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ABSTRACT Since the introduction by Shepp and Vardi
[Shepp, L. A. & Vardi, Y. (1982) IEEE Trans. Med. Imaging
1, 113-121] of the expectation-maximization algorithm for the
generation of maximum-likelihood images in emission tomog-
raphy, a number of investigators have applied the maximum-
likelihood method to imaging problems. Though this approach
is promising, it is now well known that the unconstrained
maximume-likelihood approach has two major drawbacks: (i)
the algorithm is computationally demanding, resulting in re-
construction times that are not acceptable for routine clinical
application, and (ii) the unconstrained maximum-likelihood
estimator has a fundamental noise artifact that worsens as the
iterative algorithm climbs the likelihood hill. In this paper the
computation issue is addressed by proposing an implementa-
tion on the class of massively parallel single-instruction, mul-
tiple-data architectures. By restructuring the superposition
integrals required for the expectation-maximization algorithm
as the solutions of partial differential equations, the local data
passage required for efficient computation on this class of
machines is satisfied. For dealing with the “noise artifact” a
Markov random field prior determined by Good’s rotationally
invariant roughness penalty is incorporated. These methods
are demonstrated on the single-instruction multiple-data class
of parallel processors, with the computation times compared
with those on conventional and hypercube architectures.



