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Purpose: To develop aneffectivemethod of improvinglow-dosekV CBCT imagequalityusingstatistics-basedsinogramsmoothingso
thatthepatient’s imaging dosecanbegreatlyreducedthroughtheuseof low-mAs protocol.

Method and Materials: Based on thesinogramnoiseproperties,a penalizedweightedleast-squares(PWLS)objectivefunctionwas
constructed, andtheideal sinogramwasthenestimatedby minimizing thePWLS objectionfunction. Thevarianceof sinogramdata was
chosenas theweight the PWLS objective functionandit determinedthecontributionof eachmeasurement.To preserveedgeinformation
during noisereduction, we proposedananisotropic quadratic form penalty. Thequadratic form penaltyencouragesequivalencebetween
neighborsandtheanisotropicpenalty providesthemechanismto control theinfluenceof differentneighborsaccordingto its corresponding
gradient.Theproposedanisotropic penaltytends to discourageequivalencebetweenneighborsif thegradientis large,thusedgeinformation
will bepreservedin thesmoothedsinogram.Two experimental phantomstudieswereperformedto demonstratetheeffectivenessof the
presented algorithm.CBCT projectionimageswereacquiredby theExactArms (kV source/detectorarms)of a VarianTrilogy™ treatment
system.

Results: Noisein the reconstructedCBCT imageacquiredwith thelow-mAs protocolwasgreatly suppressed after theproposedsinogram
imageprocessing,without noticeable sacrifice of thespatial resolution. For bothphantoms, imagequality of thelow-dose(100
mAs/projection) CBCT reconstructedfrom the sinogramprocessedby thePWLScriterion is comparable to its correspondingnormal-dose
(800mAs/projection) imagesin termsof contrast-to-noiseratio and fine structurespreservation.

Conclusion: ThepresentedPWLSsinogramsmoothing algorithmreduces CBCT radiationdoseby a factor of 1/8 withoutcompromising
thequality of reconstructedimages.


