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Improvement of a Topological Volume Skeletonization Algorithm

YURIKO TAKESHIMA,! SHIGEO TAKAHASHIt and ISSEI FUJISHIRO!

The topological volume skeletonization is an approach for extracting a volume skeleton
tree that delineates the topological transitions of isosurfaces according to a given scalar field.
Although the volume skeleton tree allows us to effectively represent the underlying global
structures in the scalar field, it is often too sensitive to the quantization artifacts and high-
frequency noise there, and thus requires a certain amount of computation time to extract the
associated global structure. This paper therefore presents an improved topological volume
skeletonization algorithm so as to accelerate its computation significantly. The contributions
include adaptive tetrahedralization based on topological error criteria for efficient linear inter-
polation of an given scalar field as well as the improvement of skeletonization algorithm itself.
Several experiments are conducted on simulated datasets to demonstrate that the present al-
gorithm considerably reduces the computation time while allowing sophisticated visualization
of large-scale volume datasets.
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Fig.1 Topological transitions of the isosurface (left) and
its corresponding volume skeleton tree (right).
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Fig.2 Topological changes of isosurface at a maximum
and a minimum.
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Fig.3 Classification of isosurface changes at saddles
depending on the embedding in 3D space.
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Fig.4 Steps for the skeletonization algorithm. (a) A Join Tree, (b) a Split Tree, (c)
an Augmented Contour Tree, (d) an Augmented Contour Tree with isosur-

face genera, (e) a Contour Tree with isosurface genera, (f) a volume skeleton

tree, and (g) a simplified volume skeleton tree. The value of each node rep-

resents its scalar field value while the node with the letter “V” corresponds

to the virtual minimum.
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Fig.5 Connectivities around critical points in the volume

skeleton tree.
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Fig.6 Three patterns to be removed in volume skeleton
tree simplification.
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Fig.7 Tetrahedral subdivision rule in the bisection
method.
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Fig.8 Topological error criteria.

000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000
000000000000000046000000
000000000000000000000000
0(6)000000000000000 800000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00D0000000000000000 80000
000000000000000000000000
000000000000000000000000
000000000000000000000000
OoY®0po0oo0008000N0OD 125000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000
00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000 () 000000000000000000O
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000000



Vol. 47 No. 1

(a) (b)

goooboooooooooooooboooboog 257

o

-

(c) (d)

09 00 800000000000 0ODO0O006sx65x65000000000000D0O
0D000(a)00000000000O0O0O1,572,864[0(b) 000000000 DOOO
0000000009600 (c) 0000000000 000000000009040(d)
0000000000000 00000DO00DO00O0ODO0OODO0O0OnL,3420

Fig.9 Tetrahedralizations and topological volume skeletons of a 65X 65x 65 dataset

generated from the function (8). (a) An ordinary uniform tetrahedraliza-
tion (No. of tetrahedra: 1,572,864), (b) an adaptive tetrahedralization based
on the geometric error criterion (No. of tetrahedra: 960), (c) an adaptive

tetrahedralization based on the topological error criterion (No. of tetrahe-

dra: 904), and (d) an adaptive tetrahedralization based on the geometric

and topological error criterion (No. of tetrahedra: 1,342).
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Fig.10 Adaptive tetrahedralizations, initial and simplified volume skeleton trees,
and visualization results of the nulcleon volume dataset (41 x 41 x 41). (a)
An adaptive subdivision (No. of tetrahedra: approximately 10,000), (b) an
adaptive subdivision (No. of tetrahedra: approximately 30,000), and (c)
an ordinary uniform tetrahedralization (No. of tetrahedra: 384,000).

(b)
011 000-000000000000000000000000000000 129 x 129 x 1290
Fig.11 Visualization of the antiproton-hydrogen atom collision volume dataset

with resolution 129 x 129 x 129.
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