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ABSTRACT

Signed Distance Calculation for Point Sets

using Ray Casting

Department of Computer Science and Engineering
The Graduate School of Ewha Womans University

Shin, Hye Jin

The point set is a very useful and lightweight data structure used in computer
graphics, since it includes only point geometry data. Since points do not have
topology information, a point set should be reconstructed to a mesh model to be
applicable to graphical applications. We often calculate signed distance fields to

reconstruct a mesh model from a point set.

For a point set, signed distance cannot be directly calculated since we cannot
determine where is inside or outside from a point set. Many studies suggested
defining an implicit surface in order to define the sign for a point set. However,

most of them are complicated and involving.
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If there are holes in a point set, we have to correct them since they can induce
numerical errors to calculate signed distance. For these reasons, we present a
method to calculate signed distance for a point set using ray casting to correct
holes with simple calculation. We define being inside and outside by creating
spheres from the point set and shooting rays. From the ray-sphere intersection
test, we know the number of surfaces that exist to the direction of a ray. We
assume a point is outside of a point set if a ray collides with two surfaces.
Otherwise, the point is inside of a point set. We use a set of spheres to correct
the holes and to define an implicit surface from the point set. Also, we use a
bounding volume hierarchy structure for fast distance calculation and collision

detection.

Proposed algorithm is using simple calculation to calculate distance and sign,
between a specified query point and a point set. We do not need to extract the
isosurface or contour line to define being inside or outside from a point set. Also,

we can define the sign correctly from a point set with missing data.

QOur algorithm can be used to calculate a signed distance field. We calculate and
visualize the signed distance field. Also, we reconstruct mesh models from the
signed distance fields using Marching cube algorithm. The reconstructed surfaces

are smooth without having holes.
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