Numerical Solution of some Problems in Tomography

E. Loli Piccolomini^� F. Zama^y

Unità operativa di Bologna

The problems arising in the Computed Tomography (CT) area are well known for their high dimensions and ill–posedness. Different CT problems such as X–ray Computed Tomography (TAC), Single Photon Emission Tomograpy (SPECT) and Positrons Emission Tomograpy (PET) are modeled by first kind Fredholm integral equations: g(θ, t) = 1_Z �1 1_Z �1^{K(x, y, θ, t)f(x, y)dxdy (1)} In practical problems the unknown function f(x, y) represents different physical phenomena (attenuation in TAC, emission in SPECT and PET). The kernel K(x, y, θ, t) weights the contribution of each point of the object and models the data acquisition process. In this work we analize the kernel in the case of TAC and SPECT. In particular, we consider the problem of reconstructing human brain sections from experimental data obtained from a Gamma camera equipped with parallel–hole collimators [1],[3].

The discretization of equation (1) leads to a large size linear system. The high noise rates of the r.h.s. and the ill conditioning of the matrix require to compute a regularized least squares solution. Both direct and iterative methods can be utilized [2] but, as shown in [4], iterative methods based on the conjugate gradient iterations are more efficient when applied to large size problems.

The introduction of regularization requires the determination of a suitable stopping criterion; this problem is addressed in [5] where different stopping criteria are compared.

In this work we report the results obtained in case of TAC and SPECT with simulated data (phantoms) and real acquisitions. We report also some details and results obtained with a parallel application running on Cray T3E.

References

[1] A.R. Formiconi, A. Pupi, and A. Passeri, Compensation of spatial system response in SPECT with conjugate gradient reconstruction technique, Phys. Med. Biol. 34, pp. 69–84 (1989).

[2] P.C. Hansen M. Hanke, Regularization methods for large{scale problems, Surv. Math. Ind. 3, pp. 253–315 (1993).

[3] A. Passeri, A.R. Formiconi, and U. Meldolesi, Physical modelling (geometrical system response, Compton scattering and attenuation) in brain SPECT using the conjugate gradients reconstrucyion method, Phys. Med. Biol. 37, pp. 172–1744 (1992).

[4] E. Loli Piccolomini and F. Zama, Regularization algorithms for image reconstruction from projections, in Advanced Mathematical Tools in Metrology III, Series on Advances in Mathematics for Applied Sciences, World Scientific, pp. 218–224 (1997).

[5] E. Loli Piccolomini and F. Zama, The conjugate gradient regularization method in computed tomography problems, Appl. Math. and Comp. 102, pp. 87–99 (1999).

�Dipartimento di Matematica, Università Bologna, piccolom@dm.unibo.it. yDipartimento di Matematica, Università Bologna, zama@dm.unibo.it.