Final Report on the visit of  Marco Gilli to the Center of Excellence MTA-SZTAKI (Budapest – Hungary)

First of all I would like to thank the EU Commission for giving me the opportunity of visiting the Center of Excellence MTA-SZTAKI. As I will try to explain in this report it has been a very important experience in my professional life as university research professor.

Even if I had the possibility of interacting with several scientists of the Institute, my principal activity   was developed  in the Laboratories of Prof. Tamas Roska, within the Computer and Automation Institute of  MTA-SZTAKI.
Since 1992, my research group (Technical University of Torino – Italy) has been collaborating with the group of  Prof. Tamas Roska, especially in the field of Cellular Neural Networks. My stay in Budapest has allowed us to consolidate our collaboration that started in the past and will continue in the future.

Our collaboration mainly focused on the following two research topics:

1. Cellular Neural Network (CNN) models for nonlinear partial differential equations. Applications to image processing.

2. Investigation of  complex dynamic behaviour (including chaos and bifurcation) in cellular neural networks.
For what concerns topic no. 1,  the principal results obtained through the collaboration between the two groups can be synthesized as follows:

a) Study of the relationship between CNN and PDE dynamics. In [1, 2] the conditions under which CNN models and PDEs are topologically equivalent have been established and it was shown that CNN dynamics represents a broader class than PDEs.

b) Study of the formal properties that a CNN should possess in order to be suitable for multiscale image-processing. The investigation  has allowed to extend to CNNs the results shown in [3] and [4] for PDEs. A publication on the subject is under preparation.  

For what concerns topic number 2, we have investigated the global dynamic behaviour of CNNs with the purpose of identifying which templates give rise to a complex (possibly chaotic dynamic behaviour). We are confident that the identification of chaotic dynamics in CNNs might open the possibility of developing, on the existing CNN chips, innovative chaos-based applications (see the joint publication [5] ).  

I enclose to this report the presentation that I proposed at the beginning of my visit, entitled “Method of qualitative theory of cellular neural networks”  (pres.pdf) and the joint publications no.1, 2 and 5 (pub1.pdf, pub2.pdf, pub3.pdf).
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