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Abstract: Rapid increase in the number of satellites has greatly increased the difficulty of managing satellites. How to
effectively plan missions and effectively manage satellite resources has become an important issue in the satellite field. In
this paper, a mathematical model of multi-satellite mission planning was constructed, which maximizes mission profit as
an optimization goal. Difficulties of the problem were analyzed an improved genetic algorithm of optimization strategy
was proposed, which includes two parts: global optimization and local optimization. Global optimization and local opti-
mization are adaptively switched according to the population improvement. Combination of two optimization methods can
improve the effect of task planning. A task scheduling algorithm for selecting the appropriate task execution time for the
task sequence obtained by genetic algorithm was also proposed.Simulation experiment proves that the improved genetic
algorithm proposed can solve the multi-satellite mission planning problem well. Compared with the comparison algorithm,
better planning results can be obtained. The improved genetic algorithm has a good engineering application prospect.
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MR, X2 BATSS IR — R E A L sy, T
B SR P Tt T sl s o S (0 T =X, T e A
77 R B E R R R RS AR dE PRI
s A BR A B A 4 T I 2 R ARSI
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SIS T T T2 U FR ] (R, 7200 K ¥ LA RE
HA BN E . [, X— 708 BRI TR
AT, AT AR G Hbsi 2 Sebr T2 R 2L

R ETE, Wi LR K 5k (simulated annea-
ling, SA), 2% 5 2 5.7 (tabu search, TS)Flist 44 H. 7%
(genetic algorithm, GA), X T4 &4k ] B L I HAR
SRR ARRE ), £E P RAT S RIS A AR Z (R
SCHR (1145 FH 2% 248 22 ISPOD-5 T2 il 8 T AE55#
RI77 . SCHR 218 78 1 BEE R TR AT 55 R i)
FEH T —Fh H & R O T 15 4% 5325 (adaptive pseudo-sp-
ectral genetic algorithms, APGA)F T At L2 i 5
A]. SCHR [314 /N B B BAE AR TR, $E i 17 —H
0B BEUR AL 70 T 10 A AL S e BOR D OR BA SHE e% 1Y) 4
BESAE R, SCER (4132 7 —Fh 2 BAs A FE A T
fie v T SR SR S N () R SRR [S T AR S R A
EH T BAPIE N A TR AR @IS A R
AT 55 S5 AE, HaE T PP ARIRAE 1. a2
SO VR I R R N [R) B 11 24 PR, R FH 3 B TR 7
IR T S50 7 AT AR, SR [6] K FH HR.
L FEE AR SIS B B A 725 TR A 55 AR I it ) e A 5 3K
fie. A oA B E ARSI, n) B 2 i N T ) R,
I o] SR A SRAT I A IR 7 2. STHR [ 7142
7 —MR] DL R Re A D7 v e A AT S5
RISRARAELE. SCHR [817E L FR R AR A A o 5
MESPAT B REAS B AT S AT B R R &,
g BT NI T B (priority dispatch)FlLook
Ahead$ AR, PR T 48 ZEE. SCER (918 Sk AR 5
NI, A8 FH SR B P e R A B T Rt
FEH PIES SIS LI, fUL 1 F 25500 T 24 Rl 2 e
(R S5 R T . SR [ 1018wt 17— Ao 3 SR 2 I 1) A
R AR R BEE, T 23 1) B 5 S il & A (aero-
space thermal radiation, ASTER) & 4t AT 55 8 . &
VRV 5 H bR 2 B KA 58 AT 55 RIS 2 (R S 4 2
A, SCER[113RH T —Fh 5 RGH R AR THER
SR, DRI S ST AR ORI B[] i 20 SR () Bl B A
WA RE ) . SRR (121308 1 b S — RO TR %
T M 0oL P AR T R e . SR T i ) ) R
AR, IFIT K T —FhE R X O7 VR e b 5%, it
Hb, B 7 RTINS R SCRE R 48 S
BR [13] $& tH 7 — Fh 5 TR & 2 7 78 e ik =6 (1) bk
L5 (hybrid dynamic mutation genetic algorithm,
HDMGA), I H R T 24 TR AR SRR, did o2
B0 B0UE 2 W, 2 SRR R TR e I T SR R R ] SE A

A STk R D3 TR F R s itk 7 il vk 2 B AT 5%
Rk i @, K22 R FH A e N2
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% AT S5 FUA Il R K 22 o T, s i T2 S AL
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THT, BN HO T s A7 AE T [ e s ERA . 52 2
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B) A BR Y. 22 I AE R AR AEIX N I 8] 5 [ A 2R AT,
13 0 (e e it T AN 1 e W T D TN i D
TR EPATIALS N S AL, B, 752 mAEE
TS PIT T %, B PLESENIE IS S
AT PAT I R AR A R 3. 22 R AT 55 R A 7 — S i
()Y P9 A TR e 43 5 3 1 el DAL B[] i S SE AT 55

RIS v A fT AR T A ST AR AT S5 AR,
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2) R By 1) 91 LA PR T, A TR ARl 7 52
SE AR Bt E A

3) AE55— BIFMEIAT, AT HAE 5546 Eod
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4) F—MEFmZ W UPAT— IR, AFEEE
ITHITE DL

5) AF B RA RS IR FETCEHT R HIEE.

B MEFEE Task B 5 HQMES, &I
AT 55t AL B e - FC VAT B TRl et o M 45 SRR ] 1t 5,
AL FREEmT B] d;, AT55 BENRAT T LASRAF S 2 p,4 7
JE M. TR B TH S LS WA BT I R AR A
TimeWindow, & —>F] FI I [8] & tw;, 005 i 52
iy AT LI T evt ;R fp B A2 b ] DL IS [R] vt ; P A Ja 1.
523 T AN I b R 2R B8 T BRI, 5T —MTESS 5 Rk
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BEAR, 5E A IR A, BUE 0B, 2
2 NOIS, TS TEIAT, 1RSI ARAT .

ASSCR T H b B R AT 55 L S0
FIVEA AR TR, B KA R AT AR5 PP AU i 2, H A R
B (PR

Q
max f(z) = lem (1)
j=

% BAEST IR R L) 2K
1) BERSPRIT a6 2 I8 5 I (W ast, N iZ A2 %
S A

et; + ad < ast;. )

2) AEF5 TG B IS ] [A), 75 nl i A] &
BN

evt; < ast;. 3)

3) AR5 it EEAEAT 55 550G 56 RN 5] R T 32t 5 G
A LIS 8] (1 B ME AT 5E Rk

ast; + d; < min {1t;,lvt; }. 4)
4) BEPIMES ZIEASREE IRAT HIAE X
ast; + d; < ast;i1. (5)
5) BMES®E AT LT —IX:
x; < 1(i € Task). (6)

%2 AT S F ) 8 4 iE B A& NP-Hard ] #. iX
— [ R X s AE T — AN 55 R T I ) B A B
(1), M LLORAUE 42 B AT 55 #B AT LA DT . 4 fn) il A
B — e RS, ZFES FEE SRR AR
SEAN A REAE AT LABESZ B ()5 Rl N A5 B s g 3
REDLAL L EARAN REIIE T REAS 1K B S, (R AT DA
PAFT R 5 R, xF SEfr TR FH A 1R G 145
3 HiE

WAL FIR(GAWE 3 —FhoA R 7 AR AR A %, 3
T2 N T AN, (R 435 (1) 8 A% B2 3 LA Ak
RN, AR T — s 13845 0% (im-
proved genetic algorithm, IGA), iRk IR &8 & Fh
TS R B AL R AT S0, ZhaS BRI MR 3
B, EORUERLRI 77 58 P 1 [N v 1 SR Ad i 2. [
I, ASCEARH T —FiE 55 UK 5% (task scheduling
algorithm, TSA). 1F:55 F I SV AT LUAAE S5 7 51 R )
(B4 A TE LSS PAT I ). FEART H, B e
PUESZIRNE L. 25, BN HIGAFIL .
3.1 HEFMRIEE

PR IR T B AT AR S 5 5, JF8—
T 58 A1 25 15 T FH IS [R] & 11 g AT A g R AL &L
{145 MR B K 3RS TR AT 25 U B 51T DU 46

PATHIAL B, VAT 22 HE 0 AR, XTS5 22 HE 7 5
AJ DU 75 4T 55 7E 25 7€ I 18] 5 [ 9 35 O 55 2%, TSA
AR AN SR IR . AEAR S5 RIS, A k¢
I B [0 7 B J7 1 (select the most ahead location) DL i%
AR ST UG AT A B, AR5 A 4 )
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(R 200K X B2 O 22 FEAT 55 FR () RIS A 24
W, A A R AR S5 A AT LT . 0 AT DA 2 £
W, WPRAE S5 TRV, A& 0, B2~ —
FESS AT 22 1. BRI AT IR AL E TR N 1SS
FF BT AE 22— AME S 2 G W LN 5 AT 55 42
At 7e 2 AT A ) A
RYE1 ARSMRIEIE(TSA).
Input Tasks Sequence Task, Available Time Win-
dows Timewindow
Output Solution Sol
For each task task in Task
Select the most ahead position (task)
Check constraints (task)
If No Conflict
Sol < Generate plan (task)
Else
Turn to next task
End If
End For
Return Solution
FE IR SVE ) FAEIGASLIE S B — AN gt itk
JE I B AR AT 25 HRAT 7 . T8I AT 55 A B0 R 4R
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AT I TR 5 5 2 B SS, MR — 55
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WML A Bl D LLEAT R EAL. Rl
bR, 0 R AR A0S N G, FR IR
[ 3 A R A B B, TR, 51N H I8 N R R A, 545
1E A RGN JRFAL IS, S AN BBt Rl
. 25, R T EH T AW E gk 07 %
il
2R R A R Ao A 2 A8 A R ke
1T RVEH 2R, X — i R ] e R AR AN =, (Ha2
XTI T R AW AE, BT AR S5 PP 21 B N Ry
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AR, R R R TR B R A ) — 5
A& AR RIS AR T 7 AR A S U R
TERAN R G, A BEv B A R A A
A3 2 ] DABEAS 21 4 AT 55 B0 K1) 35 58 SCnT BABT 1B
IS FERAN SRR E LT TeiEk .

2 /A S R IR AT 2 PRI IS R
1T A UE T R R RCR. A RE k£ H
B BB A E, E TN A E 4R
AT R PR e AL, e /it iE
IR B 4 R A B R TE eSO A R R B 2% A, T i
2R m JEA AR AR A, R R LS R 7
AR AR, A S R0k SR AR A B K T AR
(B 2% A, i & ey s Al AL 1) 4 IR e AR R 4k, T 46
AR FE. (B2, AL R A R — E A
AT, ASCRSEH T — ML RME, 44 R
JR BRI A A B BIA AL BRME, ) R 47 R R
IR, A AR,

PR B AR LT T

R JHGEAT 2R, 1l oA
AL

R 2 UG REENE B IE R AR R, B4
A N R ERLAL;

2 SN O W Bl AW O Te o bt R A A i I
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WIR A AW ACIREUE S BAFALRE, R
REGEBIE, FALIRL, B, A PIES,

WIRS  ARELHT R E R BA LA R
.

Gt fd F LB (1) 712, Hop R Ron T 5 1E
WILGEE 2 75 AL E, A MR AR

“37 RIRFIMESAEFHIF 3N BIAT. K H
SEH S T7 3K, T DA J7 (6 Rk A B S 380 [ 2L
TSRS FE.

B A FHER B A TR AR IE
B R B AR R R IR BERAE. SRR A
A BRI 26 /AR A3 97 BE 7 e A AR I
N PR L FE A 2

A IGAH [ AE A AN A H AN 2 R X B
A E LR AT . I A SR R X B B A, AR
AMARIZ RGN, R 4EREMAR I K BHERFE.

AR S FEAMERIPIAN S FE R BT A R AEAR
& I N N Y TR N X 1V MR BVt (8 (VAT Wla =% e e

155 LR D) TR B A L D) P T o v 4 TR ).
FIFARIEARR R B R N B KB 2 5, FiEAR
IR B A R

IGAFEIE I PR AU S B L S iy 1 R =
SRR . [FIR, Bk ik BRI 42 )5
RACKIBTR, CABH IS4 R 48 R SRR 218
L N RSB E I R 1 R A IGA ST i xo} J A ikt
S B e, X T RAT S R 1n) A AT IE R, $E Tt
R FRII IR
4 PiEsEkR

AFR oA LUR JLER 4 N 2. B G, X T sLie
S WIS L MR VPN FE AR X LU VA LG
AT N HTIR. 25, 45 H7 B 45 B IF 5t 45
S AT M.
4.1 LR

SEIOIRE: ASCHEH N EVEHHMTALAB 2017a, 7
HA5 Core 17-7700 3.6 GHz CPU, 8 GB RAM, Windows
TEAE RGN & AL RS2

SRS A SR AP S AN R SRR TR A A Bk
SHATH A G, TR R AFE R T EM ST
ARSI R25-400MTE S5 ANEE. KT R FE 253
FAEHMANT R, XS RARESE TEBITH
LTI

PEASTERR: PPN TRAS EZAMAS, —NE HAReREL
HIRARNL RS, T — AT 55 T8 . IX AN J7 T A2 5K
PR TAZ R FH b 75 B R N 7 T B8 2 AR S5 4T
AT DARR S A& R FH 26, AT 55 I R A 3 e e 7 AT 5%
FCINPAT AT LA SR . 8 X PN b, AT BAER
56 B b s IR A9 0 T 2 AR R 1) A SR A R
H.

TEYPUESEL: X SR T A [ 1) JUSILEO

EAHEO P AE. A3ZGH 1 Hd—Mi T2 FyIaaEhiE
. BEERS PRI E R MNUES S E X K
HH(LSA)~ M 0> ZR(E)~ FLIE 01 M (1) 1T Hb £ A (AP)S
FAZ F(RAAN)FEIE S A MA). TEMPIGHIE
ZHNEL.

1 LEAHK
Table 1 Satellite parameter

S LSA E I AP RAAN MA
{5 71417017 0.000627 98.5964 95.5069 342307 125.2658
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WL AR SCHERE T 4R FI T T (55 1)
Byt R A b e v e AR 2 B
(C1)~ AT VB 55 B (C2) « T 55 1028 B 2 B v
(CI RIS A (CA). X AR
R IR (R 4 A, A4 25 O ) 300 25 K P45
TIGAB R AR BV 1 G, LR 2t
FHAE I, ORI AR J LU hRE.
R [17 150 T SR Sh A B S P T R AL R 38

SE6 T RERE 23 B TR L2 2 BARSS IR
m PR Z BAR SRR SR TR 2 B AT SR
AT SE . B e, X TR L2 2 BAR 55 LK
[ AN [FAE 55 RSB T A 74N S s AT 1 05
W, BBz St o A A SCHR HE TG AN
oAt 4Rt e A R, 20 BT RAR 55 P AU s /K
RTS8 S . G5 SR UNE 2R

4.2

K2 K 2R RAE ARG KB R

Table 2 Experimental results of low-obrit satellites for different task scales

IGA Cl C2 c3 c4

7
Yead o sERR e sERCR MRE SERCR el sERRR IR sERUR
25 144 1.000 144  1.000 144  1.000 144  1.000 144  1.000
50 269 1000 261 0960 269  1.000 269  1.000 260  0.940
75 437 1.000 437 1.000 437  1.000 437  1.000 437  1.000
100 551 1000 535 0960 499 0920 1164 0930 542 0.960
125 669 1000 657 0976 596 0856 638  0.904 660  0.952
150 839  1.000 730 0837 607 074 806 0900 803  0.873
175 948 0937 787 0754 681  0.646 867  0.697 832  0.697

ZJa, #ATE

BT 2 BT S5 LRI 7 FL AR

ST VALEAE 55 e 8138 2] i e A 55 52 R P BE

B P RS S L EAE S A £ B K 1 Hrs:
i a], 5T R R B KT, [FIREH, BE TR LT
B2 BAT SR FE B2 A S o, — 56155
FH T~ JC V25 A2 430 1) 20 TR A% A 8RR AT . NER3
W] DUE Y, IGABZAH EL At 4ot} Bb 53k 2 Al )
FAN & SR ZFEIE N, 7EAT 45 B 92575 ME % 1)
&L T, A HIGAR LS B LRI 7 & v] DL 2k
100% [ 4E 55 56 2. MWL 77 T, IGA S HoAthoxt
b B N A 22 R bR T 22 AT 5 R
an Z2 PR K. fEAF B R A EE R K 2 0S50 5
W, CARELEAT S5 A T TG 4 S i R I, TiCl

EALLBENIE 2, NEFRI R R AT S
SERCR )T B, X TR S BE I E T4 S
A [E) 5 2 (B ) ph o€ . T LA, IGATE R T
2 BATS R in) G R I R H Y.

2 Ja, AR R SR TR R L TR R
T REFINAFAEN 2 BARSHRI A . BTk T
FERN AT S5 B R B 2 1, A ST SE BB FH )
AR R, Wit 1 3R OCEURAT 55 32 M S i g 5,
AR5 53 525200, 300, 4004ME 5% B 1H 45
KA 50T TS UNaE . BI2o9 KRS 3¢
TS5 TE R .

%3 @I EZRBRMES ALY EILER
Table 3 Experimental results of high-obrit satellites for different task scales

IGA 1 2 4
1y G C C C3 C

Was seE MR seMcE M e I R KR R
25 408 1.000 408 1.000 408 1.000 408 1.000 408 1.000
50 905 1.000 781 0.860 791 0.880 761 0.820 776 0.840
75 1188 1.000 1131 0.933 1172 0.973 1143 0.947 1138 0.933
100 1840 0.970 1505 0.890 1492 0.890 1476 0.870 1505 0.890
125 2160 0.888 1725 0.776 1747 0.784 1822 0.776 1846 0.784
150 2325 0.827 2066 0.787 1964 0.733 2056 0.707 2120 0.773
175 2565 0.851 2269 0.766 2223 0.760 2292 0.720 2355 0.766
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Fig. 1 Large-scale scenario task profit

M E2RT LLE H, IGA SV AR X T HoAtha b %o L
AT & AT e R AR R B R . B 24T
25 FIAE 20038 I 4008, 4155 58 B I35 1R 1
B, XEREIGARIEEINE S T AL
AT SRR )RR SR AR AEARD R & A, 15
VAT DASE I e e PR 55 52 R, 5 AR LR R
RV LA B B B e R 2 5

12 T T T
mm [GA
mm (]
1.0+ E=C2 T
l«t —C3
f_\j —1C4
i{R 0.8} B
e
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45 FUAE
B2 KL 55 5

Fig. 2 Large-scale scenario task completion rate
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M, B AEATRES M I3 5, IGAHS A]
PLEUAAR AT I RRI SR 2 VA AT S IR\ T T 55
SERCE T AR T RIFRIERI. AT LUE B, 41E
SRR BT, IGARILTE N R . 7E4H 5 &
KEVEH, CIAICARE SRR R L. Seis Hopp e
FASE 5 08 « B KT e A RES BAE AN 3 A BRI 1) 4%
JE PRI 25 SR A A R B 1 5.

5 4

2 AT A5 FIKI 1r] R Ay T2 A Ak Fry — ) B ] .
ARULZ BAT S IR (1) 2 B 2 3l (] @A A 500
R, BT 2 BATS IR S B, b T
R PR FIZR. $2 T —FME SRR B2 (TSA),
FHFEAR $ AT 55 5 4t T oy PR ) 1) 5 O 2R A P AT 55
Ja ok, Ut B AL IR AGA) B H KRBT S5 7 %1, 3)
MR TR R A g R A 4 /A A o
FE. BEAb, I NP [5R) E R 7T A A ) 8 rp fef
H.

ZJa, R T 2R IIEIGA A 3
FIRACRIR . A SIS BRI PR 2 B AT
I\ PR Z BAESHRIA SR TR L BIES
FUKI 0] . DSB8 5 Rn] DL Y, FEAS [RS8 FAR
(PSR, 1 EEAEAE S BRI 25 AT 55 SE R T
A A IR GF IR I, b Ahafh TARE A F 1 1S K
SR BA I AR, JUH R AR BT 55 1)
S, Bk 18] ) 2 R RIS B OB, XS
Tk AL A S AP SRS T R T 251
S OAE ], IX 0T LI i RGN I 7522

A JEHIWEFE R, B FIGA IR R e di Bk
AN R, R AT B 77 AR AR R 45 SN 5
UFRENSERRAT . 3 — 2P 4 s LRI 7 S A B
FHf ORAT 55 W B (R 2 B AR A T UR AN 9T () P 25
BEAh, X B RIS I 7Ok AR R e FE 5
fEFERL. —L N TR RE 7V 5 NI T8 P ) it
HH [FJREAR T DAVE 9 et B 7 2 o = X — Fh oA T
B
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