1% Los Alamos

NATIONAL LABORATORY

Echo State Networks:
An Approach to Non-Intrusive Anomaly Detection in Manufacturing

Kendric Hood*®* Kelin Rumsey* Mark Cola®; Bruce Madigan®, Christina Scovel®, Mr. Mike Nathan
PhD Student; PhD; PhD; PhD; McAninch®, DeBardeleben®,
PhD; PhD;
Los Alamos National Laboratory* Gray Beards Engineering LLC® Kent State University*
7/30/2024

LA-UR-24-28198

Mggf—% Managed by Triad Nafional Security, LLC, for the U.S. Departmentof Energy’s NNSA 8/1/2024 1



Industry 4.0

SMART MANUFACTURING

* Gas metal arc welding (GMAW)
— vital process in manufacturing

_—Voltage transducers—_

//’/ /-~ Curtent transducers— NS
« Non-destructive tests (NDT) ower Source { F——o7 acweung | =7 }Power Source
— do not destroy welds while evaluating its T (Y] Eauiemen oA
quality \\|
\\\‘\ Acglﬁt;i‘tion
« Non-Intrusive Load Monitoring (NILM) D¢
— monitors power consumption without —
modifications, collecting input power
==

Data Collection Computer

« Atrtificial intelligence (Al)
— maps input power to weld anomalies
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WELD WITHOUT DEFECT WELD WITH DEFECT
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Which model is the best?

HAS THE BEST SEPARATION OF ROUND DOTS FROM OTHER SYMBOLS

We compare different Al models

Common models used esslkely

determine the best fit for detecting anomalies
in welds based on input power more likely

each model has a threshold 12
) ) threshold

points above are anomalies

points below are nominal

All anomalies are in the center (7-14secs)
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Less common models

echo state network
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AUTOENCODER

more likely
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jog downtest ~ surface contamination test
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shielding loss test Nominal Example Two e
continuous ramp test Threshold - - - -

 plenty of nominal points that are above the threshold
« autoencoder only correctly flagged few points of off-nominal welds
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RESNET

more likely
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* requires some preprocessing * many correctly flagged points
» Dbetter then the autoencoder * many false positives
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ECHO STATE NETWORK

more likely
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very well at detecting off-nominal welds . very few false positives
almost all points are correctly flaged

preforms the best compared to other models
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1 _—Voltage transducers

Conclusion e

Power Source =] g Welding \ ! | [Power Source

Input 480V 3¢ Equipment Output to Arc
WHAT TO TAKE AWAY 4

|
Data
Acquisition

« Gas metal arc welding (GMAW)
— is a vital process in manufacturing R

Data Collection Computer

* For better GMAW we need

— Non-destructive tests (NDT)

— Non-Intrusive Load Monitoring (NILM)

« Atrtificial intelligence (Al)

. ECHO STATE NETWORK
— maps input power (NILM) to weld
anomalies : A A )
— NILM + Al = NDT I TS P L S
— echo state networks has the highest oa) RO

performance compared to other models ™ e e e pp s E TR w

jogdowntest 4 surface contamination test
joguptest + Nominal Example One @
shielding loss test Nominal Example Two @
continuous ramp test Threshold - - - -
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