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Abstract

With the rapid development of industry and the increase in system complexity, fault detection of
nonlinear systems has become important technical means to ensure the safety and reliability of
complex engineering systems. Traditional methods mostly rely on residual signals generated by ob-
servers to establish monitoring mechanisms, yet they generally overlook the impact of faults on the
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key performance of systems. To address the needs of real-time performance monitoring and
maintenance for complex nonlinear systems, this paper proposes a novel data-driven approach for
performance-supervised fault detection. First, with the aid of Takagi-Sugeno (T-S) fuzzy approxi-
mation techniques, a performance residual function is constructed for the nonlinear systems. Then,
a data-driven scheme is designed to identify key parameters in the performance residual of the sys-
tems with unknown models. Finally, an evaluation function is established for the performance re-
sidual, and a proper threshold is set to ensure the trade-off between the fault detection rate and the
false alarm rate. Simulation studies conducted on a laboratory three-tank system demonstrate that
the proposed method can effectively detect the pipe plugging and level sensor faults, verifying its
practical applicability in engineering systems with complex dynamics.
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Figure 1. Diagram of the three-tank system
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Figure 3. Performance residual and its evaluation function and threshold of the fault-free system
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Figure 5. Results of the performance-supervised FD
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