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Abstract An iterative matching method based on choosing optimal mask and representing deformation by the quadric
function is proposed to solve the matching problem of 2C level lunar images by Chang'E 1 (CE1) lunar probe satellite.

The simulation results show that it has high precision and stability which self adapts well to the relief terrain’s
imaging deformation. A precise matching is applied to the normal view, forward view and backward view of the CE1

IR
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image by combining the proposed method and the standard correlation method. Affine model approximating the
imaging of line scanner camera is analyzed and applied to the same orbit's three-view reconstruction. The adjacent
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orbit's lunar terrain registration is realized by RANSAC estimation of three-dimensional (3D) coordinate
transformation parameters led by matching feature points of adjacent normal views. The experiment results indicate
function deformation; Chang'E 1; lunar image
OCIS codes

that the shape and terrain of lunar surface can be better understood from the reconstructed results.
100.2000; 100.3010; 110.3010; 110.4850

image processing; three-dimensional reconstruction; image matching; three-line-scanner; quadric
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Fig. 1 Imaging principle of 3-line-scanner. (a) Coordinate system definition for 3-line-scanner camera;

(b) view geometry of push-broom line camera
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Fig. 2 Corresponding image points from three-view. (a) Three-view imagery for single object point;

(b) on motion direction; (c) perpendicular to motion direction
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Fig. 3 Simulated three-view images and corresponding

contour line
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Fig. 4 Three-view imaging of the satellite borne 3-line-scanner camera to aerolite crater
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Fig. 5 Imaging of semicircle arc lunar surface section. (a) Semicircle arc; (b) three-view imaging of the semicircle arc
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Table 1 Matching deformation and correlation coefficient of the acme from the normal view to the backward view

with different radii

Radius /pixel 5 10 20 30 40 50
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Table 2 Mean standard deviation of all image points in different-radius circular areas by two matching methods (unit; pixel)

Radius 5 10 20 30 40 50
ALSM 0.08 0.13 0. 24 0.55 0.58 0.73
Proposed method 0. 06 0. 05 0.07 0.09 0.11 0.16
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Fig. 6 Reconstruction flow chart of lunar surface
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Fig. 7 Comparison of the matching precision of the proposed method. (a) Normal view; (b) forward view;

(¢) comparison of the correlation coefficients (dark line)
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Table 3 Re-projection error obtained by the proposed method on x direction (unit; pixel)

Re-projection error on x direction

Simulated image pairs Total pixels — - -
Minimum Maximum Average Median
n-view and b-view 293219 —0.90194 1.01223 —0.00363 0.07955
n-view and f-view 297853 —1.13799 0.48746 0.00986 0.07828
# 4 DSM 2 ICRCFE )G v J7 ) B8 22 (LA : pixeD)
Table 4 Re-projection error obtained by the proposed method on y direction (unit: pixel)
. . ) ) Re-projection error on y direction
Simulated image pairs Total pixels — - -
Minimum Maximum Average Median
n-view and b-view 293219 —0.76927 0. 88823 0. 00061 0.0414
n-view and f-view 297853 —0.6184 0.6435 —0. 00093 0.04171
# 5 DSM % i VC e 7 4 Ji5 V- 11 BE 25 5% 25 (B A« pixeD)
Table 5 Error of distance to surface obtained by the proposed method (unit: pixel)
. . ) . Re-projection error
Simulated image pairs Total pixels — - -
Minimum Maximum Average Median
n-view and b-view 293219 6X10° 1.10924 0.07344 0. 08968
n-view and f-view 297853 0.01 1.13915 0.07267 0. 08869
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Fig. 8 Reconstructed map of lunar surface. (a) Global 3D reconstructed map with two orbits;

(b) local region of the lunar 3D map
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