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Statistical Methods for Tomographic Image Reconstruction in Nuclear

Department of Electronic Engineering, Paichai University, Daejeon, Korea

Statistical image reconstruction methods have played an important role in emission computed tomography (ECT)
since they accurately model the statistical noise associated with gamma-ray projection data. Although the use of
statistical methods in clinical practice in early days was of a difficult problem due to high per-iteration costs and
large numbers of iterations, with the development of fast algorithms and dramatically improved speed of
computers, it is now inevitably becoming more practical. Some statistical methods are indeed commonly available
from nuclear medicine equipment suppliers. In this paper, we first describe a mathematical background for
statistical reconstruction methods, which includes assumptions underlying the Poisson statistical model, maximum
likelihood and maximum a posteriori approaches, and prior models in the context of a Bayesian framework. We
then review a recent progress in developing fast iterative algorithms. (Nucl Med Mol Imaging 2008:42(2):118-126)

Key Words: emission computed tomography, statistical reconstruction, maximum likelihood, maximum a posterior,
Bayesian reconstruction, Gibbs priors, Markov random fields
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Figure 1. Projection of a two-dimensional function,
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Figure 2. ECT provides a list of the spatial locations X(1).
Xo(H)....Xn(H) of all fracer atoms.
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(c) (d)

Figure 4. Atffenuation correction in ML-EM for SPECT recons-
tfruction: (a) original phantom; (b) nonuniforma  attenuation
map; (¢) ML-EM reconstruction with attenuation-map applied to
system matrix; (d) ML-EM reconstruction without aftenuation
map.
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(a) (b)

(c) | (d)

Figure 6. Qualitative comparison of PET reconstructions: () FBP
with @ Hanning window; (b) ML-EM (30 iterations); (¢) MAP with
quadratic QD prior; (d) MAP with convex-nonquadratic BS prior.
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Figure 7. Accelerated ML-EM using 4 ordered subsets of
projection data: (a) Hoffman brain phantom; (b) 1 iteration of
standard ML-EM; (¢) 1/4 iteration of OS-EM; (d) 2/4 iteration of
OS-EM; (e) 3/4 iteration of OS-EM; (f) 4/4 iteration of OS-EM.
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