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Inverse Analysis of Plasma Current Distribution in Tokamak Fusion Device
Using Boundary Integral Equation with Polynomial Expanded Source
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This new approach to reconstruct the current density profile in Tokamak plasma is based on the boundary integral equation
(BIE) corresponding to the Grad-Shafranov equation with a polynomial expanded source. Once the magnetic flux and its
derivative have been given along the plasma boundary using magnetic sensor data and with the Cauchy-condition surface
method, the BIE will have no unknowns except for the expansion coefficients. To determine the coefficients, one considers
some constraints including the plasma equilibrium and measured current density values at a certain number of points within
the plasma. The above polynomial expansion is well suited for expressing these constraints and the whole set of the linear

equations are solved using the singular value decomposition technique. The quality of the reconstructed solution depends on

the combination of analytic conditions and the value of the Tikhonov regularization parameter.
Key Words : Tokamak, Grad-Shafranov equation, magnetic flux, plasma current density, reconstruction, polynomial
expansion, equilibrium, the Cauchy-condition surface method, Tikhonov’s regularization
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Fig.1 Illustration of Cauchy-condition surface method
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Fig3 Comparison of boundary values of poloidal field calculated
using the CCS method with the direct BEM solutions
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Fig4 Reconstructed current density profile (Case A): Measured current density: Not used,
Tikhonov regularization parameter: y =0
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Fig.5 Reconstructed current density profile (Case B): Measured current density: 10 points in r-direction,
Tikhonov regularization parameter: y =0
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