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Motivation
1. Fault classification plays a significant role in guaranteeing the effective 
operation of process monitoring systems. Meanwhile, with the rapid 
development of information technology, massive valuable data have been 
collected, transmitted, and stored. Consequently, data-driven methods have 
recently become feasible methods for fault classification.
2. The information of labeled samples is still limited and cannot fully describe 
the behavior of unlabeled samples. The performance of semi-supervised 
methods will severely deteriorate as unlabeled samples accumulate.
3. Human labeling is always costly and time-consuming in real situations, 
whereas model labeling can solve the dilemma and improve the efficiency of 
sample labeling.
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Main idea

1. Several selection indexes are proposed to evaluate the performance of 
unlabeled samples in various aspects. 
2. Human labeling in active learning is replaced by model labeling, which 
improves the reliability of model labeling through the four proposed indexes, 
while avoiding human interference. 
3. A reasonable stopping criterion is proposed to introduce more informative 
samples to the sub-dataset.
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Method
1. The bagging technique is introduced to randomly collect labeled samples to 
construct sub-classifiers for subsequent integration. Due to a sophisticated process, 
the data collections are unlikely to follow Gaussian distributions. Therefore, the 
mixture discriminant analysis (MDA) technique is adopted where the data distribution 
is regarded as a mixture of multiple Gaussian components.
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Method (Cont’d)
2. Two new selection indexes, called confidence and deficiency, are designed in 
this study to realize model labeling for unlabeled samples. Meanwhile, the 
inherent supplementary information within the unlabeled dataset can be 
extracted by traditional active learning methods.
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Method (Cont’d)
3. After each sub-classifier is strengthened, ensemble learning 
will be used to strengthen the robustness of the classification 
results by integrating the performance of all sub-classifiers.
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Method (Cont’d)
4. The detailed E2ALMDA flowchart is shown in Fig. 1.
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Major results
Classification  results
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Major results (Cont’d)
Overall variance changes 
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Major results (Cont’d)
Overall variance changes 
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Conclusions

1. To improve the robustness of the proposed method, several sub-datasets have 
been collected from the original dataset through the bagging technique, where 
corresponding weak classifiers were established. 
2. Several new indexes have been designed to introduce suitable unlabeled 
samples in the evolution of sub-classifiers. Instead of human labeling, we have 
proposed a model labeling solution for unlabeled samples in which a final criterion 
and an unlabeled sample value evaluation index were carried out based on the 
newly designed indexes to guarantee the performance of each weak classifier. 
3. The results of enhanced sub-classifiers have been integrated using the K-nearest 
neighbor (KNN) method to obtain the final fault classification results. 
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