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Modern machinery are nonlinear and complex, and identification of underlying faults is of paramount importance to avoid unscheduled downtimes and catastrophic failures. Further, as we increase automation the burden of additional reliability requires higher accuracy and confidence in our ability to find hidden faults and to map out their future failure paths.
This then is the problem of diagnostics, which can be defined as the procedure of mapping the information obtained in the measurement space to the presence and magnitude of faults in the fault space.  For almost two decades, we have been developing and exploring diagnostic techniques which are fundamentally based on extracting appropriate features of nonlinear dynamical behavior of machinery systems and using a hybrid combination of physics and machine learning.  The intention is to combine the rigorous and mechanistic methodology of model-based reasoning with the statistical strength of data-driven techniques in order to improve performance measures, including consistency with physics, accuracy, generalizability, and extrapolation capability. We have developed a spectrum of methods which I will discuss in this talk.
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