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Abstract :

Quality anomaly propagation and root cause localization techniques are crucial in multimodal data

fusion pipelines. This article proposes a comprehensive solution from three dimensions: mechanism

research, technological innovation, and engineering practice, including analyzing the coupling strength

of heterogeneous data streams, constructing DAG topology representation, designing dynamic

weight causal inference algorithms, and verifying them through fault injection testing and constructing

benchmark datasets. The plan effectively improves the reliability of intelligent manufacturing systems

and explores future directions for technology integration.
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