
 

 

 

Presentation Abstract: 

Within structural systems, as is the case across many areas of engineering, it is often difficult (if not 

impossible) to describe the dynamic behaviour of the system exactly in closed from first principles. 

The problem of system identification then is to determine effective models which can predict 

behaviour of interest over a sufficiently broad range of operating conditions. One powerful approach 

may be to build a physical model of the system and attempt to calibrate the parameters of that model 

from measured data. Alternatively, one may decide to purely use observational data in combination 

with tools such as machine learning to build a black-box model of the system. In this talk, one 

methodology which sits between these two extremes will be shown. Using some partial knowledge of 

the physics, a model will be constructed and coupled with a Gaussian process (a machine learning 

regression tool) in order to provide insight into the physics of nonlinear dynamic systems from data. 

This insight is subsequently used to build more effective nonlinear models which can extrapolate 

beyond the already seen data. Examples will be shown for three cases, first a single degree of freedom 

input-output system, then an extension for output-only (blind) identification and finally some 

preliminary results for higher order models with multiple degrees of freedom. The key takeaway of 

this talk will be how, as engineers, imposing physical knowledge in data-driven modelling not only 

allows more accurate models but that black-box components can reveal unknown physical 

phenomena. 
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