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Foreword

An important focus of advances in mechatronics and robotics is the addition of
sensory inputs to systems with increasing “intelligence.” Without doubt, sight is
the “‘sense of choice.” In everyday life, whether driving a car or threading a needle,
we depengd first on sight. The addition of visual perception to machines promises
the greatest improvement and at the same time presents the greatest challenge.

Until relatively recently, the volume of data in the images that make up a video
stream has been a serious deterrent to progress. A single frame of very modest
resolution might occupy a quarter of a megabyte, so the task of handling thirty or
more such frames per second requires substantial computer resources.

Fortunately, the computer and communications industries’ investment in
entertainment has helped address this challenge. The transmission and processing
of video signals are an easy justification for selling the consumer increased
computing speed and bandwidth. A digital camera, capable of video capture, has
already become a fashion accessory as part of a mobile phone. As a result, video
signals have become more accessible to the serious engineer. But the task of
acquiring a visual image is just the tip of the iceberg.

While generating sounds and pictures is a well-defined process (speech
generation is a standard “accessibility”’ feature of Windows), the inverse task of
recognizing connected speech is still at an unfinished state, a quarter of a century
later, as any user of “dictation” software will attest. Still, analyzing sound is not
even in the same league with analyzing images, particularly when they are of real-
world situations rather than staged pieces with synthetic backgrounds and artificial
lighting.

The task is essentially one of data reduction. From the many megabytes of the
image stream, the required output might be a simple “All wheel nuts are in place”
or “This tomato is ripe.”” But images tend to be noisy, objects that look sharp to
the eye can have broken edges, boundaries can be fuzzy, and straight lines can be
illusory. The task of image analysis demands a wealth of background know-how
and mathematical analytic tools.

Roy Davies has been developing that rich background for well over two
decades. At the time of the UK Robotics Initiative, in the 1980s, Roy had formed a
relationship with the company United Biscuits. We fellow researchers might well
have been amused by the task of ensuring that the blob of jam on a “Jaffacake”
had been placed centrally beneath the enrobing chocolate. However, the funding of



Foreword

the then expensive vision acquisition and analysis equipment, together with the
spur of a practical target of real economic value, gave Roy a head start that made
us all envious.

Grounded in that research is the realization that human image analysis is a
many-layered process. It starts with simple graphical processing, of the sort that
our eyes perform without our conscious awareness. Contrasts are enhanced;
changes are emphasized and brought to our attention. Next we start to code the
image in terms of lines, the curves of the horizon or of a face, boundaries between
one region and another that a child might draw with a crayon. Then we have to
“understand” the shape — is it a broken biscuit, or is one biscuit partly hidden by
another? If we are comparing a succession of images, has something moved? What
action should we take?

Machine vision must follow a similar, multilayered path. Roy has captured the
essentials with clear, well-illustrated examples. He demonstrates filters that by
convolution can smooth or sharpen an image. He shows us how to wield the tool of
the Hough transform for locating lines and boundaries that are made indistinct by
noise. He throws in the third dimension with stereo analysis, structured lighting,
and optical flow. At every step, however, he drags us back to the world of reality by
considering some practical task. Then, with software examples, he challenges us to
try it for ourselves.

The easy access to digital cameras, video cameras, and streaming video in all its
forms has promoted a tidal wave of would-be applications. But an evolving and
substantial methodology is still essential to underpin the “art” of image processing.
With this latest edition of his book, Roy continues to surf the crest of that wave.

John Billingsley
University of Southern Queensland



Preface

Preface to the third edition

The first edition came out in 1990, and was welcomed by many researchers and
practitioners. However, in the space of 14 years the subject has moved on at a
seemingly accelerating rate, and topics which hardly deserved a mention in the first
edition had to be considered very seriously for the second and more recently for the
third edition. It seemed particularly important to bring in significant amounts of
new material on mathematical morphology, 3-D vision, invariance, motion
analysis, artificial neural networks, texture analysis, X-ray inspection and foreign
object detection, and robust statistics. There are thus new chapters or appendices
on these topics, and these have been carefully integrated with the existing material.
The greater proportion of this new material has been included in Parts 3 and 4.
So great has been the growth in work on 3-D vision and motion—coupled with
- numerous applications on (for example) surveillance and vehicle guidance—that
the original single chapter on 3-D vision has had to be expanded into the set of six
chapters on 3-D vision and motion forming Part 3. In addition, Part 4 encompasses
an increased range of chapters whose aim is to cover both applications and all the
components needed for design of real-time visual pattern recognition systems.
In fact, it is difficult to design a logical ordering for all the chapters—particularly
in Part 4—as the topics interact with each other at a variety of different levels—
theory, algorithms, methodologies, practicalities, design constraints, and so on.
However, this should not matter, as the reader will be exposed to the essential
richness of the subject, and his/her studies should be amply rewarded by increased
understanding and capability.

A typical final-year undergraduate course on vision for Electronic Engineering
or Computer Science students might include much of the work of Chapters 1 to 10
and 14 to 16, and a selection of sections from other chapters, according to
requirements. For MSc or PhD research students, a suitable lecture course might
go on to cover Part 3 in depth, including some chapters in Part 4 and also the
appendix on robust statistics,’ with many practical exercises being undertaken on

The importance of this appendix should not be underestimated once one gets onto serious work, though
this will probably be outside the restrictive environment of an undergraduate syllabus.
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an image analysis system. Here much will depend on the research program being
undertaken by each individual student. At this stage the text will have to be used
more as a handbook for research, and, indeed, one of the prime aims of the volume
is to act as a handbook for the researcher and practitioner in this important area.

As mentioned above, this book leans heavily on experience 1 have gained
from working with postgraduate students: in particular I would like to express
my gratitude to Barry Cook, Mark Edmonds, Simon Barker, Daniel Celano,
Darrel Greenhill, Derck Charles, and Mark Sugrue, all of whom have in their
own ways helped to shape my view of the subject. In addition, it is a special
pleasure to recall very many rewarding discussions with my colleagues Zahid
Hussain, Ian Hannah, Dev Patel, David Mason, Mark Bateman, Tieying Lu,
Adrian Johnstone, and Piers Plummer; the last two named having been particularly
prolific in generating hardware systems for implementing my research group’s

- vision algorithms.

The author owes a debt of gratitude to John Billingsley, Kevin Bowyer, Farzin
Deravi, Cornelia Fermuller, Martial Hebert, Majid Mirmehdi, Qiang Ji, Stan
Sclaroff, Milan Sonka, Ellen Walker, and William G. Wee, all of whom read a
draft of the manuscript and made a great many insightful comments and
suggestions. The author is particularly sad to record the passing of Professor Azriel
Rosenfeld before he could complete his reading of the last few chapters, having
been highly supportive of this volume in its various editions. Finally, I am indebted
to Denise Penrose of Elsevier Science for her help and encouragement, without
which this third edition might never have been completed.

Supporting Materials:

Morgan Kaufmann’s website for the book contains resources to help
instructors teach courses using this text. Please check the publishers’ website for
more information:

www.textbooks.elsevier.com

E.R. DAVIES
Royal Holloway,
University of London

Preface to the first edition

Over the past 30 years or so, machine vision has evolved into a mature subject
embracing many topics and applications: these range from automatic (robot)
assembly to automatic vehicle guidance, from automatic interpretation of
documents to verification of signatures, and from analysis of remotely sensed
images to checking of fingerprints and human blood cells; currently, automated
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visual inspection is undergoing very substantial growth, necessary improvements in
quality, safety and cost-effectiveness being the stimulating factors. With so much
ongoing activity, it has become a difficult business for the professional to keep up
with the subject and with relevant methodologies: in particular, it is difficult for
him to distinguish accidental developments from genuine advances. It is the
purpose of this book to provide background in this area.

The book was shaped over a period of 10-12 years, through material I have
given on undergraduate and postgraduate courses at London University and
contributions to various industrial courses and seminars. At the same time, my
own investigations coupled with experience gained while supervising PhD and
postdoctoral researchers helped to form the state of mind and knowledge that is
now set out here. Certainly it is true to say that if I had had this book 8, 6, 4, or
even 2 vears ago, it would have been of inestimable value to myself for solving
practical problems in machine vision. It is therefore my hope that it will now be of
use to others in the same way. Of course, it has tended to follow an emphasis
that is my own—and in particular one view of one path towards solving automated
visual inspection and other problems associated with the application of vision in
industry. At the same time, although there is a specialism here, great care has
been taken to bring out general principles—including many applying throughout
the field of image analysis. The reader will note the universality of topics such as
noise suppression, edge detection, principles of illumination, feature recognition,
Bayes’ theory, and (nowadays) Hough transforms. However, the generalities lie
deeper than this. The book has aimed to make some general observations and
messages about the limitations, constraints, and tradeoffs to which vision
algorithms are subject. Thus there are themes about the effects of noise, occlusion,
distortion, and the need for built-in forms of robustness (as distinct from less
successful ad hoc varieties and those added on as an afterthought); there are also
themes about accuracy, systematic design, and the matching of algorithms and
architectures. Finally, there are the problems of setting up lighting schemes
which must be addressed in complete systems, yet which receive scant attention
in most books on image processing and analysis. These remarks will indicate that
the text is intended to be read at various levels—a factor that should make it
of more lasting value than might initially be supposed from a quick perusal of
the Contents.

Of course, writing a text such as this presents a great difficulty in that it is
necessary to be highly selective: space simply does not allow everything in a subject
of this nature and maturity to be dealt with adequately between two covers. One
solution might be to dash rapidly through the whole area mentioning everything
that comes to mind, but leaving the reader unable to understand anything in detail
or to achieve anything having read the book. However, in a practical subject of this
nature this seemed to me a rather worthless extreme. It is just possible that the
emphasis has now veered too much in the opposite direction, by coming down to
practicalities (detailed algorithms, details of lighting schemes, and so on):
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individual readers will have to judge this for themselves. On the other hand, an
author has to be true to himself and my view is that it is better for a reader or
student to have mastered a coherent series of topics than to have a mish-mash of
information that he is later unable to recall with any accuracy. This, then, is my
justification for presenting this particular material in this particular way and for
reluctantly omitting from detailed discussion such important topics as texture
analysis, relaxation methods, motion, and optical flow.

As for the organization of the material, I have tried to make the early part of
the book lead into the subject gently, giving enough detailed algorithms (especially
in Chapters 2 and 6) to provide a sound feel for the subject—including especially
vital, and in their own way quite intricate, topics such as connectedness in binary
images. Hence Part 1 provides the lead-in, although it is not always trivial material
and indeed some of the latest research ideas have been brought in (e.g., on
thresholding techniques and edge detection). Part 2 gives much of the meat of the
book. Indeed, the (book) literature of the subject currently has a significant gap in .
the area of intermediate-level vision; while high-level vision (AI) topics have long
caught the researcher’s imagination, intermediate-level vision has its own
difficulties which are currently being solved with great success (note that the
Hough transform, originally developed in 1962, and by many thought to be a very
specialist topic of rather esoteric interest, is arguably only now coming into its
own). Part 2 and the early chapters of Part 3 aim to make this clear, while Part 4
gives reasons why this particular transform has become so useful. As a whole, Part
3 aims to demonstrate some of the practical applications of the basic work covered
earlier in the book, and to discuss some of the principles underlying implementa-
tion: it is here that chapters on lighting and hardware systems will be found. As
there is a limit to what can be covered in the space available, there is a
corresponding emphasis on the theory underpinning practicalities. Probably this is
a vital feature, since there are many applications of vision both in industry and
elsewhere, yet listing them and their intricacies risks dwelling on interminable
detail, which some might find insipid; furthermore, detail has a tendency to date
rather rapidly. Although the book could not cover 3-D vision in full (this topic
would easily consume a whole volume in its own right), a careful overview of this
complex mathematical and highly important subject seemed vital. It is therefore no
accident that Chapter 16 is the longest in the book. Finally, Part 4 asks questions
about the limitations and constraints of vision algorithms and answers them by
drawing on information and experience from earlier chapters. It is tempting to call
the last chapter the Conclusion. However, in such a dynamic subject area any such
temptation has to be resisted, although it has still been possible to draw a good
number of lessons on the nature and current state of the subject. Clearly, this
chapter presents a personal view but I hope it is one that readers will find
interesting and useful.
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