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In CT, PET/CTandSPECT/CT imaging research, we are often involvedin thedesign,
development andevaluationof instrumentation,dataacquisitionmethods,andimage
reconstructionandprocessingtechniques.Ideally, clinical trials usingpatientimages from actual
imagingsystemsshouldbeusedin theevaluationstudies.In practice,clinical trials aredifficult
to perform dueto thediffi culties and thehigh costsin acquiring‘good quality’ clinical images
andphysicians’time to readthem. Mostimportantly, thereis a lack of known ‘ truth’ in most
clinical images.In thepast,althoughcomputersimulation methodsallowed generationof a large
numberof imageswith known‘truth’, theysufferedfrom theavailability of computergenerated
phantomsthatrealistically model humananatomyandphysiologicalfunctionsandtheability to
generatesimulatedatathat accuratelyrepresentdataacquiredfrom actual medicalimaging
systems.We havedeveloped a 4D computergeneratedphantomthat arebasedon theVisible
Humandataandcardiacand respiratorygatedMRI andCT datafrom normal humansubjects.
Thenon-uniform rationalb-splines (NURB) computer graphics toolswereusedto allow accurate
modelingof theshapes of 3D anatomical structuresandgenerationof collectionsof phantoms
thatrepresentvariationsin anatomicalstructures andphysiological functionsfoundin different
patientpopulations.Also, analytical andMonteCarlosimulationmethodshavebeendeveloped
to provide datathataccurately model theimaging system geometry,and photoninteractionsin
thephantomandwithin theimaging system.Applicationsof thesimulationtoolsto CT, PET/CT
andSPECT/CTimagingresearch will bedemonstratedwith sampleresearchprojects. They
demonstratethepotential utility of thesimulation toolsin a wide variety of applicationsin the
research anddevelopment of instrumentation, imagereconstructionandprocessingmethodsof
differentmedicalimagingmodalitiesin theyears to come.


