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Algorithm for generating complex polyhedron and its application
ZHOU Meijun, LUO Tianyu

(School of Electromechanical Engineering, Guangdong University of Technology, Guangzhou 510006, China)

Abstract: Polyhedra play a very important role in computational geometry and have been widely used in fields such as minimum
bounding box, collision detection, molecular dynamics, 3D point cloud reconstruction, and irregular shape modeling. The related
algorithms include gift wrapping algorithm, divide and conquer algorithm, and incremental algorithm. For situations with a large
number of internal points, divide and conquer algorithms are the most effective, but three — dimensional divide and conquer
algorithms are difficult to program and are not as popular as incremental algorithms. To solve this problem, a new convex
polyhedron generation algorithm was developed by improving the divide and conquer algorithm and combining it with the random
increment algorithm. This algorithm can be applied to extract the geometric shape of models composed of a large number of atomic
points in fields such as molecular dynamics. And based on this convex polyhedron generation algorithm, the concave polyhedron
generation algorithm has been further expanded. Experiments have shown that when there are enough internal points, the new
convex polyhedron generation algorithm is more efficient and less time—consuming than the random incremental algorithm, and
concave polyhedra reconstructed based on convex polyhedra can also achieve good expected results, which is of great significance for
the modeling of complex models.
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Fig. 1 Observation diagram of convex polyhedron
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Fig. 2 Schematic diagram of incremental method
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Fig. 4 Schematic diagram of divide—and—conquer binary tree
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Fig. 5 Schematic diagram of pruning redundant space
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Fig. 7 Schematic diagram of merging convex polyhedron
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Fig. 9 Flow chart of complex polyhedron construction
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Table 1 Comparison of experimental results of random increment

algorithm
T Bk AR BEHLHG AER, 1T
A A B/ ms ms %

2 000 92 72.9 97.6 -33.9
4 000 106 150.0 173.5 -15.7
6 000 102 230.5 237.5 -3.0
8 000 96 330.0 299.3 9.3
10 000 125 474.2 353.5 25.6
12 000 115 639.5 402.8 37.0
14 000 138 743.7 456.5 38.6
16 000 134 832.3 485.8 41.6
18 000 150 1018.8 558.0 45.2
20 000 161 1118.7 607.0 45.7
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Fig. 13 Construction diagram of concave polyhedron
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