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Industrial systems increasingly rely on continuous data streams to monitor process conditions
and ensure quality control. While supervised statistical process monitoring techniques can
detect deviations from normal operating conditions, their effectiveness depends on labeled
data, which are often costly or infeasible to acquire in real time. This work introduces a novel
active learning framework for sequential decision-making in labeling under budget constraints.
Leveraging partially hidden Markov models, the method captures temporal dependencies and
integrates partially labeled data to support dynamic classification of process states. A dual-
objective strategy is developed to guide real-time labeling decisions, balancing exploitation, i.e.,
improving discrimination between known states, and exploration, i.e., discovering previously
unobserved out-of-control modes. Validation through simulations and an industrial case study
on resistance spot welding in automotive manufacturing demonstrates improved classification
accuracy and efficient label usage compared to traditional monitoring approaches.
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