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Fig.2 Attitude maneuver quaternion curve of deep space probe
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Fig. 3 Attitude maneuver control torque curve of deep space probe
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280 21 G PR SRS BRI A8 R R BRAR AR & NI
BN, WESHR, R XIBERESIRL
W, AEELIRESHEEE. TR, ®EHRE
IMERIZ B PGEELR ORISR B bR i, JF HBA it
NLYRIXEE, U IHZ AR RENS 158 2 R LS LB’ A .
80

60 : o,
40

4 ()

-150 -100 -50 0 50 100 150
2 ()

5 I ESTERBRALSR R T RSB AT
Fig. 5 Attitude maneuver path of deep space probe in celestial
coordinate system

I, PRI AR 7 R ERAA AR 2N 0T L6 AH AL 2 18]
BAENSBEWECHTR, H, R XIEERR L
BIEMAR, LR HLENNIEL. kAT
E i, TERRNZRILEE AR ot F AL T B T 44
KRR, e TEERALARE, BT REMES
MLk E. M EIRFTA R ULE L, ASCRHAE
RG] DU R 2 PS40, I T SRR Rk

Z A R R P T K R36 s, B
PLBNET 9200 s, BEVHAE AR XS B2 0.8 F:T-4H
0 B EE, X b3 T I )4 Ak 1 22 2 kAL SR
I TE) B Ak S B A v 22 4 b AL SV 1) T 3 ds AT R
60 s, BWANEIN K N220s, BEEHFERIARN ALK
1.5, ATLLEH, 2 H bR MR Ek R 3 s 7 e
FIRE R MR RCR UL KRR P Is 4T3 B, B B IR
() B 2 P A R



152 PRI 2 (R3S

20214F

6 RERASKR A T U RO &% T WOGAR L WA S HLEh A
Fig. 6 Space attitude maneuver path of visible camera of deep space detector
in celestial coordinate system
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Combination Planning for Attitude Maneuver of Deep Space Probes Based

on Multi-Objective Optimization

WANG Zhuo"?, XU Rui"’

(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: For deep space detectors attitude maneuver tasks, it is necessary to optimize several performance index parameters.
In this paper, the multi-objective planning problem of attitude maneuver for deep space detectors is studied, and a multi- target
combination planning method is proposed to calculate the attitude maneuver path. For multi-objective programming, the attitude
objective function is designed through physical planning method, which transforms multi-objective optimization into a single
objective planning problem, and at the same time replaces fitness function as the population selection criterion. The combined
differential evolution algorithm is designed to improve the mutation process. The initial attitude path obtained by fast Euler maneuver
is added to the mutation formula with a certain probability, so as to improve the convergence rate and program operation
efficiency, and realize the multi constraint and multi-objective attitude maneuver path combination planning. Finally, the
feasibility and effectiveness of this method are verified by numerical simulation of large angle attitude maneuver of deep space

probes.

Keywords: uncertainty; deep space exploration; attitude maneuver planning; multi-objective optimization; combined
differential evolution

Highlights:

e Multi-objective optimization of time and energy for attitude maneuver of deep space probe is studied.

e The multi-objective optimization is transformed into single objective programming to replace fitness function as the population

selection criterion of differential evolution.

e The initial attitude path obtained by the fast Euler maneuver is added to the variation formula with the set probability to improve

the variation process of differential evolution.

e The combined differential evolution algorithm is designed to improve the convergence rate and the efficiency of the program.

(i dt: RE, EXFH: K]
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