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A parallel implementation for fast deformableimageregistration of largedatasets

Purpose: One major obstacle for using deformable image registration for online or near real-time applications is its high
computationalcost. The goal of this study is to implement a practical parallel computing techniquefor image intensity-based
deformable registrationof relativelylargedatasets.

Method and Materials: Taking advantageof thelocali ty characteristic of thedeformedimages, deformableimageregistration canbe
parallelizedby dividing the entire volumeinto smaller sub-volumes.We implemented a parallel solution with thesingle-program-
multiple-data(SPMD) programmingmodelin a cluster.Thecluster is composed of oneleadcomputerand12 nodes.To ensure
continuity at boundariesof sub-volumes,we addedanoverlapping volume,which becamea computationaloverhead.We proposed
two techniques to reducetheoverlappingvolumeby applying pre-registration during thecoarselevelsof a multi-resolution approach,
andby handling theboundary condition carefully whenapplyingthesmoothing fi lter during registration.Thebaselinedatafor
comparisonwasthedeformation resultfrom one CPU.Results werecomparedin threedifficult caseswith largedeformation andlarge
data set. Thescalability was alsoanalyzed.

Results:8-12 nodes appears to beenoughto handle each case.Four overlapping slicescombined with pre-registrationat coarselevel
wereable to getthecorrect deformation field at theboundary of eachsub-volumeseven in thepresenceof relatively large
deformations.Computingtimeswere 20.5s,44.4s,and76.5sfor a prostate case(matrix size:294*237*62),a head& neckcase
(361*414*87), and a breast case(465*371*157), respectively. Thesame data setsrequired54.5s,150.2s,and331.6sto compute on a
singleCPU, respectively.

Conclusion: We haveimplementedaneffectiveparallel solution for deformable imageregistrationwhich canhandlelargedatasets
in a short time.


