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PFC protection in steady-state

• Current IR protection systems :

• Tungsten emissivity issue  Near IR (> 700 °C)

• ROI-based: the limits are pre-defined in regions

where heat-loads are expected

• Reactive: some action triggered when the

temperature reaches the limit.

• High-performance steady-state operation poses new 

challenges:

• Thermal loads protection: Guarantee in real-

time that limits of PFCs are not exceeded

• Thermal loads control: intelligently mitigate the 

overheating threat to avoid premature 

terminations and achieve long-plasma operation.

MWIR + predictive
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High-heat-flux endoscopes

IR camera

W7-X IR imaging system
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Towards thermal loads control
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Scene models and reflection models
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• The view is registered against the CAD by modeling the lens distortion [1]

• The scene model provides pixel-wise information of the PFCs properties
(emissivity and max. operational temperature)

• For each magnetic
configuration [2]:

𝑟𝑒𝑓𝑙𝑒𝑐𝑡𝑒𝑑 𝑓𝑙𝑢𝑥

𝑡𝑜𝑡𝑎𝑙 𝑓𝑙𝑢𝑥

• Static Monte Carlo code

• Long pulse dynamic

• AI real-time

Strike-line

Reflection
on vertical 
target and 
baffles

Reflection inside
pumping gap

Reflection on
steinless steel panels

Scene model

Temperature limit

Heat flux limit

Emissivity

Material

PFC ID

[1] F. Pisano et al., Tools for Image Analysis and First Wall Protection at W7-X, Fusion Science and Technology, 933-941, 2020

[2] M-H.Aumeunier et al. Infrared Thermography in Metallic Environments of WEST and ASDEX Upgrade, Nuclear Materials and Energy, to be published.

Reflection model for the standard configuration



Real-time heat flux estimation

7Scene model

THEODOR 3D

(not real-time capable at W7-X)

Neural Net

(real-time)



W7-X Thermal Overload Detection (protection)
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W7-X Thermal Event Detection (feedback control)
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Hierarhical thermal event segmentation with Max-Tree algorithm



WEST Thermal Event Detection
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WEST thermal event detection and 

classification (EEG)

W7-X dataset ITER synthethic diagnostic

WEST DB

Cascade R-CNN deep model

Transfer learning



W7-X + WEST thermal event database
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Real-time GPU 
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(Lodz Univ. EEG)
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Roadmap for W7-X OP2
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• W7-X OP 2.1 (High-heat-flux divertor and water-cooled PFCs)

• Machine protection: thermal overload  interlock alarm

• W7-X OP2.x (Steady-state, 30 min, 18 GJ)

• Avoid plasma interruptions

• Deep models for advanced feedback control:

• ECRH, NBI, ICRH  hot-spot control

• Control coils strike-line position and shape

• Gas puffing detachment control

• Build larger annotated datasets



W7-X strike-line control
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Conclusions

• High-performance steady-state operation poses new challenges for PFC 

IR protection systems (W7-X and ITER): 

• Thermal loads protection NIR

• Thermal loads control  MWIR

• MWIR in metallic walls Real-time (AI-based) reflection models

• Full field of view monitoring Scene models (extension of ROI concept)

• Predictive Real-time AI-based 3D heat flux estimation

• High-level scene understanding Deep Learning

• Deep learning large datasets transfer learning

• Common thermal event database and software framework

Intelligent agents for advanced control of thermal loads

for ITER

ITER simulated hot spot detection (CEA)
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