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Fault detection of multistage batch process based on improved value function
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Abstract: Aiming at the problem that the existing stage division strategy does not consider the dynamic and multi-stage characteristics of
batch processes at the same time, resulting in poor process detection effect, an improved multi-phase kernel principal component analysis
based on combined value function ( CVF-MKPCA) algorithm is proposed. Firstly, the three-dimensional data of the batch process are
expanded in the corresponding direction, and the dynamic characteristics between the data of the batch process are extracted by
constructing the expansion matrix. Secondly, an improved combined value function is constructed to evaluate the structural similarity
between different time series information; then, according to the evaluation requirements of dynamic structural similarity, the bottom-up
search method is used for stage division, and MKPCA method is used for stage modeling. Finally, a new combine statistic is constructed
to detect faults in each stage. In the simulation process of penicillin fermentation, the false alarm rate of the proposed algorithm is
3.40% when the control limit is 95% , and 7. 98% when the control limit is 99% , compared with the comparison method, the false alarm
rate is reduced by 2. 12% and 1.26% respectively, which proves that the proposed method has better fault detection performance.
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Table 2 Comparison table of fault false alarm rate results

(%)

it T Q

combine

2 il BR 95 99 95 99 95 99

SSPP 3.22 5.96 3.49 5.41 5.52 9.24
MPPCA 2.35 5.07 3.89 5.74 5.28 8.87
CVF-MKPCA 0 3.75 3.40 6.10 3.40 7.98
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Table 3 Fault detection rate results comparison table

(%)
GiitiE i Q
Eille 95 99 95 99
SSPP 95.78 93.17 95.94 93. 34
MPPCA 96.73 93.93 96. 11 93.50
CVF-MKPCA  98.25 96. 18 96. 15 93.81
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