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Fig. 1 Location of volcanic vents in Jingpohu Holocene volcano
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Fig. 5 Schematic diagram of rotation modeling method
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Research on Realistic 3D Modeling Technology of Lava Tube for

Future Lunar Scientific Expedition
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(1. School of Land Science and Technology, China University of Geosciences, Beijing 100083, China;
2. Research Center of Lunar and Planetary Remote Sensing Exploration, China University of Geosciences (Beijing) ,
Beijing 100083, China;
3. Subcenter of International Cooperation and Research on Lunar and Planetary Exploration, Center of Space Exploration, Ministry of Education of

the People’s Republic of China, Beijing 100083, China)

Abstract: This article proposed a 3D real scene modeling method for lava tubes that integrates airborne LiDAR, close-range
photogrammetry, and point cloud data from GeoSLAM handheld laser scanner, with a focus on future lunar surface scientific
explorations. Firstly, the entities were divided, and then entity feature extraction was performed based on semantic information. A
new mesh model construction method was proposed, which uses multi-level model construction method and skeleton-plus-detail
modeling method to construct the mesh model of the inner surface of the lava tube. Finally, entities were constructed separately
between different layers inside the model to simulate the original state of different layers, and to measure layer thickness and volume
of spallation. The 3D modeling of the lava tube located in Jingpo Lake, Heilongjiang province, shows that the 3D modeling method
for lava tubes based on multi-source data fusion has high precision and high realism, providing an important reference for subsequent

lunar lava tube skylight detection, Earth-Moon simulation comparison and internal exploration.

Keywords: 3D reconstruction; airborne LiDAR; proximity photogrammetry; lava tube; GeoSLAM scanner

Highlights:

e Combining GeoSLAM and close-range photogrammetry data allowed for a comprehensive measurement of the interior and

exterior of lava tubes, resulting in the creation of highly accurate models that faithfully replicated the details of lava tubes.

e The semantic information-based division of the three-dimensional model of lava tube micro-landscapes was conducted to delineate

entities within lava tubes. This process aimed to provide model data for subsequent research on the internal structure of lava tubes.

e PCA-based top peeling surface extraction was applied to the point cloud data, with a detection range error of approximately 0.2
meters. Simultaneously, utilizing the extraction outcomes, a multi-level refined modeling based on section segmentation was

performed. This approach facilitated separate measurements and simulations of the multiple layers of peeling at the top of lava tubes.
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