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Geodesic Methods in Computer Vision and Computer
Graphics

This monograph reviews both the theory and practice of the numerical computation of
geodesic distances on Riemannian manifolds. The notion of Riemannian manifold allows
one to define a local metric (a symmetric positive tensor field) that encodes the
information about the problem one wishes to solve. This takes into account a local
isotropic cost (whether some point should be avoided or not) and a local anisotropy
(which direction should be preferred). Using this local tensor field, the geodesic distance
is used to solve many problems of practical interest such as segmentation using
geodesic balls and Voronoi regions, sampling points at regular geodesic distance or
meshing a domain with geodesic Delaunay triangles. The shortest paths for this
Riemannian distance, the so-called geodesics, are also important because they follow
salient curvilinear structures in the domain. We show several applications of the
numerical computation of geodesic distances and shortest paths to problems in surface
and shape processing, in particular segmentation, sampling, meshing and comparison of
shapes. All the figures from this review paper can be reproduced by following the
Numerical Tours of Signal Processing.
http://www.ceremade.dauphine.fr/~peyre/numerical-tour/ Several textbooks exist that
include description of several manifold methods for image processing, shape and surface
representation and computer graphics. In particular, the reader should refer to [42, 147,
208, 209, 213, 255] for fascinating applications of these methods to many important
problems in vision and graphics. This review paper is intended to give an updated tour of
both foundations and trends in the area of geodesic methods in vision and graphics.
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