
Abstract—The ordered subset expectation maximization
(OSEM) algorithm provides a fast image reconstruction method
for emission and transmission tomography such as SPECT,
PET, and CT by approximating the gradient of a likelihood
function using a subset of projections instead of using all
projections. However, for computationally expensive regularizers
such as patch-based non-local (NL) regularizers, OSEM does not
help much to improve the speed of reconstruction because one
evaluates the regularizer gradient for every subset. We propose
to use variable splitting to separate the likelihood term and
the regularizer term for penalized emission tomographic image
reconstruction problem and to optimize it using the alternating
direction method of multiplier (ADMM). This new scheme allows
us to run more sub-iterations for the optimization related to the
likelihood term. We evaluated our ADMM for 3D SPECT image
reconstruction with the patch-based NL regularizer that uses
the Fair potential. Our proposed ADMM improved the speed of
convergence substantially compared to other existing methods
such as gradient descent, EM and OSEM using De Pierro’s
approach, and the Limited-memory Broyden-Fletcher-Goldfarb-
Shanno (L-BFGS-B) algorithm.

Index Terms—ordered-subset expectation-maximization, non-
local regularizer, emission tomography, alternating direction
method of multiplier
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B. Non-local regularizer
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C. Alternating direction method of multipliers
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