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Optimal mission planning with task clustering for intensive point targets
observation of staring mode agile satellite

GENG Yuan-zhuo', GUO Yan-ning', LI Chuan-jiang'!, MA Guang-fu', LI Wen-bo*

(1. School of Astronautics, Harbin Institute of Technology, Harbin 150001, China; 2. Beijing Institute of Control
Engineering, Beijing 100190, China)

Abstract: An efficient task clustering strategy and an improved ant colony optimization algorithm are proposed for the
the earth observation scheduling problem with a single agile satellite. Firstly, taking the field of view of the satellite into
consideration, the task clustering strategy based on minimum clique partition in graph theory is presented and a series
of cliques are built, which can enhance the observation efficiency effectively. Then, this paper presents an improved ant
colony optimization algorithm to build the optimal observation path under a time window constraint and the constraint
of attitude maneuver ability of the satellite. A novel optimal index containing the priorities of targets and the energy
consumption for attitude maneuver is proposed to improve the energy efficiency. Besides, in order to overcome the
shortcomings of the basic ant colony algorithm which is easily trapped into the region of local minimum, this paper
designs a heuristic ant colony algorithm which synthesizes the priorities , time windows of targets and the transition time
of the satellite between targets. Finally, a series of targets on the earth are selected and the effectiveness and efficiency of
the algorithm proposed are demonstrated.

Keywords: agile staring satellite; intensive targets; staring-mode observation; mission planning; task clustering; ant

colony algorithm

DOI: 10.13195/j.kzyjc.2018.0800

0 3 &

S M BRI T2 phy T LA e 1) = R AL
B0 B A7, A R0 B T AR R LI 1) B 1, 4 8
W% H bRy 2 OO EE F7, ST AN (X I B i L ST AR
1%+ (42 PR 25 5 0B M DA SEBRL A 55, S 4 oK 7
BV T2 T AR B AR AR R, 000 A T
Sy R IR bR K S FAR A A bR Ho, S
PRI L 0B, R 42N T 10 km

Yks BHEA: 2018-06-11; f&[E HHA: 2018-09-25.

HAx, o) B2 B, RA RN ZE R R
RN BT 25575 P& Mt 2 H AR 70 AT RFIE . T
PUBRE TR ZEYIBIRAESS 2 M 2R AT, eI
2 H AR 2 2050 RE B UK ILINAE 55 M0, RO B
TR N P T W S e A b ) R L ARE B e — 2R
e PE LR R A A LA Il R, 2% ) R LA SR e 45 B
TEERERUS RO P Ak

Al 38 ek T2 10 i A5 5 ) 9 HE A

HEWH: ExBERR¥IEETH (61403103, 61876050, 61273175).

FERE: .
PI@EMESE . E-mail: lichuan@hit.edu.cn.



614 # % 5

xR ¥35%

AR AR 2 e, HEE SR B A — R T 4 CCD
FHAIL, 32 X0 R ] X33 H Ax K 5kt B AR EAT
DU, ) FH BBE R ) = L B0 RE g, PR 4 i b T X
B 0T HE BT O IAT 55 B0 K, 3= B0 J 2% e
K53« S UL Uy 4 58 46 T @t 17T A0 AR A X —
FC K FH T B CCD ARAIL, 3= ZEXF 2348 i H bridi A7 1R 42
SN A7 G A A T 3 o o — DX 3 AT B A0 UL N
ARG LU ARG TR S 2 B A5 B AR TR HARshds
R M. ARG TS XS H AR KRS, R e 5 A
FARE A Bl 78 AT 55 BRI 106 201 2% RGN B 24 31
FF H 1 PR AR A 2 TR 2 3 7 52, R4 55
R s HAG B K ) 2R P A g B

B o FEF AR 2 1) B B H BRI T2 2 (agile earth
observation satellite, AEOS) /£ 45 #i %1 7] @, ©. 5 K=
(RIBTF 70 R SCHR (4] B SEHT 7T T AEOS X [X 35k H A5
A H AU AT 55 R 0] B, ST T AEOS i 2
R, I FH 2 T 00 SV a) R . BT RHIKEL T
UL B R B 0] R SCHR [5-61 it T AR R R A
B TR N R R i ) B . TR (718
52 2% W 25 B X ABOS 1 B ] #E 47 G A, 38 tH —Ff
PR T AL B B SRR (814 HH — P B TAE S50 %
SR B, I R AR A B R $R vy 1 SR
RE. £1XT AEOS HIAN [FDILINAT: 55, STHR [9] s 45 1 BdE
TN T %A S H bR X3 E AR AR B bR &
H A UL PRI 55 3 B 5 VAR A BR, e R B AL
J7VE BN . SCHR [10] 32 H — Fh 5 T 15 8] 55 A 7]
P FR) AT 55 J0 K0 SR s, 1) FH PRI o 1 B A0 B A8 U] oK
fir R TR AL BN SR

DA B 5 R SRAE T SEAE AR H bR TR A
e ][] B, AP AR 150 1 I TA) 5 T S B B e ok, A fg
& TN E b e B AR N el S TR A, ML E
P TARBEENLE) 2. £ X IX — 1a) @, SCHk [11]
I O SR A5 2 29 H bR I R A8
I 8], 3 DL 9 4 R S A BT 10 A% S50 58 SR 55 70
Xl 1w R SR A Be A, BRI R R
W BRI, R4 8CE bREAT BRI, B — RS AL
BN A —A H bR, K7 18 B bR 8] BB R KA I
PR AT R A, Al R R 1) et T ) S o 0L 0 e

TR DI R, AR TR A TR H AR AT
BRI DB EE R HERE T AE 55 KK )
1, BB 03 23 HEAT T AHSGHIE AL, XS 2 AR M THT H AR
I i) 2, SCHR (121898 1 062 3t 24 iU H bR )78
i 1P L SCRR (131K 22 0000 i) 73 A B,
e R 5/ PRI 3 SR 5 2 A3 0 B 20 R B H b

WM

&

HBEAT SRR, ARG G A 1) G P8 TS 2R, ) D oo g
FESLVE A B AL B 12, 7 IR 1, Atk — B3R T
FCas, SCHR [14-15] 8 H — FhBh AR 5 R K75
155 SR TR A R — e % i, 2 T B & MR
KBS TR L. SCER (161878 T AEOS 5 &
F 45 S AR K 1) 8. SR [17] B i 7 — iR A
FLIR JIRE, S AT 55 B 2RI I A8 1) oK A %1
X 26 A i H bR WL ) R, 25 A 2 RS TR A RN R
TUAR, SCHR (18] BT T 36 3 A XA AT 55 KRB H
%

VR — Tl M (056 22 G AsE =X, T R R B 5 mT
A3 H bR 4EE R A BT 0 B bR 3SR B
Re s[RI LI AR 37 N E AR, R 82 . B
o AR, 7T A ROk R GRS A,
7 AR SR TR AR R e T T 3 Ak, A T
CCD ¥ Ji, %ot BT a5 H s A A T B4 AR AL JE 47 ¢
REWLI B2 B |7z FyEI-21 B e 5 48 [ A VR A i (19
“LAPAN-Tubsat” 2 DL R FRIE [ “miarPUs” |
MM —57 TEREAR A T B UG5

EARE T 2 BARIAE S BRI SRR
(AT 55 MR TE SR 2807 IR 2655 5 T A BT AN ).
T, B A% T B — s B T ) e 45 00 0, S 1 45
AR AT OUL I A [ & 1 B8 R L2, b T B A AR I
X HAREEAT $0 HE, 1 HE A R B UG OR F A, 7E
ITAESS RISHT B R 7 TR 20 R LU 2R
AT I 2% A2 240 R B Dy A R 1, 1R T 5
RIS R T HIBRR, O T B B LR
e AV AN NN NSRS & 3 D I WL T
1) .

B o A R A BT TR (R M, AR SR X B R
ACH BRI SR AT S5 BRI 1) R T WAL O AR
P55 B AR AL E R PRI E B B bR #it T
RIS, Lk, 25 b H bR IR 040 R R
AHLBN S S 29 3, 0 Gy ssCE 53 AT ek, 3@ it 1
THE & T e DL T i K- d /NI IR G 45
JEFE T SRS, 5 A5 FO I 2R A S ML B B BV FE
H AR A TR bR IE B B AR
1 HERA

AR S H AR AT 25 BRI e e — AR B R A R
TR A R, A R %A

1) TR A Lo (I 8] & 1 295R);

2) PEMMMIALIR,

3) PE fE LW,

4) TEZEEHBRERELIN;



%34

iz F: BKERALZFRE E DR RS KA ALK 615

5) EH AR ELR,

6) A PFH AL,

DR AR A 20 RORT I TR) B2 R D) A O
(. SEHER R R 8O B 7 PRI
S, 6 S 3 X H b KRB A R R B AL e
R, AR A 95 G &1 PR, 9 T RERS AL s L H
i, TR H AR R A R A2 o] < Omaxo T
AR AL O] < Omax. BT LI KA 5) A0 6) AR XS
L5, X R G5 R FE M AR BN, AR SR R
JELI I 1) ~ 293 4), 385 08 3 97 MR H A3 0
NUFY , A 45 122 A 000 et R v D A 98 Ak B8 K
{E. B 1 AR 3 5 HE D e 2 3 L Y s I, i
M a. A3 BRI N TR, B4R A
AR BRI, T T A B AL AT £ % P40 37 VS ol T DL
i 2 A F b, 8 S R AT 55 AT SRS AT
b, T LA R oML Rk 3. PR, 42 AR S5 M 2
I S NHEAT AR 55 52K

PR L
52 £ 3 B
E1 ZB&ESEIZSUNREE

2 ETRARGRMESRE
21 EMRFER
R4 B s 2 AR B2 5 16 P EMIS L ]
RREERG = (V,E). V £RufEsSaE ER
INIAEE. WIAT R 01T 459 2 RS, DK 0%
. T A SRR 2 BRI IAT 55, R EEAE 55 2
A BE 85 /N TR 30 L i LR 2R
fEJa A, R B MAbr FARFZ B
HhEREE AR R (ECF) Hh, _E ks TR Z i BT
OB R (ECT .
151 PR BUIE A R E, 45 R, thER 4N
re, LRGN o, TR M ALK
h%20@—4}ﬂan(%>. (1)
B AR R A LR FEAAAR A (L, Ly ), W PR E AR 5
i Ml j R KN
h > reoij. 2)

Horfreo NEAR A § HLTEE 55, 0y R H bR

AR HhC A7, 2K () ML R SO E bR B b T B RS
/NF R
22 AXSEE

Ui R G, R ENG HE “aE)” X AR
R R R LRI S 1) L SR R — A [ A
SR IRAT R A R AT A 3 ), R S I fe /N T R 4
AR T — b T TS RE ) 187 5 ARl oy SR, AP 3R
wr.

% 22 step 2, A (V TR, M EE S5 R

step 2: K RE L cTET.

step 3: K Vi FE f K SUVE AI46 B AR SUIMA
RK R e, AR 1% NV A R

step4: RV FIRI S5 e A 7 RUESAH AR
F) A G R AEAE, S 22 step S; U R ASAFAE, 1% 14
BETERL i ] e, 7K 5 e B RUAHAR I TR RN
145 E v hER, 32 9] step 1.

step 5: WR V TR P ACH — D U5
RLAAR AR, WK 1Z SN e G SR AFEAE 2 £ DK X
8 5 B B R SN e, BTN ¢ [ BNV R
F, 5 step 4.

IR BRI SRR R B OR B R T R ER R, H I
Fe N T A3 R BE R AL AR A R DU D R AL
B UCHOWIN T 22 () i T H R

1 TR AN B M i 7 55 V0 [ SE b BB TR
(VRN £ 55 T AR Ak, A S BRI B 2% B AL Y [ i
()42 TR TEAL T 7 I 5o B A AR 37 8 a5 TR AR. L I
7 5 Ju B e/, AR SO SRS % B — e AR ST
PE.

F2 HEHEEHE AP RER 2R Q)
R KK RAFETC TS 24 TR M M7, Re g 78
S5 ATE I B A, B TR R TS ST R

3 ARG R s BRI R R A
S8 50T TR I 5 41 B 5 AT 55 TR S AT 55 k)
Gy, T R AT SR, B B I R B
HR P AR TS bn TAE N . AH A, 1% 3 LS 4 R i
PRI
23 HABESHE

R BN R R M G, 38 75 e TR G B 4 ) 1 AL
&, M5 DR E 5 2B AL /S IR
OMEREES et THE =ACIR S /o 227 N = R N R R VA==
AT S5 FA OO 510 1 4 SRS [R). AR SCH T BRAIG
FOESE AR EER H 0, vt — B ] SRR 5 I8 A PR R
(RSO B 22 50 5 T Vs

XA A [, 43 i) 34K 8] Hh 48 RN 44 e KR



616 # % 5

PRI L maxs Lgmins Lt max A e min. LG
AR M ARG EN (lgmax + lgmin) /2 (limax +
Ly min) /2. IXFEGE BN AL B AT LLLRAIE 1Z 4] v 1 e
HAAE BRI N

LA AT 55 BB 2R IT VR A 7% 16 TR 28 25w A 1)
SZNA, AR T BT DI s R R T A 1 A S A
O B IR A 26 T7 1a). H, X R 1 0 T2 2838
A B P 0 3 AN 06 ) e B . A DR A AT I
WU N E s TEMY T IAMEE, TEMY
PL O N (RO AT 3 i 5. 37 96 BB 7 TR 30 K8 h,
i) oy 7 ORE 2 I e 7w B b Ay B AR, 5 ORAE
Fr A BARERAL T LA h /2 Az i3, RYTie s 77 TEAR,
WIS, I, SRR R

V2 a
7(7’5 — 1) tan (5) > 1.0y 3)
F4 BT TEPUERAR, Hh A RN,

AR AT FEHER 2R TR I R,

3 BT R KABGHEERES IR

LA S R EZ A ARG, N T s
S INAT 74, 376 43 R0 R0 K % AT FRD WL I e 2] R+ o 2
(). S 79K B R 2 R A B R AT R ) T 2 R
TR ZASHBEELR, UL H PR BUE LS LB g
VHFE AL B AR, 0 A% G SO SRR AT SO,
) 7% 18 e LA e WG R DAL IS ] 7 10 %6 300 S s 1A [
Eﬂ]ﬁ VTE T I () 1) J5 R X0 SR e AR s R

JEE T SR, o AR I B AT K.

R T I JE BEERR R 5 S B SR & e X
.

M: B 5ES, M = {my,ma, ...
N A R EBE;

C: IZ]H*?%A C = {61,62,---

7mn}7mi %%
aCN}aCiy\jggi

N: IE’J%@,
n: m H AR AR
Lot i+ ci MUDAT B 46 FERI 48 BEARAR, 1y oo =
(lt,m‘, lg,m‘);
tei @ c; e LI S Z1;
tyi e TR AT IR B Z);
tsi o i (PSERBRIT A LI %1,
trij 1 ¢ Bl e; TR AR H);
di + ¢ T BRI I [A]
w; © my BN RS (FE 55 5B 20);
W+ c; KIS (L5640, Wi = wy.

Jjeei

xR #35%
1, cﬁﬁﬂﬂi)ﬂﬂ,
5; = 4)
0, otherwise;
1, ¢jrte; a8 M MATESS
Fy; = @)
0, otherwise.

31 ESHXIRE
A /NFRG B RAE 55 TR JE 2 B ] H A SLAR
S5 AT, Y T8 b R G, S ST % 2 AR A I
A, WAL S 5, O S A 55 AR 532 B B
1) széﬂz

maxzz siW; —

i=1 j=1
Fer A eg e Y 2 LR, BT —FB 2 s W ¢
P RIS, Ja — B R TR d W e; BRI ¢;
LN I BE R AL, Tonax N L2 AR K45 )
i,k N BE AT FOALE. AR AR 25 625 8 1O
e AL AP B RE S TH AE.

2 ”J max) (6)

2) bR &
A E BRI R 51, B s, A E .
3) AR RAT
@ AN BRI 2 f B 17 B 11 295
si=1, to; <to <ty (7)
@ HFHATS M55 W00 T 4z s 1) 24 5
Fij =1, ts; > tsi +trij + ds; ®)
@ LB s 24 3R
|a| < amax; 9)
@ PRGN J)FLH
ﬂ+gzm (10)
OES N ARIEIEAPS
trij = f(rs,0i,05,T). (11)

c; Bl c; BRI A, S RN E r,. B
B E o, M o; S 245 )15 %, AR 2 SCHRK L fiffk
HARALEE, X 5 LRI AT, AR T2 K H bR AL
BrTHE DR L N ZIM e; 1717 ¢; F7ELESILBNN)
FPE Gy ARV T 50 DA K A ok B2 Jm s 15 DA e K

41T FEE R, T 48 AL 30 G,y 75 N 6 g
trij =2 fL, (12)

Hor xR AINIEE.
Z I, 2 HEMES LRI R T 58 e, DU H 45
ARSI FURIME 55 HORF IR, i 25 T /5 & U8



%34

iz F: BKERALZFRE E DR RS KA ALK 617

RELIP) SC S B9 12 1) R R AT SR AR
3.2 EEBEMMEEOXWNE A NBEEE

BERE 3.1 75 BN AT 55 R RIS, A R AR 4 24
RIS 25 B AR ] WA R 8 98 &R, Wik 25T 5 kR
RS O % SRS, 1) FH R 488 DU A vl O SRR B N SR T
W/ IME, 55 %5 e K- /N IB IR R -5 S 2 T
T, 2 ey RS SR L

1) B 7% RN

BB ER b R ICY BT T ¢ f O, I B e (1)
MR

Zqijqim’ J € Ax(ei);

Pij =\ meAn(e)

0, otherwise;

@i = (7i5) (i) P (W) (Aetij) N (Alti )X, (13)
Horp: Ay (e;) FREE k RSN — omT L il (1 4] 52
&, Ay(c;) = C — Tay, — Lay, Ta, FRB kDA
Ui )3 R [41; Lay, 7~ AN 2 I 8] & O 2R 75
TR e; M e Z I IIE B FRIREE; n,; RoRAL S AT IH
bt s R MR I R, Wit Ay = 1/t ty; =
max(t,ij,te; — toi — di); Aety; FAlt;; FRNAT55 B[]
T FXT R R s, HOE oA

tanh(At + 1)

Aetij = f"
At = tej — (toi + di + trij), (14)
1
Alt;; = max (%,O),
Aty 46
Attl =t — (tsi +d; + tm-j) (15)

AL AL S FRILS ¢ BUT RGBT % ¢
ST I UL 20 O 50, £81 2% (14) 7T LA A, e
AT 52 B 20 5T ¢, O ) 87 11, ¢, B ik % 1
St/ 12 (15) T 78, A BEAE I 65 00300 T 44 D £
25 i IO MR B, BB T s B AL 2 i
A3t (14) T (15) B 7 19 8 % B ROR ), DR A 5 24
BT VAR ¢ 0581 TF 0 220, 0189 T 5 00
e T BT HAR K B2, 3 (15) W T
52 BB T 85 7 P B I 20056 T4 25 T U0 e
e, B B 22 BB 20 T e RO ) 7 1, 7
%ﬁﬂmﬁuMqu%ﬁU®¢&ﬁm%ﬂEE

B0, BT T B M A AR €0 B 7e A
ﬂw P2 % B 2 LR, 6 /M B 1

=
It

13205 & A HoAh 2 SOV 55 R I
MR pf; Ja, QR B PR K I AT e RS,

VU5 5 BN Jmy B A /ML TRT I, S S 6 4 W e i
AT — A1 AL

2) 5 B AR LA,

N T I SRS, R UGS AU N B A s A
EE BRI, T AR B AR B E B R IB W
KB AEE § UGB, T e A R, 3
Fbe ot 5 K RS I, A0 H L 28 M v, H5 L HHT 2SR
B KWLt o A0 EE, 25 v KT 0, WERE v X2 T BR AR AR

R R R, LN S. (5 B R EH RIS B
N
n, @G
TZJFl (l_p)Tw"_fba Ci, Cj S Sa (16)
(1- p)T{;, otherwise.
Hrp: Q NEEL Ly E XA
Ly= Yt (17)
ci,c;ES
3) FE T WO RE PT SRR,
I G s 20T SR RS 2 28 BB SR, 37 5%

B (BT WO SR AR S5 R SR AR, W B 2 s,

HIa S 4

TIE B REIRETS

I B
HESLTE N

B

v
BT
|

2 WEEBEEESARIRE



618 # % 5

B0, W 7 1) A 5 s 2 el DA R O
B B 4 T I Z0A to, LB UAE T B0, Bty < to +
trij < tig, WAZASWSCTT ] [ 5 IS 209t + b3
tej > to + trig, WHAZASECT 1] ] 5 KIS 2R ¢, Hor
triy N B R GASHEREIN ).

S RO E BORAE — R R BT DA/
WCHE SRR SR AR /IME P RE 2, (R HE AR A E £
R4 R i . MR R R AR e SR A I = (5
BRYMEERRHAA K

E6 LR WO VLR T RS S R B xR 5
AR MUN G a3 2 AN TP VAR R AR
5E I 1],

4 iR

R HTHG XS A ST H AT 55 R VR T 45 LK
VAT U LR IE

1) s HAR MO 30.

BOWI H bR N R4 115° BARZ 125°(E115° ~
E125°), 4646 25° 2 b4 35°(N25° ~ N30°) 1130 %
EHM A PRMNRATE T DEPESH. XS
WUB R 5 8 A M R 1 26 1 . WORF 5V 2 40 %
RIEARIEL S0 U, IS & 50 R, e A %6 % URUE
e=20=3v=1X\=2x = 3MMILIBFHEUE
k=107 [FEERMKERQ = 4. Hr = MM
fiw; ANO ~ 1 B FEALE I, & B AR o 75 00 18]
d; = 10s. FEER AWK 3 ~ K 6 .

*1 DEMEXSH

TPEMKAE 23
MBS 150°
T2 ARG 02 0°
I b A A w 0°
2 e 0°
a1 7000 km
VIR I S5 fo 80°
BRESFINESE amax 1.5°/s?
HH AT A o 6°
BEABIMI BRI A Ymax ZIHNA Omax  £30°
HF BRI A 6°
33 - -
MW7 R
5 WiliH e
—~ i) N
< 3y O EE#
X
= gl
‘ °]0
=
271
118 122 126 130

YR/ ()
B3 RIEFRIMIIINENLE (30D 2 BHF)

. #35%
15 ’
J — KRR
) e ST
§

0 20 30 40 50
EARIREL
4 BEBREZEEIMNEE GO S BFR)
16
—e— Ji R AR B
—S— G R
B¢
=
1;:%(
130 10 20 30
IE-R/ ¢
B 5 EENEEESELAANNE
BRI EERTEE G0N S BFR)
15.1
w148
=
R 145t
142 L -
0 ] 2 3
BB,

6 B&RETFREX IR

*2 FHERNFEEZIEEEEDQ GO =B

ERZIB
IR 1/ s

W X 8]
S /s

EipORIL] AR
Fe5 THIGIZ /s

0 0 [273.5,2735]  [273.5.273.5]
1 73 [280.8,290.8]  [274.4,375.7]
2 324 [305.9,3159]  [305.9,406.2]
3 459 [319.4,329.4]  [306.6,407.9]
4 59.0 [332.5,3425]  [312.0,411.0]
5 48 [348.3,3582]  [316.5,415.0]
6 89.7 [363.2,3732]  [333.8,409.9]
7 103.8 [377.3.3873]  [360.6,421.7]
8 119.0 [392.5,4025]  [316.3,406.7]
9 1321 [405.6,415.6]  [335.2,423.4]
10 1455 [419.0,429.0]  [330.6,429.7]

T RS B P S, R P R o B R oy R R
AN B AR L AR R oR L EAEE, F A A P



%34

iz F: BKERALZFRE E DR RS KA ALK 619

B E AR R AN . TR I A AR e ik v
P e B RO 2 A A (0 B A s B bR, TR I AR AL
BAEBRLITLE AUIE 07, Beihde miz . R A 3.2
AR IR ICRE B, 15 B A A 0 I P dn B 3 ) AT
L Fran. ATLLE Y, 256 2 18 H bR I 28 14
WLB] BE B 7 FERT, X T 29 B T sl B B0z 1 4E 55
ROANEEAT L. P i g 5 e s R UL & T )
HI|. 75 5 TR DA oK A 0 B g AT S LB, AR B
T (12) 2375 e 4t B () o] 1585 A PR 00 U U F 21,
2. A5 0RR EEYIGE T & i B
AT 55 BRI U B 20 ) B 1 1 SR 4 2017-01-01 1
0804347 3 2 H {1 AH X LI T 463 IR 221 A2 48 AH XT AT
Z5 BRI Ui B Z1, BPATE 55 F R A7 . iR 2 0]
PAE th, B — A 1 B A0 X 8] 5L T AH L B ) 7
FIe, R B T ASCRTH AT 55 BRI B 0 IR 1. R
2 7125 [ B A 0 4 e %15 L g R AT 4
B 220 A [R], 3% 2 R AE 15 B 56 i, e B
H AR A2 15 BBz, TATT I il Ui B 246 K 1
YT 25 DR b, PR R AR, BRI I R
AFM H b B R 2R H, 25 F B AR Fm]
L0 B 2210 AR 6 A R DR, TN 15 B H AR, &
ik — BEE ) S5 A, 48 5 1 16 2 5 FEAT W ax p
5T DB KRR B2 1 44 B 1], 32 v I 5%

K] 4 R R — R AR, B (3L 50 R i0) i %
KW 2 DA RSP $40A i, 3 B PR i 2 4 1 2 2R (6) 52 X
AR AT b (25 B U ER). T DU H WSO SV 7E 40 IR
IEAR G I8 B B AL 5 . B S O 22 Wk A LR N e ok
W . Ny S B, WORE SR B — S M BE AL, BBt
TR RS RESH AR T SRS H
Ja R SISCRE B AR 3, o HL 5 A G WO SRR R AT %
bl 75 A% GrisCRE 52 Hp, 0 UG RS R (1) 5 A 5 R
5 R R IR EEAN B AR AL 58 G 52, X 6 T o I [A]
124 511 20 & A0 A 1) S8, 91 e AT 7 i LA A
) S . T T T 4 T 00 e R, g B TR R
(1) BT, A% 0 1) ) s o SR s T v A AL S B T 5 11 1)
2o, e DLt KR P R OB SR I L 3. T AR SC ik
T FE RS R A L LAt IR 2% 8 1 AT 45 $hAT [l B AN
A 55 Ik 1) B 125 DR 3%, G =X (13) BT s, $i ey 17 5 0]
RIS I R 7 1 H AR R R, FE B T )
PR M IR H AR IE 2 55 1, AT A 75 T B 75 A FR A [a]
XS BE 2 H R EAT UL, 32 T SR 4 R AN IS B g
7. 383 2 A AT LA A G0 O S UL i
g B AR T B R G SRk

T HE RN JE R R LA R 8 00 AL & P
s, ) R 5 ) AR B i B AR, BUR R AUE #HT 2 4
P75, W 6 Fr 7. B, ~ Al x 7 93l 5 WORE SR i e+
2R 5 T R IR T IR I 6 i LUE L BE S 8
(38 o, W AL 2 AN T 38, B &K 2. Tk T,
E 0.5 F12 Bz &R AT LAASE M0 UAC 25 45 K. Bk 2 4b, 8
o LI AL 25 PR ST EE ATy K, RN AR R IR 28 56 7%
TR oY O 7 vk 3 DA = v WY S
R MM 2523, 8 o O AL 25

2) s BN 0K 60.

N T B0 U A SO SR A R 3 H
FRECH 2607, F T fEHe = 2,8 = 3,y = 5,\ =

2,x = 3, ELE R WK T ~ B9 PR,
33

B — WL
I

: EIEIN
N LT
] TR

(98]
i

WA/ ()
3

o
2
=
o |
PR

118 122 126 130
WAL/ (°)
7 ZREFHMXIIUMEIE (60 1= BR)
15
14} SN &t
. e
=
13F
__,~/\\\/_ ,,l \\/\‘\/‘\/\\/_‘\__\’ _ ,/\\\If\\/‘\lf\_ /I\‘ "
12

0 10 20 30 40 50
IERIREL
8 EBABEREAVWMNKE 601 = E¥FR)
15.1

._.
>
)

—o— Jii AU i
—E— R GRS

R 2

14.5}F

14.2

0 10 20 30
{1 IR EL

9 REWEEESBLANE

BRI STEE (60N s B #5R)

Hi 7 0] LU I8 R bs 3R 78 20 A
TE, 15 T EAEAT IR A E 2K H



620 # % 5

xR ¥35%

bR, BB 9 2 R FAE R T LU Y AR RO BVE
PLRE F145 3 K RO SN B 2, 78 70 B WA SR
THIY R R A BOH FE LS. 5 - S AL, BEE H br
HoE SRR MSRTT, B R ABGH A ML 5 bk
Rl G, LRI B WA R — D TR R H ARG 2, 8
AR g A R AL O M R, TS A H
PR ERT IR ) B, A 45 TSR AR A BRI T 2 1 P 58 2 1
FARIEAT LI, 2 3 948 P H A S B Lt X 16 2 Lt
() B 1. R LA H, % T A ML [X 1] 996 A2 B[] B 11 24
H.

*3 BENINTFIEER REEE O (60 1 = B H5)

GRS RN T [X [ SRR
EIRONE2=

FFaam %I /s A /s A TR) B 1 /s
0 0 [273.5,273.5] [273.5,273.5]
1 73 [280.7,290.7] [274.4,375.7]
2 224 [305.9,315.9] [305.9,406.2]
3 46.3 [319.8,329.8] [313.3,412.6]
4 60.9 [334.3,344.3] [330.6,429.7]
5 76.2 [349.7,359.7] [306.6,407.9]
6 91.0 [364.5,374.5]  [329.9,424.1]
7 108.1 [381.5,391.5]  [316.3,406.7]
8 122.7 [396.2,406.2]  [305.9,406.2]
9 137.5 [411.0,421.0]  [335.2,423.4]
10 152.4 [425.9,435.9] [340.6,441.9]
11 165.1 [438.6,448.6] [347.3,448.6]
12 178.1 [451.6,461.6] [370.4,471.7]
13 191.1 [464.6,474.6] [376.2,476.3]
14 204.4 [477.9,487.9] [397.9,499.2]
15 218.2 [491.7,501.7] [414.0,511.7]

5 4 »

ARSCHIEFS T AL R TR 2% 4 5 BR KA
35 R ) R, O U RR S e B SE IT

1) MG T2 A7 V0 R A st A e P, R
PR 73 SRR i HARIEAT 1 338 2 LR ) e
A E BRI Fr 1 R i)

2) AL T H A AR AR HE S T e PR RS
AN T, B2 e 1A 55 RS R 1 v P

3) I8 T HAR RS AT LI R B 12 K% A
B R SN P 240 3R, o A% G WORE SR 1EAT 1 oiead, 8t
i 7R R TSNS, 2 T H AR s BUE S H AR 8 &
H LM e S R it 7B R, 5 1%
e WO SR AR B, FLAT S 5 ¥ S5O0 RE 70 A e 4

R AT R A — e R BB T SRR RN SR AR
MBS K-SR G, Wi TR B R HR
e, R AR A S B R IR T S RSk

A IAT 55 BRI GAR S5 R IE 73 TT 7% FE I, AEAT55
R R CAREE &by B, KRB SRR
S5 BTSSRI RE MR, 1% ) A A 3 — DB 7.
£ CHk (References)

[1] Kim H, Chang Y K. Mission scheduling optimization
of SAR satellite constellation for minimizing system
response time[J]. Aerospace Science and Technology,
2015, 40: 17-32.

[2] Wang P, Reinelt G, Gao P, et al. A model, a heuristic and a
decision support system to solve the scheduling problem
of an earth observing satellite constellation[J]. Computers
& Industrial Engineering, 2011, 61(2): 322-335.

(3] 5. ARBUS H 00 I T R R SR W [3]. MR
IR [E] 5 & K, 2006, 27(4): 17-21
(Ma W P. Discussion on staring imager for LEO earth
observation satellite[J]. Spacecraft Recovery & Remote
Sensing, 2006, 27(4): 17-21.)

[4] Lemaitre M, Verfaillie G, Jouhaud F, et al. Selecting and
scheduling observations of agile satellites[J]. Aerospace
Science and Technology, 2002, 6(5): 367-381.

[5] Sarkheyli A, Bagheri A, Ghorbani-Vaghei B, et al.
Using an effective tabu search in interactive resources
scheduling problem for leo satellites missions[J].
Aerospace Science and Technology, 2013, 29(1):
287-295.

[6] Habet D, Vasquez M, Vimont Y. Bounding the optimum
for the problem of scheduling the photographs of an agile
earth observing satellite[J]. Computational Optimization
and Applications, 2010, 47(2): 307-333.

[71 Wang X W, Chen Z, Han C. Scheduling for single
agile satellite, redundant targets problem using complex
networks theory[J]. Chaos, Solitons & Fractals, 2016, 83:
125-132.

[8] XuR,ChenH, Liang X, et al. Priority-based constructive
algorithms for scheduling agile earth observation
satellites with total priority maximization[J]. Expert
Systems with Applications, 2016, 51: 195-206.

91 ZF&5, Z/NG, TEE. SE TEAR SR BT 7
BURS R )], a2 B 24k, 2016, 27(1): 69-75.
(LiZ L, Li XJ, Wang Z H. Current status and prospect of
agile satellite mission planning[J]. Journal of Equipment
Academy, 2016, 27(1): 69-75.)

[10] JF &%, wh. T L K EiE BRE LS
WU S0 [T, A6 OU 25 R R 22 24 4%, 2014, 40(5):
644-650.



%34

iz F: BKERALZFRE E DR RS KA ALK 621

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

(Tang Z X, Han C. Agile satellite attitude maneuver
strategy study based on directed acyclic graph[J]. Journal
of Beijing University of Aeronautics and Astronautics,
2014 (5): 644-650.)

R, A, R, 4 T RER R R TR
FERUESS LR (1], U5 244k, 2017, 38(6): 202-220.
(Zhao L, Wang S, Hao Y, et al. Energy-optimal in orbit
mission planning for agile remote sensing satellites[J].
Acta Aeronautica et Astronautica Sinica, 2017, 38(6):
202-220.)

Cohen R H. Automated spacecraft scheduling-the ASTER
example[R]. Ground System Architectures Workshop,
2002: 7-13.

Wu G, Liu J, Ma M, et al. A two-phase scheduling
method with the consideration of task clustering for
earth observing satellites[J]. Computers & Operations
Research, 2013, 40(7): 1884-1894.

Wu G, Wang H, Pedrycz W, et al. Satellite observation
scheduling with a novel adaptive simulated annealing
algorithm and a dynamic task clustering strategy[J].
Computers & Industrial Engineering, 2017, 113:
576-588.

L, Dfhr, EEAk, & R TAESRENZ BN
U £ 7715 (3. s 24, 2011, 32(7): 1275-1282.
(Wu G H, Ma M H, Wang H L, et al. Multi-satellite
observation scheduling based on task clustering[J].
Acta Aeronautica et Astronautica Sinica, 2011, 32(7):
1275-1282.)

Li Z, Hao G, Xu P, et al. Agile imaging satellite intensive
task clustering and scheduling for disaster monitoring[J].
Research Journal of Chemistry And Environment, 2013,
17: 170-179.

FORAE, PO, 25575, 5. B 8555 UK g 2
JE R FEE TR AL (9], 25 244, 2009, 30(11): 2165-2171.
(Bai B C,HeRJ,LiJF, etal. Imaging satellite observation
scheduling with task merging[J]. Acta Aeronautica et
Astronautica Sinica, 2009, 30(11): 2165-2171.)

S MO TR R R R OGBSO B 7T (D], B K
DURZETHHMLABE, 2015: 50-58.

(Guo L. Research on key problems of agile satellite

imaging scheduling problem[D]. Wuhan: School of
Computing, Wuhan University, 2015: 50-58.)

[19] Roemer U. Flight
DLR-TUBSATIJ]. Acta Astronautica,
733-737.

[20] Buhl M, Segert T, Danziger B. TUBSAT— A reliable and

cost effective micro satellite platform[C]. Proceedings of

S, Renner experiences with

2003, 5209):

the 61st International Astronautical Congress. Prague,
2010: 16.

[21] Lian Y, Gao Y, Zeng G. Staring imaging attitude control
of small satellites[J]. Journal of Guidance, Control, and
Dynamics, 2017, 40(5): 1-8.

[22] BAJRZL, 2%, 2 deist. SR 2 e AT B )

{1 5k 2R WSO BV (0], #E ) 5 PR, 2014, 29(10):
1758-1764.
(JiaZ H, Li D, Li L S. Improved ant colony algorithm
for solving batch scheduling problem with non-identical
job sizes[J]. Control and Decision, 2014, 29(10):
1758-1764.)

(23] FRIGZE, BT, BRITTE. WAL BGRES0E 0], 326 5tk
R, 2012, 27(9): 1325-1330.

(Zhang Z J, Feng Z R, Chen Z Q. Simplified ant colony
optimization algorithm[J]. Control and Decision, 2012,
27(9): 1325-1330.)

fEEEN

Bz & (1992—), 59, 48, I BUR A LA LT
2RI IATE 5T, E-mail: gengyz@hit.edu.cn;

FRAE T (1985—), T3, BIHR, A4 I, MEHIR &
&) 5 ok B & B S 250 40, E-mail: guoyn@hit.edu.cn;

AR (1978—), 53, H#%, W4 3 0W, MR
TE ) M B AR I ZE W 9, E-mail: lichuan @hit.edu.cn;

B8 (1963—), 55, #8%, WA 20, WFEHRIBFE
BB H SR 7T, E-mail: magf@hit.edu.cn;

A (1984—), 5, L, Mg TA2W, NEBh& RS
B AT 2 W AL S R E . RIS TR R AL S R
AHF 9%, E-mail: liwenbo_bice @ 163.com.

(it e



