


The Retinex Theory 
of Color Vision 

À retina-and-cortex system (retinex) may treat a color as a code 

for a three-part report from the retina, independent of the flux 

of radiant energy but correlated with the reflectance of objects 

by Edwin H. Land 

he scientific tradition of simplify-
ing the conditions of an experi-
ment has left us until recently 

without a satisfactory explanation of 
how the eye sees color in everyday life. 
Paradoxically the modern technology 
of color photography has reinforced the 
belief that the colors discerned by New-
ton in the spectrum are. with minor 
qualifications, the colors of the world 
around us. We know, for example, that 
if we use daylight color film when we 
take a picture in the light shed by an 
ordinary tungsten-filament lamp, the 
picture will turn out to have a strong 
reddish cast. That, we say. is because the 
rays from the tungsten filament are too 
"red. " never asking how we ourselves 
can move constantly in and out of tung-
sten-lit worlds without experiencing any 
change in the color of familiar objects: 
apples, lemons, strawberries, bread, hu-
man faces (the tones of which are so 
hard to get right on a television screen). 

How, then, does the eye deal with the 
excess of " r e d " i n a tungsten-lit room? 
As I hope to demonstrate in this article. 
the eye. in determining color, never per-
ceives the extra red because it does not 
depend on the flux of radiant energy 
reaching it. The eye has evolved to see 
the world in unchanging colors, regard-
less of always unpredictable, shifting 
and uneven illumination. How the eye 
achieves this remarkable feat has fasci-
nated me for many years. 

In 1959 I described in these pages a 
series of experiments in which a scene 
created by the superposition of two 
black-and-white transparencies, one pro-
jected through a red filler and the oth-
er projected without a filter (that is, in 
white light), conveys to the eye nearly 
the gamut of colors present in the origi-
nal scene [see "Experiments in Color Vi-
sion. " by Edwin H. Land: SCIENTIFIC 
AMERICAN Offprint No. 223]. To pro-
duce such "red-and-white" images the 
picture projected through the red filter is 

taken through a red filter and the picture 
projected in white light is taken through 
a green filter. It would be expected that 
the superposed image on the projection 
screen could generate only red. white 
and various shades of pink. Actually 
one sees a picture remarkably similar to 
the full-color photograph reproduced 
on the opposite page. In the red-and-

white photographic projection peppers 
are green, radishes and strawberries are 
red. the orange is orange, the lemon and 
bananas are pale yellow, the wood cut-
ting board and knife handle are brown 
and the design on the plate is blue. 

The challenge presented by our early 
red-and-white experiments led us step 
by step over a 20-year period to an ex-
planation of how the visual system is 
able to extract reliable color informa-
tion from the world around us. a world 
in which virtually every scene is lighted 
unevenly, in which the spectral compo-
sition of the radiation falling on a scene 
can vary enormously and in which illu-
mination as brief as a lightning flash suf-
fices for the accurate identification of 
color. If the nature of the responses of 
the photoreceptors in the retina of the 
eye even approximated what most of us 
were taught in school, functioning pri-
marily as intensity-level meters with 
peaks in three different parts of the spec-
trum. we would be continually confus-
ing one color with another. An object 
that looked yellow in one part of our 
field of view might look green or gray or 
even red when moved to a different part 
of the field. The fact remains that ob-
jects retain their color identity under a 
great variety of lighting conditions. This 
constancy is not a minor second-order 
effect but is so fundamental as to call for 
a new description of how we sec color. 

he visual pigments are photosensi-

tive molecules that respond to a 

wide band of light frequencies. The 

three pigments in the cone cells of the 

retina cover the visible spectrum in 
three broad, overlapping curves. The 
pigment with a peak sensitivity at a 
wavelength of 440 nanometers responds 
in some degree to the entire lower-fre-
quency half of the visible spectrum. 
Each of the other two pigments re-
sponds to almost two-thirds of the visi-
ble spectrum, the two being offset at 
their peaks by barely 30 nanometers. 
with their peak sensitivities located at 
535 and 565 nanometers [see upper illus-

tration on page 4]. 

In this discussion the names of col-
ors — " r e d " , "green", "blue" and so on — 
will be reserved for the color sensation 
we have when we look at the world 
around us. In short, only our eyes can 
categorize the color of objects; spectro-
photometers cannot. This point is not a 
trivial one because many people view-
ing some of our experiments for the first 
time will identify something as being red 
or green but will then ask, as if their eyes 
were being fooled. "What color is it real-
ly?" The answer is that the eye is not 
being fooled. It is functioning exactly as 
it must with involuntary reliability to 
see constant colors in a world illuminat-
ed by shifting and unpredictable fluxes 
of radiant energy. 

Since I believe the study of color in 
fully colored images is best begun by 
examining images that are completely-

devoid of and completely uncomplicat-
ed by the experience of color, let me 
describe that experience in some detail. 
The hypersensitive system based on the 
rod cells in the retina functions at light 
levels as much as 1. 000 times weaker 
than the systems based on the cone cells 
do, so that it is possible to answer the 
interesting question: What colors will 
one see if only the rod system is activat-
ed? One procedure is to put on a pair 
of tightly fitting goggles equipped with 
neutral-density filters that reduce the in-
cident light by a factor of 30. 000. After 
one has worn the goggles for about half 
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