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Efficient Calculation of Distance Fields Using Cell Subdivision

Dong-Jin Yoo"

ABSTRACT

A new approach based on cone prism intersection method combined with sorting algorithm is proposed for the fast
and robust signed distance field computation. In the method, the space bounding the geometric model composed of
triangular net is divided into multiple smaller celis. For the efficient calculation of distance fields, valid points among the
triangular net which will generate minimum distances with current cell are selected by checking the intersection between
current cell and cone prism generated at each point. The method is simple to implement and able to achieve an order of
magnitude improvement in the computation time as compared to earlier approaches. Further the method is robust in
handling the traditional sign problems. The validity of the suggested method was demonstrated by providing numerous
examples including Boolean operation, shape deformation and morphing of complex geometric models.

Key Words : Distance fields (7} 21 %), Triangular net (4+7+ %), Boolean operation (2221 914}, Shape deformation
(F A &), Morphing (23)

71549y dist(B)=Distance fields of model B
dist(A U B)=Union of model A and model B

1, = Position vectors of corner points of a cell dist(A - B)=Subtraction of model B from model A
r = Position vector of the projected point dist(A M B )=Intersection of model A and model B
U= Unit vector perpendicular to the side planes of a disty,a=Distance fields of initial model

cone prism distyi=Distance ficlds of intermediate model
P = Perpendicular distance between the origin and a distg,,=Distance fields of final target model

side plane of the cone prism u=Parameter for the linear interpolation of distance fields

C..=Position vector of the center point of a cell f(r)=Control function for shape deformation
P,=Position vector of a point which has minimum k=Control coefficient for shape deformation

distance with the center point of a cell C=Center point for the modification of distance fields
P=Position vector of a point of triangular net X=Position vector of a grid point
dist(A)=Distance fields of model A r=Distance between a grid point and the center point C
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Fig. 1 Simplified two dimensional view of cone prism
generated at each vertex
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Fig. 2 Three dimensional view of cone prism generated
at one vertex
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Input the geometric model

v

Calculate bounding box size of input geometric model
(xmin, Ymins Zmin, Xmaxs Ymax, zrnax)

v

Divide the space domain into multiple cells
(ny, ny, n;)

v

Calculate distances between the center of a cell(Ceen)
and points of model

v

Sort the distances and find point P, which has
minimum distance with Cgy

v

Find candidate points using eq(3)

v

Filter candidate points to find final candidate points
and triangles using the proposed cone prism
intersection method (eq(1) and eq(2))

v

Calculate minimum distances between grid points of a
cell and the final candidate points and triangles using

eq(4)-eq(9)

Fig. 3 Flowchart showing the procedures for the
calculation of distance fields
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Fig. 4 Extraction of candidate points
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Fig. 6 Perpendicular projection of a point onto a triangle
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Fig. 7 Shape deformation using distance fields
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Fig. 12 Shape deformation of human model

Fig. 13 The morphing results from a sphere to Armadillo
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Table 1 Computational results
( H/W : Pentium IV, 3 GHz CPU, 512MB RAM)

. Time(sec)
Process Case Number of triangles of
deformed model Calculation of Calculation of distance fields
process
Boolean Union 466,734 34 497
operation Subtraction 461,707 33
Armadillo k=2,000 501,223 36
Model k=5,000 612,371 42 327
Shape (upper) k=10,000 723,443 50
deformation k=100,000 620,541 109
Human
k=200,000 715,643 113 830
model
k=600,000 820,320 118
1 39,152 5
Morphing 5 235,286 16 497
8 452,397 32
Union model
Offsetting | of man and 1,408,398 210 2,412
woman
Table 2 Comparison of running time with earlier methods
Methods Model Triangles Resolution Time(sec) Time ratio
105 x 128
Mauch' Head 21,764 78x 105x 201.12 1233
(1,048,320)
78 x 105 x 128
Sigg et al.? Head 21,764 XX 16.76 10.3
(1,048,320)
78 x 105 x 128
Sud et al.? Head 21,764 4.98 3.1
udeta e (1,048,320)
B t 128 x 128 x 128
aramzen Dragon 276,680 X oex 244.19 5.9
etal. (2,097,152)
64 x 64 x 64
Gueziec® Bart 9,000 ronx 167 182.0
(262,144)
S ted
uggeste Man 610,848 306 x 119x 522 830 10
method (19,008,108)
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