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ABSTRACT

During recent decades, methods based on the Fast Fourier Transform became popular in homogeni-
sation [1, 2, 3]. These methods allow to fully exploit regular data structure and show fast conver-
gence, due to the well-conditioned resulting system of linear equations,. Unfortunately, the Fourier
basis functions in the background of these methods cause undesired oscillations of output gradient
fields.

The proposed method combines the anisotropic Laplacian preconditioning [4], used in the Fourier-
Galerkin method, with the finite element discretisation on a regular pixel/voxel grid. The piece-wise
polynomial approximation avoids spurious oscillations and the preconditioning technique ensures
fast convergence of the method. Moreover, the block-circulant structure of the preconditioning
matrix allows using the Fast Fourier Transform algorithm for matrix inversion. This significantly
reduces the computation overhead of preconditioning. The method is applied to the problem of
thermal conductivity with periodic microstructure.
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