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Image restoration and reconstruction techniques are of 
wide interest in many fields. Practical problems are usu- 
ally ill-conditioned and inconsistent. The methods used 
to combat these common characteristics are as varied as 
the applications. In this special issue we have compiled 
some of the latest advances in the understanding of solv- 
ing these difficult and challenging problems. 

In the first paper Combettes gives a historical overview 
of the field of set theoretic image recovery, that is, of 
both image restoration and reconstruction. Although the 
method of projecting onto convex sets (POCS) forms the 
basis for many methods of image recovery used today, 
other methods are also surveyed. He analyzes the limita- 
tions of the current methods and proposes new directions 
for theoretical and applied research. 

The next two papers deal with the recovery of medical 
images. Herman, De Pierro, and Gai address the problem 
of reconstruction in positron emission tomography 
(PET). The reconstruction process involves the detection 
of nearly simultaneously emitted photons which are 180 
from each other. The emission of positrons is assumed to 
be a Poisson process. A maximum likelihood (ML) 
method is used to estimate the mean of the distribution 
for each ray which is used to form a 2-D image. Herman 
et al. report on a new computationally efficient iterative 
algorithm for solving this problem. Hedley and Yan deal 
with the reconstruction of images formed by magnetic 
resonance imaging (MRI). In this paper the translational 
motion of the patient is shown to introduce a phase dis- 
tortion of the data. An iterative algorithm is given which 
is based on POCS for magnitude retrieval and generalized 
projections for retrieval of the lost phase information. 

Markov random fields (MRFs) are used in the next two 
papers for modeling the local interaction of pixels in the 
original image. In the paper by Charbonnier, Blanc- 

FCraud, and Barlaud the noise removal problem is con- 
sidered. The MRF model is used in conjunction with a 
line process. These models lead to nonconvex criteria. A 
graduated nonconvexity relaxation algorithm is intro- 
duced to mitigate this problem, along with a new local 
interaction function and an efficient multiresolution im- 
plementation. In the paper by Shridhar, Ahmadi, and El- 
Gabali the problem of restoring a blurred image in the 
presence of additive and multiplicative noise is consid- 
ered. A restoration algorithm is introduced which is 
shown to yield good performance in the presence of high 
levels of noise and nonlinearities. 

Fales, Huck, Alter-Gartenberg, and Rahman investi- 
gate the restoration of images degraded by the processes 
of multiresolution decomposition for coding purposes 
and quantization. A Wiener-matrix restoration filter is 
proposed to correct for the effects of aliasing, blurring, 
additive noise, multiresolution decomposition, and line- 
scan effects of the display. 

The next three papers deal with the processing of 3-D 
images. Seger and Lenz provide a review of canonical 
transforms in the context of representing the point spread 
functions of optical systems. A symbolic programming 
implementation of the transforms is introduced and used 
to restore a 3-D image from a confocal optical micro- 
scope. Miller, Shridhar, Farison, and Shin present a new 
approach for reconstructing spatially-invariant image se- 
quences. Techniques are developed for generating opti- 
mal filters using diagonalization to suppress noise while 
simultaneously providing data compression. Zervakis in- 
troduces a flexible technique for the simultaneous sup- 
pression of noise and preservation of details in multi- 
channel images. He also introduces two techniques for 
the selection of the regularization parameter. 

Lace and Dougherty address the problem of morpho- 
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logical restoration. This approach is based on the 
Matheron representation of morphological filters. The 
paper derives expressions for the mean-absolute restora- 
tion error of general morphological filters formed from 
erosion bases, in terms of mean-absolute errors of single- 
erosion filters. It results in a unified methodology for the 
design of optimal morphological restoration filters. 

In the next paper Reeves proposes the use of the 
method of cross-validation for testing the assumptions 
used to compensate for the information lost in the degra- 
dation process. He demonstrates the power of cross-vali- 
dation in addressing the problems of blur identification, 
constraint assessment, termination of the iteration, and 
estimation of the regularization parameter. The last prob- 
lem is also addressed in the final paper of this issue by 
Katsaggelos and Kang. An iterative algorithm is pro- 
posed, derived from a set theoretic regularization ap- 
proach. Bounds are placed on the stabilizing function as 
well as the noise variance which are updated at each 
iteration based on the available estimate of the original 
image. The ratio of these bounds determines the value of 
the regularization parameter. Sufficient conditions for the 
convergence of the nonlinear algorithm and an optimality 
criterion for the regularization parameter are derived. 

The paper by Fortier, Demoment, and Goussard enti- 
tled “GCV and ML Methods of Determining Parameters 
in Image Restoration by Regularization: Fast Computa- 
tion in the Spatial Domain and Experimental Compari- 
son,” will appear in the March 1993 issue of the journal. 

The editors take this opportunity to thank the authors, 
reviewers, and editorial staff at the journal for their assis- 
tance in providing their time and effort in making this 
special issue a reality. 
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