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Long-Term Time-Series Forecasting and Anomaly Detection
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Introduction – Drift Tube Linacs (DTLs) in KOMAC
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E-beam welding

Drift Tube Quadrupoles (DTQs) in KOMAC 20 MeV DTL
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Y.H. Kim et al., Nuclear Instruments and Methods in Physics Research A 569 (2006) 671–676

Y.H. Kim et al., IPAC2005

• Transformer coil with enamel insulation
• Pool type cooling and coaxial stem cooling

• 20 MeV Drift Tube Linac (DTL)



Failure mode of DTQs

Year 2016 2017 2018 2019 2020 2021 2022 2023
Num. of
Failures 3 7 7 7 6 9 11 8

• Two major causes of failure
1. Corrosion of coils inside DTQ (insulating enamel)
2. Corrosion of coils outside DTQ (cooling manifold)

 Damage of enamel wires  Damage near cooling manifold
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Methods – Data Preparation and Processing

• 7 years: 2017-Mar. to 2023-Oct.
Dividing into 14 half-year (between summer/winter regular machine-maintenance periods)
Sub-dividing into 4 periods in a month (between weekends which turn off the magnets) 

• 24 channels: the number of power supply for 156 DTQ magnets in 20 MeV DTL.
 Composed of 2 variables for each channel: voltage, current
 Combining to 1 variable: (resultant resistance = voltage / current)

Period #1 #2 #3 #4 8



Methods – Autoencoder Model for Anomaly Detection

Time series PS data (Time vs. Resultant Resistance) *PS: Power Supply
for DTQ magnets
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OFF / ONON OFF / ON OFF / ON Failure
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Normal
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Variable voltage & 
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by failure (corrosions…)

Reduction of resistance

*Resultant Resistance  
= (PS voltage/ PS current)
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Operator’s view (single channel) – (case 1)
DTQ Failure Disconnect

Broken DTQ
Sign of future failure?

After inspection:
Insulating enamel problem

Normal

Abnormal
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Operator’s view (single channel) – (case 2)

DTQ Failure

Disconnect
Broken DTQ

Sign of future failure!!

After inspection:
Cooling manifold problem

Normal

Abnormal
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Operator’s view (multiple channels) – (case 2)

Case #1: 2022-Sep.-19 ~ 2022-Sep.-23 Case #2: 2022-Sep.-26 ~ 2022-Sep.-30

Case #3: 2022-Oct.-03 ~ 2022-Oct.-07 Case #4: 2022-Oct.-17 ~ 2022-Oct.-18

DTQ Failure
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Anomaly Detection – (case 2)

Normal (#1) Abnormal (#2)

Train Test

Normal (#1)

Train TestTrain Test

Normal (#1) Abnormal (#4)

Abnormal (#3)

Train Test

Evident and Trivial !
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Operator’s view (single channel) – (case 3)

DTQ Failure
(2022-Nov.-22)

Guessing:
Insulating enamel problem?

No sign to operator’s bare eyes

Normal

Abnormal
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Operator’s view (multiple channels) – (case 3)

2022-Oct.-24 ~ 2022-Oct.-28 2022-Oct.-31 ~ 2022-Nov.-04

2022-Nov.-07 ~ 2022-Nov.-11 2022-Nov.-14 ~ 2022-Nov.-18 Future Failure
(2022-Nov.-22)15



Anomaly Detection: non-trivial abnormal – (case 3)

Normal (#1) Normal (#2) Normal (#3)

Normal (#3) Abnormal (#4)

Normal (#2)

Train Test Train Test

Train Test

Non-trivial abnormal!
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Anomaly Detection: trivial abnormal

Normal (#1) Normal (#2) Normal (#3)

Normal (#3) Abnormal (#4)

Normal (#2)

Train Test Train Test

Train Test

Evident and Trivial.
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Relation between Failure Cause and Data Pattern

After inspection:
Cooling manifold problem

No distinguished pattern found yet

Cooling manifold problem
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Conclusion

• Autoencoder-based deep learning models could help proactive 
prognostication of DTQ failures.

• The models may be extensible to other machine parameters.

• Predictive results are highly data-dependent.
• Data handling is very tricky and needs specialized pre-processing.
• More case studies are required with historical data.

• How to Implement the model in future machine operation.
• Integrating python code into EPICS IOC and data achieving platforms (ELK, etc.)
• Updating the anomaly detection models by weekly.
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Thank you for your attention!
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Backup slides
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Improvement of Cooling Manifold

Before After

Replacing flange type of cooling manifolds
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Development of Permanent Magnet Quadrupoles

Electromagnet Quadrupole (EQM) Permanent Magnet Quadrupole (PMQ)

DTL21 DTL22 DTL23 DTL24

PMQPMQPMQEQM?

Future 
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Anomaly Detection: normal case

Normal (#1) Normal (#2) Normal (#3)

Normal (#3)

Normal (#2)

Train Test Train Test

Train

Normal (#4)

Test
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