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Table 1 Solution to deep space exploration mission planning
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Fig. 1 Knowledge modeling for deep space exploration mission planning
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Table 2 Multi-attributes triple model in cognitive graph

Algorithm 1: Create Mission Planning Cognitive Graph for Deep Space

Input: SPO sheet spos, Cognition Graph cg, Point Sets in cg ps, Edge Sets
in cg es;
Output: cg ;
1 build V| « ¢, V> « ¢ for saving points temporarily
2 build V « ¢ for saving points permanently
3. build E « ¢ for saving edges temporarily
4 For v in cg do:
Vi Vi+{sifh Vo < Vot {sij}
End For
7. VeViuvi—Vy)
8: For v;;in Vdo:

AR

9: draw v;; in cg representing s;;

10:  End For

11: For g, in E do:

12: build vs « v;; for the start of ma;,

13: build v, < vy y for the end of ma;,

14: draw g;,, from vy to v, representing ma;,,
15:  End For
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Table 3 Mission planning in cognitive graph with multi-
attribute constraint conflict detection

Algorithm 2: Mission Planning in Cognitive Graph with Multi-attribute
Constraint Conflict Detection

Input: solutions St and At, Cognitive Graph cg, capacity maximum
constraint ¢y, electricity maximum constraint ep,x, fuel maximum
constraint fiax, time maximum constraint £,y

Output: flag of St fs, flag of At fm;

1: Ste—¢,Ar ¢

2 build stack < ¢ checking constraint conflictions
3 Fors;jincgdo:

4: push s;; into stack

5: While stack is not ¢ do :

6:  build s for saving popped item of stack
7: aggregate neighbors of s;; into U

8: ForuinUdo:

9:  IFué¢stackdo:

g: putuinto St

9: locatea;, with u and s

10: put a;, into At

11:  EndIF

12: End For

13:  End While

14:  End For
At At
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Table 4 Experimental example description

WH A0 S 5I2 54513 H4 555 A6 H7 S8 9 FHAI10
fiffmax 850 400 400 400 350 800 350 400 850 800

FEmax 900 800 950 1000 700 850 600 750 700 650
BiFlmax 300 400 450 500 200 300 300 400 300 400
It [almax 2 900 3 000 3 550 3 500 2 500 3 500 2 500 3 000 3 500 3 000
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Fig.3 Cognitive graph planning results and corresponding Gantt charts
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Cognitive Graph for Autonomous Deep Space Mission Planning and Multi-

Constraints Collision Detection

LIU Jingxing', WANG Bin"’

, MAO Weiyang', XIONG Xin'

(1. Faculty of Information Engineering & Automation, Kunming University of Science & Technology, Kunming 650500, China;

2. Yunnan key Laboratory of Artificial Intelligence, Kunming University of Science & Technology, Kunming 650500, China)

Abstract: To deal with the multi-constraints in multi-subsystems coordination mechanism in deep space exploration mission

planning, in this paper a cognitive graph architecture and a multi-attributes constraint conflict detection method were proposed for

deep space exploration mission planning. In this paper, the graph representation method was adopted to realize knowledge modeling

of task planning, the state transition diagram was constructed into triples to realize rule matching during task planning, and a multi-

attributes constraint conflict detection algorithm was proposed based on the graph model inference method, so multi-subsystems

cognitive reasoning and constraint conflict testing for task planning were realized. Simulation experiments were carried out with

different scales of deep space exploration mission planning examples. The experimental results show that compared with genetic

algorithm, traditional heuristic algorithm, constrained heuristic algorithm, and evolutionary neural network algorithm, the method

proposed in this paper can effectively shorten planning time, and reduce the solution space and memory consumption, effectively

improving the success rate and feasibility of deep space exploration mission planning.

Keywords: deep space exploration; cognitive graph; graph model; mission planning; multi-constraints collision detection

Highlights:

e A system framework of cognitive graph for autonomous mission planning in deep space exploration is proposed.

e Using graph representations learning to implement knowledge modeling for task planning of deep spacecraft.

e Mapping state transition into triples to realize rules matching in the process of task planning.

e A multi-attributes constraint conflict detection algorithm is proposed and realized.
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