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Space-time phenomena giving rise to fronts and interfaces are central issues in many contexts of 
Science and Technology. 

A selection of some of the most challenging ones, most often of multi-disciplinary character, will be 
pursued by a team of 10 Full Partner Members (8 universities of different countries and two 
industries, Guigues Environnement (France) and Siemens (Germany)) with the help of 4 Associate 
Partners. 

The project is divided into three general Work Packages A: Image Processing, B: Patterns in 
Complex Reaction-Diffusion Systems and C: Interfaces, Control and Inverse Methods in 
Technology Problems. The training of 18 ESRs is proposed with a interdisciplinary orientation: 
besides the presence of the two mentioned industries with special interest in work packages B and 
C, respectively, most of the mathematicians employed in this ITN in the field of image processing 
are collaborating with researchers from other fields as in the case of the Technion Computer 
Sciences and Electrical Engineering departments. 

The presence of two industrial partners will also broaden the range of applications of the training 
techniques used in the FIRST. The Guigues and Siemens partners, are in the supervisory board of 
the ITN, and are involved in the training programme through complementary skills seminars. Most 
of the ESRs will be trained in two different universities. The list of structured training courses refers 
not only to a set of postgraduate courses available in the PhD programmes but also to some 
specialized courses which will be organized for the FIRST ITN. 

The benefit to the European scientific community will be significant: the training will not only 
produce researchers with broad backgrounds qualified for academic careers. It will also produce 
individuals with an understanding of science and with an excellent perspective for a career outside 
academia





Plan

• a) Scientific subjects

• b) Training

• c) Networking

• d) Management



Space-time phenomena giving rise to fronts and interfaces are central issues in many 
contexts of Science (here understood in the largest possible meaning) and Technology 
(including aspects related with engineering and industry). A selection of some of the most 
challenging ones, most often of multi-disciplinary character and just emerging, will be given 
below.

An important ingredient of the proposed project will be a close contact of the 
experimental investigations with the corresponding theoretical analysis and interpretation. For 
instance, nonlinear Partial Differential Equations emerged in recent research as a major and 
basic tool for a wide variety of Image Processing tasks. As one of the main goals of this 
proposal we plan to bring together engineering researchers whose work motivated by 
practicality led to the development of numerical algorithms for solving complex systems of NL-
PDEs, with mathematicians who have the expertise to address questions of well-posedness 
uniqueness of solutions and stability of solutions with respect to coefficient perturbations and 
small changes in the initial/boundary conditions. We expect the interaction of the various 
teams to lead to major developments in this domain. Obviously, careful mathematical 
modelling of the physical processes encountered in many other applications often leads to 
intricate systems formulated in terms of nonlinear partial differential equations (PDEs). These 
systems sometimes involve stochastic terms and/or non-local terms representing delay, 
hysteresis or long-range-interaction effects. 



As a general remark, we point out that, in contrast with other types of models (e.g. those 
given by ordinary differential equations or by systems of linear PDEs) a very rich variety of 
mathematical and computational tools are essential for a basic understanding of the systems 
and also to be able to predict behaviour.  Such tools range from refined mathematical 
modelling (constitutive laws for non-standard materials, multi-scale formulations, 
homogenisation, asymptotic models,...) over aspects of mathematical analysis (existence of 
“appropriately defined solutions”, uniqueness/multiplicity, regularity of solutions, qualitative 
properties such as finite speed of propagation, formation of interfaces and singularities) to 
the design of  efficient numerical schemes (adaptivity in time and in space, discretisation 
methods consistent with the physics of the problem, advanced numerical linear algebra –
multigrid, parallelization, effective nonlinear solvers). A careful comparison between reliable 
numerical simulations and experimental results (usually involving careful processing of 
stochastic data) allows the mathematical models to be validated and further improved, and 
they can then be powerful tools in the prediction of new phenomena. The solution of inverse 
problems, in which the structure of a physical system, typically described in terms of the 
coefficients of the PDEs modelling it, is inferred from indirect measurements, is a further very 
significant area where PDEs are important in many applications and much mathematical 
analysis is necessary. A further step will consist of process optimization (developing 
algorithms which allow the system to be designed to achieve an optimal state by minimising 
a suitable cost function, and analyzing the reachable states, etc.) and is firmly within the 
scope of this proposal.



Besides this application-oriented mathematical methodology, different questions of tremendous impact and 
difficulty arise. They are related with intersectorial aspects of mathematics, namely links to other a priori 
disconnected – fields such as differential geometry, topology or probability theory. Often of a more theoretical 
nature, they require the development of new techniques which sometimes have to be used in combination with 
highly sophisticated methods already established. Many of the landmark advances in mathematics of the recent 
years (for instance the proof of the Poincaré conjecture) are fruits of a close-tie-approach between different fields 
of mathematics, and also between mathematics and other disciplines. It is a feature of mathematical research 
that it can often have stunning and unexpected applications in technology and that mathematical ideas are the 
perfect way of transferring knowledge between different disciplines.

The proposed investigation, being at the spearhead of both modern partial differential equations and industrial 
applications, with all the cross-disciplinary open questions to be addressed, will give an excellent opportunity to 
teach and train young researchers in this new and challenging field. The number of unsolved (and presently 
unasked) questions in this field will give them the chance to find their own field of research, not just to follow the 
well-known routes. We believe that just such a challenge in a novel, rather open field would give the young 
people the best opportunity to really grow and become independent scientists. The participation of young 
enthusiastic researchers should also significantly contribute to the successful completion of the proposed 
investigation and, hopefully, to a breakthrough in understanding of the rich and puzzling properties of some 
industrial applications. 

The training of the most gifted young researchers in such a complex and sophisticated variety of mathematical 
tools in the context of applications will be developed, with the full participation of two important European 
industries (and another one at an intermediate level as Associated Partner), coming from different European 
countries (Full Partner Members located in 8 different countries). The training objective is to have young 
scientists (researchers who are in the first five years of their career) working on selected problems by offering 
structured training in new and complementary techniques, participating in the regular local research activities of 
the teams and in workshops organised in the context of the network as well as providing complementary skills 
and exposing the researchers to other sectors including private companies. Secondments to some full or 
associated partners will ensure complementary training. This will improve the career perspectives of the students 
and will mean a progress, maintaining a European dimension, in the field and keeping a closer contact with 
important industries as Guigues and Siemens.



Within these three different WP, the different ESRs contracts are distributed in such a way that the study of the problems will 
be shared between (at most of the cases) two departments which will permit a main training in one centre with strong 
interaction and deployment of appropriate techniques in the second, with possible short visits to other departments of the 
network.  The following table summarizes all the topics which have been defined, with the number of months to be spent in 
each Full Member.

WPA: Partial Differential Equations for Image Processing

Most of the mathematicians employed in this ITN in the field of image processing are collaborating with researchers from 
other fields as it is the case of the Technion Computer Sciences and Electrical Engineering departments. The areas and 
problems of interest in PDE-based methods for Image Processing and Analysis in which the teams joining forces will be active 
are: i) Image Denoising and Edge Preserving Enhancement and Variational and PDE- based approaches, ii) Video 
Processing: Optic Flow Estimation by Over-Parameterized Variational Methods and Variational Methods for Deinterlacing, iii) 
Image Restoration and Inpainting, iv) Image and Video Coding Compression: Up-Scaling and Down-Scaling and Image and 
Video Sampling Issues, v) Scale Space Processing: Image Representations in Overcomplete Dictionaries and Sparse 
Representations and Their Uses. Some concrete subprojects in this Work Package are the following:

WPA1. Mathematical analysis of the total variation based denoising problem: total variation
flows.
The development of fast algorithms to solve the variational formulation of these problems is
of much interest at present and will require many efforts to understand existing algorithms
and formulate new ones. The development of primal-dual algorithms for the denoising
problem (taken as a model problem) and their analysis will permit to understand their
efficiency and to study their application to other contexts like segmentation or disparity
computation for stereo.









b) Training

• the training programme (distinguishing between that ESRs and ERs);
• secondments;
• complementary skills
• training events open to external participants





c) Networking
• how the Network functions and how the partners cooperate in practice;
• interaction with private sector







Collaboration with the organization of other workshops: 

* INdAM Workshop on "NONCONVEX EVOLUTION PROBLEMS" organized by Adriana
Garroni, Corrado Mascia and Alberto Tesei. November 30 - December 3, 2010

*4th Euro-Japanese Workshop on Blow-up (6-10 September 2010)

*Phase-Field Models in Fluid Mechanics" (14-16 February 2011)
(http://www.uniregensburg.de/Fakultaeten/nat_Fak_I/Mat8/lst/workshop2011/index.html)

*Getting Started with PDE", Summer Workshop for Graduate Students, Technion, Haifa, 
Israel (18-22 September 2011)
(http://www.math.technion.ac.il/cms/decade_2011-2020/year_2010-2011/summer-
workshop/)

*ITN Winterschool on "Mathematical Models for Wetting: Analysis and Numerics", 
February 13th-17th, 2012, Veilbronn (near Erlangen, Germany).

*The Meeting of the Studiegroep Wiskunde met de Industrie (SWI2012) will be held from 
January 30 to February 2 at the Department of Mathematics of the Vrije Universitet in 
Amsterdam (http://www.eurandom.nl/events/workshops/2012/SWI_2012/index.html)

http://www.uniregensburg.de/Fakultaeten/nat_Fak_I/Mat8/lst/workshop2011/index.html
http://www.math.technion.ac.il/cms/decade_2011-2020/year_2010-2011/summer-workshop/




d) Management

• Recruitment report
• Financial aspects
• any proposed re-orientations of the networks’ activities







Intranet





any proposed re-orientations of the 
networks’ activities

External Experts Board of First. 

Darryl Holm from Imperial College:   d.holm@ic.ac.uk,    WPA

John King : etzjrk@math.nottingham.ac.uk                      WPB

Michael Hinze michael.hinze@uni-hamburg.de            WPC.

in the Annex I, it is mentioned the following: 

An external advisory board will be present at the mid‐term meeting and will help the FIRST members in 
analysing the results obtained, and in setting the new objectives, if necessary, of FIRST. 

Later, in page 22 we repeat again:

For the mid-term review, a special external board of 3 experts, specialised in the 3 Work Packages, will be 
invited to help the FIRST members reviewing the progress of the network, and defining new directions, if 
necessary. 
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