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PREFACE

Digital signal processing (DSP) can no longer be considered the domain of graduate stu-
dents and researchers. It now pervades the technology that we take for granted in our homes
and offices, and its influence is growing. This book was written to create an accessible re-
source for college students, engineers, and computer scientists wanting to gain a working
knowledge of the principles, applications, and language of DSP.

First and foremost, DSP is exciting! The author attempts to give readers a sense of
this excitement immediately by starting with a nonmathematical crash course in DSP. In the
chapters that follow, examples frequently focus on real-life sounds—such as speech, whale
songs, and seismic vibrations—and on real-life images—such as fingerprints, bacteria, and
airport X-rays. Once the necessary theory has been covered, in-depth applications of sp-
eech recognition, image processing, motor control, and encryption are studied, among
others.

All key concepts of DSP are covered in this text, including details of how to perform
transforms and design filters. This coverage is heavily supported by examples throughout.
To make the ideas as accessible as possible, no calculus is used at all in the main text. While
the mathematical techniques that are used are not trivial, they are always presented in as
straightforward a manner as possible. Even students with strong mathematical backgrounds
will appreciate the chance to focus on issues of DSP rather than mathematics. Essential
mathematical topics that are prerequisite to understanding the material in the text are in-
cluded in an appendix.

Chapter 1 contains the “Crash Course in Digital Signal Processing.” It provides a sur-
face treatment of all the major topics of the book, without going into details of the under-
lying mathematics. Chapter 2 explains how to obtain a digital signal from the analog sig-
nals that surround us, and Chapter 3 provides some experience with defining and handling
digital signals. Chapters 4 through 8 contain the majority of the important underlying the-
ory for DSP. Topics covered in these chapters include difference equations, digital convo-
lution, z transforms, discrete time Fourier transforms, and discrete Fourier series. The es-
sential concepts of filter, transfer function, frequency response, and spectrum are
developed. Filter design is taken care of in Chapters 9 and 10, for both finite impulse



response and infinite impulse response filters. Practical aspects are covered beginning with
Chapter 11, which discusses discrete and fast Fourier transforms. Applications of DSP for
sounds and images are investigated in Chapters 12. Appendix A contains “The Math
You Need,” while the other appendices prove claims made in the text so that the text may
stand on its own, without the need for outside references. End-of-chapter summaries and
questions are provided for each chapter. All comments, suggestions, and reports of errors
in the text or software will be most appreciated. They may be sent to Joyce Mills (née Van
de Vegte) at millsj@camosun.bc.ca.

Because the mathematical requirements of this text are moderate, the book can be
used as early as the second year of a college engineering or technology program. Increas-
ingly, DSP will be considered an essential technical skill. Perhaps this text can be of use as
the pressure grows to teach DSP earlier in the curriculum.

I'must thank my colleagues in the Computer and Electronics Engineering Technol-
ogy Department of Camosun College for lending their expert advice, both solicited and un-
solicited, on many topics addressed herein. Faculty in other departments, particularly Stew-
art Langton and Mile Erlic, were also most generous with their time, and Jon Jacox and
other students were kind enough to proof many of the question and solution sets. Thanks
g0 also to the Dean of Technology, Baldev Pooni, and the Vice President of the College,
Bob Priebe, for their support of this initiative.

Several individuals at Prentice Hall helped to make the text a reality. I wish to thank
my editor, Charles Stewart, for his contagious excitement about the project when it first be-
gan, and also editorial representative Carmen Batsford for her excellent advice and good
sense of humor throughout. A special thank you must go to Delia Uherec, assistant editor,
who promptly and expertly answered my questions and did everything possible to remove
obstacles from my path. Delia’s well-timed words of encouragement in the final phases of
manuscript preparation were most appreciated.

As this text was being prepared, a number of reviewers provided constructive com-
ments and suggestions that have certainly improved the finished product: Kefu Xue, Wright
State University; Anthony Oxtoby, Purdue University; Mark Hihghum, Bay De Noc Com-
munity College; Charles A. Cipari, Arizona State University; and Charles J. Eckard, ITT
Technical Institute. Also, my father, Dr. J. Van de Vegte, a textbook author himself,
painstakingly edited not one but two complete draft manuscripts. He was surely my harsh-
est critic, but the book is many times better as a result of his input, and my mother assures
me that “rewrite this section” is just his way of saying “I love you.”

In my home, my children whisper the word “textbook” reverently, as if it were one
of the great and mysterious wonders of the world. I am humbled by how generously my
family has accommodated my obsession. While I was ensconced at my computer, my dear
husband Don juggled job, children, and housework, and only occasionally reminisced
aloud about how life used to be. Indeed, the only downside to finishing the text is that I will
have to start doing dishes again. My children—Stevin, Jesika, and Eric—will be joyful
when my time is theirs again, as will I.

Jessy and Eric say this book will make you smarter. I hope they’re right. Of course,
their other idea was to use it to start the campfire: There’s a lesson here somewhere.
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1.1 SIGNALS AND SYSTEMS

Computers operate on digital signals. As computers proliferate, the need for efficient han-
dling of digital signals increases. Furthermore, high speed processing capabilities of mod-
ern computers attract applications that use digital signals, which further drives the devel-
opment of digital signal techniques. Digital signal processing, or DSP, is essential to an
enormous variety of old and new applications, a few of which are listed in Figure 1.1.

At the heart of DSP lie the signals to be processed. Signals are variations that carry
information from one place to another. The outside world, for example, provides varia-
tions in pressure or light intensity that humans can perceive. Changes in pressure at the
eardrum are heard as sounds. Variations in light intensity at the retina are seen as images.
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Touch-Tone™ telephones

Edge detection in images

Digital signal and image filtering
Seismic analysis

Text recognition

Speech recognition

Magnetic resonance image (MRI) scans

Music synthesis

Bar code readers

Sonar processing

Satellite image analysis

Digital mapping

Cellular telephones

Digital cameras
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Speech synthesis
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Noise reduction

Companding

High definition television (HDTV)
Digital audio
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Motor control

Remote medical monitoring
Smart appliances

Home security

High speed modems

FIGURE 1.1
Applications of DSP.

These signals are analog signals. They can take any value from a continuum of values
and are defined at every instant of time. Sounds are one-dimensional analog signals: The
size, or amplitude, of pressure variations changes with time. As another example, the
voltage available from an electrical outlet in North America varies smoothly from its
minimum to its maximum and back to its minimum again, 60 times per second. Figure
1.2 supplies a few examples of one-dimensional signals. Images are two-dimensional
analog signals: Brightness varies along both the horizontal and vertical axes of the im-
age. Figure 1.3 shows a sample of a black and white image, and Figure 1.4 shows four
frames from a high speed digital video sequence.

In order to process signals, they must first be captured. Sound signals, for example,
are acquired using a microphone, which converts acoustic signals into electrical signals.
Images, on the other hand, are captured using an analog or digital camera. In analog cam-
eras, light signals control chemical reactions on a photographic film. In digital cameras,
light signals from objects in view create charge packets that are converted into electrical
signals on a two-dimensional grid. These electrical signals are, like the light signals that
produced them, analog in nature. Because they carry information at an infinite number of
levels and points in time, analog signals are not suited to computer processing. They must
be sampled and converted into digital form before they can be processed. Digital signals
are perfectly suited for computer processing because they are defined at only a finite num-
ber of levels and points in time.

Both-analog and digital signals are present in most digital processing systems. Ana-
log signals at the input to the system are converted to digital form for processing. After pro-
cessing, signals in digital form are converted back to analog form for output. It is in the pro-



