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Remote sensing satellite ground station antenna intelligent
scheduling with LSTM and heuristic search

SUN Wenjun', MA Guangbin', TIAN Miaomiao', LIN Youming', HUANG Peng'
(1 Aerospace Information Research Institute, Chinese Academy of Sciences, Beijing 100094, China;
2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract In order to solve the shortage of remote sensing satellite data receiving antennas and
improve the utilization of the ground antennas, an intelligent scheduling method which combines
LSTM (long short-term memory network ) and heuristic search was proposed. First, LSTM is used to
extract the antenna using rules from the historical scheduling data of antennas, and then the initial
scheduling scheme is obtained by allocating an antenna for each remote sensing data receiving task
with the rules; Second, the heuristic search is used to solve the two problems of joint data reception
and resource selection conflict in the initial plan, and obtain a practical and feasible scheduling

plan. The experiment results show that the method is useful to deal with ground antenna scheduling,
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improve resource efficiency and reduce computing time to some extent when compared with genetic

algorithm.
Keywords

remote sensing satellite; ground station antennas scheduling; long short-term memory

(LSTM) neural network ; heuristic search; intelligent scheduling
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Fig. 1 The ground station receiving and

recording satellite data
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Fig.3 The technical route
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Table 3 The accuracy of LSTM model

EX17] 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 SEHIE
Topl 0.72 0.43 0.91 0.69 0.66 0.77 0.66 0.66 0.71 0.78 0.78 0.82 0.78 0.74 0.75 0.72
TopS 0.94 1.00 1.00 0.94 1.00 1.00 0.95 1.00 1.00 0.97 0.96 0.99 0.98 0.98 0.94 0.98

3.4.3  REIHEI A A
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Table 4 The comparative results
Z 4 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
WS .00  3.83 377 5.03 6.8 3.90 596 6.04 88 690 594 483 7.57 14.61 15.13
BRI 54.37 84.57 96.37 185.97 178.47 138.37 169.65 190.32 264.00 257.68 222.15 238.37 317.02 512.25 632.88
B RE: 77.87 96.67 119.67 211.77 204.67 112.67 170.33 198.57 290.00 231.33 224.00 223.67 291.67 533.00 625.33
A §§&+AI 50.67 98.67 119.67 202.67 206.67 112.67 170.33 194.67 290.00 229.33 208.00 223.67 289.67 531.00 633.33
SR it RIEE 0.33 320 0.94 2.00 4.60 1.18  9.21 7.37 5.00 2.8 264 3.64 335 10.90 11.06
/s e 2,00 550 220 3.00 6.00 200 21.47 7.15 800 3.8 7.10 800 6.00 14.50 13.40
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Fig.7 The receiving cost and the solution time of every case
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3.4.4  ZEHIHHT

35 MK 6 AN ER 1 RS 1~9( HIH.
2019 4F9 H 13 H) FI%f 14 hiE45 1~16(H
HH:2019 49 H 15 H) R BELS SR IR AT K

R 5 P A 7 T, X LSTM AR SCR | JRUE
PO R+ N TR B AT 0 A Ar, Herbr 13l
PR AT 45 B ) 6 10 B9 B < SE B e it
R S 4 SR AT 55 1 S B O K A 55
FeGIr R 5 G, BRI P11~ P5 k30K
ARSLH TR 74 4 MK S1~S74 KRR,

AN LSTM 256 5 BN R Wk,
R FH S & s R B B AL B LSTM 45 1 i 4] 6
JEE 7 8 v g% U B v 58 VB I 5 B WA b I
B, 25 LSTM JREEZS R RSS2 FifE55 3 3
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Table 5 Casel :the scheduling results of tasks 1-9
f o UIIEE e gpppy TR S RORR WRK R ALK
wryfog OO R Gpenm g BN ey TR g SIRIRIC g SR g,
= 2% £/s A/ s /s /s
1 S44 SY P3 14.56:51 15.04.53 482 SY4 482 SY4 482 SY4 482 SY4
2 S46 KS P3 15.04.54 15.13.46 532 KS4 532 KS5 532 KS6 532 KS6
3 S44 KS P3 15.07.23 15.:13.27 364 KS4 364 KS4 364 KS3 364 KS3
4 S10 KS P3 15.08.52 15.18.00 548 KS3 548 KS3 0 NULL 548 KS4
5 S45 MY P3 15.13.27 15.21.37 490 MY2 490 MY2 490 MY2 490 MY2
6 S45 SY P3 15:19:29 15.27.36 487 SY3 487 SY3 487 SY3 487 SY3
7 S5 KS P5 15.27.31 15.31.58 267 KS4 267 KS4 267 KS4 267 KS4
8 S55 KS P4 15.31:.18 15.40.21 543 KS5 543 KS5 543 KS5 543 KS5
9 S48 KS P3 15.38.24  15.44.02 338 KS3 338 KS3 338 KS4 338 KS4
R6 EH14.EH51~16HELER
Table 6 Casel4 :the scheduling results of tasks 1-16
f pa WIS g pe DO IS RRE WK RIROLLIE
u fon R oei e U g SRESR L SRE L, SRREA g,
N K/s /s At /s /s
1 S36 MY P3 11:31.39 11.40.01 502 MY3 502 MY3 502 MY3 502 MY3
2 S48 MY P3 11.32.22 11.42.52 630 MY5 630 MY5 630 MY5 630 MY5
3 S36 SY P3 11.42.21 11.:48.30 369 SY4 369 SY4 369 SY4 369 SY4
4 S49 MY P3 11.47.53 11.58.20 627 MY3 627 MY3 627 MY3 627 MY3
5 S34 KS P5 11:49.02 11.58.54 592 KS3 592 KS3 592 KS1 592 KS1
6 S33 KS P5 11.52.05 12.03.40 695 KS3 695 KS4 695 KS3 695 KS3
7 S35 MY P4 11.54.14 12:02:02 621 MY1 621 MY1 468 MY1 468 MY1
8 S5 MY P5 11.55.34 12:05:32 598 MY2 598 MY2 598 MY2 598 MY2
9 S5 KS P5 11.58.57 12.06.06 429 KS4 0 NULL 429 KS4 429 KS4
10 S42 MY P1 12.00.01 12:11:15 674 MY6 674 MY6 674 MY6 674 MY6
11 S35 SY P4 12.01.02 12.07.14 372 SY2 219 SY2 372 SY2 372 SY2
12 S49 SY P3 12:02:19 12:04:30 131 SY4 131 SY4 131 SY4 131 SY4
13 S5 SY P5 12.02.37 12.11.05 508 SY3 393 SY3 508 SY3 508 SY3
14 S24 KS P5 12.03.56 12.06.56 180 KS2 180 KS2 180 KS2 180 KS2
15 S47 MY P3 12.04.31 12:14.23 592 MY3 592 MY3 592 MY3 592 MY3
16 S4 KS P1 12.08.40 12.17.31 531 KS3 531 KS3 531 KS3 531 KS3
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