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THESIS OUTLINE

Magnetic confinement with tokamaks is one of the attractive nuclear fusion energy schemes for
future clean energy production. In the commercial reactor DEMO, an elongated plasma configuration
are planned to be used to improve energy confinement time. However, such elongated plasma is
vertically unstable and requires precise measurement and control of its vertical position. In DEMO
which uses deuterium—tritium fuel, various measurement hardware face limitations due to the neutrons
produced by the fusion reactions. To solve these observational limitations, further research focuses
on estimating and predicting position of the plasma. This thesis proposes several data—-driven methods
for the prediction and estimation using operation time series data from Plasma with Helical field
initiative eXperiments (PHiX) in Tokyo Institute of Technology, a small tokamak,

Although tokamak is a leading candidate for a fusion power reactor, there remain many problems to
be solved for commercial application. Plasma in a tokamak has many instabilities, so various
parameters need to be measured and controlled. One approach to solving these problems is by developing
a data—driven model using data. Plasma discharge experiment data such as densities, temperature

magnetic field are obtained as time series data from many diagnostic devices such as bolometers

magnetic probes, cameras, and others. Although such measured data obtained from them are important
resources for solving the many problems, there are limitations as humans cannot analyze the enormous
time series data. However, machine learning methods helps to handle the data. The neural network,
which is also one of the machine learning methods, can deal with the enormous amount of data. I use
supervised learning and deep learning models for the estimation and prediction of plasma vertical
position. In supervised learning, the model learns the patterns by using inputs and outputs referred
to as ground truth, which means the correct answers that the model tries to predict.

Estimating plasma vertical position using operational data is crucial for safely controlling
elongated plasma and mitigating disruptions linked to Vertical Displacement Events (VDEs), which
lead to the influx of impurities and wall damage due to plasma interactions with the wall. In order
to solve this problem, machine learning techniques were utilized to develop models that can estimate
plasma vertical position. So, a neural network was utilized to create a data—driven model for
multivariable regression of plasma vertical position. Time evolution of plasma vertical position is
estimated by using long short term memory networks (LSTM) with Time2Vec technique which incorporates
temporal information into the neural network. Since many tokamak devices have elongated cross
section in achieving high performance whereas accurate vertical position feedback control is
required. The data—driven model, using experimental data obtained from a PHiX, can estimate the
plasma vertical displacement from operational scenario coils current data. The Time2Vec with LSTM
model achieved higher performance than LSTM. In deep learning models, the parameters called weights
are adjusted during training. The weights extracted from a trained Time2Vec model can also be
interpreted

Plasma disruptions are one of the problems to be solved in the tokamak, as they cause significant
damage to the device and interrupt the discharge. In order to solve the plasma vertical instability
related to plasma disruptions, I propose a method based on Natural Language Processing (NLP) models
to predict the plasma vertical instabilities. The objective is to identify the precursors, and to
forecast plasma vertical displacement within a near future focused on prediction 2 ms ahead in this
work. The other objective is the extraction of the data—driven model’ s weights related to the plasma

position.




