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Skeletal Mesh Generation
Using Polynomial Approximation
for Volumetrically Sampled Thin Object

YUKIE Nacar, ! Yuraka OnTakE!!
and HIROMASA Suzukif!

Skeletal structures are shape representations that play an important role in
many aspects of medical and industrial fields. Our aim here is to generate a
smooth and well-connected surface mesh that approximates a skeletal struc-
ture using volumetric data from a thin object. Volumetric data provided using
the CT-scanning method include large amounts of noise. Approximating the
intensity of CT-scanned data using adaptively supported polynomial functions

enables identification of skeletal structures from the maxima of the approx-
imated values, and achieves noise-robust skeletal mesh generation. First, the
input image intensity is approximated using a set of spherically supported poly-
nomials. The size of the supports changes adaptively with the complexity of
the object’s shape. Next, a tetrahedral mesh is generated to serve as a grid for
the detection of the maxima. This mesh is a subset of a weighted Delaunay
tetrahedrization defined using a set of spherical supports. Finally, the maxima
are detected, and polygonization is performed on the tetrahedral mesh. This
approximation approach contributes to the analytical evaluation of function
derivatives for detection of the maxima. The last part of the paper presents
results regarding skeletal meshes for noisy data.
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Fig.1 An overview of reverse engineering. From left to right, an object, CT-scanned data, and a
mesh model of the skeletal structure generated from the CT-scanned data. In the lower col-
umn, a real object and its kinds of data are shown, and in the upper column, their cross-section

views are shown.
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Fig.2 CT value is affected by the thickness of an object. The objects on the top and the middle
are sufficiently thick. In contrast, the object on the bottom is not sufficiently thick.
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Fig.3 An example for a 2D image. (a) The input image, (b) The cover with support circles,
(c) The triangular mesh, (d) The skeleton structure.

0oooooooog Vol 51 No. 3 1107-1117 (Mar. 2010)

0000 (1)021000(2)0 22000(3)0 2300000000000

2.1 JO00OD0OO0OO0OO0OOOoOoood

0o00O0 (1)0oooo0ooo0oooo0ooU0ooooOoooooooooooO
0000oooo000o0o0ooooooo0ooooooooooooooon CcrToo
goboobobobooobobooobbo0oobDbobobobooboboobDobooboboo
00o0o00ooooo CTOOOO0DOoOoDo0oDOoooooooooooooooooo
gobooboobouobobbooboobooboobooboobDooboobooo
goboboodoooobooboooboobooboobooboobooboooboooo
000 22)000000000uo

gooooooooboobobobDb 212000000000000 211000000
goobooooobooooog

2.1.1 DO0O0ODOOOOOO

O0o0o0o0o0o0o00Oo0o0oO00OD00000 3000000bboo0oooooDnD 00
000000000000 0000 ;00000 CTOO »;, 00000000000
s, 000000000000 0OD0O00 g(e) DOODDODOOOUDODOUOOOOODOO
0000 3(h)oOO0000000000000000000O0O0ODODODODDODOOODOO
00000000000000 () 000000000000D0D0DODOOO0O0OO
00 ¢g(x) D00D0O0DO0O0O0ODO0OD 20000000000000 300000000
gi(x) = Coat® + Cyyy® + Co22” + Coyxy + Cyzyz + Covza + Cox + Cyy + Coz + Co
oooc.,0oom
goboooboobooboobooboobooboobooboobooobboo
00000000000000000 {g(z)} 00000000
> wi@)gi(@)

flx) = S wi@) 1)
0000000000000 0o0 we(ep)ODO0O0 000 00 s, 000000000
gooboooobooo

W@ﬂ:{mp(”$QWﬂ%ﬂ)/@ﬂnﬁ (|z — il < 74)

0 (otherwise).

(2)

b nO0000oooooog
0000000000000 0000000000 000000 ¢c?000000000

(© 2010 Information Processing Society of Japan



1110 O0O00O0O0OOO0OO00O0COOO0O0O0COO0OO0OO0COOO0OOO0OCDOOO0O0

0D0f(z) 0000000000000 D00C?00000000000000000000
000000000 20000000000000000000000000000000
00300 B-0000000 0000000000000000000 000000
00000000000® O0000000000000000000 w,(z) 0000 18)
00000000000000000000000000000000000000000
00000000000000000000000000000000 300 B-0000
00000000000000000000000000000000000000000
ooooo

2.1.2 00000

0000000000000000000000 16)000000000000000
0000000000000000

00000000000

(1) 00000000O00000000000000000000000

(2) 00000 s 00000 g(z)000000

(3) 0000D0000O0s 000000000000
000000000000000000

00000000000000 (1)0
0000000000000000000000000000000000000000
0000D0000000000D00000000000000D0000000000000
0000D0000000000000000000000000D00000000000
00000D00000000000000
00D000D000000000000000 (2)0

0000 (2)0000000000 000 ¢ 000000000000 (1)000
00000000000000000000001000000000000000000
000000000000 0000000000000000000000000000
00000000000000000000000000000000000000000
ooooooo
00000000000000000000000 g(x)0000000 1600000
00000000000000000000000000000000000
000000000000000000000000000000000000000
0000000000000 0000000000000000000000000000

0oooooooog Vol 51 No. 3 1107-1117 (Mar. 2010)

AP~ AP~ AP~

04 0000000000000 00000000000000000000000000 5%010%020%0 0
ooo
Fig.4 Skeletal mesh for various values of the error tolerance. From left, error tolerance is set to
5%, 10%, 20% of the range of the intensities.
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Fig.5 An example of a spherical cover and approximated values. Lower left: a part of an input data
and supports. Top and right: approximated values at the cross sections shown with red lines
are drawn with black lines.
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Fig.6 When a support (red circle) is generated,
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to th in the Fig. 6.
the red points inside the convex hull are o the cover in the Fig.6
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Fig.8 The effect of the shrinking of supports. Left: triangulation without shrinking. Right: triangu-
lation with shrinking. Some vertices appear and triangles with high aspect ratio are generated

near boundary.
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Fig.9 The result for a mechanical part. Left: a part of a spherical cover. Right: the tetrahedral
mesh generated by the supports on the left.
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Fig.10 The generation of a skeletal patch. Left: an edge intersecting with a skeletal structure
(green). Right: tetrahedra inserting the red edge and a skeletal patch around the red edge.
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Fig.11 The skeletal mesh generation in 2D. Left: maxima (red) on the edges of the triangular mesh
and the centroids (green) of maxima on edges belonging to triangles. Right: the generated
skeleton mesh (light green).
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Fig.12 Left: a CT scanned object with a uniform thickness.
Right: a CT scanned object with a non-uniform thickness.
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Fig. 13 Skeletal mesh for a metal plate with many holes.

014 0000000000000 O0000O00O0ODODOOOOOO0O00
Fig. 14 Skeletal mesh for a thin plate with a hole.
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