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Preface

We’re all familiar with the word signal as something that conveys information such 
as traffic signals, distress signals, or even smoke signals. In certain card games, we 
even try not to signal when we’ve been dealt a good hand. But what does it mean to 
process a signal? This book is written to answer that question for you as clearly and 
simply as possible, using real-world examples of signals and signal processing with 
which you are already familiar.

Although we don’t often realize it, our daily lives are routinely influenced by sig-
nals and signal processing. This book not only shows why this is so, but goes further, 
to explain, for example, why the audio from an FM radio sounds so much better than 
the audio you hear from your cell phone.

This book is intended for nontechnical people rather than engineering students. As 
such, the book has two main objectives: to describe the fundamental concepts of sig-
nals and signal processing in an understandable way with a minimum of mathematics, 
and to introduce the reader to the language—the lingo—of signal processing. (To aid 
the reader, a comprehensive glossary of signal processing terminology and acronyms 
is included at the end of the book.)
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xii Preface

In particular, for those nontechnical readers who are involved with companies 
that produce or use signal processing hardware or software, you have our utmost sym-
pathy. You are exposed to a vast array of mysterious concepts and terminology. This 
book will remove that mystery so you can further understand signal processing and 
more effectively communicate with engineers and other technical people.

As it turns out, the topic of signals can be divided into two main categories: analog 
signals and digital signals. This book slowly and gently explains the nature of both 
types of signals and how they are used to improve the quality of our lives.

We’ve written this book in what we think is a sensible progression of chapters, 
but it’s not necessary to read the chapters in order, or even to read all of them. Chap-
ter 1 explains how and why signal processing has become so important in modern 
times. Chapters 2 through 5 describe the nature of analog and digital signals, while 
the other chapters cover the topics of the processing operations performed on analog 
and digital signals.

Having said all of that, please know your authors and publisher are on your side. 
We hope you enjoy this book and find it useful!
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1 What Is Digital Signal 
Processing?

THE PHANTOM TECHNOLOGY ...............................

The technology of digital signal processing (DSP) has affected our modern lives in the 
most significant ways. If you watch television, connect to the Internet, use a digital 
camera, make a cell phone call, drive a car, type on the keyboard of a home computer, 
or use a charge or debit card, you are taking advantage of DSP. In fact, DSP is the tech-
nical brains in all those devices. Although we take advantage of DSP dozens of times 
a day, very few people have ever heard of digital signal processing and this strange 
situation is why DSP has been called a phantom technology. To show how much we 
depend on this invisible DSP technology, Table 1.1 provides a short list of what life 
would be like without DSP.

Table 1.1 Life without Digital Signal Processing

Missing Technology: Comments:

No cell or smartphones. No texting or Web surfing. Anyone 
remember pay telephones?

No computers. No Internet, no e-mail, no Facebook, no 
YouTube, no Skype.

No cable or satellite television. Viewing restricted to a few local, low-
definition TV channels.

No compact discs (CDs). Go back to audio cassette tapes.

No digital video discs (DVDs). Who remembers movies on low-definition 
VHS magnetic tapes?

No charge card purchases Cash or check only.

(Continues)
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Given that we now realize how important DSP is in our daily lives, it’s reason-
able to ask just what is this thing called DSP technology. To understand the meaning 
of the phrase digital signal processing, we must first explain what we mean by the 
word signal.

WHAT IS A SIGNAL? ...............................................

Any complete definition of the word signal must be, by necessity, somewhat vague. 
For example, some people define a signal as any representation of information con-
veyed to a receiver. Rather than discussing the meanings of those defining words, 
let’s clarify what the word signal means to us by considering examples of signals that 
we’ve experienced in our daily lives. For example, when we listen to music produced 
by a loudspeaker, we’re experiencing a signal in the form of sound waves traveling 
through the air that stimulates our eardrums. When we drive our cars to a traffic inter-
section, a light signal radiated by a red or green traffic light tells us whether we should 
stop or proceed. And if we ignore the red light, we find another red light following us 
down the road with a siren to signal us to pull over!

When you want to make a cell phone call, the symbol on your phone’s screen, 
shown in Figure 1-1, is a visual indicator that your phone is receiving a sufficiently 
strong radio signal from a local cell phone tower. The height of a thermometer’s mer-
cury column is a visual signal indicating temperature. When we receive a kiss on the 
cheek, that’s a tactile signal of affection. All of these examples are instances of receiv-
ing a signal that conveys information.

Missing Technology: Comments:

No digital cameras. Plan on taking exposed camera film to 
the drug store.

No ultrasound and no MRI or CAT 
scans.

Revert to exploratory surgery (opening 
you up) to investigate internal medical 
problems.

No Global Positioning System (GPS). Go back to paper maps.

No Doppler radar. No long-range weather predictions.

No advanced oil exploration. Higher gasoline prices. (Yes, even 
higher.)

No video games. Kids would have to go outside to play.

No airline flights during bad weather. Bring your sleeping bag to the airport.

No musical greeting cards. How boring.

Table 1.1 (Continued)
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ANALOG AND DIGITAL SIGNALS .............................

As it turns out, all signals fall into one of two major categories, analog signals and 
digital signals. The signals that we experience in our daily lives, the examples of 
sound and light signals mentioned in the previous section, are analog signals. Chap-
ters 2 and 3 discuss analog signals in more detail.

Strangely enough, digital signals are nothing more than sequences of numbers. 
It’s true—sequences of numbers that can be stored in the electronic memories of 
computers, digital cameras, and video game machines, or recorded on CDs and DVDs. 
Signal processing engineers have developed a way to convert analog signals, such as 
a sound or light signal, into digital signals (sequences of numbers). The digital signals 
contain all the information of the original analog signals. In addition, signal process-
ing engineers have also developed the means to convert a digital signal back into an 
analog signal (sound or light). Converting an analog signal to a digital signal and then 
converting the digital signal back into an analog signal doesn’t seem too useful, but 
that’s where digital signal processing comes in.

DIGITAL SIGNAL PROCESSING ................................

Digital signal processing is the mathematical manipulation of the numerical values of 
a digital signal that changes the digital signal in some advantageous way. For example, 
let’s say a vocalist is singing into a microphone and we convert that analog voice 
signal to a digital signal. Next, the values of the numbers in the digital signal can be 
modified such that when the modified digital signal is converted back to an analog 
signal and played through a loudspeaker, we hear a slight echo in the singing that 
gives us a more pleasant sound. Manipulating pop singers’ voices is standard operating 
procedure in today’s music business. We discuss that topic in more detail in Chapter 4.

For a more serious example of digital signal processing, consider undergoing an 
electrocardiogram (EKG or ECG) test to check for problems with the electrical activ-
ity of your heart. Small electrodes, taped to your chest, detect an analog electrical 
signal produced by your heart that often looks like that shown in Figure 1-2(a). For 
various practical reasons, the analog electrode signal is contaminated with abrupt, 

Figure 1-1 Cell phone signal-strength indicator.
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unwanted signal-level fluctuations, called noise, making it impossible for a doctor to 
evaluate your heart’s electrical activity.

Today, digital signal processing comes to the rescue. As shown in Figure 1-3, the 
analog electrical sensor signal is converted to a digital signal. Next, the numerical 
values in the digital signal are modified in a way that eliminates the unwanted noise 
portion of the signal. The result is a clean EKG display, as shown in Figure 1-2(b), 
enabling a doctor to quickly evaluate the health of your heart 

Other applications for DSP include military, industrial, space exploration, photog-
raphy, communications, scientific, seismic, weather and many more. As we showed 
earlier in Table 1.1, life would go on without the benefits of DSP. However, we would 
have to do without so very many conveniences that we currently enjoy.
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Figure 1-2 Electrocardiogram signals: (a) original measured noisy signal; 
(b) improved signal display after digital signal processing.
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OK, this concludes our super-brief introduction to analog and digital signals, and 
digital signal processing. In later chapters, we’ll learn more details about signals and 
signal processing.

WHAT YOU SHOULD REMEMBER ...........................

The concepts you should remember from this chapter are:

• We experience signals throughout our daily lives, usually in the form of 
analog sound and light signals.

• There is a way to convert analog signals, such as sound or light signals, into 
digital signals (sequences of numbers) that are stored in an electronic device. 
The digital signals contain all the information of the original analog signals.

• The numbers in a digital signal can be mathematically modified to improve 
some important characteristic of the signal, or reduce unwanted noise that 
contaminates it.

• The processed (modified and improved) digital signal can be converted back 
into an analog signal if necessary.

• The applications of DSP are many and varied. We may not always see where 
this phantom technology of DSP is used, but our lives would be very differ-
ent without it.

Electrode 
analog 
voltage  
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Digital signal 
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to eliminate 
the noise

Noisy digital 
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Display 
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Clean digital 
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Convert the 
analog 

signal to a 
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Figure 1-3 Using digital signal processing to improve an electrocardiogram 
signal display.
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