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Review on Satellite Autonomous and Collaborative Task Scheduling Planning

XIANG Shang' CHEN Ying-Guo® LI Guo-Liang? XING Li-Ning"

Abstract How to make use of limited resources on a satellite for complex and heavy space tasks has attracted much
attention. With the continuous improvement on satellite load capacity and reduction of response time requirements,
the importance of satellite autonomous and collaborative task scheduling research has gradually increased. This paper
starts with the research status of single-satellite task schedule planning. From single-satellite ground off-line task schedule
planning and online task schedule planning, this paper analyzes the research on single-satellite integrated autonomous
task schedule planning, then extends up to the present situation of satellite task schedule planning research including
multiple-satellite ground offline collaborative task schedule plan and satellite onboard collaborative task schedule plan.

Finally, the research on satellite autonomous and collaborative task scheduling is prospected.
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Table 1 Single-satellite offline task scheduling algorithms
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Table 2 Single-satellite offline task scheduling system
AL H R R 4 PR R S ug 5 7k R SLRRIN 75

SPIKE i i £ 4539
ASPEN %%

APSI %%t

MAPGEN #%: TE ] P PP

EY &N U*:IFV%)R'}Z' Jrik
Jai B LR,
ST IR U7 ik
BRLAE S5 I i) P45
LIRS b, iR B U5 HR S A ORI HE AN &5 5 AL I H

TEI TR L2445

NASA (FigR e #isty

NASA 94— 5 DS-1 Fxf Hupli EO-1

R 2 ey ESA

®3 HPEE LSS MRS
Table 3 Single-satellite online task scheduling system

I EERLR 3R 5 I LR S 5 vk RGN A5
RAX-PS #%; o B BRI v NASA 1 KBt
ASE #%i. CASPER R4t JELERR NASA X[ Hi EO-1

AGATA

TechSat-2

K e P AT VRN SO A A

TEER PRAER S 2 /FC L 2 400

VEE R I A Pleiades T4

S ISRl SR HH R S HEIN
PR LD 2 R ISAC BN L SO A SR 0%




255 H | 1t

F [ 45 %

%I, Beaumet 45140420 7T —Fhik QR BHL DAL
PR FEAR TR IPRE L S S BAgT R]
RE e W SR AFEAT TE R AL B SEE = BRI 6 0 1 [
THK, Sa 4EH8 T —FhIE T Hopfield f#1£: K%
24 1) 22 AT 55 B S I A VR IR SIS Y T 45 1
[ m ), Baek %440 7T Bhik st 4L VAT
Wt T A GUI K4 TR [ AR 45 B 1) S Ak
R, PhAERE S0 B TR ST AR L T SRk PR O
FIBATAE S5 VA RE 1 )T LR E AT v%, Kono %5140
P —AME0E Dy s RAT I AT vH R A kR 5 1
S ARSI, B AR ) K A3 SR R
RS Ie AT I BB S A KRS H, T TAT [n) BT A
LSRR EA. WAL, SRR F A AT 55 TR
FURI SR 80 FECSRR AL, TR 2
KT HARUT () 58 R AN SE, ki & 2 R
W FLEE AT, Kim 55181 9528l SAR T/t
BA 2 WA 21 P 000475 S i bRk b 1 A 1 4l A R H
PRorIe, vt 1B TR SR A s K % U7 %, Herz
L AT OrbView 145 248, AT —ANE
PRI RATAR 0 BL4%, AR 2 A0 R 2 Mk
PSRRI Ve v R4S B B T %€ K 3
XTI AR B AR 2 AT 55 TR SRR RS AT 3 40 A

NASA 1) DS-1 (Deep space-1) ## T % —
MR B H R4 RA (Remote agent), %
i % RAX-PS (Remote agent experiment plan-
ner/scheduler) {753 TR GEGHR I =1 )2 H Ax 11 12
AT IR T . RAX-PS R TR T AWM
R, K m 2 H AR LA R G SR A A )
BT (A N, AR5 R R R 5 LS A7 SR PO -1
RA 5l E, NASA 7t EO-1 (Earth observing-1)
FSEELAS R O T ThEE, PR T A TR RS ASE
(Autonomous sciencecraft experiment)26) =74
PEF A [ B RAEALEPD: 1) R BB VEA
H TR E A3 5 5, SR A R R RRE,
DA RS A IF HEAT W S N5 2) i AT
AR H SCL 575 B (Spacecraft command lan-
guage) SEHLHAWBMIE)Z O T 3) B EATH
R L S AL, R HH 3 23 B R R K P AT
¥ &4 CASPER (Continuous activity scheduling
planning execution and replanning), H] 55
M B AT 25 E K. CASPER B8 2E w46
FRITT %, TFAEAT I oAb A HE B R R = A
TR R AR AP Pl R T e 4 A, R4 T 2R e
ITELR A L EE. CASPER RH—ME T-40E
S 10 R R SR AR O R Ty B3R RS
2 AN AT A AL P S 0l [ AV R A6 T %, B
AR e — PP, BRI FTAT 1 vp R RS B o
ik T B B I TT B, W AURIL T S

BT R EFAT, R HEAUE R TR T ]
iy e

vE E TR B 1 Pleiades 541 BAEATH T O
A H R R s VP& AGATA (Autonomy
generic architecture — test and application) K5k
PR E AR, Sk AR RS
B, R BRGSO AT b A O S 4L, [
I TR B ORI ) fink e B TRD, O OB A A
RIS 1 — LR A5 B BlAE i [ R, 420k
R i R e (AT R 8 Ab BRAS FF AR REATAE S5 K, IF
OB RS THRI. AEAESS S8 T, AR B2 R A
CIRYS L TREP S 02 2P NG Sl & X e 4 1))
GATSs, AT b T 35 L AL Hb BN A% i o R P (1)
SRR, Ho, B RURIBERLR L T I (R 42 R 29
W24 5 7234 T VP65 IRy A 2 W SRS 1 S N
T /AR T TR AL 58] o g 8 TR s s 43 SR H e R X
RN, T R HE I SR AR ML S AR 502,
RN FNLE R AL G, RV ERIRE
PLIZ s i 1 77 e T B 4.
1.3 Ef—xbBEELEEMRK

R H TT  R AE R RE  TR) A AE AN LA
F, WK 4. R EEG HHRE6 P 8] TG E
EEEIC T PSR 5 5 R W . B, £t
X of 2R 8RR PR R g i Y SR, AR A B AT
& B PR TS T AW N H] A R, U I
THE ] T AL e, BRIl — A AT 55 1
JE B Bl T R BB SRR S RSk S bR . H
S A — A B AR 55 1 BRI O IF Sk b TR &
BB, AHOCHT U0 RSIHE AR50 —60) g 101 |
R JREARERIIO2] R AT T, M TR b R 8
Ha REMITRLLIE SRR MR R
Table 4 The comparison of the advantages between
single-satellite offline task scheduling and onboard task

scheduling

LR T e T PR
I CPU LA BLAE 3k
L7l B U R iy d SR A S5 M
MBOEFEA LI AR AT 7RIS AR AT O0 B Ak B P (50
SR GRS ROSS I R R el e 2 T 38 £ 48 T IR
BAETFR LA

At RTEER A AR5

B FE T LR L B X FireBIRD T H I &
1] VAMOS (Verification of autonomous mission
planning onboard a spacecraft) sl [/ Hu— &4k
MRS MIRIHEE. ZHE S I R A R



23 WG TR B L P AR 55 T R £k 256

B 17 1R 17 2% 0 g v b T 247 o408 5 ARG i £ i) 71637
TS TR AR U N SRR AR AR 25 R I
k454 FAR R TR b, 5 Ly sl 14 38315 [A] K& i
(A N, HBTATAE 55 R KI R GeAT) AR 3s A7 I AT LA S i ifid
FES5 TR, R B AL E AR sk 4 4 R IR I R A
K RERR AT, iR SR AE Bl &R AR
FURNGRE, 2B S I A 2 7 21 I8 oA N B4 2501
R, B IR T A R 58 O SR R A bR [
VAMOS 7843 26 i 1 v 53 1 g F e b A A
A v N B R] O FR) B AL R HERBE ), AR A B AT
SEPLRLRN, VAR A T A A s, LA IE— AT S
R R R 2R 40 (3 v, S R 2R 154 Sk oy
MBI Ay 1) AR S5 R R B G M T B S 4
A 2024 T AT AR 25 R e R 3 s 4. 2) R
A OBoTiS (Onboard timeline selection), H
T T WO 28 A0 Hh T AL BEH SO AR IR AT S5 Y
PSS I, A BRI 3 S A BRI E 1) I [R] A
S W A4 9% Y 2 Ho A5 b T Hib T PG v S A (B A
FO LA, MPATAE S RI R . 3) /2 BRIk
OBETTE (Onboard event triggered timeline ex-
tension), H T-1R 4 ANAESS; AP BOSIT, 7
ERURI AR BISER HA i&(5 . OBETTE #fik
FFB0Z R AF R PAT I )R A7 JE A5 AE 45 B 4, OF
HEHH RV ) 2 HOR AT 2 T0E SR i A A S5 A 25,
—IFkix%: OBoTiS #idk, 11 REAES5 K.

FEF AT OBoTiS On-Ground Add-on Fl
OBETTE On-Ground Add-On #ikk, HI)ge 52
o} Eb S B 8 Y5 A % 100 R ) B A T L, O F
X I % 2 5 B R g AT S . AR B
R R R [ B, T 3R 8 A SR A N B, A )
Jasrgee. AR WIRESE IR b S i iR R AR
AL R, M o E FEAAT B ST BE L B A
17, W AT AL ESEI R IR BEAE S5, FIH TR ARy
A EARF A I AT AN B TGS, B LAt 22
SROGET 1 R 0 A PR R N B KA R bR
BRI Z. T SEIIXAS BAR, 507 SR 7 1 il
R HLBITE AT . FireBIRD. o i A L0 7 74
i S5 —Fod A EREHAT S MR, XA BRI
RBATR A L TR, RIS SRR ARE S
TG Ly B AR 72 0 K T AT RS2 Y0, A B i
ANE S ARG EEAT E R, 55— Fig VIMOS
R Ik UG AR B, AR SR IR 55 0 i R A P s
(), A ESR AR LS R AT R (B3
Fh O AERN)), H e T AR BRI R E R
PE. RIS, JR BRI TR0 AR N Bt S Br 245
DS AR, B E I R B SEBR 4 R B A R L
T TIN5 R B, SEBIR b B[R] 2 1 ) 4.

2 ZEWRIFAENNMAR
21 ZEMEBKHEESAELL

XA, ZRAGHEZNH: 1) A, O
T AT THT 4 Ry 0T b U % 25 2) 22 AN ) 8y 1) 1
AR ) B8 AR TR A % ) B DL SE LB 58 45 1)
Uike; 3) Z R EHIER T HIR. 25 i &S24t
5 VR RE AR 22 SR FH A rp 2R e f (65671 g rp — 43 A
FRALI08=091 - = T H o s w8 e B P (AT 55 15
B V5 o | =2 B VTR BN 5 k| A= V2 A S R B
AEFRIGE ST, TR O 375 SR MR 5843 e 4 )
Hb TS 4

FEXT 20 0 M T 8 2 A 45 1A S B R A 7 VAo R
e NptB R e N bW UE R DS NA KR SS RN EZ
SELRNE L Globus A%T0=TH e ST 45 i AE £
AN TR AT 2 R 5 14 e W () ) i P ket
T4y i, Richards 251720 b T+ J86 AT 45 0 %) 1)
B SR S0P K 2 HEAR A AE 45, Bianchessi 457
KH T 2056 M55 177 oK e HE 2 12 UG FIEUE AT
S5 NGy FE A, et 7 58 T i e AP ) e ) &
FLDHAR VA AT FIH I 43 L i) &, Dilkina, 457
BEXE 2 B TR S5 B0 R i) R RS, 4Rl T
PR HE 21 1 FE T7 V2 R0 29 AR 6 S VAR 45 6 1 SR AR 7
Ve BRNARLTS) ) R de /ISR ) i 7 13 5 B SRk AN [
MRIAT 55 43 WAL (s ) 2 1. gl 76
T MES R RIEFESR bR, R ZAR PS4 55
LA ] I 56 4 P KBt e AT 45 kI, RIBS 32 i 77—
FhIE TS Gt S 58 . AT BRI %% ML
Ja RATTVESEE, 58RO H BRI TR L R ) i
Wang 577 £FSHTS5 R AR Bh A MRS 5, Wit
TWEE kXK AR Y% 2 BB AL . Li
AEITS] B N AR BRI o 25 R 2% o 4 W R B o6 R 4 1)
e, AL BN )E s mR ). 2RO Xt
21 Y T3 A i T B B A T A A AR 5 W R AR )
SEATSS R FE IR o) @B AT T MRS A, B B A
R 2 P ) 7 20 B SRS B B 2T R R &R

fE 2 ALHb T 2 26 P IR AT 45 R BE R R b, 2
Agent R T715 70 A U480 T I A Bk
i, Agogino BN Rt ) 4% () 42 () Cube-
Sats E, KHZ Agent R4 7715, LA Agent
REHAS Cube-Sat, ££H 7 25 & W AF 55355 3K I,
% Agent K HIHFE 1) AR AT TH T o0 K0 5 805
{8, & MPBAREHEA TS5 2. Cheng 268U 42T
ZRIG IR RS MSCPS (Multiple satellites col-
laborative planning system), & 2 5% 1 fl &5 2k ¥) 7]
AE5 KN ) A Ak o T 22 TA) ) 3 Rl 45 29 T ) 72
WG R Z Agent RGTjE, B TR ReM 2 81k



257 H | 1t

F [ 45 %

RS ZEMM LA ML RS

Table 5

Multi-satellite ground offline task scheduling system
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