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1. INTRODUCTION



CONTROLLED SCENARIO INSPECTION

e MVTec Anomaly Detection (AD) dataset has fomented new classes of AD models
> Popular approach: feature-embedding extraction for Unsupervised AD
m Distribution maps (Normalizing flows)
e DifferNet[1], CFLOW-AD [2], FastFlow [3], CS-Flow [4]
m Patch memory-bank

e PatchCore[5], PaDiM [6]
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CHALLENGES OF INDUSTRIAL INSPECTION IN THE WILD

e Images varying:
> [llumination, angulation, orientation,
background, resolution, defect size, etc.

e Some defects are unpredictable

e Not many public data

e Common defects in Power Lines
> Corrosion (main)
> Missing insulator caps
> Bird nests
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http://www.youtube.com/watch?v=HCxFgHGhFRs&t=25

HYPOTHESIS

e Attention modules can improve accuracy in in-the-wild scenarios
e How to choose the best method to add attention modules?
> DifferNet achieved the best out-of-the-box results in InsPLAD-fault
e To be considered a successful hypothesis, attention usage in Unsupervised

Anomaly Detection should not present deteriorated performance on inspection
in controlled scenarios
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2. METHODS



PROPOSED METHOD

o AttentDifferNet
> DifferNet

e Xx:Inputimage Attention blocks gi‘;i”:‘:l:f”““"
e F:Extractfeatures X g fne
e z: Anomaly score
e Image-level labels only y ; ,

> Attention Modules F N | >
e SENets m 1m1smﬁm
e CBAM 5

S

227x227x3
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ATTENTION MODULES

e Coupling modular attention mechanisms to AD models should help

e Squeeze-and-Excitation Networks & Convolutional Block Attention Modules
(SENets & CBAMSs) are quite popular and easy to integrate

4 Squeeze-and-Excitation Networks ) 4 Convolutional Block Attention Module )
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/ 1x1x( 1x1x( /// // Input Feature Attention Spatial Refined Feature
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3. DATASETS



DATAS ETS MVTec AD Semiconductor Wafer Dataset

e InsPLAD-fault (in-the-wild) [6]

e MVTec AD

e Semiconductor Wafer Dataset [7]

InsPLAD-fault

Glass Insulator Lightning Rod Suspension Polymer Insulator Upper Shackle

Z7
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4. QUANTITATIVE RESULTS



ResuLTs :: INSPLAD-FauLT DaTAaSET (AUROC)

: AttentDifferNet AttentDifferNet
Category DifferNet (SENet) (CBAM) CS-Flow PatchCore Fastflow CFLOW-AD
Glass Insulator 82.81% 86,57 % 81,03% 85,73% 78.,44% 80,82% 82.22%
Lightning Rod Suspension 99,08% 99,62 % 99,33% 96,60% 85,11% 87,98% 95,52%
Polymer Insulator Upper Shackle  92,42% 94,62 % 92,10% 88,40% 81,02% 87,57% 86,60%
Vari-Grip 91,20% 93,52 % 88,99% 91,53% 91,92% 81,89% 90,37%
Yoke Suspension 96,77 % 97,38 % 96,86% 90,70% 58,06% 80,40% 83,87%
Average AUROC 92.46% 94,34 % 91,66% 90,59% 78,91% 83,73% 87.,72%

'Bold font indicates the best category result.
’Underlined values show the best result between DifferNet variations.
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ResuLts :: MV Tec AD (AUROC)

Category DifferNet A“‘;’(’;tEDg:)rNet A“‘zgtg/‘fﬁ;Net CS-Flow PatchCore Fastflow CFLOW-AD
Bottle 99,00% 99,84% 99,68% 99.80%  100%  100% 100%
Cable 95,90% 98.43% 96,65% 99.10%  9950%  100%  97,59%
Capsule 86,90% 93,86% 92,58% 97,10%  98,10%  100%  97,68%
Carpet 92,90% 93,74% 95,18% 100%  9870%  100%  98,73%
Grid 84,00% 90,89% 91,23% 99.00%  9820%  99,70%  99,60%
Hazelnut 99,30% 99,89% 100,00% 99.60%  100%  100%  99,98%
Leather 97,10% 98,61% 99,32% 100%  100%  100%  100,00%
Metal Nut 96,10% 96,53% 97,70% 99.10%  100%  100%  99,26%
Pill 88,80% 91,79% 93 48% 98,60%  9660%  9940%  96,82%
Screw 96,30% 96,21% 98,93% 97.60%  98,10%  97.80%  91,89%
Tile 99.,40% 100,00% 100,00 % 100%  9870%  100%  99.88%
Toothbrush ~ 98,60% 100,00% 100,00% 9190%  100%  9440%  99,65%
Transistor 91,10% 94,08% 93,92% 9930%  100%  99.80%  9521%
Wood 99,80% 99,83% 100,00 % 100%  9920%  100%  99.12%
Zipper 95,10% 96,30% 95,38% 9970%  98.80%  99,50%  98,48%
Ave. AUROC  94,69% 96,67% 96,97% 98,72%  99.06% 9937%  98,26%
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REsuULTS :: SEMIcoNDUCTOR WAFER DaATASET (AUROC)

AttentDifferNet

AttentDifferNet

Category DifferNet (SENet) (CBAM) CS-Flow PatchCore Fastflow CFLOW-AD
Street Classification 86,40% 90,44% 84.53% 97,19 % 79,26% 80,94% 70,86%
Chip Classification 91,09% 89,96% 93,39% 90,31% 93,90 % 76,27% 92,01%
Average AUROC 88,74% 90,20% 88,96% 93.75% 86,58% 78,60% 81,44%

'Bold font indicates the best category result.
’Underlined values show the best result between DifferNet variations.
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5. QUALITATIVE RESULTS



ATTENTION MODULE IMPACT

e Helps focusing:

> onthe object itself
(in-the-wild case)

> onthe anomaly itself
(controlled env. case)

InsPLAD-fault (in-the-wild)

MVTec AD

Input images

Input images

DifferNet

AttentDifferNet (Ours)
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6. CONCLUSION



CONCLUSION

e AttentDifferNet, an attention-based DifferNet
> Quali-quantitatively superior to DifferNet on all classes of three image-level anomaly
detection datasets from multiple domains

e AttentDifferNet achieves state-of-the-art performance on InsPLAD-fault, a
dataset for image-level anomaly detection in the wild

e Theusage of Attention modules improve Unsupervised Anomaly Detection in all
three datasets

> 94.34vs 92.46,96.67 vs 94.69 and 90.2 vs 88.74% (avg. 11.77 p.p.)
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