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Abstract: Based on the principle of priority scheduling of emergency tasks, it is an urgent problem in the
field of multi-satellite emergency task scheduling to minimize the perturbation to the original scheduling
sequence on the basis of ensuring the total revenue of observations. Firstly, the relationship between the
completion time and the observation revenue of emergency tasks is considered, and a mathematical programming
model with time-dependent revenue is established. Besides, a multi-satellite emergency task scheduling
algorithm with the merging mechanism based on the genetic algorithm is proposed. In the devised algorithm,
task merging operator, task insertion operator and task replacement operator are designed to insert emergency
tasks; the fitness function is designed by combining the observation revenue, sequence perturbation and
minimum observation time; crossover operator, mutation operator and global repair operator are proposed to
iterate and optimize scheduling sequences. Finally, numerical experiments indicate that the designed algorithm
can significantly improve the scheduling quality, which is suitable for the multi-satellite emergency task
scheduling problem.
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ISR € TN RGN E N EIR i L
3.9 2REEETF

I TRT AT 55 049 R B 2 R 3 B A% AT 55 () I ) 7 1) o 58
KR HARMYE TLAEBE B 2R 29 S {AHE 55 53 B 17 B
W REAFEATF A B AR S AT iR . &2 RBER T
ZRDENEBERAR, RA IR . Y ENTESFS
LI e K A7 B ) B b g L A e I R B N IR 3 G
RN (=17 RU L
3.10 BHEFERE

GA-TM-ETS 51 32 2 dy ) 1 Pl 3 199 2 180 F0 B0 B I3 571
SO I3 A
3.10.1 AP BE A R

NS Gl A B B RS TE f iS5
Tl A BN W0 45 98 BE T 51 AT A5 B e 40 0k, R O R B AT AR AR
WG FHE population, RHI4EFhEF R N pop, ¥ 1R W 7
G K Seq. WIEAFPREAE BRI IE A0S 1 TR

=7 3 B R B ST RS
1 Initialize the set TE,pop,Seq;

2 Set popnum=1;
3 Calculate urg; for t; € TE and sort TE by it from high
to low;
4 for popnum=1 to pop do
5 for each ¢; in TE do
6 if #; and ¢, in Seq satisfy the constraints (1)~ (3) then
7 Merge task by task merging operator;
8 else if t; and ¢, in Seq satisfy
the constraints (4) and (5) then

9 Insert task by task insertion operator;

VIt Bl 28 S AR S T e R e R T R A
RAG Z M B ¥ 51 Chromosome %, 15 Ff B S5 K% AR Uk %L
o maxiter, #5100 B RIE L 2 s

B2 MEEysSILRA

1 Initialize the set population;

2 Set iter=0;

3 for iter=0 to maxiter do

4 Cross by crossover operator;

5 Mautate by mutation operator;
6 iter++;

7 end for

8 Repair by global repair operator;

9 Select and return Chromosome *

4 TEXE

R 38 1 X H S B 56 4 GA-TM-ETS 58 3 i & %tk .
S AE Intel(R) Core(TM) i5-6500CPU AbF 43 .16. 0G N
17 .64 i Windows7 ¥ 351517, 3& T myeclipse2017 % F2 3F
¥R java B S SLH,

SCES LRI R B )Y B R R B S A . SR R A
7 T B R A0 T S T B 4 3 A R BE A B S 24 /)
B RSB EWNR TR, BALLE R 100,200,400 4
HHUAT: 55 5 T 20,40.,60 A0 24T 55 4R G 8 BT 55 0
s AE R L0, 1] P9 Bl AL 2B 3%, W 28 A 55 00 000 0K 25 75 IXC i)
CL. 20 BENLAE B, i S B AR AR M B R B AR 43 31
Yoo AR G 3 B PIAT S 50, T L BUH R B AT 30 RIFECE
BENE A I B S0 2 0L AR 1Y) 3 A 5 9 45 1
OV SEAS B e 27 S B 5 R I 443 39 S8 .

*1 DESHER

Table 1 Satellite parameter information

s RS Eﬁi:}t%j( ‘ 1%@«%% ﬁém%tﬁ ﬁ%z@i% » {é%!?é‘é%%o
A7 fit B ) EFHE R/ /) FEHLIE ] /s R I 1] /s W/

1 FENGYUN_ID_27431 200 5 50 3 12

2 FENGYUN_3A_32958 210 3 60 4 10

3 GAOFEN_1_39150 190 4 55 2 14

H T 22 SR L [ L) 22 748 1k A0 B A 1 45 A BEIE AT A
27 JEAN R (9 52 B 2 R 2647 BF 52 B R 7 1% SR B0 2
K benchmark P BUAR o O 56 Uk 58 125 00 &0 HE L A SCREAT
3N . 1 5E . A A UL ) B 2 AT 55 R

B P (genetic algorithm for emergency task scheduling,
GA-ETS) 5 IDI B3 0 Ll , 36 T AR 303 1T A 56 il 335 1Y
108 S FOUC A5 GA-TMAETS $ 3% Al GA-ETS i f It
TIE W 5 0 SR M £ s o it S AR s RS R AT S B
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4.1 EEEHEEXR

GA-ETS Hik M IDI 835 1 3% W) 8078 T B3k P &
AETES MG . R B 3 il 1) GA-ETS 5k 0 A 8001k
¥ GA-ETS B gkl IDI Bk X} o, 20 25 ik 2 A 14

J7R o

SRt T B30 S0 366 1 A SR F 50 75 55 o B0 3 i
H A0 48 B < K A AT 55 Y AT DL s [R] 7 44 S I B T
B I AT 55 R3O o AR B8 13 HE PP SR U e R AT 55 L 3 T
T HAT 55 (9 I 8] L 9 AT 55

®2 GAETSEZEMIDIEELER
Table 2 Results of GA-ETS algorithm and IDI algorithm

e AT 55 Jo AT 55 GA-ETS - DI - e 2s 218
ML ML e 5 P8 BATH /s W g P 3l BATER /s X/ Y
1 20 54.53 28.4 7..000 48. 44 28.4 0. 457 12.57
2 100 40 78.68 30.0 13.390 69. 00 29.1 0. 454 14.03
3 60 92.49 30. 8 25.530 80. 92 28.9 0. 464 14.30
4 20 68.53 47.5 16. 460 62.07 45.1 3.153 10. 41
5 200 40 94. 38 47.1 22.000 85. 52 46.7 3.473 10. 36
6 60 107. 22 49.0 34.880 97.72 46.1 3.584 9.72
7 20 89.00 77.2 57.170 81. 24 72.1 19.559 9.55
8 400 40 112. 65 76.1 65.500 104. 72 70.6 20. 246 7.57
9 60 125.49 75.3 82.190 117.00 71.9 17. 747 7.26
AT 2 R U R 4 A 14 Ca) TR 2 L 90 -
{255 BB 430 SRy 100,200,400 B Bl 25 13 24T 55 B ASE 1 33
s GA-ETS B30 A TDT 59k fey LI 6 0ic 4 #1132 i 26 fm» HL
A A B GA-ETS JEAFE 5 GA-TM-ETS #i ik
A SL Al BT IR A Y . 3R 2 dE — B R AR 22 (E AR i
S

XA A 3R < 0 25 25 B AH X = (GA-ETS ML ik
2 — IDT UL i 25 ) /IDT W8I0 e 25 . AR 8 3153 485 SR vl 401,
AT 55 BB 100 B, )W 24T 55 B Ry 20,4060 15 LT GA-
ETS 5 35 19 W I Ji 25 b IDI 53 3% 43 3 #2 /& 12. 5726,
14.03% . 14. 30 %% J T 4 5 14. 30 %0 5 4 MRAT 55 FUAEE g 200 B,
N 2 AE 55 B 20 1580 T GA-ETS B3k /Y W I i 35 H 1DT
B R 2 I R 10, 4100 58 AT 55 B R 400 B,
B AT 45 AR R 20 (I LT GA-ETS 5503 1% 00 i 25t
IDI S 3R i & e B 3R 8 9. 55 %, SLIR 45 SR K GA-

ETS BT IDI &%,
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Fig. 14 Comparison of the experimental results of
GA-ETS algorithm and IDI algorithm
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4.2 WIEEMNHEHNERER HEA AL E GA-TM-ETS 53 i I S 2/ 1 S 4 2R
GA-ETS Bkl 12 55 & ML #5158 8] GA-TM-ETS 3k 3 KA 15 fiiR.
£ 3 GA-ETS Hi%M GA-TM-ETS Hik 4 R
Table 3 Results of GA-ETS algorithm and GA-TM-ETS algorithm

WA GA-TM-ETS GA-ETS
Fes 1% A% WRALS  WAIES iZ17 WHALS NAES 17
oM s oy T ey Mo wa o bR el
FEL P EMECR SR UEORE A /s SR R Rl
1 20 98. 19 29.9 99 19 6.615 54.53 28.4 71 13 7.000
2 100 40 146.93 30.1 99 39 13. 205 78. 68 30.0 68 24 13. 390
3 60 210.61 31.9 98 59 24. 660 92.49 30. 8 67 31 25.530
4 20 149. 25 50.0 194 19 16. 135 68.53 47.5 104 13 16. 460
5 200 40 209. 48 50.0 194 39 22.842 94, 38 47.1 101 24 22.000
6 60 269. 56 50. 8 193 59 36.427 107. 22 49.0 98 32 34. 880
7 20 240.59 71.3 383 19 58. 242 89. 00 77.2 155 14 57.170
8 400 40 309. 44 71.0 382 39 66. 945 112. 64 76.1 145 24 65. 500
9 60 364. 41 70.9 380 58 85.052 125. 49 75.3 139 31 82.190
I8
&
R
&
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(a) WA X ke (d) B BAES5 BT L
(a) Income comparison (d) Comparison of the number of emergency tasks
=+ : GA-TM-ETS; -e-: GA-ETS,
B 15 GA-TM-ETS H kM GA-ETS 515 52 5 45 0 L
Fig. 15 Comparison of experimental results of GA-TM-ETS
algorithm and GA-ETS algorithm
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Fig. 16 Parameter sensitivity analysis of GA-TM-ETS algorithm
with different population sizes and crossover probability
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