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Preface
This work originated as a syllabus for my upper undergraduate course “Vision
and Art” given in the Department of Neurobiology and Behavior at Cornell
University in the first decade of this century. Although my research work has been
focused primarily on the optics of the eye, I had taught a course on the visual system
which covered visual neurophysiology from the eye to the cortex. I became fascinated
by the ways the image on the retina was coded, transformed and analyzed in the
central nervous system.
Perhaps because I took art lessons at an early age from an inspiring artist1 I
was always interested in art and in what made a painting good or bad. Thus when I
had some leisure in retirement it seemed natural to look into the relationship between
the visual system and artistic productions. One of the first tasks I undertook was to
attempt to characterize the transformations employed by the visual system on the
retinal image to parse it, and also, on the output side to discover how an artist to
converts a real or imagined image into a painting or drawing. While it is perhaps
foolhardy to attempt to characterize all artistic endeavors with a single algorithm, the
transformation of a real scene into a painting of that scene would seem to capture the
essentials of non-abstract artistic works. The investigation of these transformations
forms the basis of this little book.

1

Sister Mary Ruffinia of Lafayette Indiana
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The Visual System and Art
1. Introduction: The relationship between the
visual system and objects of art
____________________________________________________________

Understanding the visual system is important for understanding art
The visual system consists of the eye, its neurological projections to the brain, and
those parts of the brain in which visual information is processed. “Objects of art” are
here taken to be objects in art museums, homes, public places and in trade which their
curators, owners, or beholders would regard as such artistic objects—a pragmatic and
broad definition of art.

Figure 1-1 A startling artistic transformation.

Traditionally, knowledge of the visual system has not been regarded as very
important, either for the artist or the beholder of an object of art. We take for granted
that “we know what we see” and we assume that we all see the same things in the
same way2. The technical details of how we see have seldom been thought to be
important either for the production or the appreciation of art. The thesis of this
seminar, however, is that if we want to understand art, and its production and
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Of course we may not. The natural variations in our visual systems as well as our experience and
some pathologies could prevent this.
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appreciation, we must have at least a rudimentary knowledge of how the visual
system forms images of the real world and brings them to consciousness.
If the eye may be considered a camera, then, by analogy, the brain is its attached
computer. The images that we see arrive in consciousness in a highly annotated form.
We don’t just see patches of color on an image plane but rather we see identified
objects located in space. The role of the visual system is to tell us who or what is
where, relative to ourselves, as well as where we are in the visual environment..
The image that falls on the retina is also partly processed in the retina. The retina
adjusts the brightness of the image it sends to the brain and does not transmit the
amount of light falling on it linearly. (It could not, because the light intensities that
we see range over 12 orders of magnitude.) Our visual system allows us to see
objects clearly in an indoor room while, at the same time letting us see the world in
bright sunlight in a window outside. This is a range of sensitivities that cannot easily
be reproduced in photography, and depends, in part on the simultaneous adjustment
of different sensitivities in different parts of the retina.
The retina records color images with red, green and blue cones and combines their
outputs into three separate channels along red-green, blue-yellow, and light, dark axes.
It also primarily records contrasts in regions of an image and the relative, not the
absolute intensity of solid colors. In the brain the color information is processed
separately from black & white contrast information, and the perceived colors are
adjusted to compensate for the changing color of the illuminating light. The outlines
of objects are extracted from the visual image and passed on to regions of the brain
where object recognition occurs. The transformed mental image that enters our
consciousness is in some ways more like an essay than a photograph.

Characterizing art in terms of transformations3 of the visual image
We also wish to use our knowledge of our visual system to see how the artist may
create an object of art and how a beholder may come to appreciate it. Here we are on
much less firm ground. The central idea of our analysis will be that of an artistic
transformation3, in analogy to the transformations that occur in the visual system.
We will begin by postulating a mental image of a real or imaginary object in the mind

3

The word “Transformations” has been used by Roger Fry as the title of a collection of essays on art
(“Transformations, Critical and speculative Essays on Art”, Chatto and Windus, 1926.) . He defines
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of the artist and attempt to determine what transformations the artist executes to
create the picture (e.g. Fig 1-1)
an example of an artistic transformation, consider van Gogh’s picture of irises
(Fig. 1-2). Let us assume that he used real irises as models for his picture. We may
ask, how does his picture differ from the
actual visual scene?
.As

The most obvious difference is that many
of the leaves, stems and blossoms of the
irises have been outlined in dark blue or
black, while some of the yellow flowers
in the background have been outlined in
dark green. Furthermore there is much
less detail in the yellow flowers. Perhaps
they were “out of focus” in the mental
image; however the irises in the
foreground are by and large “in focus”

Figure 1-2 Vincent van Gogh, Irises, 1889 J. Paul Getty
Museum Los Angeles, CA

(i.e. having relatively fine detail)
while the ground they are on has
no recognizable detail at all,
being done in a pixelated,
pointillist style. Lastly, one
suspects that the undulations of
the iris leaves may have been
exaggerated, as other of Van
Gogh’s paintings incorporate
such undulations where they are
obviously a distortion.

Figure1-3 Vincent Van
Gogh (1853-1890) Still
life: Vase with Flowers.,
1888, NeuePinakothek,
Munich

Figure 1-4 John Singer Sargent (18561905) A street Scene in Venice, 1882,
National Gallery of Art, Washington
D.C. The small size of the picture
obscures the glance of the man on
inconceivablethethat
in van Gogh’s picture these
right.

It is not
differences from a photographic rendering of real irises could be incorporated in a method to transform a
photograph of irises into a picture in the style of van Gogh using a Photoshop-like
______________
his meaning as: “By the word ‘Transformations’ I wish to suggest all those various transmutations
which forms undergo in becoming part of esthetic constructions.” My definition is very similar, except
instead of “forms” I address the transformation of images. With this difference, and allowing that an
image in the mind is an “esthetic construction”, our definitions are otherwise the same .
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program4. Such a mechanistic analysis of an artist’s style is not intended to trivialize
or denigrate it, but rather to explain and describe it.

The visual system and accessibility of art
One may classify art in terms of its accessibility, namely how
easy it is to appreciate and enjoy a particular work of art? Let
us consider three levels of accessibility, namely 1) Inherent,
for example a picture of flowers, like Van Gogh’s picture of
Figure 1-5 Albeto Giacometti
sunflowers (Fig. 1-3). 2) Worldly, for objects that require (1901-1966) Walking man II
some knowledge of the ways of the world to understand and 1960 Museum of Art, Cornell
Ithaca,
N.Y.1-4).
or enjoy them, such as John Singer Sargent’s A street scene University,
in Venice
(Fig.
Esoteric for art objects that require special knowledge for their total appreciation like
Alberto Giacometti’s Man Walking II (Fig. 1-5). This sculpture of a stick-figure like
man was made originally in six copies, and then another 6 copies were made of an
extremely similar sculpture entitled
Walking Man II.5
Some objects, of course, can be
enjoyed on all three levels, such as
the painting of Waterhouse entitled
“The lady of Shallot” painted in
1888 (Fig 1-6). On the immediate
level it is obviously a pretty lady in
a boat on a calm river in the
countryside. From a more worldly
view something is obviously wrong.
It is daytime, but there are two

Figure 1- 6 John William Waterhouse, The lady of Shallot,
1888, Tate Gallery London

4

Photoshop is a computer program that incorporates a number of “filters” that perform artistic-like
transformations on pictures.
5

A copy of Walking Man I sold for $104.3 million dollars in February 2010.
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candles lit, one in open air near the prow with two others that have evidently blown
out, and one in a lantern hung on the prow. There is an extensive tapestry that is
partly in the water. The woman appears to be about to release boat from its mooring
by the chain she is holding, but the boat has no oars. The esoteric knowledge which
will render this picture far more understandable is that this is an illustration for a
poem by Tennyson of the same name as the picture. It is the story of a young woman
who suffered under a curse whereby she was imprisoned in a castle and could only
view the world through a mirror. But when she saw the knight, Sir Lancelot, passing
her window on the river she looked directly at him, bringing the force of the curse
upon her. She broke the mirror and took the boat to float down to Camelot where she
was found dead by Lancelot. The candles symbolized life, and the fact that two have
been blown out indicate that her life will soon come to an end.

Knowledge of the visual system relates primarily to the inherent
appreciation of art.
This classification of the “approachability” of works of art has been introduced to
delineate just what aspects of art a knowledge of the visual system and artistic
transformations can explain.
Worldly and Esoteric information about objects of art comes from our stored
experiences and resides in memory. Viewing visual objects can call up the associated
esoteric or worldly information from memory, just as seeing a face can call up the
name and associated information of the person whose face it is (provided always that
this information actually resides in memory).
However, all of the information needed for the inherent appreciation of a picture
involves ether information that is ordinarily impossible to dissociate from the image
(for example, it is very difficult to dissociate the designation, “square”, from the
image of a square), or information that anyone from early childhood on could be
expected to recall. It is at this level of the analysis an art object as “the thing itself”,
without additional worldly or esoteric information, is useful. Here an understanding
of the transformations of the visual system of a real image, together with a
knowledge of the artist’s additional transformation of either the resulting mental
image or of an imaginary image to create the art object—this knowledge, it is argued,
forms the basis of an appreciation of the object on this inherent level.
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Some conventional dimensions of Objects of art
Almost 90 years ago the Cambridge literary critics I. A. Richards and C. K. Ogden
together with the English artist, James Wood wrote a book entitled “The foundations
of Aesthetics”6. They organized the book around chapters exploring the assertions
that:
“Anything is beautiful which:
I

possesses the simple quality of beauty.”

II

has a specified form.”

III

is an imitation of nature.”

IV

results from a successful exploitation of a Medium.”

V

is the work of Genius.”

VI

reveals (1) truth (2) the Spirit of Nature (3) the Ideal (4)
the universal (5) the typical.”

VII

produces illusion.”

VIII

leads to desirable Social effects.”

IX

is an Expression.”

X

causes Pleasure.”

XI

excites Emotions.”

XII

promotes a specific Emotion.”

XIII

involves the processes of Empathy.”

XIV

heightens Vitality.”

XV

brings us in touch with exceptional Personalities.”

6

Richards, I.A., Ogden, C.K., Wood, James (1925) The foundation of ethics. Lear Publishers, New
York
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XVI

conduces to Synaesthesis.”

It is clear that “beauty” here is used in a very broad sense to designate a good or
excellent work of art. Perhaps all but the last property, “Synaesthesis” is clear.
Synaesthesis does not mean “synesthesia” (the confounding of one sensory modality
with another, e.g. always seeing the number “4” colored red, even if it is black, white
or grey), but rather designates a state of mind that is at unison with that of the artist
when he created the work and that has attained “equilibrium”. It would appear to
designate the perfect communication of the work to the mind of the beholder.
These various definitions of beauty are given here to indicate the broad scope of what
persons have thought worthwhile in objects of art.

The dimensions of art that may be useful in its evaluation
My own list of the qualities of an art work that are useful in its evaluation have been
selected from the literature of criticism and my own discussions of art with other
persons. These may be called the evaluative “dimensions” of art even though they
may not be exactly quantifiable.
These dimensions are: 1.) Inventiveness, 2.)
Composition (or Design), 3.) Coloring, 4.) Technical skill, 5.) Coherence, 6.) Interest,
7.) Informativeness 8.) Evocativeness and 9.) Beauty. Several of these dimensions
require additional comment to be understood. By “beauty” is meant the quality of a
beautiful flower, or a beautiful child, or a beautiful fire-works display. It is defined
here an immediate impression of beauty requiring no worldly or esoteric knowledge.
By “composition” or “design”, is meant what things were included in the work and
how they are arranged7. By “coherence” is meant the degree to which the various
things or aspects of the work appear to form a rational whole, so that if the absence of
any one thing or aspect were omitted, it would be missed and the coherence or unity
would be damaged. “Interest” means the degree to which the image captures the
interest of the observer, and “Informativeness” means the extent to which the
observer receives new information. “Evocativeness” means the extent to which the
image evokes (perhaps inchoate) feelings or emotions. These dimensions are very
much presented for your consideration and not to be regarded as a fixed standard.

7

The understanding of why some compositions are good and others are not poses some of the greatest
difficulties in the evaluation of art.
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They are simply useful, for the time being as a format for the description and analysis
of a work of art.
It is interesting to inquire how these dimensions relate to the levels of accessibility
defined above. We have already stated that, by our definition of beauty, it does not
relate at all to worldly or esoteric knowledge. All of the other dimensions have
components, sometimes the strongest components, on the inherent level of knowledge;
however all of them may also rely on worldly or esoteric knowledge. For example,
some hand-made tapestries may be indistinguishable from those made on a modern
loom unless one has very skilled knowledge to tell them apart, knowledge that may
significantly affect the level of skill assigned to the work. Likewise, it may be
difficult to judge the coherence and design of a religious painting unless one is
acquainted with the religious symbolism embodied in it.
Thus it is always possible that a work judged on the basis of inherent knowledge that
may look incoherent may, in fact, appear coherent in light of worldly or esoteric
knowledge. On the other hand it seems much less likely that a work that is rated
highly in all dimensions on the basis of inherent knowledge will be judged badly on
the basis of worldly or esoteric knowledge. This assumes, of course that the presence
or lack of worldly or esoteric content itself is not used as a dimension of judgment.
Until now no distinction has been made between immediate and reflective knowledge
of inherent qualities of a work of art. By “immediate” is meant the near instantaneous
impressions of the work upon first viewing it. In realistic art these impressions would
be, for example, what it represents, if it is beautiful, if the colors are pleasing, if it
appears to be skillfully done. Questions of coherence and design, however, will
probably require reflection. All of the parts of a picture, for example, cannot be taken
in at one time. On must inspect the work looking for the key to what is included in it
and why it is included before one can judge the coherence. And the design or
arrangements of the parts of the work must be judged against imaginary
rearrangements in the mind of the beholder.
Likewise, informativeness may require a careful inspection of the painting and
involve worldly and esoteric knowledge as well as reflection, while evocativeness
will also involve, and be in part determined by worldly and esoteric knowledge, it
may act without reflection, yet be conditioned by it.

Summary

10

We have made and attempt to show how a knowledge of the visual system can enrich
the appreciation of objects of art. It was asserted that the image of an object in the
real world goes through many transformations in the eye and the brain in an effort to
provide essential information regarding the object and its meaning for us.
We argued that, just as the eye and nervous system transform images, so does the
artist in starting from a realistic image transform it into an object of art. Furthermore
it was asserted that these transformations could be characterized and might even be
able to be reproduced in Photoshop-like alterations of an original image.
In an effort to characterize the contribution that knowledge of the visual system can
supply to the appreciation of an object of art, we classified the accessibility of art
objects into three classes depending upon the sort of knowledge required to appreciate
them. These were: inherent, worldly, and esoteric knowledge. It was seen that a
knowledge of the operations of the visual system will help explain those aspects of an
art object that are approachable on the immediate, inherent level.
The concept of an “artistic transformation” was introduced, as those operations on a
realistic image, either directly observed by the artist or in the mind of the artist, that
the artist uses to transform this image into the art object.
We then defined some provisional “dimensions” in which art objects may be
described or judged, these being: 1.) Inventiveness, 2.) Composition (or Design), 3.)
Coloring, 4.) Technical skill, 5.) Coherence, 6.) Interest, 7) Informativeness 8)
Evocativeness and 9.) Beauty. We noted that all of these dimensions involve inherent
knowledge of the object, but that many also require worldly or esoteric knowledge.
We also distinguished between immediate and reflective categories of inherent
knowledge, and noted that composition and coherence are not immediately obvious in
a work of art but rather may require thoughtful reflection before they can be evaluated.
Questions for discussion:
1. In the first paragraph of this chapter we have used a very broad and
pragmatic definition of objects of art. Be that as it may, can you
think of objects of art that would not fit this definition but can be
justified as such?
2. On Pages 3 and 4 we defined three levels of the accessibility of an object of

art. We did not define a fourth category of “inaccessible” because, if a
work of art were “inaccessible” for us it would not be a work of art. But
perhaps there are inaccessible works of art that may someday be
11

understood and appreciated. What is your opinion and how do you justify
it?
3. I was frankly astounded at the price paid for one of Giacometti’s walking men.
Having seen the statue, I think I could make a “walking woman” in much
the same style. Suppose that I made such a statue and Giacometti had, in
fact, made a similar statue of a “walking woman” that was then discovered
and authenticated. It is plausible that it would be difficult to tell who had
made which statue but it is almost certain that Giacometti’s would be a
thousand times more valuable than mine. Why?
4. On page 7 we listed 9 criteria for the evaluation of an object of art. In your

view arrange these in order of importance (most important first) and
defend your ordering.
5. Consider the following painting by Dieric Bouts (ca 1420-1475, “Worship of the
holy three kings”.,1465 Alte Pinokaothek, Munich, 62x63 cm on oak wood) and

evaluate it in regard to the nine dimensions listed above.
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The Visual System and Art
2. The origin of the visual image: the eye and the
retina
Looking and seeing
Vision begins with the eye. Our visual strategy is to direct our gaze towards items
and areas of interest so that their images fall on our sensitive foveas which have the
highest density of cones, our high-resolution, color-sensitive receptors. All images
that fall on our foveas are very rapidly processed. We “know” what we see almost
instantaneously, particularly if the object or place we look at is what we expected to
see----which is very often the case. We are constantly making voluntary eye
movements called “saccades”, which are very quick movements of the eye from one
target to another. Often the interval between saccades if very brief, as the time
needed for analyzing any given object is usually very short. Our eyes’ saccadic
movements are very similar to the jerky head motions of birds, that have to move
their entire head to fixate new objects that are only a few degrees away from where
their gaze is originally directed. In what follows we discuss how these images are
processed in the retina and in the
rest of the visual system.

The eye as a camera

Figure 2-1 Cross section of eye. Labels: cor, cornea; ach,
aqueous; l, lens vitr, vitreous; ret, retina; cf, fovea; op,
13
optic nerve head, on, optic nerve; chor, choroid; scl;
sclera; oa, optic axis; va, visual axis.

The eye (Fig. 2-1) is indeed a
camera,
namely
a
closed
compartment with a transparent
aperture at one end and a screen
on which the image is projected at
the other. The anterior end of the
eye is closed by the transparent
cornea which is approximately
spherical and forms the eye’s
major refracting surface. The
outer surface of the rest of the
globe of the eye is formed by the

sclera, essentially a leather bag under 15 mm Hg pressure.
It is this pressure, about 10 mm Hg above venous pressure that keeps the eye firm.
A few millimeters behind the cornea is the lens, and the chamber between them is
filled with a clear filtrate of blood, the aqueous humor, now called simply “the
aqueous”. Just in front of the lens is the iris with radial and circumferential
muscles that can open or close the pupil. The lens, which does the remaining
bending of the rays entering the eye, is a clear elastic bag of gelatinous cells. It is
suspended at its rim by a circle of fibers that are attached to the ciliary body in
which there is a circular muscle that, when contracted, removes tension from the
lens, allowing it to round up and
bring into focus near objects. Thus
the curvatures of its front and back
surfaces of the lens can be changed
to focus the eye at various distances
in space.
Behind the lens is another
transparent bag of gel, called the
“vitreous” which fills most of the
remaining space of the globe of the
eye. A bit more than three quarters
of the inner surface of the eye is
Figure 2- 2 Human retina cross section. Light enters from
covered by the neural retina, an out- bottom of figure. Layers: 1, Pigment epithelium; 2, rods and
pocketing of the brain. The area of
cones; 3, outer limiting membrane; 4, outer nuclear layer; 5,
outer plexiform layer; 6, inner nuclear layer; 7 inner plexiform
highest density of receptors and
layer; 8, inner nuclear layer, 10, inner limiting membrane.
connections to the optic nerve is in
the fovea. Note that visual axis that runs from the center of the fovea through the
nodal point (nn’ in Fig. 2-1) is about 5 ̊ from the optic axis, the nominal center of
symmetry of the eye 8. The layer between the retina and the sclera is the choroid,
a nexus of blood vessels that supplies oxygen and removes carbon dioxide from
the receptive cells of the retina, rods and cones that have a very high metabolism.
The retina (Fig 2-2) is mounted “inverted” in the eye in that light must pass
through the (transparent) nerve cells and all the other neural layers of the retina

8

Any ray entering the eye that passes through the nodal point is un-deviated. The farther it is from the
retina the greater is the magnification of the eye.
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to arrive at the photoreceptors where the light is absorbed. The reason for this
arrangement, which many have called a “mistake”, is in fact dictated by the
metabolic needs of the rods and cones. They must be close to the blood supply in
the choroid to maintain the electrical currents needed for their functioning.
However, the hemoglobin of red blood cells absorbs light, so this large blood
supply cannot be located between the light entering the eye and the sensory
receptors. There is a small retinal blood supply that enters through the optic
nerve, and which absorbs some light. However no vessels, not even capillaries,
are present in the high-acuity fovea.
Light must pass through retinal layers 10 through 4 (Fig. 2-2) to get to the image
plane at 3, the outer limiting membrane, the border between the inner and outer
segments of the rods and cones. The cell bodies in layer 6, the inner nuclear layer
are those of horizontal, bipolar and amacrine cells, which do a large amount of
computing on the information from the rods and cones. This includes both late ral
inhibition (edge sharpening) as well as forming receptor fields of various sizes
and types, often circular with an inner excitatory region and an outer inhibitory
region, or vice versa. It is largely the information from the output of these
excitatory fields that stimulates the ganglion cells, which carry this information
to the brain.
Axes and optics of the eye
We will interrupt this anatomical
description of the eye to briefly
explain the eye’s optics. You may
recall that the power of a
magnifying lens is measured in
diopters and is equal to the
reciprocal of the focal length of
the lens with the units: [1/meters].
The focal length is the distance
between the center of the lens and
the plane on which the distant
image is formed (Fig 2-3).
Figure 2-3 Definition of focal plane and focal point.
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Applying these concepts to
the eye is somewhat more
complicated
than
those
illustrated in a magnifying
lens. Firstly, the eye has
several optical surfaces that
refract
light,
while
a
magnifying lens has only two:
the front and back surfaces of
the lens. The eye however
has three major surfaces
Figure 2-4 Listing’s “water eye”. FF’ are the front and back focal
where light is refracted,
points and lie on the optic axis. r is the radius of he cornea, l is the
length of the eye. Further explanation in text
namely the front surface of
the cornea and the front and
back surfaces of the lens of the eye. Secondly, while a magnifying glass forms
an image in air, the eye forms an image in aqueous humor, which has a refractive
index close to that of water, namely 1.336.
Fortunately the optics of the eye can
be greatly simplified by constructing
an eye with a single refractive surface
that is filled with water (refractive
index 1.333) and has the same
magnification and focal lengths as the
human eye. Such an eye is known as
“Listing’s reduced (or water) eye” 9
(Fig 2-4). Parallel rays entering the
eye from air are brought to a focal
point, F’ at a distance, l = 20.7 mm,
from the cornea on the optic axis.
Parallel rays leaving he eye are
brought to a focal point at 15.575 mm
on the optic axis in front of the retina.

Figure 2- 5 Simulation of edge detection by retinal
receptive fields. Red= on-center cells, green = off-center
cells. http://en.wikipedia.org/wiki/Receptive_field

9

nd

W.D. Zoethout “Physiological Optics” p55. The Professional Press, 2 Ed. 1935. Zoethout gives the
front focal length as 15.49 mm, probably because he mistakenly used the value of n 2 as 1.336, the
index of refraction of vitreous humor that fills the globe of the eye rather than 1.333, the value for
water.
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Any ray passing through the nodal point, N, at the center of the radius of
curvature (r= 5.125 mm) of the cornea is undeviated, as it is always perpendicular
to the tangent of the cornea. Note that the ratio of the front and back focal lengths
is equal to the ratio of the refractive index of air to that of water. Furthermore
the distance between the nodal point, N, and the back focal point, F’, is the same
as the front focal length, the distance between the front focal point, F, and the
cornea. This distance, together with the width of a foveal cone (say: 0.002 mm or
2 micrometers) determines the resolution of the eye in cycles per degree. To
capture one cycle (a black and adjacent white bar) there must be 2 cones, one
registering light, the other registering darkness. This means that the minimum
angle of one cycle has a tangent of .004/15.575 = 2.568e-4 radians or about 1/68 th
of a degree. Thus the resolution of this eye is approximately 68 cycles per
degree. Normal 20/20 vision corresponds to 30 cycles per degree, so this
computed resolution is about twice as good as that.
Information from the retina
Fig. 2-5 gives an idea of one sort of information that could be gained from the output
of ganglion cells with small receptive fields 10 reporting on-center and off center
information to the brain. This “picture” of retinal map in the brain would be
constructed by the outputs of thousands of ganglion cells with very narrow receptive
fields.
Recently ganglion cells have been found that are in themselves photoreceptors. They
use melanopsin, a totally different pigment from rhodopsin (the light absorbing
pigment of rods and cones). These cells send information of circadian rhythms to the
superchiasmatic nucleus of the brain, a center for the generation and coordination of
daily rhythms in the body.
It should be noted that there are three different kinds of cones with peak sensitivities
at differing wavelengths. Furthermore the rods have yet another peak sensitivity, but
their role in color vision is very small. We classify cones according to their spectral
sensitivity as long, middle, or short wave length cones (or alternatively, but somewhat
incorrectly, red, green and blue cones). As we will see in detail when we discuss
color later, color blindness usually involves a lack of red or green cones. Of the three

10

The receptive field of a neuron in the visual system is that area of the retina which, when its
illumination changes, influences the output of the cell, i.e. in ganglion cells: the rate of firing.
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cone types, blue cones are by far the smallest fraction of the three and they are totally
absent in the center of the fovea.
One of the virtues of the primate retina is that it can function over twelve orders of
magnitude of luminance, from bright sunlight to weak starlight on a moonless night.
Of course, as you doubtless know, it takes the retina time to adapt when one goes
from a bright outdoors to a dim interior. The time for full adaptation of the retina
from colored cone vision in bright light to colorless rod vision in dim light is about 20
minutes. We call vision mediated by cones, when we see colors, as “photopic vision”
and vision in dim light mediated by rods as “scotopic vision”. The intermediate range,
when we can barely distinguish colors (say around dusk), we call “mesopic vision”.
As the information in the retina proceeds towards the brain the absolute magnitude of
the light intensity is lost, and only color (in photopic vision) and contrast information
is retained. This is probably why a separate information channel using light sensitive
retinal ganglion cells evolved that are sensitive to absolute values of light intensity.
The fact that the retina only codes for contrast and temporal change greatly reduces
the amount of information that must be transferred to the brain. Retinal ganglion
cells that report receptive fields that image a uniform surface are silent. Remarkably,
experiments have shown that motion of the image on the retina is essential for vision.
If an image is stabilized on the retina (by various optical tricks, like bouncing the
image to be seen off of a mirror attached to a contact lens to cancel the movement of
the eye) after a second or so, no image is seen by the eye! This leads to the
remarkable logical conclusion that, when the eye looks at a uniform surface, like a
white wall, the image of most of the wall is not being transferred to the brain by the
retina. The image of the wall that one sees is an image that is stored in memory! This
is but one example of “What you see is not what you got on your retina”. Other such
examples are the blind spot on the optic nerve head (discovered only in the 1660’s by
Edeme Marriotte, a French physicist), the shadows of the retinal blood vessels11, and
the fact that we see no foveal colorless hole when looking at a blue surface.
Pigment epithelium and Choroid

11

The existence of these shadows, that are easily demonstrated by shining the light from a small
flashlight through the sclera of the closed eye, shows that the sensitivity to brightness is controlled
locally throughout the retina. This explains why we can easily see an interior room scene and the
bright image of a sunlit outdoors through a window at the same time.
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The action of light on the photopigment, retinal, is to isomerize it. This action on a
single isomerized molecule, leads to a thousand-fold amplification of the signal via an
enzyme activating other enzymes to a blocking of ion channels in the photoreceptor
and a hyperpolarization of the rod or cone cell. This induces signals in other cells of
the retina and leads, eventually, to a change in the signals sent from the eye to the
brain.
The outermost layer of the retina is the pigment epithelium. It is in this layer which
supplies an intimate “dock” for the rods and cones that the isomerized retinal is
regenerated before it returns to the photoreceptor.
Behind the pigment epithelium is the choroid which is a great nexus of capillaries and
supplies the energy and oxygen for the steady dark current of the retina, and removes
carbon dioxide.
Summary
The globe of the eye. We discussed the anatomical parts of the eye that had optical
importance. The curved cornea with the aqueous humor behind it accounts for 2/3 of
the refractive power of the eye. Refractive power in units of was defined as the
reciprocal of the focal length of a surface or lens in meters, the focal length being the
distance between the surface or lens to the focal point of the lens, i.e. that point where
parallel rays are brought to a focus. The lens of the eye, the shape of which can be
changed by the ciliary muscle at its margins, was described as consisting of clear
gelatinous cells in an elastic bag. The remaining part of the back of the eye is filled
with vitreous humor, again a clear jelly-like substance. Coagulated protein in the
vitreous is seen as “floaters”, so named because they float in front of the retina.
Behind the retina lies the choroid, a nexus of blood vessels that supplies the O2 and
removes the CO2 from the highly metabolic rods and cones. The outermost layer of
the globe of the eye is the sclera which is a tough opaque leathery coat.
The retina. The retina consists of eleven layers which are, starting from the
outermost:: 1, Pigment epithelium; 2, rods and cones; 3, external or outer limiting
membrane; 4, outer nuclear layer; 5, outer plexiform (fiber) layer; 6, inner nuclear
layer; 7 inner plexiform (fiber)layer; 8. Ganglion cell layer; 9, Optic nerve fiber layer;
10, internal or inner limiting membrane.12 It was noted that cones are responsible for
high light, colored vision (called “photopic” vision and rods are responsible for lowlight colorless vision (called “scotopic vision”). The pigment epithelium forms a kind
of “docking” tissue for the rods and cones. It is responsible for regenerating
rhodopsin that has been isomerized by the action of light. Signal transduction takes
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place in the rod and cone receptor cells. They excite or inhibit bipolar cells that in
turn excite ganglion cells. Horizontal cells and amacrine cells have their cell bodies
in the inner nuclear layer and are responsible for lateral computations in the retina,
generating the receptive fields that are reported by the ganglion cells. It was noted
that some ganglion cells have a visual pigment, melanopsin, and are directly excited
by light. These relay absolute light intensity to the brain and are responsible for the
setting of the biological clocks of the body. The retina can function over 12 orders of
magnitude of light intensity and has local control of its sensitivity, thus allowing it to
report images that have a very large range of intensities. Moreover, different parts of
the retina may have different sensitivities depending upon their different illumination.
Because of the formation of receptive fields with excitatory centers and inhibitory
surrounds, the retina only reports differences in light intensity or differences in colors
across its receptive fields, greatly reducing the amount of information that is
transmitted to the brain.
Lastly it was noted that three phenomena: the blind spot, the lack of blue cones in the
central fovea and the disappearance of images without motion all testify to the role of
the retina and brain in falsifying what we see in our mind’s eye.

12.

“System of Ophthalmology, Duke Elder Vol 2,p 231.

Questions for discussion:
1. While many animals have their two eyes pointed laterally, away from each other,
human eyes are frontal with a large area of overlap of their visual fields. What are
the advantages and disadvantages of this human eye arrangement?
2. Assume that eyes scale isometrically, i.e. that figure 4 of Listing’s eye would
describe any eye, with only a difference in overall size. What would be the advantage
of larger eyes over smaller eyes?
3. Assume that the eyes of a fossil hominid were found so well preserved that not only
the eye size but also the rod and cone sizes could be determined, and further it was
found that the diameter of the cones were about twice the size of modern humans
while the over-all size was about the same. What could account for such a size
difference?
4. What could explain the existence of a melatonin ganglion cell that is sensitive to light,
uses a visual pigment that differs completely from rhodopsin, and sends information
20

only to the suprachiasmatic nucleus in order to provide input to a biological clock?
Why couldn’t this function be performed by the rods and cones?
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The Visual System and Art
3. Image Processing in the Retina: Acuity, Light
and Color, and Color Blindness
Retinal transformations of the retinal image
We have seen that image on the retina not necessarily the image that appears in our
consciousness. In the first place the image is formed on the semispherical globe of
the eye, yet the image that we perceive from each eye is like that on the flat image
plane of a camera. Obviously, points on the model in Fig. 3-1 seen through the grid
are focused on the artist’s (approximately hemispherical) retina. In that
transformation, the relationship between the point on the model or the corresponding
point on the grid,
P and that on the
artist’s retina, P’,
is tan Ɵ = h/d,
Fig.3-2)13. When
we look at a
picture with our
eyes, it has gone
through the same
Figure 3-1 Illustration from Albrect Dürer’s The Painter’ Manual, 1525. The artist
positions his eye immediately behind the sighting pyramid and views the model
transformation
through
a
grid.
He
transposes
what
he
sees
in
the
grid
to
the
corresponding
grid
being converted from a flat surface to the spherical image on our retina. This
square on his paper.
transformation is due simply to the optics of the eye.

Inverse transformations in our brain
But when we see the picture in our mind, it has been back- transformed to an apparent
plane in orthogonal space by our brain. The same thing happens when we view three
dimensional objects in space, except the distances of their surfaces are unconsciously
estimated from a number of cues, and their apparent heights in three dimensional
__________________
13

The nodal point (fig 3-2) of the eye is that point which, when a ray passes through it, the ray is undeviated. In actual fact in
the human eye there are two nodal points, and a ray passing through the first acts as if it emanates from the second making the
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same angle with the optic axis as did the entering ray. Because these two points are very close together we treat them as one for
this argument.

space are estimated from the angles
they subtend on our retinas and their
apparent distances, d.
This brain
mechanism uses the rearranged equation: h
= tan Ɵ *d.

Receptive fields

Figure 3-2 A ray from a point seen on a plane at
height, h, below the visual axis passes through the
nodal point of the eye undeviated and makes an
angle Ɵ with the horizontal optic axis.

The ganglion cells of the retina send
information to the brain in trains of nerve
spikes.
Each ganglion cell responds to
stimulation of a spot of light on the retina
when the light is shined on the receptive field
of the ganglion cell which is a particular area
of the retina that is associated with that cell. The information, conveyed from a large
number of cones that make up the receptive field,
is different depending upon whether the cones are
stimulated in the center or the periphery of their
field. Stimulation in the center of the field elicit an
“on” response, and the ganglion cell fires when the
light is turned on, and cells in the periphery of the
field elicit and “off” response when the ganglion
cell fires in response to the light turning off. Fig. 33 shows the averaged spike responses of a cat
ganglion cell to stimulation of the off and on
regions of the receptive field.
Figure 3-3 Responses from cat retinal
ganglion cells (from Rodieck & Stone J.
Neurophys. 1965. Top trace: averaged
response of stimulation of “off” region;
Bottom trace: response to stimulation of
the “on” region.

In Fig 3-4 we see a map of a receptive field from a
retinal ganglion cell of a cat. Open circles
represent areas that elicited an “on” response. Note
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Figure 3-4 Map of receptive field of cat
ganglion cell (Source: as in Fig 3-3.) Open
circles represent “on” responses, closed
circles represent “off“ responses. Dashes
represent unevaluated responses.

that stimulation of the center of the field results in “on” responses, while stimulation
of the periphery of the field results in “off” responses. In the study from which these
figures were taken, Rodieck and Stone found fields with greater spatial asymmetries
where the “off” responses were much stronger and covered a wider area in one side of
the field than the other. However, they found no cells that were sensitive to the
direction of motion. They did find great sensitivity to very small light spots (4
minutes of arc) moved only one diameter
of the spot.

Wavelet transforms

Figure 3-5 Graph of a wavelet transform as a
model of a retinal ganglion cell’s receptive field.
Positive values above the plane represent
excitation, those below, inhibition
.

Figure 3-6 Detail from Parade de
Cirque by Seurat (1899)

It is clear that somehow the information in
the retinal image is being conveyed to the
brain coded by the outputs of centersurround ganglion cells. We may say that
the image has been transformed by a
wavelet transform in which the amount of
light at any point of the field has

contributed to the spike rate of the ganglion cell, points in
the center of the field increasing the spike rate of the onresponse and points in the periphery decreasing the firing
rate. We can represent this mathematically by assuming
that the ganglion cell spike rate is computed by
multiplying the illumination of the retinal field by a set of
positive and negative numbers—positive in the center of
the field and negative in the periphery14. Such a transform
is called a wavelet transform and a plot of the multiplying
coefficients looks something like a sombrero, or Mexican
hat (Fig 3-5).
This wavelet shape graphs the multiplication values that
transform the light falling on the receptive field into the
spike rate of the associated ganglion cell. Assuming the
plane has the value zero then the center values are positive

___________________________________
14

It will be noted that the firing rate of spikes in a neuron cannot be negative. This is handled in the nervous
system either by a steady firing rate that indicates no activity, and an increase or decrease in that rate that indicates
positive or negative numbers or directions. In the retina this is handled by having complimentary representations
of the same receptive field, e.g. a field whose center is stimulated by red light and its periphery inhibited by green
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light, and a complimentary field where the center is excited by green light and the surround is inhibited by red
light.

and the surround values are negative, and their heights and depths are proportional to
the quantitative values of the multiplication factors that dictate the firing rate of the
ganglion cell. It can be shown mathematically and empirically that if the retina is
sampled by a set of various sized receptive fields, than the information of the image
can be approximately recreated by simply adding together all of the outputs of the
ganglion cells in register and averaging them. In this operation the output of a
ganglion cell is a symmetrical field with a contrast between the white center and
black surround dictated by the firing rate of the
ganglion cell12.

Figure 3-7 Pointilized photograph of the
author.

Pointillism This reconstruction of an image in
the brain by adding together and averaging the
outputs of various parts of an image has a
resemblance to pointillism, a style promoted by
the painter, George Seurat (1859-1891) a post
Impressionist painter (Fig 3-6). The difference
is, of course, that the outputs of receptive fields
overlap and are averaged while pointillism
simply juxtaposes patches of color. This is a
relatively easy style, or transformation, and can

be used in Photoshop (Fig 3-7).
The analogy between the wavelet
transformation and pointillism is
strengthened somewhat when one
realizes that many waveletshaped receptive fields have color
opponency where, for example,
red light in the center may
stimulate the ganglion cell while
Figure 3-8 Spectra of primary matching colors. Negative values
represent light that should be added to the color that is to be
matched.
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green light in the periphery will inhibit it13.
If we pick three
primary colors: red at
700
620.0 nm (nanometers),
green at 546.1 nm and
blue
at blue at 435. 8 nm we
can
clearly
match
any
spectral color within
the
triangle defined by
these three points on
the
CIE
color
space.
However, by using a
trick
and adding light to the
color we are trying to
match, we can match
all
Figure 3-9 Web-based color vision test.
all of the colors in the
CIE
color space. Figure 3-8
shows the amounts of each light we use to match any spectral color. Matching is
generally done by comparing a test color patch with a matching color patch where the
matching color consist of combinations of red green and blue light as in figure 3-8. A
simple version of such a test for color blindness is shown in fig. 3-9 and can be found
on the web at the URL:..................................................................................................
http://www.colblindor.com/rgb-anomaloscope-color-blindness-test/ The test asks you
to make a number of matches to the two patches and gives you a graph of the severity
of your color blindness. The panel on the right gives a color to be matched. The
panel on the left is has a constant ratio of red and green light, but its luminance can be
varied with a slider. When a variety of ratios of red and green colors are given in the
right hand panel, only when the fixed ratio of red and green light in the left hand
panel matches the ratio on the right and the luminance is adjusted correctly will the
panels look the same to a person who is not color blind. However color blind persons

13

There are differences between the small points or swatches of color in the two paintings. They are
more dense in the Seurat painting, resulting in more white showing in the photoshopped picture. Also
those in the Seurat vary between roughly round and oval shapes, while those of photoshop are always
circular.
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(or persons with a color anomaly14) will find that they can match a large range of
different test colors and the test will record that fact. Because the genes for the
rhodopsins for long and middle wavelength cones are located on the x chromosome
are far more likely to have red-green colorblindness or color anomalies than females.
The rate of protanopia (lack of long wavelength cones) and deuteranopia (lack of mid
wavelength cones) together is about 1.7% in males and 0.23% in females as estimated
for about 10,000 museum visitors using Ishihara test charts15

Acuity
We have seen that the highest acuity in the eye is that of the
fovea, the portion of the retina with which we direct our gaze.
Acuity is traditionally measured behaviorally by specifying the
smallest letters of the (capitalized and stylized) Roman
alphabet that a person can read. These are made on a 5 by 5
grid of black and white squares. The reference size of letter or
other symbol (both are called technically “optotypes”) is one
that subtends 5 minutes of arc, i.e. 1/12 of a degree. When one
can read such letters one is said to have an acuity of 1.0,
sometimes expressed as a fraction of 20/20 (referring to the
standard distance of 20 feet for an eye chart, or 6/6 meters16.)

Figure 3-10 Standard
optotype constructed on a
5x5 matrix

Summary
The optics of the eye form and upside down image of the world on the eye’s
(approximately) hemispherical retina. However the mind sees the image right side up
and the image has been further transformed into rectangular coordinates. (It has been
shown that subjects who wear inverting spectacles for a week will eventually see the

14

Persons with a color anomaly can generally distinguish between all shades of red, yellow and green
but do not give the same matches as most people do on an analomoscope.
15

The Ishihara test consists of a number of colored pointillist diagrams composed of circular spots of
color. The percentage data comes from “Color blindness in eleven thousand museum visitors”, Yale
Journal of Biology and Medicine, 1943.16 (1), 59-76.
16

A more modern unit, called “logmar” (for the logarithm of the minimum angle of resolution) is
to take the logarithm to the base 10 of the inverse of the acuity. Thus, since the logarithm of 1 is
zero, the logmar value of 20/20 vision is 0, and that of 20/10 vision is log(1/2) = -0.30 (actually
0.301… but it is usually rounded to two decimal places.)
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world right-side up until the spectacles are removed, when the world will be seen
upside down for a week or so until the normal orientation in the mind is restored17.)
The image on the retina has been transmitted to the brain via the axons of the retinal
ganglion cells. These cells have center-surround receptive fields where, for example
the center is stimulated by the light falling on it, and the surround is stimulated by
darkness (“on” and “off” responses. Moreover, the center may be sensitive to one
color of light, e.g. red, and the surround by an opponent color, green. Every ganglion
cell has a particular center surround organization, and many different ganglion cells
may sample the same area of image space. The transform of the retinal image into the
spike frequencies of a million ganglion cells is characterized as a “wavelet”
transformation.
Due to the fact that there three different cone pigments in human eyes, and that all
color vision depends upon the cones it is possible to characterize every color that we
see in an image by a vector in three dimensional space along red, green and blue axes.
Color anomalies and color blindness are the result of damaged or missing genes and
the consequent lack of particular color sensitive receptors, usually those genes of the
red and green cones that reside on the x chromosome. Because males have only one
x chromosome, they suffer from color blindness more frequently than females.
Lastly visual acuity is conventionally measured by having a subject identify
optotypes (i.e. letters, numbers, or shapes) of known angular subtense. Normal
vision is taken to be the ability to identify optotypes subtending 5 minutes of arc with
black lines of 1 minute of arc width.
Questions for discussion:
1. Some vertebrates have retinas in which the distribution of rods and cones is almost
uniform across the entire retina, while we humans have strikingly different
distributions of rods and cones. Our foveas, the areas of sharpest vision, lack blue
cones in their centers and rods throughout. Outside of the fovea the density of rids
increases to arelative peak as one moves away from the fovea and the density of
cones decreases. What are the advantages of these different rod and cone
distributions and how do they relate to eye movements?

17

We distinguish the “mind” as being inseparable from, and dependent upon, the active brain but
embodying the resulting qualia attendant upon its activity. No one knows how this works.
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2. Color vision brings with it disadvantages. In the eye different wavelengths
cannot all be focused in the same plane, and the density of any one type of
receptor must be lessened by the presence of others. What are the
compensating virtues of color vision?
3. What do you see as the advantages of the “Mexican Hat” wavelet transform as

opposed to simply one uniform patch of equal sensitivity across it?
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The Visual System and Art
4. Color Vision, Segmentation of the Visual
Image and Object Recognition
Color and segmentation of the visual image
By segmentation of the visual image
we mean finding the separate objects
and background in it. It is one thing to
segment an image and antother to say
this is “something sitting on top of
another something” as opposed to
saying, “This is a person standing on a
hill”. The second sentence implies
segmentation but includes
identification. Usually segmentation
and identification happen so rapidly
that we have difficulty analyzing how
they happen. But a little thought about
how we parse a visual image will reveal
that cues to segmen-tation must include
anything that can distinguish one thing
from another, such as line,brightness,
color, texture, and pattern.

Figure 4-1 Wilhelm Ernst Julius Groß (1883–1974). Source:
Natalie Gommert/Dieter Wendland: Wilhelm Groß. Künstler
und Prediger. ISBN 3-88981-170-1

Figure 4-2 Sketch of Fig 1 made in photoshop
If we accept black and white as colors
then this silhouette (Fig. 4-1) is a picture
with two colors; and all the objects are black against a white background. So we
could say that all objects are colored black and the sky is colored white. The
characteristics of the objects that make them recognizable are clearly their outlines.
To see the effect of the “color” in this picture (Fig. 4-1) consider a photoshopped
sketch of the picture (Fig 4-2.)
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Note that the picture has no
frame and that there is now a
figure- ground problem with
the tree that is missing the
(inferred) line of the frame.
Moreover the hill, that was so
solid in Fig. 4-1 has now
disappeard because there is no
way to tell the sky from the
ground, except from the
inference that the people in the
sketch must be standing on
something.
Let us now look at a picture by
Matisse with full color (Fig. 43). Here the segmentation is a
bit more difficult, and
obviously requires some
experience with what happens
to colors in various intensities
of illumination. Note that the
Figure 4-3 Henri Matisse “Crockery on a Table” 1900, 97x82 cm. oil on
table cloth in the lower right of canvas, St. Petersburg, Russia
the picture is much darker than
the better illuminated left or top portions of the cloth. But we know it is the same
cloth as we are familiar with what happens to colors in shadow. The chair in the right
background is either black or very dark blue, as seen by the reflection of light in the
curve of the upper back rest. Indeed we probably recognize it as a chair because of
the familiar spoked pattern in its back. On the table things are rather more difficult.
The tea pot is metal, perhaps silver or pewter. Because it is a pot for tea or coffee or
other hot liquid it has a wooden handle which lies in front of, and obscures, part of
the object behind it.
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The crockery is much harder to
segregate. It is difficult to tell if
they are parts of one and the
same object, or different ones. I
read it as a cup and saucer in
front of a multicolored crock
with a conical top. It is
complicated by the fact that the
orange decoration on the crock
seems to run into a grey blotch
which may or may not be
connected to the cup.
There are some other curious
aspects of the picture in that
what I am calling the silver pot
clearly shows the reflection of a
bright surface in the direction of
the observer, but the
corresponding side of the table
cloth is in shadow, and the cup
and the crock show no sign of
the same reflection.

Figure 4-4 Black and white version of Fig 3.

Matisse has also used lines to segregate different objects and surfaces, particularly
around the crockery and the several surfaces of the table and table cloth. It is
interesting to look at the painting without color. I find it easier to disambiguate the
crockery, but the picture now looks unbalanced, and the bottom 1/3 could be cropped
to improve it. It is clear from the black and white image that the color plays a major
role in the beauty of the painting
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Other colorist painters
A number of abstract
artists have adopted a
“colorist” style where
color is the principal
element of the art work.
These works often, but
not always, use strictly
geometric forms. Some
of these paintings are
constructed of solid,
uniformly colored
patches with and
without overlap, others
show gradations of
color within patches. A
highly regarded
abstract colorist
painting is that of Nat
Leeb (Fig. 4-5). Part of
its charm lies in the
Figure 4-5 Nat Leeb, (1906-1990) The Burning Bush, 28 x 23.5" Location
apparent transparency
unknown.
of some, or perhaps one,
of the colored patches.
Note that the picture can be segmented into objects both by differences in color and
by the blurred blue lines. It could be a picture of a wall of polygonal blocks of various
sizes and colors.
Color Vision
We can discern colors because we have four different visual pigments in our rods and
cones that make them particularly sensitive to different regions of the spectrum. The
rod pigment, rhodopsin, is located on chromosome three, and as rods are primarily
active in very low light, “scotopic”, conditions, it does not contribute to color vision.
The cone pigments operate in high light, “photopic”, conditions. The blue pigment is
located on chromosome 7 and the red and green pigments are located on the X
chromosome. Because females have two X chromosomes and males have only one,
color “blindness” occurs primarily in males. It turns out that the ratios of red to green
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cones vary greatly among individuals all the way from 5:1 to 1:5. Despite these
variations they do not seem to affect color vision.
In the retina the color signals are processed so that many ganglion cells exhibit color
opponency, for example the center of the visual field may be stimulated by red light
while the peripheral field is stimulated by green light. More rarely blue light may
stimulate the center of a field while yellow light stimulates the periphery. Such
red/green and blue/yellow responses are found in the blobs of the striate cortex where
the same opponencies exist.
As we will see, this color information is fed to a special part of the brain, Area V4
which is responsible for the assignment of color to the visual image. Persons with
damaged areas of V4 are condemned to a grey, colorless world.
Colorist Paintings
The web has given new
opportunities for painters to
market their paintings. One such
painter is Tom Brown, who runs a
web-site and several blogs on
which he sells mass- produced
original oil paintings. He also
sells videos of art lessons. His
painting, “The orange tree” is
typical of his highly colored
works. While it is unlikely that
any of his paintings will ever be
exhibited in museums in his
lifetime—he operating style is
Figure 4-6 Tom Brown “The orange Tree”
that of a prototypical schlock
http://tombrownfineart.blogspot.com/
artist—he is obviously very
talented and his work will eventually be recognized.
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Figure 4- 8. Vincent van Gogh,(1853-90)”Starry Night” Oil on

Canvas Saint-Rémy, France: June, 1889 Museum of
Modern Art, N.Y.

Colorist painting also shows up in
every day commercial and folk art.
Figure 4-7 shows a poster advertising
a musical band in Durham New
Hampshire. To add some “worldly”
Figure 4-7 Poster advertising concert in Durham N.H.
information: according to Wikipedia
the smiling sun is an international
anti-nuclear energy symbol. The stars appear to have been borrowed from Van
Gogh’s “Starry night”. (Fig. 4-8) The significance of the tree with hearts and the frog
escape me. There is also a figure between the river and the word “Hillbillies” that
may or may not be a kangaroo.
Questions for Discussion
1.) Rank the seven paintings and drawings according to their use in segmenting
objects of a) line b) brightness c) color d) texture and e) pattern.
2.) We have not used silhouette as a separate method of image segmentation,
though in Figure 1 appears to be the primary method of segmentation. Can
you think of arguments for and against including silhouette as a separate
method of segmentation.
3.) We have seen that there are three cone types and that all colors seen by
normal persons can be described in a three-dimensional color space. However
color signals that are sent to the brain are expressed in opponent channels of
red vs green and blue vs yellow. While we have combinations of red and
yellow (orange) and red and blue (purple) there is no reddish-green or
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yellowish-blue. A modern computer screen and a magnifying glass lets one
see exactly how all the colors we see on the screen are made up of
combinations of red, blue and green lights (small vertical pixels). Placing a
colored swatch in Photoshop will let you see the quantitative combination of
red green and blue values expressed between 0 and 255 using the “Info”
window.
So what values of red green and blue give one a) dark grey b) medium brown,
c) light yellow?
4.) Tom Brown’s “Orange Tree”, Fig 6, shows very clearly the brush strokes in
the painting. It is obviously possible to either eliminate these strokes or
enhance them depending upon how much solvent is used with the paint. Why
do you think they were included in this small painting?
5.) Not that the abstract on the left is great art, but suppose it were published.
Would the artist of the Burning Bush, Nat Leeb have any claim against the
abstract artist who did the picture on the right?
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The Visual System and Art
5. More on Color Vision: Color constancy and
the work of Edwin Land
What determines the color of an object?
We tend to think of colors as being inherent in the object. However, this is simply
part and parcel of our habitually referring our sense impressions to the world outside
us. If by “color” we mean our sensation of the color red, which we tend to think is
universally the same sensation among all persons viewing a red object, then this, of
course, lies not in the object, but is a product of our nervous system
In fact the
sensation of red is a very private thing which is called a “qualia”. There is no way to
tell if my sensation of red, when I view what I call a red object. is, in fact, the same
sensation that you have when you view a green object, and vice versa. Qualia are
ineffable, that is they simply cannot be communicated to another person. That said, it
makes little difference in our agreement about the color of objects, as long as the
different color qualia are always associated in some orderly way with what we call
“differently colored” objects. But what do we mean when we say an object is “red”?
For a very long time it was thought (and many persons still think) that an object that
we call red reflects light whose greatest intensity lies in the red end of the spectrum,
i.e. above wavelengths of 600 nanometers (nm). Note that the light we receive
reflected from an object depends both upon the light that the object absorbs and the
spectral composition of the light that illuminates the object and is reflected from it.
So, for example, if we illuminate a scene with only red light, then all objects will
appear to have red hues of various brightnesses.
Some time ago low pressure
sodium vapor lights were used to illuminate streets and parking lots. They gave off
light of a very narrow bandwidth in the two sodium emission lines of approx. 589.5
and 590 nm. Thus all cars appeared to be either orange, or if one discounted the
illuminant, shades of grey.
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Now it is a fact that the color of light that illuminates the world around us varies
considerably in nature. The light of early dawn and dusk is very red or orange.
When the sun is occluded by clouds, but the rest of the sky is blue, the illumination is
predominantly blue. In the deciduous forest in summer the light is very green.
Nonetheless under all these conditions ripe apples look red, tangerines are orange,
leaves are green, and bluebells are blue. This phenomenon is called “color
constancy”, and the power of our visual system to report colors more or less
accurately under changing illumination has been studied by Edwin Land 18 , the
inventor of polaroid, a polarizing plastic film used in sun glasses, and the founder of
the company of that name.
Land became interested in color theory
when he was searching for ways to
economically make color film for the
cameras his company produced. He
made an elegant apparatus for
controlling the color of an illuminant
of a large collage of colored patches
which he called a “Mondrian” after
that artist’s work. The illumination
consisted of three projectors that
projected various amounts of combined
red, green and blue light with narrow
peaks at 630, 530 and 480 nm. He
could measure the amount of light
coming from a given color patch in the
Mondrian with a telescopic photometer.
The experiment, or perhaps we should
say the “demonstration”, since the
Figure 5-1 Mondrian experiment from Land’s
results were the same for all observers,
“Retinex theory of color vision” showing
worked as follows: The entire illuminating projectors and tele-radiometer.
Mondrian was illuminated with various
ratios of red, green and blue light so that at several different times a particular patch
of the Mondrian, say a red, a green or a blue patch was illuminated with varying

18

Edwin H. Land, Experiments in Color Vision Scientific American 200, 84-96 (May 1959); The
Retinex Theory of Color Vision, Scientific American 237, 108-128 (December 1977)

38

amounts of red green and blue light so that the reflected light entering the teleradiometer 19 , and the observers’ eyes from the chosen patch had the same
combination of reflected colored lights, e.g. red:green:blue in the ratios 5.8 : 3.2 :
1.6 measured in millewatts per (steradian*meter2).
Nonetheless, the separate chosen patches all appeared to be red, green or blue when
the entire Mondrian was illuminated with the same light, as it might have been if
viewed in the red light of dawn, the green light of a forest, or the blue light of a sky
(Fig 5-1).
This shows that the visual system when presented with a field of different colored
objects is able to “discount” the illuminant and maintain color constancy by
“recalibrating” the association of qualia with varying illumination.

Full color from red and white or two shades of orange light.
In another earlier set
of experiments, which
involved a great deal
of serendipity, Land
performed
the
following experiment.
He took two pictures
of the same colorful
scene from the same
place.
In the first
picture he place a red
filter in front of his Figure 5-2 Figure from”Experiments in color vision” by Edwin Land in
“Color vision: an enduring problem in psychology” Eds. R.C. Teevan and
camera lens and took R.C. Birney, Von Nostrand, Princeton 1961.
a picture of the scene
using black and white film. He took a second picture of the same scene without the
color filter again using black and white film. He then turned both negatives into
positives and projected the two images. The red image was projected through a red
filter and the non filtered image was projected with a neutral density filter attenuating
white light so that the overall brightness of the two images was approximately the

19

This is called a “photometer” in the article, but the units are those of a radiometer.
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same (Fig 5-2). When these images are projected side-by-side the non-filtered image
looks black and white with shades of grey and the filtered image looks red and white
with shades of pink. However when the two images are made to overlap the
overlapping image appears to have full color: with blues, greens yellows, oranges and
reds!
As President of the Polaroid corporation and a researcher, Land had enormous
resources at his command. I was fortunate to have attended the lecture at MIT where
Land first presented his color vision research to the public. The most exciting
demonstration was that of the two large light boxes (I remember them as being about
2’ wide and 5’ tall) using sodium and orange tungsten light, These two lights of
slightly different wavelengths of their maximum luminance were used to illuminate
two black and white positives taken of the same scene through a red and a green
filter respectively. In the experiment the tungsten light could be filtered to have a
narrow spectral band with its peak either slightly below or slightly above the sodium
light of 589 nanometers. When the positives in either box were viewed with a single
light, they simply looked like orange, pictures, but when both lights were on, the
appeared in full color. The astonishment of the audience, after seeing only the orange
transparencies, when both illuminants were turned on one at a time and then full color
appeared when both were turned on together, was a palpable gasp—similar to the one
when color appeared in the first Technicolor film, “The Wizard of Oz”.

Land’s experiments on color took the world of color vision research by total surprise.
Most experiments on color psychophysics up to 1957 had been carried out with
mono-chrometers and anomaloscopes using very small patches of light and foveal
vision. Only a few experiments had been done on the interaction of the effect on one
color being adjacent or surrounded by another color (Fig. 5-3). In such presentations
the surrounded central colors tend to look more like the opponent color, i.e a green
patch surrounded by blue looks more yellowish and the same green patch surrounded
by blue looks more greenish. As a result, the academic color vision community
simply did not know
what to do with Land’s
results. So they either
ignored them or stated
that there was nothing
novel in his findings, or
Figure 5-3 To show the effect of the surrounding
color on another.
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that they simply did not believe his results.
In subsequent experiments he substituted different filters for the red and neutral
density filters. As long as he had two pictures, one taken with a long wavelength filter
and one with either no filter or a shorter wavelength filter, he was able to produce full
color projections.
The most astounding demonstration I saw was in a lecture that Land gave in MIT
sometime between 1955 and 1958. Among other demonstrations he had one with
large cabinets with half silvered mirrors that allowed one to see composite images of
short and long wave pictures of the same subject (fig. 4-2). One of the
demonstrations used sodium light for the short wave image and orange filtered light
with a peak of about 20 nanometers longer than the sodium light. When the lights
were turned on singly one only saw orange images that looked very similar. However
when both lights were on simultaneously one saw the scene in full color.
Unfortunately, these results were so strange—so contrary to the current theories of
color vision that, unless one had seen the demonstrations it was very difficult to
believe that what was reported was true. It did not help that Edwin Land was a total
outsider in color vision without even a college degree! Even the fact that he
collaborated with and published with a very reputable vision scientist, J.J. McCann,
did not save his work from being neglected by the professional color vision world20.
Subsequently a very reputable neurophysiologist, Semir Zeki, found color
sensitive cells in area V4 of the monkey cortex which responded very much as did
Edwin Land’s subjects while the animal viewed a Mondrian stimulus21.
Summary
The spectral colors entering our eye from light that has been reflected from a colored
object are determined both by the spectrum of the illuminating light and the
reflectance of the object.

20

Once at a conference after listening to a presentation on color vision in which very mild effects of
color appearance were presented, I asked the speaker why he did not look into the much more dramatic
color effects of Edwin Land. His answer was that he simply did not believe them, an opinion that was
seconded by other members of the audience. Thus it would appear that the corollary to “Seeing is
believing” is “Not seeing is not believing”.
21

Zeki, S. “The representation of colors in the visual cortex” Nature 284, 413-418, 3 April 1980
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When we illuminate a patch of white surface with a colored light the color we
perceive is a function of the color of the illuminating light. A red light patch looks red,
a blue light patch looks blue, etc.
However, when we view a field of different reflecting patches, e.g patches that reflect
maximally in different parts of the spectrum, the colors that we see are much more
determined by the reflectance of the patches than by the color of the illuminating light,
provided that the illuminating light is not made up of a single line of the spectrum.
This phenomenon is so strong that a field of different colored patches will look
colored even if illuminated by two narrow band illuminants 20 nanometers apart in
the orange part of the spectrum. This is called “color constancy”
Semir Zeki has found cells in area V4 of the monkey brain that respond with color
constancy regardless of changes in the spectrum of the illuminant.

Questions for discussion:
1. It would appear that the nervous system goes to a great deal of trouble to
discard the color of the illuminating light in the visual scene. Why is this
important?
2. Persons with normal color vision see the entire gamut of colors from violet
blue, green, yellow, orange and red. Is it possible that color-blind persons
who are missing the green receptors still see the color we call green? Explain
your answer.
3.

Until Edwin Land published his experiments on color vision it was generally
believed that the perceived color was a very strict function of the ratios of
signals from the red, green and blue cones. The fact that virtually the full
range of colors could be produced by varying ratios of orange colored lights
differing in peak wavelength by about 20 nanometers, called for a total
revision of the theory of color vision. Unfortunately Land’s experiments have
been largely ignored by conventional color scientists. Why do you think this
is so?

4. It is known that we have three cone types with different spectral sensitivities
covering the visual spectrum. It was initially thought that the hue, saturation
and brightness of the image we perceive was a fixed function of the outputs of
42

these three cone types. However the experiments and demonstrations of
Edwin Land show that this is not the case. What is the relationship between
perceived color, hue and brightness to the output of the cones, and why is this
a functional improvement over the classical fixed function?
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6. The Cerebral Cortex: Parallel Processing of
Visual Information in the Brain
Neuroanatomy
The ganglion cells of the retina
send axons both to the lateral
geniculate body in the thalamus of
the brain and to the superior
colliculus, also called the “optic
tectum” in lower vertebrates.
These fibers synapse on other cells
that send axons the cerebral cortex
(Fig 6-1). In the optic chiasm
these fibers are sorted so that all
the axons of ganglion cells from
the right visual field go to area 17
in the visual cortex of the left
hemisphere of the brain , while
cells from the left visual field go to
area 17 in the cortex in the right
hemisphere. A separate set of
fibers, the corpus callosum, forms
a communicaton system between
the two hemispheres.
Many years ago Korbinian
Broadmann deliniated various
areas of the brain by studying their
microsopic cytological architecture
using Nissl’s stain (Figs.6-2, 6-3).

Figure 6-1 Horizontal section of the human brain
showing the neural pathways from the retina to the
cortex.

Figure 6-2 Nissl stain of the striate cortex (Broadmann area
17 also labeled V1, or the striate cortex) after the obvious
lines separating its layers. Note the border between V1
and V2, the latter having no stria.
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From its appearance
area 17 is called the
“striate cortex”, or
the “cuneus” (after
its wedged shape). It
is also called area
“V1”. A stroke that
damages area 17 in
the left hemisphere
will wipe out the
vision in the right
visual field. It has
beeen shown in
behavioral
studies
that
visual
information from the
“blind” visual field
actually does reach
the brain.
This
condition is called
“blindsight”,
and
most
probably
depends
upon
pathways from the
retina to the the
cortex
via
the
superior colliculus.
The
superior
colliculus or the
“tectum” in lower
vertebrates does all of
the processing of
visual information that
is
now
divided
between the cortex and
the superior colliculus
in higher vertebrates.

Figure 6-3 Regions of the brain

Figure 6-4 Flattened Monkey cortex showing visual areas in color.
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Other areas of the visual cortex
One of the principal jobs of the visual system is to separate and, with the aid of
memory, to identify objects and locate them in space. The locations in the brain
where some of these operations take place have been identified. We have seen how
the retinal image is processed by the retina and transmitted through the lateral
geniculate in the thalamus to the striate cortex.
The general plan is one of parallel processing, which begins in the retina. There
are two important types of ganglion cells in the retina: large and small called “magnocellular” and “parvocellular” these cells project to different areas of the lateral
geniculate and the corresponding geniculate cells project to different parts of the
columns in brain areas V1 and V2 and the areas beyond (Fig Kandel and Schwartz).
Generally, high spatial frequency detail and color is carried in the parvocellular
pathway, and low spatial freqency detail and motion is carried in the magno-cellular
pathway. Color, as we know from Zeki’s work, is processed in area V4, although
color related agnosias may occur through damage to Brodman areas 18 (V2) or 37
(the caudal portion of the fusiform gyrus, see Fig 1. ). Motion is processed in the
medial
temporal
area (MT)
or V5 and in
the superior
temporal
area
V5a.
Damage to
these areas
can result in
motion
blindness or
akinetopsia.

Figure 6-5

processing in the human comes
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Most of our
older
information
about
the
localization
of
visual

from cerebral damage,
due to stroke or trauma,
e.g. gunshot wounds. 22
More recently imaging
techniques
such
as
computed
axial
tomography (CAT) using
x-rays or functional
magnetic
resonance
imaging (fMRI) which
relies
on
the
paramagnetic properties
of
oxygenated
or
deoxygenated
hemaglobin, are the most
common techniques used
to study the integrity and
functional activity of the
brain.

Optic
nerve
Optic
tract

Figure 6-6 The visual system from the eyes to the primary visual cortex.

A general schematic of Source: http://www.csus.edu/indiv/w/wickelgren/psyc103/ClassVisionOne.html
the flow of information with additions.
in the visual cortex is given in Fig. 5-5 which is a copy of Fig 30-9 in the book,
Principles of Neuroscience, 3rd Ed. 1991 by Kandel, Schwartz and Jessel, Appleton
and Lang.
One of the principal jobs of the visual system is to separate and, with the aid of
memory, to identify objects and locate them in space. The general plan is one of
parallel processing, which begins in the retina. Two important types of ganglion

22

The war between Russia and Japan in which the Russians used very small caliber rifle bullets resulted in a large
number of non-fatal wounds in the brain, which when the entance and exit wounds were studied on and compared
with resulting symptoms, revealed a great deal of information on the visual cortex Tatsuji Inouye, Die
Sehstoerungen bei Schussverletzungen der korikalen Sehsphaere nach Beobachtungen an Verwundeten der letzten
japanischen Kriege, Leizig: W. Engelmann, 1909
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cells in the retina are distinguished by their size. They are called “magno-cellular”
and “parvocellular” ganglion cells. These cells project to different areas of the lateral
geniculate (Figs. 6-7 a & b) and the corresponding geniculate cells project to different
parts of the columns in V1 (Fig. 3).
Generally, high spatial frequency detail and color is carried in the parvocellular
pathway, and low spatial freqency detail and motion is carried in the magno-cellular
pathway.
Note in Fig. 1. That the information from the visual fields of both eyes
are combined at the optic chiasm and that the ganglion cells synapse in the lateral
geniculate nucleus with the optic radiation neurons that carry the information to the
primary visual cortex. In the lateral geniculate nucleus (LGN, Fig. 2) cells from each
eye project to alternate
layers. This means that
information from the two
eyes is kept separate until
it reaches the cortex.

Figs.6-7. a & b Lateral Geniculate body (LGN). The projections of the small
(P) and large (M) ganglion cells from the two eyes to parvocellular and
magnocellular layers of the LGN respectively. Each eye projects to
alternating layers as seen in the autoradiogram (right)

In the striate cortex
magnocellular cells from
the LGN project to layers
4Cα and parvocellular cells
to layer 4Cβ. K Cells
from the intralaminar layer
of the LGN project to
layers 2 and 3 of V1 (Figs
3 & 4)

A primary role of V1 is to
detect the orientation of lines and contrast borders. This may explain why line
drawings are accepted as representations of reality, even though they are highly
abstracted images.
Fig. 4 shows the connections from area V1 to other cortical areas. Most important of
these are areas V4 which is responsible for color vision and V5 or MT the medial
temporal area where object andface recognition take place. Fig. 5 gives a further
map of cortical connections.
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Figure 6-8 Connections between the LGN and layers of V1

Our information about the
localization of visual
processing in the human
brain comes either from
cerebral damage, due to
stroke or trauma, e.g.
gunshot wounds23, or,
more recently, from
functional magnetic
resonance imaging of the
brain (fMRI). The
resolution of fMRI is
measured in mm and
seconds. However, in
primate experiments it is
possible to place electrodes in the
brain and record directly from brain
cells with very high spatial and
temporal resolution, i. e. microns
and fractions of a millisecond.
Visual areas beyond V1

Figure 6-9 Connections between parts of the visual cortex.
Abbreviations: PO = paretio occipital sulcus area, MT = medial
temporal area, VIP = ventral intraparietal area, MST = medial
superior temporal region, LIP = lateral intraparietal area. See
text for function of areas.

24

Area V2 is known to have a kind of
color map where the region of
greatest excitation corresponds to
the color of the stimulus.24 Other
workers have found that V2 “…
may be essential for tasks involving

Youping Xiao, Yi Wang & Daniel J. Felleman Nature 421, 535-539 (30 January 2003)
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complex spatial discriminations.”
Danial Adams and Semir Zeki25 (2001) noted: “ Orientation columns in V3 have been
previously demonstrated; here we show that V3 also contains columns of segregated
disparity-selective cells. On the basis of its cellular properties, functional
organization, and intra-cortical connections, we propose that V3 contributes to the
processing of stereoscopic depth information and that the parietal areas to which it
projects use this information for the analysis of object depth and three-dimensional
form. “

Summary
We have traced the pathway of the image on the retina up cortex. The general plan
seems to be that various types of information from the retina is reassembled in a
representation of the visual field in the striate cortex. From here different kinds of
information are distributed to various cortical centers where color, object segregation,
motion, etc are processed. Figures 5-3 and 5-4 give cortical maps of these centers.
The right visual fields of the eyes project to the left visual area V1 in the cortex and
visa versa. In the retina information from magnocellular and microcellular ganglion
cells are carried in slightly different ganglion cell pathways to the lateral geniculate
body where the division is maintained in the further projection to area V1 the primary
visual cortex.
From area V1 the visual information is split further into parallel pathways and
distributed to at least 23 different cortical areas where visual processing of, for
example, motion, color, brightness, object identification, etc. are handled. These
areas are documented in Fig. 5
A somewhat crude picture of the functional pathways is also given in Figure 5.5.
Questions for discussion:
1. While the visual cortex projects to various other brain centers processing color,
object segregation and motion, these areas also project back to area V1. What
significance do you think these back projections may have/

25

D.L. Adams & S Zeki (2001) J. Neurophysiol 86, 2195-2203

50

2. A great deal of the processing of visual information goes on in the cortex,
there are still other functions such as the organization of saccades to a
peripheral visual stimulus that are handled subcortically in the superior
colliculus. Why do you think these ancient pathways were preserved?
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7. Object Segregation: Color, Texture, and Line
Color and object segregation and recognition
If we accept black and white as colors then this silhouette is a picture with two colors,
and all the objects are
black against a white
background. So we
could say that all
objects are colored
black and the sky is
colored white.
The
characteristics of the
objects that make them
recognizable
are
clearly their outlines.
To see the effect of the
“color” in this picture Figure 7-1 Wilhelm Ernst Julius Groß (1883–1974). Source: Natalie Gommert/Dieter
(Fig. 7-1) consider a Wendland: Wilhelm Groß. Künstler und Prediger. ISBN 3-88981-170-1
photo-shopped sketch
of the picture (Fig 7-2.)
Note that the picture
has no frame and that
there is now a figureground problem with
the tree that is missing
the (inferred) line of
the frame. Moreover
the hill, that was so
solid in Fig. 1. has now
disappeared
because
there is no way to tell
Figure 7-2 A sketch of figure 1 made with Photoshop filters
the sky from the ground,
xcept from the inference that the people in the sketch must be standing on something.
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Object segregation: Color,
Texture and LineExperiments in
computer vision have taught us much
about the difficulties in defining
separate objects in a digitized visual
scene. One of the first attempts is to
gather together pixels of the same
color. It will be noticed that Van
Gogh’s painting of his bedroom (Fig
7-3), the walls and doors are blue, the
Figure 7-3 Vincent van Gogh (1853-1890 ) Bedroom at
floor brown, the furniture and picture
Arles 1888 Van Gogh Museum, Amsterdam
frames a warmer brown.Additional cues to segregation are given by lines. The chairs
and bed are further separated from
their surroundings by being outlined in
black lines. Similarity of shapes also
aids segegation. The pictures and the
window are all rectangular shapes, as
are the panels of the doors.
Obscuration and perspective play a
role in segregation. The chairs, table
and bed obscure the floor and walls
and can thus be separated from them
and located relative to them. Let us

Figure7-4 Henri Matisse (1869-1954) Cockery on a table
(1900), Hermitage Museum, St. Petersburg, Russia
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now look at a picture by Matisse with
full color (Fig. 7-4).Here the
segmentation is a bit more difficult,
and obviously requires some
experience with what happens to colors
in various intensities of illumination.
Note that the table cloth in the lower
right of the picture is much darker than
the better illuminated left or top
portions of the cloth. But we know it is
the same cloth as we are familiar with
what happens to colors in shadow. The
chair in the right background is either
black or very dark blue, as seen by the
reflection of light in the curve of the
upper back rest. Indeed we probably
recognize it as a chair because of the
familiar spoked pattern in its back. On
the table things are rather more
Figure7-5 Matisse (1869-1954) Crockery on a table
difficult. The tea pot is metal, perhaps (1900) black and white.
silver or pewter. Because it is a pot for
tea or coffee or other hot liquid it has a wooden handle which lies in front of, and
obscures, part of the object behind it.
The crockery is much harder to
segregate. It is difficult to tell if
they parts of one and the same
object, or two different ones. I read
it as a cup and saucer in front of a
multicolored crock with a conical
top. It is complicated by the fact
that the orange decoration on the
crock seems to run into a grey blotch
which may or may not be connected
to the cup.

Figure 7-6 Gustav Klimpt (1862-1918) Birch Forest (1903)
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There are some other curious aspects
of the picture in that what I am

calling the silver pot clearly shows the reflection of a bright surface in the direction of
the observer, but the corresponding side of the table cloth is in shadow, and the cup
and the crock show no sign of the same reflection. Be that as it may the colors make
the picture very pleasing. It is interesting to look at the painting without color. I find it
easier to disambiguate the crockery, but the picture now looks unbalanced, and the
bottom 1/3 could be cropped to improve it.
Some artists deliberately make the segmen-tation of pictures difficult, for example,
Gutav Klimpt (Fig 7-6). He achieves this by greatly reducing the differences in
brightness between the objects and the ground they rest on and by the rapid changes
in shading and texture between the darker lower portions of the trees and their light
upper portions. It is clear that differences in texture play a strong role in identifying
the ground. Note that the gradient in the fineness of the texture of the leaf-strewn
ground gives a strong cue to the depth of the picture.
Another such artist is Charlie Harper whose modernist, geometric
colored posters have
documented
many
national parks. Like,
Klimpt, Harper creates
paintings that are
difficult to segment
into separate objects.
This difficulty is due
to
the
geometric
abstraction of forms
using
primarily
straight lines and
Figure 7-7 Charlie Harper (1922-2007) Missing Migrants
circular
arcs,
the
overlapping of objects, and the “Posterization” employing solid
colors with no shading (Fig 7-7).
Lastly let us consider Leonardo Da Vinci’s sketch (with two heads)
of Saint Sebastian (Fig 6-8). This is a pure line drawing without
any shading. Clearly it was a very rapid sketch, probably initially
with pencil, as seen by the marks around the feet, but finally
outlined in ink. The stark power of the drawing is striking.
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Figure7-8 Leonardo
Da Vinci (1452-1519).
Study for St Sebastian
1480-81

Summary
A major task of the visual system is to analyze the visual image, separating it into
recognizable objects located in three dimensional space.
The process of separating objects in an image from each other and from the
background is called “segmentation of the image”. The cues used in segmentation are
those of spatial separation, color, texture, brightness, size, shading and overlap, to
name the most important ones.
A great deal of information is contained in the silhouette of an object, which is rather
easier to recognize in groups of figures than their outlines alone.
The major clues to three dimensional depth are size (when many of the same kind of
objects are present), overlap, and, in images of great depth, diminution of contrast and
gradation towards the predominant color of the sky with increasing distance.
Questions for discussion.
1.

Very little of the information in the picture of Figure 7-1 is lost in the picture
of Figure 7-2. Yet the latter appears much more difficult than the former.
Why do you think this is so?

2. In Figure 7-3, “The bedroom at Arles” the picture differs from a real scene in
a very striking way. Can you spot the difference. The answer is given in this
endnote i
3. In figure 7-6 of the birch forest what are the principal clues to depth?
4. Figure 7-7 is rather cluttered and difficult to parse. What does the straight
vertical line near the moon represent?
5. In the Da Vinci drawing, Fig 7-8, how is the muscularity of the figure
conveyed?
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8. Faces and Face Recognition
Cortical areas
for face
recognition

Figure 8-1 Activations yielded by all face conditions minus the fixation
baseline. The activated voxels shown passed P<0.05 corrected, P<0.001
uncorrected in every subject. Figure from Neruoimage 13, 11-2-1112, 2001.
“Seen gaze direction modulates fusifoactivity and its coupling with other grain
areas during face Processing”, N. George, J. Driver and R.J. Dolan

Face areas in the
brain are located
in the fusiform
face area (FFA),
the occipital face
area (OFA) and
the superior
temporal sulcus
(fSTS), (Figure 8-

1).
We may begin our study of face perception by reviewing and analyzing our own
common experiences in recognizing faces. Before we begin, however, it should be
noted that while faces furnish the prime information for identifying persons there are
many other cues which allow or aid in identification. These include voices,
mannerisms, silhouettes, and mode of walking, to name a few.

Figure 8-2 Three pictures by van Gogh: The postman, a self portrait, and his grandfather, the three in frontal, half
turned, and side views.
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Faces, however, contain the majority of the information used for identification. Faces
are often portrayed in one of three modes: full frontal, half turned, or profile. Persons
with unusual noses or chins provide more identifying information in profile views,
while views of those with unusual eyes or mouths are more informative in full frontal
views.

Describing faces
Often in characterizing faces we use words like “handsome”, “ugly”, “young”,
“weathered”, “thin”, etc. but we rarely go into great detail. Here we may try to
develop a more complete and, insofar as it is possible, objective categorization of
faces.
The main facial features that are used in identification are: Hair: color, texture, length;
Forehead: Prominence, size; Eyes: spacing between them, eye color, eyebrows, and
eyelashes; Nose: length, breadth, shape, nostrils; Mouth: width, thickness and
prominence of lips; Ears: size, angle to plane of head, length of lobes; Chin: size,
shape, prominence; Profile: shape of profile: straight: concave, convex; Shape of
frontal face: oval, square-like, Parallelogram (truncated triangular): point up or down;
Skin color, Estimated age.
So, in Figure 7-2, for the postman we have: Frontal face. Hair: light brown, large
curled (beard); Forehead: covered by hat. Eyes: wide spaced, green color; Nose:
prominent nostrils; Mouth: width small; Ears: hidden by beard; Chin: hidden by beard;
Profile: not seen; Shape of face: Square-like. Est. Age: 30.
Van Gogh: Half-turned face. Hair: red, short, straight; Forehead: large; Eyes: deep
set, narrow spaced, color: brown; Nose: medium-long; Mouth: obscured by
moustache; Ears: slightly pointed at top, unattached; Chin: obscured by beard; Profile:
convex. Est. age: 35 (actual age:33)
Grandfather: (Black and white drawing) Profile. Hair: straight, sparse. Forehead: long.
Eyes: bags under them. Nose: long, pointed, prominent with prominent nostrils. Ears:
large, attached; Chin: small; Profile: convex. Est. age: 70.

Biometric face recognition
A number of schemes have been proposed for identifying faces by identifying them
with a number of biometric measurements, e.g. distance between eyes, width of face,
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length of nose, etc. The hope is that, despite the common configuration of faces, the
sets of individual ratios of various distances of points on the face will differ enough to
provide a unique set of ratios for each face measured. Obviously the more faces are
measured the more likely it is to have two sets of nearly identical ratios. (Realize that
all measurements have round-off errors, and that by estimating these errors in the
ratios and their
standard
deviations it is
possible to
estimate the
probability of
any two
measured faces
to be identical.)

8-3. Face with lines through numbered reference points. See text for descriptions of
locations of points.

A picture of a
measured face is
presented in
figure 3 along
with numbers
identifying
various reference

points on the face.
The reference points, roughly from the top down, are as follows:
Points
Location
2,4 and 12,15
Horizontal extremes of the eyes
1,5 and 11,14
Vertical extremes of the eyes.
3, 13
Centers of the pupils.
20-23
Axis of vertical symmetry
21-22
Points on maximal width of the face
6,16
Points on maximal width of the nose
7,8
Center of tops of nostrils
17,18
Tops of upper lips
9,19
Maxim width of corners of mouth
10
Lowest point of lower lip on center line
If one enters the coordinates of every one of these points taken from a frontal picture
of a face at a reasonable distance, into a computer program the ratios of all the
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measured distances between points are easily calculated. Moreover, one measures a
number of faces, making several photographs and measurements of each face, one
can examine the variance in the ratios both of individual faces and of groups of faces.
By chosing pairs of those measures that have the highest ratios of inter-subject
variance to those of within subject variance, one can maximize the differentiability of
the tests, and also, after enough data is collected to estimate the probability that any
two pictures represent the same face.
Furthermore, it is possible to institute some corrections to the data if the face were
tilted relative to the camera. For example, if the subject is not facing the camera, and
the tilt still allows the locations of most of the reference points, then, if the tilt is
correctly assessed, one can correct the values for a frontal face presentation.

How do we recognize faces?
Computer programs can give us some idea of the computations that may be going on
in our brains, but their capabilities—leaving aside their speed and ability to store data
on very large numbers of faces—are primitive compared to our abilities. We are not
only able to recognize faces but we can also derive much information about the
mental state of the person at whom we are looking.
We easily recognize and distinguish between faces expressing happiness, sadness,
anger, surprise, puzzlement, determination, doubt, adoration, and reflection among
other emotions and states of mind. In short we are extremely sensitive to many
emotional and some intellectual states as expressed in faces, and this is an
accomplishment that is only rudimentary, if at all present, in computer programs.
Moreover, the better we know a person, the more accurate and nuanced is our ability
to judge their mood, picking up cues of which we may not even be conscious—all
from casual glances at their faces. (And within my lifetime people first began to talk
about “body language” which also gives cues to mood.)
There is much that we do not know about our ability to “read” faces, and, although
some of our abilities in this line appear to be mysterious, I believe that this, like most
other activities can be fruitfully investigated by careful experimentation.
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We spend an enormous amount of time
looking at faces, because faces have
enormous social significance. There are
conventions associated with looking at faces,
and they differ from place to place. On
Tower Road it is generally possible for a
man to tell if a young woman comes from
the city or from upstate York. Young city
women generally practice gaze avoidance
with strangers, while their country cousins
generally do not and return smiles with
smiles.

Fig. 8-4 Table 1 from “The Expression of the
emotions in man and animals”by C. Darwin

We look at our friends and judge their mood
by their facial expressions. When we talk to
someone we watch their face for clues to
understanding, approval or disapproval or
other emotional reactions. And, as noted
above, we look at people to see where they
are looking.

Im 1872 Charles Darwin published his book “The expression of the emotions in man
and animals”26. It was all about faces. Figure 1 shows a collection of photographs of
displeasure in infants and a young child. Darwin writes (P147)

“Infants, when suffering even slight pain, moderate hunger, or discomfort, utter
violent and prolonged screams. Whilst thus screaming, their eyes are firmly closed,
so that the skin round them is wrinkled, and the forehead contracted into a frown.

26

Charles Darwin “The expression of emotions in man and animals”, Appleton & co. NY 1897
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The mouth is widely opened with the lips retacted in a peculiar manner which
causes it to assume a squarish form; the gums or teeth being more or less exposed.
The breath is inhaled almost spasmodically.”

The principles that Darwin asserted to explain the expression of emotions are not very
satisfactory. He believed that 1.) emotional states that serve a purpose (e.g. an infant’s
crying gets it milk) –that these states become habitual and that 2.) opposite states (e.g.
contentment) induce antithetical states (e.g. an infant’s quiet cooing and smiles) and
lastly 3.) some states arise from involuntary actions of the nervous system (e.g.
blushing, sweating etc.). Surprisingly he apparently did not believe that an infant’s
crying was an innate reaction to hunger.
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Figure 8-5 Muscles of the face involved in the generation of facial expressions, pp 24-25 Ref footnote 1. Many of these muscles
have new names.

Perhaps more important was Darwin’s calling attention to the many (at least 12)
muscles which underlie facial expressions (Fig 2).
Given the importance of faces it is probably not surprising to find that very specific
portions of the visual system are devoted to recognizing faces and deriving socially
important information from the configuration of their features
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Over ten years ago J. V. Haxby and others, in a review of the face literature, proposed
that the organization of information about
faces was divided into two aspects, each with
its separate region in the extra-striate cortex.
The recognition of faces was located in the
fusiform gyrus while the processing of
changeable facial features, including the
expression of emotion, occurs in the superior
temporal sulcus in monkeys27 (Fig 3). Haxby
et al. found that in functional magnetic
resonance imaging (fMRI) studies of human
brains, other brain regions act in consort with
the face regions. In lip reading, for example,
the auditory cortex is activated, even without
auditory input.
Figure 8-6

The major tools for exploring the human
cortex to find the locus of face information
recognition has been electroencephalographic recordings of cortical

potentials. These have usually been made
from the surface of the scalp, but
occasionally from implanted electrodes,
either on the surface of the cortex, or,
rarely in connection with medical
procedures to find epileptogenic regions,
from deep implanted electrodes. An
advantage of these techniques has been
the possibility of using the recording
electrodes as stimulating electrodes to

27

Figure 8-7

J.V. Haxby et al. (2000) “The distributed neural system for face perception”. Trends in cognitive science, 4 (6)
225-233.
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disturb the normal function of the face center, while noting the perceptions of the
subject whose brain regions were being stimulated.

Descriptions of two of these studies follow. In the first experiment28 24 patients with
intractable epilepsy were studied. They had chronically implanted 2.2 mm diameter
stainless steel electrodes positioned subdurally in strip arrays at 1 cm separations on
the cortical surface. Pictures of faces taken from a college yearbook were shown on a
television monitor, some of which whose parts were scrambled to make them
unrecognizable along with pictures of front views of cars (some also scrambled) ,
butterflies. Pictures were presented randomly for 1.8-2.2 seconds each. Recordings
were made simultaneously from 32 or 64 locations and digitized at 250 Hz. In 14
cases stimulation using 5 second pulse trains at 50 Hz of 0.2 ms duration were carried
out. Stimulus intensity was increased in steps from 2 to 10 milliamps. (Stimulation
was discontinued if after-0discharges were noted in the electroencephalogram.)
In certain locations a large amplitude (150-200 µvolt) negativity with a peak latency
of approx.. 200ms, which was evoked by faces but not by any other stimulus, was
recorded. This was termed an “N200” response. Fig. 4 (Fig 3 in Allison, 1994)
shows the location of these face responses.
The results of stimulating the brain through the same electrodes from which a N200
response was a resultant inability of subject to identify faces that they had previously
identified correctly.
The authors concluded:
“Our results suggest that small regions of the fusiform and inferior temporal
gyri are indeed devoted specifically to face recognition. These face modules
may be homologous with regions of monkey temporal cortex that respond
preferentially to …and may be intercalated with other functionally specific
regions (e.g., a “letter-string module” … ). Given the apparent mosaic of
functions parceled out to small regions of this cortex, it is not surprising that
bilateral large lesions might disturb identification of various categories of
objects, giving rise to the impression that face recognition is part of a unitary
process of object recognition.”

28

T. Allison et al (1994) Face recognition in human extrastriate cortex”, J. Neurphysiol. 71 (2) 821-825.
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Figure 8-8

Summary
Functional magnetic resonance imaging (fMRI) has revealed several specialized
regions of the cortex where face information is processed. It appears that the
recognition of faces and the reading of emotions has a high selective value in our
survivial. We have a large vocabulary for describing faces, again attesting to the
importance of this ability. Concerted efforts have been made in computer imagery
both to detect and identify faces, and, a much more difficult task to extract emotional
states from faces. We, of course are specialists both in identification and reading
emotions. (I once recognized a childhood friend that I had not seen for five or six
years at a distance of 30 or more feet, half way around the world from where we had
last met. More remarkably, a friend of mine once recognized a person as being her
aunt, again in a totally different country from where she lived, even though she never
recalled seeing the person before!) Our ability to read emotional states from faces far
exceeds any computer attempts to duplicate this ability. Presumably as the ability to
program computers to perform this task will also help us to understand how our own
abilities to read faces are programmed.
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Thoughts and Questions for Discussion
1.)

It is interesting to catalog the various emotions that can be expressed by the face.
See if, by standing in front of a mirror, you can express the following emotions: 1.)
happiness, 2.) friendliness, 3.) surprise, 4.) sadness, 5.) doubtfulness, 6.) disgust, 7.)
horror, 8.) fear, 9.) determination, 10.) disagreement 11.) interest 12. admiration. 13.)
boredom.

2.) The artists and the women they portrayed in the video: 500 Years of Women in
Western Art have been identified. This is on the website:
http://www.maysstuff.com/womenid.htm The original website is
http://www.youtube.com/watch?v=nUDIoN-_Hxs Incidentally, the soundtrack was
performed by Yo-Yo Ma Bach's Suite No. 1, BWV 1007 In G Major- Sarabande
3.) Here is a picture of Winston Churchill taken by
the famous photographer, Yousuf Karsh. This
picture went onto the cover of Life magazine
on
May
21
1945
and
stood
for the
determination of the British to resist the German onslaught. Seconds before the
photo was made Karsh had taken Churchill’s cigar out of his mouth and Churchill
was not pleased. By popular demand the image was put on the English 5 pound note.
4.) Having seen the lovely morphing of some 90 portraits of women in Western art, is it
not plausible that there will soon be computer programs that will change the
expressions on people’s faces? What uses do you see for this possible invention?

5.) Design and describe a complete test for determining the relative
importance of the features of a face in recognizing it.
6.) Obviously expressions change the shapes of faces. However some
features of the face stay constant and can be used to identify a face,
despite the changeability of the expressions. What would these be?
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7.) Consider now the complimentary question: How would you go about characterizing
the change in facial features associated with various expressions so that the result
would be independent of the particular face involved.
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The Visual System and Art
9. Line Art, Drawings, and Posterization
Cortical area V1 and the analysis of lines
Figure 9-1 (adjacent) from Hubel and
Wiesel’s first paper on V1 in the cortex
of cats29 revealed cells that were
sensitive to the orientation of oriented
bars of light. Subsequent papers
showed that this sensitivity to black or
white lines is ubiquitous in V1. Such
receptive fields of “simple” cells, as
they termed them, appear to be
constructed of combinations of the
outputs of the more circular receptive
fields of ganglion cells. They also
found more complex cells in V1 which
showed asymmetries of the sort that
would be useful in determining the
boundaries of borders of, say,
silhouettes, where one side of the
elongate receptive field is excitatory and
the other inhibitory.

Figure 9-1

Line Drawings Because these
operations are the very first that the
brain undertakes to analyze and
transform the visual image, it is perhaps
not surprising that we accept line

Figure 9-2 a and b Line drawing from photo using
photoshop. Pictures from
www.melissaevans.com/tutorials/turn-photos-of-peopleinto-line-art.

29

D.H. Hubel and T. N. Wiesel, “Receptive fields of single neurons in the cat’s striate cortex” J. Physiol.
(1959) 574-591.
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drawings that are extreme abstractions
of the visual image, as perfectly natural.
Figure 9-2 shows a Photoshop30
rendering of a digital image. Note that
the line drawing is absolutely devoid of
shading31; however the image is
perfectly understandable. The ease
with which the image may be
understood by the viewer may well in
part depend upon the fact that it
involves a face and shoulders—
pictorial elements of great familiarity,
and, in the case of faces, which receive
special treatment in the visual brain.

Line Drawings with Shading

Figure 9-3 Giovanni Ballista Tiepolo. A saytr’s family. From the
series Scherzi di Fantasia, ca. 1743–57

This picture of a Satyr’s family (Fig 93) is an etching with shading by Tiepolo. Note that a great variety of strokes are used
in the shading, and that they often follow the contours of the surfaces that they are
darkening.

30

For persons who read this after, say, 2020, “Photoshop” is a computer program for processing
digital images that runs (or ran) on PC and Mac computers.
31

Although it should be noted that the line thickness has been adjusted for emphasis, particularly in
the eyebrows and leading shoulder.
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Figure 9-4 A posterized version of fig
2a.

Posterization
Figure 9-5 Seated River God, Nymph with Oar and Putto Pen and ink
wash over black chalk, Metropolitan Museum of Art, New
York. Giovanni Ballista Tiepolo (or Giamballista Tiepolo), 16961770

By “posterization” is meant
turning an image into a picture
which has a very limited
number shades and or colors. Posters often have this quality as they are frequently
made by a silk screen process which employs only a limited number of screens. Fig.
9-4 shows a posterized version of figure 9-2, which has reduced the picture to one
color in three shades.

Actually this kind of “posterized” picture has a long history. Such an old example is
that of Tiepolo’s “Seated River God” which has only four tints including white.

Summary
The first place that the visual image is analyzed is in cortical area V1. Here by a
process of spatial differentiation the borders of different patches of color and contrast
are detected and a line drawing of the picture is created. Further on in the cortex
analysis of the signals originating in the retina results in the creation of red, green and
blue images from which a mental image of the retinal image is constructed.
As reasonable images of a scene we accept pictures with or without color and with
various gradations of shading or simple line drawings.
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Questions for discussion.
1. Of all the clues to the segmentation of objects in images, lines seem to be
the most important. Line drawings, e.g. black lines on white paper,
without color or shading make perfectly adequate representations of real
scenes, even though these are extreme abstractions of the information in
the actual image. But some, indeed many, real images do not have lines.
What explains the importance of lines in image segmentation?
2. Figure 3 with its three shades would hardly have more depth if the shading
had smooth gradations of shade from white through all shades of brown to
black. What does this say regarding the relative importance of lines and
shading in images?
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10. Vision and Art
Segmentation of the Visual Image
Introduction.
A great deal of work has been directed to generating computer algorithms for
automatically extracting information from two-dimensional images. The first step in
this process is almost always the segmentation of an image into its constituent parts or
objects, a task which necessarily precedes their identification. However even the
elementary step of segmentation has proven more difficult than was expected. This
difficulty is surprising because the human visual system not only continuously and
immediately segments images into objects, but it also simultaneously identifies them.
Perhaps it is the fact that segmentation and identification in the human brain occur so
rapidly that relatively little effort has been put into discovering how the human visual
system accomplishes these tasks.
Segmentation and recognition. When we view an image we immediately recognize
the objects in it. It is as if the image appears in our consciousness as a totally
annotated picture wherein we recognize and identify virtually all the objects in it.
Here, “objects” is used very
generally to mean the separable
parts of an image: e.g.. faces,
tables, walls, floors, trees,
mountains, clouds, that is: any
part of the image for which we
have a name, or which we
identify as part—even if we do
not know the name of it. It is
generally impossible to tell
which came first: segmentation
or recognition, though logically,
segmentation should precede
recognition. It would appear that
Figure 10-1 Theodore Gericault (1791-1824) The raft of the
segmentation is more primitive
than recognition in the sense that Medusa, (1818-1819) Oil on canvas 491 x 716 cm. Louvre, Paris.
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segmentation can conceptually be
performed on an image without
reference to memory. If one views
five separate crows flying against a
blue sky, they can immediately be
segmented into five objects on the basis
of motion, color, and brightness
relative to the background-- tasks that
do not require memory
. However recognizing them as birds,
presupposes that one has seen birds
Figure 10-2 “The raft…” in grey tones to show brightness
before and hence can name the
effects.
segmented objects as birds.
(Identification, with which we are not concerned here, may bet a step or steps away,
such as identifying the segmented objects, recognized as birds, as “crows”, or even,
one of them as “my pet crow”, again by referring to memory.) Given that
segmentation is the first step in the visual system’s analysis of images, one may ask,
what cues are used to segment the image? We know that memory may be involved if
we are looking for a particular object that we have seen before. However, we shall
set this factor aside for the time being. We shall initially simplify our analysis by
limiting ourselves to the segmentation of two dimensional stationary images, thus
ruling out the cues of stereopsis and motion. The major cues for image segmentation
are differences in brightness, color, texture or pattern. In works of art, line is also
used to indicate these difference boundries. Once the objects in the picture are
segmented, an additional ordering of the objects in depth can be made. Here the cues
are obscuration —the object on the top layer is always closer to the observer than
those obscured by it--- perspective and aerial perspective32, and the relative size of
familiar objects.“The Raft of the Medusa” ( Fig. 1) is a painting by the young
Theodore Gericault ( Pronounced “Theodor Jerryco”)at age 27. It was an immediate
success. Unfortunately Gericault died at age 32 of tuberculosis. The colors of the
picture are muted. The major factor in the segmentation is the brightness—the light
colored bodies against the darker wood of the raft and the, darker bodies against the
lighter sky. Note that the segmentation is almost as good in a black and white
rendering of the picture (Fig. 2). The major cue to depth is obscuration. The Raft of

32

Aerial perspective is the loss of contrast and tendency towards a bluish color in distant objects.
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the Medusa may be contrasted with a picture
whose primary segmentation is due to varying
textures and secondarily brightness and color.
Such a picture is that of Monet’s garden (Fig 3).
Again the removal of color (Fig. 4) makes little
difference in the difficult of segmentation of the
picture.
Paul Signac’s “The Town Beach” (Fig. 5) relies
mostly on brightness and secondarily on color
for segmentation. Aside from the green patches
Figure 10- 3 Claude Monet (1840-1926) Waterlilies
and the orange roof in the right hand middle
and Japanese Bridge', 1899 (oil on canvas)
ground, the shades of brown are mostly within
+/- 10 degrees of 20ºof the red spectrum. And
as may be seen the colors are quite unsaturated..
Again, because of the importance of brightness,
the segmentation of the picture survives very
well in a black and white format, as may be seen
in Fig. 6. Here below ( Fig 7 ) is a picture by the
work of a contmeporary colorist artist, K.M.
Schmidt. She segments her pictures with color,
line and brightness in almost equal proportions,
as may be seen be seen in Figure 9.Josef Albers
Figure 10-4 A black and white version of Figure
entitled “Homage to a square”. It is one of a
10-3.
long series of paintings of various colored
squares. It is presented here because it relies very heavily on color for its
segmentation as the black and white image
(Fig 8.) will show.

Figure 10-5 Paul Signac (1863-1935) The town beach oil on
canvas, 1887. 62.9x 80 cm. Metropolitan Museum N.Y, N.Y.
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Figure 10-6 Black and white version of fig 5.

Figure 10-7 Josef Albers (1888-1976) Homage to a square: with
rays1959. Oil on Masonite 129.1x129.1 cm..Metropolitan
Museum of Art, New York

Figure 10-8 Black and white version of Figure 10-7.

Figures 10-9 and 10-10 illustrate the fact that when a variety of saturated colors are
employed in a picture which already contains lots of brightness contrasts the colors
serve primarily to differentiate different types of objects in addition to
complementing the brightness segmentation.

Figure 10-9 K.M. Schmidt is a current colorist artist who sells
paintings on the web. http://www.kmschmidtart.com/
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Figure 10-10 Black and white version of Figure 10- 9.

The Visual System and Art
11 Transformations of Visual Images from the
Mind to the Canvas
_________________________________________
Introduction
We have seen that the images of real
objects residing in our minds which
originated in our retinas have undergone a
number of transfor-mations. These
included: a) the projection of images of real
objects onto the spherical surface of the
retina, b) the widely different sampling
densities in the retina due to the uneven
distribution of rods and cones, c) the fillingin of the blind spot and of colors in regions
of the retina that do not have all three cone
types, d) the arbitrary assignment of color to
objects in the image in area V4 of the
human brain, e) and the organization of
images into a brain model of the space in
which the body resides. We now want to
investigate the reverse transformation of the
image in the mind to the two dimensional
image on canvas or paper created by an
artist.
In the following sections we review
those methods by which images are
Figure 11-1 Jan van Eyck < 1390-1441) The Arnolfini Marriage,
segmented both in the image plane and in
1434, Oil on panel, National Gallery, London UK. The signature
above the mirror on the wall is that of van Eyck.
depth, and then we look at the artistic
transformations that may result from the alteration or elimination of segmentation
cues. Next we look at the possible transformations of color in the mental image,
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including its elimination. We consider alterations of known real scenes and in the
shapes of objects. Lastly we look at the transformations employed in portraiture.

Segmentation of visual images
In the image plane The cues to segmentation in the image plane are color, brightness,
line, and texture or pattern. In our laboratory we are currently designing tests to find
the relative salience of these cues. My suspicion is that the order from most to least
salient will be something like the order given in the first sentence of this paragraph,
though this remains to be seen.
In depth The cues to depth are overlap, size, perspective, shading and aerial
perspective. The picture of the Arnolfini Marriage exhibits all of these cues both in
and out of the image plane.

Transformations in
Segmentation
Alteration or elimination of
cues Perhaps the art form that
has the greatest paucity of
cues is that of drawing.
Figure 2 is a self portrait
( drawing with no shading) of
the artist Henri Matisse.
Matisse was a colorist and a
Figure 11-2 Henri Matisse
creator of “Fauvism”. Figure (1869)-1944, Self portrait
(1944). (© 2011 Succession H.
3. is a portrait of his wife in
Matisse / Artists Rights Society
this fauvist style. In this
(ARS), New York)
portrait Matisse has greatly
exaggerated the intensity of the colors: the black and
blueness of the hair and the shadow (“green line”) on the
face.
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Figure 11-3 Portrait of Madame Matisse
1905, Statens Museum for Kunst,
Copenhagen.

Figure 11-4 Portrait of Madam Matisse as a
digitally altered block print.

Transformations in color
Color to Grey Scale or Black and
White Initially all photography was
monochromatic, either with sepia
tones or with black and white. Also
wood block printing lends itself to a
black and white transformation (Fig.
4).

Figure 11-5 Karl Albert Buehr (1866–1952) The white parasol,
1913. Buehr was a painter born in Germany who immigrated to
the US as a child

Changes in Color Changes in color
may involve changes in hue,
saturation or brightness. Colorist
painters usually increase the
saturation of the natural colors.
Impressionists may occasionally
increase the brightness and, or,
reduce the saturation of colors (Fig 5).

Changes in color temperature occur
frequently when digital copies of images
are made. Furthermore even when a
painting is viewed in a museum,
depending upon whether the day is cloudy
or sunny or whether the painting is
illuminated by artificial light, the color
temperature of the painting may vary
according to the illumination. Some digital
programs allow one to alter the color
temperature of the image.
Color hue substitution In digital images
there are devices for altering hues
relatively easily. However, in a painting,
unless one knows the hues of the real
objects that are being depicted, only the
artist knows how he or she has altered
them.

Figure 11-6 El Greco ((1541 –1614) A view of Toledo 15961600 Oill on canvas 121.3 cm × 108.6 cm. Metropolitan
Museum, New York.

79

Figure 11-7 A contemporary photograph of Toledo,
Spain.

Trasnsformations of objects
Transformations of location Artists will
often change the arrangement of objects in
order to fit them into a smaller space. This
is what El Greco did with his picture of
Toledo (Fig 5). He moved the church, the
long diagonal city wall and the castle much
closer together to fit them in the same
picture. He was probably counting on the
fact that many persons had seen these three
city features but probably did not remember
their proximity.Transformations of shapes
We have already seen the mannerist
elongations of body forms done, for example
by El Greco, who has given the same
treatment to his head in Figure 7. Ever since
van Gogh modern artists have often
introduced distortions not only in bodies but
also in
other
natural
objects.

Figure 8 is
an early
picture by
Thomas
Hart
Benton of
Figure 11-9 Thomas Hart Benton (1887-1975) Upper
Figure11-8 Presumed self portrait
upper
Manhattan, 1917
1595-1600. Metropolitan Museum,
Manhattan.
N.Y.
The lack of
detail and texture and mild distortions in the shapes of buildings is already apparent in
his style; however the sinuosity that appears in his later work is not apparent.
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Figure 9 shows a picture by Thomas Hart
Benton which has his characteristic sinuous
shapes in the tree and the creek as well as the
general elimination of extraneous detail in the
picture.
Vincent van Gogh (1853-1890) moved rapidly
through several styles, from realism (Fig.10) to

Figure 11-10 Thomas Hart Benton (1887-1975 ) Clay
county Farm 1971, 32 x 22” Arkansas Arts Center.

Figure 11-11 Vincent van Gogh (1853-90) Carpenter’s workshop
seen from the artist’s studio (1882) 28,5 x 47 cm.Pencil and Ink
on paper. Otterlo, Rijksmuseum Krӧller-Müller

impressionism (Fig 11) to his own
post-impressionist style (Fig 12). The style of the “Carpenter’s workshop” is
realistic with excellent perspective. That of the “Girl in the white dress” is
impressionistic. There is virtually no indication of the distortion of shapes that
appears in his later paintings.
In “Memories of a garden at
Etten” , only six years later
his style has solidified. He
has greatly increased the
spectrum and saturation of his
palette. He outlines many of
his shapes with lines. He has
introduced the sinuosity of
forms into the trees, which
became a characteristic of
most of his paintings from
Figure11-12 Vincent van Gogh (1853-90) Girl in a white dress.
1882vOil on paper mounted on canvas, Kröller-Müller Museum,
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Netherlands

this point on, and in
this
painting he has adopted
a very novel
composition.
This making shapes
sinuous is well
illustrated in his
painting of 1899, “The
Two cypresses” where
the grass, the trees, the
hills behind them and
the clouds are all made
of swirls (Fig 13).
Figure 11-13 Vincent van Gogh Memory of a garden at Etten 1888 Oil on canvas, 73.5 x
92.5 cm. The Hermitage, St Petersburg, Russia

Transformations of
Faces

The three artistic portraits of Queen Victoria of
England are hard to reconcile with her photograph on
the left. They were all made around the tie of her
wedding in 1840.
It is also commonly known that it is far easier for
young persons to recognize faces of persons as the
same race as, than to recognized persons of another
race. It is as if we had the template of a normal male
and female face33, and related actual faces in relation to
these templates. Support for this position is given by
the fact that we easily recongize cariactures of faces
(Fig 15). Caricatures always sieze on the features of a
face that deviate from the norm (i.e. the reference
Figure11-14 Van Gogh, “Two cypresses” 1889
Metropolitan Museum of Art
33

Or perhaps we have several templates for different ages.
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template), and the body is usually
made much smaller than the head.
Although an acomplished
caricatuurist can easily
accomplish this by herself, there
are now computer programs that
will morph two faces or find the
differences between them and
exaggerate those differences. By
examining the photograph of the
younger Queen Victoria, one
suspects that the artistic portraits
in figure 14 have been moved
towards the normal face—into the
“official portrait” space, if you
will.
Segmentation, Transformations
and Artistic Style

Figure11-15 Queen Victoria of England photographed and inthree
portraits at about the age of her marriage in 1840. The portrait on the
far right is by Thomas Sully (1783-1872)

towards characterizing his or her
style. Keeping to information
that may be derived by an
inherent analysis of a picture, we
may add to the style of this
picture the colors used by the
artist, the medium, surface on
which it has been drawn or
painted and the size of the
picture. If we have access to a
number of pictures by the same
artist we may comment on his
general style (or styles) and

By characterizing the methods of
segmentation and the types of
transformations in an artist’s
picture we have come a fair way

Figure 11-16 Queen Victoria as an older woman and her caricature.
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include the type of subjects he or she is likely to paint.

The major periods of Western Art can be defined by the predominant styles of the
major artists of the period. Subjects often play a major role in defining the art of the
period, followed by distortions and pallets (color and brightness).

Discussion Questions for Session 11
1. When we look around a room, either by moving our eyes or our head, the room
appears to stand still. Indeed, when we turn around, the room remains fixed, and we
realize we have changed our orientation to it. Let us assume it is a room in house that
we have never seen before, so all our knowledge of it has been supplied by the
images on our retinas which have only been sampled intensively in very small solid
angles by our foveas. Of course, we recognize the objects in the room: chairs, tables,
rugs, pictures, because we have seen them many times before and we can use our
memory to identify them. It follows that the room in our mind that is stationary has
been constructed from the many changing images from our eyes as we have looked
around it. It is as if there is a kind of matrix or scaffolding that is the room, which
has been constructed on our first sight of it, and the details of which we can fill in
with the “flashlight” of our gaze that paints the walls, floor and space of the room
with the images that our eyes supply it.
a) Assuming this construct is correct, how does it relate to what we see when we
examine a picture?
b) If you do not agree with this construct, explain why you do not agree with it.
2. Is it possible to make an argument that texture and pattern are cues for segmentation
in depth? If so, do so. If not, explain why not.
3. In Figure 9 of the Syllabus chapter we noted the “..the general elimination of
extraneous detail in the picture. “ of Thomas Hart Benton’s “Clay County Farm”.
The painter, Eugene Delacroix has said that “…the camera records everything” but
that the ideal painting is approached only “…when useless details are eliminated.” 34
Perhaps the “elimination of details”, or even the elimination of objects, should be
classed with other kinds of transformations. a) What are your thoughts on this? b)
In what circumstances can you detect that objects or details have been eliminated?

34

rd

“The Journals of Eugene Delacroix” 3 ed. 1995, Phaidon Press Ltd, London p.
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4. Describe the transformations in this
caricature of President Obama
(Pictures on next page.).
5. a) List the transformations of the
impressionist style. b.) What other
non-transformational features
characterize it.
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The Visual System and Art
12 Analyzing Paintings and Drawings
Analysis of the inherent qualities of artistic images
We are now in a position to apply some of the things we have learned about the
functioning of the visual system in parsing images, and to apply them to the analysis
of works of art, here principally two-dimensional artistic images. It will be assumed
that the art object is based on some real image that can be inferred from it. We will
organize the analysis into the following sections:
I

Title, Artist, Physical description of the artistic image

II

Description of the presumed realistic image on which the artistic
image is based.

III

Segmentation of the artistic image into objects

IV

Illumination and clues to depth

V

Transformations used in the artistic image

VI

Appraisal of the evaluative dimensions: 1) Inventiveness, 2) Composition
(or Design), 3) Color, 4) Interest,5) Technical Skill, 6) Coherence, 7) Beauty.

VII

The artist’s purpose and the meaning conveyed to the viewer of the object.

Here are some examples of such an analysis:
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Hans Holbein (1497-1593) Jean
de Dinteville and Georges de
Selva (The Ambassadors) 1533.
Oil on oak. 207 x 209.5 cm. II
Presumably the artist created the
painting from a real view of the
scene depicted. III Segmentation
is done by color, texture, pattern,
brightness and shadow. IV The
illumination appears to come from
the upper right and in front of the
picture. Depth is given by
obscuration, shadow and the
perspective transformation of the
geometric figures on the floor. V
The transformations in the image
Figure 12-1 Hans Holbein (1497-1543) Jean de
are essentially a realistic, high
Dinteville and Georges de Selve (The Amassadors) 1533,
resolution, colored perspective
Oil on oak, 207 x 209.5 cm. National Gallery, London
picture of the scene, with the
exception of the anamorphic skull
in the foreground. VI: Evaluative dimensions: 1. Inventiveness: There are several
unusual inventive features of the picture. The exquisitely accurate detail with which
both the subjects and the objects in the painting are portrayed is unusual, as is the
inclusion of the memento mori, the anamorphic skull, a tour de force. 2. The
composition is both pleasing and functional. It depicts the full length portraits of the
ambassadors on either side of the painting with objects reflecting their interests and
knowledge on a table behind them on a sumptuous cloth, as well as on the bench
below it. Prominence is given to the larger figure on the left who is slightly closer to
the viewer than the man on the right. The medal on his chest and the ornament of
office in his right hand attest to his importance, as does the sumptuous fur lining of
his coat. The man on the right may be a churchman judging by his elegantly
patterned black robe and hat. The patterned green curtain behind them and the light
colored, inlaid floor make a pleasing background and foreground, respectively
contrasting with, and complimenting the red of the costume of the man on the left,
the cloth on the table, and the detail of the robe on the man on the right. 3. Color The
major colors in the picture are red, green black and brown with minor areas of blue
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and yellow. They are not highly saturated, and make a pleasing combination. 4.
Interest. The great detail of the painting, the elegant clothing fabrics and floor, the
many scientific and musical objects and the skull make this a very interesting painting.
5. Technical Skill First rate. 6. Coherence It is relatively easy to justify all the objects
in the painting as being related to or reflecting on the two persons who are portrayed.
7. Beauty The men are not unhandsome, and the colors and elegant appurtenances
make this a beautiful painting. VII The artist’s purpose was presumably to create a
pleasing
portrait of the
subjects that
would also
advertise his
skill (and win
him more
clients). The
meaning to the
subjects and to
the viewer of
the painting of
the
anamorphic
skull is
Figure 12-2 Vincent Van Gogh(1853- 1890) Reminiscence of the Garden at Etten, 1888,
Oil on canvas 73 x 92 cm (duplicate of Fig 11-13).
cautionary,
reminding the viewers that all this finery and the accomplishments of these excellent
gentlemen will vanish with death.
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Vincent Van Gogh (1853- 1890) Reminiscence of the Garden at Etten, 1888, Oil on
canvas 73 x 92 cm. II Given that this is a reminiscence of the garden it is almost
certainly not painted from life, but rather from memories in the mind of the artist. III
The segmentation of objects
relies heavily on obscuration,
pattern, texture, color and line.
Van Gogh, we have seen before
uses dark lines to outline
objects in his paintings and has
done so here. All three of the
women’s shawls and dresses are
flecked with colored patches
which make segmenting
patterns. The same flecking is
seen in the (presumably)
flowers on the trees or bushes,
and in a larger scale in the
flowers in the garden. IV As
there are no shadows in most of
the picture, it is difficult to tell
where the illumination is
Figure 12-3 Picasso (1881-1973) Les Demoiselles d'Avignon,
coming from. The woman with
1907, Museum of Modern Art, NY
the red umbrella, however
seems to have shaded her face, as it is darker than her companion’s, and her right
hand appears to have sun shining to the left of her forefinger and shadow on most of
the rest of her hand. Otherwise the picture appears to be illuminated by bright
sunlight. The cues to depth are obscuration, size of the woman on the right and the
flowers in the bed above her and the perspective of the curving path. V The artistic
transformations are the inclusion of a range of highly saturated colors, the black
outlining of objects, the rhythmic waviness of the bushes and trees, the blurring out of
pond behind the trees and the failure to diminish the texture of graveled(?) path as it
passes into the distance. Both of these latter effects tend to flatten the picture and
move it away from a realistic picture and towards an abstract pattern. VI Evaluative
dimensions: 1) Inventiveness: The movement of the painting from a realistic image of
the women on the left towards and abstract colorist pattern on the right is certainly an
innovation. 2) Composition (or Design) The picture reflects the reminiscent qualities
of the scene, moving from the detailed and well-remembered faces of the women on
the left through the roughly sketched woman in the center to the almost abstract
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pattern of the road and garden on the upper right. 3) Color: The many different
colors of the picture highly saturated, and their combination plays a significant role in
the beauty of the painting. 4.) Interest: The faces of the women, combined with the
colored and textured abstract features of the painting make it very interesting, 4)
Technical Skill: Brilliant composition, and handling of color. 5) Coherence:
excellent. 6) Beauty: very good, again due to the composition and color. VIII The
artist’s purpose appears to have been to make pleasing picture of a pleasant
reminiscence of a garden while at the same time conveying the dream–like quality of
the reminiscence with the abstract treatment of the pond and paths. This appears to
have been successful.
Pablo Picasso (1881-1973) Les Demoiselles d’Avignon, 1907, Oil on canvas, 144 x
234 cm. This is an abstract painting of five women, two of whom appear to either be
wearing, or have heads shaped like, African masks. The artist may or may not have
used a model or models from life. A worldly viewer would infer that it is a brothel
scene.
III The segmentation of objects uses color, line, and obscuration. IV The colors in the
picture are primarily pink, reddish brown and blue, all of low saturation. They are
applied in a poster like fashion. V There are no shadows and no obvious source of
illumination. Depth is indicated solely by obscuration. V All of the objects, including
the women look like very rough, angular caricatures of things or people. The head of
the woman on the left is dark, perhaps indicating her race. Her body appears partly
covered, presumably by fabric.
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The next two women to the right have very
similar faces painted in cartoon fashion, and
are partly nude. The two women to the far
right have mask-like faces, one being drawn
in a very angular manner, and the other
apparently facing away from the viewer and
wearing a mask on the back of her head. VI
Evaluative dimensions: 1 Inventiveness:
This is an unusual picture with the angular
caricatures and African masks combined with
a still life of fruit and other unidentifiable
object. It certainly is inventive. 2)
Composition The balance of the figures is
well done with the women starting on the left
receding towards the 4th woman who faces
them, and the sitting fifth woman who face is
obscured so we do not know where she is
looking. 3) Color. The painting has pleasing

Figure 12-4 Hans Hoffman (1880-1966) The gate,
Guggenheim Museum, N.Y.

colors combining the reddish hues of
the women’s bodies with red and
brown fabrics offset by blue draperies.
4) Interest; This is an interesting
painting if only for the mystery of its
meaning. 5) Technical Skill: Difficult
to judge. This painting would certainly
be easy to copy. 6) Coherence: the
composition might be damaged if any
one of the figures were left out of the
design of the painting. The inclusion
or not of the fruit is more problematic.
Without a knowledge of the meaning
of the painting it is impossible to infer
coherence on any other level. 7)
Figure 12-5 Henri Matisse (1869-1954) Cockery on a
table (1900), Hermitage Museum, St. Petersburg,
Beauty: The picture lacks inherent
Russia
beauty. 8.) The intention of the artist is mysterious and the effect on the viewer is thus
various.
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It should be noted that due to the importance of Picasso in modern art and the place of
this painting in his work as a proto-cubist masterpiece, the picture has great
importance in the art world.
Hans Hofmann (1880-1966) The Gate Guggenheim Museum, N.Y. 75 x 48.5 inches.
II The painting is probably not based on a realistic image. The artist appeared to have
imagined several squares of color and placed them on a background of predominantly
green color III Segmentation is primarily by color and obscuration with some brushstroke and impastopatterns and, perhaps shading. Insofar as there are recognizable
objects, these are squares and rectangles with their sides orientated mostly along the
horizontal and vertical. The only non-rectangular object in the painting is in the
bottom middle portion where a curved line and some shading suggests a small shelf
on which perhaps lies a thin black book with red page edges. IV There is no clue to
the direction of illumination. The viewer may assume it is identical to that actually
illuminating the painting. Depth is suggested by obscuration of the colored rectangles
of the color patches –usually green—behind them. V The rectangles can hardly be
said to have been “transformed”. If the lower central green patch actually represents
a bracket, as suggested by the shading, then its lines have been blurred. VI 1)
Inventivness: some. 2) Composition: well balanced. 3) Color: The colors of the
painting are predominantly yellow and green with patches of red, white and blue.
The red and yellow are highly saturated, and the red and blue clash with the
predominantly green background. 4) Interest: Somewhat interesting 5.) Technical
skill: low. 6.) Coherence: rather low, one could imagine eliminating or substituting
many patches of color with others. 7.) Beauty. Not much.

Summary
We have organized the analysis of images, especially paintings, along the following
lines. First we give information about the artist and the appearance of the painting.
We then speculate on the presumed underlying realistic image. We note the methods
for segmenting objects in the image and we catalog the clues to depth. We then
characterize the basic style of the artist by noting the transformations he or she has
imposed on the presumed realistic image. We make an appraisal of the work in terms
of inventiveness, design, color, interest technical skill, coherence and beauty. Lastly
we speculate on the artist’s purpose and the meaning conveyed to the viewer of the
work of art.
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Questions for discussion:
1. The basis for our analysis of pictures is the assumption that the picture
represents in some way realistic objects and scenes that can be inferred from
the picture itself. A part of the analysis then consists of finding and cataloging
all of the transformations of the real scene that have resulted in the picture.
How, in your mind, in such an analysis are the particular transformations
related to the meaning of the picture?
2. The following is taken from a review of Matisse’s painting “Crockery on a
table” (Fig 4, Chapter 6). The review appeared on the web at
http://www.arthermitage.org/Henri-Matisse/Crockery-on-a-Table.html I
would like you to comment on all the sections of the review.
Are the
statements accuate? Are they meaningful, i.e do they make sense? Do the
comments account for the major features of the painting, e.g the lack of detail
in its lower half?
“--- The picture space is strictly organized, dynamic and static elements both
fixed in perfect equilibrium. Turning the surface of the table up towards the
viewer within the rectangular field of the canvas, Matisse both splits apart the
picture space and makes it more compact. Majestically unmoved in the centre
of the composition are the hot-chocolate pot, the faience soup tureen, the cup
and saucer. But the most important element is colour, which the artist liberates
from its usual subordination to the natural colour of objects.
He builds the painting up of deep blue and dulled, cold red reflections, in the
context of which the pure colour of the bonbon dish, and the exotic lilac, rose
and blue reflections on the soup tureen gain in brilliance.
This still life was one of the milestones on the artist's path to his realisation
that, for him, "Colour is the first element in painting".
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The Visual System and Art
13. A Transformational Analysis of Artistic
Style
This analysis
of artistic style,
which we may call a
“transformational
analysis” is based on
ways a two
dimensional painting
or drawing differs
from the actual
Figure 13-1. Pablo Picasso (1881image of the objects 1973)“Figures on a beach” 1931 oil on
Figure 13-2. Jackson Pollok (1912or scene represented. canvas
1956)“Number 8”, 1949 oil, enamel,
It might be thought at the outset that this limits the
analysis to pictures of real scenes or objects, but this is not necessarily so. Much of
abstract art has its roots in the transformations of real or imagined “real” scenes
aluminum.
which can be readily inferred from the art object itself. For example, Picasso’s
“Figures on a beach” is an extreme example of the abstraction of human figures, yet
their humanness is still apparent in their jumbled representation.
Admittedly some paintings, such as a Jackson Pollok abstract impressionist painting,
e,g, “Number 8”, have no obvious realistic referent, and require a different analysis. 35
Transformations. The most frequent transformations of a realistic image are
1. Outlining. 2. Reduction to sketch. 3. Alteration of color including: a) reduction to
black and white, b) changes in i. hue, ii. brightness and iii. saturation. 4. Distortion. 5.
Spatial filtering (e.g. getting rid of fine detail).. 5. Object or component a)
rearrangement b) removal or c) addition. 6. Texture a) alteration, b) removal or c)
addition. 7. Perspective alteration. 8. Lighting effects: a) alteration, b) removal, or c)
addition.

35

Such abstract paintings will be analyzed along with textures and abstract patterns.
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Applying these to Picasso’s “Figures on the Beach” and numbering the types
of transformations he has employed we see that the figures are grossly distorted (4)
and their components are rearranged (5a). Most of the high frequency detail has been
removed (5b), the textures of the people, sand, and (probably) water have been
removed (6b). The perspective has been altered(7) (the border of sky and water is not
straight).The colors of the skin of the figures and the shadows are strange (3), though
this may be in
part a failure of
reproduction of
the image.
To take a
slightly more
realistic
painting
consider the
work by
Figure 13-3 Lawren Harris (1880-1970)
Figure 13-4 Mount Lefroy, 11.231 ft.
“Mount Lefroy”, 1930, oil on canvas.
Lawren Harris,
Canadian Rocky Mts. www.peakfoinder.com.
“Mount
Lefroy”. Harris was a member of the
Canadian artists “Group of seven”. It is
shown below together with a black and
white photograph of the same mountain.
Although the photograph and painting
are not necessarily made from the same
viewpoint, it may be seen that the artist
has, in all probability, distorted the
shape of the mountain, making the
peak much sharper. High frequency
detail has been removed. The
arrangement of the clouds around the
Figure 13-5 Claude Monet’s (1840-1926) “Impression Sunrise.
peak to encircle it seems very unlikely
1872. Oil on canvas.
to be based on a realistic image, and
therefore represents an addition of components. Figures 5 and 6 show Van Gogh’s
post impressionist painting of the church at Auvers-Sur Oise, and a recent photograph
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of the church. It may be seen that in the
painting the church has been distorted in
several ways. The entire structure has been
shortened and its base has been curved to
make it look like it is sitting on a small hill.
The perspective has been altered so that
more of the left and right sides of the church
can be seen than is possible from that
viewpoint (compare the photograph). While
the roofs of churches are often replaced
every hundred years or so, it may be that
Van Gogh has introduced some curves in
them that were not actually there. The
treatment of the sky is totally different than
that of the rest of the picture. It is very dark,
although the shadow of the left walk
Figure 13-6 Vincent Van Gogh (1853-1890) The
indicates that the light is coming from the
Church at Auvers-sur-Oise, 1880.
upper right. Presumably the curled black
strokes at the top of the picture indicate clouds. The picture of the church is very
detailed, particularly in the windows of the apse, while the much of the path and the
grass is indicated with very rough
pointillist-like strokes, giving them
distinctive textures. The features of the
church, the buildings in the background
and the figure of the woman in the
foreground have been outlined for
emphasis.
paintings only reveal their brush
strokes with the use of a magnifying glass,
while the impressionist paintings require a
considerable viewing distance to remove
their high frequency noise. In Monet’s
picture, without knowing the real scene he is
depicting, it is difficult to detect in a distant
view of the picture any transformations of
the actual image he may have made. One

Figure 13-7 Modern photograph of the church at AuversSur-Oise
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may argue that such a colorful picture of a sunrise is very rare, and that the green tints of the
water in the foreground seem improbable, but it is the job of the artist to paint just such
striking scenes.
Monet’s “River Scene at Bennecourt, Seine” illustrates again his almost photographic
realism when the picture is viewed at the proper distance. Closer viewing, of course, reveals
the rough brush strokes and some very mild outlining of the woman’s face, and hat.

Summary
In a transformational analysis we
attempt to envision what alterations to
a realistic image the artist has
employed in the creation of his or her
picture. Of course, such a realistic
image may never have existed, but the
closer the picture is to photographic
“reality”, the easier it is to construct
such a realistic image. In any event,
these differences between underlying
realistic image and the actual image
constitute the transformation that the
artist has employed in the painting.
They go a long way toward defining
the artist’s style.

Figure 13-8 Claude Monet “River Scene at Bennecourt, Seine”.
1868. Oil on canvas.

Questions for discussion
1.

Figures 5 and 6 are a very unusual pair of pictures in that we have in figure 5
the artistist’s painting from almost the same viewpoint as an actual
photograph of the scene that he painted in figure 6. Thus it is very easy to
catalog the trantransformations the artist used in creating his picture.
Here is another pair of pictures of Toledo, Spain: a photograph and a picture
by El Greco. Note the distance between the cathedral and the castle in the two
pictures and the liberties El Greco took with the original scene.
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Unfortunately such opportunities for comparison are rare and we must infer
the actual scene from the picture itself.
Hence the question: Working only from El Greco’s picture of Toledo what
can you infer about the original scene and what additional assumptions must
you make for these inferences.
2.

In pictures, composition
is the arrangement of
objects in the picture
space. In realistic
pictures there is
generally a viewpoint
and the view is scene
through a frame whose
solid angles are chosen
by the artist. The artist,
of course, may alter the
size and position of the
objects for her own
purposes without the
viewer’s knowledge
while preserving the
authentic appearance of
the scene. Here are two views of St Mark’s Square in Venice from the
Lagoon. Although they were created about 150 years apart, see if you can
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find the obvious alterations in the picture from the original scene. The
painting is Canaletto’s “Return of the Bucentoro to the Molo on Ascension
Day”, 1732. Royal Collection. Windsor.
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14. Decoration
Definition of Decoration and examples
Examples of decorations on ceramics are: glazes, paintings, incised designs, added
sculptures of abstract, imaginary or real objects and animals. Many of these types of
decorations apply to other types of containers. Both wood and metal objects are often
inlaid with other materials, sometimes precious, to make decorative patterns.
Decoration of
fabrics with
abstract or
figurative
patterns, either
with color or
with the
weaving itself is
almost universal. Figure 14-1 Three common ceramic objects of daily use with varying decorative styles
Walls are often
decorated with murals or graffiti which are art forms
in themselves. Perhaps the simplest form of
decoration of walls is painting them one or more
colored paints. Another decoration of walls are
moldings which in some buildings e.g. counterreformation baroque churches can be remarkably
large and complicated. Buildings are decorated with
painted designs or designs with different colored or
types of stone. A very common decoration in houses
built post-world war two are colored non-functional
shutters surrounding their windows.

Why do decorations enhance the artistic
value of an object of art (assuming they do),
and what can go wrong?
th
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Figure 14-2. Shang Dynasty jar (16 to 11
century B.C. China, Shanghai museum.

th

Decorations may work to increase the value of an object of art on at least four of the
dimensions we have used to evaluate art objects, namely: innovation, interest,
coloring, and technical skill. Additionally the decorations may be inherently
beautiful in themselves. The major danger in applying decorations to objects of art is
that they may obscure the form, and destroy the coherence of the artistic design of the
object, and thus do more to reduce the artistic value of the object than to enhance it.

Examples of decoration: ceramics: Here are some examples of decoration of
ceramics employing color and repeating patterns. Note the four and eight sided
symmetry of the blue china pieces. Note also that the cover on the right employs both
abstract patterns and realistic pictures of various flowers. All of these objects have a
smooth reflective glaze, which makes them very easy to wash and rapidly dry. The
glaze also prevents any stains to which
untreated ceramic surfaces would be prone.
Abstract art is as old as ceramics, as may be
seen in the picture of a Shang Dynasty jar (16th11th century BC, Fig. 2,Shanghai museum). The
incised or molded pattern is a totally abstract
geometric one using many repeated motifs.
Examples of decoration;
Wooden Coasters
Here is a set of modern coasters decorated with
red and black patterns with the wood adding a
third color.

Fig 14-3. Contemporary American Indian wooden
coasters

Textiles
Here (Fig 4) we see
realistic animal figures set
in between repeating scroll
patterns enhanced by
several colors in a
contemporary Peruvian

Figure 14-4 Contemporary Peruvian weaving after a traditional pattern
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fabric using traditional patterns. Weaving is, of course, the earliest form of digital
art36. The various colors contribute greatly to the attractiveness of the fabric.
Buildings
Decorations of Tjaden Hall on the
Cornell Arts quad involves the use of
colored stone, patterned colored roof tiles,
and dentils, the little rows of regular
blocks underneath the roof and the
overhanging part of the tower. On the
left is Tjaden Hall and on the right a
picture of a section of Sibley Hall. Note
the use of different colored stone at the
corners of the buildings and the “long
and short work” pattern of these stones.
Also note the decorative use of black and
white stone above the tops of the
windows in Sibley hall (Fig 6).

Figure 14-5 Tjaden Hall

Figure 14- 6
Sibley Hall

The United States is too young a country to have an significant baroque architecture.
However the baroque was a particularly common style for church architecture from
about 1600-1780 in Europe.
In southern Germany literally
hundreds of village churches
were built in the last variant of
Baroque, namely rococo. Such a
church is that of the Wieskirche.
The hallmarks of this style of
baroque are the white and gold
walls and pillars, the elaborate
mouldings, and the curved shape
of the floor plan (Fig 8.)
Figure 14-7 The pilgrimage church of Wies (German: Wieskirche)
in southern Bavaria. It was constructed 1745-54 in baroque
rococo style.
36

Digital because every stitch can be assigned a particular spot in the warp-woof matrix. Indeed, the
first machine program was that of the Jaquard loom.
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Figure 9 shows the exterior of the
church which resembles in a
curious way a python which has
swallowed a pig. This is due to the
enlarged eastern part of the nave.
The church is seen in afternoon
sunlight, placed in a very dramatic
setting at the foot of the Alps

Figure 14--8. Floor plan of the Wieskirche.

Figure 14-9 Exterior of the Wieskirche with the alps in the
background.

The interior of the church is
much lighter than might be
supposed by looking at the small
ratio of window to wall space on
the exterior of the church. In large
part the lightness comes from the
almost all white walls and the light
ceiling of the church. Fig 10 shows
some of the detail of the paintings
and molding above the organ on
the east end of the nave.
The evolution of decoration
buildings, every-day utensils and
fabrics.

Buildings. The decoration of
buildings has passed through many
phases since the beginning of
history. Until the modern period,
decoration was an accepted
accompaniment of all buildings.
Then it was rejected for pure
14-10 Ceiling of ther Wieskirche
undecorated functionalism.
Recently, however buildings have
become aesthetic statements in themselves. One need only look at our Johnson
Museum to realize that functionalism has receded and buildings have become
signature “statements” of their architects. It may be that decoration will again
become a regular part of public buildings.
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Utilitarian objects. Decoration has made many utilitarian objects into objects of art.
This is not to say that design alone has not made some utilitarian objects into art
objects, it has. And it is indeed the decoration of such objects, for example of a
beautifully formed vase, that has to be done with great care lest the decoration spoil
the design.
Fabrics. Since very early times weavers have realized the potential for weaving
patterns into fabrics, and thus a great majority of fabrics have been decorated in the
loom. Only the development of printing on fabric—a much less expensive process
than weaving in the pattern—have digital woven patterns been giving way to printed
patterns.
Decoration in paintings
Figure 14. shows a
orientalist picture by
John Frederick Lewis
who lived in Cairo
for a number of years.
The painting, most
probably a watercolor,
shows of a group of
visitors being
received in a large
room of a palace.
The windows,
gratings, tiled floors
and ceilings, as well
as the fabrics that the
women are wearing
are all decorated with
intricate abstract
Figure 14-11 John Frederick Lewis 1804-1876 The Reception, 1873, Source unknown patterns. Lewis’s
work stands out from
his fellow orientalists in that all of the women he depicts are fully clothed. Wikipedia notes
that Lewis was ignored for many years but that now his paintings are auctioned for millions
of pounds.
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Summary
We defined “decoration” as either the non-functional addition to an object, wall, or
building designed to enhance its beauty, or in a painting, the depiction of such an
addition.
A great deal of art is embodied in decorations that we take for granted and often
overlook. This is not to say that they do not have an effect on us, even if they are
rarely noticed. Were they gone, we would surely miss them.
Decorations are designed to enhance the beauty of the object they decorate, and there
is always the possibility that an inappropriate decoration may do just the opposite.
Decorations of houses and buildings range from a simple coat of colored paint to the
elaborate pictures and moldings adorning Baroque churches. Decorations of everyday
solid objects can be accomplished by slight alterations of their form or by adding
carvings, and patterns on their surfaces. Fabrics, being essentially digital products,
lend themselves to the addition of all kinds of colored patterns in their very
construction. Lastly the decorations of houses and buildings provide enormous
surfaces that virtually beg for decorations, from the simplest texturing of their
surfaces to the addition of elaborate two-dimensional works of art.

Questions for discussion
1. As shown in the Shang vase, above, decoration with nonrepresentational patterns is very old. Such abstract decoration is
particularly popular on vases, cups, and other round objects. Can you
suggest reasons for why this might be so?
2. As shown in non representational decorations on ancient vases and
walls, abstract art is very old. However, non-representational abstract
paintings, with a few exceptions are a product of recent times starting
with the 20th century. Why do you think this is so.
3. In an article in Wikipedia on mouldings it is written: “Together the basic
elements and their variants form a decorative vocabulary that can be
assembled and rearranged in endless combinations. This vocabulary is at the
core of both Classical architecture and Gothic architecture.” A.) What does
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this mean, and can you provide any evidence for or against it? B.)
Should Baroque architecture be included in this statement?
4. Paintings are often classified by their subject matter, e.g. landscapes,
seascapes, portraits etc. A.) What scheme would you use to classify
decorations? B.) And within decorations, how would you classify
patterns?
5.

Study the patterns of the Persian carpet on the next page and comment
on its symmetries and asymmetries. Can you explain why the artist
included the asymmetries?
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The Visual System and Art
15. The Mind’s Construction
of the Real world
Introduction
When we look around us we believe we see the
real world. All our experience reinforces this. If
I see a book on my book-shelf I know that I can
get up, walk across the floor, and remove it from
the shelf. I am continuously verifying the truth of
my view of the world. But the view is formed
continuously in my mind by data that the eyes
supply it. Due to our head and body movements
we are continually sending different images to
our brain, and it is out of these images that our
view of the world is made. We have already
noted that we are always able to distinguish our
eye movements from motion of the environment
around us. The images on our retinas change with
every saccade, but the image of the world in our
mind stands still. In this chapter we investigate
with introspection what the brain must be doing to
construct our view of the world.

Figure 15-1 Sydney Art Gallery: view to the left

The immediate stability of the world
The fact that when we glance in various directions
and hence put different images on our retinas,
Figure 15-2 Sydney Art Gallery: view to the
while at the same time the view of the world
right.
appears to stand still means that our brain has
constructed a stationary visual model of the world which the images on our retinas
continually update, registering their images and placing them in the correct position
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in the world model37. We can illustrate this process by considering two views of an
art gallery in Sydney Australia. Let us assume that these are two successive images
on our retinas obtained from glancing from the left to the right. There is obvious
overlap between the two images, and the job of the mind is to put these in register
seamlessly.
In Figure 3 consider what the world would look like if this did not happen.
The failure of registration
has made the images of
two persons where there is
really only one person, and
floor and ceiling of the
room appear to be broken
into two levels. However
this picture of nonregistration differs from
what would happen in our
mind if we had made a
saccadic eye movement,
while keeping our head
from rotating. The area of
disjunction would not be
sharp because it would fall
Figure 15-3 Two views of the Sydney Art gallery out of register.
in peripheral retina.
Secondly the area of overlap would be much larger than depicted here, as the angle
through which we can move our foveas in a saccade is about 90°. This is much less
than the angle of view of the eye which, discounting the bridge of the nose, is more
than 180°. Indeed, it is probably the large area of overlap that allows our brain to knit
the two images into register Lastly, the area that we can mentally inspect (or attend
to) with a fixed gaze is much smaller than the sum of both retinal images.

37

“World model” is a name for all the relevant information in memory that concerns our physical
environment. At any particular time we are accessing that portion of the model that represents the
immediate space we are occupying. We are unconsciously comparing the information in the model in
memory with what our eyes are telling us, so that the model is continuously being updated. We
access other parts of the model, for example, when we think about where an object that is lost might
be.
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So, if we can only mentally inspect a portion of one image at a time, what proof is
there that we maintain a “world model” in which the current, visible image38 is
located? When we move through the environment we make assumptions that are
almost always correct, and are not even noticed until they are false. When we
descend a flight of stairs very occasionally we will find that our assumption about the
last step is false. Either we think there is one more step when there is not and our foot
will meet the floor, sometimes painfully, before we anticipate it will. Or, when we
think there are no more steps when there is one more, we may pitch forward and even
fall as our foot does not meet the anticipated floor. We also make the assumption
that the chair which we are about to sit on will be there when we sit down on the chair
that we cannot see. We reach for, and almost always find the light switch when we
enter a darkened room. We confidently talk to a person whom we cannot see until,
hearing no response, we find that they are not where we thought they were. When a
man-hole is opened a fence is put around it to prevent people from falling in it,
because we walk with the assumption that the pavement will be under us whether we
look at it or not.
A curious example of a world model concerns our orientation when we enter a
department store. Some people habitually keep track of the cardinal directions as they
move through a structured, right-angle environment. These people can usually point
correctly to North even when they have been inside the store for many minutes and
have made many right angle turns. Others do not keep track of the cardinal directions,
but do remember the direction to the door through which they entered the store.
All this goes to show that there is not only the short term memory involved in our
immediate visual image (recall the role of memory in supplying the constant part of a
visual image that has faded in seconds on the retina) but also long term memory.
Together with assumptions of constancy (the pavement will be under my feet)
memory plays a role in everyday tasks which we think of as being primarily visual
tasks. Collectively these memories and assumptions make up what I am calling our
“world model”.
Constructing the ground we walk on
Our eyes construct our world model of the environment from our brain’s
interpretation of visual images. In the Fig 4 we see how conflicting cues can make

38

I have been treating the two, overlapping images of the eyes as one, because the brain does not
distinguish between them.

109

the interpretation difficult. Anamorphic sidewalk art can also fool the eye when it is
in the proper position. Such images only fool the eye when viewed from a single
point selected by the artist. However from that view point it is very hard to tell the art
from reality. A
typical
example is
given in Fig. 5
with the result
from the
intended
viewing point
in Fig. 6.

Figure 15-4 Photograph of two women on a ledge by An Le

Figure 15-5 Construction for view of fig 6.

which shows the completed figure
from the designed viewing position.
Figure 15-6 Picture of Fig 6 completed from a different point
The effect in the photograph is
of view.
probably more convincing than when
seen in reality with binocular vision which may spoil some of the depth illusion. You
can find many more such anamorphic “sidewalk” images by Googling “optical
illusions sidewalk art”.
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Figure 7 shows an excellent illusion which is enhanced by the cyclists actions and the
board over the picture as well as the proximity of the water in the canal and the
plausibility of a
leak in it. The
artist has very
cleverly
handled the
shading in the
hole and the
texture of its
walls in
comparison to
the texture and
colors of the
walkway.
Fig 15-7. This illusion of this piece of sidewalk art is enhanced by the bicycle on the
board and the woman looking down into the hole, as well as the other cyclist who
apparently is going to steer around it.

Even though we know that the hole is only a picture it is very difficult to imagine the
flat surface of the missing pavement and to recognize the hole as just a picture. It
would be hard to find a better example of the power of the visual system to interpret
our environment.
The rectangular world of architecture
For thousands of years we and our ancestors have lived in dwellings with rooms that
usually have four walls that make right angles where they meet and which are also at
right angles to the floors and ceilings of the rooms. This makes for a great
simplification in the construction of our world view. Generally speaking, we know
the floor is level and solid. We know the ceiling is so high that we will not hit our
head on it. We know the walls are vertical, solid, and at right angles to each other
These rectangular rooms also get filled with rectangular furniture which can fit snugly
against the planar walls. All this makes the mental construction of our world model
very easy, just as this rectangular standardization makes the physical construction of
the room easy to plan and accomplish39.

39

The reasons for rectangular architecture have been extensively discussed by Philip Steadman in his
article “Why are most buildings rectangular?” in the journal arq vol 10 (6) 2006.
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Neural representations of a world model in the brain.
It is known from animal studies that cells in the hippocampus record a map of the
path taken by an animal. Furthermore a second region in the entorhinal cortex
maintains multiple sets of regularly arrayed cells which form a Fourier, or jpeg-like,
coding of a much larger map. It is thought that the information in hippocampus
represents the local environment that can be cached and replaced by a different map
from the entorhinal cortex when the animal moves out of the local environment40.

Summary
Our sensory systems, particularly our vision, convinces us that we are living in a real
world (which virtually everyone agrees that we are). What isn’t realized is how much
our experience of that world relies on a mental model of the world that our sensory
system is continually updating with remarkably few errors. But errors show us how
much we rely on an internal model. Who has not experienced that the last step of the
staircase we are descending arrives one step too early or one step too late? This is a
part of the evidence that we maintain in our minds a world model that we are
continually, usually unconsciously, updating.
In those parts of the environment that we can structure—our homes and buildings, for
example—we have adopted a rectangular scheme with our walls, floors and ceilings
making right angles with each other. This simplification greatly assists us in
remembering the relationship of objects in the room to the room as well as the
relationship of the rooms to eachother.
Information about and maps of the spatial environment appear to be located in the
entrhinal cortex and the hippocampus.

40

“Place Cells, Grid Cells, and the Brain's Spatial Representation System”, Annual Review of
Neuroscience
Vol. 31: 69-89, July 2008.
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Questions for Discussion
1. Some of us have lived in several
different locations for more than 5
months at a time. I counted 27
places which includes military
service and sabbatical leaves. I
believe I could draw a map of the
immediate surrounds of each
dwelling as well as a description
of the house in which I lived.
Assuming my experiences are
typical, what does this say about

Figure 15-8 Comic strip picture with landscape.

the importance of spatial and
geographic information?
2. In comic strips, like the one on
the right above, the visual
information is greatly simplified.
This picture uses only five
colors with little shading, yet
we can easily interpret it and
take it for a real scene. How is
it that we can accept such a
primitive image for reality?
Notice also that the text written Fig. 15-9 Picture of Kings College, Cambridge, England
in the sky does not spoil the
reality of the scene, and that we
ignore the “4-13” date in the
corner of the frame.
3. In the picture of Kings College
Chapel in Cambridge, England
it is easy to see that the
buildings on the left side of the
picture appear to be leaning to
the right, while those on the
right seem to be leaning to the
left. A little thought gives the
reason. The towers are father
from the observer than the base
of the buildings, hence their
Figure 15-10 Picture of Kings College with perspective
images subtend a smaller angle “corrected”.
than their bases and thus must
be closer together than those of their bases. Moreover, if the images on our
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hemispherical retinas were perfectly converted to a rectilinear view, then this is the
picture that would be produced. However, is this is what we actually experience
when we look at tall buildings? Note that it is possible to “correct” the picture in
Photoshop, making the verticals almost parallel, however with some loss of detail.
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Addendum: Chronology
of some famous artists
Botticelli
da Vinci
Dürer
Donatello
Michelangelo
Raphael
Cranach
Corregio
Parimigianino
El Greco
Caravaggio
Velasquez
Rembrandt
Murillo
Vermeer
Tiepolo
Hogarth
Canaletto
Guardi
Turner
Pisarro
Manet
Whistler
Degas
Cèzanne
Monet
Renoir
Cassatt
Gauguin
Callebotte
van Gogh
Sargent
Seurat

1445-1510
1452-1519
1471-1523
1386-1466
1475-1564
1483-1520
1472-1553
1494-1534
1503-1540
1541-1614
1571-1610
1599-1660
1606-1669
1618-1682
1632-1675
1696-1770
1697-1764
1697-1768
1712-1793
1775-1851
1830-1903
1832-1883
1834-1903
1834-1917
1839-1906
1840-1926
1841-1918
1845-1926
1848-1903
1848-1894
1853-1890
1856-1925
1859-1891

Giacometti

1901-1966

1

There are no shadows in the picture.
The floor underneath the chairs and bedis
just as bright as in the center of the room.
1

