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W

E present the special section on Shape Analysis and Its
Applications in Image Understanding to the IEEE
Transactions on Pattern Analysis and Machine Intelligence. This
special section attracted 21 papers, of which seven highquality papers were recommended for publication. Each
paper was reviewed by at least three reviewers and more than
50 reviewers participated in this review process. We are very
grateful to these outstanding reviewers for their help and
their contribution to the success of this effort. The editors are
also thankful to Professor Laurent Younes of the Johns
Hopkins University, Baltimore, Maryland, and Professor

Alain Trouvé of the Ecole
Normale Supérieure Cachan,
France, for their participation in this special section.
This section is dedicated to investigating and advancing
the role of shape in computer vision and image understanding. Shape is a fundamental characteristic of objects
and, thus, has an important role to play in their detection
and recognition in image data. Although shape has been
used in a variety of ways in the past, there has been a
resurgence of ideas and methods for studying shape in
recent years. In particular, studies of shape spaces, driven
by tools from functional analysis, differential geometry, and
statistics, have increased remarkably. Since shape is defined
as a geometric quantity that is invariant to certain
transformations, the techniques from standard Euclidean
calculus and statistics do not apply directly. Shapes are
most naturally studied as quotient spaces of certain
manifolds under the actions of groups of shape-preserving
transformations. Within this framework, several representations have been explored.
One of the earliest ideas in this regard was landmarkbased shape analysis, pioneered by David Kendall. This
approach is based on selecting a finite number of salient
points, or landmarks, on a shape and restricting the analysis
to the manifold formed by these points modulo shapepreserving transformations. This representation is perhaps
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the most advanced in terms of the tools for statistical
analysis and stochastic inference that have been developed
for it. The first two papers in this section are devoted to
modeling and analysis using landmark representations for
shapes. The first paper, titled “Nonstationary Shape
Activities: Dynamic Models for Landmark Shape Change
and Applications,” by Samarjit Das and Namrata Vaswani,
develops a model for the evolution of 2D silhouettes and 3D
human body shapes in video data. The second paper, titled
“Intrinsic MANOVA for Riemannian Manifolds with an
Application to Kendall’s Space of Planar Shapes,” by
Stephan Huckemann, Thomas Hotz, and Axel Munk, takes
a general view and develops tools for performing multivariate analysis of variance on 2D shape data, with
applications to the analysis of leaf shapes in forest biometry.
The development of shape analysis for use in specific
contexts in computer vision is also growing. One example is
the detection of parts or pieces of objects in images and their
joint use under shape-based considerations. The paper
“Shape-Based Human Detection and Segmentation via
Hierarchical Part-Template Matching,” by Zhe Lin and
Larry S. Davis, describes a tree representation of parts that
is used for organizing and matching segmented parts in
images, under the learnt models. These ideas are illustrated
by detecting human shapes in images. The next paper, titled
“Rigid Shape Matching by Segmentation Averaging,” by
Hongzhi Wang and John Oliensis, studies matching using a
representation of shapes obtained from image segmentations. It uses the “structure entropy” of a combination of
two segmentations to measure shape similarity, and creates
robustness by averaging over all possible segmentations of
each image.
Due to advances in imaging technology and computational power, there is a growing interest in shape analysis of
3D objects. The shape analysis of their boundaries as
surfaces naturally brings up both new challenges and
benefits. One important challenge is to establish correspondences (registration) between different surfaces in an
automated fashion. The paper “Automatic Construction of
Correspondences for Tubular Surfaces,” by Toon Huysmans, Jan Sijbers, and Brigitte Verdonk, addresses this
problem for tubular surfaces using a cylindrical coordinate
system. While the statistical shape analysis of a single object
is a difficult problem, this task is even more difficult for
multiple objects, where one wants joint statistical measures
for the shapes of these objects. The paper titled “MultiObject Analysis of Volume, Pose, and Shape Using
Published by the IEEE Computer Society
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Statistical Discrimination,” by Kevin Gorczowski, Martin
Styner, Jan Yeon Jeong, J.S. Marron, Josephy Piven, Heather
Cody Hazlett, Stephen M. Pizer, and Guido Gerig,
addresses this problem using the medial axis representation
which replaces landmarks on the boundaries of objects by
internal medial structures; these medial representations are
then statistically analyzed for a population of objects and
collections of multiple objects. The last paper, “Ricci Flow
for 3D Shape Analysis,” by Wei Zheng, Dimitris Samaras,
and Xianfeng David Gu, uses Ricci Flow, which is a form of
heat flow, but for curvature. It provides a natural
representation of the boundary surface of an object using
a conformal mapping, independent of the topology. This
method has been exploited to include feature points and
curves. This representation reduces 3D surface matching to
the better understood 2D image matching for conformal
mappings.
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