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Introduction Anomaly Detection & Cross-Tokamak Transfer

O Developed E-CAAD anomaly detection model
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» Trained on non-disruptive samples, uses disruptive precursors when available.
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» EXisting-machine data assistance.
» Adaptive learning from scratch.
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We propose a phased strategy for different operational phases:
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» Anomaly detection from the first shot. > Adaptive alarm threshold adjustment.
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» Physics-guided transfer learning with limited data. H Result | | . W)
» Disruption prediction from the first discharge. ) b e gy
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» Disruption Budget Consumption (DBC) for risk-aware evaluation > Model automatically adapts to dynamic changes @ % 100 1% i ..

INn operation scenarios

Physics-Guided Transfer Learning Disruption Budget Consumption (DBC) Framework

O Physics-guided Domain Adaptation Network (PhyDANet) O Purpose
» Combines physics constraints (e.g., density, g-limits) with ML. » Quantifies impact of disruptions in different operational phases of a tokamak
| | | plasma discharge
» Uses domain adaptation (DANN, MMD) + reconstruction.
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Conclusion
2 shots 0.8357 0.8039 0.7992

Only EAST
20 sh 0.8902 0.9053 0.8756 . . . -
ot O Anomaly detection transfer method: Enables disruption prediction
J-TEXT 1021 shots '
J-TEXT+EAST EAST 2 shots 0-8026 01762 0:8054 from the first shot.
Domain : : :
C e I-TEXT 1021 shots O PhyDANet method : Balances physics and data-driven learning.

EAST 20 shots 0.9449 0.9475 0.9212

O DBC framework : Provides risk-aware model evaluation and training.

» 2 EAST shots: Physical loss boosts performance.
y P O Layered strategy ensures safety and adaptability throughout all toka

» 20 EAST shots: Domain adaptation + reconstruction — TPR > 94%. -mak lifecycle.

Contact Us: zhengwel @hust.edu.cn
Address: School of Electrical and Electronic Engineering, Luoyu Rd. #1032, Huazhong University of Science and

Technology, Wuhan 430074, China




