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Digital Image Processing, 2/E is a completely self-contained book. The
companion web site offers useful support in a number of important areas.

For the Student or Independent Reader the site contains:

e Brief tutorials on probability, statistics, vectors, and matrices.
e Complete solutions to selected problems.
e A database containing images from the book and other educational sources.

For the Instructor the site contains:

e Suggested curricula and sample laboratory projects.

e Material removed from the previous edition, downloadable in convenient
PDF format.

e DPresentation materials for the classroom.

e Instructor’s Manual containing complete solutions to all the problems in the
book and solutions to sample laboratory projects. (Available only to instructors
who have adopted the book for classroom use.)

For the Practitioner the book web site contains:
@ Links to sites that deal with various complementary aspects of image processing.

e Listing of selected recent publications.

e Bulletin board with announcements of conferences and other professional
events in the field of image processing.

e Listing of public domain and commercial image databases.

The web.site provides the means to refresh material between editions by including
new topics, digital images, recent developments, and information on emerging

technology. Reference to the book’s web site is designated in the margins of the
book by use of the icon that appears below.
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5.1 m A Model of the Image Degradation/Restoration Process 221

As in Chapters 3 and 4, some restoration techniques are best formulated in
the spatial domain, while others are better suited for the frequency domain. For
example, spatial processing is applicable when the only degradation is addi-
tive noise. On the other hand, degradations such as image blur are difficult to
approach in the spatial domain using small masks. In this case, frequency do-
main filters based on various criteria of optimality are the approaches of choice.
These filters also take into account the presence of noise. As in Chapter 4 (see
comments in Section 4.6.7), a restoration filter that solves a given application
in the frequency domain often is used as the basis for generating a digital fil-
ter that will be more suitable for routine operation using a hardware/firmware
implementation.

AN A Model of the Image Degradation/Restoration Process

As Fig. 5.1 shows, the degradation process is modeled in this chapter as a degra-
dation function that, together with an additive noise term, operates on an input
image f(x, y) to produce a degraded image g(x, y). Given g(x, y),some knowl-
edge about the degradation function H, and some knowledge about the addi-
tive noise term 7n(x, y), the objective of restoration is to obtain an estimate
f(x, y) of the original image. We want the estimate to be as close as possible
to the original input image and, in general, the more we know about H and 7,
the closer f(x, y) will be to f(x, y). The approach used throughout most of this
chapter is based on various types of image restoration filters.

It is shown in Section 5.5 that if H is a linear, position-invariant process, then
the degraded image is given in the spatial domain by

8(x, y) = h(x,y) = f(x,y) + n(x,y) (5.1-1)

where A(x, y) is the spatial representation of the degradation function and, as
in Chapter 4, the symbol “*” indicates convolution. We know from the discus-
sion in Sections 4.2.4 and 4.6.4 that convolution in the spatial domain is equal
to multiplication in the frequency domain, so we may write the model in
Eq. (5.1-1) in an equivalent frequency domain representation:

G(u,v) = H(u,v)F(u,v) + N(u,v) (5.1-2)

where the terms in capital letters are the Fourier transforms of the corre-
sponding terms in Eq. (5.1-1). These two equations are the bases for most of
the material in this chapter.

FIGURE 5.1 A

Degradation . model of the
¢ Restorat 2
f(x.y) function filtcr(st)on f(x. ) image
H degradation/
restoration
) process. of
DEGRADATION RESTORATION

16
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See inude front cover

Consult the baok web site

for a brief review of prob-

ability theory.

In the following three sections, we assume that /1 is the identity operatos.
and we deal only with degradations due to noise. Beginning in Section 5.6 we
consider a number of important image degradations functions and look at sew-
eral methods for image restoration in the presence of both /{ and 7.

m Noise Models

The principal sources of noise in digital images arise during image acquisition
(digitization) and/or transmission. The performance of imaging sensors is af-
fected by a variety of factors, such as environmental conditions during image ac-
quisition, and by the quality of the sensing elements themselves. For instance. i
acquiring images with a CCD camera. light levels and sensor temperature are
major factors affecting the amount of noise in the resulting image. Images are cor-
rupted during transmission principally due to interference in the channel used for
transmission. For example, an image transmitted using a wireless network mighs
be corrupted as a result of lightning or other atmospheric disturbance.

5.2.1 Spatial and Frequency Properties of Noise

Relevant to our discussion are parameters that define the spatial charactenstics
of noise, and whether the noise is correlated with the image. Frequency propes-
ties refer to the frequency content of noise in the Fourier sense (i.e.. as opposed
to the electromagnetic spectrum). For example, when the Fourier spectrum o
noise is constant, the noise usually is called white noise. This terminology is a carrs
over from the physical properties of white light. which contains nearly all fre-
quencies in the visible spectrum in equal proportions. From the discussion im
Chapter 4, it is not difficult to show that the Fourier spectrum of a function com-
taining all frequencies in equal proportions is a constant.

With the exception of spatially periodic noise (Section 5.2.3). we assume in thas
chapter that noise is independent of spatial coordinates. and that itis uncorrelated
with respect to the image itself (that is, there is no correlation between pixel vai-
ues and the values of noise components). Although these assumptions are at leass
partially invalid in some applications (quantum-limited imaging, such as in X-ray
and nuclear-medicine imaging, is a good example). the complexities of dealing with
spatially dependent and correlated noise are beyond the scope of our discussion

5.2.2 Some Important Noise Probability Density Functions

Based on the assumptions in the previous section, the spatial noise descriptor wigh
which we shall be concerned is the statistical behavior of the gray-level values i
the noise component of the model in Fig. 5.1. These may be considered randons
variables, characterized by a probability density function (PDF). The follows
are among the most common PDFs found in image processing applications.

Gaussian noise

Because of its mathematical tractability in both the spatial and frequency de.
mains, Gaussian (also called normal) noise models are used frequently in prae.
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