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Abstract: The main objective of this tutorial is to present the 2005 situation of the state-of-the-art
concerning the application of soft computing methods to fault diagnosis and supervision systems. Another
objective is to show the unsolved and open problems of modern fault diagnosis and supervision that can
be solved either with soft computing methods or hybrid systems based on analytical and soft computing
methods. The tutorial is divided into five parts. The first part is devoted to the principles of modern fault
diagnosis and outlines the state-of-the-art in this important research area with respect to the so-called
analytical techniques. Special attention is paid to problems that cannot effectively be solved with such
techniques but can be tackled with the help of soft computing methods. The second part is concerned with
the design of fault diagnosis schemes with neural networks. In particular, a number of various solutions to
modeling problems for fault diagnosis systems are outlined. A special focus is on robustness to model
uncertainty, which is very important in practical applications. Various approaches that can be used for
tackling this problem are presented, e.g. an experimental design strategy for reducing parametric
robustness of a neural model. Hybrid solutions incorporating analytical methods and neural networks are
also presented and suitably analyzed. Finally, fault isolation schemes involving neural-network-based
classifiers are presented and discussed. The third part is devoted to fuzzy and neuro-fuzzy schemes for
FDI. Similarly as for neural networks, attention is focused on modeling problems for fault diagnosis and
supervision. Robustness issues with respect to model uncertainty are analyzed as well. Then hybrid
solutions such as fuzzy observers or neuro-fuzzy decoupled observers are presented. Finally, fault
isolation schemes involving fuzzy- and neuro-fuzzy-based classifiers are presented and carefully
discussed. The fourth part deals with evolutionary algorithm-based approaches to the design of fault
diagnosis and supervision systems. In particular, various evolutionary schemes that can be utilized to
solve modeling problems for FDI are presented, e.g. a genetic-programming-based identification scheme,
experimental design determination with evolutionary search with soft selection. Hybrid solutions such as
unknown input observer design with genetic programming or robust multi-objective observer synthesis
with genetic algorithms are also presented and carefully discussed. Finally, the last part is devoted to case
studies and practical implementations of soft computing and hybrid solutions for FDI and supervision
problems. In particular, the task of robust fault detection of an industrial valve actuator is tackled with
GMDH (Group Method of Data Handling) neural networks as well as with a perceptron neural network
obtained with the experimental design strategy. Another study concerns fault diagnosis of an induction
motor with a neuro-fuzzy network and genetic-programming-based observers.
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