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Preface

Image analysis and processing is a scientific discipline providing theoretical foundations and methods for solving
problems that appear in a wide range of areas, as diverse as medicine, robotics, defense, and security. In the process
of searching for efficient solutions to practical problems, researchers often face and challenge themselves by theoretical
problems that are germane to important theoretical computer science issues. Among these are concerns about problem
complexity, algorithm efficiency and optimality, advanced data structures for representing data, and others. Note that due
to the very nature of the underlying practical problems in image analysis and processing, the amount of data processed is
usually huge, which makes complexity and efficiency issues crucial.

The present thematic special issue includes eleven papers devoted to certain theoretical computer science issues
emerging in research on image analysis and processing. In response to the open call for papers 23manuscriptswere received.
Since one of these was withdrawn by the authors, 22 papers were processed for the special issue. As a result of a rigorous
reviewing process, typically by three referees per paper, 11 works were eventually accepted for publication.We believe that
only papers of very high quality have appeared in this special issue.

In the paper ‘‘Two Discrete Versions of the Inscribed Square Conjecture and Some Related Problems’’, the authors Feliú
Sagols and Raúl Marín consider a discrete version of the long-standing Inscribed Square Conjecture (which states that any
plane Jordan curve J contains four points on a non-degenerate square). First they prove that the conjecture holds for digital
simple closed 4-curves and that it is false for 8-curves. They also show that any cycle of the integer grid contains an inscribed
square with integer vertices. Finally, they provide an O(n2) algorithm to find inscribed squares in simple digital curves.

In the paper ‘‘Guarding a Set of Line Segments in the Plane’’, the authors Valentin E. Brimkov, Andrew Leach, Michael
Mastroianni, and JimmyWu consider the problem for guarding a set of line segments in the plane by a minimum number of
guards, that is related to surveillance and communication issues. The authors show that the problem is stronglyNP-complete
even for a set of segments with a cubic graph structure but in P for tree structures.

In the paper ‘‘Exact Optimization for the l1-Compressive Sensing Problem Using a Modified Dantzig–Wolfe Method’’,
the authors Alexandre Borghi, Jérôme Darbon, and Sylvain Peyronnet consider the l1-compressive sensing problem and
present an efficient algorithm that computes an exact solution. For this, they propose a modification of the Dantzig–Wolfe
decomposition that allows an efficient application of the standard simplex pivoting rules.

In the paper ‘‘A Graph-based Framework for Sub-pixel Image Segmentation’’, the authors Filip Malmberg, Joakim
Lindblad, Natasa Sladoje, and Ingela Nyström propose a framework for object representation based on fuzzy segmented
graphs. They use the notion of vertex coverage segmentation as a graph theoretic equivalent to pixel coverage segmentations
and on this basis present a method for computing such a segmentation. This approach is shown to provide an improved
precision of area measurements of synthetic 2-dimensional objects.

In the paper ‘‘Digital Distance Functions on Three-Dimensional Grids’’, the authors Robin Strand, Benedek Nagy, and
Gunilla Borgefors define distance functions on the cubic, face-centered cubic, body-centered cubic, honeycomb, and
diamond grids. They determine the parameters that minimize an error function that favors distance functions with low
rotational dependency and provide an algorithm for computing the distance transform by which the distance functions can
be applied in image processing.

In the paper ‘‘Approximating Euclidean Circles by Neighbourhood Sequences in a Hexagonal Grid’’, the authors Benedek
Nagy and Robin Strand classify digital circles in a hexagonal grid. For this they define neighborhood sequences and use them
to define digital distances. They have in particular found the neighborhood sequence that assures best approximation to a
Euclidean circle.

In the paper ‘‘3D Discrete Rotations Using Hinge Angles’’, the authors Yohan Thibault, Akihiro Sugimoto, and Yukiko
Kenmochi study 3D rotations on grid points computed by using only integer arithmetic. They define 3D ‘‘hinge angles’’
which determine a transition of a grid point from a voxel to its adjacent voxel during the rotation. This technique allows
them to define and characterize a 3D discrete rotation between a pair of corresponding digital images.
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In the paper ‘‘Efficient Search of Combinatorial Maps Using Signatures’’, the authors Stéphane Gosselin, Guillaume
Damiand, and Christine Solnon address the problemof computing canonical representations of n-dimensional combinatorial
maps. They define two combinatorial map signatures: one with a quadratic space complexity that can be used to decide the
isomorphism with a new map in linear time, and another that has a linear space complexity and may be used to decide the
isomorphism in quadratic time. The authors also show that these signatures can be used to efficiently search for a map in a
database.

In the paper ‘‘Strategies for Designing Geometric Transformations onQuantum Images’’, the authors Phuc Q. Le, Abdullahi
M. Iliyasu, Fangyan Dong, and Kaoru Hirota present three design strategies for constructing new geometric transformations
on quantum images from other transformations. Their complexity in terms of the number of basic gates and the depth of
the corresponding circuits are analyzed to reveal the advantages and disadvantages of each strategy.

The paper ‘‘The Optimal All-Partial-Sums Algorithm in Commutative Semigroups and its Applications for Image Thresh-
olding Segmentation’’ by Xie Xie, Jiu-Lun Fan, and Yin Zhu is devoted to design and analysis of multidimensional All-Partial-
Sums (APS) algorithms that are relevant to image segmentation. The authors employ the sequence length as the performance
measurement criterion for APS algorithms and corresponding thresholding methods, and obtain some complexity and op-
timality results about these.

In the paper ‘‘Alpha Markov Measure Field Model for Probabilistic Image Segmentation’’, the authors Oscar Dalmau and
Mariano Rivera apply the theory of metric divergences between probability distributions and a variational approach to
obtain a newmodel for probabilistic image segmentation. The proposed model is based on a very general measure between
discrete probability distributions.

We believe that these papers would be of interest to a broader audience, including researchers working in areas such as
pattern recognition, image analysis, computer vision, image processing, and computer graphics, as well as for theoretical
computer scientists.

We would like to thank all those who contributed to this Special Issue. First, we acknowledge with sincere gratitude
Professor Giorgio Ausiello, the Editor-In-Chief of Theoretical Computer Science, for his help and for providing us with the
opportunity to edit this special issue. Our thanks go to the authors who submitted their works and made this publication
possible. We are grateful to the reviewers for their time and for sharing their critical, yet constructive comments. We are
obliged to Mr. Ioannis Havoutis, Managing Editor of TCS, and to Mr. Mick van Gijlswijk, Journal Manager, for their help and
support throughout the entire publication process.
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