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Industrial quality control

• One of the key processes in manufacturing
– Classical machine vision methods

• Transition to deep learning
– No feature hand-engineering
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Previous work

• Tabernik et al., 2019:
– Two-stage architecture
– Two learning phases
– Cumbersome training process

D. Tabernik et al., Segmentation-based deep-learning approach for surface-defect detection, JIM 2019 
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Our contributions

1. End-to-end learning
⇒ Simultaneous training of both stages
⇒ Gradient flow adjustments

2. Supervised learning with coarse annotations
⇒ Coarse pixel-level (i.e., region-level) annotations
⇒ Weighted segmentation loss

3. Frequency-of-use sampling
⇒ Account for the unbalanced training data
⇒ Undersampling with frequency-of-use based probabilities
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End-to-end training

• Joint loss:

• Remove gradient flow from decision stage into segmentation stage
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Weighted segmentation loss

• Varying uncertainty of presence of defect:
– Greater probability of presence in center of region
– Higher uncertainty near edges
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Frequency-based sampling 

• Heavily unbalanced dataset 
– Undersampling of non-defective samples

• Sample negatives with probability inversely proportional to their frequencies of selection
– Assures all samples are used approximately equal number of times 
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Evaluation

• KolektorSDD
• DAGM
• Severstal Steel Defect dataset
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KolektorSDD
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DAGM
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Severstaal steel
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Ablation study
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Conclusion

• Introduced end-to-end training 

• Solved KolektorSDD and DAGM

• Extensive ablation study 
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