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Introduction: Multi-variate signal analysis plays an important role in our understanding of a variety of complex 

systems in engineering, physics, biology, and medicine. A major challenge is to achieve a data-driven and adaptive 

decomposition of a multi-variate signal in a set of components that can accurately capture the nonlinear and 

nonstationary dynamics typical of complex systems. Current approaches have limitations in terms of their ability to 

properly separate the information in a multi-variate signal while minimizing leakage of information over several 

components, or generation of spurious components. Moreover, some techniques are computationally expensive, 

and cannot scale efficiently to large datasets. 

Objectives: Our objective is to develop accurate and efficient data-driven and adaptive multi-variate signal 

decomposition techniques, starting from state-of-the-art univariate signal decomposition methods. 

Setting and Methods: Recently, we proposed singular spectrum decomposition, an adaptive and data driven method 

for the decomposition of univariate signals (Bonizzi et al., 2015). This method is based on standard matrix 

factorization techniques like singular value decomposition, and on the concept of trajectory matrix, which links to 

recurrence analysis of complex systems. Modification of these techniques, also by means of tensor-based 

decomposition methods, may help in achieving a more physically meaningful separation of the unknown 

components hidden in the signals. 

Impact: This project will impact several fields of research, among which the analysis of brain signals, of gravitational 

wave signals from multiple detectors, of complex networks, and of recurrence in complex systems, and improve the 

spatio-temporal analysis of weak and transient components in a multi-variate signal. 
 

Requirements candidate: Student with solid mathematical background (at the level of M.Sc.) in either applied 

mathematics, physics, or engineering. Good English and communication skills. Basic knowledge in signal processing 

and machine learning. 
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