
PREFACE

"That we see the world as well as we do is something of
a miracle. What seems so direct and effortless turns out,
on close consideration, to involve many rapid and complex 

process es the details of which we are only beginning 
to glimpse. "

Francis H.C. Crick, David C. Marr
and Tomaso Poggio, 1980

Writing a book about human vision is difficult to motivate, because the process
seems so obvious and simple. After all, we simply open our eyes and sec. While
an understanding of the goals of the human visual pathway is straightforward,
determining the specific computations is often difficult

Part of the difficulty lies in providing an appropriate framework within which
to study the visual system. Neurophysiology has served as a framework for the

study of the internal components of the visual system. Similarly , psychophysics
has provided the frarnework for tile study of the external behavior of the visual

system. In this book, we consider a computational framework that may provide
the bridge between the data on external and internal behavior. This com-

putational paradigm provides a framework within which research goals may be
framed and studied, and critical questions concerning the structure of the com-
putations involved can be isolated and investigated.

This book documents one such computational study of the human early visual
system. It is based upon a PhiD. thesis, which I wrote at the Artificial Inte I Iigence
Laboratory of the Massachusetts Institute of Technology under the supervision
of David C. Marr , with the financial support of the Advanced Research Projects
Agency of the Dcpartment of Defense and the National Science Foundation.

Throughout the development of this book, we wiII have two goals in mind . The

first is to take one more step in an iterative and evolving process of understanding
the computations of the human visual system. Although some of the details are

not yct completely detcnnined, most of thc basic concepts involved in solving the
computational problem of surface reconstruction are clearly stated. Our second

goal is to illustrate the computational paradigm in which those basic concepts
can bc elucidated. We will see the importance of the paradigm in allowing us
to isolate differcnt levcls of description of a computational theory, to determine
appropriate questions to be addressed at each level, and to illuminate the interactions 

of the different levels.



Although there are still many details left to be completed, I hope that the
basis for the transformation of image irradiances into descriptions of surfaces
has been sufficiently well developed to allow the reader to appreciate both the
computational approach to vision and the specific models for stereopsis and
visual surface interpolation. For readers interested in a more detailed description 

of the computational approach, and a much broader discussion of the

human early visual system, I highly recommend David Marr's book VISION:
A Computational Investigation into the Human Representation and Processing of
Visual I nfonnation.

Many people have contributed to this work and provided advice and encouragement 
to its author. I would like to express my gratitude to:

David Marr, whose constant and timely encouragement and enthusiasm and
whose insightful advice were invaluable, whose high standards are a constant
inspiration, and without whom, this work would never have happened;

Tomaso Poggio, who, together with David Marr, developed the stereo theory
upon which much of this book relies, who is never stumped for the correct
answer, and whose enthusiasm for scientific discovery is contagious;

Berthoid Horn, who provided valuable criticism on many points, and who frequently 
enlightened me on the details of image formation; Whitman Richards,

who enlightened me on many aspects of pscyhophysics, who provided valuable
criticism on drafts of this book, and who provided both financial and intellectual 

support; and Mike Brady, who provided valuable criticism on drafts of the
original thesis as well as this book;

Patrick Winston, who exhibited unending enthusiasm about this project, who
provided financial support, who suggested improvements to the presentation of
this book, and who carefully maintains an atmosphere within the AI Lab that is
both stimulating and supportive;

Shimon Ullman, and the other "Visionaries" , who provided many useful comments 
and criticisms, and who are excellent sounding boards for ideas, both good

and bad;
Denis Hanson, who convinced me that even a prairie boy can, on occasion,

succeed;
Marilyn Matz, who carefully scrutinized many drafts of this book, and who

judiciously applied a blue pencil;
Tomas Lozano-Perez, Matt Mason, Chuck Rich, and many others, who help

make the AI Lab an exciting place to be, with whom I've had many discussions,
and without whom the time spent in completing this work would have been far
less enjoyable;



Ellen Hildreth, who read (almost) more drafts of this manuscript than I did,
who provided many valuable comments, and who helped me keep my sanity
throughout it all;

and my parents, who taught me long ago that few things are more valuable and
lasting than a thirst for knowledge.
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