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Algorithm 1 Construct the dynamic set
for each constraints involved currentVariable do
if layer(currentVariable. TimeStep) == Null then
Ci.layer = currentVariable. TimeStep
else
if isconsistent(layer(currentVariable. TimeStep), C;) then
Ci.layer = currentV ariable. TimeStep
end if
return 0
end if
end for

K1 2Ly
Fig. 1 Construction method for dynamic constraint set
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Table 1 Mutual exclusion determination of action constraints in CSP
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%6 FOGHE.

DR &5 30 520 RORI h I SN E 2 A0 JETT 0T 5L 589

BAIAT. A Eh AL REME 3, 25 AR P IK
AR ERUEIEHE S5 CAREX R, 2R AN
ANAEARES: R, LR LIS AR
E5.

3 ETHSAREMRIRTIESE
3.1 BERgT

T AN AEZ o F B 3Rk B LA KO0 AT AT f (R A
FEPE, AMEZH E RN TR E M@ (Configura-
tion Problem) . “TLFE o1 (1% 2% b B U5 AH 25 14 T & 1]
B, W] DUR BRI A R ARk ok B,
kA~ TP P A G I B R AR I ) A, B A 3 T DA
TREA R R AR A I ATAT T7 580 AMEZY R i3

I FIRE AT DAAR 25 5 i ok 50008 e RN, 040 2 50 (1 485
FAHN BRI A ERNER . EXEROS]FNET
K AL B A S 2 R a) R A IR R RS

XoF R 2% AR 1) AT 20 SRk, 26 0 ARAIE fe
LKL AR I — S RES . 456 CSPH I s —3K
Hi—80, XAMEL R B IRSS AT T S, #
T BT S A AR SR R PO R e R

TERZTSRINMTES 1, SIELRR A ol
WL, i, BRERINRAAE S A E L R R sk 2 iy
7~y A RAEXT < rock, rockl > # BIA J5, 22 H IR
EAEL, 2, 5, 6} BT AN /2 9 — 3K R R 75 EERE PR 20 R
AT RS .

R FNBRREESHELRE

Table 2 Action constraint table sampling task

Variables rock gripper robot loc' gstate' loc™ gstate
1 rockl left robot locl 0 left 1
2 rock1 right robot locl 0 right 1
3 rock2 left robot locl 0 left 1
4 rock2 right robot locl 0 right 1
5 rock] left robot loc2 0 left 1
rock2 left robot loc2 0 left 1

BEXHRZS AT TR Al AT i R B R, AR
THE T ZN A A R A M A E 29 R P i JR %, il
VLR R PR AT RSB, T X EE
BEAT A AN [ 3 2, O ARG W B 3 s . X T I3
g sep(o) REAMEL WP H K LB EES,
5 M table(c) AL AN E L) ¢ W BT A RTAT AR 7 1)
£E.

Algorithm 2 DCS-EC filtering(CLABEL)
for each variable z € scp(c) | z ¢ past(P) d
gacValue [z] + ¢
end for
state < 1
while i < currentLimit [c] do
index + position[c][i]
T « table[c|[index]
if isValidTuple(c, 7) then
for each variable z € scp(c) | z ¢ past(P) do
if 7[z] ¢ gacValues|z] then
gacValue[z] + gacV alue[z] U {7(z]}
end if
end for
i i+1
else
remove Tuple(c, i, |past(P)|)
end if
end while
KXewt < ¢
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Fig. 3 Pseudo code for filtering algorithm of extensional constraint
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Variables rock gripper robot ...

1 rockl left robot ...
rockl right robot ...
rock2  left robot ...
rock2 right robot ...
rockl left  robot ..
rockl right robot ...
rock2  left robot ...
rock2 right robot ...
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Fig. 4 The data structure of the extensional constrained filtering algorithm
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Fig. 5 The data structure of the extensional constrained filtering algorithm
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Fig. 6 The data structure of the extensional constrained filtering algorithm
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Fig. 7 The data structure of the extensional constrained filtering algorithm
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Fig. 8 Comparison of processing constraints
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Table 3 Planning time comparison of example 1

Bk GAC BIRLIRE
10 0.22 0.140
20 1.36 0.840
30 7.02 2.000
40 15.73 4.670
50 30.91 15.125
60 60.57 25.970
70 145.67 44.890
80 189.64 61.230
90 308.65 151.640
100 516.04 294.170
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Table 4 Planning time comparison of example 2 Table 7 Comparison of mission planning and scheduling success rate
ik SRR 2 R R %
i Y
i oA ABEE HAELIHE 50 49 98
10 0.36 0.05
GAC 50 45 90
20 1.07 0.23
“ . 060 G Lt LG B, 2 8 ik — A LU AR 7 A A
“ . o RE R, P M LA 2 AT 25 B A 1) B )
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60 45.53 8.76 N _ N s 2 i
AR SCHR B A 2R AR SE B B BT 55 Sk
° ol 150 15 5/ 25 PR 5], 2 B S0 3 ) 22
80 167.21 3758 HEBON S, AR R 5] e 8 e B8 22 19 LR
90 237.09 140.63 {f&\o
100 399.44 260.43 %8 fREEX
Table 8 Quality comparison of different methods
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Table 5 Planning time comparison of example 3
A ER7R 155 56 N 1) 22 PR B[]
CAPS GAC AL GAC 120 40
1
10 0.07 0.09 BLIHE 102 28
20 0.27 0.14 GAC 118 31
2
30 0.50 0.47 LR 113 38
40 2.15 1.42 GAC 161 45
3
50 421 3.24 LR 157 38
60 8.87 6.99 GAC 168 25
4
70 3221 2327 LR 168 24
80 81.39 62.60 . \e
90 201.59 151.92 S
100 479.57 335.67 ASCAE 53 BT R 23 PR 5 24 R RIS 2R A et (1) Al
;R T M R &Y ik, )
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Table 6 Planning time comparison of example 4 Wit 7 AMEZ) ﬂiﬁ/fgﬁfi ° 1Zﬁ‘/£xﬂ‘¥ﬁzj] ANIE 2 PR3
A753 AT, AR AU S5 rh i B0 [ 1 o SR 40 5 5 3
ik GAC AHEHFHR PN IS N 7 S GEAESY S
10 0.34 0.21 T ARF A E ST, Wit 7R
20 2.04 1.06 R, IR ERIRE I, R A ig
30 10.78 2.93 EVQE a9 AP EI R TIOE € S 5§ S A R - KM
40 25.53 721 R T GACH L, FET 3L AR Pdid )k
“© oo e S5 il 1 2 1 240 A 8 o 8060 24 K 8
B, B Ia) R A 2 i A ) [E i o
60 77.33 40.51
70 142.41 70.16 & £ X
80 210.97 95.31 [1] AP, R E, R 2598, 55 IR IRIES H EROR R RIVIR 5 a2
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Research on Extensional Constraint Filtering Method Based on
Dynamic Constraint Sets

JIANG Xiao', XU Rui*?, CHEN Lijun’

(1. Beijing Institute of Space Control Instruments, Beijing 100854, China;
2. Institute of Deep Space Exploration, Beijing Institute of Technology, Beijing 100081, China;
3. Key Laboratory of Autonomous Navigation and Control for Deep Space Exploration,

Ministry of Industry and Information Technology, Beijing 100081, China)

Abstract: With the development of deep space missions and the complexity of scientific tasks, the autonomous mission
planning and scheduling of deep space explorers has become a research hotspot. On the basis of the task characteristics and the
analysis of the system constraints of deep space probes, combined the intelligent planning theory with the constraint satisfaction
technology, the dynamic characteristics of the constraints in the multi-layer constraint programming model is studied, and the fast
extensional constraint filtering algorithm is designed based on the dynamic constraint sets. In this method, the newly added
activities are classified according to the conflict between activities in the domain information, and the consistency of variables in the
constraint table are checked. The results show that the proposed algorithm can effectively reduce the number of invalid constraints in
the constraint processing, reduce the algorithm backtracking in the process of problem processing, and improve the efficiency and
success rate of the planning.

Keywords: planning; constraint satisfaction; filtering algorithm: extensional constraint; dynamic constraint set

Highlights:

® The newly added activities are classified according to the conflict between activities in planning domain information, and

the dynamic constraint sets is constructed.

® Based on previous research, an extensional constraint filtering algorithm is proposed.

[FAEthit: &, EXFh: K15





