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Preface

Computer graphics is a fascinating area of computer science. It is widely used as
a tool for visualizing information in a broad variety of fields, including science
and engineering, medicine, architecture, and entertainment. Interactive graph-
ics programs let people work with computers in a natural manner: a user can
supply information to the program through simple hand movements and
receive information back through pictures. Computer graphics is helping to
change the way people perceive and use computers, and it is available on even
the lowest-cost computers today, making it readily accessible to everyone.

This book teaches the concepts and techniques of computer graphics. It
teaches people how to write programs that produce graphical pictures and
images of many kinds of information. It is designed as a text for either a one- or
two-semester course in computer graphics at the junior, senior, or graduate lev-
el. It can also be used for self-study. It is aimed principally for students majoring
in computer science or engineering but will also suit students in other fields,
such as physics, mathematics, business, and art.

Prerequisites

In general, the reader should have at least one semester of experience writing
computer programs in a modern language such as Pascal, C, or FORTRAN. Some
experience with elementary data structures such as linked lists is desirable but
not essential, since alternative approaches based on arrays are described.

The reader should have the equivalent of one year of college mathematics;
knowledge of elementary algebra, geometry, and trigonometry is assumed.
Some exposure to calculus and matrices is useful but not necessary, as an
appendix introduces those parts of matrix theory that are used in the book.

Philosophy

The basic philosophy of this book is that graphics programming is learned by
doing it: One must write and test real programs that drive real graphics devices
to comprehend fully what is going on. One of the principal goals of the book is to
show readers how to translate geometric concepts first into a clear mathematical
expression and then into program code that works on a computer. Readers first
learn how to develop simple routines to produce pictures on whatever graphics
display devices they have available. Then methods for producing drawings of
ever more complex objects and data are presented in a step-by-step fashion.

Code Fragments

Over 140 examples of tested code fragments, written in Pascal, serve as exam-
ples to show one way to implement an algorithm. These fragments appear
throughout the text and illustrate real-life applications of the theory.

Exercises and Problems

More than 440 drill exercises appear throughout the book. These are of the
“stop-and-think” variety that don’t require programming and allow readers to
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self-test their grasp of the material. Over 180 programming problems appear at
the end of chapters. These are suitable for homework assignments and range
from the simple to the challenging.

Hlustrations

Numerous two- and four-color drawings, photographs, and stereo drawings are
used throughout the text to illustrate technique and theory. Computer graphics
is of course a very visual discipline, and the figures help to fine-tune the reader’s
ability to visualize geometric relationships. This is particularly true for three-
dimensional graphics, where the stereo pictures help enormously to reveal the
geometric concepts being discussed. For suggestions on how to view the stereo
pictures, please see the note that precedes the table of contents.

Device Independence

A college graphics laboratory may contain a sizable number of graphics devices,
but only a few of each type or model. It can be frustrating for the instructor and
student alike to write different programs for so many idiosyncratic devices. To
reduce such frustration levels this book takes a device-independent approach.
All the graphics in the first part of the book are built out of applications of a
single short routine called IineNDC() that draws a line between two points. All
programming of applications accesses the graphics capability of a device
through this routine. A different version of this routine—called a device driv-
er—is fashioned for each type of device. The student can write programs with-
out having to know beforehand which devices will be available. To test a pro-
gram the student finds the nearest available graphics device, activates the
appropriate driver, and is ready to run the application.

Appendix 1 gives examples of actual simple device drivers for several
classes of graphics output devices. (Additional ones are provided in the accom-
panying instructor’s manual.) This information is useful in helping the reader or
instructor over the first hurdle of producing simple pictures on whatever
devices are available.

Complete, Up-to-Date Organization

Computer graphics equipment changes rapidly: Each year we see ever more
dazzling displays and ever faster computations. But while pictures of equip-
ment and the images they produce slip quickly out of date, the underlying the-
ory and mathematics of computer graphics has become very stable. The body of
knowledge required to produce effective graphics programs rests on a small set
of key mathematical topics, including vectors, parametric representations,
affine transformations, homogeneous coordinates, and projections. Great care
has been given in this book to both clarifying and exposing the beauty of these
topics.

Flexible Organization

There is much more in this book than can be covered in a one-semester course.
The book has been arranged so the instructor can select different groups of
chapters for close study, depending on the interests and backgrounds of a class.
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Several such paths through the book are suggested here.

® For a one-semester undergraduate course: Chapters 1, 2, 3, and 4 and
parts of 7, 10, 11, and 12.

® For a two-semester undergraduate course add the rest of Chapters 7, 9,
15, 16, 17, and 18.

® For a one-semester graduate course: Chapters 1, 2, 3, 4, 6, 7, 9, 10, 11,
and 12.

® For a two-semester graduate course add Chapters 8, 13, 15, 16, 17, and
18.

® For those interested in emphasizing modeling and 3D graphics, this
material is concentrated in Chapters 10, 12, 15, 17, and 18.

® For emphasis on raster graphics, Chapters 13, 15, 16, 17, and 18 are of
particular interest.

All suggested paths include Chapters 1, 2, and 3 as fundamental. Chapter 1
can be read quickly, with the instructor focusing early on notions of NDC,
device drivers, windows and viewports, and producing simple line drawings.
The crucial parts of Chapter 4 are dealing with polygons and the important
technique of representing a curve parametrically. The material of Chapter 5 is
not essential to the development of later ideas, although many students—par-
ticularly those with an interest in the arts—vastly enjoy producing such pic-
tures. Chapter 6 is important for gaining an understanding of interactive graph-
ics, but if an instructor prefers to focus only on the production of pictures this
chapter can be omitted.

Chapter 7 contains essential information on the use of vectors in graphics.
Even students already versed in vectors should peruse it to see how valuable
ordinary vector tools are in graphics algorithms. Chapter 8 makes a good project
for students interested primarily in two-dimensional graphics. Chapter 9 is
important for an understanding of smoothly varying surfaces but may be omit-
ted if interest is greatest in viewing faceted models. Chapter 10 introduces the
fascinating world of three-dimensional (3D) graphics based on wireframe mod-
els.

Chapter 11 discusses in detail another pivotal tool in graphics, the affine
transformation, and shows how it is applied in graphics applications. And
Chapter 12 moves deeper into 3D graphics, introducing the important ““synthet-
ic camera,” and developing the various types of projections used in graphics.

In Chapter 13 we change gears and discuss a variety of topics peculiar to
raster graphics, including scan conversion, region filling, antialiasing, and the
powerful BitBIt operation. Chapter 14 discusses curve and surface design based
on Bezier and B-spline methods.

Chapter 15 shows how solid objects that are modeled as ‘“polygon meshes”’
can be drawn with smooth shading to achieve greater realism. The classical
lighting models, which involve diffuse and specular components of light, are
introduced, and Gouraud and Phong shading are described.

Methods for defining and classifying colors numerically are discussed in
Chapter 16, leading to the CIE standard chromaticity diagram and its various
uses. Chapter 17 attacks the surface elimination problem and presents several
specific algorithms in detail.

Xxi
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In Chapter 18 we develop a complete working ray tracer, for achieving
stunning visual realism. The development is incremental, so the reader can
build it in small working pieces. The chapter also shows how to include the
effects of mirrorlike and transparent objects.

Supplements

An accompanying instructor’s manual provides solutions to most exercises and
suggests additional projects. Complete demonstration programs of techniques
developed in the text are explained and listed. Reprints of several articles on
interesting geometric ideas provide the instructor with engaging background
material for the student. Also included in the manual are guides to additional
device drivers, to help the instructor in developing drivers for a wider variety of
graphics device.

A diskette containing many of the code fragments and demonstration pro-
grams accompanies the instructor’s manual. The demonstration programs are
suitable for use in the classroom, and students can work with them and enhance
them as well.
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Note to the reader
How to View the Stereo Pictures

It can be challenging to visualize things in three-dimensional (3D) space, and
figures in a book are limited to showing projections of objects on a flat page. One
way to counter this limitation dramatically is to view images stereoscopically.
The eye—brain system is remarkable: If slightly different views of a scene are
shown to the left and right eyes, a scene can appear to “jump out of the page”
with a convincing sense of depth.

Many stereoscopic figures appear throughout the book to clarify discus-
sions of 3D situations. They look like a pair of almost identical figures placed
side by side. To gain the full value of these stereo pictures allow (coerce) your
left eye to look at the left-hand one and your right eye to look at the right-hand
one. This may take some practice, since we go about our lives focusing both eyes
on the same points, Some people catch on quickly; others, after many bleary-
eyed attempts; some people, never. Of course the figures still help to clarify the
discussion even without the stereo effect.

One way to practice is to hold the index fingers of each hand upright in
front of you, about 2 inches apart, and to stare “through them” at a blank wall in
the distance. Each eye sees two fingers, of course, but two of the fingers seem to
overlap in the middle. This overlap is precisely what is desired when looking at
stereo figures: Each eye sees two figures, but the middle ones are brought into
perfect overlap. When the middle ones fuse together like this, the brain con-
structs out of them a single 3D image. Some people find it helpful to place a
piece of white cardboard between the two figures and to rest their nose on it.
The cardboard barrier prevents each eye from seeing the image intended for the
other eye.

An inexpensive cardboard viewer is available from the Taylor—Merchant
Corporation; 212 West 35 Street; New York, NY 10001. The instructor can
request that the college bookstore stock these viewers.
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