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Abstract:Due to the feedback control law in the closed-loop control system, changes caused by incipient faults could
be covered especially when the fault amplitude is small. Accordingly, it is more complicated for the diagnosis of incipient
faults in the closed-loop system. In this paper, a novel online fault detection and estimation method utilizing the Kullback-
Leibler divergence (KLD) is proposed for sensors in the closed-loop system. First, the definition of the KL divergence and
corresponding applications in the monitoring of multivariable systems are introduced. Combined with the KLD and fast
moving window principal component analysis (MWPCA) method, the model of online incipient detection and estimation is
established. Under the hypothesis of Gaussian distribution, the data matrix is constituted by residuals of system inputs and
outputs. Then the value of KLD is updated online through computing the mean and variance of score vectors of selected
principal components. Last, utilizing the proposed detection and estimation model, the online incipient fault detection and
estimation for sensors in the closed-loop system are obtained. In the simulation, it is shown that the proposed method can
deal with the incipient fault with lower fault-to-noise ratio (FNR) more efficiently.
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