FUNDAMENTALS
OF MACHINE
VISION



TUTORIAL TEXTS SERIES

» Fundamentals of Machine Vision, Harley R. Myler, Vol. TT33

* Design and Mounting of Prisms and Small Mirrors in Optical Instruments, Paul R. Yoder, Jr.,
Vol. TT32

* Basic Electro-Optics for Electrical Engineers, Glenn D. Boreman, Vol. TT31

* Optical Engineering Fundamentals, Bruce H. Walker, Vol. TT30

e Introduction to Radiometry, William L. Wolfe, Vol. TT29

* An Introduction to Interpretation of Graphic Images, Sergey Ablameyko, Vol. TT27

» Thermal Infrared Characterization of Ground Targets and Backgrounds, Pieter A. Jacobs,
Vol. TT26

o Introduction to Imaging Spectrometers, William L. Wolfe, Vol. TT25
e Introduction to Infrared System Design, William L. Wolfe, Vol. TT24

* Introduction to Computer-based Imaging Systems, Divyendu Sinha, Edward R. Dougherty,
Vol. TT23

 Optical Communication Receiver Design, Stephen B. Alexander, Vol. TT22

* Mounting Lenses in Optical Instruments, Paul R. Yoder, Jr., Vol. TT21

* Optical Design Fundamentals for Infrared Systems, Max J. Riedl, Vol. TT20

* An Introduction to Real-Time Imaging, Edward R. Dougherty, Phillip A. Laplante, Vol. TT19
* Introduction to Wavefront Sensors, Joseph M. Geary, Vol. TT18

« [Integration of Lasers and Fiber Optics into Robotic Systems, Janusz A. Marszalec, Elzbieta A.
Marszalec, Vol. TT17

» An Introduction to Nonlinear Image Processing, Edward R. Dougherty, Jaakko Astola, Vol.
TT16

« Introduction to Optical Testing, Joseph M. Geary, Vol. TT15
* Sensor and Data Fusion Concepts and Applications, Lawrence A. Klein, Vol. TT14

* Practical Applications of Infrared Thermal Sensing and Imaging Equipment, Herbert Kaplan,
Vol. TT13

» Image Formation in Low-Voltage Scanning Electron Microscopy, L. Reimer, Vol. TT12
* Diazonaphthoquinone-based Resists, Ralph Dammel, Vol. TT11

e Infrared Window and Dome Materials, Daniel C. Harris, Vol. TT10

o An Introduction to Morphological Image Processing, Edward R. Dougherty, Vol. TT9

* An Introduction to Optics in Computers, Henri H. Arsenault, Yunlong Sheng, Vol. TT8
* Digital Image Compression Techniques, Majid Rabbani, Paul W. Jones, Vol. TT7

» Aberration Theory Made Simple, Virendra N. Mahajan, Vol. TT6

* Single-Frequency Semiconductor Lasers, Jens Buus, Vol. TTS

* An Introduction to Biological and Artificial Neural Networks for Pattern Recognition, Steven
K. Rogers, Matthew Kabrisky, Vol. TT4

* Laser Beam Propagation in the Atmosphere, Hugo Weichel, Vol. TT3
* Infrared Fiber Optics, Paul Klocek, George H. Sigel, Jr., Vol. TT2

* Spectrally Selective Surfaces for Heating and Cooling Applications, C. G. Granqvist,
Vol. TT1



FUNDAMENTALS
OF MACHINE
VISION

Harley R. Myler

University of Central Florida

Tutorial Texts in Optical Engineering
Volume TT33

Donald C. O’Shea, Series Editor
Georgia Institute of Technology

mmml

ﬁlllllllll

SPIE OrpticAL ENGINEERING PRESS
A Publication of SPIE—The International Society for Optical Engineering
Bellingham, Washington USA



Library of Congress Cataloging-in-Publication Data

Myler, Harley R., 1953—
Fundamentals of machine vision / Harley R. Myler.
p. cm. — (Tutorial texts in optical engineering; v. TT33)
Includes bibliographical references and index.
ISBN 0-8194-3049-8
1. Computer vision. I Title. II Series.
TA1634.M954 1998
006.3"7—dc21 ‘ 98-31172
CIP

Published by

SPIE—The International Society for Optical Engineering
P.O. Box 10

Bellingham, Washington 98227-0010

Phone: 360/676-3290

Fax: 360/647-1445

Email: spie@spie.org

WWW: http://www.spie.org/

Copyright © 1999 The Society of Photo-Optical Instrumentation Engineers
All rights reserved. No part of this publication may be reproduced or distributed

in any form or by any means without written permission of the publisher.

Printed in the United States of America.
PDF ISBN: 9781510608023



To my mother, Anna,
my wife, Nancy, and
my daughter, Krifka






SERIES INTRODUCTION

The Tutorial Texts series was begun in response to requests for copies of SPIE
short course notes by those who were not able to attend a course. By policy the
notes are the property of the instructors and are not available for sale. Since
short course notes are intended only to guide the discussion, supplement the
presentation, and relieve the lecturer of generating complicated graphics on the
spot, they cannot substitute for a text. As one who has evaluated many sets of
course notes for possible use in this series, I have found that material
unsupported by the lecture is not very useful. The notes provide more
frustration than illumination.

What the Tutorial Texts series does is to fill in the gaps, establish the
continuity, and clarify the arguments that can only be glimpsed in the notes.
When topics are evaluated for this series, the paramount concern in
determining whether to proceed with the project is whether it effectively
addresses the basic concepts of the topic. Each manuscript is reviewed at the
initial state when the material is in the form of notes and then later at the final
draft. Always, the text is evaluated to ensure that it presents sufficient theory to
build a basic understanding and then uses this understanding to give the reader
a practical working knowledge of the topic. References are included as an
essential part of each text for the reader requiring more in-depth study.

One advantage of the Tutorial Texts series is our ability to cover new fields as
they are developing. In fields such as sensor fusion, morphological image
processing, and digital compression techniques, the textbooks on these topics
were limited or unavailable. Since 1989 the Tutorial Texts have provided an
introduction to those seeking to understand these and other equally exciting
technologies. We have expanded the series beyond topics covered by the short
course program to encompass contributions from experts in their field who can
write with authority and clarity at an introductory level. The emphasis is
always on the tutorial nature of the text. It is my hope that over the next few
years there will be as many additional titles with the quality and breadth of the
first ten years.

Donald C. O’Shea
Georgia Institute of Technology
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PREFACE

Machine vision has many definitions and is called by various names, often
depending on the discipline that one practices. Computer vision, image
understanding, scene analysis, and robot vision are some of the terms encountered.
These terms are derived from computer science, signal processing, pattern
recognition, and robotics studies, respectively. In this text, machine vision is
explicitly defined as the study and implementation of systems that allow machines to
recognize objects from acquired image data and perform useful tasks from that
recognition. The term systems in this definition includes both hardware and software,
with the restrictions that the hardware is constrained to acquisition and processing
equipment and that the algorithms perform recognition and reasoning only. This
eliminates issues of robots or vehicles, which are best left to other studies. The
concept of a useful task helps confine the definition to a manageable level, yet be
expandable to include large-scale general purpose vision systems.

Although intended as a supplement to a classroom short-course, the book stands
alone as a useful self-study guide and is certainly usable as a primary text or
supplement for a more extensive course offering. The organization is novel in that
machine vision has essentially come of age and we may now view it (no pun
intended) as an established and respected field of research and application with a
strong theoretical foundation. Without foundation we simply cannot predict
outcomes. Fortunately, it is now possible to engage in machine vision design with
high probability of success. Because of this, the text takes the reader from
fundamentals drawn from image processing and computer graphics to the methods of
applied machine vision techniques. This background is then applied to the largely
theoretical basis of human vision, which is, of course, the ultimate measure against
which a machine vision system is compared.

There is a tendency for writers to feel that "more is better" and to burden a book
with excessive coverage to the extent that the reader is overwhelmed. Since the
literature on machine vision is so extensive, including a large number of texts, I have
restricted the content to include only what is necessary to allow the reader to
understand and construct machine vision systems that perform, once again, useful
tasks based on the current state of the art. Additionally, I have prepared an Annotated
Bibliography as an assist in navigating a sampling of this vast literature.

To fail to include open-ended discussion would expose the book to speedy
decline with respect to a rapidly evolving area, so I have endeavored to leave some
discussion without closure so as to stimulate new and creative work in this
fascinating and dynamic field. As life-long learners we must strive to advance and
grow, and it is my sincere hope that this book assists you in that process.

H. R. Myler
August 1998
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