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ABSTRACT

The quality and realism of simulated images is currently limited by the quality of the digital phantoms used for the
simulations. The transition from simple raster based phantoms to more detailed geometric (mesh) based phantoms has
the potential to increase the usefulness of the simulated data. A preliminary breast phantom which contains 12 distinct
tissue classes along with the tissue properties necessary for the simulation of dynamic positron emission tomography
scans was created (activity and attenuation). The phantom contains multiple components which can be separately
manipulated, utilizing geometric transformations, to represent populations or a single individual being imaged in
multiple positions. A new relational descriptive language is presented which conveys the relationships between
individual mesh components. This language, which defines how the individual mesh components are composed into the
phantom, aids in phantom development by enabling the addition and removal of components without modification of the
other components, and simplifying the definition of complex interfaces. Results obtained when testing the phantom using
the SImSET PET/SPECT simulator are very encouraging.
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INTRODUCTION

Obtaining “ground-truth” data in medical imaging is an almost impossible quest when pathology reports are not
available. One way to circumvent this limitation is by creating digital synthetic phantoms with the appropriate physical
properties and characteristics that can be imaged using digital simulators.

Digital simulators can be used to study system design, acquisition protocols, reconstruction techniques, and evaluate
image processing algorithms. In addition to providing a precise ground truth, they can be used to save significant time
and money compared to recruiting volunteers, scheduling and paying for scanner time. The simulator selected for this
work is SImSET for PET/SPECT.

The University of Washington has developed a PET/SPECT simulator based on Monte Carlo techniques that models the
physical processes and instrumentation used in emission imaging. SimSET"***°, which can be used to model both
single photon emission computed tomography (SPECT) and positron emission tomography (PET), models the important
physical phenomena including photoelectric absorption, Compton’s scattering, coherent scattering, photon non-
colinearity, and positron range. It supports a variety of collimator and detector designs, and already includes the
attenuation properties for many common materials. If the attenuation and activity properties are known for each voxel
the gamma signal can be generated. SimSET and its source code can be downloaded from °. The code is written in a
modular format as shown in Figure 1.

Even at this preliminary stage in our research it was realized that the computational complexity of the simulator may be a
limitation for its utility due to the extremely long time required to run realistic simulations. To overcome this difficulty,
we have proposed and accomplished a parallel implementation based on the Condor distributed computing
environment”™’.

The utility of simulators such as SImSET is currently determined by the availability of digital phantoms with appropriate
physical properties for use during simulation. The current generation of raster (voxel) based phantoms are limited in
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