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Abstract

Parallel processing by a set of multiple mechanisms selectively sensitive along
various dimensions of visual patterns — e.g., spatial frequency, orientation,
direction-of-motion — seems to be one of the earlier states in the perception
of form and objects. The evidence for these mechanisms — which comes
primarily from neurophysiology and psychophysics using near-threshold
patterns (patterns of such low contrast that they are imperfectly discrimin-
able from a blank field of the same mean luminance) — and the properties
of these mechanisms are briefly reviewed. The responses of these mechanisms
to some texture patterns used to investigate the segmentation of the visual
field into separate regions is illustrated.

1. Multiple mechanisms — low-level processing
of visual patterns

Parallel processing by a set of multiple mechanisms selectively
sensitive along a number of dimensions of visual patterns
(e.g., spatial frequency, orientation) is thought by many to
comprise one of the earlier states in the perception of forms
and objects. These mechanisms are thought to be an early
stage in pattern vision, but not the earliest. They are probably
not in the retina or lateral geniculate nucleus, for example';
because they exhibit orientation-selectivity. On the other
hand, they are certainly not very high level (e.g., not at the
level of object perception) for their behavior depends on
proximal (retinal) stimulus properties rather than distal
properties (¢.g. they do not exhibit size constancy). The physio-
logical substrate for these mechanisms might conceivably be
the neurones of cortical areas V1 and V2; see, for example,
Refs. [1-4].

Many words in addition to “mechanism” have been used
in the visual literature for this same concept, e.g., detector,
analyzer, channel, pathway. I will use “‘mechanism” here to
mean something analogous to a single neuron in that its
output is a single number (which might be instantaneous
firing rate) at each moment in time. The word ‘““channel” will
be reserved here for a collection of such mechanisms that are
homogeneous in a sense to be described later.

A good deal of the best evidence for these mechanisms has
been inferred from human observer’s detection and identifi-
cation of near-threshold spatiotemporal patterns. (Near-
threshold patterns are patterns of such low contrast that they
are imperfectly discriminable from a blank field of the same
mean luminance.) Introduction to and a review of this evi-
dence has already been published [5-6] and only a summary
will be repeated here. (Reviews of multiple mechanisms includ-
ing evidence from suprathreshold pattern vision can be
found, for example, in Refs. [6, 9-11].

1.1. Simplifying assumptions
How Joes a physchophysicist study a piece out of the middle

of a visual system? As is true in all science, whether one makes
it explicit or not, one makes simplifying assumptions in order

to isolate one part from the rest. And one justifies these
assumptions by their success in explaining phenomena, by
their contributions to our understanding. One has to be
judicious, of course, in making assumptions and one has to
constantly worry about their implications. One has to figure
out ways of testing different assumptions independently as
much as possible. But one is always making assumptions.

The assumptions made by a number of psychophysicists to
study these mechanisms are of two kinds.

Simplifying assumption 1: Bypass early levels of the visual
system by specifying a simple transformation (usually linear)
between the stimulus on the retina and the mechanism out-
put. Keeping the mean (space- and time-average) luminance
of the patterns constant and keeping the contrast of the
patterns low makes linearity more plausible by reducing the
effects of, for example, retinal light adaptation processes
which are highly nonlinear (see, for, example Ref. [12]).

Simplifying assumption 2. Incorporate all higher levels of
the visual system into a simple decision rule: e.g., an observer
says he sees a pattern (rather than a blank field) if and only
if output of maximally-responding mechanism is above some
criterion. In the near-threshold detection and identification
tasks, such simple decision rules may work as well as they do
because these are tasks in which an observer can be “correct”
and can, therefore, be trying to maximize his proportion
correct. Optimal behavior is well described by such decision
variables in at least some cases (see, for example, Ref. [13]).

1.2. Conclusions about multiple mechanisms

Interpreted with care, the evidence from near-threshold
psychophysical experiments (buttressed by physiological evi-
dence) suggests that multiple mechanisms, selectively sen-
sitive to different ranges of value, exist along at least the
following dimensions: spatial frequency, orientation, spatial
position, and direction of motion at velocities higher than |
or 2 deg/s. These multiple mechanisms also secem to have
“labelled outputs”, that is, higher visual processes can tell-
which mechanism a given output came from. Analogous
experimental results on the temporal position dimension can
be explained by assuming that each mechanism’s output at a
particular time depends only on the recent past and is labelled.
For the temporal-frequency dimension (at any fixed spatial
frequency), evidence suggests that there are not narrowly
tuned mechanisms although there may be some broadly
tuned ones and they may have labelled outputs. For the
eye-of-origin dimension, although the evidence suggests
selectively-sensitive mechanisms (at least at some spatial and
temporal frequencies), these mechanisms seem not to have
labelled outputs.

The next section (and the appendix) gives further details of
the spatial properties of these multiple mechanisms.
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Fig. 1. A pattern in which the two elements have differenent sizes. In the top
and bottom regions of the pattern these elements are arranged in stripes; in
the middle region they alternate within each row and column giving a
checkerboard-type appearance. To get the greatest perceived segregation,
you should probably hold this figure so that your thumb at arm’s length
covers 1/4 to 1/2 of the texture pattern.

Our knowledge of these low-level multiple mechanisms is
good enough that it may be helpful to explicitly compute their
outputs in response to more complex, suprathreshold pat-
terns — pattern of the kind used by investigators interested
in higher-level visual processes. Such computations may help
us understand which aspects of the observer’s behavior are
primarily due to higher-level visual processes and which are
heavily determined by the properties of the low-level multiple
mechanisms. (To ascribe a locus to some behavior when the
whole trivial system is undoubtedly always involved is tricky
and can easily lead one into misleading verbalizations. For,
even if the output of an early level seems to correspond

exactly to the observer’s behavior, the higher levels must be -

doing something. And if you explain the observer’s behavior
on the basis of the early level processes, you must be assum-
. ing — at least implicitly — that the higher levels are not
undoing the correspondence between the observer’s behavior
and the outputs of the early level. For an explicit discussion
of this issue see Ref. [14].) The rest of this paper gives an
example of the outputs of these multiple mechanisms in
response to one kind of suprathreshold pattern. These are
from computations that Jake Beck, Anne Sutter, and 1 have
been making in an attempt to further understand what has
come to be called “texture segregation™ or “texture segmen-
tation™ or “immediate and effortless texture discrimination”.

2. Texture segregation

When viewing patterns like those in Figs. 1 and 2, observers
typically report that they see three regions — a checkerboard-
like region in the middle with striped regions at the top and
the bottom. (Results from experiments with these patterns
are given in Refs. [15, 16].) These are multi-element patterns
in which differently appearing regions are made by intermix-
ing appropriately two kinds of elements (large and small
squares in Fig. 1, bright and dim squares in Fig. 2). Although
multi-element regions as in these patterns are not what are
most typically called “textures” in English, such multi-
element patterns are referred to as “textures” in the visual
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Fig. 2. A pattern like Fig. 1 except the two elements are of the same size but
different contrasts.

literature. The processes leading an observer to see separate
regions in such patterns are sometimes thought to be related
to what Gestalt psychologists called “grouping” or “figure-
ground segregation” processes.

Texture-segregation experiments are a subject of consider-
able interest these days, and a number of investigators have
discussed both low-level and higher-level visual processes
that might be responsible for this kind of segregation (see
Refs. [17-33].) And texture segregation does seem to be a
promising direction in which to extend the rigorous and
quantitative multiple-mechanism models (that do so well for
near-threshold psychophysics) to include at least some inter-
esting aspect of higher-level processes. It was clear from early
texture-segregation results that the properties to which the
low-level multiple mechanisms were thought to be sensitive
(e.g., orientation and spatial frequency) seemed to play a
major role in determining the extent of texture segregation
[34-41]. Further, in the typical texture-segregation experi-
ment, the observer is not supposed to concentrate or “scrutin-
ize” but simply to report a first or immediate impression.
Such a task — while requiring some knowledge of higher-
level visual stages to explain — might be more tractable than
other suprathreshold pattern discrimination tasks where the
observer, encouraged to use all the information available,
may produce very complicated behavior.

2.1. Effects of contrast and size of element

When the difference between the contrasts (Fig. 2) or sizes
(Fig. 1) of the squares is decresed in the texture patterns here
the perceived segregation reported by observers decreases
[17). Such a result seems reasonable on many grounds and
similar results have been reported with other kinds of texture
patterns {26, 42).

Less obvious, perhaps, is what should happen when the
two kinds of squares differ not only in size but also in con-
trast. On some points of view (e.g., those that consider size
and contrast as two distinct features of visual objects) dif-
ferentiating the two elements on both size and contrast might
be expected to enhance the perceived segregation. After all,
the elements now differ from each other in two ways rather
than just one.

In fact, however, what happens for any particular pair of



sizes depends on contrast and depends nonmonitonically. As
the contrast of the smaller sguares increases slarting ai a
value equalling that of the large squares, the perceived seg-
regation first decreases (the checkerboard and striped regions
seem less and less distingt from each other). After sufficient
increnses in contrast, however, the perceived segregation
giaris to increase again [16). Recent experimenis of Anne
Sutter's and Jake Beck's have shown that the perceived seg-
regation reaches its minimum when the ratio of the small-
centre contrast to the large-square contrast is about the same
as the ratio of the large-square area to be small-square area,
that is, when the product of contrast limes area is shout the
same for two kinds of squares. (This is true for all the abso-
lute sizes studied although the effect of contrast is more
dramatic for some sizes than for others.) It would have been
nice 1o have shown a figure here of an unequal-size unequal-
contrast pattern in which the regions did not segregate well
percepiually, but contrast in photographs are almost always
changed dramatically by publication and — as said above -
the extent of perceived segregation depends critically on con-
trasi ratio.

2.2, Outpurs of low-level mechanizm sensitive to different
spattal frequencies and orieniations

The existence of a trade-off between contrast and arca seems
entirely plausible if one considers the outputs of the low-
level visual mechanisms described in the introduction, mech-
anisms that are sebectively-sensitive 1o spatial Trequency,
orientation, and position. (We will ignore time, color, depth
for the rest of the discussion). These mechanisms are thought
to be, approximately, lincar systems characterized by weight-
ing functions that look like the receptive fields of neurons in
cortical area V1. That is, they have elongated exitatory and
adjacent clongated inhibitory regions. The widths of the
regions determine the spatial frequencies to which the mech-
anism responds best, the orientation of the regions deter-
mines the orientation 1o which the mechanism responds best,
and. of course, the position of the weighting function in the
visual field determines the position 1o which the mechaniem
responds best. In what follows, we will use the word *“chaf-
nel” to refer to an amay of mechanisms having weighting
functions (receptive fields) that are identical in size and shape
{in spatial frequency and ofientation) but are located at many
different positions in the visual field.

We calculated the outputs of channels of this type to
patterns like those in Figs | and 2. Details of the calculations
arc given in the appendix. The outputs to the patierns i
Figs. | and 2 arc shown in summary form in Figs 3 and 4
respectively, and the outputs (o Iwo more patterns (described
below) are shown in Figs § and 6. In each of these figures,
outputs are shown for channels sensitive Lo thirteen different
spatial frequencies going from 2 to 128 cyches/screen by the
square-root of two {from left to right in the thirteen columns)
and 1o three different orientations — vertical, 45 degrees
clockwise from vertical, and horizontal (from top fo botiom
in three pairs of two rows each). Consider, for example, the
upper right square in Fig. 3. Brightness al any position in
thai square represents the output of a mechanism that
has a weighting function (a reccplive fiekd) sensitive 1o
128 cycles/screen and a vertical orienation; further, that
mechanism's weighting lunction is centered at a particular
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Fig. §. The outpuis of many channeh io the lesture paflorn of Fag. | Each
qu.nr:-lru:lmtllﬁ“1hwlpmlufmwnmimnupeﬁnddh
ieakure paniem. The lop, thed, snd Al ross o ks Bpeie show sulpuls 1o
(ke midle period of ik texiare patiom’s chotkerboard region: the soond,
feourih, and sixih rows in 1k Bpere sbow outpuis 1o the middle period of the
pexigne palssrns snped regon. Thn fipure shoss oatputs from chanhel
pestive o thirieen dilferent spatis] frequencies (3 1o 128 ¢yeles per screon
by & factor of square-root of two — in the thirieen colemns from ki 1c rght]
asd ibree difforent oriestuibons (vertical i Lop pairs of rows. 45 depros
clockwise From vertcal im socond paifs of rows, and horioatal = Boitom
pair of rows)

square in Figs. 3-6 correspond to the positions within one
period of a pattern like that in Fig. 1. Squares in the top,
third, and fifth rows of Figs. 3-6 show the centermost period
from the checkerboard region of the pattern, and squares in
the second, foarth, and bottom rows of Figs. 3-6 show the
centermost period from the striped region of the pattern.

Differentesized, same-contrasi elements. The chanmel out-
puts in Fig. 3 are in response to the patiern in Fig. 1 {dhiTeredit-
sized same-contrast squares). The low-spatial-frequency
channels (left side Fig. 3) show lutle activity in either the
chackerboard or striped region as their receplive fields are 50
large that they average together scveral contiguous rows
and/or columns of elements, (What activity there is are res-
ponses 1o the edge between the texture patiern and the blank
background.) The highest-spatial-frequency channels, on the
other hand (right side Fig. 3), show activity near the edpes of
all the individual elements in the patiern, and the amount of
activity is much the same in both the checkerboard and the
striped region although distributed differently spatially.

Tt is only in the range of spatial frequencies corresponding
10 the periodicity inherent in the patiern that channels show
dramatic differences between their outputs in the checker-
board and striped regions. Consider the outputs of the verti-
cal § and 11.3 cycle screen channels (the Lop two rows, the Sth
and 6th column from the left in Fig. 3). The receptive fickds
in the channel are vertically oriented and their sizes are such
that if the excitatory region of a receptive field is centered
along one column of squares in the patiern, the inhibitory
regions are approximately centered on the neighboring col-
umns of squares. In the striped region, therefore, the receplive
fields centered on the big-square columns are geiling more
excitation (from big squares) and less inhibition (from small
squares) than are the receptive fields centered on the small-
square columns (which are getting excited by small squares
and inhibited by large squares). Hence, in the striped region,
this channel shows strongly-modulated activity with high
outputs at the center of the big squares in the patiern nnd low
outputs at the center of the small squares. (See second row,
fifth and sixth column from left, Fig. 3). In the checkerboard
region, however, the vertically-oriented regions of each recep-
shise fald ors susrnos aver different sres of element H-I'I'H:T!
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Fig. 4 The owipets of many channels 10 1he paticrn of Fig. 2 Diber conven-
tions as in Fig. 3,

aliernate rows in each column contain big and little squares);
and thus there is litthe modulated activity — the oulput at
each position is about the same.

IT ene considers the oblique channels {middle two rows
Fig. 3) and poes rightward one column (to 11.3 and 16¢/
screen), ome now sees heavily modulated owtputs in the
checkerboard region (third row, six and seventh column from
the keft) and little response in the striped region (fourth row,
same column),

At slightly higher spatial frequencies than we have just
been discussing, all the channels cutputs looks like striped
pattemns. (Look at vertical and horizontal 16 and 32.6¢/screen
channels — the seventh and sixth columns from the right; and
at oblique 22.6 and 32¢/screen — the sixth and fifth columns
from the right.) This occurs because the receptive fields are
now somewhat smaller, and, when the excitatory region is
centered over a column (or row, or diagonal) of squares the
inhibitory region is seeing almost entirely the spaces between
Sqisafes,

Same-size, differeni-contrass elements. The channel outputs
in Fig. 4 are in response 1o the pattern of Fig. 2 (same-size
different-contrast squares), They look very much like those in
Fig. 3 and for very much the same reasons. Most importantly,
in Fig. 4, the vertically-oriented & and 11.3¢/screen channel
and the obliquely-oriented 11.3 and 16c/screen channels
have heavily modulated responses in one region but not
in the other due to different brightnesses of (same-sized)
squares whereas in Fig. 3 it was due to different sizes of
(same-brightness) squares.

Sarme-sized same-contrast elements. Figures 3 and 6 show
the channel outputs in response 1o two more patierns.
Figure 5 is a control, in effect, for it shows the outputs 1o a
patiern in which all the squares of of the same size and of the
sme contrast; thus there is actually no difference between the

Fig. 5. The outputs of many channels to a control pariess kike those of Fig,
1 and Fig I escept that both clemests ase the same size amd the sams
conirasl. Cther conveniioss o ia Fig. 3.

Fig. 6. The owtputs of many channels 1o a paiern blor that of Fig. | and
Fig. I excepl ihat the two clemenis differ s both sine and conirast in soch
& way 1hat the prodect of area limes comirast is the wme Tor both,

checked and the striped regions that the observer could poss-
ibly use 1o segregate them. Each channel's output is the same
in the checked and in the striped region, therefore, {except for
effects of the lower edge visible in the responses of the hori-
zontal channels at low spatial frequencics). Notice particularly
that the B and 11.3¢/screen vertical and the 11,3 16c/screen
oblique channels — the channels matched 1o the periodicity
of the pattern — show no modulated activity in response Lo
this control pattern because all the receptive felds, no matter
which column (or row, or diagonal) they are centered on, are
geiting almost exactly the same stimulation since all the
squares are the same.

Diffeveni-sized differeni-conirant elements, Figure 6 is the
interesting figure. It shows the chanpel oulpuls in response (o
4 pattern in which the squares differ both in size and in
contrast but the products of area and contrast are equal — in
particular, the large squares have four times the ares of the
small squarcs, and the small squares have four times the
contrast of the large squares. Look now at the § and 11.3¢/
screen vertical and the 11.3 and 16¢/screen oblique channels
= the ones maiched 1o the periodicity of the pattern. As in
the previous figure for the control pattern, they show no
modulated response to either the checkerboard or the striped
region at all. For the greater luminance has balanced out the
smalber size in the integration performed by these mechanisms.
{That the squares were really different sizes can be verified by
the differences between the checked and striped regions in the
patierning of outputs in the high-spatial-frequency channels.)

2.3 Discussion
Thus, with equalcontrast unequal-size (Fig. 1) and equal-
sized unequal-contrast {Fig. 2) texture patterns, the observer
immediately perceives separate regions and some channels
produce cutputs that are heavily modulated in one region but
nol in the other (Figs. 3 and 4). with the equal-size equal-
conirast control and, more importanily, with the unegual-
size unequal-luminance (but equal size = contrast) lexture
pattern, the obscrver does not immediately perceive separate
regions and no channel produce outputs that are heavily
modulated in one region but not in the other (Figs. § and 6).
To turn the outputs of these multiple channels into the
full-blown perception of the typical observer obwiously
requires higher levels of visual processing than explicitly
described here. (A complete theory would have to specify, for
example, just how the boundary between the two regions is
found, and why one region looks so “striped™” and the other
s0 “checkerboard-v.™) The tradenfl hetween comtrma snd
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size, however, seems likely to be a result of the linear inte-
gration properties of low-level multiple mechanisms. When
contrast and size balance out in the pattern, there are no
channels which can produce heavily modulated responses in
one region but not in the other (Fig. 6).

The different distribution of activity across positions in the
high-spatial-frequency channel outputs (righthand columns)
— and these remain even when contrast and size balance out
(Fig. 6) — could be and presumably are used by the observer
to make discriminations of other sorts. They may, for example,
underlie an observer’s ability to tell that two kinds of squares
are present in these texture patterns even when the observer
does not report the regions as segregating. But these spatial
distributions seem to play at most a secondary role in deter-
mining whether immediate (effortless) texture segregation
occurs or not.

Other results. A number of other experimental results
using the kind of patterns in Figs. 1 and 2 may well be easily
interpretable on the basis of the low-level multiple-mechanism
outputs. We are currently considering a number of these. For
example, the effect of the absolute size of the squares (recently
measured by Anne Sutter and Jacob Beck) seems likely to be
due to the greater sensitivity of human observers to certain
spatial frequencies than to others (a fact ignored for simplic-
ity’s sake above). The effects of the inter-square spacing
relative to square size [16] are another likely candidate. To
explain differences an dark and light backgrounds and effects
when squares differ greatly from the background in luminance
requires dropping the linearity assumption and considering
the well-known light-adaptation processes that occur even
earlier than the mechanisms considered here [12]. An intrigu-
ing result — that may not fit into the framework of low-level
mechansism here without requiring separate consideration of
“on” and “off” mechanisms — is the dramatic effect of
having equal-size squares of different luminances where one
Juminance is less than and one larger than the background [16).

Tentative conclusion. We intend to explore the corre-
lations between channel outputs and experimental results
more fully and quantitatively. But suppose for the moment
that we did end up concluding — as suggested by the above
_ that: The extent to which the two texture regions segregate
immediately and effortlessly in this pattern is primarily a
function of the extent to which some channel or channels
produce heavily modulated outputs in response to one region
but not to the other.

This tentative conclusion above is not meant to deny the
importance of higher-level processes in arranging the final
perception of the texture. It is only a description of the
information necessary in the stimulus for texture segmen-
tation to occur — a description phrased in terms, however, of
the outputs of the lower-level mechanisms well supported by
both physiological and psychophysical evidence. That is, it is
a simple decision rule — like that used in the very successful
models of near-threshold psychophysics (see Section 1.1
above) which bypassses the higher levels.

Nonetheless, I find this tentative conclusion rather disap-
pointing. I would like to find some texture segregation results
that could not be so easily understood on the basis of low-
level mechanisms, but that were rich and rigorous enough to
drive one to specifying in some detail an interesting higher-
level “grouping” or “linking” process.
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level mechanisms were so narrowband that they respond only
to a single spatial frequency and orientation and also continue
to ignore (as we have doing) the fact that some mechanisms are
more sensitive than others (since observers’ sensitivities
vary as a function of spatial frequency, orientation, and
spatial position). Then the tentative conclusion above could
be rephrased as saying: If two texture regions differ sufficiently
in the amplitudes of their Fourier Transforms the regions will
be seen effortlessly as two separate regions. If, however, they
differ only in phase and not in amplitude, the two regions will
blend into one [6]. This in turn is a rephrasing of Julesz’s
original conjecture [38] about the statistical basis of texture
discrimination. This conjecture has been challenged on many
grounds (see examples in [21, 23]). One wonders how many of
these challenges would be overcome if one allows the mech-
anisms to have some greater-than-zero bandwidth, the kind
of bandwidth for example revealed by near-threshold psycho-
physics and used in the computations here.

In allowing the mechanisms to have some greater-than-
zero bandwidth, there is a convergence of the “statistical”
approach and the “feature” approach to understanding tex-
ture segmentation. This indeed is much the direction Julesz
and Beck and their. colleagues have taken — see, e.g., Refs.
[16, 19, 23, 24, 43].

Turner [46] has, in fact, used Gabor filters to analyze some
of the earlier texture patterns used by Julesz and Beck. Two
other recent models of texture segregation are Klein and
Tyler’s [47] autocorrelation approach to texture and related
pattern discriminations (including a discussion of the extension
of Julesz-type statistics to continuous gray-level patterns), and
Grossberg and Mingolla’s [48] cooperative-competitive net-
work analysis of texture segregation and other perceptual
grouping phenomena.

Appendix. Details of calculations

A convenient (but by no means the only) mathematical
expression with which to describe the weighting function
w(x, y) used in calculating the outputs is a two-dimensional
Gabor function [44, 45). In one direction it is a Gaussian
function multiplied by a sinusoid and in the perpendicular
direction (say y) it is simply a Gaussian: We use

wix, ) = mexp (—In 2{(x — xo)/W,)* cos 2nf(x — X,)

+ 8 exp (—In 2{(y — »)/W,)D),

where (x,, o) is the center of the weighting function (recep-
tive field), f is its spatial frequency or the reciprocal of the
width of an excitatory regionplus an inhibitory region, W,
and W, give the spatial extent of the field perpendicular and
parallel to the regions (equalling the full-bandwidth at half-
peak-amplitude in this particular form of Gaussian), 8 gives
the symmetry of the field (a 8 of zero giving even-symmetry),
and m gives the height or peak amplitude of the weighting
function. Although not explicitly represented in the above
equation for simplicity’s sake, the orientation can be changed
too (by, for example, rotating the x and y coordinates).

The Fourier Transforms of Gabor functions are just
Gaussians centered at the appropriate (two-dimensional)
spatial frequency — that is, at the spatial frequency and
orientation of the weighting function.

The caiculations here were done using Gabor functions
Lasimm mnenmatare mndelled after those of Watson (Ref. [45])



132 Norma Graham
although our model is less complete than his in a number of
respects.

- The spatial extents parallel and perpendicular to the bars
— W, and W, above — were set equal, thereby producing an
orientation half-amplitude full-bandwidth of 38 degrees of
rotation.

The spatial extent perpendicular to the bars were chosen S0
that the spatial-frequency haif-amplitude full-bandwidth was
one octave (W, = W, = 2/3f).

The fields had even symmetry (6 = 0).

The heights of the weighting functions in any one channel
were equal at all spatial positions (i.e., visual field non-
uniformity was ignored).

Also the heights of weighting functions in different chan-
nels were chosen so that the peak sensitivities of all the
channels were the same (i.e., the non-uniform sensitivity of
the observer to different spatial frequencies and — much less
dramatically — to different orientations was ignored).

The two-dimensional Fast Fourier Transforms were done
over 256 x 256 points. Where we say “n cycles per screen”
above, we mean n cycles per 256 points. One period of the
texture patterns was 28 x 28 points, that is, the center-to-
center spacing between two rows or two columns of the
texture patterns was 14 points.

The displays of Figs. 3-6 were normalized so that — within
any one figure — the smallest output produced the lowest and
the largest output the highest-possible luminance on the dis-
play screen. (These outputs always occur in relatively high
spatial frequency channels responding to the edges of the
elements and are thus approximately proportional to the high-
est luminance present in a square.) Inbetween output values
were taken linearly into brightness on the display screen but
have presumably been distorted by the various reproductive
processes intervening between the display screen and the
figure here. An output of zero produced a gray in Figs. 3-6
that is the same as the gray in the borders around the squares.
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