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Numerical methods for early embryogenesis computational reconstruction

In the talk we present mathematical models and numerical methods which lead to Zebrafish
early embryogenesis reconstruction and extraction of the cell trajectories from the large-
scale 3D image sequences. Robust and efficient finite volume schemes for solving nonlinear
PDEs related to filtering, object detection, segmentation and tracking in 3D and 4D images
were designed to that goal and studied mathematically.They were parallelized for massively
parallel computer clusters andapplied to the mentioned problems in developmental biolo-
gy. The presented results were obtained in cooperation of groups at Slovak University of
Technology, Bratislava, CNRS, Gif-sur-Yvette, Ecole Polytechnique, Paris and University
of Bologna.
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Preconditioning sequences in image restoration

Image restoration, i.e. the recovery of images that have been degraded by blur and noise,
is a challenging inverse problem. We propose the solution of the related discretized par-
tial differential equation models by iterative linear system solvers accelerated by a simple
but flexible framework for updating incomplete factorization preconditioners that presents
a computational cost linear in the number of the image pixels. We demonstrate the effi-
ciency of the strategy in application to denoising and deblurring of some images with an
evolutionary PDE model.
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Image registration based on a generalized SSI metric

In the framework of a modular code whose design allows to uncouple the different com-
ponents of an general algorithm for fully automatic intensity based image registration (im-
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age distance, image model, transformation class), we propose and test two algorithms rely-
ing on the structural similarity index metric (SSIM) and on a novel image metric general-
izing the SSIM distance. We compare the two new algorithms with some frequently used
techniques, showing that they might provide a good compromise between computational
efficiency and quality of the results.
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A Semi-Lagrangian approximation for the Infinite Laplacian and application to image
inpainting

We present a new Semi-Lagrangian scheme to approximate the game infinite laplacian
operator. The approximation is obtained by coupling a finite difference method to approx-
imate second directional derivatives with a local interpolation. The scheme can handle
degeneracies, it is explicit and it allows for large time steps. Convergence can be proved
for a modified version of the scheme, via a generalized version of the Barles-Souganidis
theorem. Finally, an application of the scheme to image inpainting is presented.
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Inpainting techniques for metal artifact reduction in computed tomography

Permanent metallic implants, such as dental fillings, hip prostheses and cardiac de-
vices, generate streaks-like artifacts in computed tomography images. During the past three
decades, various Metal Artifact Reduction (MAR) techniques have been proposed to reduce
these artifacts. Among MAR techniques, interpolation-based methods play a leading role.
Through linear interpolation (LI) or inpainting techniques, they identify and restore the
corrupted parts by recovering information from the uncorrupted neighboring areas. In this
presentation we explore the effects and the possible benefits due to the employment of par-
tial differential equations in MAR problems. A systematic evaluation of the performances
of the proposed methods is carried out on both synthetic and real computed tomography
images.
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Image restoration with constraints on noise-whiteness



Image restoration refers to the recovery of a clean sharp image from a noisy, and poten-
tially blurred, observation. Based on the assumption that noise is additive and white, we
propose a novel variational framework in order to enforce whiteness of the residue im-
age. In particular, the proposed variational model uses Total Variation (TV) regularization
(chosen simply for its popularity, any other regularizers could be substituted as well) and
imposes the resemblance of the residue image to a white noise realization by constraining
its autocorrelation function. The whiteness constraint constitutes the key novelty behind
our approach. The restored image is efficiently computed by the constrained minimization
of an energy functional using an Alternating Directions Methods of Multipliers (ADMM)
procedure. Numerical examples show that the novel residue constraint indeed improves the
quality of the computed restorations.

Roberto Mecca
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Direct Surface Reconstruction using Perspective Shape from Shading via Photometric
Stereo

Shape from Shading and Photometric Stereo are two fundamental problems in Computer Vi-
sion aimed at reconstructing surface depth given either a single image taken under a known
light source or multiple images taken under different illuminations, respectively. Whereas
the former utilizes partial differential equation (PDE) techniques to solve the image irradi-
ance equation, the latter can be expressed as a linear system of equations in surface deriva-
tives when 3 or more images are given. It therefore seems that current Photometric Stereo
techniques do not extract all possible depth information from each image by itself. We use
PDE techniques for the solution of the Shape from Photometric Stereo problem when only
2 images are available. Extending our previous results on this problem, we consider the
more realistic perspective projection of surfaces during the photographic process. Under
these assumptions, there is a unique weak (Lipschitz continuous) solution to the problem at
hand, solving the well known convex/concave ambiguity of the Shape-from-Shading prob-
lem. We propose two approximation schemes for the numerical solution of this problem, an
Up-Wind finite difference scheme and a semi-Lagrangian scheme, and analyze their prop-
erties. We show that both schemes converge linearly and accurately reconstruct the original
surfaces. Our results thus show that using methodologies common in the field of Shape-
from-Shading it is possible to recover more depth information for the Photometric Stereo
problem under the more realistic perspective projection assumption. Even an extension to
more than 2 images will be presented. Starting from the 2 images basic model we generalise
the linearisation process when several pictures are taken into account with the advantages to
have a fast and direct method of surface reconstruction in height resolution even in presence
of shadows.
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Semi-Lagrangian Approximation of non-Lambertian Reflectance Models for the
Orthographic Shape-from-Shading Problem.

Several advances have been made in the last ten years to improve the Shape–from–Shading
model in order to allow its use on real images. The classic Lambertian model, suitable to
reconstruct 3D surfaces with uniform reflection properties, has shown to be unsuitable for
other types of surfaces, for example for rough objects consisting of materials such as clay.
Other models have been proposed but it is still unclear what would be the best one. For this
reason, we analyze models for non-Lambertian surfaces. In this talk we will consider the
non-Lambertian diffusive Oren–Nayar reflectance model and the specular Phong model, we
will construct semi-Lagrangian approximation schemes for their nonlinear partial differen-
tial equations and we will compare their performances with the classical model in terms of
some error indicators on series of benchmarks images.
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Adaptive reconstruction of 3D sparse data via radial basis functions

Surface reconstruction starting from 3D scattered data is an issue characterizing different
applicative fields, from medical imaging to reverse engineering. This task is often partic-
ularly challenging due to the interest in reconstructing surfaces with different topological
structures and details at different scales, and since very often we deal with noisy or lacking
data.

In this talk we present an adaptive procedure based on compactly supported interpolat-
ing Radial Basis Functions (RBF) to reconstruct implicitly defined surfaces. The proposed
approach exploits a multiscale analysis of the scattered data, allowing to refine the recon-
struction where fine details are present and vice versa. This leads to a robust and computa-
tionally cheap algorithm. We also present a variant of this procedure based on a least-square
approximation to handle possible noisy data. Several examples are presented to exemplify
the good performances of the proposed methodology.


