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Purpose: To investigaterobustness of improveddose uncertainty modelandits applicabilityto doseverification.

Method and Materials: Previously, we developeda doseuncertainty modelby introducingspace-orientedandnon-space-oriented
doseuncertainties, and a novelschemeof accounting dose accumulation history.Al thoughthemodelwasableto providegood
estimations, its applicationwaslimited to caseswith a few mm rangeof spatial displacement. In this study,we haveimprovedand
generalizedthemodelby incorporating a convolution method.Thenewmodelcategorizes uncertainty sources from bothtreatment
machineand patient into eightdegrees of freedom. Probability density functionsareconvolvedwith dosecalculation to obtaindose
uncertaintymaps. For this study,input parametersweredetermined through6-yearannualQA data,64 setupmeasurementsusing an
IR camera, and105dosemeasurementsof sevendoselevels. To examine applicability of themodelto doseverification, treatment
plansof four testpatternsweremadeanddelivered to film-phantom dosimetry system. Percentageof measured pointswithin thedose
uncertaintybound(pass rate) was evaluatedwith confidenceinterval of theuncertainty to verify therobustnessof themodel.

Results: Mechanicalsetup accuracieswere 0.2±1.0mm (x), 0.1±0.9mm (y), 0.0±1.1mm (z), 0.0±0.1°(pitch),0.0±0.0° (roll),
0.1±0.2° (yaw),and0.0±0.0° (collimator).Therelative doseperturbation at 200 cGy was0.4%. Theuncertainty distributionswere
obtainedwith thesemeasuredmodelparametersanddoseverificationpassrateswereevaluatedaccordingto theconfidenceinterval of
dosebound. Thepassratesshowedsimilar trendsastheoretical statistical confidence. For testpatterns, thepass ratesby the
uncertainty-basedtestwith threestandarddeviationsweresimilar to thoseobtainedin conventionalγ-testwith 3% and 3 mm criteria.

Conclusion: With a few simple test fields, robustnessof theapproachandpossibility of applicationto doseverification wereobserved.


