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From Anomaly Detection to Understanding
and Action: The Evolution and Trustworthy
Deployment of Al for Smart Manufacturing
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Anomaly detection is an important technology for quality inspection in smart manufacturing,
yet practical deployment remains difficult because defect samples are scarce, unknown anomalies
cannot be exhaustively defined, and models often generalize poorly across products, sensors, and
production conditions. This article reviews the evolution from rule-based inspection and normal-
only learning to synthetic anomaly generation, few-shot and zero-shot detection, visual foundation
models, semantic-structural fusion, and unified cross-domain systems. It further discusses the
transition from anomaly detection to anomaly understanding through vision-language question
answering, structured reasoning, and agentic evidence acquisition using zooming, normal-
reference retrieval, and difference maps. Particular attention is given to trustworthy deployment.
Task accuracy, anomaly localization, causal visual dependence, false alarms, fatal misses, and
operational safety are related but distinct properties and should be evaluated separately. A reliable
inspection system should therefore provide verifiable and traceable evidence, preserve data and
model lineage, and support engineers in making risk-aware decisions rather than merely producing
fluent explanations.
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