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Table 1 Activities in the Mars rover model and their meanings

G4 TR P
navigate T
recharge 7
sample_soil THERFE T
sample_rock HARRE T
drop ERHEAR
calibrate TAHEAR L
take_image AL

T 5 il 5% A2 i - 390 A M8
174 i A o A 0 i
T 5 i 4 % i PR B0

communicate_soil_data
communicate_rock_data

communicate image data

(:durative-action sample rock

:parameters (?x - rover ?s - store ?p - waypoint)

:duration (= ?duration 8)

:condition (and (over all (at ?x ?p)) (at start (at ?x ?p))
(at start (>= (energy ?x) 5))
(at start (at_rock_sample ?p))
(at start (equipped_for_rock_analysis ?x))
(at start (store_of ?s ?x))
(at start (empty ?s))

:effect (and (at start (not (empty ?s))) (at end (full ?s))
(at end (have_rock analysis ?x ?p))
(at start (decrease (energy ?x) 5))
(at end (not (at_rock_sample ?p)))
)

1 XA ACREE R B F AR R ]

Fig. 1 An example of an action model for rock sampling
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atrwl
at_lander 1 Y atr w2
visible w2 Y at landerlY
available r visible w2 Y
channel_free r available r
at_soil sample w2 a, channel free r

(>=(energy )8) _analysis r

store_of's

a, have soil analy r w2
equipped_for soil ana > at_soil _sample w2 > (>=(energy r) 4)

lysis r equipped_for_soil

(>=(energy 1)3)

atr w2 |’

at_lander 1 Y

com_soil

_data w2

_visible w2 ¥
available r

channel free r

empty s store_of s r
can_traverse r wl w2 empty s
visible wl w2
G, G,

a, (navigate r wl w2)
L a, (sample_soil r s w2)

G, G;

a; (communicate_soil_data r1 w2 w2 Y)

2 RT3 RES R 5
Fig. 2 Partial state sequence of the plan T4
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Fig.3 Tllustration of mission plan repair strategy
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Bk 1 F T RAS I JOR IS AR PRI 55 WIS 52 3R
N MRIZR 4
k. MRIESE M Pk failure

. Gpe—mission goals
. fori=ntol
G, =I(G,a)//aisin 4

. end for

. Pa—{ak, ar+1, ak+2,...,an}
. findsolution—false
. fori=k-1ton-1
Gremp—Gi
10.  Tree—Gremp
11. ifGrmp S

1
2
3
4
5. S<the state of the rover when action ax fails executing
6
7
8
9

12. P4« Pi\{ ai+1, @i+2,....an }, findsolution—true
13. return P4

14.  else

15.  while Tree.depth < n-k+4

16. for {a| a ¢ A, applicable for repair in Gremp}

17. G =I(Gy,,.a)

18. if there are no conflicts in ;' and Tre

19. Tree=Tree| ] G'

20. if G Cs

Pa—Pa | {actions from G’ t0 Gremp }\{ ai+1,

21 Qit2,...,an }, findsolution—true

22. return P

23. end if

24. end if

25. end for

26. Gremp— {g| g is an unused node in Tree}
27.  end while

28. end for

29. if findsolution is false

30. return failure

B4 KRS A 55 R0 5 s Dl 1R
Fig. 4 Pseudocode of fast mission plan repair strategy for Mars rover
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Fig. 5 Node generation method based on state difference
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p) s ...; e have image (r, Oy, color) , ...) , N
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pre: al(r, p),***
take_image

eff: have_image(r, O,, color),**

G’={a(r, p), =}
El6 #orRESELRREZ AT RRE

Fig. 6 Conflict between the partial state and the regressed state
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s: soil r:rock L:lander R:rover

1. 0.0: (calibrate R camera objectivel w;) [5.0]

2. 5.0: (take_image R w; objectivel camera high_res) [7.0]

3. 12.0: (communicate_image_data R L objectivel high_res w; w;) [15.0]
4. 27.0: (sample_rock R rstore w;) [8.0]

5. 35.0: (navigate R w; wl) [5.0]

6+ 35.0: (drop R rstore) [1.0]

7. 40.0: (navigate R w, w,) [5.0]

8. 45.0: (communicate_rock_data R L w; w, w;) [10.0]

9. 55.0: (sample_soil R rstore w,) [10.0]

10, 65.0: (communicate_soil _data R L w, w, w,) [10.0]

BT R R 4 5
Fig. 7 Simulation scenario and its planning results

F R R IR A U A, ORI PAT R MR A
FE AP, — 2B RN, Wiw, Alw, 2 [
WE B OIR, SO TV B M w, BliEw,: 5
— PR AR AR U, AL AR AL E AR A . B
MIAEE AT . ARk, o, 25 B T 3R
Klw3 Flopject Z AT E L, AEAFEEIANENE (R HEAE
IR X 22 N NTTR SR G R 7S = R /N
Ao WA A Y BERAS 5 R 45 R b i T IR S A2 7
725, RPDSHLFFHIXLEAE, G H 0 H X 8L
SPRA I T AL, R A b A8 2R R
fift, SERGARINE 5 10 UK K-

e, R EA R AT I ) B N A A
KA FRIPAT R, HRAHRPDSHATIEE . 1 Fll
R FE2, ESAEIHR~. Hd, RPACHA[15]F
773, ARG, MiEREEEMMKER
3, IR N4, RSE S Nlava, MRS NI17-6 700 CPU@
3.40 GHzA1 8 GBI 1% .



2 W

Mro BaE. BETRESZE R KR AL PRI 55 B 5 7 ik 129

MAT RS R AT LR Y, AR ARG E 57
(I 25 MERIME 5275 VR RPDS AN A8 b 38 [ 47 2% 1 1 1k
R AR SR AT R B B AT B R, T AT
RPJ5i5, BRIBD 1 IR D a3 12 5240 e A T 8 10 14049
PREHL, HAEKE G0N 4 TR R, JEHE
Xt ER AR AR S A R W sh 1 1 A5 2% 1R 1 DL
RPDSHEW FETHKLA62% A% . thah, 5HE MR
SapaffJ 45 RELH, RPDSHE R 1 I ALAS MAAT R 1
I

®2 AEFEMRGERIL

Table2 Comparison of test results of different methods

WY BSGEN/ms PRI A BESER BRI

1 0.198/0.561 2/260 1/1 1/1

2 0.213/0.514 3/260 171 171

3 0.243/0.572 5/260 2/2 1/1

4 0.458/2.055 16/260 4/4 0.8/0.8

5 0.517/1.316 9/369 171 0.9/0.9

6 0.587/1.236 8/122 3/3 0.833/0.833
7 0.461/1.189 5/155 2/2 0.833/0.833
8 0.549/1.457 8/122 3/3 0.833/0.833
9 0.386/1.190 5/155 2/2 0.833/0.833
10 0.482/— 5/— 1/— 1/—

11 0.727/0.927 14/305 2/2 1/1

12 0.595/0.821 14/305 2/2 171

13 0.590/0.825 14/305 2/2 1/1

14 0.474/0.725 2/172 2/1 1/1

VE: A ERPDS/RPIE AL, #1410.198/0.561 K 7RRPDSFERS
0.198 ms, RP#ERF0.561 mso

105 -
—8&— sapa
—aA— RP
—%— RPDS

100 +

102 +

FEMS /ms

—n—u
| n—n—u | N e ~u

\A—A—A/“\A

100 F A
A« /*/*H(\*/x\*/*/*\Q—Q\;

—x—XK
1 0*] 1 1 1

1 2 3 4 5 6 7 8 9 1011 12 13 14
RIME S 170 L 5
B8 ANFETTEKE AT [ b
Fig. 8 Comparison of operation time of different methods
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Fig.9 Comparison of the number of expansion nodes in different methods
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Fast Mission Plan Repair Method for Mars Rover Based on State Difference

CHEN Chao"’, XU Rui"’, LI Zhaoyu"*

(1. School of Aerospace Engineering, 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 uncertainty of Mars environment and the difficulty to predict the failure of electronic equipment will seriously
affect the actual effect of the pre-designed plan of the rover on Martian surface, resulting in plan execution failure. To solve this
problem, a fast mission plan repair method based on state difference is proposed based on the fact that there is long delay between
the Mars rover and the ground station. This method constructs partial states at different times by extracting the key information from
the existing plan, lying on the difference between the perception state and the necessary state of action execution. And then the rapid
mission plan repair strategy for Mars rover based on the partial state is presented. In this strategy, to improve the efficiency of plan
repair, the search space deletion method based on the state difference between the actual state and the partial state is proposed.
Simulation results demonstrate that this method can not only improve the efficiency of mission plan repair, but also ensure the plan
stability.

Keywords: plan repair; Mars rover; partial state; state difference

Highlights:

e Partial states are constructed by extracting the key information from the existing plan, lying on the difference between the

perception state and the necessary state of action execution.

e A fast plan repair strategy of Mars rover is presented based on the partial state.

e A search guiding method is proposed, which can generate search nodes selectively according to the differences between partial

state and real state.

e The rapidity of the method is evaluated, and it is found that the proposed plan maintains good plan stability.

[EHRA: R, EXFR: RIE]
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