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Abstract

We present a real-time GPU(Graphic Processing Unit) marching tetrahedra technique that extracts isosurfaces in the
indexed mesh format from BCC(Body Centered Cubic) volume datasets. Compared to classical marching tetrahedra,
our method shows better performance with little memory overhead. Our technique is composed of five stages. In the
first stage, which needs to be done only once, we build min/max blocks that is to be used for empty space skipping
to boost the performance. Next, we extract active blocks that contain the current isovalue. In the next two stages,
we extract the edges and cells that contain the isosurface and then the final triangular mesh is generated in the last
stage. When applied 5122 or higher resolution volume dataset, our technique shows up to 5 times speed improvement
compared to the classical marching tetrahedra algorithm.

7191E: GPGPU, 5719 &, A4 4 &5 ol
Keywords: GPGPU, Marching tetrahedra, BCC volume dataset
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(a) BCC unit cell (b) Tetragonal disphenoid

Figure 1: BCC unit cell and tetragonal disphenoid. (a) The
BCC unit cell is a Cartesian grid cell (composed of black
dots, scaled by 2) with an additional lattice point (red dot)
located at the center. (b) The tetragonal disphenoid (gray
tetrahedron) consists of two axis aligned edges (blue line) and
four diagonal edges (black line) on the BCC lattice.
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Table 1: All the buffers used in the process.

Ny, N. and Ny each denotes the maximum number of blocks, vertices and

triangles, respectively, and are assigned 50% of the overall blocks, edges and cells.

buffer size type usage
blocks By x By x B, float2 min/max blocks
. active/inactive (0/1)
block buffer By X By X B: mnt (shared with edge buffer)
block index buffer Ny int block sequential indices
edge buffer Ny x 128 x 7 int  edge/isosurface intersections(0/1))
cell buffer Np x 128 x 6 int 4-bit value for cells
. . edge indices (incremented by 1 if intersected with the isosurface)
edge index buffer Ny x 128 x 7 e (shared with cell index buffer)
before serialization: intersections (0/1/2)
cell index buffer Ny x 128 x 6 int after serialization: cell indices
(shared with edge index buffer)
intersection buffer N, int3  edge indices
triangle buffer Ny int3  triangle indices
isosurface vertex buffer
vertex buffer Ne float3 (shared with intersection buffer)
normal buffer N, float3 isosurface normal vector buffer
index buffer N, int3 isosurface index buffer

(shared with triangles buffer)
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Figure 2: Seven(of overall 14) edges connected to a BCC
lattice point. Remaining seven edges are connected to other
neighbor lattice points.

Figure 3: Six (of overall 24) tetrahedral cells connected to a
BCC lattice point, forming a hexahedron specified by black
edges. All six cells are congruent but aligned differently which
is denoted by their cell types (Table 2b) defined as their center
coordinates. The cell with its type (0,1,2) is the “reference
cell” (Figure 5) and other cells can be obtained by applying
a permutation to it.

Table 2: Edge and cell 1Ds.

(a) (b)

Direction Edge ID Cell Type Cell ID
(-1, 1, 1) 0 (0,1,2) 0
( 1,—1, 1) 1 (0,2,1) 1
( 17 17_1) 2 (1’072) 2
(1, 1, 1) 3 (1,2,0) 3
(0, 0, 2 4 (2,0,1) 4
(0, 2 0 5 (2,1,0) 5
(2, 0, 0 6
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Figure 4: Isosurface structure for each key value (Table 3). Black and white dots each denote data values greater and less

than the isovalue, respectively.
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Figure 5: Reference tetrahedron and its six edges.
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Table 3: Lookup table. The key consists of four vertex sign
bits and a triangle sequential number bit.

Key Vertex edge Key Vertex edge

0001/0 €p,€4,€3 0010/0 €2, €6,€3

0011/0 €4,€2,€0 0011/1 €6,€0, €2

0100/0 €4,€1,€9 0101/0 €2,€3,€1

0101/1 €p, €1, €3 0110/0 e4,€1,€3

0110/1 g, €3, €1 0111/0 e1, €6, €0

1000/0 €1,€0,€6 1001/0 €3, €6, €4

1001/1 €1,€4,€6 1010/0 €2,€1,€3

1010/1 €p,€3,€1 10].]./0 €2,€1,€4

1100/0 €4, €q, € 1100/1 €6, €2, €

1101/0 €6,€2,€3 1110/0 €4,€0,€3
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Table 4: Six edges of reference tetrahedron.
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Table 5: Datasets.

Dataset Id Resolution
Gl 256 x 128 x 128
G2 384 x 192 x 192
Genus-3 G3 512 x 256 x 256
G4 768 x 384 x 384
G5 1024 x 512 x 512
T1 128 x 128 x 128
T2 192 x 192 x 192
Three-Tori T3 256 x 256 x 256
T4 384 x 384 x 384
T5 512 x 512 x 512
(a) Genus-3 (b) Three-Tori

Figure 6: Isosurfaces extracted using our technique from the
highest resolution datasets in Table 5.
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Figure 7: Generated number of vertices and indices for (a)
Genus-3 and (b) Three-Tori datasets. The z-axis denotes
resolutions specified in Table 5.
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Figure 8: Memory usage for (a) Genus-3 and (b) Three-Tori
datasets. The z-axis denotes resolutions specified in Table 5.
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Figure 10: Gaussian curvature estimation for (a) Genus-3
and (b) Three-Tori. Red, green and blue colors, each denotes
positive, zero and negative curvature values, respectively.
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