AMERICAN JOURNAL OF OPTOMETRY
and ARCHIVES of
AMERICAN ACADEMY OF OPTOMETRY

Established 1924

Vol. 47 November, 1970 No. 11

A TECHNIQUE FOR COMPARING HUMAN VISUAL RESPONSES
WITH A MATHEMATICAL MODEL FOR LIGHTNESS*

John J. McCannt, Edwin H. Landi, and Samuel M. V. Tatnall®
Polaroid Corporation, Cambridge, Massachusetts

ABSTRACT

This paper reports a technique for comparing the human visual responses with lightness
predictions made by a mathematical model. The human visual responses are determimed by
having a number of observers compare the lightnesses in a Test Display with those in a Stand-
ard Display. The mathematical model's predictions are made by processing numbers that are
identical to the luminances in the Test Display. These predictions are then scaled relative to
the zame Standard Lightness Display used by human observers. Methods of analyzing the re-
sults are discussed, as well as a variety of situations that can be used to establish whether a par-
ticular model can be considered a general mode! for lightness.

The purpose of this paper is to describe a technique for comparing the
human lightness response with a mathematical model of that mechanism. Since
lightness is in itself a complex, diverse problem, we feel that it is necessary to
test any model for lightness in a variety of situations. Our method for com-
paring observers’ results with any mathematical model’s results for a variety of
test situations will constitute the scope of this paper.

Lightness® 2% ¢ 15 the family of sensations from white to black that a person
sees. Lightness is the output of a biological system. It is a sensation. There is
no physical definition for lightness because it is mot necessarily related to a
physical quantity of light from a point, either in radiometric terms or photo-
metric terms.

Although it is commonly believed that there is a simple relationship be-
tween the amount of light coming from an object and how light or dark that
object appears, there are many experiments that contradict that belief® 87, As
a particular example, let us study an experiment by Land. A display called a
McCann® Mondrian was made of various white, gray, and black papers. The
papers were arranged so that the surround around each paper was arbitrary,
multiple and variegated. The surround was arbitrary because there were no con-
sistent patterns such as only low reflectance papers around high reflectance papers.
The surround was multiple because there were many different papers around each
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paper; it was variegated because the many different papers were significantly
different from each other.

Land placed a lamp below and in front of the Mondrian display so that
the illumination was non-uniform. Since the lamp was much nearer the bot-
tom than the top, many more photons per unit area fell on the bottom of the
display than the top. He then selected a high reflectance paper near the top and
a low reflectance paper near the bottom. He adjusted the position of the lamp
so that the same luminance was coming to the obsetver's eye from both areas.
This was possible because the product of the higher reflectance and the lesser
illuminance could be made equal to the product of the lower reflectance and the
greater illuminance. The important point was that these two areas had exactly
the same luminance, yet they did not look the same. The area at the top looked
dramatically lighter than the area at the bottom. It is noteworthy that the
lightnesses of these areas correlate strongly with reflectance.

We set out to find a mathematical model that could take the information
at these two areas, as well as the information in the rest of the scene, and com-
pute a lightness value that agrees with what we see for each area. We have
already seen that the luminance of an area need mnot cotrelate with lightness.
While there is generally a strong correlation between lightness and reflectance,
there are phenomena such as Mach bands which show that this strong correla-
tion does not always hold. Since the receptors in the retina respond to the
luminous stimulus of objects, it would seem logical that the model should be-
gin with luminance and then correct for departures from perfect correlation
with lightness. We, however, took a different approach. Because in most sit-
uations there is a very strong correlation between lightness and reflectance, our
model, although starting with luminance, will attempt to derive reflectances,
and then make adjustments for imperfection in the correlation between light-
ness and reflectance, We therefore looked for a model that could determine
the reflectance of any area under any condition of illumination without the
usual constraints of photometry, such as placing the standard reflectance next
to each area in the display. Having devised such a system, we began to modify
that model to take into account the numerous situations in which lightness cor-
relates less strongly with reflectance. The early work we performed was re-
ported by Land in his Ives Medal Address, given to the Optical Society of
America®. In that lecture I.and described a mathematical model that could re-
produce the lightnesses of a display independent of the luminances of each area.
He also demonstrated a machine that embodied this mathematical model.
Analogous to the Mondrian experiment, the machine produced two dramatical-
ly different outputs from some areas that were sending the same luminance to
the machine. In addition, the machine gave the same outputs from areas which
look alike to observers, yet were sending to the model different luminances.

Since the preceding experiments employed qualitative results, the approxi-
mation that the observers’ sensations are directly related to reflectances was
sufficient. If we are comparing several similar models that produce similar sets
of predictions, we need more quantitative information to choose which model

846






























	MLT 1
	MLT 2
	MLT 3
	MLT 4
	MLT 5
	MLT 6
	MLT 7
	MLT 8
	MLT 9
	MLT 10
	MLT 11

