh— 28 1 Jie ik [m] X T B2 6 9 8 S5 1) — 4y P48 24 R 0 A SR AR Ak i)
a8l ek =4 TR AR A RO IR (3SDSMLOP), BfF FUAH AT 82 AR — 45 117 29 3 f A J)
P IE A, BT 3SDSMLOP A Jm# %, Hai Ay E AR A AL H R, HORAMEMNAER 2. AT
B, — i fb [ s pi s iR PR TS B, D FCSR AR 3SDSMLOP =1 R V2.

P T =Y AT R I, [ N AR T VR 2 B TAE, R ESRE TR B R AR B EE. B
R B R RS R EE AV Be A4S A IR G EESE . EOCESE DR T R R KRR R

SIRARE: SIRAR, HAM. 20 B R SR AR TR AR S A0 5 A6 DR X AR s N L Re S, E RN (5 R FHE, 2016, 46:
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K7 R AT oy el . sk pl e 4 DO SR T B T HeR B Al 5 R 51, TR L SRR K LSS ST
PR B B SR A = AR A ) J. AR AR AR DU 25 5T Al A I ) B Y = R A ), 4R T — R TR
O RME H A RN, Szykman Fil Cagan 12 FI FARALLE K RIE K 2 B b A2 2000 = 445 =) )
. Braun 55 131 SR FH W [F) A0 A 75 125 SR gk 5 G 00 08 0 T (AT R 1t ) R, (ELRR 45 1) R4S BB
FIf#E B, Grignon 1 Fadel M $2H —A™ Pareto MALSLYE, R 2R /N T RS & 51 i) 8. %5
VRIALT 2 AR I AT 8 AL SR s LB AL B0k, FIH 2/ R, 7R DREE A% SRS AT IR
JRBRARAE & R 2 1) 1) 22 S, S R N [F) — R B LA R B, AT 347 J) [ L) 2 Pareto sAIL
fift, AEFCAIE SE RO AT =) ) BN (B8 7 ANMEAY). de Sousa 5 151 FIRI T SURRMEARAG B2 5K K
i P TS P VA B2 AT ) Bl e, i 0 O 22 H AR AL BTt ] L

7E 3DSMLOP HJRF 5T /51, Sun 55 161 DA—f& 4k E bR li@E R A2 (INTELSAT-II) Ny &, %
Vvt O P, AT R 2 B S AR BRI, S8 R P SCREC A B0 0T % 2K H ARG T AT S )
BT )R, Zhang 55 170 SR Hopfield #1428 0 4% 535 7 B 2 A4 20 AN AR AR T, st A% S kL 1
TSV 0 5 HE 32 B3 0 Wi & SR AR VE 4R ). Wang 46 181 7E3CHR [17) B0 BC 7 % b, B8 &
H5E1E FEACIR RE MG &, TR RS R EE, IR LS RE# R EIE Nelder-Mead
HEWEL A, AT SR EACR T AR R, O 7 it Bk B\ 240 J, Teng 45 19
e TR ARGARE SRR, K 3SDSMLOP, M43 H A i 45 R

3DSMLOP B8 TR, HEEFREET: 1) XRPBAGEMELR (K0T 50 MR, H
UEfE S M 4E R E R (2) BABE R B AR A, Rl 2 A& A B ARFI 200, (6159 if
[ 2P0 ARZME . 2R . ANIESHRHIE, BAKER SR A, 5 22 KEA AT I R 8 0,
TR AR 7 ) vh 35 20 2 T 2R H. H AR e BOR A B R E S R HE. SR (17 ~ 19] S BB &L
B B B bR, B S R SR AR e BRI odE B T ORE R TR, S T AR RO, HHSK
R o A OB ) A R) A SO TS T PR SR AR, (1) X 3DSMLOP, #&H 1 k Bt
PeAsing. Bk, R TR MAT RRE R, 6 [ AT RG R, IR & 8 R AU R 70 e
ANHrE. BB B TR A A B AR, &4 T REMALEHT ML, B BOEE & T R E
TR f R A IR BR 1. (2) AR BCh A B B B 4 R R e 1N TR SR AT Ve R,
LA 55— B SR AR DT B R B8 B B AR SE R, D T AR AR — I BRI BT, 4 H X
N TR (dual neighborhood artificial bee colony algorithm, DABC). J8 st X 28 Fh 53 B BB S 56
FeE R, X T B ARG 2 3DSMLOP, A SCHE H 1) 22 B B A4 3 s R X 4T Jalbds 3 AR v 4k
EERe

AR SCEIALUNR: 5 2 WA T 3DSMLOP AUERAY, 5 3 1A T FE K e XL &5y
BENE; 5 A TR T RGN 2B BRSNS 56 5 IRTE 7ORRBIREREEE, 4 HOW AR i
RERES & 2 BOU SR IE 1) MS-DABC Bk 28 6 “ianth / BUE SRR R 04 &5, &
7RG T AR SCHI BT

2 [EENHFERE

AN A R s g M £ TR AT SR A D AT AR R 81,

XFEER N DNHR g BAEWE 1(a) FrosfIRAER P2, ERBSR P — Ak B
FRIPIAN AR 4 DRI (S ~ Sa) I TEFTEAM, W 1(b). Bt A2 B LE RS D)
TR BRI RED, RIS A T LR # e ML R AN R A 207K
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Standing column
2R Object 3:
— Standing column 2Re (x> 1) 1

|~ Upper bearing plate
] s
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[ Lower bearing plate H; \ —» x
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| ° IJ s, M
—— Module shell D, T 5
4
2 7/ T0%
' \
Lower bearing plate Upper bearing plate
(a) (b) ()

1 EERELBEEIERTEREE, EXE3H (18]

Figure 1 Layout diagram of simplified intemational commercial satellite module, modified from [18§]

9T 7B, 3 4 Decare ALFRRGEHE SR [16,17) FIKSE X W1 1 T, B4R R oayz
K FE AR, T3 TR IR0 A S, B ARARRR 5 ofa'y'>’ TR SEEE A IR A R i
Sy, JCARRRIR A RS RGOy RUASKR R o2y FIF U R 2 B B 2
FLAF.

B AR A = (A1, A, Av}, N REELREL R i (R A 451K O
(RSRIEIRER. 0 i AMFEAPPRATTRRA Ailpis o di), ST pileiye, ) € RN 9 Ay FOUART (1
MBHARRR); o N A B 1(e) FRIDTEIS (BIEITENIE). di e RS NP LATR
I8, MR, di = (ai,bi,hi) € R® R ag, by, by 359K SRR, BREKIT B IR IESSSCE, B
s € {0,7/2); RIBIRERK, d; = (13,0, h) € RS, Jorbt o, g 59 BUOMIRTRFAR R, 9RLA 7 (68, 44 74
PRI PRIEA Ao, ELARARPRRE . RBMIHURIAR ISR T RE S, SETREN mo. MU A HOR TR, —
MERITRATH X = {(20,yi, 2, 00) |1 = 1,2,..., N} € ¥ 25, W] SDSMLOP AR A T

min f(X) = lyrpr + Iy’y/ + IZIZ/, (13,)
s.t.
(1) A LR
N-1 N
a(X)=>" > A4y =0, (1b)
i=0 j=i+1

(2) B-FATLR
92(X) = |zc — Te| < de,
93(X) = |ye = Ye| < e, (1c)
9a(X) = [ze — ze| < Oz,
(3) WHEI LR

95(X) = [0z (X)| < 6021,
96(X) = 10, (X)| < 60y, (1d)
97(X) = [0=(X)| < 60,
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Hrt I(X) = (Iowr Iy L) BRERGRERARRR ofa'y'z 76 3 ALKRET 1 L RSB,
Ay, T A, 55 A, ZIBGTBEE, 20 = 0 W, Ado; Fr I R AE Ay G LI 0 RAG sk
TS P S BESRE) SR A, 2 T O(ve, o, 20) NI RGEHITIRF AT, Oclze, vor 7)
NI RGBT E, (5, 6ye, 020) N LI RGUR ISR B 50 BR HAEBHAFER 3 1
MR T LR RO VEE: 00,0, F1 0. 9 TR RGEHIHEME 4015 B AR AR A o2y’ 3 AAkhz
W RS S, BVBEPEJE AR (50,0, 00,0,00,) 9 TR REETE 3 AAARHN 1 O ME I A 0 52 o V8
(X)) = (Lvar Iy Trar ), Oc(e, s ze) 5 6,00, B 00 HIVFBEILSCHR [17,18).

RS SCHR [17.18] 8GR SR L (04N EE T R, BRI = AsbR EL2 2.
B, 85§ A RAIOARES HECASE (v, u) FUVEREFIE o1 H7E, B RAMTFFEN X = (20, yi 00)li =
1,2,... N} € R, RIS R (1) #0858 BARRAL RS, 8 £,(X) = £(X), fa(X) =
1 (X), F5(X) = 1923 + g3 (O] + [ga (GO, £2(X) = g5 ()] + g6(X)| + gr(X)], MEEANG I ST
v, B4 LA B8 Mo 5 e R

min F(X) = w1 A1 f1(X) + wade fo(X) + wsAs f3(X) + warg fa(X), (2)

b\ =1,2,3,4) 1 w;(i = 1,2,3,4) 25855 BERE— LK 7 RACE R 50

3 FHENITELE
3.1 FHEMITE

ARSCR PRI RN R I ()7 T7 R SCT- U0 RN R 88 A AT S AL 5 Uy — A T 22
M, WSRO, RN TR IS0 A2 53 B8 E AT ) 5 L 2 0 S R PR AN 08, IR NI PE
A 0.

P —AEEHEE A, L int(A) RREE A WA, 04 oL EHIATE, A TR, id A =
int(A) U dA.

EX1 GEARY A RPFRBIAE o = (v, v,), PR o A

Aov={(p, +va,py, +vy) | D' = (1, p),) € A}.
EN2 MR A, B BIHNIREEE LN
PD(A, B) = min{||v|| | int(A) N (B ® v) = 0},
RO E M Ag (X BLIR 2 AR BERIAR N SCHESIAE) S50 RY A BIRANIRBEE LN
PD(Ag, A) = min {|[o]| [int (A0) N (A& v) = 0}
max{||p[| [p € int(4)} — R, if max{[|p| |p € int(4)} > R,

=< Re —min{|lp| |p € int(4)}, if min|lp]l|p € int(A)} < R,

0, else ,
Horb ||| RARBRIREEES, R, NHOALAEARE, R AT EMARN .
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RNIRE PD(A, B) w] LUl R BUIG 2 7R g A, B G S EE (no-fit-pattern, 7]
1t NFP) NFP 45 K33, NFPap o] LUl b7 0MiE: %€ B E—A 8 O fERSHE 5,
E A, ¥ B HSE A RFVIMNIAIZE)— 8, 2% 5 Op W SHIERTH B X (A& 5 5t
& B X T A Blm S EE, i NFPap, HIAFEEIL N ONFPAp. WRZEFE K Op € NFP4p I,
PD(A, B) 57T Op % ONFPp W FIFEE.

SESL 2 IR o FONHRN AR, TN PV(A, B) (88 PV(Ag, A)). R i) 7T LAE SR AR TR
FERE AR R AR, iR AR N IREE Y 0, MR A& (0,0). MR &A AT BEAME—, AT (o]
AR —AME A RN &

PIA SR Ai, Ay BIT B UN AA;; = PD(A;, A4;)7 = |Jo]|*, (1 <i # j < N).

PR 21 Ao 5 AR A; T RE N AAg; = PD(Ap, 4;)%, (1 < j < N).

ST E— MR X, AR A 3 Ay 3 USSR E 1 Ao X A, BRI 5 3 5E SN

fij(X) = 2PV(4;, 4;), (1 < i # j < N),

foi(X) = 2PV (Ap, 4;),(1 < j < N),
Horb 2 gtk R4 IREAR, BATE fi;(X) = —f5:(X), WAGRY A; BUsa & ik

= Y JfuX)
0<i<n
i
3.2 NEEE
T AT LY ARRAT R 0 BTG B0 R 1) A, X T e i — M R X, JATAF A
TR LA T
min g1 (X) = Z AAj, (3)

0<i<j<N

EIE1 il Vi = (8/0zk, 8/0z,), W Vigi(X) = — fu(X). B g1 (X) X5 &k MR (ar, ) 24
PRI GRREE NS & A JRPIRT 2 146 77,

UERR AR E X, AA(1<i<j<N)BIBEN
Vi(AAy) = —V;(AAy) = 2PV(A;, 4j) = fi;(X),
Vi(AAy) =0, ke{l,2,...,N\{i,j}.
AAgj(1<j<N) HIBEN
V;i(Adg;) = —2PV(Ag, 4;) = —fo; (X),
Vi(AAg) =0, ke{l,2,...,N)\{j}.
EJia

vkgl ( Z AA1]> = Z vaAij

0<i<iSN 0<i<j<N
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= ) VidAi+ Y VidAy

0<i<k E<j<N
= Y AN+ Y FulX)
0i<k k<j<N
= Y FaX)+ Y (—f(X)
0<i<k k<j<N
== > fu(X)
0<ign
itk

= —fir(X) ke{1,2,...,N}.

FRA 5B 1, JRAT T LUR T4 OB £ b 3 B AR R, 43 B Sk ik
(1) 4B AT RAR X, AR T2 SR (3) S g1(X):
(2) B4R 05 S S AT RIITZ I 21 5(X), 1350 g1 (X) HUBBIE

Vor(X) = {~A(0), ~L(X)..... ~fw(X) }

(3) f24E (1) A1 (2) HIFEIM g1(X) FIEMIBE Vg (X), FIH L-BFGS (limited memory BFGS)
Ji R AE R R AL ) (3).

4 BRGoBEFREHIE
4.1 REHE

XtF 3DSMLOP IXKAA 2 HIrUILK R ARG Rt & BIEEE A AT R A ETA K0
W, SRAFAEEROR. Ik, BATRIE R RGMI R - 38 wihJrik, Rys R RGN =, kI
% 4 AR 4 DT RG, MR HE S AT R, R T R G  EAT Rl A kA
JEiipE. LR 453 3DSMLOP 1 RGUIREALRAIE XL, M7 RGEHATR M Z B R SRR, N
PR A R AR AR e

3DSMLOP 5 i A1 R G I ARAT RAFAE AT HARES & of $iI, € SCanh:

ui — (ml,xi,yi,zi Ii Il Ii Iz Ii Ii ) c R107

ytxxy fyyr Tz Tay) Tyz) Taz

Hti(=1234) MiRTRGEF T, m', (af,y°,20) M I, 15, T 1L I T, A3 RPN i AT R
Fra SRS, BOTESH AR ovyz TIILLE AT ¢ T RE PN T 2%
MR 2 R S I AN ISR,

it A= {AL AL, ALY (=1, 2, 3, 4) FRE | N RENGRMES, XTONT RGN R
WA A=ATUA2UAPUAL X = XTUX2UX3U XL 3 o MR 28 B e A4 1 (R AR RS E i, B

UO _ (mO,xO’yO’ZO IO IO IO IO IO IO ) c -RIO7

ytxxy Tyys fzzy try) Tyzy Txz
FEAT R AR, o0 N T
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4.2 ETHREXZANMUEIRSE
X2 29 RARALE 3DSMLOP, AR 28 2 5 et iAo 4 R 3@ N B B r] Ros i
F(X) = wiA fi(X) + wada fo(X) + w3ds f3(X) + wads fa(X),

Hep, HZE fo(X) = gi(X) SPMRGRAME, ME-FEEABTERA f(X) = |gX)] +
lg3(X)| 4 |ga(X)], fa(X) = |g5(X)| + |g6(X)| + |g7(X)] , FEXNDT RAEZ A BA M.
X HARBREL (1a), RIGF SR VAR AT R 5l R 2 A
N
fl(X) = f(X) =Lprgr + Lyry + Loy = 1 + Iyy +1,,— 2(5172 =+ y? + Z?) Zmz’a
1=0
SR FBEAARR orye MSEIMEL N Ly + Ly + L., 165 T REL AT, T 222 +472+
S e, B A S RAILAR, B REL GRS,
(R, 4 FL B o6 T 048

F(X) :wl)‘l(I:r:v + Iyy + Izz) + 'LU2>\2f2(X)
N
— 2w (22 + Y2 +22) Y mi + wsAsfs(X) + wada fa(X),
1=0
A, wih (L + Iy + L) + wodafo(X) XA ENTRGZRBA G, T —2wi A (22 + 42 +
2) SN mi + wss fa(X) + wida f1(X) HAT RG2S

4.3 M EMILRES

HF 3DSMLOP & —/NHEA L Hir 2 2RI R 2 AR 108, 5 [N 25 iE H A ok B0R 42 5
LR FATEILLL F(X) VPO R B AT AL, MU BRI R A MOy ARIES: . ARk RIS,
SEHR G TN R IR, 1H T 2040 2 1500 2 4 i 20 R A SR i S 18 T EL I /s, A
T3 R R SRR MERE . 3T 70 0 R SR AR ) B %, FRATTIRAE AT R T R G LR &Rk &R, BB
RIGILRE T 9P BT B

zZ,

4.3.1 B—WEk THEERBML
B, ABEBEANTRGAAMEIE, AMLTLHEHH I, B

min Fl(X) = wl)\l(Im + Iyy + Izz) + ’LUQ)\QfQ(X),

BT (X)) $NTREZ ARG, i)

4
Fi(X) =) (wih(T, + I, + IL) + wada fo(X7)),

i=1

Forh, f(X0) = SN VSN AL = 0 FRE | T RGNATR AR B, X0 T RGN
TR, N J9 T RGP AT R EL SO LA %A T R G sr foAR Ak

min Fy (X*) = wid (I, + I}, + IL,) + wada f3(X7), i=1,2,34. (4)
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PN BESATF RGO A, H H ARSI — T, $ATF R G RO RIE, T
T RGBS HAS N, 57T, T LR, (A R s i e L JEki . 2
RO TR DTS, A 5 A 24 T 240 SR P v A 1 8K, AT MR 8 2R B s SR B PO 448, b
BBV — R AR, WA —E W AR S 200, FRATESS W B T RS R W% h A e R & 20 .
ES— BT, % ATFREH A DABC HEEMSI ML (1), 3 i MFREM X 0T

ST BT A5 0 355 7 P A
fit(X') = 1/F1(X"). (5)

RGBT RET A RPN ED T, RN QR FARRAE T Rk, (HER AR WA Z,
W B AR R e BRI AR I B ROR. N TR SR — I B RS R, A SRS — B
B2 AR I T BE 50 DABC. B4R DABC iR I, 5.2 /5.

4.3.2 FEZME WBEARKE

FER I B, RGN TR LRERMMN TS5 BIRRN ovyz MFZHIRERT 7L, BT
ARG RA MG T SR AR A et tl, HA— @il R AR 5 BoEE & T R 558
PEM LK (BRI oxyz 1 2 ) PhFRTER, RO RGEA T BABHER A, BT
RGUES — B B T EAAR X T 25 05 R I oxyz MFEBI IR — I BA S ENZ. K
Ik, 25 Fr Bttt H AR s n

N
min Fy(X) = —2wi Ay (22 + 92 + 22) Y mi + wsds f3(X) + waka fa(X). (6)
=0
BT REG TR O (BH LRI ozyz 1 2 §h) BRBEFENRIR (6) MidfEF, 55—
MBI R A S R A SRR, BUATE T RGN, 57 RGN M RAT IR AE X A7 B A
B MRS TWEARRAESE. LHEA

N N
L,+1I,+1,, = Z(J ,-c052 @+ Jyn; - sin <p])+2mj((yj)2+(zj)2)
Jj=0 j=0
N
“FZ(Jy//] 'COS2 SDJ +J5L’”j 'Sin2 @J)+Zm]((x‘])2+(2{])2)
7=0 j=0
N N
F2 Tt 2, 5;)°)
7=0
N N
:Z (‘]ﬁ”i + Jy”i + Jz”i) + 2 ij((l'])2 + (yj)Q + (ZJ)Z)
7=0 7=0
N N
=C+ ZQmj((xj)Q + (ZUj)Z) =C+ Z 2m;pj,
Jj=0 j=0

Hrt C = Y00 (Jps + Ty + Tong) + 23 g my(2))? FEAT RN HEL 1 p; = (2,)? + (y;)* %
wﬁ j Mﬁﬁ%ﬁu IJEEEWJ OO RERIBEES, 767 R G5 LR O RIBERE R, p; ARFEAZE,
I RGARNS T B AR R owyz WIEENBHRZ AN I, + 1, + I, TE55 B Her: o i AR
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B T BORIF I AAT R Xpest = (X str Xiost: Xiests Xnest)» W7 i DT RGMIER N
o, NI —Wr Be i) R Gefl il RN

a=(a',a? o’ at), (7)

He ol €]0,2m),i=1,2,3,4.
T 58 M Bk S50, ATFIFHEA ABC BEERT o ST, Hoad B PR B BN

ﬁt(a) = 1/F2(Xbest,a)7 (8)

HP Xpestia = (Xt Xeost.a2 Xiest a1 Xivostat)s Xbostai TN Xioor WEFEFPE of SRR 0 A
T RGN, Xliest,() = Xpest-

IR RGO R LA SR ST, A MR AR S BN BT SR A, S M BER A T RS
MSLRIRAC TR & AR, KR T AR M 4ER, JF L T80 % R & FAR, WA 20835 7 43 i
FOAEE S, ARZetE . SR MOVERT, ORI AL SRR LT T RS & A0SR AT 55 — I B 7 R T )i
BB, IF H A SO BRI R, 7E 6.2 /NI SEI I, X TR A 2 AR S AR
3DSMLOP, % B Bt A6 S HH XS T My B O A S50 6 45 30 B8 A (0 AR A 45

5 MEMHATHEREL

N TR (artificial bee colony, ABC) AT AR A FE H SR I — Rl ful 25 e ot & 1 A= ik 201
BT H AR PR <1288 HRE2R WK #ER, A RPN RMER, £ NP X #1)
K L ERH ABC B RIFHERMILEE 1 2022 B8 B FOIESEE LA RPEEMR AL b, ABC 1
T A — L FE R, B0 PSO, GA 5555 1231 [RIth, FRATTR AN T ae Sk itk B R P Ak br Fi
T RGN ERE A L

5.1 EARANTHEHEZX

FA ABC Hikmh, NTIERFEE 3 R AMA: i, WU EATE . R4 e o N — Ml e
R B AEAS A R R B R R AR HEAT R
IgaAs, #2530 (9) BEFLAERR SN ANEIR (55 TR i A 8o I oh SH0d MRE s U,

T = Tppin j +rand(0, 1)(x

xmin,j)7 (9)

max,j
Hdr z;(i=1,2,...,SN) N D &, D MRS EINANEL, j € {1,2,...,D}.
B AE L A SR SR R TI EUR, A ABC 7E B VR IS 2 SR A N
Vg =T+ @i (T — Th5)s (10)

X, je{1,2,..., D} RBEVERFE —NEHRNLERE, ke {1,2,...,SN}, k AREHUAEREH k£ 4, o
A =1, 1] ZIaHIBEHLEL.
L5 e 108 % i (P e (XU M 256

SN
Py =fit(x;) /Y fit(zn), (11)
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Horp, fit () S @ D BEIFEENAL, X B PR AT S AR MR AIERNAE AT, Ron RIS, o
SR TR AR R OR.
NP IERERN R R, B YRS Limit OB SO, R Z IR, IF Bz sk
FEER R AR, (RIS 2 BN AR i TG e A it iegase 3 (9) BEML A — AN AR o7 AR IR L.
AN TIEREFEIIZEHI S B EZA 3 A BN (5 RTg B S M%) SN, FA4 L
[ KL (maximum evaluation number) MEN DA limit.

5.2 WAPEEEE L DABC

FEFEAN) ABC Sidirfy, WSRO S e 350K A ) AR <1383 200 300, BRI 2K (10) 72 BRI
I BEML S AN AL A B R AR ZOHT I, SR A AR AT D00 SRS SE B B0, 2 S0 I AR IR B — AT A
ARZ JRIFIE AT, ZEA ABC S 900 SRS 2 1 L B N A 22 8] o (1 R AR A A, T JE ik Y, X
HRBCERAR.

AR TR 2 2RI R AR & A 7 R, L@ ARk, JF R A KEN R RIE, £5
FEANFAT R AR i A, S BA TR T R G870 it SRS AN AL H i 1) 22 B B AR 2 S, AROKAESE I i
AT SRARAESE, EAEEE — [ B RO MR 25 (BT SR VF 22 1 =y B die DO, SR B — ST AR 6 A% ABC 57
AR RAAE RN R A e VU 1) AL Dbt BRATTE T WF T2 A J5) 1), vt 1 XORRIE T kg ) ABC 55
% DABC 5k, MXTTHA ABC 532 rh e e AL 52 iR FIAH IR 1) 41 5048 2087 %0, DABC th
e AP A R RO 5 e SR Y AN ) S8 354 R B, A 2080 S R — SR 3 5 B N 224 T TSR 14 Sy A e D8 ) i
RS RAT — BBk R AL I Re 70, AL 6.2 NI SRER 45 T DABC Sk 54 ABC
LRI EE, DABC LU Re /1 St B 2.

5.2.1 PEEZEREBRA

H AT LA R A0 5 i) 875 2 i L B4, A T BB T E HHE R, g R
B, BRRFE ARG, YPAT B Rk, S R o B, F R A IE N .
5.2.2 WP E RS

BB RGOS R, FEEE DN T RS, HEE AR N RN

Xj = {(@n o5 [1=1.2,... N } e R*Y

H N RRE i N RGT A R
(1) J& ABC “FH#40 15
IRPEFEAR ABC 5092, 76 R I8 208 &I i A 2X0h

53;"5 = 1737 + <le[3«"§‘1 — al, 37;1 - ?J;'l + Y5 [?J;l = Y- (12)

Heje{1,2,..., SN} RREWFET5; kA [1,SN] Z[AIIBENVEERH & # 4, 0,00 N (-1, 1] Z I8
BEHLEL.

FFRARIE R & ARG | MR AARR, M2 5 ANEIRIIEE | AR AR T —
SRS RAY OB R, R, AR R b, XAE H RF R R AR S IRE S R AR,
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ARMEFTRBAR J53 (0 P Fh Al A8, AT 5 B N 4 AT RIIE) JRy B e 1S, SN R O 1 R ANX — B, 52
AR THINEL F IS R A B

(2) AZHAT IR

BENLAC e BPR A ER &, L AT R R 5T Lo B ARAROR IS 2 B, B

(@, 55) = (@b vhn), (@ U) = (@, 0%, (13)

FHorb by LN [, N R RIREHLERCE k£ 1

i ABC PR AR AN e ARt B A & B RSB FIA . IR ABC “FRATIEREA FAE R A0 /P i
PE, HIER— R G, HOOM - PR 2 S TR, R TR BT A R S5, 22 #0438
REAT 2R M B0 AR = AR 454, (B AN TRVEAEAR R M AL B AT R, N T RN — AR s I 1)
A, Tl 142 AR RE L : DABC. 76 DABC ™, R % I8 I ABC P840 2 0 358, 1M
WS 0 AR A 22 #e AT SR R AT 8. XX FT IR R, BB e R AT R B PR R,
WA B P SO M BT R A SIS e 2R A RO R R T BRI R AR A 2. B 6 TSR
IGAUE T AT ABC Hik, DABC # R EE/H.

5.3 SMENEMEEREE MS-DABC EikHik

RAEES 4 IR, JATRAMEBAL A SEng b B A RS 2K 3SDSMLOP. 7255 — [, i
TOCARER Z, JF AR B TR B0 58 — I Be SR AR Rk, F DABC SEEAT K
filt. FESE B Beh, AR A 4 A, FHEEAR) ABC SIEEAT KAl

MS-DABC HyZEstiR i T

1 B— ST RGF A DABC X L&Ak H AR 3EAT R A

1.1i=1;

1.2 repeat;

L3 XF50 @« T RS, RIE (9) FEVIR MR X0, AT 5L, j € 1,2,...,SNy;

1.4 RIEF (5) THELRRHRE &S B A i A

1.5 cycle = 1;

1.6 repeat;

L7 EERYE R ABC PR AR (12) P ERBIME, ST SR ERIER (5) tHEOR &
VAR

1.8 JE A AR 4 DO SR e 5 B

1.9 MR (11) HEEFEI X MR Py

1.10 MEIEMRAEME R Py LEFEEIR X7, FARYE S HARIN (13) BT & e AT 70 %, JFARTE
2 (5) $F 8B B A R

111 N ER AR Al 5o S 08 6 B

1.12 YRE R AL T TG I, I RAFAE, BRI (9) BEHL A D EFEBNE;

1.13 i F R A#;

1.14 cycle = cycle + 1;

1.15 until cycle = MCNy;

116 iL® T RERMM X .
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117i=14i+1;

1.18 until ¢ > 4.

2 S B AR B BT B R GURAME Xvest = (X oatr Xestr Xiestr Xnest) 2t E, FIF] ABC
FAE BN T RGUEH: L

2.1 VHAWFIHEIR o) = (al,02,a,02) ,j€1,2,...,SNy, o} € [0,27),i = 1,2,3,4;

2.2 MRAEC (8) THEARE rp &S Bl 13 AR

2.3 cycle = 1;

2.4 repeat;

2.5 JEAMIERRIE X (10) 7 A28 AR I B0 N AR

2.6 JEE (TG AR 4F 7O SN 12 5% 2 U

2.7 MR (1) IFPEEFEIE o FIE Py

2.8 MERMEARYEMER P, G FEE IR oy, FRARIE K (10) 7EIZ B IR PG ™= AR B 0 R, FEARME X (8) 1
SR R i A

2.9 WL AR A5 7O SR 126 4% U

2.10 HRIE & TR AFAE T B G B UR, WRAFAE, RN (9) BENL™ L — DI B E;

2.11 iCR R,

2.12 cycle = cycle + 1;

2.13 until cycle = MCNy;

2.14 fy L4

6 HESSWE O
6.1 H{ESL

AR SC AR I P i 0 45 PR R B (INTELSAT-IID) A R il 191 SR A S Sk it f kB, 78
Bl 1(a) P REMAEA R 4 DRI, FEMELS M 60 My (24 MITHE, 36 4
[RFEAA), BORFFATYI 8] [A] B 10 mm, & MRV JURRSE S 5T & AR AN [R) AR 48T 1) 70 T L SC
Bk [17,18). %1 R = 500.0 mm, Rc = 100.0 mm, H; = 300.0 mm, Hy = 830.0 mm, H; = 1150.0 mm,
Dy = 20.0 mm, fAEE K i A [E 2 F SR BN m© = 576.534 kg, HF0 RN X = (0,0,553.56) mm,
HESHEIRR oxyz T, TRFEINBELE I) N

Io= I, I, I.|=] 0 3522 0 |[kg m’

ERPIFARER B (1b)~(1d) A, HPFHE V =0, £2RFAOHNIIEME 2. =0, yo =0, R R
7l dxe = 0w = 3 mm; FRURAST-H SRV 660, = 60, = 66, = 0.03 rad; R EATILIR (1b),
FriaEEAIR (1c), “FEZLAR (1d) BT, SRR EZM (1a) HIHIARTT %,
NT X HSABIERERE,
o TR, MR AT EARE AR e A 1R, BDSC (1b)~(1d), FRATARIL A —
NG USR.
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#& 1 AX ABC, DABC, MS-ABC # MS-DABC WEAMRERTLE
Table 1 The performance comparison of ABC, DABC , MS-ABC and MS-DABC algorithm

Design objectivef (kg- m2) Computational time (s)

SR(%)
Best Average Worst SD Best Average Worst SD
ABC 724.66 730.23 735.67 2.38 54.42 56.76 60.93 1.63 42
DABC 715.87 720.22 724.82 1.92 47.87 50.27 53.09 1.09 72
MS-ABC 716.89 720.10 724.78 1.59 63.57 66.31 70.07 1.69 88
MS-DABC 707.22 710.75 712.66 1.02 56.55 59.73 62.68 1.16 100

o« WINE (). SHHIESEMOEE K0 SRIRIE Ko (50 KB 0T, B g =
K*/K x 100%

WA T TR SR RE: (1) UM, BIREH RO H AR B HE (DS EIHR 2 A £(X) = Lo +
Ly + Lowr): (2) TSR (ERRBR A HORRAE2E FUR S 2E 1),

6.2 % ABC BEZEHIXTEE

6.2.1 SEIGZER

NT BGAEAR SCHE H 2 B B A SRS R XUAR IR ABC S99 Rk, WA N g 5L ABC.
WUARSR N TR DABC. 2 BEN TR 5L MS-ABC DLECK FH 2 By B AL AL SRS 1R X AR I T
WEHES IR MS-DABC HEATXSLE. DL BB B, I8 5HIMEN 15 3.1 GHz 4 GB RAM, ¥R
H C++ ifd. BNMNRFERENERB (2), Hf A =1, A, =0.001, i3 =1, \y =1, wy =
1, we = 20000, ws =5, wy = 500.

f£ ABC Al DABC t, L4 ki Kb 3 MEN BA K limit 355935024 2000 F1 500, 4 /3R
RECAI (2) I F(X). £ MS-ABC Al MS-DABC H &5 — B B & 1k i i Kk Ak 3 MEN,, 25 Bt
ARG MEN, BLK limit 435124 2000, 1500 A1 500. AN EAT EHALIZ AT 50 IR, FH4
RGN RGP T HFR (design objective) i&1TH[E] (computational time) I IE (best). 5
A (mean). fxZE{H (worst) FIFR#EZ (standard deviation, SD) LA BII# (success rate, SR) 3J%17T
1.

RIS SR A R ) 2 S A B W I, FRATXS SLIR 25 Rk AT 1 ¢ AR, eI spss A
FREAR Kolmogorov-Smirnov ﬁ%&ﬁ%’l\ﬁ&E’JE%%S‘EWE?‘S%WE&#&%, K362k R IR SN H
RS A5 RRMIEZS 7040, B R IO AR ¢ RS R AT 2 AN EES B0 H bR s B 2
o HA REEZER, RN EZE KT o =0.05, BAR ¢ fagi RILE 2.

6.2.2 RS

DL RS, AT S 0 B EER R, R 1 iTRUE

(1) BEMIRALTERE A TH. AEXTT ABC 50325, A SATE RIS 1) DABC 7E#4 315 & 2 F i St e,
PHME, EME L BIRE T (724.66—715.87)/724.66 x100%=1.21%, (730.23—720.22)/730.23x100%=
1.37%, (735.67—724.82)/735.67x100%=1.47%; MAZ ¥ BARALFENE ) MS-ABC FIEAERE B 10 & 2
AR FHME . T L2 RS T (724.66—716.89)/724.66x100%=1.07%, (730.23—720.10)/
730.23x100%=1.39%, (735.67—724.78)/ 735.67x100%=1.48%, && & 22 By BLAL Ak 5 1 AT XA 435 25 W 1)
MS-DABC HUf5 T s UF R EEE B, X T ABC ik, I E M s E . FIME . &2 A L
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% 2 #’£ ABC, DABC, MS-ABC f1 MS-DABC50 REHH t #ILER
Table 2 Independent-samples T test of ABC, DABC, MS-ABC and MS-DABC algorithm

Levene’s test for equality t-test for equality of means

of variances

F Sig. t Sig. (2-tailed) Mean difference

ABC vs. Equal variances assumed 2.174 0.144 23.156 0.000 10.004362040
DABC Equal variances not assumed 23.156 0.000 10.004362040
ABC vs. Equal variances assumed 6.014 0.016 25.042 0.000 10.127931400
MS-ABC Equal variances not assumed 25.042 0.000 10.127931400
ABC vs. Equal variances assumed 22.438 0.000 53.064 0.000 19.474699840
MS-DABC Equal variances not assumed 53.064 0.000 19.474699840
DABC vs. Equal variances assumed 11.875 0.001 30.760 0.000 9.470337800
MS-DABC Equal variances not assumed 30.760 0.000 9.470337800
MS-ABC vs.  Equal variances assumed 8.005 0.006 34.907 0.000 9.346768440
MS-DABC Equal variances not assumed 34.907 0.000 9.346768440

yEEE T (724.66—707.22)/ 724.66x100%=2.41%, (730.23—710.75)/730.23x100%= 2.67%, (735.67—
712.66) /735.67x100%= 3.13%.

(2) A . /5 B SR EUME RS |, ABC 4 2.38, DABC /> 1.92, MS-ABC &
A F) 1,59, MS-DABC A/ 1.02, BBl DABC 5 MS-ABC MIMRALSE FARXT ABC H RS, i
MS-DABC FIR AL S5 R BA fetf (A b 2. AE DN #E 7T, DABC 5 MS-ABC 73 44 B % A ABC
(1 42% FErmE 72% M 88%, 1M MS-DABC WIHUR T 100% WA, 25 b, ANVE 78 o HUE 15
FEIL AL SR M B ZT7 THI, ASCHE H I RAT IR T 5% DABC M Z [ B AL EE MS-ABC #(#¢
JRA BN TR REA 1 BORH =, 45 & X PR SIS 1K) MS-DABC HAT St 1 550545 58 1A

(3) M. AT ABC $L3%, DABC Fivkiz SN IV AT, 1563 e A0 B4 2 FH 0 - 5
ABC A48 2 F I 5 /b 1) MS-DABC HI E DABC K, HJ5 K2 MS-DABC $i%: kL DABC HiL%
T BB e 30 MS-ABC MR, HRKZ ABC ¥ DABC HiE B H K.

T2 4 T SANEIRMER ¢ KIRER, 5 2 ST RN OTIESS RN T EFF IR, 4 F R
5 p 1 (BPEIHR) sig. (H) DT84 5E R E MK AT 0.05) B, AN T7 ZAHIE], AR
$% Equal variances not assumed I t &5 p 1H, RAIWTF LG RIOBMERGA B E T ZR, B0,
FR¥E Equal variances assumed B t 56 p 5, RAWIMEZ R 2B EFEZEM, ABC 5 DABC &
ek R, F A Sig. = 0.144 > 0.05, Kon T ZABA BEMEZER, RHE Equal variances assumed 1X
— kA ¢ /56 Sig. (2-tailed) = 0.000 < 0.05, YLHH 50 RSLIREE T, ABC 5 DABC RN H br ek
BIEZER T, ABC 5 MS-ABC a4 b, F K5 Sig. = 0.016 < 0.05, Fn i = G BEMEZE
5, H¥E Equal variances not assumed X —F29 t £45 Sig. (2-tailed) = 0.000 < 0.05, WiH ABC 5
MS-ABC RARK) HFr R BIMEEF B, ABC 5 MS-DABC K545 R, F #56 Sig = 0.000 < 0.05,
T Z B EZEZR, R Equal variances not assumed X—#F2H t #4 Sig. (2-tailed) = 0.000 <
0.05, Yl ABC 5 MS-DABC ] HFrs#I1H % 7 %%, DABC 5 MS-DABC fungi i, F
Sig. = 0.001 < 0.05, ¥R EHGEEZER, BRI Equal variances not assumed X—HH1 ¢ fl

206



HERE FERYE 46 2

% 3 QPGP, CCSS, DVGCCGA # MS-DABC MEAMEETLE
Table 3 The performance comparison of QPGP, CCSS, DVGCCGA and MS-DABC algorithm

Design objectivef (kg m2) Computational time (s)
SR(%)
Best Average Worst SD Best Average Worst SD
QPGP 758.33 773.58 791.43 10.58 112.52 900.26 1152.23 105.33 80
CCSS 735.24 735.24 735.24 0.00 245.39 250.55 256.65 3.25 100
DVGCCGA 712.99 718.93 726.59 2.64 110.48 179.86 216.97 13.89 60
MS-DABC 707.22 710.75 712.66 1.02 56.55 59.73 62.68 1.16 100

Sig. (2-tailed) = 0.000 < 0.05, ¥iB] DABC 5 MS-DABC KK H bk FIME 2R 8 F. ABC 5
MS-DABC #5645 e, F K5 Sig. = 0.006 < 0.05, Fas 5 2 B B #Z5, #¥E Equal variances not
assumed X — 4 t #348 Sig. (2-tailed) = 0.000 < 0.05, PH MS-ABC 5 MS-DABC K&K H bx 2k %
HEERRE.

zi b, B ABC 5 DABC, PLM MS-ABC 5 MS-DABC R H bR S A B E 2N, W T
AR TS (DABC) (45 %t M ABC 5 MS-ABC, DABC 5 MS-DABC K@) H ¥ B EU9E
AR Z R T B BT A SR R R

AL H ) 22 B B A S S R 4TS 5k B S o0t T gt ABC A LAGRE I 384 A . Hoh,
RUAR I35 KT W e A 808 S ABC B PR QY 245 S P N R i s DL ) Tl R, ey 1 SV 2 Be ).
M 2 B B AR A SRS A DA B AR HEAT 2 AL BE, (1R IR AR R AR, B ANEELE . 2RI Al 7 8]
(14 i) 50 g S R R X A e 1 1 8L, A 8t AL T T H . RS BRI A ABC SVATE IR s I &R, I
AN EAE R BN T LT 1A, (H 2 o T A 25 BT A S AL B AR, s AR K, BB A&
S, ZRSER, FEKER SR, L2 RTINS M R MR, "7 M 25 8] L) Ik,
XL S BHARMEAS 2R 2 = B A ATAT . T 2 B B AL SR A 4 /N 1 48 2= 2 A, (H AR RN B
i 2 T A o ARG A e, G e T R SR AR AL e () A

6.3 MS-DABC 528 F8&£/0xttt

6.3.1 SEIGZER

A SCHRHU) MS-DABC HiE5 2 H K QPGP 17, ¢CsS 81 Fl DVGCCGA 19 3 Fhfydk /%t
. Hirt QPGP B%AE CPU A Intel Celeron 1.2 GHz, WAEA 512 MB (& R HigtT, HmiEis
FWAH%H; CCSS HIEfE CPU A 1.2 GHz, WfEN 512 MB W& Nl Fig47, KA C++ B 5%
T DVGCCGA HIELE CPU y AMD 3600+, NAFA 1 GB & B Figtr, wffis 5 ka4 .

# 3 457 MS-DABC 5 QPGP, CCSS, DVGCCGA {5256 %f b, & — A% BIIs4T 50 IX.
F 4 4517 MS-DABC 5 QPGP, CCSS, DVGCCGA I t KiIG 45 R, £ 5 A T 4 NRERAR
PEREFRRR, Hom, T A1 0 2 5IRIR RGN BAKABER R o' 2'y' 2’ 15 3 ANAAEREH T H) b B 5SSl B A5
fl, CP RoR ARG FULANR, V RR ARG TR, T FoRFIERE. B 2 41T MS-DABC 3k LA
FRTE 4 NAREIR bR ar A R g B, i s o A G A,

6.3.2 HERIILEENIES T
MR 3 BISZIG b ek FoRE, A~ o
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% 4 E’£ ABC, DABC, MS-ABC f MS-DABC 50 XK t REER
Table 4 Independent-samples T test of ABC, DABC, MS-ABC and MS-DABC algorithm

Levene’s test for equality t-test for equality of means

of variances

F Sig. t Sig.(2-tailed) Mean difference
QPGP vs. Equal variances assumed 107.590 0.000 41.800 0.000 62.83
MS-DABC Equal variances not assumed 41.800 0.000 62.83
CCSS vs. Equal variances assumed 0 0.000 169.775 0.000 24.49
MS-DABC Equal variances not assumed 169.775 0.000 24.49
DVGCCGA vs. Equal variances assumed 6.699 0.000 20.437 0.000 8.18
MS-DABC Equal variances not assumed 20.437 0.000 8.18

%= 5 QPGP, CCSS, DVGCCGA # MS-DABC RIEAMREXTLL
Table 5 The performance comparison of QPGP, CCSS, DVGCCGA and MS-DABC algorithm

QPGP CCSS DVGCCGA MS-DABC

Merits r axis y axis =z axis « axis yaxis zaxis « axis yaxis =z axis T axis Yy axis z axis

I(kgmg) 280.91 285.01 181.32 271.44 282.44 193.35 307.959 312.334 210.275 268.372 271.509 167.347
0 (rad) 0.0004 0.0000 —0.006 —0.002 —0.002 0.000 0.001 0.000 0.001  0.00004 0.000428 0.000001

CP (mm) —0.002 —0.002 553.24 0.9498 2.7795 553.24 —0.027 —0.021  —  —0.1581 0.009  553.24
V (mm?) 0.0 0.0 0.0 0.0
T (s) 492.56 244.39 345.5 57.86

2 MS-DABC EZAKMBIEERERNRERBREE

Figure 2 Best layout schematic diagram of satellite module obtained by MS-DABC. (a) Components layout on Si; (b)
components layout on Sg; (¢) components layout on S3; (d) components layout on Sy

(1) FEEVE A ERE T TH. ASCH MS-DABC £ &N AR EM A R 2 LS QPGP Al CCSS
—FE, RAF LB & R AUE . P RZEESIET QPGP F CCSS. DVGCCGA X it TLE A &)
I (T B A SR A PR s B, M T DVGCCGA, MS-DABC 7E¥ shifi & 2 A e A -
TFIME S BEE B RIIRE T (712.99-707.22)/712.99x 100%=0.81%, (718.93—710.75)/718.93x100%=
1.14%, (726.59—712.66)/ 726.59x100%= 1.92%, WIH 1 1% 5] f1R ffic %

(2) fEE AR . F BARRBUAERIAREZ b, MS-DABC A 1.02, #1F QPGP Al DVGC-
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CGA, HAN CCSS; fERME M INIZ |, MS-DABC 5 CCSS —#f, ¥4 100%, &l T QPGP 1 80%
Al DVGCCGA 1 60%. MfEH k& HM: -, MS-DABC %1 QPGP Al DVGCCGA, % T CCSS.

(3) RIS [ 7 TH . BT &N R SIS R A g AR1E 5 AN AR R, PRIEAS AR TE 40 LR

40t RIREE R MR, AL MS-DABC HIETERM H AR EUNIE LB QPGP, CCSS Al
DVGCCGA A &M 25,

SR, AT 2 EE, A SCER ) MS-DABC BA H AT LA g J1 AN SR e 1.

3DSMLOP &AL L LRGN G in) 8. 2 20 0R & in) i n] ARG Ry (303 AR 1) — A
Z Hbsfe b i i, s R, RA pareto SRS, FATRMER TAZH AT pareto fREE
Lrh, HRWATIY pareto BIVRIIHEA m, HOA LA EIE DL AUE Paret BTV L A& R R4
PERE.

QPGP, CCSS 1 DVGCCGA /& M pe 52 5 A K A R B G138 2R A H%, HoEm e
ORI T R BOE R BT B AR A R R G R H RPN B8 F (X)), % BRECE S T )8 i BT A 200K
AT E AR R A AR SRR T B H BRI B — S s AL (H R A E B T (1) X
pareto R TIRIEE BUK, R MEEIE N I8 EHRBIFTA K pareto ALME. (2) F— K2R I R 2L
F(X) B8 T R ATA LR 4R B AR eR 2, T FRATTA 72 10 vl e s ) AR K, T AT I e Agi] o
AR LR, B A KRR MRLAE, H2RKEA T RMRMME, RN EE R
RN, IR G B NASTTAT I S 3B e LA, T Jeikh T A4S S50 7 A IR R 1) PN SR 255 AR e 1)
T AN .

T R IR R, AR SR 2 M BEUAR SO SV MS-DABC. £ By B Ak 5 i Je o % 24 5 ik
1791 B AE B, et TERE & BIARAL H AR, 1 RGPURIE R B RGN pareto BIHT, H98, X B EHTF
RNATATRE, HA—E W RGN, REEE &N T RE NP R e RIE R A 20, XEER R
GUEETIRE pareto BIVTMHE R, BB R B ATIEE pareto FIEHIHES . RE Z BRI R BS
—ERRFEAR/DN T AR ), (A A R o 4 R B AL, SRERUERA, B B R AL B AR A
) — N RO AN, AR T BRARGEA R KA /11 DABC. DABC 7E )5 ABC il b
TN —NF AT A S 4RIk, R ABC AR EEXS A R M AT PR %, (2 Uit 3] —
SEFRRE, IXFREEHL TR R R ZHOE TH AR R, SN R s, /£ 91T AR R T, ook
AN R AR TCVEAS B S (A, DR A AR AN . A8 4 S 2 R bR 1 252 2 i A R AR
gh), INIMHEAS 5L Re ik th s A, #8 R B E MR 460, (B HAE A & —ikAeEAm Rk
TR, N T AR AR, DABC FR iR A i ABC A% 2, i W 5204 U % H
THARIRAEER. i DABC BERELEAT RV 24T 0848 2R, R FH 22 e AR 3k th = i e AL, 4% = 3]
BRI EE R, SEEGHIGAE DABC HIMEALTEREMR T ABC.

3DSMLOP f& M7 2 2RI B A R 1), 3R, AL GERI A 17 s Beke 3DSMLOP #%
POy HARDEAL DR, SR T A A 1Y 4 JR P 2 e 0 IR R RE ST i ot B e S B AT I,
(B T IX SR I A ) I (R A 22 T AR AR AR O, HEAT RS . RS IR, ELRIUIR XS 2R dr
(RO, A S St X B AL PRME ) 1), S 1 22 B B e A ket ARDK 3 BB B (i B LAk skms, %
BT B A SRS B SR AR /N TR R A A 2 1), (BB AE 2B B 2 B (R B B, B T SR AR B A A
BEAE, BTXHEA ABC S — R AT AL, BETE 1 XUAT IS R T RE 5% DABC. DABC 5%
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H R AP MO0 08 R A [ P <0 3T B, e e S e N\ . — &Ik ) SR B R AIE, $ i 1R
AR SERIOE, X BATRE S IR AT R DA R R, R R LA 2 B B SR AT BT AT
904 JR) A% 2R E 7 A ARt R RE B R AN R A R SR g AR

Sk

1

10

11

12

13

14
15

16
17

18
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Multi-stage dual neighborhood artificial bee colony algorithm for
satellite module layout optimization problem

Zhendong HUANG!? & Renbin XIAO'*

1 School of Automation, Huazhong University of Science and Technology, Wuhan 430074, China;
2 School of Statistics, Hubei University of Economics, Wuhan 430205, China
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Abstract This paper presents an improved artificial bee colony algorithm with dual neighborhood, and com-
bines it with a multi-stage solving strategy to form a multi-stage dual neighborhood artificial bee colony algorithm
(MS-DABC) for the three-dimensional satellite module layout optimization problem (3DSMLOP). 3DSMLOP is
a complex multi-constrained coupling problem whose solution space is non-continuous, non-linear, multi-modal.
MS-DABC decomposes 3DSMLOP into several subsystems, and divides the optimization process into two stages
according to the coupling relationship on optimization goals between subsystems. In the first stage, each sub-
system uses the dual neighborhood artificial bee colony algorithm (DABC) to optimize no-coupling optimization
goals independently. Based on the optimal solution obtained in the first stage, the coupling optimization goals
are solved by the collaborative rotation between the subsystems in the second stage. The rotation angles are
optimized by the artificial bee colony algorithm. Numerical experiment results show that MS-DABC is very
effective and has outstanding performance for solving the 3SDSMLOP example.

Keywords satellite module layout problem, artificial bee colony algorithm, coupling problem, multi-stage, dual
neighborhood

Renbin XIAO was born in 1965. He
received his B.S. degree in Ship En-
gineering, M.S. degree in Ship Hydro-
dynamics, and Ph.D. degree in Sys-
tems Engineering from Huazhong Uni-

Zhendong HUANG was born in
1980. He received his Ph.D. degree
in Control Science and Engineering
from Huazhong University of Science
and Technology in 2014. He is now
a lecturer at the School of Statistics, versity of Science and Technology in
Hubei University of Economics, Wuhan, 1986, 1989, and 1993, respectively.

China. His research interests focus on - Currently, he is a professor at the
layout optimization, computational in- School of Automation, Huazhong Uni-

versity of Science and Technology,
Wuhan, China. His research interests
include swarm intelligence and emer-
gent computation, management decision theory and decision
support system, and creative design of complex products.

telligence, and emergent computation.

211



