
General 
Introduction 

What does it mean, to see? The plain man's answer (and Aristotle's, too) 
would be, to know what is where by looking. In other words, vision is the 
process of discovering from images what is present in the world, and where 
it is. 

Vision is therefore, first and foremost, an information-processing task, 
but we cannot think of it just as a process. For if we are capable of knowing 
what is where in the world, our brains must somehow be capable of rep- 
resenting this information-in all its profusion of color and form, beauty 
motion, and detail. The study of vision must therefore include not only the 
study of how to extract from images the various aspects of the world that 
are useful to us, but also an inquiry into the nature of the internal rep- 
resentations by which we capture this information and thus make it avail- 
able as a basis for decisions about our thoughts and actions. This duality- 
the representation and the processing of information-lies at the heart of 
most information-processing tasks and will profoundly shape our investi- 
gation of the particular problems posed by vision. 

The need to understand information-processing tasks and machines 
has arisen only quite recently Until people began to dream of and then to 
build such machines, there was no very pressing need to think deeply 
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4 General Introduction 

about them. Once people did begin to speculate about such tasks and 
machnes, however, it soon became clear that many aspects of the world 
around us could benefit from an information-processing point of view. 
Most of the phenomena that are central to us as human beings-the 
mysteries of life and evolution, of perception and feeling and thought- 
are primarily phenomena of information processing, and if we are ever to 
understand them fully, our thinking about them must include this per- 
spective. 

The next point-which has to be made rather quickly to those who 
inhabit a world in which the local utility's billing computer is still capable 
of sending a final demand for $0.00-is to emphasize that saying that a job 
is "only" an information-processing task or that an organism is "only" an 
information-processing machine is not a limiting or a pejorative descrip- 
tion. Even more importantly, I shall in no way use such a description to try 
to limit the kind of explanations that are necessary Quite the contrary, in 
fact. One of the fascinating features of information-processing machines is 
that in order to understand them completely, one has to be satisfied with 
one's explanations at many different levels. 

For example, let us look at the range of perspectives that must be 
satisfied before one can be said, from a human and scientific point of view, 
to have understood visual perception. First, and I think foremost, there is 
the perspective of the plain man. He knows what it is like to see, and unless 
the bones of one's arguments and theories roughly correspond to what 
this person knows to be true at first hand, one will probably be wrong (a 
point made with force and elegance by Austin, 1962). Second, there is the 
perspective of the brain scientists, the physiologists and anatomists who 
know a great deal about how the nervous system is built and how parts of 
it behave. The issues that concern them-how the cells are connected, why 
they respond as they do, the neuronal dogmas of Barlow (1972)-must be 
resolved and addressed in any full account of perception. And the same 
argument applies to the perspective of the experimental psychologists. 

On the other hand, someone who has bought and played with a small 
home computer may make quite different demands. "If," he might say, 
"vision really is an information-processing task, then I should be able to 
make my computer do it, provided that it has sufficient power, memory 
and some way of being connected to a home television camera." The 
explanation he wants is therefore a rather abstract one, telling him what to 
program and, if possible, a hint about the best algorithms for doing so. He 
doesn't want to know about rhodopsin, or the lateral geniculate nucleus, 
or inhibitory interneurons. He wants to know how to program vision. 

The fundamental point is that in order to understand a device that 
performs an information-processing task, one needs many different kinds 
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General Introduction 5 

of explanations. Part I of this book is concerned with this point, and it plays 
a prominent role because one of the keystones of the book is the realization 
that we have had to be more careful about what constitutes an explanation 
than has been necessary in other recent scientific developments, like those 
in molecular biology. For the subject of vision, there is no single equation 
or view that explains everything. Each problem has to be addressed from 
several points of view-as a problem in representing information, as a 
computation capable of deriving that representation, and as a problem in 
the architecture of a computer capable of carrying out both things quickly 
and reliably 

If one keeps strongly in mind this necessarily rather broad aspect of 
the nature of explanation, one can avoid a number of pitfalls. One conse- 
quence of an emphasis on information processing might be, for example, 
to introduce a comparison between the human brain and a computer. In 
a sense, of course, the brain is a computer, but to say this without qualifi- 
cation is misleading, because the essence of the brain is not simply that it 
is a computer but that it is a computer which is in the habit of performing 
some rather particular computations. The term computer usually refers to 
a machine with a rather standard type of instruction set that usually runs 
serially but nowadays sometimes in parallel, under the control of programs 
that have been stored in a memory In order to understand such a computer, 
one needs to understand what it is made of, how it is put together, what its 
instruction set is, how much memory it has and how it is accessed, and 
how the machine may be made to run. But this forms only a small part of 
understanding a computer that is performing an information-processing 
task. 

This point bears reflection, because it is central to why most analogies 
between brains and computers are too superficial to be useful. Think, for 
example, of the international network of airline reservation computers, 
which performs the task of assigning flights for millions of passengers all 
over the world. To understand this system it is not enough to know how 
a modern computer works. One also has to understand a little about what 
aircraft are and what they do; about geography, time zones, fares, exchange 
rates, and connections; and something about politics, diets, and the various 
other aspects of human nature that happen to be relevant to this particular 
task. 

Thus the critical point is that understanding computers is different 
from understanding computations. To understand a computer, one has to 
study that computer. To understand an information-processing task, one 
has to study that information-processing task. To understand fully a partic- 
ular machine carrying out a particular information-processing task, one has 
to do both things. Neither alone will suffice. 
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6 General Introduction 

From a philosophical point of view, the approach that I describe is an 
extension of what have sometimes been called representational theories 
of mind. On the whole, it rejects the more recent excursions into the 
philosophy of perception, with their arguments about sense-data, the mol- 
ecules of perception, and the validity of what the senses tell us; instead, 
this approach looks back to an older view, according to which the senses 
are for the most part concerned with telling one what is there. Modern 
representational theories conceive of the mind as having access to systems 
of internal representations; mental states are characterized by asserting 
what the internal representations currently speclfy, and mental processes 
by how such internal representations are obtained and how they interact. 

This scheme affords a comfortable framework for our study of visual 
perception, and I am content to let it form the point of departure for our 
inquiry As we shall see, pursuing this approach will lead us away from 
traditional avenues into what is almost a new intellectual landscape. Some 
of the things we find will seem strange, and it will be hard to reconcile 
subjectively some of the ideas and theories that are forced on us with what 
actually goes on inside ourselves when we open our eyes and look at 
things. Even the basic notion of what constitutes an explanation will have 
to be developed and broadened a little, to ensure that we do not leave 
anything out and that every important perspective on the problem is sat- 
isfied or satisfiable. 

The book itself is divided into three parts. In the first are contained 
the philosophical preliminaries, a description of the approach, the repre- 
sentational framework that is proposed for the overall process of visual 
perception, and the way that led to it. I have adopted a fairly personal style 
in the hope that if the reader understands why particular directions were 
taken at each point, the reasons for the overall approach will be clearer. 

The second part of the book, Chapters 2 to 6, contains the real analysis. 
It describes informally, but in some detail, how the approach and frame- 
work are actually realized, and the results that have been achieved. 

The third part is somewhat unorthodox and consists of a set of ques- 
tions and answers that are designed to help the reader to understand the 
way of thinking behind the approach-to help him acquire the right prej- 
udices, if you like-and to relate these explanations to his personal expe- 
rience of seeing. I have often found that one or two of the remarks set out 
in Part I11 have helped a person to see the point of part of the theory or to 
circumvent some private difficulty with it, and I hope they may serve a 
similar purpose here. The reader may find this section means more after 
having read the first two parts of the book, but an early glance at it may 
provide the motivation to take the trouble. 
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General Introduction 7 

The detailed exposition comes, then, in Part 11. Of course, the subject 
of human visual perception is not solved here by a long way But over the 
last six years, my colleagues and I have been fortunate enough to see the 
establishment of an overall theoretical framework as well as the solution 
of several rather central problems in visual perception. We feel that the 
combination amounts to a reasonably strong case that the representational 
approach is a useful one, and the point of this book is to make that case. 
How far this approach can be pursued, of course, remains to be seen. 
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