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ABSTRACT

We present a novel GPU algorithm to compute outer cell boundaries of 3D arrangement subdi-
vided by a given set of triangles. An outer cell boundary is defined as a 2-manifold surface
consisting of subdivided polygons facing outward. Many geometric problems, such as
Minkowski sum, sweep volume, lower/upper envelop, Bool operations, can be reduced to find-
ing outer cell boundaries with specific properties. Computing outer cell boundaries, however, is
a very time-consuming job and also is susceptible to numerical errors. To address these prob-
lems, we develop an algorithm based on GPU with a robust scheme combining interval arith-
metic and multi-level precisions. The proposed algorithm is tested on Minkowski sum of several
polygonal models, and shows 5-20 times speedup over an existing algorithm running on CPU.
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Fig. 1 Outer boundary of a triangle set (dotted lines in
blue). Each green line segment represents a 3D
triangle with a normal vector denoted by a red
arrow.
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I. T« {Tp}; k< x — axis;

2. While T # @ do
Parallel segmented scan on T to find
r; = (min(T;), max(T;)) forevery T; €T.
GPU thread for T; € T:

Subdivide T; at midpoint of r; into child
nodes T;; and T;g, stored into T'.

GPU thread for T;' € T":
If T;' contains less than m polygons then
move T;" from T’ to leaf node list L.
T « T'; k « next split axis;
3. GPU thread for leafnode T; €L :
For two triangles &, t, € T},
if sp(t,) Asp(ty) =0 then
insert (tg, t,) into P.
4. GPU thread for each (tg,tp) € P:
Compute an intersection edge.
If unsafe, then insert (tg, t,) into Pypafe-
5. For (ta-tb) € Punsafe;

compute an intersection edge on CPU.

Fig. 3 GPU algorithm of triangle intersection
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Fig. 4 GPU algorithm of three triangle intersection
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Fig. 8 Halfedges generated from subedges
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(b) Triangle vertex

(¢) 3- triangle intersection

Fig. 9 Halfedge connection
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Table 1 Data size of input polyhedral models

knot torus dragon helix
Triangles 992 2,068 2,328 4,012

(b) torus

(c) dragon

(d) helix
Fig. 11 Input polyhedral models
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Table 2 Performance comparison
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(a) dragon@torus (b) torus@helix

(e) slice plane

() slice of convolution

(c) knot@dragon

(2) slice of outer boundary

Fig. 12 Minkowski sum result. (a) dragon®torus, (b) torus@®helix, (c) knot® dragon, (d) knot®helix. (e)®(g) slices

of convolution and outer boundary of knot® helix
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