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Abstract

We propose a modified real-time marching cubes technique that extracts isosurfaces in the form of connected meshes instead of
triangle soup. In this way, a various mesh-based isosurface rendering techniques can be implemented and additional information
of the isosurfaces such as its topology can be extracted in real-time. In addition, we propose a real-time technique to extract
adjacency-triangle structure for geometry shaders that can be used for various shading effects such as silhouette rendering.
Compared with the previous technique that welds the output triangles of classical marching cubes, our technique shows up to
300% performance improvement.
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Figure 1: Overview of our method.
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® (©)
Figure 2: Generation of the cell and edge tables. The cell table
stores the number of triangles which are extracted from each cell,
and the edge table stores the intersection of each edge and the iso-
surface.
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(a)
Index Buffer Ring Table
fid  vertices vid valence adjacent faces
0 1 2 0 2 5 2 0 4 3
10 2 3 3 3 1 4 5
2 1 5 2 4 2 9 7
3 2 5 6 5 5 2 9 7 3 6
4 6 3 2 6 5 3 5 4 8 6

(b) (©)

Figure 4: Generation of the 1-ring neighbor table. (a) Traditional
triangular mesh, (b) the index buffer, (c) the 1-ring table. The
1-ring neighbor table is generated from the index buffer. The sec-
ond column of the 1-ring neighbor table is the number of trian-
gles which share a same vertex, and they are synchronized with the
atomic operation.

Algorithm 1 1-ring neighbor table generation
1: Input: Index Buffer I
2: Output: 1-Ring Table R
3: for fid in faces do
4: for vid in I[fid] do
5.

6

in parallel

p + atomic_increase(R[vid][0])
R(vid][p] « fid
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Algorithm 2 adjacency index buffer generation
1: Input: Ring Table R, Index Buffer I
2: Output: Adjacency index buffer A
3: for all v; in R do in parallel

4: for f, in R[v;] do

5

6

find f3 in R[v;] such that v;0; € I[fa] A v0; € I[f3]
add I[f5] \ {v;} to A[f5]
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Index Buffer Adjacency Index Buffer

fid  vertices fid vertices
2 1 5 2 2 1 4 5 6 2 0
3 2 5 6 3 2 1 5 8 6 3
4 2 6 3 4 2 5 6 7 3 0
5 3 6 7 5 3 2 6 8 7 7
6 5 8 6 6 5 4 8 7 6 2
(©) (d)

Figure 5: Generation of a mesh with adjacent triangle information.
(a) Traditional triangular mesh, (b) a mesh with adjacent triangles,
(c) an index buffer, and (d) an adjecy index buffer.
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Table 1: Memory usage(MB). GPU marching cubes technique re-
quires to pre-allocate the memory without knowing the number of
triangles. Therefore the memory usage may vary widely depend-
ing on the initial setting but usually is proportional to the resolution
of the volume dataset.

dimension MC  Our method
643 17 34
1283 90 162
2563 520 873
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Figure 6: Computation time(upper) and number of vertices(lower)
for various isovalues(x axis).
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(e) 40 () 70

Figure 7: Extracted isosurfaces for various isovalues of original
method(upper) and our method(lower).

Table 2: Frame rates of various rendering effects

model dimension  PS SR CR SR+CR
blob 643 594 458 473 411
blob 1283 146 127 122 110
armadillo 1283 240 221 195 179
bunny 1283 241 214 204 190




LD

(a) PS

(b) SR (c)CR (d) SR+CR

Figure 8: Rendered images of (top) Blob simulation, (middle) Ar-
madillo, and (bottom) Stanford bunny. PS, SR, and CR each de-
notes Phong-shading, silhouette rendering, and Gaussian curvature
estimation, respectively.
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