Hx & x = % 5 xR Vol.x No.x

xxxx & x B Control and  Decision XXX. XXXX

SR E

?H)%)\’él,z, iﬂi*gl,zf’ - X2, # .2
(1. RIERFER 2B 9K FREDRE, At ZEE 066000; 2. ZRIL K2 5 ERZ5 TR, LR 110004)

8 B EESHZGRAR P 2 Lo AR AR AR B IR SRR A S S AR, AR P A O B e M
ZITIREE G R S AR = R S R (DPGMM). &84y H 3%l a4t (VAE) 5B #r (CA) 5E07E IS,
B E S IR 3% 28 1) 24 I P2 D v RS M A IO, 7, AEZR L) DPGMM 2R Tt Rl A% O T B, B AU D28
1) 245 AR HRAEABA T 70 X A X 4 (90 ) B LR, St 48 1) 245 TR R P AT AR R B P B i o LA £ R A 6 % R
RIS, JEHAA CA 5 VAE B RR M 7572, AT Rk i, 42w 5 M 00 P o e e R e 4 R, Sl
A A R 22 1) T R P ) 7 QS L R R R R A O, e IRE IR V5 Y LR B, I 2 s
LT A - SR AT IR R R A 07 B R IR 7T, SRR Tt 7 vk (0 Al A7 P A A 2.

KA E M A PRI KRR FE SRR AL, R AR ST R RS
WIR 5%

HESES: TP XERFRERD: A

DOI: 10.13195/j.kzyjc.2025.0512

Sl Z0RR, TIEM, F0K, 55, 1785 B shgi il 4% -5 Y8 oA A 1038 S Z5 TR S & ) -5 08 77 vk
[J1.

An anomaly monitoring and tracing method for continuous
pharmaceutical process based on variational autoencoder and
cointegration analysis
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Abstract: This paper proposes a data-driven anomaly monitoring and tracing method for the complex characteristics of
continuous pharmaceutical processes, such as multi-operating conditions, non-stationarity, and strong coupling among
variables. It combines the advantages of the Dirichlet process Gaussian mixture model (DPGMM), variational
autoencoder (VAE), and cointegration analysis (CA) to achieve efficient anomaly detection and source tracing in
continuous pharmaceutical processes. Firstly, the framework uses the DPGMM as the core method for operating
condition identification, effectively solving the problem of distinguishing similar operating conditions in continuous
pharmaceutical processes. Secondly, to address the non-stationarity of continuous pharmaceutical processes and the
impact of closed-loop control on the correlation among variables, a process monitoring method integrating the CA and
VAE is designed, which effectively reduces false alarms and improves the accuracy and reliability of monitoring.
Meanwhile, through the means of reconstructing the data set and drawing contribution plots, the precise location of
faulty variables is achieved, overcoming the "contamination" phenomenon among variables. Finally, the feasibility and
effectiveness of the proposed scheme are verified through a simulation case study of the feeder blending-twin screw
granulation (FBTG) process.
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