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Incipient fault monitoring of batch process based on S-RNPAE algorithm
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Abstract: For batch process data with multivariate, nonlinear, and high dimensional characteristics, the early fault signals
are easy to be disturbed by noise and the fault amplitude is low, which lead to poor fault monitoring performance, we propose
an early fault detection method for batch processes based on stack-robust neighbourhood preserving autoencoder (S-
RNPAE) in this paper. Firstly, the objective function of the autoencoder is redesigned by the L 1 norm to improve the
model robustness to noise and outliers. Secondly, the robust neighbourhood preserving autoencoder (RNPAE) module
is constructed by using neighbourhood preserving embedding to regularize the robust autoencoder, which solves the
problem of the autoencoder as a global model that ignores the local neighbour information containing early fault features.
Then, we construct the S-RNPAE network by stacking multiple RNPAE modules, which can obtain deep global-local
features to ensure the extraction of early minor fault information more fully, and we establish detection statistics to realize
process monitoring. Finally, the nonlinear contribution diagram method is used to complete the fault diagnosis, which is
more accurate for nonlinear variables. The examples of the Swiss Roll dataset and the simulation process of penicillin
fermentation show that the proposed method has stronger feature extraction ability, which is more sensitive to the early
fault of batch process and has a better early fault monitoring performance.

Keywords: batch process; incipient fault; process monitoring; autoencoder; neighborhood preserving embedding
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