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Table 1 Parameters of experimental image

FE A FAGRLF, NG/ Hs A/ I

(] (6] ) (m-pixel )
1 M139872173LE  88.700  88.490 1.700 1.090
2 M139878946LE  68.250 88.490 20.700 1.160
3 M140903652LE  88.080  87.910 1.690 0.950
4 M140917211LE  67.660  87.920  20.620 1.030
5 M141378588LE  88.270  87.960 1.700 1.240
6 M141385360LE  68.000 88.000 20.780 1.310
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8 M139878946RE  67.960  88.500  20.580 1.160
9 M140890072RE  67.280  87.920  20.650 1.000
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11 MI141378588RE  87.690  87.980 1.140 1.240
12 MI141385360RE  67.370  88.020  20.830 1.310
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Table 3 Left-right consistency check error matching rate

%

BT BM SGM ELAS ECSM
FAGN 1 10.447 25325 3.407 2.583
RAZN2 29.423 12.898 13.990 12.940
FAZN3 13.431 0.657 1.064 0.694
AR XT4 32.051 3.627 4713 3.240
FARRTS 13.847 1.006 1.418 1.123

*4 HERKRLCEERR

Table 4 Median filtering error matching rate

%

AR BM SGM ELAS ECSM
AR 0.633 0.878 0.031 0.015
ARRT2 1.169 3.144 0.074 0.034
A3 1.231 0.252 0.049 0.045
AT 1.760 1.780 0.055 0.028
MRS 1.374 0.260 0.040 0.035

®5 KFRXXEIREAEER

Table 5 Horizontal cross-region error matching rate

%

2080 BM SGM ELAS ECSM
G 7.485 0.866 0.895 0.012
SARNT2 24.654 3.633 1.974 0.072
AR 9.484 0.204 0.256 0.022
A4 26.047 1.733 1.166 0.042
WABAES 9.766 0.211 0.473 0.208
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Terrain Reconstruction for Lunar South Pole Region Based on
Confidence-Guided Stereo Matching

2 2

YOU Qionghua"*, YE Zhen"*, TONG Xiaohua"’, XU Yusheng"?, LIU Shijie"*, XIE Huan"*

(1. College of Surveying and Geo-Informatics, Tongji University, Shanghai 200092, China;
2. Shanghai Key Laboratory of Space Mapping and Remote Sensing for Planetary Exploration, Shanghai 200092, China)

Abstract: The lunar South Pole region’s limited illumination, extensive shadowed regions, and homogenous surface features
with weak textures pose significant challenges to stereoscopic image matching and 3D terrain reconstruction. To address these issues,
an Efficient Confidence-guided Stereo Matching (ECSM) algorithm was proposed. This algorithm improved matching precision and
efficiency by assessing the confidence of non-support points, updating the support point dataset, constructing a triangulated mesh,
and recalculating disparities within triangle vertices based on their confidence levels. On this basis, a photogrammetric method for
lunar 3D terrain reconstruction was established. High-resolution image data from the Lunar Reconnaissance Orbiter’s Narrow Angle
Camera was utilized for validation experiments conducted in the vicinity of the Shackleton crater within the lunar South Pole region.
Qualitative and quantitative analyses of disparity maps and Digital Elevation Model (DEM) generated from different stereo matching
algorithms demonstrated the reliability of the proposed algorithm in regions with weak and repetitive textures. Comparative analyses
with the German Aerospace Center’s DEM and NASA’s Lunar Orbiter Laser Altimeter DEM (LDEM) for the same region revealed
significant consistency in elevation and slope information, affirming the practicality and effectiveness of the proposed method. This

study provides a methodological foundation for landing site selection for lunar South Pole explorations.
Keywords: lunar south pole; terrain reconstruction; stereo matching; confidence guide
Highlights:
e An Efficient Confidence-guided Stereo Matching Algorithm is proposed.

e Based on the proposed stereo matching algorithm, a high-precision 3D terrain reconstruction method for lunar photogrammetry is

established, and experimental validation is conducted in the vicinity of the Shackleton Crater region at the lunar South Pole.

e Compared with commonly used algorithms such as SGM, the proposed stereo matching algorithm exhibits enhanced robustness

and efficiency, resulting in DEM generation with better integrity.

e In terms of elevation and slope information, the generated DEM exhibits notable consistency with the DEMs produced by DLR

and the LOLA DEM generated by NASA in the same region.
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