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(:durative-action move
:parameters (?r- rover)

(?from - location)

(?to - location)
:duration € ?duration procl)
:condition
(and

(at start (at ?r ?from))
(at start (reachable ?from ?to)
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(and
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Fig. 10 PDDL Extended definition of mobile behavior

F(decrease energy proc2)Fiid 847 2% 7l 4% HE Eenergy
PR E &= B proc2 it 5 .
4.4 RO

RBC AL AT AL T ST (ABFR: —26.7, —1.2)
FREF s e KA ah B Hbrm (bR —45.1, —1.1) #
AT BRI . R0 U H bR AU R AR R )
AES2 A (AAbR: —32.5, —0.9) FIS3AL (AhR: -37.9,
—0.9) , AERBHILEIRES . H IR L% 2
W BEIRLA R A IR A RS KA, 8 s 55 MRt
5, BESEFRIImMEITIR.

®1 “ERISTEUBRFFMNES AL GIER I

Table 1 Analysis on the results of scientific exploration mission planning of Yutu 2 Rover

5 aiE AR [A] £ R ] HLRE it

1 X 12-23T22: 31: 50.0000 12-23T22: 37: 00.0000 100

2 AN 12-23T22: 37: 00.0000 12-24T01: 50: 00.0000 86 S1 CKPHTRL AR E A —116.173 422, 26.179 856)
3 BEBED 12-24T01: 50: 00.0000 12-24T02: 10: 00.0000 97

4 R 12-24T02: 10: 00.0000 12-24T05: 30: 00.0000 76

5 BHEBED 12-24T05: 30: 00.0000 12-24T05: 50: 00.0000 82 52

6 AN 12-24T05: 50: 00.0000 12-24T09: 10: 00.0000 100

7 BEBED 12-24T09: 10: 00.0000 12-24T09: 30: 00.0010 100 53

g AN 12-24T09: 30: 00.0010 12-24T11: 17: 10.0010 100

9 HhEX 12-24T12: 53: 34.0010 12-24T12: 57: 440010 100

S4 CKPHFFRLAREEf: —104.552 687, 16.357 985)

10 M4z X 12-24T23: 41: 50.0010 12-24T23: 47: 00.0010 100

11 12-24T23: 47: 00.0010 12-25T03: 22: 50.0010 100
5 & RHAZTTEROT LT SR e R R4, (E“0%

AICHR TR E T 4 E k. PDDLAERT. A
WG, & 558 Re LRI S 2 M2

1) $RH o Z R SB35 N 4% A H
T~ B AR PRI . KR 3 AT
N, AT R ERTEL TS FINE o it R 5N
TS, B AR R, VR
THTINMRIM RGN AW AR @AY, FEE
JEEET MR TANK FIBAAE S RAT S IR
BB RN

2) TESERRIEERL, SEIL T ¥ 2 RAT A2
F R R 7] 5 Ak N PDD LRI 0] 8 53, TR T
PDDLA LI G A5 ) A FH S8 i

3) LAHPOM MG #R R AMLE R N BWHITL )
P, BT m R R AR E R R B Bk T,
AR T R DR AT ST R, SR T AR B X
N BEAR R SR 3A H A

IR 45 55 T 5 UL AR B 45 55 o 4R 1
FIFRLE FUNACR 9 HE 55 I 3 B B 06 T R
L

2 % x W

[1] RS, EB EEE, & U4 S 7B T SE M55 8]
RERM AR (930 ,2017,4Q@) - 111-117.

WU W R, WANG Q, TANG Y H, et al. Design of Chang'E-4 Lunar
farside soft-landing mission[J]. Journal of Deep Space Exploration,
2017,4):111-117

[2] BB, AR, BEROW, . G IY SR 55 R H AR A RO A
B[] 2RS4, 2018, 38 (1D : 118-130.

JIAY Z,ZOU Y L, XUE C B, et al. Scientific objectives and payloads
of Chang'E-4 mission[J]. Chinese Journal of Space Science,2018,
38(1):118-130.

[3] HOFFMANN J. Everything you always wanted to know about
planning. KI 2011: advances in artificial intelligence[C]//34th Annual
German Conference on Al. Berlin Heidelberg: Springer-Verlag, 2011.

[4] R, SRR, A, A B =5 R S A AR AT R g v
(). AESTHL S fR R 22441, 2017, 43(2) : 277-284.


http://dx.doi.org/10.11728/cjss2018.01.118
http://dx.doi.org/10.11728/cjss2018.01.118
http://dx.doi.org/10.11728/cjss2018.01.118
http://dx.doi.org/10.11728/cjss2018.01.118

146

[5]

[6]

[7

[8]

AR AR CRIE30) 20214
GAO W, CAI D B,ZHOU J P, et al. Activity planning method for [97 BARREIRO J,BOYCE M, DO M, et al. EUROPA: a platform for Al
Chang' E-3 "Jade Rabbit" rover[J]. Journal of Beijing University of planning,scheduling, constraint programming, and
Aeronautics and Astronautics,2017,43(2):277-284. optimization[C]//The 22nd International Conference on Automated
DAUTENHAHN K. The art of designing socially intelligent agents: Planning and Scheduling(ICAPS). Sao Paulo Brazil: [s.n.], 2012.
science, fiction, and the human in the loop[J]. Applied Artificial [10] %0k, S350y T ) A T 28 45 15 AT 25 10 ) 26 45 0 480 2% B 6l % ik
Intelligence, 1998,12(7-8):573-617. ﬁ[]] ﬂﬁj{?@%” ,2017(4) : 73-78.
By b L B S R R S Y S S
SR SRR, R, S WIS LR BRI RGBT 5 56 GAO W, CAI D B. Search pruning strategy for mission planning in
B Rl B R RS2 1 470-

(). PIEERE: HAREE, 2014, 449(5) : 470-482. lunar teleoperation[J]. Aerospace Control,2017(4): 73-78.
JIA Y,ZHANG J L,LI Q Z,et al. Design and realization for [L1] HEEREE, PRI, T, 2. il S 4RI 58 R BT ). b AL
teleoperation system of the Chang'E-3 rover[J]. Scientia Sinica 2 H RN, 2019,49(2) s 124-137
Technologica, 2014, 449(5): 470-482. YE P J,SUN Z Z,ZHANG H, et al. Mission design of Chang'e-4 probe
AGHEVLI A, BACHMANN A,BRESINA J,et al. Planning e .

system[J]. Scientia Sinica Technologica,2019,49(2): 124-137.
applications for three Mars missions with Ensemble[C]//The 5th

TEH R

International Workshop on Planning and Scheduling for Space.
Baltimore: [s.n.], 2006.

CHIEN S. A generalized timeline representation, services, and interface
for automating space mission operationss[C]//SpaceOps Conferences

2012. Stockholm: [s.n.], 2012.

FFHE1978-), T, gl AR, 25 SR A0 5 14 L R A A 45 k.
JARHAE : A6 e X AL #6265 513015 461204044 (100094)
i (010)66362898

E-mail: 269659@qq.com

Research of a General Teleoperation Task Intelligent Planning Method

GAO Yuhui"*, SHI Ming"*, CAI Dunbo’, ZHANG Gong"*

(1. Key Laboratory of National Defense on Aerospace Flight Dynamics Technology, Beijing 100094, China;
2. Beijing Aerospace Control Center, Beijing 100094, China; 3. China Shift (Suzhou) Software Technology Co., Ltd, Suzhou 215000, China)

Abstract: Based on the technical challenges of teleoperation tasks in China, a general task intelligent planning method with
hierarchical plan object model (HPOM) is proposed, which decomposes the task of rover into four levels: multi option
operation, constrained behavior, multi branch instruction sequence and parameterized virtual instruction. The plan represented by
constrained behavior is transformed into a behavior planning problem, and a set of solving methods is obtained to solve the practical
problems such as difficult selection of multi branch operation and complex setting of event attributes under complex constraints. A
process flow of human-in-the-loop (HITL) is proposed to verify the consistency of different planning granularity schemes and
generate instruction sequence. This method has been successfully applied to Chang'E-4 mission, providing technical support for the

success of the mission.
Keywords: CE-4; task planning; hierarchical plan object model; PDDL modeling; human-machine collaboration

Highlights:

e The hierarchical plan object model (HPOM) is proposed. In the decomposition process, the concept of "branch point" is

introduced, which affects the decomposition result and expands the flexibility of HTN planning. The software architecture is

universal and is expected to be further applied in the subsequent complex tasks.

o In the hierarchical planning model, the method of transforming the planning problem with constraint behavior layer into PDDL

planning problem is realized, which expands the idea of PDDL planning modeling.

e Based on HPOM, the human-in-the-loop (HITL) method under human-computer cooperation is explored, and an automatic

method of mapping high-level objects to low-level objects is designed, which shortens the time for operators to build task plans, and

realizes the complementary advantages of human experts and intelligent planning system.

e The method has been applied to chang'e-4 mission to support the success of the mission.
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