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Three-dimensional reconstruction of complex coastal terrain using laser
altimetry-constrained satellite stereo imagery
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Abstract: Three-dimensional terrain information is fundamental to coastal development and ecological protection.
Satellite stereo imagery can capture coastal 3D information efficiently, but digital surface model (DSM) accuracy
is limited by sparse ground control and imaging errors. To address this issue, this study proposes a 3D
reconstruction method using laser altimetry-constrained satellite stereo imagery, adopting a “large-area control
and coastal-zone extraction” strategy. Specifically, a mapping region covering both the coastal zone and its
adjacent land is defined, where laser altimetry footprints are used as elevation controls. An initial DSM is
produced through rational function model (RFM) geometric optimization and semi-global matching (SGM),
followed by precise co-registration and elevation correction using the minimum elevation-difference method. The
final high-accuracy DSM of the target coastal zone is extracted thereafter. Experimental results show that the
overall root mean square error (RMSE) of the GF-7 DSM is reduced from 21.41 m to 3. 67 m, representing an
accuracy improvement of 82%; the overall RMSE of the ZY-3 DSM decreases from 5.21 m to 3.13 m,

improving by 40% in accuracy, with the mean error (ME) approaching zero. The proposed method effectively
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suppresses systematic elevation biases in satellite stereo mapping and can meet the accuracy requirements for
1 : 25 000-scale mapping in complex coastal terrains.
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Fig. 1  Workflow of 3D reconstruction using satellite stereo imagery constrained by laser altimetry
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Fig. 6 Comparison of laser profile point clouds and DSM before and after matching
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Fig. 7 DSM after correction with laser altimetry constraints and extracted target coastal terrain
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Table 4 Accuracy statistics of DSM before and after correction with laser altimetry constraints

RMSE/m ME/m
X 35 LA &/ AR R — — RIIRE/ %
A% 1E Hif FEIE 1 1E K IE &

\ 7Y-3 6.71 3.19 —5.19 —0.33 52.5
T N 125 LiDAR

GF-7 23.19 3.79 —22.93 —1.46 83.6

- 7Y-3 3.94 3.11 —0. 32 0. 37 21.1
Eial LiDAR

GF-7 20.16 3. 60 —19.89 1.53 82.1

7Y-3 5.21 3.13 —2.24 —0. 14 39.9
ik LiDAR

GF-7 21.41 3.67 —21.09 0.34 82.8
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Fig. 8 Elevation error histograms of ZY-3 and GF-7 DSMs before and after correction compared with LiDAR
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