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ABSTRACT

For reasons of mathematical tractability, simplifying assump-
tions are usually made about the statistical nature of images that
are to be processed. Among these assumptions are stationarity of
the signal and noise processes and the space invariance of the blur.
These assumptions rarely hold over a large image but can be ron-
sidered accurate over small subsections of an image. With this
idea in mind, it is natural tn divide an image into small, possibly
overlapping sections and process each section with consideration to
its peculiar characteristics. This technique has been used with
success on problems involving iterative numerical image restorations,
signal-dependent noise and space variant point spread functions.

An image is made up of many parts. In pictorial photography we usually
distinguish the foreground, background, and subject. The fact that such dis-
tinctions can be made indicates that the different parts have different char-
acteristics. In image processing these characteristics are usually ignored.
The picture is processed as a unit. The purpose of this paper is to show the
advantages of using these characteristics by sectioning in image processing.

Processing an entire image by processing small sections of it and con-
catenating the processed sections is not new. Laboratories with computing
facilities much smaller than those of Los Alamos and Livermore find that sec-
tional processing is the only way to solve the prublems on their machines.
This type of processing achieves the same result as global processing since the
sections are operated upon in an identical manner. This use of sectioning is
merely for computational convenience and does not make use of the different
properties of the different sections.

In most image processing work the difference between different parts
of the image is minimized. Al1 global signal restoration algorithms which
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ure statistically based (e.g., Wiener filtering) assume that the image rep-
resents a stationary process. If the image contains almost any visual infor-
mation, this assumption is false. The assumption that the image is statis-
tically uniform permits the use of algorithms which are soundly based in theory.
The results of applying these algorithms usually have been quite good. However,
the fact that images do not have the properties which are required for these
algorithms to be optimal indicates that better results are possible.

Computationally, sectional processing represents more overhead than
global processing. To avoid a blocking effect the sections must be overlapped.
‘The minimum bound required for smooth transition between sections is determined
by the size of the point spread function in the case of signal restoration and
by the eye and experience in some of the enhancement algorithms. The ratio of
the overlap area to section size determines the sectioning overhead (or efficiency)
of the method. The ideal section size is the smallest size that contains enough
data to define the desired characteristics and is larger than the minimum size
required for the elimination of boundary effects. Since smaller section sizes
require a larger proportion of overlap, they are more inefficient. Thus, com-
putational limitations have a very real effect on the practical choice of sec-
tion size.

There are two basic ways to take advantage of sectional processing to
produce better images. The first use is for a better convergence criterion
for numerical solution methods. The second use is changing processing param-
-eters according to the characteristics of the section to be processed.

Several signal restoration methods use iterative numerical algorithms
to achieve a solution. The most prominent methods of this type are maximum a
posteriori (MAP) restoration and maximum entropy (ME) restoration. The MAP
method uses a modified Picard's iteration; the ME method usually uses a modi-
fied Newton-Raphson algorithm. These numerical methods require a well-defined
convergence criterion. This criterion is usually a Euclidean norm of some
function of the image. Such a norm is an aver;gg'va1ue. Thus, large values
may be balanced by small values.

For example, the MAP restoration method converges when

g - s(ka)||2=|ln|l2 (1)
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where the imaging system is modeled by
g=s(Hf)+n (2)

where

1s the recorded image;

is the ideal image;

is the blur matrix;

is a nonlinear memoryless transformation;
is random noise.
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The criterion (1) states that the residual imagé, g - s(Hf ), should have the
same variance as the noise, n. It is desirable for the residual to also have

the same correlation as the noise, but this is an impractical test. It suffices

to output the residual image and let the user's eye test for correlation or
visibly detectable patterns. Since the criterion (1) is an average, it should
be beneficial to take the average cver smaller scctions. This conjecture has
been shown to be true.] In the smaller sections large values are less likely
to be cancelled by small values. The sectioned residual appears much more

uniform as we would expect noise to be. As a result the restoration is improved.

In the case of sectioned MAP we have processed ecach section identically.
The convergence criterion has remained constant. This assumes that the noise,
n, is stationary. It is now an easy step to modify the MAP method to handle
the case of signal-dependent noise. Film grain noise is a signal-dependent
random process which is often modeled by

d.=d+odh

where

1s the recorded optical film density;

is the ideal density;

is a scaling parameter dependent on scanning aperture and film type;
is an experimentally determined value dependent on film type;

is a standard normally distributed random variable (i.e., neN[0,1]).
If the sections are small enough then d® is fairl» uniform over the section,
and this value can be replaced by an average value, aB. In practice this

a5 ™ a a o
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modification of the sectioned MAP method allows the algorithm to approach the
true solution where there is little noise and prevents noise from dominating

the solution in areas of high noise.2

' The next extension of sectional processing in image restoration is to
space variant point-spread functions. Unlike the case of signal-dependent

noise for film grain, there is no a priori model to describe the changing point-
spread function. Each restoration problem must be handled individually. The
blur detection algoritkm of Cannon3 would not yield good results because of

its need to average over many sections. Still, a function is needed to describe
the positional dependence of the point-spread function. In computer simulations
this 1s easy. 1In a real world application we must rely on a priori knowledge,
visual inspection, and trial and error. Oace a descriptive function is found
the sectional processing proceeds just as before. The actual results have

been good.

The implementation of the sectional restoration of space variant degradations
can he relatively simple or complex. If all sections and overlap are constant,
the algorithm is a simple modification of the signal-dependent noise case. The
-section size and overlap are chosen according to the largest possible point-
spfead:function. Computational savings can probably be made by varying the
size of the sections and overlap according to the variation of the point-spread
function. This would increase the bookkeeping in the computer program. It is
doubtful that any visual improvement would be obtained by such an approach.

Sectional processing can be used in enhancement as well as restoration,
In the case of image enhancement the gains achieved by this technique will have
to be judged on a qualitative rather than quantitative basis. The methods which
follow are presented as examples of sectional enhancement methods. These do not
portend to exhaust the field of possibilities but merely give a flavor of what
can be accomplished.

A method of enhancement was devised by using a method from numerical
analysis of solving the diffusion equation backwards in time.4 The main param-
eter used by this algorithm is the signal-to-noise ratio (SNR) of the degraded
image. To apply sectional processing with this algorithm it is necessary to
determine the SNR for eacn section. If the noise model is known, then the
variance of the noise can be computed for each section. The variance of the
signal plus noise can be estimated from the appropriate section of the
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recorded image. From this the SNR on the section to be processed can
be estimated. The result of sectional processing with this method is an
aggressive enhancement in areas of high SNR and smoothing in areas of low SNR.
Heuristically, this is the desired result.

The method described above to estimate the signal-to-noise ratio can
be used in an algorithm for noise smoothing. It is known that the human ob-
server will tolerate more noise in an area of high signal strength. Conversely,
the eye will not accept much noise in areas of low signal strength. A heuristic
algorithm has been devised which is based on this property of the eye.5

The original noisy image is blurred by a point-spread function of the
u;er's choice. The enhanced image is produced by taking a section-by-section
linear combination of the original image and the smoothed .3zage. Again, it
1s assumed that the noise model is known. If the variance j} the difference
between the smoothed section and the original section is less than the variance
of the noise for that section, then the enhanced section is just thegsmoothed
section. If this variance is greatsr than the noise variance, th2n the en-
hanced section is the linear combination given by

2
{ "3

and 0, = minimum 1.0, —
1 2 oD

i

g

+
N, 1is the enhanced i‘h section;

th

Bi is the blurred i~ section;

0i is original noisy jth section;

th

o? is the variance of the noise on the i section;

2 is the variance of the difference between the blurred and
original on the ith section.

The algorithm passes the smoothed signal in areas of low SNR and passes the
original signal in areas of high SNR. With proper section size and overlap
results have been subjectively good.
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Several techniques have been described which use sectional processing.
The advantages of such techniques are heuristically obvious. Whether the
effort to process the image by sections is worth the effort is a matter of
Judgment. If the image is being processed in sections at the present because
of computational restrictions, then sectional processing is perhaps ‘an easy
way to a better image. If the very best possible restoration is desired, then
perhaps sectional processing can be used to achieve it. It is clear that
sectional processing costs more, but in some cases it may well be worth it.
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