PREFACE

"That we seethe world as well as we do is something of
a miracle. What seemsso direct and effortlessturns out,
on close consideration, to involve many rapid and complex
processes 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, becausethe process
seemsso obvious and simple. After all, we simply open our eyesand sec. While
an understanding of the goals of the human visual pathway is straightforward,
determining the specificcomputations 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 computational paradigm provides a framework within which researchgoals may be
framed and studied, and critical questions concerning the structure of the computations involved can be isolated and investigated.
This book documents one such computational study of the human early visual
system. It is basedupon a PhiD. thesis, which I wrote at the Artificial InteIIigence
Laboratory of the MassachusettsInstitute of Technology under the supervision
of David C. Marr , with the financial support of the Advanced ResearchProjects
Agency of the Dcpartment of Defenseand the National ScienceFoundation.
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 processof understanding
the computations of the human visual system. Although some of the details are
not yct completely detcnnined, most of thc basic conceptsinvolved 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 questionsto be addressedat eachlevel, and to illuminate the interactions
of the different levels.

Although there are still many detailsleft to be completed
, I hope that the
basisfor the transformationof imageirradiancesinto descriptionsof surfaces
hasbeensufficientlywell developedto allow the readerto appreciateboth the
computationalapproachto vision and the specificmodels for stereopsisand
visualsurfaceinterpolation. For readersinterestedin a more detaileddescription
of the computationalapproach
, and a much broader discussionof the
humanearly visual system
, I highly recommendDavid Marr's book VISION:
A ComputationalInvestigationinto the HumanRepresentation
and Processing
of
VisualI nfonnation.
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,
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