UNIVERSITA
DEGLI STUDI

Kernel methods for Radon transform
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RADON TRANSFORM | THE MODEL =

The mathematical model for the CT scan is the
/| Radon transform. For a given bivariate function
/ A f on [1, k]?, which represents the attenuation co-
/ efficient of a body slice on a grid of k? pixel, it is
defined for each (¢, 0) as:

P \| We seek for a generalized Hermite-Birkhofl approximation s of f as

s(@) = ;RY[Kuw,w(®, »)](t;,05), Yz € [1, k]°

j=1

where Iy« 1s a double weighted version of an RBF kernel K, namely

RIf](t,0) = g f(s)ds = /_OO f(tcos(0) — ssin(0),tsin(0) + scos(0))ds
0 Kw,w(@,y) = K(z, y)w(z)w(y) = ¢(llz — yl)w(|z|)w(yl])

It h licit i ion f la: the Filtered back jection f la, that
SU I e BRI ) e e OIS EE DR BERIRTO A Sy B Then we ask that R¥|[s] coincides with R|[f] on the points (¢;,0,) for all

;j’r is the fundamental basis for image reconstruction tecnique based on inversion 1 hich ; e : he 1
/ / strategies. ART method, otherwise, is an approach based on linear algebra. | §= Ly ooy iy Wi 18 eguivalient 1o selve thie Lhaeer sysien
/ While the Fourier transform approach solves continuous problem and then |-
/ f,«*" moves to discrete one, ART considers the discrete problem from the begin- Ax,r -c=10b, where
/,’ / ning. The image is formed by k * k pixels, and defining pixel basis functions [
/| b1,b2,...,b,2 we have the problem: (Ax r)ii = R; [Rf (Kw.wl]l, bi = R[f]:
’ /;/’ﬁ o2 |
d/’ | . .
/ / RIf](t;,0;) = Z ziR[bs](t;,0,) Vi =1,...,n. Our approach overcomes the problem of the standard kernel method: if no
i=1

\ Qveights are used, each radial kernel gives singular matrices.
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AIR Tools package [6]

Gaussian Kernel

Bull’s Eye
(white noise with o = 0.05 )

Shepp -Logan
(missing 40% of the Radon lines)

Crescent - Shape
(full data - no noise )

/

BENEFITS

The reconstruction matrix is symmetric and positive definite.
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The kernel’s and the weights’ shape strongly depend on some param-
eters which are not yet fully optimized.

We can make use of theory of change of basis for RBF, in particular the
e The method is for now limited to the Gaussian kernel: we plan to
extend it to other RBF kernels.

e The computational cost of the algorithm can be reduced using com-
pactly supported kernels and weights functions.

minimize the error.
It is possible to reconstruct images from missing or scattered data.
The dimension of the linear system is independent on k.
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