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Fig. 11  Statistics of runtime by different methods
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Rapid planning method for lunar direct ascent and rendezvous trajectory in
emergency cases
BAN Huanheng" >, ZHOU Cong" >, YAN Xiaodong"*"

(1. School of Astronautics, Northwestern Polytechnical University, Xi’an 710072, China;
2. Shaanxi Aerospace Flight Vehicle Design Key Laboratory, Xi’an 710068, China)

Abstract: When a lunar detector encounters unexpected conditions and needs a return to the lunar orbiter or
Earth, the lunar ascender should be able to plan an appropriate ascent and rendezvous trajectory independently in
emergency cases. In this paper, a direct ascent and rendezvous trajectory optimization model was established based on
a successive second-order cone programming method, and minimum ascent and rendezvous time was chosen as the
objective function. Additionally, a convex optimization algorithm was proposed to solve the ascent and rendezvous
trajectory optimization problem. In order to enhance computational efficiency, the interior point method was
customized and modified. The main adaptations included: the process of solving linear equations was customized and
modified; a warm starting was used in the interior point method; the second-order cone programming subproblem
solving accuracy was adjusted dynamically. Simulation results demonstrate that the proposed lunar ascent and
rendezvous trajectory optimization method in emergency cases facilitates the rapid ascent and rendezvous process of
the lunar ascender. Moreover, when compared to the traditional successive second-order cone programming method
employing a general interior point method solver, the proposed acceleration technique achieves a speedup ratio of
approximately 9.5 times while maintaining the same level of solving accuracy. Consequently, the method outlined in
this paper holds significant potential for enabling autonomous online trajectory planning of lunar ascenders.

Keywords: lunar ascent and rendezvous process in emergency cases; successive second-order cone
programming method; customized interior point method; warm starting in interior point method; online trajectory

planning
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