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Topography Modeling, Mapping and Analysis of China’s First Mars Mission

Tianwen-1 Landing Area from Remote Sensing Images

LIU Sicong"?, TONG Xiaohua"“, LIU Shijie"’, XIE Huan"’, ZHAO Hui’, LIU Dayong’, XU Xiong’,
YE Zhen’, WANG Chao’, LIU Xianglei'
(1. Shanghai Key Laboratory of Space Mapping and Remote Sensing for Planetary Exploration, Shanghai 200092, China;
2. College of Surveying and Geo-Informatics, Tongji University, Shanghai 200092, China;
3. Center of Space Exploration, Ministry of Education, Tongji Unit, Shanghai 200092, China;
4. School of Geomatics and Urban Spatial Information, Beijing University of Civil Engineering and Architecture, Beijing 102616, China)

Abstract: By using multi-source remote sensing image data from Mars Orbiters, the technical framework for Martian surface
topography fine 3D modeling and automatic classification was developed. The high-resolution terrain of Tianwen-1 landing area was
made by combining the photogrammetry and the Shape-from-Shading (SFS) methods, and high-resolution images were used to
classify and analyze the topography category and distribution of the land area using a deep convolution neural network. The profile
analysis results show that the high-precision terrain data presented in this paper are highly consistent with high resolution digital
elevation model (DEM) products published by China and US, resulting in the mean elevation errors equal to 1.866 m and 1.074 m,
respectively. Furthermore, it can be seen from the comprehensive terrain and morphology analysis by using the orbiter remote
sensing images that near the landing point the slope is less than 3° and the fluctuation of the surface is less than 30 cm. This indicates
that the overall terrain of Tianwen-1 landing area is flat and the morphology category is relatively single, which meets the
requirements of the probe’s safe landing. The terrain produced by Tianwen-1 high-resolution camera data and classification results,
which can be effectively applied to the morphological analysis of the landing and patrol areas, when combined with multi-source
Mars remote sensing data such as HiRISE, can provide important basic data and reference information for subsequent scientific

explorations of Zhurong patrol.

Keywords: Tianwen-1; Mars exploration; terrain production; topography classification; HiRISE; HiRIC

Highlights:

e High-resolution terrain data of Tianwen-1 landing area is made by jointly using the photogrammetry and the Shape from Shading
(SFS) methods.

e Topography category and distribution of the landing area is classified by using a deep convolution neural network.

e The high-resolution terrain data made in this paper is highly consistent with NASA and CNSA developed DEM products.

e Results indicate that the overall terrain of Tianwen-1 landing area is flat and the morphology category is relatively single, which
meets the requirements of the probe’s safe landing.

e Subsequent scientific explorations of Zhurong Mars Rover can be comprehensively considered by using multi-source high-

resolution terrain data and topography classification results.
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