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Preface

This edition of Digital Image Processing Using MATLAB is a major revision of
the book. As in the previous edition, the focus of the book is based on the fact
that solutions to problems in the field of digital image processing generally
require extensive experimental work involving software simulation and testing
with large sets of sample images. Although algorithm development typically is
based on theoretical underpinnings, the actual implementation of these algorithms
almost always requires parameter estimation and, frequently, algorithm revision
and comparison of candidate solutions. Thus, selection of a flexible, comprehen-
sive, and well-documented software development environment is a key factor that
has important implications in the cost, development time, and portability of image
processing solutions.

Despite its importance, surprisingly little has been written on this aspect of the
field in the form of textbook material dealing with both theoretical principles and
software implementation of digital image processing concepts. The first edition of
this book was written in 2004 to meet just this need. This new edition of the book
continues the same focus. Its main objective is to provide a foundation for imple-
menting image processing algorithms using modern software tools. A complemen-
tary objective is that the book be self-contained and easily readable by individuals
with a basic background in digital image processing, mathematical analysis, and
computer programming, all at a level typical of that found in a junior/senior cur-
riculum in a technical discipline. Rudimentary knowledge of MATLAB also is de-
sirable.

To achieve these objectives, we felt that two key ingredients were needed. The
first was to select image processing material that is representative of material cov-
- ered in a formal course of instruction in this field. The second was to select soft-
ware tools that are well supported and documented, and which have a wide range
of applications in the “real” world.

To meet the first objective, most of the theoretical concepts in the following
chapters were selected from Digital Image Processing by Gonzalez and Woods,
which has been the choice introductory textbook used by educators all over the
world for over three decades. The software tools selected are from the MATLAB®
Image Processing Toolbox'", which similarly occupies a position of eminence in
both education and industrial applications. A basic strategy followed in the prepa-
ration of the current edition was to continue providing a seamless integration of
well-established theoretical concepts and their implementation using state-of-the-
art software tools.

The book is organized along the same lines as Digital Image Processing. In
this way, the reader has easy access to a more detailed treatment of all the image
processing concepts discussed here, as well as an up-to-date set of references for
further reading. Following this approach made it possible to present theoretical
material in a succinct manner and thus we were able to maintain a focus on the
software implementation aspects of image processing problem solutions. Because
it works in the MATLAB computing environment, the Image Processing Toolbox
offers some significant advantages, not only in the breadth of its computational



tools, but also because it is supported under most operating systems in use today. A
unique feature of this book is its emphasis on showing how to develop new code to
enhance existing MATLAB and toolbox functionality. This is an important feature
in an area such as image processing, which, as noted earlier, is characterized by the
need for extensive algorithm development and experimental work.

After an introduction to the fundamentals of MATLAB functions and program-
ming, the book proceeds to address the mainstream areas of image processing. The
major areas covered include intensity transformations, fuzzy image processing, lin-
ear and nonlinear spatial filtering, the frequency domain filtering, image restora-
tion and reconstruction, geometric transformations and image registration, color
image processing, wavelets, image data compression, morphological image pro-
cessing, image segmentation, region and boundary representation and description,
and object recognition. This material is complemented by numerous illustrations
of how to solve image processing problems using MATLAB and toolbox func-
tions. In cases where a function did not exist, a new function was written and docu-
mented as part of the instructional focus of the book. Over 120 new functions are
included in the following chapters. These functions increase the scope of the Image
Processing Toolbox by approximately 40% and also serve the important purpose
of further illustrating how to implement new image processing software solutions.

The material is presented in textbook format, not as a software manual.
Although the book is self-contained, we have established a companion web site
(see Section 1.5) designed to provide support in a number of areas. For students
following a formal course of study or individuals embarked on a program of self
study, the site contains tutorials and reviews on background material, as well as
projects and image databases, including all images in the book. For instructors, the
site contains classroom presentation materials that include PowerPoint slides of all
the images and graphics used in the book. Individuals already familiar with image
processing and toolbox fundamentals will find the site a useful place for up-to-date
references, new implementation techniques, and a host of other support material
not casily found elsewhere. All purchasers of new books are eligible to download
executable files of all the new functions developed in the text at no cost.?

As is true of most writing efforts of this nature, progress continues after work
on the manuscript stops. For this reason, we devoted significant effort to the selec-
tion of material that we believe is fundamental, and whose value is likely to remain
applicable in a rapidly evolving body of knowledge. We trust that readers of the
book will benefit from this effort and thus find the material timely and useful in
their work.

RAFAEL C. GONZALEZ
RicHARD E. WooDS
STEVEN L. EDDINS
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The Book Web Site

Digital Image Processing Using MATLAB is a self-contained book. However, the
companion web site at

www.ImageProcessingPlace.com

offers additional support in a number of important areas.
For the Student or Independent Reader the site contains

e Reviews in areas such as MATLARB, probability, statistics, vectors, and matri-
ces.

e Sample computer projects.

e A Tutorials section containing dozens of tutorials on most of the topics
discussed in the book.

¢ A database containing all the images in the book.

For the Instructor the site contains
e (lassroom presentation materials in PowerPoint format.
e Numerous links to other educational resources.

For the Practitioner the site contains additional specialized topics such as

e Links to commercial sites.
e Sclected new references.
e Links to commercial image databases.

The web site is an ideal tool for keeping the book current between editions by
including new topics, digital images, and other relevant material that has appeared
after the book was published. Although considerable care was taken in the produc-
tion of the book, the web site is also a convenient repository for any errors that
may be discovered between printings.
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Introduction

Preview

Digital image processing is an area characterized by the need for extensive
experimental work to establish the viability of proposed solutions to a given
problem. In this chapter, we outline how a theoretical foundation and state-
of-the-art software can be integrated into a prototyping environment whose
objective is to provide a set of well-supported tools for the solution of a broad
class of problems in digital image processing.

By B R AL B AOHF RE T R R A SE I T AR 250 L 45 58 (R SR A 7 125
AFLRAAE L RHCRCT BB AL B RO B A B R R R — B ER 5
M7, e BRR g R AL B 4 28 SR A 3 R SCRrig T AR .
BEBB Background

HEmin”

An important characteristic underlying the design of image processing systems
is the significant level of testing and experimentation that normally is required
before arriving at an acceptable solution. This characteristic implies that the
ability to formulate approaches and quickly prototype candidate solutions
generally plays a major role in reducing the cost and time required to arrive at
a viable system implementation.

Little has been written in the way of instructional material to bridge the gap
between theory and application in a well-supported software environment for
image processing. The main objective of this book is to integrate under one
cover a broad base of theoretical concepts with the knowledge required to im-
plement those concepts using state-of-the-art image processing software tools.
The theoretical underpinnings of the material in the following chapters are
based on the leading textbook in the field: Digital Image Processing, by Gon-
zalez and Woods® The software code and supporting tools are based on the
leading software in the field: MATLAB® and the Image Processing Toolbox"

O A$H 30N f SURIRE L RGE K F AUk R . —SRE 1T
@ R.C.Gonzalca and R. E. Woods, Digital Image Processing, 3rd cd., Prentice Hall, Upper Saddle
River, NJ, 2008.



n Digital Image Processing Using MATLAB, Second Edition

We use the term custom
function to denote a
function developed in
the book, as opposed to
a "standard” MATLAB
or Image Processing
Toolbox function.

from The MathWorks, Inc. (see Section 1.3). The material in the book shares
the same design, notation, and style of presentation as the Gonzalez-Woods
text, thus simplifying cross-referencing between the two.

The book is self-contained. To master its contents, a reader should have
introductory preparation in digital image processing, either by having taken a
formal course of study on the subject at the senior or first-year graduate level,
or by acquiring the necessary background in a program of self-study. Familiar-
ity with MATLAB and rudimentary knowledge of computer programming are
assumed also. Because MAT’LAB is a matrix-oriented language, basic knowl-
edge of matrix analysis is helpful.”

The book is based on principles. It is organized and presented in a text-
book format, not as a manual. Thus, basic ideas of both theory and software
are explained prior to the development of any new programming concepts.
The material is illustrated and clarified further by numerous examples rang-
ing from medicine and industrial inspection to remote sensing and astronomy.
This approach allows orderly progression from simple concepts to sophisticat-
ed implementation of image processing algorithms. However, readers already
familiar with MATLAB, the Image Processing Toolbox, and image processing
fundamentals can proceed directly to specific applications of interest, in which
case the functions in the book can be used as an extension of the family of tool-
box functions. All new functions developed in the book are fully documented,
and the code for each is included either in a chapter or in Appendix C.

Over 120 custom functions are developed in the chapters that follow. These
functions extend by nearly 45% the set of about 270 functions in the Image
Processing Toolbox. In addition to addressing specific applications, the new
functions are good examples of how to combine existing MATLAB and tool-
box functions with new code to develop prototype solutions to a broad spec-
trum of problems in digital image processing. The toolbox functions, as well
as the functions developed in the book, run under most operating systems.
Consult the book web site (see Section 1.5) for a complete list.

BEA What s Digital Image Processing?
toa—EFEGRLE?

An image may be defined as a two-dimensional function, f(x, y), where x and y
are spatial coordinates, and the amplitude of f at any pair of coordinates (x, y)
is called the intensity or gray level of the image at that point. When x, y, and
the amplitude values of f are all finite, discrete quantities, we call the image a
digital image. The field of digital image processing refers to processing digital
images by means of a digital computer. Note that a digital image is composed
of a finite number of elements, each of which has a particular location and
value. These elements are referred to as picture elements, image elements, pels,
and pixels. Pixel is the term used most widely to denote the elements of a digi-
tal image. We consider these definitions formally in Section 1.7.5.

Vision is the most advanced of our senses, so it is not surprising that im-
ages play the single most important role in human perception. However, un-
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