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Fig. 9 Information of corrected reference convex trajectory
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Table 2 Parameters of flexible landing trajectory cooperative

optimization
H B
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FMER Ay TRt R Ek 1708.4
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SR RO () 15
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Table 3 Convergence of trajectory deviation during successive
convex programming process
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1 0.4215 —
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5 0.4453 0.8722
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Fig. 10 Cooperative landing trajectory constrained by virtual
safety boundary
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Fig. 11 Information of node 1’s landing trajectory
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Table 4 Terminal states of three nodes
1 1A B /m [-0.221,-0.011,-0.083]
AT 2 B /m [~1.086, 0.569, —0.124]
1 25347 B /m [-1.156,-0.471,-0.111]

T/ (mes™)
A2/ (mes™)
I E3HE (ms )

[6.47 x 107, -4.92 x 107, -7.40 x 10

[7.72 x 10*,0.001,-3.20 x 107]

[-5.57 x 10, 0.001,

-8.39 x 10]
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Fig. 12 Profile of distances between nodes
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Adaptive Curvature Guidance for Flexible Landing on Small Celestial Bodies

ZHAO Dongyue"®, ZHU Shengying"’, CUI Pingyuan"*

(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: Flexible landing is a new way to prevent rebound and overturning in weak gravity environments of small celestial
bodies and improve landing safety on these bodies. To realize obstacle avoidance of the flexible lander during the landing process,
an adaptive curvature guidance method combined with convex programming and the concept of virtual safety boundary was
proposed. Based on the geometric convex trajectory obtained through curvature guidance, a virtual safety boundary related to the
structural characteristics of the flexible lander was constructed. The shape of the boundary was adaptively adjusted according to
terrain obstacle information, and the optimal obstacle avoidance trajectory was solved via successive convex programming
technique. The result of numerical simulation shows that the method proposed in this paper possesses satisfactory obstacle avoidance
capability for the flexible landing mission in complex terrain conditions, which further improves the landing safety on small

celestial bodies.

Keywords: small celestial body; flexible lander; curvature guidance; dynamic safety boundary; successive convex
programming

Highlights:

e The concept of virtual safety boundary is constructed according to the characteristics of the small celestial body flexible lander.

e The virtual safety boundary of flexible landing is generated adaptively through the curvature guidance technique and the model of

expanding safety zone.

e The trajectory programming problem constrained by the virtual safety boundary is constructed for flexible landing, which can be

solved quickly.
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