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Active Learning for Budget-Constrained Labeling in
Data Stream Monitoring

Modern industrial systems generate high-dimensional data streams often used for statistical process monitor-
ing (SPM), i.e., distinguishing between multiple in-control and out-of-control (OC) states. While supervised
SPM methods benefit from labeled data in assessing the process state, label acquisition is often expensive and
infeasible at large scale. This work proposes a novel stream-based active learning framework for SPM that
optimally selects data points to label under a constrained budget. Unlike traditional active learning methods,
which assume independent data, our approach explicitly models temporal dependencies by integrating par-
tially hidden Markov models to combine labeled and unlabeled information. The proposed method addresses
both class imbalance and the emergence of previously unseen OC states. A dual criterion is developed to
balance exploration (i.e., discovering new OC conditions) and exploitation (i.e., improving classification accu-
racy on known states). The labeling strategy operates in real-time, providing decisions for each incoming data
point. Through a simulation study and a case study on resistance spot welding in the automotive industry,
the proposed method is demonstrated to improve SPM performance, especially when labeling resources are
scarce.
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