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Abstract of Thesis

Optical emission spectroscopy (OES) is a highly valuable tool for real-time monitoring of plasma properties
due to its non-intrusive and versatile nature. However, utilizing OES for real-time monitoring presents specific
challenges, such as extracting the desired plasma characteristics from the information in the measured spectra
and developing a corresponding real-time prediction model of the plasma properties. This work aims to address

these specific challenges associated with determining the plasma parameters from the spectral measurements.

The first part of this work takes a step towards a better understanding of the physics behind the measured
spectra by validating existing widely-used simulation models with experimental measurements. Spectral line
intensities are calculated through the one-way coupling of a one-dimensional Particle-in-cell/Monte Carlo collision
(PIC/MCC) simulations with a global collisional-radiative model. In this way, the line intensities can be
determined from specific electron density ne and the electron energy distribution function (EEDF) values
calculated using the PIC/MCC simulation for a capacitively coupled radiofrequency-argon plasma with pressure
ranging from 2 to 100 Pa. Comparison of simulated spectral intensities to experimentally measured ones shows
reasonable agreement for a gas pressure up to 20 Pa. The discrepancies at high pressures are attributed to
incomplete ionization balance due to the neglect of the contribution from the metastable levels in basic PIC/MCC

simulations, which is found to be important at this pressure range.

The second part of this work aims to then make a prediction model of the ne and the EEDF from the spectral
data using machine learning (ML) techniques. It uses two different models to predict the normalized EEDF,
namely the Kernel Regression for Functional Data and an artificial neural network. To predict the ne, a Random
Forest regression model is used. The ML models are trained with normalized simulated spectral intensities
described in the first work, but this time with the peak-to-peak voltage varied from 200 V - 500 V. All three ML
models developed in this study are found to predict the plasma parameters from the simulated spectral test data
well. As an additional test, the model is also used to predict from experimentally measured normalized spectral
intensities, in which the models show limited capability in predicting the ne and the EEDF, indicating a need for

further improvement in the robustness of these models.

The last part aims to address the determination of plasma parameters during fluctuations and instabilities
happening in magnetically confined plasmas over a short period of time (~100 ps). For such measurements,
spectrometers with a high optical transmission-to-spectral resolution ratio must be used. A spatial heterodyne
spectrometer (SHS) has field-widening prisms that realign the light passing through a detector, such that a
higher resolution can still be achieved even with a large aperture size. In this study, the performance of an SHS in
charge exchange spectroscopic measurements of the toroidal flow velocity and the ion temperature of the C6&*
impurity ion in the Large Helical Device is explored. Additionally, the resulting measurements are compared to

those of conventional dispersive spectrometers typically used and found to be in good agreement with them.
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