s N N ] 2N =4 v
%8 % 2 W ®xE R OMN ZF KR (PR Vol.8 No.?2
2021 £ 4 A Journal of Deep Space Exploration April 2021

AREIRMEEEH ERMR IR RIER

o m, FHERY, ORERY,

IO, RFER, st

(L AEF BT RS FH%Re, b5 100081; 2. ¥R7S H £ SHi5#6H TS E A=, bt 100081

B OE: RTINS, RN T EE . PRS2 A, ARG st R N R 75 AR AR A2 SR g
FRISEI A SR PR AN 22 A VE AR SR, JE D) R BRI B B Nk, T E RIS SEBHRI 8 B EIEAT RO RR
—o AT AEHRBAKRETIRE, ST RSRNES AER AR, 20 A ERRIRRATHESE . AE 5 R AR
RS IR E R B sh AR DL R AT 55 RIS 75 T HEAT B M B R S BoR, JRRIEBAR K RAMESS /R, et

TIRE RN B RIS A R RS E G 7

KU BRI B AR ARSI SR RIS

hESHES: V476.4 HERFRIRRD: A
DOI:10.15982/j.issn.2096-9287.2021.20210039

MERS: 2096-9287(2021)02-0111-13

SIAMN: RN, FEE, KREHE, FRTHENEE BB TR RED]. WSk (haeso

2021, 8 (2): 111-123.

Reference format: XUR, LIZY, ZHUSY, et al. Research progress of autonomous planning technology for

deep space probes[J]. Journal of Deep Space Exploration, 2021, 8 (2): 111-123.

5l

il

TR BRI N0t H BR Bz DAIZE ) R A4 57 [B) 24 58
TEREBIRIE S, AE 9 NSRRI 3l ) 5 27 [m) F 25
()R 5 R R QT B B R4, 2 2 AR R SR i R 4
WHRKEE N — BT RS IRINAES BA HN H b5
T RATIS AR A, I B TR AR . B Ak
TS5 1) R, A S T 4% 3 o R 4 32 A T 3 ) R A2
(177 2CHME DL R PRI 2845 1 Y S P L S st 22 4
PEETR . A EHARRRIFRN ARSI T 24
AEEBAT R AR L —, MEARETIRIMEAR K
JEHIEETT ), T H AR BOR e SEIRI AR B g
TR OBARZ —.

H 3R e N T e R AL R BB T T 2
A LLIE B £ 19574 Newel LI Simon [ [] & 3R fig £2 /5
(General Problem Solution, GPS) . 19694EGreenft)
QA3 A 4t. 19714EFikefINilsson[{JSTRIPS £ 4 f£ & fit
FRRIN U A QIR R Y, BRSSO fr N 2
&, B ERAEES  ar R LIRS i, P
K5 SCFAHRIIARE B VIRAE  Jfilth& SR
R ET R, T AN S SR Apas ) R, AR

W F T 2021-05-18 & H . 2021-05-30

7 2P AMRITT, BAEATRPRAS R B
A 3 2 AR 55 WA RIS o K K I 830 4 Dl 20 SR AT
oDl LN B L L P | A o S S IR SR ES P
HE PR+ R AT SRR A — PP LRI vk . A
M, G MR R R A, BE. 8%
A 20RO SR IR A PRI A8 BRI i, DRI, MR OK
Ly LI FERI FE I AT — 52 IR -

H = HRI 3 AR AE 201 20 90 4R AR 1 YR AE R S BRI T
25 R4S B S AN UE . FERIHIN I H, PRI 28 R
ERGEAAEMNE, BlWEERRKHMRAR S
(Cassini) FRMEFFINEAR”ERMZS, 7F— R L
AN R RS EAE. 2R A FERT -5
(Deep Space One) KM ZE 13| 1 ®ATIRUE™, FIH
b ) “IZ A2 BEAA” (Remote Agent) 3AF RS
TR A EESEE, S BERAT. RE
WA, FEVR R R AT DI E | AT S, AT
DLAE 3 A 1 1] T A6 1 0 R 58 B H 324 55 BRI Atz
17, HRLHRORFEC T #AE2 A . 20034F, EEEZK
2 i XJH (National Aeronautics and Space
Administration, NASA) 7EMIIKHMAPGEN (Mixed
Initiative Activity Plan GENerator) Hi&I 2% “ Kk 2 HM

FEE&TH: ERESHRTRIZEBIE (2019YFA0706500) 5 K ARFHAIEEHBITH (62006019) 5 [H 5K A RFHHIE 4 % BhI
H (61976020) ; EZRBEREHIEEFTIIE (U2037602) ; KAMUK IS BITH



112 WA R Ch3E30)

20214F

12Ji##” (Mars Exploration Rover, MER) {145+ k2
TR AT B RIS, IR RIFE2020°K B
WINZESCI R E B R, RMbaT#EER, Bl
KRAELI . 24, NASATF K H F 5 I 5
Z4 (Automated Scheduling and Planning
Environment, ASPEN) . AJ 4" Jgi F iz F2 45 1 ;R AE
45 (Extensible Universal Remote Operations Planning
Architecture, EUROPA) FIKKMMi K5 (European
Space Agency, ESA)D JF &I Jc kBRI 5 i i AE 42
(APSD) e % T «“#isk Wil —*5” (Earth
Observing One) KRR EFEZ AR,

RS IRIN 28 B 32 R B A A 500 T AR K1 23 18]
55 FERA W T L7 TH i R X

1) JDHUTH T, FRACERI 245 1 9 T DL SOt i
TR ) 285 1) 75 3K 5

2) NXFRTALS A E N, ST AT
] EEME

3) RASPATES a4, W 5 R8s RS
IR

4) RIS 2R G % A R IR EAT S B AR
R, SEmES R

5) FKI &G0 n] LR &S F 3 4 J5 TR 45 1R 1
THRIBIF A, R /N RO B PR AP T

RS IRIN 28 B 32 R B A 1 N FH 2 45 8 2 BRI
AU R A I AR A, B 2 AR I 5 ] 2 )
PAK R R EAR K i B 2

ASCIRH TR RN A B 3 AR AR E U A
Fo AT E AR AR A BRI AR T I Tk
i, S HT T B BRI PR OCEEOR, JEa R
RIRZS BRI Z 5 E RN R R T7 1 .

1 REERNEE B EMRIAE

L1 EXS5HE

TRZSRIN 25 B 3 A B A 2 M40 o) 7% 1) 1 453 (1) Jek
AR RIS B & R I AVRES, A THENLEK
PR . N TR BB T V55, RS — BLit (8] ) B 4E
& HbR, E s EE. TR ARK
REGPATHERL, B ZhH AR B — dLi [0 F 7 30 4E 7
B, FR—A ML (plan) o ZIK— B3AT, (EAT
DLFE BRI 2 AR AS i Th e # 21 EE 1) H AR

R ZRAE S5 R 0 B — A Toc AL iR

¢=<PA.,. ,.,CIl,G>

Hep: P={a,a,,a, R ARG HATHME], BF &

TG PGS, Hiba, e As WIEHIKIP,: B AHE
KEPy RIS R0 20 RIE T LUK B H BR 03E 3 7 515
DRI R RIIEIRAS ;. AR DR B ES
TEIE B 58 SR ALHE T 3% 3 (1 A 52 5% 1R A0 G B 4R 1
CHe MR ) 2 AR A GRS H A

FIKI) 00 75 P A A EH 22 AR PRI A8 1T DASRAT IR 3
SH M ntH, P ={ST:ST;,---, ST}, H
ST;:{af,,---,a;m} Hi .

D aj €A, i=1, - smy j=1, - n;

2) Vi, j a; #H R CH T LR

3) WEEMPAT RASE RIRES LSBT HIREG.

FURI 0] BB A R ER G s AT e, IR IRIZE H
FAES RN 5 N R WIEEIRAS . AR5 Bhs . S
W HH R —NEEHR, TG TPGERE, WHE
TR ERSFAREAE, IFREAE T IAT 5 R AR D 2
RSB HARRES I —ABNETF 1
1.2 MRIFAEIEHBEE

HTRSHRMBRAG R ARME. WS+
17V BATHEEARA SR S, LS E TSR
ARETIEEH TR AL . TN E E R
T 7 PR, Fer B dE DU LA 7 T

1) RG22 80E 3w JUE RE 5E I 8] &
FUREAT, B Wid (5 i ol 26 A04% B8 — 52 P 3047, [F)
3 4316 ) 5 EE AT AT

2) ARRTIE o BRI RE AT G RE I TR,
PEUR g BEAE — € [ [R] X (0] py R AT 3 BR AN 0B, AR
TR 25 1) 22 A8 AT HT 45 1) 56 Ao

3) BRMES BN . FWELUKERRZ HINE
MEBMEAR, MEATEHECH, 535K HREH
o [EIEE, FB MRIME 5 75 B4R B i i PR A2 B A
/NI P 0 oK S 3 E A

4) HEPATAM . BRI, &
YL 3R B S O 5 A B IS B AT AN e 1

2 KERARRRKESTH

2.1 BERRFMITHESR

DT TR 72 BRI 45 o U THT PR A 4 v R %
WAk, A EAEFSRRE AT AT . 8 E E
ARG RBERR I3, A 55 MR DRI 28 AR K — B 1a)
s B FP IMH R 3 AT R G IO 3 7 91 K 50
NS I PAT YR LA FIZhRE,  TFRE 31 7€ B oL
MFRELRFAE BB AE 55 R o

B TR, R SE S PATHER



5 2 1 T RS VRASERE E IR R R 113
UL, T S0 AR £ A (1 35 LT e WL i S
7 SR . DR, 35T e s AR B o ) R g -
S EERETZ R, R EARE W E R R E 3 ;
MEIRELL. 7ERERE. HUTEMEHELARIN=E i o g
gER TR, Y R TR AT S BRI SR R 45 R AL -
AT 2, [ AT 33 52 0 [ Frg A 5 V00, o S5 A o o 397
W PUTE R RIS AT B0, 52 | s
1 5t BR B R S AT LG 72 8 58 B, 43 | e |
HATHE DAL BT R . “UR2— 27 [ “m FE 8 R A7 R :
FE (0 3k 2 SR ) = R 45 ER s
WieZ ‘ R ‘ ‘ B FR) ‘
RIR S -~ - :
s ‘ gt H SR ‘ ......
PATZ il L T
W R 5

=

(a) =245

(b) WJ=EEH

B 1 AEME FERIATHESE

Fig. 1 Different automated architectures of planning and execution
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Research Progress of Autonomous Planning Technology for Deep Space Probes

XU Rui"?, LI Zhaoyu"?, ZHU Shengying"?, WANG Bang"’, LIANG Zixuan"’, SHANG Haibin"*

(1. Beijing Institute of Technology, Beijing 100081, China; 2. Key Laboratory of Autonomous Navigation and Control for Deep Space
Exploration, Ministry of Industry and Information Technology, Beijing 100081, China)

Abstract: In the process of deep space exploration, the probe has a long flight distance and is in dynamic environment.
Traditional ground station telemetry and remote control methods can hardly meet the requirements of real-time, robustness and
safety of the probe control. It is urgent for the probe to have autonomy, and autonomous planning technology is one of the key
technologies to realize the autonomous operation of the probe. The article introduces the development of autonomous planning
technology and the connotation of autonomous planning for deep space probes, summarizes and analyzes key technologies from the
framework of planning and execution, planning model, mission planning, replanning, motion planning and scientific observation
mission planning, and proposes the development direction of autonomous planning based on technological development and
mission requirements.

Keywords: deep space exploration; autonomous planning; mission planning; motion planning; scientific observation
mission planning

Highlights:

e The development and definition of autonomous planning technology for deep space probes are given.

e Key technologies of autonomous planning, including the framework of planning and execution, planning model, mission
planning, replanning, motion planning and scientific observation mission planning, are analyzed.

e The trend and key research direction of autonomous planning for deep space probes are proposed.
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