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A data-driven adaptive parallel search algorithm for multiple agile
satellites cooperative scheduling problem
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Abstract: When solving the multiple agile satellites cooperative scheduling problem, the metaheuristics faces many
problems due to their low intelligence, such as premature or late convergence, poor stability, etc. To solve these problems
more efficiently, a data-driven adaptive parallel search algorithm is proposed. Firstly, some task allocation operators
are designed to based on domain knowledge, with the purpose of transforming the multiple agile satellites cooperative
scheduling problem into multiple single-satellite task scheduling subproblems. Then, multiple threads are started to
parallelly and independently solve each single-satellite task scheduling problem. During algorithm iterations, each thread
selects different neighborhood operators based on probability, and dynamically updates the probability of neighborhood
operators and elites. Next, the frequent pattern mining method is applied to extract knowledge from the elites to construct
new solutions. Finally, all single-satellite task scheduling results are fed back to the task allocation layer to start a new
allocation. The simulation results show that the proposed algorithm can obtain high-quality solutions within a limited
time, and has good applicability and optimization effects in different scenarios.

Keywords: data-driven; multiple agile satellites cooperative scheduling; adaptive parallel search; single-satellite task
scheduling; frequent pattern mining
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BT 2 BT 25 A FE il - %8 A I e 4,
A SCAE F Lio 2020 3 38 16 7 15 R AR S 56 3 . B
H 3 500 B E B8 2013-04-20 T 00: 00 : 00
2013-04-20 T23:59:59. T2 HiE v] f1 i 6 13 Hi
S, BRI 4,77 B35 WK 6. BrEVE S5, FE T
BEHABWME, v = 15,00 = 2,v3 = 2.5,v4 =
3. DDAPS BES B B WK 5, o | T) 2 /3 Bl 45 1%
PREMMESEE.

*4 DEHESH
ID P RA /km oG WA TR THE RGO R
17200  0.000627 96.576 0 17572 0.075
27200 0.000627 96.576 0 14572 30.075
37200  0.000627 96.576 0 11572 60.075
4 7200 0.000627 96.576 0 8572 90.075
5 7200  0.000627 96.576 0 5572 120075

6 MHEAR

* R %39%
*=5 BESHERE

ZH SR
{E5 AR EL 10
BT 55 1R FE B AR 100
BRSNS 30

WIRMT 4 S 10%]| 7|

G 1000%/1 000

BRHIRKE 10%]|T|
L AR A JASS 20
P F A A RIS RS MR R R 10
TNCFERE % 20
B I SRR AT 5 LLE % 50

3.2 LWLERSH

T B PR IUASC AT BRI AR R, AR SR
Fo B 3RS LB, 43 R T AT 55 E IE MAT S5 43
B () ALNS 58325 (A-ALNS) | 5 T4F 2% Ba HL 2 e 1)
ALNS/ 515 (R-ALNS/D!? DL K FE F-1F 45 B AL 5 i
SRk 8% B (R-GA). BT A0 %1 DDAPS 55
PR FR “ATS i+ B B R B SUZ W FE IR A
HEZE, 3 3 it bl Bt 8 T AE 4R, SR H G it
P FE AR — AW 23, AR R FEAE S5 il s 5 4
BT S5 W2 1) B A SR o, I W RVE ISR ot &y —
JB RIS AT I 0], FH R S B B35 (1) SR At ok P

w3k 6 Frow, 75 520 &5 %6 75 TH, DDAPS HATE
ARSI I s AT T B R R 3R, R AR
fif o B . B R N E T DDAPS ik K T 24
L5 i) BUREAE AR 5% AT 25 43 BC 5, 9 H 296 3R
TR R EE I B, 7 R AR R SRR 7T,
AR F AR, RIS, I\ EHE SRS AL, BE 85 2%
IR J 45 28 vk AR 1) R R B 2T 55 54T 55
Z AR RBE R R, 5 5 5 5 g4 R 07 ), 32 He ik
ROR. F A, B2 5 B i AR SR i BT I R
2R, R S BT N R, R A-ALNS FEL
R-ALNS/IEVE R K 2 A W DDAPS H32:, (R A7) R
% IRAF 4 = = A, I HL 5 DDAPS 5% 1 22 B4
ZIN XUk B I R A R R R R 8 TR A R i 2 R

®6 BEEWEEILER
WD I5%E  TEMM  DDAPS/%  A-ALNS/%  R-ALNS/I[/%  R-GA/%
1 600 3 98.00 97.23 95.70 26.34
2 700 3 96.34 93.34 92.96 22.15
3 800 3 94.48 89.86 93.42 19.41
4 800 4 99.98 99.82 99.83 25.65
5 900 3 92.02 89.63 89.29 17.81
6 900 4 99.94 99.60 97.77 21.75
7 1000 3 88.93 86.97 87.31 15.06
8 1000 4 98.33 97.49 97.85 19.92
9 1000 5 99.03 98.76 98.07 2521
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R B F A THIEWA Q&R AT R I ELBE S ZHEIAZFA 4071

0 50 R ) L SR T B A 2 R RV & R-GA B,
Z Fr LAR-GA BIE SR g 2 AE, IR RE T 2 B 1
[F) 7 ) 0 24 SRS 4l I A8 X AR R S AR
AR R Z A TAT R, 1 R 2R

#7JE 7~ | DDAPS 532, A-ALNS 5 % F R-
ALNS/IELE I SR B 18], BT R-GA B35 11 3K fif o
25 H R EER KA XA H S0k R
). DDAPS %32 ¥ 3K fift i [H] B 2 £ T A-ALNS $.9%
FIR-ALNS/UEE, 3 52 i T35 T 048 42 98 14087 fide 44
I8 SR 12 SR M TR A2 A = 0T B A R AN (R AT 5% 2 )
IR T R R (XL 0T 06 2 R L 1 ) A )4 ), AR AR
P42 408 B IR P Ok ZR A8 B iR, 51 3 R AR R T ),
o TR R, AT B H AN BV B SR 8 R

®7 BXRETITREIMEESER B

51D DDAPS A-ALNS R-ALNS/I
1 161.23 320.64 325.10
2 261.72 549.71 399.69
3 348.87 780.36 386.34
4 228.32 508.82 254.19
5 385.96 696.54 521.63
6 282.31 508.07 489.23
7 471.22 892.90 509.89
8 409.56 737.89 534.13
9 337.65 546.67 390.22

3.3 DDAPSEJL vs Cplex

it — 55 E DDAPS B2 AL di v, 28 30543
H4 H 5 KA A5 Cplex 347 LU, I Cplex 3K Hi 1) & A
filAE N b 51 247 82 DDAPS SV SR AR AR, SR, 76
IRV 2 B P[RR R S8 3 Ferh, Cplex ¥ 61
FE A B2 RIS a1 5 R P SRt T R i Dl ik, AR SR
FH UL R i v AT I 80 1% SR A o - — 72 R A S
MR 28 123 35 AR FE UG I 7 1, W 22 2 B R 1 B 1)
TS R ST % R BRI VR A B SO R B A IS) . R 1%
INVEAFAE —E8 1R 72 (0 et 8 S A2 23 B VTW. —
PR S5 H a5 TR U, JF B 40 50 0 B2 B, 5
T JE M 2013-04-20 T 00 : 00 : 00 ~ 23 : 59 : 59 4
222013-04-20 T 00:00:00 ~ 12:00: 00, A 1 9k 2> 2
SXTHFREVTW 0. X b4 R ansk 8 fir.

M2 8 [ 45 S 3k B, DDAPS 53 15 /N ¥l 455 17 5%
TR AR 5 Cplex AH IR B AL &5 2. BT 55 5=
R 9K, Cplex TG 7 A 422 52 5 [W] 5 Bl Y
SRt i) 5 D T DDAPS B2 45 H L R 5 K
IF 2B H R 75 R SR g Rk R

=8 IHEFE TDDAPSEEE Cplex XitL SLIG 4R

BA ESHE TEMET DDAPS/% Cplex/% % /%

25 2 93.84 93.84 0
[X 3543 4 50 2 96.79 96.79 0
75 2 93.98 93.98 0
25 2 95.33 95.33 0
AERA AT 50 2 96.17 96.17 0
75 2 96.12 96.12 0

4 4 B

BT 22 B W R A ) A, AN SR T A A
8 YR BN [ B 3E B AT 2 5L DDAPS, i 505K
Ik “AR S5 Be+ SR L ORI EEAEZE, 32 2
DU

D) R T MRz S oo R R RS A
K B 2B Ao R R AR E R
e FR A R T K, A St 12 308 I ) R 5%
I RIR, T B ¥ 30 00 R R A & B, 2 — 2 51§ ot
JA R G e 5 B e R R

2) FRIIRE I SRR I T SR A 22 2 W ] 8 1) A
FEAR S0 BLJR, HAE B 7 24 5 W AR 2R )
55 7 Bo 51, Be g PR 7 AR B e (KA 55 20 e s
R AR R, NTE R T R B AR A, A
SCUL “Ta) R IAT 75 3R SR A 2 A R AR 55 A
JEE 1) 7L, 45 2R A R v £ e, B P B 2 A U
RIS FAE 55 Z T8 [ IR PP 5% 2%, BEORAIE 1 SR AR 8 T,
WORIE 1SR M5 5. SEIR 45 R R W], DDAPS 5Lk Rels
A R 22 B B[R] R 1 A, A /N A ) L L A g
s TRAGH Ir) L) Fo DL AR

ARRAIHTFTAT A ELT P 5 T JE

1) SRR 2R S 2 LA 5 ) 7 iR AT 4
o DT FO 0, B AT R K Tk i 5
BT IR FEME R, 1207V AR RENE T 2 SR B M
R, (ER SRR SRS, T — BT A4S & il
SV EITFUA A 55 )k 1 S

2) NZANEREY e 22 B2 W IR0 8 2 1o . 43, A
AN RE T AR S5 1R, AR R TIA 12 B 3
P S A H A, K TR R B H AR A4 I R e B
H AR 17 .
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