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Ant colony labor division optimization algorithm for satellite module
layout design

WANG Ying—congl, XIAO Ren-bin*t

(1. School of Electrical and Information Engineering, Zhengzhou University of Light Industry, Zhengzhou 450002,
China; 2. School of Artificial Intelligence and Automation, Huazhong University of Science and Technology,
Wuhan 430074, China)

Abstract: Satellite module layout is an important part of satellite system design, which deals with the optimal placement
of payloads (equipments and instruments) in the module. From the perspective of space, a design scheme of the satellite
module layout is that different payloads occupying different spaces in the container. When the spaces occupied by payloads
change, a new design scheme will be formed. Therefore, the satellite module layout can be viewed as reasonably allocating
the module space to payloads and optimally achieving some goals. On the basis of using the task allocation in ant colony
labor division to achieve the space allocation in satellite module layout, an ant colony labor division optimization algorithm
is proposed by incorporating the optimization features in satellite module layout. During the implementation process,
heuristic position-occupying actions, adaptive environment stimulus and personalized response thresholds are designed
based on the basic ant colony labor division algorithm. Meanwhile, some optimization techniques (such as tabu search,
off-trap strategy and acceptance criteria) are introduced. Experiments are performed on 16 representative instances, and
computational results show the high effectiveness of the proposed algorithm.

Keywords: satellite module; layout design; optimization; space allocation; ant colony; labor division
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6 FHR T T 00 O R A 1) 2 S SRS ) LA A T I A

2'x 0, 2’6, 2°x 6, +00 |
|
B

e HTMmMMHENEISE
23.6 BhyusEeg
TR RO AT SR A o M s A Tl S AR 4 T PR A
TE 35 K 10 o A A . 33 ol T8 SR 55 92 B g P 3k

ZhER
ieve 14

AT DA AR A2 50 2 1 A JR R FE T R A &R 244K
B R B B AT R 5, #5181 B 0 BT SR R 2 I AR A AT =)
P 2R (X 7 TR 2 85 R S St A =
4 A5 . 1t ACLDOA #it 7 in 1 i B8
TG DAk H SR B e M B k. e e AR 4E 2.3.3 T

FAGRAR 3 BRI RN N AT, S8 5
BUNREAR YIRS R AR BN, 2 R 20 BR K B
AVIRITV, 5 Ja PR/ INSF AT 0 EE 37 B L[] 7 28k
AR 2 PR DX 338, AT TR 1 — N8 BT SR 7 6.
2.3.7 BlcHEN

X T AFAT VAT O B 0% o5 A7 BT B ¥ A
Je, 5 FAL T 4 R0 R, TG S AR i 15 0, 2 R A
LI KR DL — 5 IR F B X T PAT B 5
FE I A = CC AR PRAT 10 70), AR A0 Bk 25 IR MLl 422
WSS A B R AT A SR, AT R BT MR R
238 HEHRE

BT BRRR, B 74 TGRS 3 o TS
% (ACLDOA) 1] = #Z SE P #£. ACLDOA H| iE &
B8 N 55 20 B AT (0 HE DU A 1) e A A JR 7 SR AE 48 10
AN A A RS B et 2) BT R A DA 48 3 A I
P AR AT 1L B AN 547 B AE.

Wtk z
BN Jy 75 %8

y
TR TF R AR % IR R R
[ e sl | [ im0 )} [ 3 bR | [ Tt |
AT i L i PAT BT

FeUScE

E7 WEFHsIMCELRIE

3 SERERS5HHT

A SR A Java i 7 4 F2 55 B ACLDOA, : 7E
CPU F4i192.9 GHz. W47 98 GB I PCHL 1217, ik
HSC ik 1241 w89 16 A B ) 3E AT WK, sE 58
ACLDOA IS # B W F:c; = 100,c; = 0.01,
kike = le+8, BEALIR KA 46 I BE 9 100°, B 5 4
90.99.
3.1 R ES

F1FIZE T 16N HHI R . BT L EMRAR )
et T A P M e 2 R, SRR [24] X Se A5 Hh i 22
WIEHIE T B, 3 BARE 2 0825511 AR SCF
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F 5 SCk [24] MR 2 308 i &, 2 1A TR 0 5T
O EA. BWZIUIE P NN (2, y,) € R%,t €

{1,2,..., NLWHIBL (cia, ciy) BITHR AN
L&
Ciz = 6S. ;(wt + Top1) (TeYep1r — Tepaye),  (14)
;&
Ciy = & ;(yt + Y1) (TeYer1 — Teprys),  (15)
LN
=3 Z (TtYer1 — Teg1Yr)- (16)

Hor: ($N+17yN+1) =

(x1,91), S; P, ITHIAR

x1 ZNEHIRMER
sl ENGEZuNNESubA e Subi bW R ) 21
AN MAEL PR MAE(°)

Albano 8 24 7.25 0,180

Blazl 28 6.29 0,180

Blaz 2 20 7.50 0,180

Dagli 10 30 6.30 0,180
Dighel 16 16 3.87 0
Dighe 2 10 10 4.70 0

Fu 12 12 3.85 0,90, 180,270

Jakobs1 25 25 5.60 0,90, 180,270
Jakobs2 25 25 5.36 0,90, 180,270

Mao 9 20 9.22 0,90, 180,270
Marques 8 24 7.37 0,90, 180,270
Shapes 0 4 43 8.75 0
Shapes1 4 43 8.75 0,180

Shirts 8 99 6.63 0,180

Swim 10 48 21.90 0,180
Trousers 17 64 5.06 0,180

32 ZWHERSHR

Xt TR B, B146 A% R (0BE 2 nR? =
1.85, SN AT 2 30 (M AR 2 A 5 AN HABK H Ax

BV 8 AR A P E AR ISR N, R
AN RLES AT, 28 ab S5 A IS BN TR] A B 1200 8. %
T4 N5, Bl 3732 4T ACLDOAL0 K. 7E 10 IRKIB AT
RIS I A 2% AR ISP 3R S/ MELFIARAE 22 53
MFITFR2 H, IS B AR SEARH AL
97507 T 50 FLDAR [ 545 A st b,

55 SEA # Lk, ACLDOA 7£ 16 A 5.5 - #8321
FELF AR, BRI, AR 4 AR P X T T, S 1 o
BRI T 0.79 %, H A {E Dighe 2 42 T i /)
N (65.694 — 65.682)/65.694 x 100% = 0.02 %, #£
Marques b 52T+ KN (55.791 — 54.218) /55.791 x
100% = 2.82 %; 1E 25 4% A2 1) d5e/INME 7 T8I, ff 1) o
wF T T 0.41 %, H A 7E Dighe 2 _E I $2 T+ 5/
N (65.676 — 65.674)/65.676 x 100% = 0.03 %, 7F
Marques b (32T KA (54.884 — 54.079) /54.884 x
100 % = 1.47%.

5 FLDA # b, ACLDOA 7£ 13 N 45 E#k 5] T
TELF A, BRI, R4 AR I P I T T, f 1 o
w5 T T 0.16 %, H 1 75 Dighe 2 & 1 $& 7 />
4 (65.683 — 65.682)/65.683 x 100% = 0.002 %, ££
Blza2 b 42T KN (10.708 — 10.660)/10.708 x
100 % = 0.45 %o, FEAS 2% AT 1 de/ME J7 THI it 1) Joi
SPIIHETE T 0.23 %, H 7 Jakobs1 b T 5/ N
(12.072 — 12.070)/12.072 x 100% = 0.02%, 7t Blaz 2
R TR (10.695 — 10.596) /10.695 x 100 % =
0.93 %.

41, ACLDOA 1E b E 22 J7 TH 1 HUAS 1 BT 1Y

, Ut B ACLDOA [ 3K fift 2 2R Lt SEA #11 FLDA B

%<2 SEA.FLDA 1 ACLDOA Byt &4 R Eb 55

SEA FLDA ACLDOA
S

I R/AME brifEZE Y /ME bz Rl R/AME bRz

Albano 4093.297 4068297  11.1422 4075.584 4060.121  11.2813 4070.719  4058.356 9.3207
Blazl 11.420 11.331 0.0452 11.378 11.351 0.0298 11.345 11.317 0.0243
Blaz2 10.767 10.732 0.0235 10.708 10.695 0.0103 10.660 10.596 0.0125
Dagli 34.316 34.086 0.1290 34.126 34.000 0.1191 34.104 33.992 0.1075
Dighel 63.337 63.017 0.4289 63.308 63.015 0.1858 63.246 63.015 0.0969
Dighe 2 65.694 65.676 0.0090 65.683 65.674 0.0042 65.682 65.674 0.0026
Fu 20.454 20.409 0.0314 20.393 20.374 0.0275 20.380 20.353 0.0315
Jakobs1 12.198 12.075 0.0614 12.126 12.072 0.0320 12.098 12.070 0.0030
Jakobs 2 23.187 23.018 0.0776 23.236 23.169 0.0584 23.193 23.099 0.0783
Mao 1278279  1262.932 5.8120 1256.741  1251.630 39119 1253.771  1247.265 1.6880
Marques 55.791 54.884 0.6277 54.348 54.156 0.1240 54.218 54.079 0.1776
Shapes 0 28.140 27.976 0.0950 27.971 27.948 0.0276 27.950 27.924 0.0135
Shapesl 27.572 27.366 0.1109 27.383 27.355 0.0201 27.389 27.360 0.0168
Shirts 29.150 29.092 0.0451 29.083 29.070 0.0153 29.074 29.056 0.0172
Swim 3403.418 3387.744  14.0511 3389.952  3380.135 9.9012 3387.290 3371.34 10.066 4
Trousers 82.617 82.270 0.2822 82.432 82.133 0.6348 82.285 81.956 0.38711
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(f) Marques

(g) Shapes0

8 EHT&MHE

RFasE. IR 2 k] LR I, ACLDOA & 2 4% - 12
R E oA AR R A SRR b5 3% 2 il i, 78
P42 R B — A/ SO I E R E — AN R A
Ja. E8 4 T U K I 8 A F ) A AT R . HR
K8 1T LUF Y, 753 2 KRG E AP AT BN 0 4614 F,
FANAT R4 R 5.

33 HiESH

MxF TR R A SR i ) SR O FE SR & SEA.
FLDA £ ACLDOA #f3 J& T~ 4= %& 38 J5 V2 Y W 1% J5 2%
9K BT FE AT RAT IO\ 25 88 (B[R L R 1)
H ARG AW S R A A B, BRI TR R AR Y
HIO A2 20 A A, BRI WA 2] — N Ak A R AR TR
FAAR IR SR i FE b, SEA 8 3o 32 #3018 45 A
) fi7 B, FLDA fl ACLDOA X i “F- # 2 1 F1 5 # 5
PE. ARS8 43 B AT B A 1 e it — 2B 0 L
EHIPERE.

K94 7 SEA.  FLDA Fll ACLDOA 7 #. 5]
Marques F1 Swim _| [1) 3 ¥4 34 56 158 1h il 28, X 9 A
S I 2 4% 4 ) [ 58 AE 54.5 R 3450, R B 4R A F
P, SEA. FLDA F1 ACLDOA %45/ 5451 s M AH [7] )
WIUEHS oy H R, SRR 34 BE X S IR SE SR 1P 3518, 1
9 1] LAF Hi, ACLDOA @i 14T 5 /b (1) sh A 5t e 4
PB4k B I A, FLDA W 75 B30T 8 2 1 Eh 1,
1Ml SEA $4AT 2 1F 1) 2% 2 e A1, #1226 ] R AN 3 i
MRAR. T T 38 B I A R AL ) I Gl — P
AT

WSCHE 57 B0 43 T 3 R AR B MARAT R
AR RAEAT 55 10 0 BE R M. AT N R MR S AT 14T
55 AN [ 7 AN (1, 11 A X PR 58 3R 0 H3E oL, 3 Fol
TR S I ) - R 1 5 XS B FLDA 4k 7K T i

WAT N F M BRS04 NS E R AT 3 T 385
SR I R R AL, 468 75457 A 0 R S AR A AT JR PR B 1 AR
AR R AT B B4, 78 bE SR I, ACLDOA R4 12

= — SEA
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500 EEIREL
= — FLDA
2 loow
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BIEIREL
z 2% — ACLDOA
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FEIREL
(a) Marques
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Z — SEA
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(b) Swim
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FOR, P 3R & T R HAT BI1E R, SEA
1% 030 BRAE T8 — AR AR AR B2 i SR AR B S
e A AT )5 AR A R A AT A4, AT
13 BIAT AR, SR 5 M AR e 13— AR AE 9 24T
ik AR MBI AR R T DT AR SR, 25 5 BN RS T
. T 224 AR PR 32 30 Tok 3 7 T A A ek i R 15 ), 3l
T3 Rl pi i 25 5 s R 2 R I TH B AT NP A
FE R, R — BRI R, AR A AR 2 5 BT
IEPRI R AT A 30, BRI ANRFAT PR 23 AT 38 e
NPE, B Z AT NFAE

4 &4 @

1) RS HT T RS R 0 23 (8] 43 Bl e PR AR
A, e rp s () 2 R R 4B 7R o AR A R SR AR
PRAL TR . TR AT R B R AE A N G AR T
IXER Ve, AT BORH ME PY 25 1) 40 BC 25 AR T 4, L
B EREE. R, TR AR Rk SRR mT g 1L
FLAE AN TR 5 R0 2 (8] R %, LA AR

2) AICAE 784y 7 Fe TR R A = 3 T A v AN AR Ak
REPER AL b, 32— P B WO 57 30 7> TR
7% ACLDOA. ACLDOA 47K 1 WUHEAT 55 73 Bic 2 1 1)
Ry, A S HAE AR R ) _E#PRE Sl P Re 2 R
35 . ACLDOA H1 3 & Bl e« B BRI 225
2 BT SRS A W W S A B AR (1 5N, i3k —
WRTE T TR S [ 4 B

3) BERY BT 3l 43 1 32 B A3 SO A R T R,
LA ISR R R A 5 R A8 L ) - e 1823 T
B, e A R ) R A 5 A8 58 B RO -4 AL
H. N — B A M T 55 B 4 TAE TR AR R ) 5
R, IR 25T 4 TE A A ) SR AR L i o At A
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