AbstractI D: 9518 Title: Numerical Instability and Conditioning in IMRT Optimization

In general, inverse problem in IMRT optimization is ill-posed. The degree of ill-conditioning can be determined by singular value
decomposition (SVD) of the dose matrix. The dose matrix A is ill-conditioned if it has a wide range of singular values and if the
spectral condition number of A is large. Then the pseudo-inverse solution of Ab=d can be unstable leading to sub-optimal convergence
in IMRT planning process. An SVD analysis of nasopharyngeal carcinoma revealed that ill-conditioning is structure dependent and is
a function of beam and dose sampling parameters. For example, using the total of 2,597 bixels (0.25x1.0 cm?) from 7 gantry angles
and uniform dose sampling grid of 0.2 cm, the condition numbers for CTV and nine critical structures ranged widely from 3,943 to
24,870,000. Since the beam parameters must remain congtant for all irradiated anatomy, it makes sense to vary the dose sampling
density to improve numerical conditioning. The results thus warrant structure dependent dose sampling at varied resolution.
Alternatively, for inverse algorithms utilizing pseudo-inverse of dose matrix, it is possible to obtain regularized solution by filtering
those singular components that only add to noise. Application of a Tikhonov-type regularization yielded good solutions when the filter
functions were separately tuned for each anatomy. The regularization parameter, a, for different sructures varied from 0.004 to 4.4.



