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[ Abstract] This paper proposes a hybrid path-planning algorithm that integrates an improved Bidirectional Rapidly-exploring
Random Tree (Bi-RRT) with an enhanced A* search to support safe astronaut traversal on the lunar surface under complex constraints.
First, an obstacle density adaptive goal-bias Bi-RRT algorithm is used to rapidly explore complex lunar terrain and generate an initial
feasible path, effectively managing the computational challenges posed by large-scale search spaces. Then, the search space is
constructed by morphological expansion operation on the initial feasible path, which provides effective guidance for fine path
optimization. Finally, within this region a multi-constraint weighted A* algorithm plans the final path, focusing on balancing multiple
indicators such as energy consumption, risk, and illumination conditions. Experiments on real lunar terrain data show that the hybrid
method achieves a superior balance across path length, success rate, metabolic energy consumption, risk avoidance, and illumination
conditions when compared with existing planners. By uniting the fast exploration of Bi-RRT with the precise optimisation of the
weighted A*, the algorithm improves both efficiency and quality of path planning in complex lunar environments and provides an
efficient, reliable solution for astronaut lunar walking.
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Fig. 5 Framework of hybrid path planning algorithm
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Fig. 11 Impact of inflation radius on path length and stability analysis
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Table 1 Detailed information of start and end points for
lunar path planning
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Fig.13 Path planning results
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Table 2 Ablation study results comparison
L BEKE/m BTN/ BN/ % HIEERAE/ %  ARBHERE/ kI SRR e/ (W/mr2) A
Std Bi-RRT 9877.23 2.38 85.10 56.39 867.22 0.0063 9.86 0.181
AGB Bi-RRT 7272.83 0.56 84.99 61.80 575.32 0.0057 10.09 0.629
AWA* 10634.28 4.85 100.00 65.17 985.33 0.0053 12.49 0.497
HPPA 8396.66 5.18 100.00 66.53 757.31 0.0054 12.49 0.709
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Table 3 Performance comparison of path planning algorithms
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HPPA 3788.044 0.921 100 485.694 0.006 12.364 0.827
MoonPath 3945.962 18.831 100 17.378 410.650 0.009 12.200 0.683
MCA* 3309.111 0.079 100 521.897 0.009 10.103 0.660
Std Bi-RRT 5424.015 0.511 82 629.640 0.007 9.836 0.213
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Fig.14 Multi-dimensional performance comparison radar chart of

four path planning algorithms based on normalization
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