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Distance Map and Normal Map
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WATARU WAKITAT! and SHUN IpOt!

This paper describes a haptic rendering for high polygon model using distance
map and normal map. In haptic rendering for high polygon model, it is difficult
to have a high definition haptic perception of the shape at low cost, even though
a geometry-based technique using the LOD technique and the bounding model
has been used. On the other hand, several texture-based techniques have pro-
posed to represent the convexo concave of polygons depending on the 2D image
at low cost. We attempt a haptic rendering for the high polygon model using
a texture-based technique. Specifically, user prepares a high polygon model
and a low polygon model derived from coarsely-approximated the high polygon
model. A distance map can be obtained by coloring the distance between object
surfaces onto the UV map of a low polygon model, and a normal map can be

obtained by coloring the vertex normal of a high polygon model respectively.
The intersection detection is implemented for a low polygon model, the surface
height is dynamically changed according to the distance map and the direction
of the reaction force is perturbed according to the normal map. As a result,
our system enabled haptic rendering for high polygon model at low cost.
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Fig.1 Problem of polygon-based haptic rendering technique.
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Fig.2 Data structure of 3D object.
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3D Application
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Fig.3 System architecture.
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Fig.4 Low polygon model creation.
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Fig.6 Interior division ratio calculation.
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Fig.9 Haptic rendering algorithm.
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face normal Table 1 Comparison conditions.
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haptic model high low low low low
distance mapping off off on off on
normal mapping off off off on on
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Fig.11 Copy polygon creation.
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Table 2 Computation time results.

total update count | average time [usec]

. Lj—Lj_4 model 1 9,089 119.78

fj = NakyLj + Naka At (2) model 2 9,286 12.35
model 3 9,285 12.59

O000Ok, 000000k 0000000AtOO0O0O0O0CODOO0OOODDODOOODODOO model 4 0.995 13.95
model 5 9,325 10.95
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Table 3 Statistical and test results.

A) smooth rendering

E1l E2 E3 E4 E5 | significance probability | determination
model 1 3 7 1 0 1 0.0005563 impossible
model 2 0 2 2 5 3 0.0194640 possible
model 3 0 3 2 5 2 0.1193086 —
model 4 0 0 1 8 3 0.0000213 possible
model 5 0 0 3 4 5 0.0002995 possible

B) height

E1l E2 E3 E4 E5 significance probability determination
model 1 2 5 2 2 1 0.1196130 —
model 2 0 6 4 2 0 0.0949799 —
model 3 0 1 5 6 0 0.0290963 possible
model 4 0 1 2 8 1 0.0015396 possible
model 5 0 0 2 6 4 0.0000901 possible

C) gradient

E1l E2 E3 E4 E5 significance probability determination
model 1 1 4 4 3 0 0.4070426 —
model 2 0 6 5 1 0 0.0290963 impossible
model 3 0 3 3 5 1 0.2289211 —
model 4 0 0 4 3 5 0.0008785 possible
model 5 0 0 1 7 4 0.0000238 possible
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