EXPLAINABLE MACHINE
LEARNING FOR PRECISE
FATIGUE CRACK DETECTION

David Melching?, Tobias Strohmann?, Guillermo Requenal-?, Eric Breitbarth!

lnstitute of Materials Research, German Aerospace Center (DLR), Cologne

2Metallic Structures and Materials Systems for Aerospace Engineering, RWTH Aachen University, Aachen




Outline
DLR

= |ntroduction

= Crack detection
= Segmentation
= Regression
» ParalleINets

» Explainable Al
= Grad-CAM method
= Results and discussion

= Conclusion

David Melching, Institute of Materials Research, German Aerospace
Center (DLR), 27.09.2022 at MSE Darmstadt




1\ David Melching, Institute of Materials Research, German Agr‘e o

Center (DLR), 27.09.2022.at*MSE ‘Darmstadt



Advanced mechanical testing
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Roughly 500 GB of raw data per experiment !
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Digital experiment evaluation
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Crack segmentation
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Strohmann et al. (2021) Automatic detection of fatigue crack paths using DIC and CNNSs.
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Deep regression using transfer learning ‘#7
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ParallelNets
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Performance results #
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- N Test Test
Training Validation (large) (small)
Dice  reliability  deviation Dice  reliability  deviation reliability  reliability
U-Net-1 0,246 87,9% 0,78 0,355 92,3% 0,50 80,4% 68,5%
U-Net-2 0,465 98,1% 0,41 0,310 99,9% 0,79 95,8% 93,6%
ParalleINets 0,517 100% 0,39 0,333 98,9% 0,68 99,2% 96,4%

Performance measured by...
= Dice coefficient

= reliability in %
= (mean) deviation from the ground truth in mm.
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Grad-CAM method ‘#7
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* Heatmaps showing areas of high attention
» Suitable for CNN-based classification models

= No architectural changes or re-training
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Explainable crack tip detection
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Model comparison A#y
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Attention of U-Net-1
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Attention of ParallelNets
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CONCLUSION

» ParalleINets combines two approaches:
» segmentation of crack tip pixels
» deep regression of crack tip positions
* in a single network trained end-to-end

= This multi-model...

v' leeds to more robust and stable predictions
v produces models focusing on the physical crack tip field

— Is harder to train than simple U-Net



Questions?

= https://doi.orq/10.5281/zenodo.5740216

C——

Code

= https://github.com/dlr-wf/explainable-crack-
tip-detection

) GitHub

David Melching, Institute of Materials Research, German Aerospace
Center (DLR), 27.09.2022 at MSE Darmstadt

Dr. David Melching

German Aerospace Center (DLR)
Institute of Materials Research
Linder HOhe | 51147 Kdln

David.Melching@dlr.de

+49 (0) 2203 601 5380

i DLR


https://github.com/dlr-wf/explainable-crack-tip-detection
https://doi.org/10.5281/zenodo.5740216
mailto:David.Melching@dlr.de

Impressum A#y
DLR

Thema: Explainable machine learning for precise fatigue crack
detection (Vortrag auf der MSE 2022 in Darmstadt)

Datum: 19.9.2022

Autor: David Melching

Institut: DLR-WF

Bildcredits: Alle Bilder ,DLR (CC BY-NC-ND 3.0)"

David Melching, Institute of Materials Research, German Aerospace
Center (DLR), 27.09.2022 at MSE Darmstadt




