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Purpose:
To enable novelradiation therapy workflows by providing superposition/convolutiondosecalculation at interactiverates.

Method and Materials:
TheSuperposition/Convolution (S/C)dosecomputationalgorithm utilizes ray-tracingtechniquesextensively andis well suitedto
acceleration usingconsumergraphicsprocessingunits (GPU).Thestandard S/Calgorithm was parallelizedandimplementedusing
NVIDI A’s CUDA GPU programmingenvironment.

Thebasic S/Cmethodgeneratesincident fluence,usinga sourcemodel, andtransports it from theradiationsource,using ray-tracing,
to deposit a TERMA grid. Thensuperposition spreadsthedosedeposition kernel out by ray-tracingfrom eachpoint in theTERMA
grid. There areseveral issueswith parallelizing this algorithm.

Calculation of theTERMA grid suffersfrom read-write confli cts.We solve this by runninggroupsof spatiallyseparateddivergent
rays.The forwardS/Ckernel also suffersfrom read-write confli cts,but theinverse kerneldoesnot.We reducedmemory bandwidth
by using a variablestepray-tracer, independently attenuatingeach spectralenergybin andcaching lookup-tables.We exploredthe
conceptof usingvolumetricmip-mapsto approximatetherayasa truesolid angle.

Results:
We compared our implementationto Pinnacle3 for low (64x64x64cubewith 4 mm voxels) andhigh resolution (128x128x128cube
with 2mm voxels)waterphantomsusing assimilar settingsaspossible.Pinnacle3 (Philips - Madison, WI) wasrun on a SunFire v250
machinewith timesof 30.961sand 365.944s respectively. We performed our calculations on a singleNVIDIA GeForce8800GTX
with times of 0.217sand2.197srespectively.Preliminaryexperimentsusingvolumetricmip-mapsshowedadditional performance
improvementswith minor accuracyloss.

Conclusion:
We have completeda GPUaccelerated superposition/convolution doseengine,providing a substantialperformancegainoverCPU
basedimplementations - indicating that realtime dosecomputationis feasible with the accuracylevelsof theS/Calgorithm.
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