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Purpose: To reportour efforts of the developmentfor the softwaretool with the latestparallelcomputing techniquesto characterize
the variousphysicalpropertiesfor themicroCT.

Method and Materials: Various physical aspectsin the micro CT imager were investigatedwith the strategiesof mathematical
modeling andcomputersimulation. Thesimulatedelementsincludedwerethex-ray focal spotblurring, scattering kernel,point spread
function, quantumnoise, detectorblurring, and system noise. The projections of the mathematical phantoms were analytically
calculatedusing the Radon transform formalism. Simulated noises werethen addedto thoseprojection imagesandthe final images
wereobtainedfrom the imagereconstructionalgorithms including theexact,approximate, anditerativemethods.A dedicatedrandom
numbergenerator for the noisesimulation wasdevelopedto produceun-correlatedrandomnumber sequences.A randomnesstestof
the intra- andinter-correlation for the random numbersequenceswasalsodevelopedto validatethe quality of noisesimulation. The
Monte Carlo code,BEAMnrc06, was usedto evaluatethe x-ray photon scattering kernel,point spreadfunction,and the simulated
exposeddoselevel.

Results:Our preliminary results indicatedthat thevariousnoisepropertiescanbequantifiedby using thenoisesimulationandnoise
powerspectrum calculations. The scattering kernelwasdeterminedby using the Monte Carlo methodaccording to the actualx-ray
tube geometry andwasin agreement with the experimental measurement.Lower boundof the delivereddoselevel wasdetermined
basedon thesimulatedlow-doseimagesreconstructedform thehigher-doseimages.Themotion artifact wasalsoquantified basedon
the Fourier analysisin thespatial frequencydomain.

Conclusion: We havedevelopeda computer simulation package wherethekey substancessuchasthequantum noisewere included.
Thesimulatedresultswereusedto quantifythemicro CT imagerandtheoptimized systemperformancecanbeachieved.


