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[Abstract] This study focuses on the detection of appearance defects in industrial metal components such as
lithium battery packaging parts. Addressing the core issues of uneven sample distribution and complex lighting
interference in actual production, it explores the application value of mask self—supervised learning. The study
integrates two—stage feature learning and deep feature cascading techniques to achieve accurate identification of
abnormal regions and automatic threshold adjustment. Results show that this method significantly improves
detection efficiency against complex metal surface backgrounds, maintains high stability in varying lighting
environments, and exhibits strong cross—product adaptability. Only a small number of normal samples are

needed for rapid deployment of quality inspection systems for new product types, providing an efficient solution

Shuyi Wang’

for unsupervised detection of appearance defects in industrial metal components such as lithium batteries.
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