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This special issue reflects recent developments in mathemat-
ical image processing and analysis. Advanced mathematical
concepts and methods, including convex, non-convex and
non-smooth optimization, differential geometry, variational
methods, spatiotemporal scale space, nonlinear diffusion, are
used to model complex situations in image analysis, med-
ical imaging and computer vision problems. This special
issue comprises seven paperswhich represent state-of-the-art
research on these topics and are outlined in the next para-
graphs.

In “DynamicTextureRecognitionUsingTime-Causal and
Time-Recursive Spatio-Temporal Receptive Fields,” Y. Jans-
son and T. Lindeberg extend classical Gaussian scale space,
constructions to time-causal scale space, and use it to develop
new, comparable to state-of-the-art, video descriptors for
dynamic texture recognition with potential applications to
video analysis problems.

Diffusion has been a major topic in image analysis for
the last three decades, with its connection to scale space,
thoroughly explored. Many questions regarding nonlinear
diffusion are still open. In this context, M. Welk, J. Weickert
and G. Gilboa propose a novel approach for forward–
backward space-discrete, time-continuous diffusion in “A
Discrete Theory and Efficient Algorithms for Forward–
Backward Diffusion Filtering” where they establish some
well-posedness results which carry over to the fully discrete
case, and efficient algorithms are proposed.

In “Design and Processing of Invertible Orientation
Scores of 3D Images,” M.H.J. Janssen, A.J.E.M. Janssen,
E.J. Bekkers, J. Oliván Bescós and R. Duits extend 2D
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orientation scores to three dimensions. They develop a
coherence-enhancing diffusion which preserves crossings,
using differential geometric techniques, and apply it to detec-
tion and recovery of tubular structure, particularly in medical
imaging applications. This illustrates how the combination
of several complex mathematical topics can lead to state-of-
the-art results.

Differential geometry is also at the heart of the work of
R. Bergmann, J.H. Fitschen, J. Persch and G. Steidl, “Priors
with Coupled First and Second Order Differences for Man-
ifold Valued Image Processing,” where discrete variational
models involving classical elements of optimization and reg-
ularization, infimal convolution and total variation and total
generalized variation are developed for images with values
in Lie groups and Riemannian manifolds.

In the work of T. Vogt and J. Lellmann, “Measure-Valued
Models with Applications to Diffusion Weighted Images,”
the classical total variation seminorm is generalized to spaces
of functions taking values in the space of probability mea-
sures over some metric spaces, particularly Riemannian
manifolds, as in the paper outlined above. Building on the
ideas of functional lifting, a mathematical framework for
this important generalization of total variation is developed.
Wasserstein metrics are a key ingredient of the construction,
which is another illustration of the growing importance of
optimal transport ideas in image analysis.

Deblurring and denoising is still a major research topic
in image processing. While a whiteness assumption on the
noise is often formulated, it is rarely used in practice. In
“Whiteness Constraints in a Unified Variational Framework
for Image Restoration,” A. Lanza, S. Morigi, F. Sciacchitano
and F. Sgallari propose a model where this assumption is
incorporated via the property of white noise auto-correlation
functions. This leads to a non-smooth and non-convex con-
strained total variation optimization approach.

Triggered by demands from the movie industry, with
applications for special effects and relighting, a non-smooth
and non-convex approach for reflectance estimation is pro-
posed by J. Mélou, Y. Quéau, J.D. Durou and D. Cremers
in “Variational Reflectance Estimation from Multiple-View
Images.” Careful parameterization of the problem allows for
an efficient recovery algorithm.
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This special issue of Journal of Mathematical Imaging
and Vision brings together a series of contributions covering
many topics in imaging and yet united by a few clear threads
around scale space, diffusion, optimization and geometry.
We thank the authors for submitting their high-quality papers

and the reviewers for carefully evaluating and commenting
on them.
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