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Distance Function Computation Using Discrete Boundaries

TAKAHIRO HARADAt and SEIICHI KOSHIZUKAT

Distance function which is a solution with a boundary condition in a computational domain,
indicate the minimum distance to the boundary. Although the distance function is used in
a wide range of research areas, the computational cost is high. In this paper, we introduce
discrete boundaries which reduce that the dimension of the boundary. Then, we present a
fast distance function computation algorithm based on discrete boundaries. Since the present
method decomposes a polygon model into discrete boundaries, the computational time is less
sensitive to the number of polygons than that of the past methods. As a result, fast com-
putation of the distance function is possible with a highly tessellated model. Moreover, our
method is not restricted to closed polygon model because it does not need any requirement
about topology of a polygon model. The proposed method can control computation time with
varying the spatial resolution of discrete boundaries.
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Fig.1 Distance function calculation using discrete

boundaries.
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Fig.2 Solution A is a solution which is calculated by in-
terpolating the gradient vector on the grid points,
solution B is a solution which is calculated by in-
terpolating the distance function on the grid points
and the theoretical solution.
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// Bit decompression (projected from X)
FOR ALL SLICES
FOR ALL PIXELS
FOR ALL BITS
IF(LASTBIT==1)
VX[currentVoxel j,i]=1
// Bit decompression (projected from Y)
FOR ALL SLICES
FOR ALL PIXELS
FOR ALL BITS
IF(LASTBIT==1)
VY[i,currentVoxel,j]=1
// Bit decompression (projected from Z)
FOR ALL SLICES
FOR ALL PIXELS
FOR ALL BITS
IF(LASTBIT==1)
VZ][i,j,currentBit]=1
// Data synthesis
FOR ALL VOXELS
V(i KI=VX[3j K]+ VY i, K V2 k]
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Fig.4 Data synthesis on CPU.
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Fig.6 Four polygon models and sliced distance functions.
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Table 1 Comparison of distance function computation in
1282 resolution grid (in milliseconds).

Polygons 0.025 0.05 0.1
Buddha(A) 15,536 25.0 344 106.2
Buddha(B) 67,240 312  39.1 107.8
Santa(A) 37,888 29.7  39.1 104.7
Santa(B) 75,778 35.9 42.2  106.3
Santa(C) 113,668 42.2  50.0 110.9
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Table 2 Detailed computation time (in milliseconds).

Phase 0: the extraction of discrete boundaries,
Phase 1: data synthesis, Phase 2: distance func-
tion computation.

Phase 0 Phase 1 Phase 2
Buddha(A) 3.2 14.0 18.8
Buddha(B) 9.4 14.0 18.7
Santa(A) 9.4 15.6 18.7
Santa(B) 15.6 15.7 18.8
Santa(C) 23.5 17.2 18.8
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Fig.9 Relation between the number of polygons and dis-

tance function calculation time. Comparison be-
tween the CSC algorithm and our method. Our
method (1) is the result with the discrete bound-
aries calculated in 256° resolutions and (2) is that
in 1283 resolutions.
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