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Real-time plasma boundary reconstruction in the KSTAR tokamak using finite element method
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A plasma shape control system is an important constituent of an advanced plasma control system for next-step tokamak devices, such as ITER or KSTAR. A prerequisite for the shape control system is the real-time extraction of the plasma shape information by the interpretation of various magnetic diagnostic (MD) signals. The MD in a tokamak is usually comprised of the magnetic probes (MPs) to measure tangential or normal component of a poloidal magnetic field, the flux loops (FLs) to measure the poloidal magnetic flux, and Rogowskii coils (RCs) to measure currents flowing in the plasma, passive conducting structures, and poloidal field (PF) coils. 

A numerical code PBR (Plasma Boundary Reconstruction) has been developed for the application to the real-time plasma boundary identification in KSTAR experiments. The code is based on the finite current element method [1] augmented by the inclusion of a regularization term. In fact, we have found that the regularization term could significantly improve the quality of the boundary reconstruction in the presence of random measurement errors. The benchmark test for the applicability of the present method to the KSTAR plasmas was carried out without invoking the existence of random measurement noises. Results showed that the plasma boundary could be obtained within 7 mm accuracy regardless of plasma shape and/or plasma parameters under consideration. We note that this highly accurate plasma boundary has been obtained using only one set of finite current elements, suggesting that the method can be applicable to reconstruct the plasma shape in a full discharge period without changing the position of finite elements. Impact of random noises in MD signals was studied by using the PBR code. A statistical approach was adopted for this study. We found that the inaccuracy of PF coil current measurements had a substantial influence on the boundary reconstruction. Among the PF coils, the outer shaping coils (PF5–PF7) have larger influence on the boundary reconstruction in comparison with central solenoid coils (PF1–PF4). Thus, we conclude that the inaccuracy of PF coil measurements should be minimized to satisfy the design requirement for the KSTAR shape control system (< ( > ( 1 cm). We evaluated the allowable error level for KSTAR MD to fulfill the design criteria: (PF ( 1% and (B ( 1.5%, where (PF and (B represents the standard deviation of random noises represented by a Gaussian distribution for PF coil current measurements, and FLs and MPs, respectively. The computation time required to solve a single boundary reconstruction problem has been evaluated to examine the real-time applicability of the PBR code. The grid size for X-point localization and plasma boundary reconstruction was set to be 11 × 11 and 14 21 × 41, respectively. The full capability of the KSTAR MD (14 PF coil currents, 45 FLs, 52 MPts, and 22 MPns) with 13 finite current elements were used for the estimation of the calculation time. The resulting computation time is approximated to 0.345 msec running at Pentium IV processor with 2.80 GHz CPU speed and 1.0 GByte RAM. This fast calculation time suggests that the code PBR can be applied to the reconstruction of the plasma boundary for the purpose of the real-time plasma shape control or the real-time shape visualization in KSTAR experiments. In the present stage of the KSTAR plasma control system (PCS) development, the PBR algorithm has been implemented into a model PCS hardware configuration.
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