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Point Cloud Segmentation Method for Complex Micro-Surface
Based on Feature Line Fitting
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Abstract The segmentation of point cloud data is an important link in the process of model reversal. The quality of
segmentation affects the efficiency and accuracy of model reconstruction. The parts with complex micro-surface are
composed of several small graphics side by side and cross-combined. It is difficult to simplify feature points and
identify elements, which is a difficulty in point cloud data segmentation. According to the modeling characteristics
of the model, the lower boundary points of the banded feature points are separated as the real feature points of the
fitting feature line, and the elements belonging to the same graph are identified by the proximity of the end points of
each element and the arrangement trend of the feature points near the end points. The regional growth algorithm
with boundary constraints and the triangle cross product algorithm are used to segment the point clouds on the same
surface. The experimental results show that this method can overcome the problems of excessive segmentation and
insufficient segmentation when dealing with complex micro-surface point clouds, which lays a foundation for high-
quality model reconstruction.
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Fig. 1 Feature points of part with complex surface. (a) Front view of feature points; (b) isometric side view of

feature points; (c¢) processed feature points
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Fig. 3 Process of feature point reduction. (a) Elements after separation; (b) boundary points of elements;

(¢) lower boundary points of elements
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Fig. 5 Schematic of piecewise least square
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Fig. 6 Separation process of lower boundary points. (a) Lower boundary points containing partial high points;

(b) complete lower boundary points; (c) lower boundary points after filtering
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Fig. 7 Trend matching of elements. (a) Eight cases of element trend matching; (b) diagram of element recognition
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Table 1 Experimental data for judging concavity and convexity
Parameter 1 2 3 4 5 6 7 8 9 10 11 12 13 14
x 6.82 6.95 7.08 7.22 7.22 7.35 7.48 7.60 7.72 7.84 7.95 8.06 8.17 8.27
y —6.77 —6.62 —6.48 —6.30 —6.33 —6.18 —6.02 —5.87 —5.71 —5.55 —5.38 —5.22 —5.05 —4.88
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Fig. 8 Segmentation process for point cloud data. (a) Interior points of surface identified by regional growth; (b) interior

and exterior points of enlarged local surface; (c¢) segmented surface points by combining two methods
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Fig. 9 Discrimination process for points near boundary. (a) Magnified local triangular mesh; (b) vector discrimination

principle diagram; (c) diagram of distinguishing inner and outer points
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Fig. 10 Reconstructed surface and comparison of surface accuracy. (a) Reconstructed surface;

(b) comparison of surface accuracy
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Fig. 12 Comparison of segmentation effect of point cloud data. (a) Point cloud segmented by algorithm in Ref. [4];

(b) point cloud segmented by Geomagic Designx; (c) point cloud segmented by algorithm in this paper
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Table 2 Comparison of number of surfaces segmented by different methods

Segmentation Number of surfaces Number of over- Number of insufficient

method after segmentation segmented surfaces segmentation surfaces
Method in Ref.[4] 5 2 3
Geomagic Designx 17 6 0
Proposed method 7 0 0
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Fig. 13 Reconstructed surface and comparison of surface accuracy. (a) Reconstructed surface;

(b) comparison of surface accuracy
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