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RATIONAL APPROXIMATIONS FOR TOMOGRAPHIC

RECONSTRUCTIONS

MATTHEW REYNOLDS, GREGORY BEYLKIN AND LUCAS MONZON

Abstract. We use optimal rational approximations of projection data col-
lected in X-ray tomography to improve image resolution. Under the assump-
tion that the object of interest is described by functions with jump discontinu-
ities, for each projection we construct its rational approximation with a small
(near optimal) number of terms for a given accuracy threshold. This allows us
to augment the measured data, i.e., double the number of available samples in
each projection or, equivalently, extend (double) the domain of their Fourier
transform. We also develop a new, fast, polar coordinate Fourier domain algo-
rithm which uses our nonlinear approximation of projection data in a natural
way.

Using augmented projections of the Shepp-Logan phantom, we provide
a comparison between the new algorithm and the standard Filtered Back-
Projection (FBP) algorithm. We demonstrate that the reconstructed image
has improved resolution without additional artifacts near sharp transitions in
the image.
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Proposition 3.1. Con5|der a real Aunctlon l supported in B such that, in polar
coordinates, f P, 8), 8 € 0,11, is negligible for p >4, where ¢ > @ is the bandlimit.

Extending the mtegratlon dom]aln to a spatial disk of radius v/, containing B, we
write
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¢ Numerical examples
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