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A Fast Polygon Construction Method for Isosurface Generation

TAKAYUKI ITOH," YASUSHI YAMAGUCHIH and KoJI KOYAMADAtt

An isosurface is a set of points where the same value lies. That is usually approximated
as a set of polygons. Here, most of polygon-vertices of an isosurfaces are shared by several
polygons. Therefore, the polygon-vertex identification process which searches for the polygon-
vertex generated at the same position is necessary in isosurfacing methods. The identification
process generally occupies the largest part of the computational time in constructing poly-
gons. This paper proposes an efficient polygon construction method for isosurface generation.
The method does not require the polygon identification process, since the method processes
all cells adjacent to a cell-edge which a polygon-vertices lies at the same time. In the authors’
implementation, the method is about 20 percent faster than the conventional isosurfacing
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methods.
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Table 1 Computation time of isosurface generation
processes.
ooooo 1 1 2 2
0o 000 (0DD0oOo0 | 000 |0o0ooD
oo ooo 0o ooo
e 61680 346644
N 11624 62107
ny 80995 135358
Ty 43158 71358
t1 (sec.) 8.30 0.09 42.23 0.57
to (sec.) 3.80 3.45 6.25 5.88
t3 (sec.) 0.76 0.75 1.14 1.15
tiotar (sec.) | 12.86 4.29 49.62 7.60
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Fig.1 Polygon-vertex search process.
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Fig.2 Isosurface propagation.
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(a) Extrema extraction (b) Skeleton generation
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Fig.3 Isosurface generation with volume thinning

method.
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Fig.4 Algorithm overview.
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void Isosurfacing() {
for(each cell C; in an extrema skeleton) {
if(C; is an isosurface cell) {
insert C; into FIFO;
}
}

/* for-loop (1) */
for (each cell C; extracted from FIFO) {
if(polygon P; in C; is not constructed) {
Construct P; in Cj;

/* for-loop (2) */
for(each isosurface edge En) {
if(a polygon-vertex V;, on E,
is not registered into P; ) {
Allocate Vi, on Ep;
Register V,, into P;;
/* for-loop (3) */
for(each cell C; which shares Ey) {
if(P; in Cj is not constructed) {
Construct P; in Cj;
Insert C; into FIFO;

}
Register Vi, into Pj;
} /* for(each Cj) */
} /* if(there is not V,,) */
} /* for(each E,) */
} /* for(each C;) */

for(each polygon-vertex V') {
Calculate position and normal vector;

} /* end Isosurfacing() */

void main() {
Generate an extrema skeleton by volume thinning;
while( 1) {
Specify the isovalue C;
Isosurfacing();

}
} /* end main() */
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Fig.5 Pseudo code with volume thinning method.
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Fig.6 Examples of an extrema skeleton.
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Fig.7 Examples of isosurfaces.
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Table 2 Computation time of isosurface generation

processes.

ooooo 1 2 3 4
Ne 61680 | 346644 | 458664 | 557868
N 11624 | 62107 | 80468 97473
ne 80995 | 135398 | 494480 | 1164616
o 43158 | 71358 | 251506 | 588796
t,q (sec) | 3.45 5.88 21.35 49.80
t, (sec.) | 253 4.01 15.72 36.20
tg (sec.) 4.29 7.60 26.65 60.81
tg (sec.) 3.35 5.52 20.61 46.80
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