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temperatures in the south pole in 2009~2019
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Table 3 Path planning indicators of different algorithms
Sk WE/s KEOBED KR S W AS IR
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Adaptive A" Algorithm-Based Path Planning for the Lunar South Pole

ZHAO Siting', XU Bo', GUO Jierong', LUO Haibo*®, LI Xin"
(1. School of Aeronautics and Astronautics, Sun Yat-sen University, Shenzhen 518000, China;
2. Aerospace Information Research Institute, Chinese Academy of Sciences, Beijing 100094, China;
3. Key Laboratory of Earth Observation of Hainan Province, Hainan Aerospace Information Research Institute,
Wenchang 571300, China)

ABSTRACT: To address the path planning challenges in lunar south pole water ice exploration caused by
dynamic environments such as constraints of terrain, time-varying illumination, and spatiotemporal char-
acteristics of temperature, an adaptive A™ algorithm—-based path planning method was proposed. First, the
slope and annual illumination parameters in 2025 in the south pole were calculated based on the digital ele-
vation model data from Chang’e-2 mission through improving the traditional A" algorithm. The tempera-
ture at each point in 2025 was predicted by combining Diviner data from 2009 to 2019, and a four-dimen-
sional cost function integrating time and environmental parameters was constructed. The search range was
adaptively adjusted according to risks, such as rough terrain, extreme temperature, and insufficient power
of the lunar rover. Meanwhile, the cost evaluation mechanism was modified, and the illuminated areas
were permanently considered priority regions for path planning to ensure energy supply. Finally, an 85.85-
kilometer detection path was planned at the edge of the Shackleton Crater, with the characteristics of gen-
tle slope, illumination intensity of 1, and controllable temperature. In addition, point-by—point tempera-
ture field prediction and verification driven by Diviner data were realized for the first time. Experimental re-
sults indicate that compared with Dijkstra, probabilistic roadmap, and rapidly—exploring random tree algo-
rithms, the proposed algorithm reduces the path computation time by up to 48.15%, shortens the path
length by a maximum of 27.65%, and lowers the planning risk rate to 0.01%. It exhibits significant en-
hancement in safety and efficiency, overcomes the limitations of traditional A" algorithm, which can only
perform path planning in static environments, and can address various environmental risks in a targeted
manner, providing reliable technical support for sustainable lunar polar exploration.
KEYWORDS: water ice exploration; path planning; A" algorithm; Chang’e-2 DEM; Diviner data
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