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Purpose: Thetask of image registration appearsin many different areas of radiation therapy, e.g. comparing images during
the treatment planning process. However, the complexity of the existing registration algorithmsrequires extensive
computation time which limitstheir applications. Therefore, we propose a fast and robust algorithm for mono and multimodal
registration.

Method and Materials: We usethe Lie Group structureto describe the set of rigid transfor mations and we gener ate the set of
admissible defor mations with a cubic B-spline basisin the case of non-rigid deformations. In order to solvethe optimization
problem that arisesfrom theregistration task, we developed a stochastic Gauss-Newton method combining the advantages of
the (stochastic gradient) Robbins-Monro algorithms with the well-known deter ministic Gauss-Newton method. To incor por ate
multimodal image registration aswell, we also present a novel image distance measure. For test pur poses we implemented our
algorithmsin Matlab.

Results: A comparison of the new measure with the classical mutual information measurein the case of rigid registration
showed that both measures detect the position of a template imagein areference image with the same quality, but the
numerical costsfor one optimization step arereduced significant with the new measure. The stochastic algorithm led to a
considerable reduction of computation time, compared to the deter ministic Gauss-Newton method. Thefinal algorithm was
tested for CT-MR and CT-PET and CT-CT registration. Especially thelast case allows to detect huge defor mations which
appear eg. in patient-to-patient registration.

Conclusion: We have developed a novel, fast and robust registration algorithm. It combines the advantages of the mutual
infor mation measur e with the superior convergence propertiesof a quasi adaptive stochastic algorithm.



