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Preface
When something can be read without effort,
great effort has gone into its writing.
Enrique Jardiel Poncela

This edition of Digital Image Processing is a major revision of the book. As in
the 1977 and 1987 editions by Gonzalez and Wintz, and the 1992 and 2002 editions by Gonzalez and Woods, this fifth-generation edition was prepared with
students and instructors in mind. The principal objectives of the book continue
to be to provide an introduction to basic concepts and methodologies for digital image processing, and to develop a foundation that can be used as the basis
for further study and research in this field. To achieve these objectives, we
focused again on material that we believe is fundamental and whose scope of
application is not limited to the solution of specialized problems. The mathematical complexity of the book remains at a level well within the grasp of
college seniors and first-year graduate students who have introductory preparation in mathematical analysis, vectors, matrices, probability, statistics, linear
systems, and computer programming. The book Web site provides tutorials to
support readers needing a review of this background material.
One of the principal reasons this book has been the world leader in its field
for more than 30 years is the level of attention we pay to the changing educational needs of our readers. The present edition is based on the most extensive
survey we have ever conducted. The survey involved faculty, students, and independent readers of the book in 134 institutions from 32 countries. The major
findings of the survey indicated a need for:
●

●
●
●
●
●

●
●
●

●

A more comprehensive introduction early in the book to the mathematical tools used in image processing.
An expanded explanation of histogram processing techniques.
Stating complex algorithms in step-by-step summaries.
An expanded explanation of spatial correlation and convolution.
An introduction to fuzzy set theory and its application to image processing.
A revision of the material dealing with the frequency domain, starting
with basic principles and showing how the discrete Fourier transform follows from data sampling.
Coverage of computed tomography (CT).
Clarification of basic concepts in the wavelets chapter.
A revision of the data compression chapter to include more video compression techniques, updated standards, and watermarking.
Expansion of the chapter on morphology to include morphological reconstruction and a revision of gray-scale morphology.
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●

●
●

Expansion of the coverage on image segmentation to include more advanced edge detection techniques such as Canny’s algorithm, and a more
comprehensive treatment of image thresholding.
An update of the chapter dealing with image representation and description.
Streamlining the material dealing with structural object recognition.

The new and reorganized material that resulted in the present edition is our
attempt at providing a reasonable degree of balance between rigor, clarity of
presentation, and the findings of the market survey, while at the same time
keeping the length of the book at a manageable level. The major changes in
this edition of the book are as follows.
Chapter 1: A few figures were updated and part of the text was rewritten to
correspond to changes in later chapters.
Chapter 2: Approximately 50% of this chapter was revised to include new
images and clearer explanations. Major revisions include a new section on
image interpolation and a comprehensive new section summarizing the
principal mathematical tools used in the book. Instead of presenting “dry”
mathematical concepts one after the other, however, we took this opportunity to bring into Chapter 2 a number of image processing applications that
were scattered throughout the book. For example, image averaging and
image subtraction were moved to this chapter to illustrate arithmetic operations. This follows a trend we began in the second edition of the book to move
as many applications as possible early in the discussion not only as illustrations, but also as motivation for students. After finishing the newly organized
Chapter 2, a reader will have a basic understanding of how digital images are
manipulated and processed. This is a solid platform upon which the rest of the
book is built.
Chapter 3: Major revisions of this chapter include a detailed discussion of
spatial correlation and convolution, and their application to image filtering
using spatial masks. We also found a consistent theme in the market survey
asking for numerical examples to illustrate histogram equalization and specification, so we added several such examples to illustrate the mechanics of these
processing tools. Coverage of fuzzy sets and their application to image processing was also requested frequently in the survey. We included in this chapter a new section on the foundation of fuzzy set theory, and its application to
intensity transformations and spatial filtering, two of the principal uses of this
theory in image processing.
Chapter 4: The topic we heard most about in comments and suggestions
during the past four years dealt with the changes we made in Chapter 4 from
the first to the second edition. Our objective in making those changes was to
simplify the presentation of the Fourier transform and the frequency domain.
Evidently, we went too far, and numerous users of the book complained that
the new material was too superficial. We corrected that problem in the present
edition. The material now begins with the Fourier transform of one continuous
variable and proceeds to derive the discrete Fourier transform starting with
basic concepts of sampling and convolution. A byproduct of the flow of this
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material is an intuitive derivation of the sampling theorem and its implications. The 1-D material is then extended to 2-D, where we give a number of examples to illustrate the effects of sampling on digital images, including aliasing
and moiré patterns. The 2-D discrete Fourier transform is then illustrated and
a number of important properties are derived and summarized. These concepts are then used as the basis for filtering in the frequency domain. Finally,
we discuss implementation issues such as transform decomposition and the
derivation of a fast Fourier transform algorithm. At the end of this chapter, the
reader will have progressed from sampling of 1-D functions through a clear
derivation of the foundation of the discrete Fourier transform and some of its
most important uses in digital image processing.
Chapter 5: The major revision in this chapter was the addition of a section
dealing with image reconstruction from projections, with a focus on computed
tomography (CT). Coverage of CT starts with an intuitive example of the underlying principles of image reconstruction from projections and the various
imaging modalities used in practice. We then derive the Radon transform and
the Fourier slice theorem and use them as the basis for formulating the concept of filtered backprojections. Both parallel- and fan-beam reconstruction
are discussed and illustrated using several examples. Inclusion of this material
was long overdue and represents an important addition to the book.
Chapter 6: Revisions to this chapter were limited to clarifications and a few
corrections in notation. No new concepts were added.
Chapter 7: We received numerous comments regarding the fact that the
transition from previous chapters into wavelets was proving difficult for beginners. Several of the foundation sections were rewritten in an effort to make
the material clearer.
Chapter 8: This chapter was rewritten completely to bring it up to date. New
coding techniques, expanded coverage of video, a revision of the section on
standards, and an introduction to image watermarking are among the major
changes. The new organization will make it easier for beginning students to
follow the material.
Chapter 9: The major changes in this chapter are the inclusion of a new section on morphological reconstruction and a complete revision of the section
on gray-scale morphology. The inclusion of morphological reconstruction for
both binary and gray-scale images made it possible to develop more complex
and useful morphological algorithms than before.
Chapter 10: This chapter also underwent a major revision. The organization
is as before, but the new material includes greater emphasis on basic principles
as well as discussion of more advanced segmentation techniques. Edge models
are discussed and illustrated in more detail, as are properties of the gradient.
The Marr-Hildreth and Canny edge detectors are included to illustrate more
advanced edge detection techniques. The section on thresholding was rewritten
also to include Otsu’s method, an optimum thresholding technique whose popularity has increased significantly over the past few years. We introduced this
approach in favor of optimum thresholding based on the Bayes classification rule, not only because it is easier to understand and implement, but also

xvii

GONZ_FMv3.qxd

xviii

7/26/07

9:05 AM

Page xviii

■ Preface

because it is used considerably more in practice. The Bayes approach was
moved to Chapter 12, where the Bayes decision rule is discussed in more detail.
We also added a discussion on how to use edge information to improve thresholding and several new adaptive thresholding examples. Except for minor clarifications, the sections on morphological watersheds and the use of motion for
segmentation are as in the previous edition.
Chapter 11: The principal changes in this chapter are the inclusion of a
boundary-following algorithm, a detailed derivation of an algorithm to fit a
minimum-perimeter polygon to a digital boundary, and a new section on cooccurrence matrices for texture description. Numerous examples in Sections
11.2 and 11.3 are new, as are all the examples in Section 11.4.
Chapter 12: Changes in this chapter include a new section on matching by
correlation and a new example on using the Bayes classifier to recognize regions of interest in multispectral images. The section on structural classification now limits discussion only to string matching.
All the revisions just mentioned resulted in over 400 new images, over 200
new line drawings and tables, and more than 80 new homework problems.
Where appropriate, complex processing procedures were summarized in the
form of step-by-step algorithm formats. The references at the end of all chapters were updated also.
The book Web site, established during the launch of the second edition, has
been a success, attracting more than 20,000 visitors each month. The site was
redesigned and upgraded to correspond to the launch of this edition. For more
details on features and content, see The Book Web Site, following the
Acknowledgments.
This edition of Digital Image Processing is a reflection of how the educational needs of our readers have changed since 2002. As is usual in a project
such as this, progress in the field continues after work on the manuscript stops.
One of the reasons why this book has been so well accepted since it first appeared in 1977 is its continued emphasis on fundamental concepts—an approach that, among other things, attempts to provide a measure of stability in
a rapidly-evolving body of knowledge. We have tried to follow the same principle in preparing this edition of the book.
R. C. G.
R. E. W.
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The Book Web Site
www.prenhall.com/gonzalezwoods
or its mirror site,
www.imageprocessingplace.com

Digital Image Processing is a completely self-contained book. However, the
companion Web site offers additional support in a number of important areas.
For the Student or Independent Reader the site contains
●
●
●
●

●

Reviews in areas such as probability, statistics, vectors, and matrices.
Complete solutions to selected problems.
Computer projects.
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
●

●
●

●

An Instructor’s Manual with complete solutions to all the problems in the
book, as well as course and laboratory teaching guidelines. The manual is
available free of charge to instructors who have adopted the book for
classroom use.
Classroom presentation materials in PowerPoint format.
Material removed from previous editions, downloadable in convenient
PDF format.
Numerous links to other educational resources.

For the Practitioner the site contains additional specialized topics such as
●
●
●

Links to commercial sites.
Selected new references.
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 production of the book, the Web site is also a convenient repository for any
errors that may be discovered between printings. References to the book Web
site are designated in the book by the following icon:
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