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Single tree skeleton extraction algorithm based on terrestrial
ground LiDAR point clouds

LIU Xiaoran', XU Aijun'?, ZHOU Suyin', YE Junhua’

(1. College of Mathematics and Computer Science, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China;

2. Zhejiang Key Laboratory of Intelligent Sensing and Robotics for Agriculture, Zhejiang A&F University, Hangzhou

311300, Zhejiang, China; 3. College of Environment and Resources, Zhejiang A&F University, Hangzhou 311300,

Zhejiang, China)
Abstract: [Objective] This study aims to propose an approach for tree skeleton extraction based on terrestrial
LiDAR point clouds, so as to achieve high-precision and high-fidelity 3D tree reconstruction. [Method] For
the segmented point cloud of a single tree, Hilbert curve was used for downsampling and denoising to improve
computational efficiency and remove noise. After branch and leaf separation and obtaining the complete branch
point cloud, a semantic Laplacian contraction algorithm was applied to extract the initial skeleton of the tree.
Finally, the tree skeleton was optimized using branch smoothing technology to obtain a high fidelity and
topologically correct tree skeleton structure. [Result] Compared with traditional methods, the proposed
approach extracted an average of 12.3% more skeleton nodes and an average improvement of 42.0% in point
cloud interval accuracy, reaching 0.011-0.021 m. This method has significant advantages in topological
integrity and detail preservation, while the continuity and natural morphology of the skeleton are further

enhanced in combination with the branch smoothing optimization technique. [Conclusion] This method can
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effectively overcome the limitations of conventional skeleton extraction algorithms, significantly improve
robustness and accuracy, and provide high-fidelity tree skeleton data support for applications such as plant
phenotyping and tree growth assessment. [Ch, 7 fig. 4 tab. 28 ref.]

Key words: terrestrial LIDAR; branch and leaf separation; skeleton extraction; geometric tree model
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Figure 1 Downsampled the point cloud using Hilbert curve, random, and grid downsampling algorithms
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Table 4 Performance comparison of LBC and S-LBC algorithms in tree skeleton extraction
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Figure 5 Quantitative comparison of structural parameters before and after tree skeleton optimization
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Figure 6 Skeleton extraction results of three species of trees
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Figure 7 Reconstructed tree models using the different densities of point clouds
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