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Purpose: To improvequality of low-doseX-ray fluoroscopicimagesusingstatistics-basedrestorationalgorithm so thatthepatient
fluoroscopycanbeperformedwith much reducedradiation dose.

Method and Materials: We first studiedthenoiseproperties of low-dose X-ray fluoroscopic imagesthroughrepeatedmeasurements
usinga VarianAcuity simulator.Noisein X-ray fluoroscopicimagescanbemodeledasPoisson noiseplusbackgroundelectronic
Gaussian noiseandthemean-variance of thenoisecanbedescribedby ananalyticalformula. Basedon thenoisemodel in
fluoroscopic images, a penalized weightedleast-squares(PWLS)objectivefunction was constructedto restorefluoroscopic images
acquiredwith low mAs protocol.Furthermore,theKarhunen-Loève(KL) transform wasutilized to considercorrelationsamong
neighboring framesof fluoroscopy. TheKL transformmanipulatesa sequenceof correlatedmeasurementsinto anuncorrelated,
ordered principlecomponentseriesand, therefore,providesa uniquemeansfor de-correlation,feature extraction andnoisereduction.
After theKL transform, theregularization parameterin PWLS criterionwill beinverseproportional to its correspondingeigenvalue.
Sucha choiceis favorable becausetheregularizationparameter variesadaptively according to thesignal-to-noise ratio of that
component. A smaller KL eigenvalue is associatedwith a componenthavinga lower SNR; therefore,a largerregularizationvalue
should beusedto penalize this noisier data.

Results:We testedtheproposedK-L domain PWLS noisereductionalgorithm usingananthropomorphic chestphantom. Low-dose
fluoroscopic imageswereacquiredwith X-ray tubecurrentof 10 mA andduration of x-ray pulse 2 ms.In theimagerestoredby the
proposed KL domain PWLS algorithm,noiseis greatly suppressedwhile finestructuresarewell preserved.

Conclusion:Experimentstudiesshow thatimagequality of low-dose X-ray fluoroscopic imagecanbe dramatically improvedby
usingstatistics-basedtemporal filtr ation. Theproposednoisereductiontechnique showspotentialfor dose reduction of X-ray
fluoroscopy.


