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Adaptive Fault Detection and Estimation for a Nonlinear System

LIU Ming
(Department of Electronic Information Engineering, Guizhou Vocational College of Electronic Science and
Technology, Gui’an 550003, China)

Abstract; To address the fault detection and estimation of a nonlinear system under complex operating conditions, this
paper proposes a fault diagnosis method based on a robust adaptive observer, designs a robust observer based on linear ma-
trix inequality (LMI), simultaneously handling multiplicative faults and external disturbances. An adaptive law is intro-
duced for online estimation of fault parameters, and the Lyapunov stability theory is used to analyze the convergence of the
observer, ensuring the robustness of the system under disturbances through LMI constraints. Combined with the dynamic
characteristics of residual signals, a fault threshold generation mechanism is presented to achieve rapid detection and isolation
of faults. To verify the effectiveness of the method, it it possible to establish a nonlinear model including actuator gain faults
and component faults for a single link flexible joint robotic arm. Simulation experiments verify the performance of the pro-
posed algorithm under composite faults, which shows that this method can accurately detect the faults with modeling uncer-

tainty and external interference, and rapidly tracking and estimating fault parameters, verifying the robustness and practi-

cality of the algorithm.
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