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Fig. 2 Ridge and valley point demarcation
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Fig. 6 Results of topographic break line
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Fig.7 Reference DEM of the two groups of experimental data
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Table 1 Information of point cloud dataset
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Fig. 8 Accuracy indexes of feature sets at different scales
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Table 3 Comparison of break line extraction accuracy
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S DIRES SERENEI% 1EH1E% B/ %
TP FN FP
ES'WIR7S 30527 1374 2267 95.7 93.1 89.3
Lap$S 18371 3154 3555 85.3 83.8 73.2
B IX
D8 23901 14693 19830 61.9 54.7 40.9
PIM 10933 17043 9684 39.1 53.0 29.0
A7 ik 10631 2215 2642 82.8 80.1 68.6
Lap$S 9167 3809 3170 70.6 74.3 56.8
L
D8 7678 4239 7155 64.4 51.8 40.3
PIM 4570 7840 7744 36.8 37.1 22.7
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(e) Method’ proposed in this study
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Fig.9 Extraction results of Datal terrain break lines
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Fig. 10  Extraction result of Data2 terrain break line
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Fig. 11  Comparison of DEM accuracy with and without break line constraints under different reduction rates
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Fig. 12 DEM comparison of various methods based on 5% training points in mining area
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Topographic break line extraction method considering multi—-scale
characteristics and anti—shrinkage fracture

YANG Ziming,LI Yanyan,HAO Jinda, HONG Zhuangzhuang, CHEN Chuanfa

College of Geodesy and Geomatics, Shandong University of Science and Technology, Qingdao 266590, China

Abstract: Topographic break lines are key structural lines that describe complex terrain features and optimize terrain representation. They
can precisely depict the geometric shapes and structural details of the terrain. Accurate extraction of these lines is of great significance for
enhancing the authenticity and reliability of digital terrain models. However, accurately and completely extracting topographic break lines
from point cloud data has always been a core technical challenge in the field of digital terrain modeling. In response to common problems
such as low completeness, insufficient accuracy, and severe over- and under-extraction in current methods for extracting topographic break
lines based on ground point clouds, this paper proposes a topographic break line extraction algorithm that takes into account multiscale
characteristics and anti-shrinkage fracture. The aim is to significantly improve the accuracy and robustness of topographic break line
extraction.

This method first addresses the issue of single-scale characteristics being insufficient for comprehensively capturing the complex
terrain changes by using a random forest model based on multiple scales and features to capture potential terrain feature points. Then,
potential feature points are classified into potential ridge and valley feature points by analyzing the point cloud contraction trend, and
regional growth clustering with principal direction consistency constraints is used for denoising. Subsequently, the problem of feature lines
breaking and endpoint contraction caused by traditional Laplacian smoothing is addressed by using the Laplacian with vertical constraints to
smooth and refine the denoised potential ridge and valley feature points. Finally, under the constraint of connecting edge clipping rules to
eliminate false connections, a minimum spanning tree is constructed to obtain high-quality topographic break lines.

The validity and superiority of the method were verified by conducting experiments in two typical terrains: mining areas and
mountainous regions. Quantitative and qualitative comparisons were made with three mainstream methods (LapS, D8, and PIM). Results
showed that the proposed method was significantly superior to the comparison methods in terms of completeness, accuracy, and
comprehensive quality indicators. In each complex terrain area, the completeness, accuracy, and quality of topographic break line extraction
improved by at least 10.4%, 5.8%, and 11.8%, respectively. The study also evaluated the accuracy of constructing a digital elevation model
by using the proposed topographic break lines as constraints. The experiments found that, under different point cloud densities, especially
when the data density was lower than 10%, the DEM accuracy constrained by the topographic break lines was significantly better than that
without constraints. The root mean square error and mean absolute error of the DEM increased by 55.9% to 82.9%, effectively maintaining
the terrain details and overall shape.

In conclusion, the proposed method, taking into account multiscale characteristics and anti-shrinkage fracture strategies, significantly
improves the accuracy and completeness of topographic break line extraction. On this basis, it effectively supports the construction of high-
fidelity digital elevation models, thereby providing a reliable technical solution for terrain feature analysis and high-precision digital terrain
modeling in complex environments.

Key words: airborne LiDAR, topographic break lines, multiscale terrain characteristics, laplacian smoothing with constraints, digital
elevation model
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