
9.4 Iterative reconstruction in magnetic resonance imaging

In magnetic resonance imaging (MRI) the raw data is measured in k-space, the domain of
spatial frequencies. Methods that use a non-Cartesian (e.g. spiral) sampling grid in k-space
are becoming increasingly important. Reconstruction is usually performed by resampling the
data onto a Cartesian grid and use the standard FFT. This model is called gridding. Another
approach, the inverse model, is based on an implicit discretisation. The gridding model is
the explicit computation of the picture with given Fourier samples. The inverse model is the
implicit computation. We solve both by using the NFFT and the iNFFT for both approaches.
Furthermore we are able to give a unified approach to the field inhomogeneity correction. For
details see [33, 14].

9.5 Computation of the polar FFT

The polar FFT is a special case of the NFFT, where we compute the Fourier transform on
special grids. We show that the polar as well as the pseudo-polar FFT can be computed very
accurately and efficiently by the NFFT. Furthermore, we discuss the reconstruction of a 2d
signal from its Fourier transform samples on a (pseudo-)polar grid by means of the inverse
nonequispaced FFT. For details see [18] and for further applications [2].
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Figure 9.1: Left to right: polar, modified polar, and linogram grid of size R = 16, T = 32.

9.6 Radon transform and computer tomography

We are interested in efficient and high quality reconstructions of digital N×N medical images
from their Radon transform. The standard reconstruction algorithm, the filtered backprojec-
tion, ensures a good quality of the images at the expense of O(N3) arithmetic operations.
Fourier reconstruction methods reduce the number of arithmetic operations to O(N2 logN).
Unfortunately, the straightforward Fourier reconstruction algorithm suffers from unacceptable
artifacts so that it is useless in practice. A better quality of the reconstructed images can be
achieved by our algorithm based on NFFTs. For details see [45, 44, 46].

9.7 Ridgelet transform

Ridgelets have been designed by Cand‘es et. all. (see e.g. [10]) to deal with line singularities
effectively by mapping them into point singularities using the Radon transform.

The discrete ridgelet transform is designed by first using a discrete Radon transform based
on NFFT and then applying a dual-tree complex wavelet transform.
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