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Offsetting of Triangular Net using Distance Fields

Dong-Jin Yoo*

ABSTRACT

A new method which uses distance fields scheme and marching cube algorithm is proposed in order to get an
accurate offset model of arbitrary shapes composed of triangular net. In the method, the space bounding the triangular
net is divided into smaller cells. For the efficient calculation of distance fields, valid cells which will generate a portion
of offset model are selected previously by the suggested detection algorithm. These valid cells are divided again into
much smaller voxels which assure required accuracy. At each voxel distance fields are created by calculating the
minimum distances between corner points of voxels and triangular net. After generating the whole distance fields, the
offset surface were constructed by using the conventional marching cube algorithm together with mesh smoothing
scheme. The effectiveness and validity of this new offset method was demonstrated by performing numerical

experiments for the various types of triangular net.

Key Words : Triangular net (3} Zt'3), Offsetting (&% 4l &), Distance fields (7 21 )
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r, = Position vector of a point to be projected

r = Position vector of the projected point

Py, P,, P; = Position vectors of three vertexes

U = Unit vector perpendicular to a triangle

P = Perpendicular distance between the origin and a
triangle

a = Line vector from P, to P,

b = Line vector from P, to P,

¢ =Line vector from P; to P,

r,, r, = Start and end point of a line

distance,,, = Maximum distance in a cell
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distance,,;, = Minimum distance in a cell

d; = Distance value at i-th corner point of a voxel

&, i, & = Coordinates of i-th corner point of a voxel in
the (&, n, €) coordinate system

n, = X component of normal vector of a offset triangle

n,=Y component of normal vector of a offset triangle

n, = Z component of normal vector of a offset triangle

d(x,,y,z) = Distance value at right face of a voxel

d(x},y,z) = Distance value at left face of a voxel

d(x,y,,z) = Distance value at upper face of a voxel

d(x,y4,z) = Distance value at lower face of a voxel

d(x,y,z) = Distance value at front face of a voxel

d(x,y,zy) = Distance value at back face of a voxel
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Fig. 1 Schematic diagram illustrating the concept of
distance fields

Project a point into a triangle

v

Does the point projects orthogonally
into a triangle’s interior ?

No
—p

Project the point orthogonally onto edges of a
triangle and calculate the minimum distance

v

Calculate the distance from the point to
vertexes of a triangle

v

Return the minimum
distance

Yes

v

Fig. 2 Flow chart showing the procedures for the
calculation of minimum distance from a point to
atriangle
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Fig. 3 Three cases for the calculation of minimum
distance from a point to a triangle
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Fig. 5 Perpendicular projection of a point onto an edge
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Fig. 6 Cell strategy for the efficient calculation of
distance fields
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Fig. 8 Distance calculation at 27 points of a cell
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Fig. 9 Schematic diagram illustrating the concept of
marching cube algorithm
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Fig. 10 Coordinate system for the tri-linear interpolation
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Fig. 11 The offset results of bunny model

offset : 5 mm
& oftset : 0 mm

ollset : 3 mm

Fig. 12 The offset results of cow model Fig. 13 The offset results of Armadillo model
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Detailed view of B

Fig. 14 The offset results of human model

155



& AFHLIGIRA A 248 A9%

(a) Original model

Fig. 17 The offset results of cube

{b) Cube size : 3 mm (c) Cube size : 2 mm

(d) Cube size : Imm (e) Cube size : 0.5 mm

Fig. 15 The effect of the marching cube size on the
quality of offset surface of Igea model

Fig. 18 The offset results of pyramid shape
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Table 1 Computational results

Number of

. Number of triangles Time(sec)
Model triangles
of model of offset model Calculation of distance fields Extraction of offset surface

3mm 179,020 22 4

Bunny 70,368 6mm 198,750 41 7
10mm 215,120 62 12

Cow 353,970 Smm 555,276 221 35
2mm 517,422 133 24

Armadillo 441,060 Smm 627,422 245 "
Human 610.848 -10mm | 538,086 630 112
’ 15mm | 827,882 720 119

Imm 17,192 31 5

lgea 426,846 2mm 68,848 43 7
Imm 304,362 165 28
0.5mm | 828,614 680 115
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