
AbstractID: 8821 Title: Probability Density Distribution of Proton Range as a Function of
Noise in CT Images

Purpose: Protonrangecomputedin geometry definedby the CT imagesis a randomparameter becauseof thestochasticcomponent
in theCT numbers.We evaluatenumerically theprobability density functions(PDF)of thecomputedproton rangefor differentPDFs
of thenoisein CT images.
Method and Materials: We have usedtherandomnumbergeneratorsto simulatewhitenoisein theCT numbers alongthe proton
pathlengthin themodel geometry.Thenoisewassimulatedusingboth Gaussian anduniform PDFs. Protonrangewascomputedusing
continuousslowingdown approximation which is valid for mostof the protonrange.To simulatethestatistical straggling of the
computedproton range,we have simulated100000randomcombinationsof noise.
Results: We showthatthe PDFof thecomputedprotonrangeapproachesGaussiandistribution for bothGaussiananduniform white
noisein CT numbers.Theparameters of therangePDFhavebeen determinedby least squaresfitt ing of ananalyticalGaussian
distribution to thenumerically obtainedPDFusing a quasi-Newtonoptimization algorithm. We haveinvestigatedtherange PDF asa
function of thestandarddeviationof noiseandthecomputationalgrid size.We show that1) thestandarddeviationof the protonrange
increaseslinearlywith the standard deviationof noiseand2) standarddeviation of protonrangelinearly increaseswith thegrid size.
For homogeneousmedia,200 MeV protonbeamandthe3mm grid, thestandarddeviationof theprotonrangechangedbetween 1-
5mmwhen thestandard deviation of noisechangedbetween 2.5%-15%.
Conclusions: Standarddeviationof computedproton rangeincreaseslinearly with thestandarddeviationof noise in CT images.
Noisereduction algorithmsfor the CT imagesassmoothing or denoising canminimize thestandard deviationof thecomputedproton
range.


