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There are numerous definitions of a notion of shape of an object. These
definitions usually highlight aspects relevant to a particular applications of in-
terest. The development of digital imagery has triggered keen interest in further
refining and unifying the notion of shape. Shape analysis and recognition is an
essential element of many applications governing our daily lives. These applica-
tions include, among others: biomedical engineering (e.g. Magnetic Resonance
Imaging), mechanical engineering (shape and topology optimization of struc-
tures or machine parts), user authentication, object retrieval from databases,
or surveillance and security measures around sensitive areas. Shape analysis is
emerging as an important area of image processing and computer vision.

The modern shape analysis is based on two main approaches:

1. the first one approximates object shapes by a finite-dimensional approxi-
mation (a set of characteristic points or landmarks), which is then subject
to various transformations to derive shape models,

2. the second one interprets shapes as closed contours in infinite-dimensional
space, which, when subject to transformations morph into other shapes,
yielding a notion of similarity in the space of shapes.

In the first approach a shape of an object is described by its characteristic
points. Mathematically, shape is understood here as all the geometrical infor-
mation that remains when location, scale and rotation are filtered out from an
object. A planar shape commonly coincides with a closed curve enclosed in a
region of a plane in R2, bearing landmarks given by a vector of points. These
points, with additional constraints on their coordinates, represent a constrained
subset of R2, referred to as a preshape space. All rotations of the plane contain-
ing the preshape space create a set of orbits of a preshape space. Shape space,
i.e., equivalence classes of shapes, is defined as a set of such orbits. This space
forms a Riemannian manifold. A metric on this manifold, affording a compari-
son of different shapes, is induced by a metric on the preshape space or a sphere
of preshapes. Graph based representations of two- or three-dimensional shapes
and polygonal approximation of a shape as well as particle based shape models
are also related to landmark based shapes.
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