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By examining the experimental data on the statistical properties of nat-
ural scenes together with (retinal) contrast sensitivity data, we arrive
at a first principles, theoretical hypothesis for the purpose of retinal
processing and its relationship to an animal’s environment. We argue
that the retinal goal is to transform the visual input as much as pos-
sible into a statistically independent basis as the first step in creating
_ a redundancy reduced representation in the cortex, as suggested by
Barlow. The extent of this whitening of the input is limited, however,
by the need to suppress input noise. Our explicit theoretical solutions
for the retinal filters also show a simple dependence on mean stimu-
lus luminance: they predict an approximate Weber law at low spatial
frequencies and a De Vries—Rose law at high frequencies. Assuming
that the dominant source of noise is quantum, we generate a family
of contrast sensitivity curves as a function of mean luminance. This
family is compared to psychophysical data.

1 The Retina and the Visual Environment

An animal must have knowledge of its environment. As Barlow (1989)
has emphasized, one important type of knowledge that needs to be stored
in the brain is knowledge of the statistical properties of sensory messages.
This provides an animal with data about the regular structures or features
in its environment. New sensory messages can then be compared to
expectations based on this background data; for example, the background
data can be subtracted. In this way, one can argue, the brain is able to
discover unexpected events and new associations. Here we explicitly
~explore the possibility that even the retina knows some of the statistical
properties of visual messages: Our prejudice is that discovering how
this information is used in the retina will not only help explain retinal
processing but will be invaluable in applying this idea to the cortex.
To discover what the retina knows about the statistics of its environ-
ment, it is first necessary to find out just what characterizes the ensemble
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