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On permutation-based integrated scheduling for earth observing system

JIN Xiao-shan, LI Jun, WANG Jun, JING Ning
(College of Electronics Science and Engineering, National University of Defense Technology, Changsha Hunan 410073, China)

Abstract: The integrated scheduling for earth observing system deals with multiple imaging satellites and ground
stations simultaneously; it is a NP-hard oversubscribed scheduling problem involving lots of constraints. Permutation-
based methods are presented to solve this complicated optimization problem. First, the integrated scheduling is expressed
as permutation sequences, and a data-transfer-time-window preempted algorithm is put forward as the schedule builder,
which ensures the searching for optimal schedules. Next, a genetic stochastic search method is designed to search for
optimal permutations by using the permutation schedule builder and the stochastic neighborhood search algorithm with
memory. Finally, the computational results on several scheduling instances show that our method enhances the local search
ability for genetic search with an improvement-rate of 4.64%.
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JLr, 28 S AR I 5 BR RS ST AR S g A R
TRl HL W oG R A M, 5 IR AR R A B AL R AR L,
GSSAH VI LIMSNSH LA T A48 S 1.

5 iR R E M REXT L (Experiments)

5 FLSL IS AL T SPOE 2% g A COKFH [R50 1)
BIE) SASHBI S (A N, RR i — B BRI 4.
o 0 1AL ) B ORI 42 £ BE45°, A5 A b T sl %%
KRR e /INEAL AN A 50, FR 40 B 30 T 2 119247 22 1 4K
PETLE (two-line element) 3C A4 . M [ 5 [¥) 28 4 B Al
TR B S M TH B AR 16 28 4 S5 0 TF 5 A% )
(i) R BCA B TR) . b T ) A R e P AE 1 ~3 2 [,
e 0 1AL A n] A B M A LA P R DK BH DTG I )
iff 72 (B 90 1AL 1) 28 b JE 3 249 95 min, £4963.3%]1)
K BH 6 BeR T)). 1 I TE) 24 h. R4S I B S
#1(P404, P820, P1251, P1575), 43 5l £l $5404, 820,
1251F115754 % Hb s AZ AT 55, B AT 55 1% 40 e —
A 1~32 (0] (1) £ AE D 22 7 G M RO, 4L
HBE K, AT 45 B 2L D04k B AR 2 S5 R A6 AT

e ) AR5 BB B AIGR (@), T R AVF 41 (). 4541
it Qmi € My, d(b(m), 6(m)) == D) BESE I 552 ROT B . WP 62 2.0 GHz
go to FLAG2 HASIE BT, W) 257 CPU+2048 MB W A7, i FHCiE =5 Y FE s2 TR
My = I\ A, 7 YN P Lo Rl 2k, 26 AN TR RE S0 LR A R % AR kAT
if (fitness(r;) < fitness(m™)) AR A% 2R (FNS) -5 Bl HL AT 3548 28 (SNIS) 7 AL 486 41 455 A1
7 — Tl IR AL A e A b 4 R 1 e 22 O, SR Kk AR IR 10 k.
if (fitness(n/) > fitness(7#)) 7E Bifi AL A0 385 48 & 0k B o Ak 2 A SR e 12
LR /LR T 5 2R M U R AL TALT 7 B I MR 45 R 5
I, — Iy U {n*, 7% Y/ R 0. AR R U« £ O F R R R
e “T7 PR SR RERT .
A1 REARMBRIE R F R0 tb g R
Table I Neighborhood search results
A R IR H A S S
. P404 P820 P1215 P1576
Ak WE WL B - - - - - - - -
2K SmE R Vites X T/s b T/s b T/s X T/s
FNS — — 237.00 48.26 351.90 184.02 393.60 399.11 406.30 633.72
e A i ALF 247.00 53.83 40270 191.23 460.60 407.88 484.10 654.25
AR SNS % T+ 24370 52.87 37890 185.39 43570 40539 45140 638.28
P ANGT 248.00 53.52 403.70 190.15 463.00 407.86 489.40 665.31
3 T+ 24430 52.68 384.10 185.84 43320 399.23 45230 632.63
FNS — — 227.10 53.18 337.60 184.34 376.10 403.65 381.80 629.37
PN 5 ANET 24750 5298 40230 185.69 461.70 409.18 485.10 652.69
LA = i1 242,10 53.50 378.90 181.80 43590 400.63 455.00 630.60
SNS = ALF 24780 5236 403.00 187.50 462.60 406.69 484.50 658.27
= T 243.60 53.26 381.40 188.04 436.40 402.56 444.70 630.73
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S5 % T N PR A A TR S, I I 4 R
Ay SRR R 2 REVE IO T B R, A R
/N B S BB, AR R S 2 IR A S AL
b T S BRSNS, 7R A S o, SRR R
KN, Gl K BE R L, AR5 7 3 R AR S K prn, 1%
AERAEAS TR AT — (1 — pm) ™. B

N =100, L = 200, pm = 0.01

A, WA i 86.6 % MR K AEAMAAS 5 2 L = 10000,
W7 1 1 99.99 % (¥ Mk 26 AE A A AR St R GRS AR B8 A% BV
HHHUE ) LOM AR bR I A SR . i TARSSE L I R
# ORI AE R, AT LR F5 R A OR B AE R e o, DRI
A Sl ] DA 30— I R SV Y, X S e B A 3 T
KA.

TR, W Bl L 208 A 20T et A B SRy <3

GA’s evolutionary curve at different mutation rate

PLfe 7 k. AR FH B AL AR 38048 2 (1) st % 5500k
(GA) [ AR T B IR BN 100, 15t 4% Bl AL 48 R 57k
(GSSA) I TH AR T Uk E 4103, e Py ik (1) BE AL AR 12k
FZRIEARECH 102 (K BEXT LT H I GA 5 GSSA
AT AH A0 A5 0E AR B, GAZE T~ 22 #0408 Jak #52
177 AT A2 S, A8 S ME #2010, GSSAHY 1) fifi
ML AT 355 45 2% 5 1 A Hi AR k. JFC A 2 £ G P 48 R
BE(100)~ & #5772 L A8 X J7 3, GSSAHGAAH [f.
THE g L2, o “ X7 O P ¥ B 4R,
“o NREGRARUEZE, “T” N PRIEIEFEN.
F2ULH  BEHLAR I % AT L AL SR I R
FARBES), AN AL S T3k K 4.64%, STI5FE
I AU B2 K38 . 53— 7 1T, AR B 45 SR 1 b it 27
¥1°09.21, GSSAMI42.45, 1% i HIGSSAT T 4 1 A s M A
HUBLLE.
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Table 2 Computational results of GSSA and GA

GSSA—GA
. GA GSSA GSSA-GA
W S - - - - -
o T/s X o T/s X T
P404 24488 1.25 55251 248.00 0.00 553.19 0.94% 0.12%
P820 388.80 9.96 1755.07 407.80 228 192250 4.89% 9.54%
P1215 44580 11.69 4143.11 47260 321 426534 6.01% 2.95%
P1575  463.75 13.96 620071 495.00 4.32 6697.61 6.74% 8.01%
I 9.21 245 4.64% 5.16%

6 45i&(Conclusion)

AT B R TR iR 2 TR 2 Hhm ik
WA RE )8, mT DA DU R LS g5

1) Ho et 1) i 00 5l B 30 5 e S S 9 4 TT
MER S 48 2 B 0 B, I8 B e s 18] i E
R R AL T VPNV B 5% TR
A AR EAL A LSRR AL, BEAC T AR
o LA T JE i 5 ) A

2) EEIITHES MR R+,
BRI AR A R 48 TR T4 AN AR

3) HPRKERSA T, BEALAR I % 45 R A
T AR A 2R, SR T B AL A0 3 4% 2R M R A 1
BB S0 A B A A

4) HACIZHEHLEIR ARG T ARy
V2T 4O BE ML AR AR R 45 L, 2 BAKILAE AT AE
— S FERE LB 1R A R R B AT
FIIE D BN ey ¥ e A A K.

5) K BEHLAR I R R AL S A A AR I
RE M REL, B ol k4 e F
PRI, 358 T R L AE

g5 L TIR, BL RN R AR I T B ROR
5 3K A 22 T 22 Ml T R R 1) R — b e A A
B L.
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