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AR, 29 Al B R o IR 2 R AT 55
RIBHEFE R B R o D% T 2 o A B 43 R (1) 182 FH 4 v AE % £
WA A2 ) (Constraint Satisfaction Problem, CSP) 45
GALUE Ty =D SUIRS SIS I Kb v SIS i W )
Fie BPIEIZRM, BRI, w5 FA ST
KJF (National Aeronautics and Space Administration,
NASA) . FEHEPLE (Department of Defense, DOD)
KKK J= (European Space Agency, ESA) ZR%Z
FUTERLRI R 5] N T CSPEIA PLSCHRRR B BRI (1) H
FIE1T, TERE RS Bis, BAADH R E
B R SRR BT il R g (gl k
TR ULRESARERE E1HR] (Project for On-
Board Autonomy, PROBA) %%,

NASAFJIRZENIRA “DRZ 15" LAEH TRA (Remote
Agent) HZEEHIRSE, RAZEINEATS LR BT
RESHEAT B F S A BRI E RS
RAX-PSK A 1E 5 DDLU S5 ). Thik. TEiE
BT A5 . IR 5] R &P LR AL R %
PR R 4, G AT AR AR i S A 2 SR
BRI R, BERISEMAES bR IR R
TR AR R AR BN PR L 2 . TechSat2 12 J3 1
TERKEOIiR#R LM T ASE (Autonomous Sciencecraft

ek HIE: 2017-11-25  E[FEIHIE: 2018-03-15
FEETH: FEMEWHTRIEBINE (JCKY2016602C018)

Experiment) 84t & R SRATHLE 1 2h 1 B A )
PATAIE K R4 (Continuous Activity Scheduling
Planning Execution and Replanning System, CASPER)
7 RS L AR AL PR R BEAT A B SR A, P EAT B
ADELMR, (AR R4 T —A AT A I #
PETERI, ANBEIE R 4 R 29 R0 S I Ji 0k S I S A5 e
Mo HEHKIFEHEE (Autonomous Planning and
Scheduling Environment, ASPEN) U454 5 i 28 1F
AW, ATV . FHSEAEEA . Blesiin H
b AR I R R H 3 A IG5 T A R 4R e
Hl, NASATZH H Tz N HAERAT 4 K AT 55 (1) 5
g% b, fFECitizen Explorer. MARS-1FIDS-TZ— &
FIFRAS . NASASEILR AT 9™ F& b e A0z 72 15 4 0 K
HEZL (Extensible Unification Remote Operation Planning
Framework, EUROPA)™'™, DL3ET 29 5 [X 8] B HE 224
R, DL T RELAE R A R, IF%
&S5 AR e 2 .

] A 4t 0o 6 T 4 TR A PR R R i R R [ B
FAREER IR R ZERE, EAFEEPER S D REL R
AR TE o A 4t IR FT T R B & 2 BN AL
Z P JURTFIE) 77 22 2V, IR 3B IR 1) 2
BRI TTE, RS A AR BRI ] R A A AR TS R
PRI e BN EEE T TR BB
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a0V IREEAY O a7 VS ELOPIRCEAY & vy s wa
PRAEAH 30 S5 S TR 2% B FEAF 55 J0K o i) B i 52
M. ARE R, ESIFATERE, St 7T AR
FHE P TR 28 SR AL BTV, 7R YR A R
2% 1) IR R AR Z AT AL E, ik TR A AR
R AR AR AE. 2R AR RS A R
AT RN 5 B I H ARSI AT I A A R HE B A — Bk
WRAE TV, A sk 25 HE B R 8 0% 58 2 b B FH T I 2 R
RIB R g FE AR AR OB AL AESE Y T E
() B U 29 ARAE LRI PAT IS ] 2 B Ab B 7 %, DAACH
W7 B U AR B R A A R T A EO R AR A LR AR
T S At R R 2 BRI A AR S5 MRS R i, BB
OECE R, 2 — b i T K 3% 2 A 5 B 1 40 438
K g R AR T

A B0 TE R AR D & AR K& BICSPI
ERS AR AT, B An{AT X CSP A s v 57 30 4T F A4 LA
TE AR AR R . CSPHRRRAERE & BT AR
IREF IR HRRNE B 5 FE RS, XE—ERE L
FRAR TR . %% 8, Judge M., Long D.
A T AT HARR M I CSPJE R TEIG . (H 24 )
FIASL I I A R P LBl 2 39 0, IXOKH IR KAR B
IS HFRB M 2 R 20 R R

KPR T —FhASE L W A% 0 I CSP A R
R WG o 1% 07 ERAGAT 55 BRI i) G B o 2R e )
CSPH, JFUARKRI BBk R EAL, WA IFER
T2 )ZECSPHAM AR KR, PR H 7 CSPrh
— VSR L R . 1% T7 R S T D) ARG K I £
AR DR 0] . 7 LS R W B T A E A R g
EGACHbr#fE—IN—3L (General Arc Consistent,
GAC) SEAHHEA A HITERE
2 [a)@ A

B 55 BRI 0 T B AE R HERE, 8 1Y 2 J8 i 44 h
SIERIIAERCR, RBAAS—A e, HERZER
A BRI b SE I — LE T Se 45 58 IO H bR o 29 T A2 (7] /R
H—MEEES—NAREG N 8RR
TR LR e AR, BUESE—, {3 H br ek o
KA o AATE Jexf CSPAIRLRIZEAT T & LBt .

REX1 (CSP) — ANyl i 2 v iy LR JLER 3
R

D BREX, P X={x,x, x5}

2) HEED, Kt D={(D\,D,,---,D,}, X T
X EREA Ry, D™ BAX BB D, ;

3) AHREC={c1,c2, 00}y BNLRFER T —

AR T R E R E BVE I S5 B0 R R
29 AT 2 ) R H bR R — R R A E —
ANBAE, B BT B2 RS B AL -
B2 EEHRD —AMES R ) ] LA R A
—M=JCHOH
0 = (8,8, 4)

Horp s R MR ARG RAIIRE: s R R RS
HFRIRES: AR RS T A W AT IS S .

—RIME, #FIEESFoRMRI Al AT 1 &3
18, AEEER(pre (a), eff (a))— e, i preft
RFFENVEPAT IRTHE %1, e REBNMEIAT IG5 =R
G SR -

AR MK 5 CSPII T A 2 5 2 h, KREAE TR
BRI — DA R . BART S, AR AT
R I A FITE T 2 DA ENE SRR 58 1, R
R K R R A& . M CSPIE — AN HH X #5451 il
FEARAC B R AF R AR AR B H =2 AT W, 5
Z, CSPHIKFER T E . AT RN CSPHEIARR A T
R, Kautz5 Selmandi th 1 4% Hiki v #3857
SETTE, RET AR R H ERRIEREE T
ARG o 127 VAL BRI T A A B AT TlA 1
AR B AZ R 7] R AT R AAS SR e R, g L CSPAELAY
BAEKZE N, R R EEMARER — DRI,
#iCSPIEAIZ oM, REEAN M, HBERE AT
fift o %7 VERENPAE R ) R i BE PR e fe oy — A
NP @, Mt A DL CSPR AR IX FNPC o] #5545 1]
iy

BT ERDIETTE, X T 95 CSPR R ) &
AR EE LRI 3N T T 4 R .

1) A

fBE AT BRI 0] R A m 2 EARS A &, AT
KAERZE < p < n P RMNREZBEY, EXRT
CSPE5 KR35 B R AR & Y, HAEI S V{3 —
—XRL. Bk, fEIZCSPHEEm (n+1) MEE.

2) 4R

¥ N B SRR S R A KR R UYL SA) O I ]
RELW. HARREL W SMERRTR KL L&
FERIRCR AR . WIEIRES LR € 7 CSPH AR B AE
VIR ZMBETEE (k=0) , AMRSAERRET
CSPH Hbr 2 2 M BUE TG Bl . AE 55 Bl B 301 5%
RN AR FAF LI RFSRL N . B, 3h{Ephoto
FRE 7R #8 50 3 B AR g AT I I . SRR R R
1T, BRI IR 2 T photo I BT 32 4 M- point-to 05 20
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3) Hik

KICF P — I — B GACHEE" " N E LML,
A A b H AR B R S Rk kAT st . GAC
BB O R AN RRERERE, A
FEARPBE . W RBTERAE FBUZ R B H N
2, MIEEHET E . GACKTCSPH £y kAT 91—
FR A oK EIRSRNE . GACTT ek 25 4 5 £
RIRAE 1A 5 FE 0 AR IR AT BT B, %A B Y
B R ARG T A A& Z B R AR IMAGACH LR
JEIIZI R FIFR

3 oEARDR

L CSP ] A IG KN, BIAGRS LW DAL H b
R LA BEACSPII LI A BE 1K 38 9 o TRt
AR B B 2 BASCSPIMIBh R LI G T 5 52

FERRN U, B I AT 4R 2% 1 5 5 SRS
'

EMETIR AT UEMEAMEIRES F AR, H
ST IR FPre(A ) N E .. FF5RRN

A — Pre(A))’ (1)

FMEREEIRE . IREZEPARSSTAE, 34
HAUCUAEAESNEAL 2 AN HEAEEESNMEE 2 A 5
FRINN

PPo( v AHVETAC A

A;eCreate(P,) ? A;eDelete(P;)

SATY) @)

Hdr: Create(P,)FDelete(P;) 43 5l 37 7~ ST FE A B P, A
e
FECSPHEIEH WA N LR, JEARR
IAFAE T 1A AL B R 2 v, B DURE BRI 453 1 5%
B IC AR MR B CSPAURAE 2 BEWS 1T & CSPRVA R AL Bt
FEAr B, B, FF5A;R-AERRI SRR —
SIVERIEAR, 10X B [ CSP A H AR R % B 1E £ R &
HEA—BME. N TERIRYE, N ndERRAIR
KCSPHMBIELIR . IR Z CSPIFIBLG 5C &R A
S =k
P, = isAssign(V;) 3)
Pre(4)) = VEP/\(A isAssign(V;)

i€Pre(A;)

Horr: f7 5 R MR ZCSPRYF A, SRR H
I FORES, BN Z ZCSPMEEL. — I & P+
HUEAR I

FERI S B AF AT $2 2% PR BN AL T 5 PRy

ROIRZS B Sk o ] fi € B AE pickup O AT H v B
fE By FREW . Wi ER TR A0 RRN
Pre(pickup) = {ball(ground), hand(empty)}. EIRTIECSP
Hi{ball, hand} VIR NLE, {ground, empty} NX}
REEE . TS 2, AMRPRIRENE, CSPERR
XS NAREHIIRE, 775 XN isAssign(V). SI1E
FRHT 3R 26 A PT Rom N IT A SRR B A2, 77 5
;Tg)‘(y\jvﬁ/r\em’) isAssign(Vy),

N T ELRTEMW, AT AR PN E e

TBX3 (RIFEIEL®: preaction constraints)

BAHE LT BBV AN, BOFE )
TRV R, XEERERGAEV N KSR S AV
BBl 255 N

Vs preaction constraits(A,---A,)

= (@A, € (A Ay) : (A, — isAssign(Vy) P

SEX4 (BIPPIRASZ & : precondition variables) I
FREELIRA, — B R R, FONARIFT RS
k. fF5EXN

A s precondition variables(V, --- Vj)
=(Vve V- Vp)((isAssign(Vi) A--- %)
NisAssign(Vg)) < A;))

RIE R s R G 2oRE& Rk &, 0 (2) 28
BER. BBV ATRE TR P e
s—1NE, KR AbSEp b #E. B2
PIUAG A AT REPE LI 5 Oy 2
BAHNEMLZ R, R T R ES . R
M, HTCSPR—AMEHER . £2RELENLE
ORI R Z 0 FF AR S, B — R B
FTMSIRE . 20 (2) HANCSPEME A HTHEE —
157 4T IR PVA=OE 25 /NS W

PP v AT (6)
A;eCreate(P;)

R (1) ~ (6) , AIHEFCSPHMEIEL R
KEN
A’;—> A )isAssign(V,-)k @)

ViePre(A;

CSPHRIACIRE R RN

isAssign(V))* & A (8)

\Y
Aj€Create(isAssign(V;))

H T AECSPHENER IR ALARTE I, AR #
e B3R, BB (7) ~ (8) #E—DHESN

isAssign(V))* > Vv (nisAssign(V,)"")  (9)
V,ePre(A;)
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HHh: A € Create(isAssign(Vy))s
WERRATREER
S )(/\isAssign(Vq)k")—>—-isAssign(V,~)k (10)

V,€Pre(A;

X (9 ~ (10D /R T Z R B HIRE R R
FERZ IR BV REWIRAE, AL — UzT, B8 VK
BB E 2 R BT RS2 B C IR

T UL ESIR L RZ e EE, RIS
AR T ARRYUKLH:

AERRLIA: WEARRRIED k- VR4
AR e e . FFSRRIT

JisAssign(V,)t — \/isAssign(Vﬁ)k'1 (1)

4 BETTBMRAROBARI

AT CGACHIEMEZEIFMALER (11) #H17H
HE, Sk E R EEONARS IR 1R .

Input: C'SP(the problem information), current level (started from
one), current_step(global variable, started from zero)
QOutput: solution
1 var_num + get_num_var();
2 if current_level==1 then
3 ‘ get constraint number of var() involved;
4 end
5 current_step4+4;
6 for (i =14 var_num * (current_step — 1);
i < 14 var_num = current_step; i + +) do
7 | if there is unassigned variable then
8 current_step — —;
9 break;
10 | end

11 end

12 for every variable in current_step do

13 ‘ next_variable + var_selected|);

14 end

16 current_variable + next_variable;

16 for every value in the domain of the current_variable do

17 | assignV alue(current_variable);

18 | if Ertended GAC(CSP,solution,current_level+1)==1 then

19 | return(1);
20 end

21 else

22 | restore();
23 end

24 end

1 ¥ RGACHIENAD
Fig. 1 Pseudo code for extended GAC algorithm

EY R GACH L WM MY Bet A2 & current_level
BN, AT SGHE TAERBE D1 ~ 14108 R IR B IR
e MEEAECOHE CF15) , ¥RGACK NIZE
BAMEE CGP17) FRR A 2R RE A 2 LR —
Htk. FHWE, ¥ RGACK Ecurrent level + 19 34T
TR R, FEMRE I Ik 1R R B
51 s A IR TN == 8

AR ERFAT, FEEAURENEEW LF

ML R E , ZHE F T X AR [R5 R AR 10 £ 328 A i gt
—HHIX Iy FENREVEWNZECNL Ccurrent_step = 1
Tra ki AR . AT, SRH T 3SR B U
R KRR AT R R A AR 7224910 )2 T AR 54 5
BRESE, FEEyBE TR, JFEE BRdK.

S ek AU AR Bk T VAL B

1) L0 T P 29 AT 6 A2 G i R 1 R
Atk

AR AR B YR A HOE R (9) ~ (10)
S, 530 (9 ~ (10D [Tk FE L iR B Atk
SRR T FURI AT ¥ 0 A 7/ S5 1R 5% & BA K CSP i )
Z )RR ARG . AR R Ak 2K 2 R R AU il ) 12
KZ, Ja# NFTA CSPYw SR K il 35 5K FH 1) AE 42 2%
f, B 1D T A i CSP 4 % R ) i) 2 4 2
Atk

2) AW BAS B 07 VE B A S I R R

Vi
W

TE 249 SR G T P B0 K i A e e o L B k(e + DA AR
#, WILGACHEFMEFELEHRIEFTESkn+])
Ko MEHRBREELES, GACRENALZE %
BEAE LA &, BRI GACK VEk kAR & (i i) &
FENOCN?) . FERFGACH L, SEE IR TE
MATERRAGENEE, BB ERERN
O(kn?) «

3) L RENE AR S R TE U 2 AR B IR

B GACHIVER IR (11D Pk th gk A&
2, £T4RA D EBTIMEEHRRES, Hit
A% 1 0 A 2 R AL 3R A P R 2 UGS ORI 3
TERHE R R o XM T IEAE M [ R E, PR T
TCR 2 TR A HL

5 {HEXXL

ARSI SR A BN U Visual Studio JF R AR,
Intel 3.5 GHz CPU, 1 GB RAM. A& & 451 5% FH [ b
¥IKk% (International Planning Competitions, IPC) &
SR, IR A — A AR R S R I s L
F AR S S o KR A PR TP C AR 48] B 4
BlockWorld, Grid, Gripper, LogisticsPlfMystery.

F URR T XIPCHEEI MK GACE i e 51544
AT EEH B0 b RSN, R AEEY
PR T AR AR H , ER G I A .
n, FEGrid BB, SRR ] B GACHLE T it
1739 214 667TIRLIRKLE ;T & SIE LR AT EGEGAC
SN 26 527 187
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R1 ARKEHEIE

Table1 Comparison of number of constraint checks

FRIRIMC . B4, GACHEIFANAE R fEMystery Sk i 7
INEH, HMystery o] B KR, GACHK L%
BRI . MY EGACH T T KREKITUA A,

LR A AL GACH % ¥ EGACH %
BlockWorld 65413 377 31404 481
Grid 39214 667 6527 187
Gripper 61116 569 11028 721
Logistics 46 938 830 9971346
Mystery 12011 961 8 124 899

BT EMELAR ST, T RGACK LREN “HIT”
RER T L AR A ERAE, DRI ] R R AR AR 15 2
PRI & 28R 1 SRARIPCELAY (-1 B3I 1] % B
H T3 RGACH H & m A AR Bk I D Ml | K&
MR E, HORMACR L = T fEGACH %

*2 HRETEE

Table2 Comparison time for Gripper domain

AR GACH.i% T RRGACHE
BlockWorld 25.117 14.012
Grid 32.004 19.474
Gripper 43.634 29.767
Logistics 17.901 14.496
Mystery 41.809 17.558

Kl 2L Gripper¥iisk Al e 7R TR HEGACH L A
SCHEH LT AR B Gk R A R Y iR GACHVEAE 7] RN
BB KA O T CPUIS AT IS R T e o ] v 26 B il
FHEIEL K, ¥ RGACH LR IIMEL R PR
REE R e, HRRI I ] ) 38 KO FE i /N T GACH.
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Fig. 2 Comparison time for Gripper domain
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Fig. 3 Search time of extended GAC algorithm in Mystery domain

FEX SLE TREE PRI B 5, ASCER TR
SRS B SRk B AR A IR OF X L AR, R
EALRFE R RIAEMEX AR 28R 20124 [ B 40
R LR LRI B R SR i T K B AR AR ST 5
B, W R E . WS AAE TR LS
ARG EL MG HIT, & RTW RBMNSENER 3
B

®3 HBYEEGNTERED
Table 3 The variables and activities for the example
of taking photos

2 hE

groundstation;,i € [1,3]

ElE

{download}

observer;,i € [1,x,] {picture, focus}

mem,i € [1,x] {storage, clear}

warmer;,i € [1,x,] {warmerup, warmeroff}

attiSys {pointing, holding}

B 040 RS VE B A SCRIE AN A0 H I+ R G
177104805 B, 7 R G0 i 80 DL & H b Hi b 451
B, AR EGIE AR Bl B4R R IR
MZAALEAAN H AR 7 ZHI, R B2 A0,
2N A, 24N b o7 i 2 2 R T
AAMLEOIREE s DA R — A M T s #2252 5 o 1026475 L
WA RWE 4R, W LR B R GACK il In) &
)/ FGACK .
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R4 10EPBBEHEGRT
Table 4 The test instances of ten taking photos

Hl Obj Obs Mem Warm Ground
instancel 1 1 1 1 1
instance2 2 1 1 1 1
instance3 2 2 2 2 1
instance4 4 2 2 2 1
instance5 10 2 2 2 1
instance6 10 5 5 5 1
instance7 4 2 2 2 2
instance8 10 5 5 5 2
instance 9 4 2 2 2 3

instance 10 10 5 5 5 3

—— JJEGAC -m GAC

=L
[=3=3=3
SOOoOO

instancel
instance2
instance3
instance4
instance5
instance6
instance?
instance8
instance9
nstanc

Bl 4 SR EoE S [R5 H

Fig. 4 Time comparison of the example of taking photos
:I: N
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ARICHEH T —Fh LB 0 2 AT i 2 BR
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25 WK AR pt S o 4 24 SR AT 6 2 BV AT LSRR B AT
MR o R AT 55 F R ) R R Bl AR % R 4 2
CSPH1, 4B7R T £ 2458 CSP4E ) T AH A J2 7] AL & 1) 5%
FRo TEUCEEAN FEEH M BE L RS CSPH )& ik
PRECNA L, BENE A Rk ek b A B 5 (Y IS TR 9 E DA
REMLARIG S, B HhEYE, ZhiEElT
LTSN 55 B TR = R S A T L (A
Y EGAC S5HrHEGACH LM L g HIF e, K
K] N E TR s Erh .
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Research on Task Planning Problems for Deep Space Exploration Based on

Constraint Satisfaction

JIANG Xiao"?, XU Rui"

, ZHU Shengying"*

(1. Institute of Deep Space Exploration, 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: The ordinary CSP algorithms cannot reflect the characteristics of the task planning progress. How the action rules in

task planning for deep space exploration can be mapped into the constraint satisfaction problems is discussed. Based on the

conclusion, an action directed constraint is proposed to guide the variable selection procedure in constraint satisfaction problems.

Through theoretical analysis, the proposed technology can be used in constraint-programmed planning problem. The simulation

experiments show that the algorithm with action guided constraint can effectively reduce the number of constraint checks during the

planning procedure and has a better performance on total running time over the standard version. It lays the foundation for the

application of the project.

Key words: planning; constraint satisfaction; variable selection; action-oriented

High lights:

e The task planning problem is encoded into a constraint satisfaction problem to solve the deep space exploration planning

problems.

e How the action rules in planning act in constraint satisfaction problems is studied.

e An action directed constraint is proposed to guide the variable selected procedure in constraint satisfaction problems.
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