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Abstract: Industrial process data encompasses continuous and discrete variables, whose underlying statistical charac-
teristics are crucial for revealing operational conditions. However, current process monitoring models predominantly focus
on continuous variables with Gaussian assumptions, which often overlook the significant effects of the multimodal distribu-
tion characteristics of process variables, as well as the noises and outliers in process data. These limitations hinder the mod-
els” ability to capture complex statistical characteristics, leading to low detection performance particularly in non-Gaussian
and nonstationary processes. This article introduces a robust anomaly detection method termed continuous and discrete vari-
ables-concurrent analysis-based variational Bayesian mixture discriminator (CDVCA-VBMD). It models continuous vari-
ables with a mixed student’ s t-distribution and discrete variables with a mixed multinomial distribution based on variational
Bayesian inference, which can adeptly manage and analyze the complex interdependencies between process variables and
overcome the non-Gaussian nature of continuous variables effectively. Furthermore, CDVCA-VBMD incorporates continu-

ous learning to ensure the effective detection of nonstationary industrial processes. Extensive validation and comparative ex-
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periments were conducted on a numerical simulation system and the Tennessee Eastman (TE) process. The outcomes dem-

onstrate that CDVCA-VBMD can accurately characterize the mixed multimodal distribution characteristics of time-varying

industrial processes, facilitating accurate anomaly detection. Additionally, the method exhibits robustness against noise and

outliers in process data, supporting long-term and reliable monitoring of complex and non-Gaussian industrial processes.
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Method Acc Rec F, FPR
GMM 0.958 0.965 0.968 0.054
GMM~+C 0.962 0.965 0.971 0.043
ST+C 0.968 0.971 0.977 0.037
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1 0.87/0.007 | 0.78/0.081 0.96/0.60 0.97/0.03

2 0.95/0.00 0.83/0.00 0.79/0.00 0.98/0.00

3 0.95/0.00 0.85/0.00 0.93/0.28 0.95/0.15

4 0.94/0.00 0.83/0.00 0.92/0.32 0.98/0.00

5 0.95/0.00 0.83/0.00 0.98/0.07 0.98/0.00

6 0.94/0.00 0.81/0.00 0.95/0.19 0.97/0.04
Average 0.93/0.001 0.83/0.014 | 0.92/0.243 | 0.97/0.036
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/FPR /FPR /FPR MD F /FPR FPR /FPR /FPR MDF /FPR
1 0.58/0.04 | 0.95/0.00 | 0.75/0.48 | 0.99/0.05 12 0.75/0.07 | 0.97/0.01 | 0.65043 | 0.98/0.01
2 0.90/0.03 | 0.97/0.00 | 0.90/0.46 | 0.98/0.05 13 0.89/0.01 | 0.96/0.01 | 057031 | 0.97/0.05
3 021/0.08 | 0.08/0.02 | 063036 | 0.290.13 14 0.17/0.07 | 0.06/0.00 | 0.63/0.52 | 0.99/0.08
4 021/0.09 | 0.07/0.00 | 065043 | 0.99/0.05 15 0.21/0.05 | 0.09/0.00 | 0.62/0.51 0.33/0.07
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6 0.96/0.03 | 0.98/0.04 | 092/0.56 | 0.99/0.03 17 0.23/0.05 | 031/0.00 | 0.66/0.45 | 0.96/0.08
7 0.44/0.06 | 0.63/0.00 | 0.66/0.48 | 0.99/0.05 18 0.83/0.05 | 0.93/0.00 | 0.86/0.55 | 0.95/0.06
8 0.76/0.05 | 0.97/0.00 | 0.65/0.49 | 0.98/0.05 19 0.20/0.08 | 0.02/0.00 | 0.66/0.36 | 0.97/0.05
9 0.23/0.08 | 0.05/0.06 | 065045 | 027/0.23 20 0.26/0.03 | 0.43/0.00 | 054005 | 0.93/0.06
10 0.32/0.05 | 0.53/0.00 | 0.64/0.53 | 0.93/0.05 21 0.32/0.03 | 027/0.00 | 036/0.52 | 0.76/0.21
1 0.20/0.07 | 0.19/0.01 0.65/0.51 | 0.84/0.09 Average 045/0.06 | 0.52/001 | 0.66/0.44 | 0.86/0.08
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