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Purpose: To acceleratethe synthesisof digitally reconstructedradiographs(DRRs)andthereconstruction of cone-beamCT (CBCT)
data with the help of commoditygraphicsprocessingunits (GPUs).The massively parallel architecture of GPUsallows significant
improvementsin execution speedfor algorithmsthatpresentvariouslevelsof symmetry.

Method and Materials: We haveimplemented DRR synthesis and CBCT reconstruction algorithms on GPUs and havecompared
their execution speedandaccuracywith those of traditionalCPU implementations. DRRswereobtainedwith an incrementalversion
of Siddon's algorithm, anexact raytracing routine, while CBCT reconstructions were basedon theFDK algorithm. Thebenchmarking
wasconducted with a nVidia GeForce8800GTX graphicsboardhostedin a 2.4 GHz Intel QuadCorePC.TheCg shadinglanguage
wasused for GPUprogramming, andall calculationswereperformedin single precision.

Results: We haveachievedexecutionspeedimprovement factorsof 47x for DDR synthesis and of 100x for CBCT reconstruction
with the GPU implementation. These figures,obtained with relatively large,clinically relevantdatasets(512 Mb), could further be
improved by using smaller datasets that fit entirely in the video memory. The DRRs obtainedwith the GPU implementation were
identical to their CPU versionswhile the CBCT imagespresented slight differences(2% standard deviation), most likely due to
discrepanciesin theCPU-GPUfloating-point roundingconventions.

Conclusion: We haveimplemented on a streamingarchitecture two algorithms relevantto manybranchesof medical physics.We
haveachievedsignificant speed increasefactorswhile preservingtheaccuracyof theresults. Therapid developmentof GPUproducts
sporting morememory, supporting double-precision andrunningat higherclock speedslets envisionevenfasterexecutionandmore
accurateresults, thereby openingthewayto new,innovative applicationsin medical physics.


