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At present days, the prediction of disruptions can be addressed to provide an alarm 

sufficiently far in advance to apply either effective disruption avoidance for discharge 

maintenance, or mitigation actions for preventing the machine to be damaged. Each type of 

disruption follows a sequence of events, i.e. its own path, until the discharge disrupts. Such 

paths will serve as the physics basis for early disruption handling. This paper focuses on the 

detection of the key phases on disruptions provoked at ASDEX Upgrade by forcing a density 

limit in H-mode. In [1], four distinct operational phases are identified in H-mode density 

limit: stable H-mode, degrading H-mode, H-mode breakdown, L-mode. In [2], a 2D plasma-

state boundary is proposed to detect the break-down of the H-mode as an early sensor for 

avoiding H-mode density limit (HDL) disruptions and recovering them to full performance. 

Furthermore, in HDL disruptions the plasma is strongly cooled from the edge and this is 

typically accompanied by a MARFE. In this condition the MARFE is directly detectable in 

the lines of sight of bolometer arrays at AUG. In this paper, in view of developing an HDL 

disruption predictor, a Machine Learning algorithm, for identifying the starting of the 

degrading and breakdown phases and the MARFE formation in the X-point region, is 

proposed. Among unsupervised nonlinear dimensionality reduction algorithms, the ISOMAP 

[3] has been investigated. ISOMAP is a nonlinear technique that performs dimensionality 

reduction preserving the geodesic distance. The geodesic distance is estimated by constructing 

a graph with Euclidean distances between neighboring points as edge weights and computing 

shortest paths in the graph. The ISOMAP allows us to map the high-dimensional operational 

space of the AUG - HDL disruptions into a 3D map. To this aim, a database of 26 disruptions 

coming from HDL dedicate experiments performed at AUG has been built. The database 

consists of 18 plasma parameters, including both physical and engineering parameters, 

evaluable in real-time. The mapping has been built using 20 pulses, whereas the remaining 6 

are used as tests. A criterion based on the data similarity has been optimized for the detection 

of the H-mode phases (stable, degrading and breakdown) and of the MARFE events. The 

projection of test samples into the 3D ISOMAP allows the monitoring of the H-mode 

evolution through its characteristic phases, and the detection of the MARFE occurrence; this 

allows the planning of avoidance actions reliably before the disruption occurrence. On the test 

set, the optimized criterion allows the automatic detection, with deviations from the manually 

identified times, within 200 ms for the degrading H-mode phase, 50 ms for the H-mode 

breakdown and 20 ms for the MARFE occurrence. 
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