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Abstract: This paper presents a new method for convex decomposition of polyhedrons. In comparison with
existing methods, the new method can improve the efficiency greatly with complexities reduced in many aspects of
execution time, storage and added new vertices, and it is more advantageous in treating the polyhedrons with reflex
edges in higher numbers. Its strategy is to gradually decompose a polyhedron in local operations by the occlusion
relationships between facets and edges along certain orthogonal directions. In treating general polyhedrons in
practice, the new method has its time and storage complexities both in O(n) approximately, and its produced new
vertices are in a number not more than O(r+rn">), here n is the vertex number and r is the reflex edge number. By
testing a large number of complex polyhedrons, it shows that, compared with the popularly used “cutting &
splitting” method, this new method can run 14~120 times faster, reduce the storage requirement to 1/2.3~1/7.4, and
reduce the new points to at most 1/28, and even needs no new point in some cases. Because most convex
polyhedrons decomposed by the method are tetrahedrons, the resulted convex polyhedrons by the new method are
more than those by the “cutting & splitting” method. However, if convex polyhedrons are required to be further
decomposed to tetrahedrons, the new method can produce much fewer tetrahedrons, due to much fewer added
vertices for decomposition by the new method. Besides, the new method can be conveniently used to treat the
polyhedrons with holes, or even the non-manifold polyhedrons that contain isolated facets, edges or vertices.
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Fig.2 Decompose a polygon into monotone polygons gradually using occlusion relations among edges
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Fig.5 Decompose a polyhedron into single layer polyhedrons using occlusion relations
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Fig.12 Results of the first experiment on TorusKnot models
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Fig.13 Nested NoiseSphere models which is used for testing decomposing efficiency on polyhedrons including
internal voids. The right model is produced by embedding the middle model into the left model
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Fig.15 NoiseSphere models used by the second experiment. The ratio of reflex edges ranges from 5% to 45%
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Fig.16 Test results of NoiseSphere models whose reflex edge ratio is 35%
and the face number ranges from 2000 to 8000
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Fig.17 Test results of NoiseSphere models whose concave edge number is 2000
and the ratio of concave edges ranges from 5% to 45%
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Fig.18 Common models including bunny, dragon, horse, happy buddha and cow
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Table 1 Statistics of the decomposition of complex models
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Total face  Ratio of reflex =~ Decomposition Storage (MB) Convex polyhedron Ratio of new
number edges (%) time (s) number added vertex (%)
Bunny 15812 37.2 11.5 103.0 31629 21.0
Dragon 19 944 383 70.9 181.6 49 627 53.4
Horse 10 568 389 9.6 67.4 20473 23
Buddha 10 594 40.9 22.9 101.1 27 807 50.9
Cow 9732 37.7 9.4 61.1 18 288 22.6
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