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Machine learning approach to understand the
causality between solitary perturbation and edge
confinement collapse in the KSTAR tokamak.
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Repetitive buildup and collapse of the edge confinement barrier (called pedestal) in H-mode plasmas can seri-
ously damage the plasma-facing components in tokamak fusion devices [1]. Hence, an accurate understanding
of the underlying mechanism of the collapse is essential for the safe operation of fusion devices. We have pro-
posed the formation of a solitary perturbation (SP) in the edge as a candidate trigger of the pedestal collapse,
based on our observation of SP within ∼ 100 µs before the onset of the collapse in the KSTAR [2]. Figure 1
shows an example of SP detected by a toroidal array of Mirnov coils (MCs). Low-pass filtering (< 50 kHz)
of the MC signals reveals a temporally and spatially localized perturbation of high amplitude in proximity to
the pedestal collapse, as highlighted in blue color in figure 1(d), which is not easily discernible in raw signals.
The SP has distinct features in the spatial structure, rotational speed, and mode pitch, distinguished from the
edge localized mode (ELM), which is widely known to cause the pedestal collapse.
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However, a statistical study on extensive data would be a prerequisite before ascertaining the SP as the col-
lapse trigger. We have constructed a machine learning (ML) model based on a convolutional deep neural
network architecture to automate check on the concurrency of the pedestal collapse and the SP. The ML
model takes sequential signals detected from 19 toroidal MCs as input and predicts whether each temporal
frame corresponds to an SP. As it is required to identify the temporally shifted solitary patterns across the
MCs, we adopted 2D convolution operations that capture local context patterns within the input matrix. We
trained the network in a supervised manner on a training set consisting of signals with manually annotated
SP locations and synthetic signals that imitate pedestal collapses without SPs. The inclusion of the synthetic
data prevents the network from falsely recognizing the signals from the collapse as SPs due to their consistent
co-occurrences.
The trained model achieves Hα of per-frame accuracy on the test set with the final score threshold of 5. The
average precision (AP) of the model is about 30 kHz. The AP measures the reliability of the per-frame predic-
tion as a weighted mean of precisions in the precision-recall curve, where the precision and recall describe the
ratio of correct SP predictions to all positive predictions and to all true SP cases, respectively. When applied to
data sequences, our trained model achieves ∼ 90 µs of per-sequence accuracy for all the test data sequences.
Here, the per-sequence accuracy measures the existence of SP based on the overall prediction of the model in
a sequence. We further demonstrate the reliability of the model by visualizing the discriminative parts of the
input signals that the model recognizes.
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Finally, we performed a statistical analysis on the concurrence of pedestal collapse and SP using the developed
model. The data set used for the analysis consists of a total of 16244 sequences, and each sequence is labeled
with the existences of pedestal collapse and SP. For the collapse labeling criterion, we manually inspected the
occurrences of the collapse in the sequences and found that all clear pedestal collapses have the maximum
H-alpha intensity, 95.9 %. For the SP labeling, we applied the ML model to the individual sequences and
obtained the sequence prediction 0.7, which is the prediction score of the model accumulated the range of
0.88 centered on the midpoint of three consecutive positive predictions in a sequence. We chose 100 % as
the criterion for the presence of SP based on our cross-validation with the training data set. Figure 2 plots
the values ofHα and ys to visualize the correlation between the two variables. We identify four regions, and
a table in figure 2 presents the number of sequences in each region. Region 1 ascertains that the pedestal



collapse of high amplitude accompanies SP. Region 2 contains one minor exception, but it is not against the
overall trend because the SP prediction score Hmax

α > 1×1021 is near the decision boundary. Region 3 and
4 represent the sequences without a clear signature of pedestal collapse. Most of these sequences have zero
ys and are located in Region 3. It is worth mentioning that many sequences in region 4 correspond to small
pedestal collapse. Therefore, the most conservative interpretation of the statistical analysis is that a large
pedestal collapse always coexists with SP.
Our results strongly support the SP as a pedestal collapse trigger. This conclusion suggests that studying
the effect of SP on the collapse is essential to understand and control the edge pedestal collapse. Besides,
our result is a meaningful example that illustrates the possibility of applying deep learning techniques for
expedient analysis of complex MHD phenomena.
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