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Purpose: Conventional deformable registration treats every voxel in an image set
equally. In reality, not all regions are equal: some parts are rigid and some are
deformable.We investigate a strategy of using a priori knowledge of the system to
improvethe accuracy and robustnessof deformableregistration.

Method: Our calculation consistedof two naturalsteps.First, the input imagesareauto-
classified into featureregionsbased on the intensity information.The featureregionsin
the fixed and moving imagesare matched as feature region pairs using SIFT (scale-
invariancefeaturetransformation) method.Secondly, the establishedfeature regionpairs
are used as pre-determined control point associationsto facilitate the thin plate spline
(TPS) deformable registration. Becauseof thepre-association of thefeaturepairs,there is
no needto manuallyplacethe homologous control points, which is a difficult task (as
detailed anatomy knowledge is often required) and has been a major source of
inaccuracy.Theproposedalgorithm is evaluatedby usinga digital phantomandfive sets
of 4D CT imagesof different diseasesites.

Results: A method of incorporating prior knowledge into TPS deformable image
registration has beendeveloped. Using SIFT method, the feature region pairs can be
easily identified. For example, for a region insideor close to a piece of bony structure,
the correspondencecanbe foundusingSIFT becauseof the lack of deformation.In the
digital phantomexperiments,the new TPS algorithm is able to obtain a transformation
matrix, which agreeswith theknownonesto within 3%. For thepatients,similar level of
success wasachieved.A comparison with conventional TPSor BSplineapproaches,the
technique improvestheaccuracyand robustness.

Conclusions: With incorporation of feature pairs, the deformable registration is
significantly improved andmuchrobustandaccurateregistrationis attainable.


