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ABSTRACT

This paper presents some new applications of Mean Field
Annealing (MFA), a technique which usually finds global minima in
nonconvex optimization problems, to the restoration of nuclear medi-
cine and magnetic resonance images. The image restoration technique
presented in this paper preserves the edges while reducing noise. By
selection of proper parameters, it can be used for segmentation. Non-
uniform temperature annealing is introduced for the restoration of
images with signal dependent noise. good for 3-D images. By the use
of successive over-relaxation (SOR) algorithm in minimization,
These MFA image restoration techniques are fast enough for practical
use in processing 3-D images.

INTRODUCTION

Bayesian methods are being widely used in the various fields of
the image processing [8]. Geman and Geman noted the equivalence
of Gibbs distributions to Markov Random Fields and used this equiv-
alence to develop a stochastic relaxation method for the maximum a
posteriori (MAP) estimation problem [5].

This Stochastic Simulated Annealing (SSA) technique provided a
new tool for use in the field of image restoration, but has some disad-
vantages. Some of the disadvantages of SSA have been overcome by
advances in the treatment of discontinuity and continuously valued
images [1, 4]. Recently Bilbro and Snyder [2, 3] developed the so
called “Mean Field Annealing” (MFA) technique which approximates
stochastic relaxation but is a deterministic method. In this paper we
briefly introduce the MFA restoration algorithm and show recent
results in its application to the areas of cardiac MRI and nuclear med-
icine.

MFA IN IMAGE RESTORATION

Since it is reasonable to represent an image by a multidimen-
sional Markov random field, using the equivalence of MRF’s to the
Gibbs distribution [5], and assuming that the noise is white and Gaus-
sian [3, 5, 6], the maximum a-posteriori probability (MAP) problem
becomes a minimization problem of energy function which is can be
given by
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where b is a relative weighting factor between the first, “noise” term
and prior term, V(fi), which describes the penalty of an unlikely
configuration. Here, 6, is the standard deviation of the noise, i
denotes all the pixels in the image and T denotes the prior model tem-

perature (from SSA). Here, we choose V(fi) to have a Gaussian
functional form for a piecewise-uniform prior model as follows
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where X denotes a set of neighbor pixels of pixel i, 7;; is used for
discriminating the effect of varying pixel distances, and T can be con-
sidered as a soft threshold for smoothness. If we choose very small 1,
the resultant restored image becomes locally homogeneous. (See [6]
for a derivation of this approach). Since the pixel values of medical
images, such as MR images or nuclear medicine images, often repre-
sents a density, an assumption of local homogeneity (small ) may
often be used.

Since H (f) has many local minima, we apply mean field anneal-
ing technique (for detail refer to [2, 7]) which converts the problem of
minimization on £ into the problem of minimization on x which is the
mean field approximation of £. The energy equation becomes
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Comparing Equations (1) ~ (4), we note that the temperature T
moved into the Gaussian form and T" (= T+ T) now fills the role of
threshold and controls the homogeneity of the local region at temper-
ature T.

MFA RESTORATION ALGORITHM

The algorithm of MFA is similar to SSA, but it is a deterministic
relaxation at each temperature T

1.Initialize x = g (corresponds to T;
2.Minimize H(x)
3.Reduce T
AT > rﬁ'nal (=T1)gotostep2

For faster convergence in each stage of minimization, SOR algo-
rithm is most suitable:
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where
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and we (0,2) is the relaxation factor.

The temperature Ti nip €0 be interpreted as a “melting point”,
where most of the noise whose standard deviation is around 57" it
are removed. When the difference between neighboring areas otj e
image is larger than Zﬁ"_ , it is considered that there exists a disconti-
nuity at temperature 7", and edges are then preserved.

‘When noise is dependent on the signal, (for example, in the case
of nuclear medicine images, the Poisson process may be approxi-
mated by noise variances which are dependent on signal intensity),
we can apply a non-uniform initial temperature. In such a case, the
local initial temperatures are determined by direct calculation of local
variance or mean, and we then apply the same cooling ratio all over
the image during annealing. Local initial temperatures can be calcu-
lated as
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RESULTS

Picture 1. and Picture 2. show the results of the MFA restoration
of the Magnetic Resonance cardiac images with uniform temperature,
which are done for the segmentation of coronary arteries.

Picture 1. Restoration of cardiac MR image (T;,;~0,=b=25, 1=0.05,
cooling ratio=0.5)

Picture 2. Restoration of cardiac MR image (T;,,;=0,=b=100, 7=0.05,
cooling ratio=0.5)

Picture 3. shows the result of non-uniform temperature restora-
tion of a nuclear medicine image which shows a region of cancer of
the sternum.Minimization was done at 10 temperatures with cooling
rate 0.5.

Picture 3. Restoration of nuclear medicine image with non-unform
temperature MFA (10 minimization)

For each restoration of a 256 X 256 image of float data type, 20
~ 100 seconds were required on a DEC RISC machine.

CONCLUSION

In this paper, we introduced an image restoration technique using
Mean Field Annealing and showed its resuits on medical images. By
using an SOR algorithm in the minimization stage, it became fast
enough for practical use in 3-D image processing. We showed also a
new non-uniform temperature annealing technique which is necessary
for the restoration of images of signal dependent noise.
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