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Hole Surface Repairing for Laser Triangular Mesh Point Cloud
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Abstract Due to the limitation of measuring equipment or the shape characteristics of the model itself, the point
cloud data in the triangulated grid generated by three-dimensional (3D) laser scanning point cloud often contains
holes, which brings obstacles to the subsequent 3D reconstruction. Aimed at handling the problem of hole
repairing, a hole surface repairing algorithm based on laser triangulation point cloud is proposed in this paper. First,
the boundary of the triangular patch is determined by traversing the triangular mesh for the closed hole, and the hole
is detected. Second, a new triangular patch is generated quickly at the hole polygon based on the minimum angle
method to form the initial mesh. Third, the least square network and radial basis function implicit surface are
combined. Besides, the curvature of the surface is minimized by using the minimum second derivative. The surface
newly generated is consistent with the trend of the original mesh curvature. Finally, the hole repairing of laser point
cloud is realized. Experimental results show that, compared with other point cloud repair methods, this method not
only reduces the repair error, but also is suitable for hole repairing of various triangular mesh models.

Key words laser optics; three dimensions laser scanning; triangular mesh; hole detection; curvature; hole
repairing
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Fig. 3 Schematic diagrams of triangular grid. (a) Add a triangle; (b) add two triangles
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Fig. 7 Repair results of teapot model hole. (a) Mesh hole detail; (b) Ref. [21] algorithm; (c) Ref. [24] algorithm;

(d) Ref. [25] algorithm; (e) proposed algorithm; (f) original model
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Table 1 Repair data of teapot model hole

Algorithm Number of new vertices Number of new triangles Time /s Rryse /mm
Ref. [21] algorithm 1045 2431 0. 760 0.452
Ref. [24] algorithm 2783 5957 1.458 0.292
Ref. [25] algorithm 10920 26530 1.190 0.379
Proposed algorithm 35465 72370 1.348 0.089
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Fig. 8 Mean curvature distribution images. (a) Ref. [21] algorithm; (b) Ref. [24] algorithm; (c) Ref. [25] algorithm;

(d) proposed algorithm; (e) original model
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Fig. 9 Repair results of rocker model hole. (a) Mesh hole detail; (b) Ref. [21] algorithm; (c) Ref. [24] algorithm;

(d) Ref. [25] algorithm; (e) proposed algorithm; (f) original model
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Table 2 Repair data of rocker model hole

Algorithm Number of new vertices Number of new triangles Time /s Ryivsz /mm
Ref. [21] algorithm 474 1001 0.611 0.639
Ref. [24] algorithm 424 933 1. 359 0.531
Ref. [25] algorithm 3240 7682 1. 402 0.482
Proposed algorithm 8974 18001 2.371 0.258

K10 Py
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Fig. 10 Mean curvature distribution images. (a) Ref. [21] algorithm; (b) Ref. [24] algorithm; (c) Ref. [25] algorithm;

(d) proposed algorithm; (e) original model
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Fig. 11 Repair results of bunny model hole. (a) Mesh hole detail; (b) Ref. [21] algorithm; (c) Ref. [24] algorithm;

(d) Ref. [25] algorithm; (e) proposed algorithm; (f) original model
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Table 3 Repair data of bunny model hole

Algorithm Number of new vertices Number of new triangles Time /s Ryguse /mm
Ref. [21] algorithm 3259 6399 69. 328 9.382X10°
Ref. [24] algorithm 4921 8217 45,000 3.019%x10°°
Ref. [25] algorithm 2788 5955 16. 000 4.611X107°
Proposed algorithm 5201 9483 17.180 9.932X10°
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Fig. 12 Mean curvature distribution images. (a) Ref. [21] algorithm; (b) Ref. [24] algorithm; (c) Ref. [25] algorithm;

(d) proposed algorithm; (e) original model
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Fig. 13 Repair results of ball model hole. (a) Mesh hole detail; (b) Ref. [21] algorithm; (c) Ref. [24]
algorithm; (d) Ref. [25] algorithm; (e) proposed algorithm; (f) original model
4 BRELAVFLIE & D E
Table 4 Repair data of ball model hole

Algorithm Number of new vertices Number of new triangles Time /s Rygwse /mm
Ref. [21] algorithm 354 1363 2.815 0.318
Ref. [24] algorithm 81 162 2.163 0.082
Ref. [25] algorithm 52 125 0.047 0.049
Proposed algorithm 218 418 0.928 0.012

@. (. ' (d). (

14 XA K, (O SCERC21 I8 15 (b) SCHRL24 5075 5 (o) SCHR[ 25 1383 5 (D A UL 5 (o) IR IR AR
Fig. 14 Mean curvature distribution images. (a) Ref. [21] algorithm; (b) Ref. [24] algorithm; (c) Ref. [25] algorithm;

(d) proposed algorithm; (e) original model
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