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Purpose: Intensity-based deformable algorithms notoriously suffer from low image contrast,as well as intensity inconsistency
betweenthe referenceand the target imagesthat are usually acquired at different times and/oron differentCT or cone-beamCT
scanners. The goal of this study is to developa 3D intensity normalizationprocedurethat ensuresintensityconsistencyandincrease
thedynamic contrastof both imagesso thattherobustnessof imageregistration canbeimproved.

Method and Materials: We startedtheprocedureby performing a rigid alignmentbetweenthereferenceandthetarget image.
Subsequently, a local histogrammappingwascomputedovera volumeof interest(VOI) centeredat eachvoxel.This adaptive
histogram mappingmethodenhanceslocalimagecontrastandmatchestheintensitydistribution betterbetweenthereferenceand
target images.To alleviate noiselevel within theflat region with low imagecontrast,thehistogramwithin theVOI wasredistributed
accordingto a pre-definedclip factorto avoid excess voxelswithin a particular bin. Finally, a trilinearinterpolation wasused to
calculateadjacentVOIs neartheboundary. In this study,we chose to usetheaccelerated“demons” algorithm in combination with the
intensity normalizationmethod. We testedthemethod usingboth synthetic imagesandpatientdata.

Results:We demonstrated bothvisually andquantitatively thatsignifi cantimprovementcould beachievedfor diffi cult caseswhere
deformable imageregistration failedwithout using this procedure.We showedthatthe methodworkedwell for very large
deformationsor in low-contrastimages.For a prostatecase with synthetic deformation, lessthan0.5%of voxelshavemorethan5 HU
errorswhenusingtheintensity normalization method.This number increased to 12% if pre-processing wasnot used.

Conclusion: We haveimplementedaneffectivepre-processing techniquethatcanimprove thequality androbustness of theintensity-
baseddeformableimageregistration.


