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INTRODUCTION
The organizers of this Conference let me free to choose the topic of this presentation. I
thus decided to draw on the work I was mostly involved in during these last six years. This
work was carried out in collaboration with Dr. Thomas Papathomas from Rutgers University.
My hope is that a brief account of our studies will provide you with some insight into a few
basic and current problems in early vision as well as into the ways visual psychophysics deals
with them.
Our main preoccupation over these years was to decide if and to assess how chromatic
and luminance informations are used by the visual system to yield motion and texture related
percepts. The theoretical relevance of this endevour will appear more clearly if you consider
that our current understanding of early vision is based, among others, on two crucial concepts.
The first concept pervades most of our theories and refers to the notion of modularity. It
is our belief, substantiated by anatomical, physiological, neuropsychological and
psychophysical facts, that visual processing is modular in the sense that different aspects of a
visual stimulus (such as color, shape, motion, depth, etc.) are processed in different cortical
areas and along different visual streams or pathways. The notion that neural functions are
localized in the brain was proposed by Gall at the end of the last century and has gone through
a considerable amount of conceptual transformations until nowadays. Its modern version was
probably formulated in the work of Lorente de No (1943) who discovered the organization of
the cortex along neural chains, of Mountcastle (1957) who actually used the term "modularity"
to account for the organization of the somesthesic cortex and it was superbly elaborated by
Hubel & Wiesel (1965, 1968) who discovered the ocular-dominance and orientation columns
in the first visual area.
From a different perspective, but in direct relationship with the neurophysiological
findings of the time, visual psychophysics advanced and experimentally supported the notions
of specialized mechanisms, systems, channels, filters, feature detectors and the like. Among
those, the most notorious visual processing dichotomy proposed by both physiologists and
psychophysicists was the transient/sustained distinction (Enroth-Cuggel & Robson, 1966).
Among the many different criteria used to characterize this distinction, the most relevant for
this talk was the notion that the visual system processes shape and motion information along
different neural streams (the sustained or X- and the transient or Y-system, respectively). A
caricature of that position would be that moving objects are perceived as if they were
shapeless. While this is obviously a false statement, anyone can experience the fact that visual
objects are less well defined spatially when they move than when they are static.
With time, the concept of a transient/sustained dichotomy faded away and was replaced
by the concept of a differently characterized dichotomy which is still taken seriously, at least
by the neurophysiologists: it is the parvocellular/magnocellular distinction. Like for the
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transient/sustained opposition, the parvo/magno one is characterized in terms of a number of
criteria but, for the purpose of this talk, the anatomofunctional scheme proposed by DeYoe &
Van Essen (1988) is quite eloquent.
As you can see from
Figure 1, the parvo and
magno streams originate in
the Lateral Geniculate
Nucleus (LGN) and keep
separate through areas V1
to V4 and MT. For our
concern here, the critical
distinction between the two
streams is in terms of their
functionality. The parvo
pathway is essentially
sensitive to color (colored
sectors), while the magno
pathway is color-blind but,
in return, processes motion
(pointing hand). According
to this scheme, both
streams process to some
extent orientation (angles)
and stereo (spectacles).
This view of the late
'80s is in fact but a milder
version of a more radical
distinction advanced by
Livingstone
&
Hubel
(1984,
1988)
who
vindicated the position
according to which depth
from perspective, spatial
organization, figure-ground
segregation are processes
Figure 1. Schematic diagram of anatomical connections and neuronal
yielded only by the magno
selectivities of early visual areas (from DeYoe & Van Essen, 1988).
stream. The psychophysical
support to these claims
was, nonetheless, controversial. For example, when Livingstone & Hubel (1988) illustrate their
claims with a demo such as the one of Figure 2, one may always argue that the poor perception
of the pure chromatic, i.e. equiluminant, stimulus is simply due to its relatively low contrast.
Indeed, a pure chromatic red-green contrast is typically equivalent to only 10% luminance
contrast (e.g. Agonie & Gorea, 1993).
In any case, the main point I want to stress here is that, according to both schemes,
color and motion (among others) were assumed to be processed independently. As I will
discuss it shortly, the relevant psychophysical work was clearly insufficient to substantiate
these claims. Moreover, recent anatomophysiological raises serious doubts on such a
functional distinction. In 1991, Felleman & Van Essen published a more complete scheme of
the connectivities within the visual cortex. As you can see from Figure 3, the nice parallel
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organization originally proposed in 1988, vanishes within an uncountable number of crossconnections between the so called parvo and
magno pathways.
In the late '70s and early '80s (and may
be even now), the psychophysical community
was, nonetheless, too eager to accept clear-cut
dichotomies as reflecting the existence of well
defined "mechanisms". So, when starting with
the work of Ramachandran & Gregory (1978)
and Moreland (1980), psychophysical results
started accumulating to support the view that
the motion system was color-blind, or, if you
prefer, that the chromatic system was motionFigure 2. An equiluminant (left) and nonblind this distinction was readily embraced by
equiluminant bike (from Livingstone &
most of the visual community.
Hubel, 1988).
The most serious psychophysical
support of the color vs. motion processing
dichotomy was published in 1984 by Cavanagh, Tyler & Favreau. These authors showed in a
series of elegant experiments that pure chromatic moving stimuli were perceived as drifting at
a much slower speed than luminance defined stimuli. This set of data is illustrated in Figure 4.
In this figure, the relative perceived speed of red-green drifting gratings was measured
for three observers as a function of the amount of luminance modulation added to the stimulus.
It is clear from this figure that the relative perceived speed was the lowest at the equiluminant
point (i.e. 0% luminance modulation). However, this result is not observed for the highest
speed used (4.8 deg/s; right-hand panels) and, as the authors emphasize it, for spatial
frequencies higher than about 3 cycles/deg.
We thus decided to look more attentively into this problem and assess the extent to
which chromatic information does or does not carry motion information. Before describing
those experiments, I must now introduce a second important concept which is that of similarity
and spatio-temporal matching. Figure 5 illustrates an arbitrary moving stimulus in a space-time
diagram.
In this diagram, space is represented along the abscissa and time, running downward,
along the ordinate. Each row in the figure represents one image-frame in a standard animation
sequence. Each square-box stands for a visible object defined with respect to the background
by a given quality or attribute (A), say color, set at one of three levels, 0, 1 or 2 (e.g. red, green
and blue). You note that during the animation sequence, each local modulation Ai can be
matched across space and time with itself or with another local modulation Aj. If the visual
system did not make the difference between Ai and Aj, then the observer should see motion
both to the left and to the right. From the standpoint of its directionality, the stimulus should be
ambiguous. If, on the other hand, the visual system matches across space and time only
identical (or similar) local modulations, the spatio-temporal arrangement of Fig. 5 should yield
only leftward motion (as shown by the arrows). So, by using this kind of spatiotemporal
arrangements, a psychophysical experiment should be able to test the similarity principle in
motion perception which is equivalent to test whether or not the given attribute A is a token for
motion perception.
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Figure 3. Hierarchy of visual areas (from Felleman & Van Essen, 1991).

The arrangement of Fig. 5 can be elaborated at will. This is illustrated in Figure 6
where each local modulation is characterized by three (rather than one) visual attributes, A, B
and C (say color, luminance and size), each of which is set at one of three levels, 0, 1 and 2.
The spatio-temporal arrangement in this space-time diagram is such that attribute A and its
associated levels are coherently matched to the left, attribute B and its associated levels are
coherently matched to the right, while the levels of attribute C are systematically cycled across
space and time. If the similarity principle were to apply, a stimulus like this should yield two
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motions of opposite directions carried by attributes A and B, and an ambiguous motion yielded
by attribute C. Stimuli of this kind are extremely useful for the study of the interactions among
different motion-carrying attributes (Papathomas & Gorea, 1988). They were extensively used
in the studies I am going to present in the remainder.
Before
starting
their
presentation, let me draw your
attention to the fact that the space-time
diagrams I have already showed, as
well as those I will shortly display, can
be easily "translated" into space-space
diagrams. Instead of asking the
observers about the perceived spatiotemporal structure (namely direction of
motion) of such stimuli, one may ask
these observers about their perceived
2D spatial structure. As an example,
Figure 7 shows two multi-attribute
textures and the logo of the 13th
European Conference on Visual
Perception (held in Paris in 1990)
which was constructed by directly
applying the principles of attribute
matching (or grouping) across space.
Using simpler space-space
arrangements like those of Figure 7a
Figure 4. Relative speed of red-green gratings (from
and 7b, one may inquire into how
Cavanagh et al., 1984; see text).
different image attributes cohere so as
to produce spatial organization. As you
remember, the parvo/magno distinction, at least in its strongest form (i.e. Livingstone & Hubel,
1984, 1988), also predicts that equiluminant stimuli, presumably activating mainly the parvo
pathway, cannot be efficiently grouped across space to yield texture perception. In the
reminder, I shall concentrate, however, only on the contributions of Luminance and Color to
motion perception.

Figure 5. Space-time diagram of a "one-attribute" moving
stimulus (adapted from Papathomas & Gorea, 1988).
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Figure 6. Space-time diagram of a "three-attributes" moving stimulus (adapted
from Papathomas & Gorea, 1988).

Figure 7. Space-space attribute arrangements showing grouping of Color across Orientation (a), of
Orientation across Color (b), of Color against Orientation (c) and the use of these grouping principles in
"writing with Color and Orientation attributes" (d).

ISOLATING MOTION SENSITIVE MECHANISMS
In our first attempt to assess the contribution of color (and orientation) to motion
perception (Gorea & Papathomas, 1989), we have used the spatio-temporal arrangements
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shown in Figure 8. In this scheme, the
local elements were characterized in
terms of their color (red and green
shown here as dark and bright shades)
and their orientation (vertical and
horizontal). These elements were set
at their equiluminance point and were
presented on a dark background
(shown as grey in the Fig.). As a
consequence, both chromatic and
luminance mechanisms were locally
stimulated. This does not necessarily
mean that these mechanisms were
also activated by the more global,
motion information, contained in the
stimuli.
In Fig. 8, the left column shows
the spatio-temporal arrangement of
the stimuli; the right column
illustrates their "decomposition" in
terms of four putative mechanisms
underlying motion perception, namely
Luminance (L) and Chromatic (C),
Oriented (O) and non-Oriented (nO)
units (i.e. L-O, L-nO, C-O and C-nO).
In configuration A, color but not
orientation is systematically matched
to the left, while neither is matched to
the right. I shall refer to this
configuration as C across O (CxO).
Any coherent motion perception
induced by this configuration should
be attributed exclusively to the
activation of the C-nO mechanisms
Figure 8. Space-time diagrams and "decomposition"
of the stimuli used by Gorea & Papathomas (1989).
(the arrow in the upper-right box).
Indeed, because of the orientation
"mismatch", none of the oriented
motion units (either L or C) should be active. As for the L-nO motion mechanism, its
stimulation should be ambiguous (or balanced) because, the elements being equiluminant, this
mechanism will take equal advantage of their spatio-temporal arrangement to the left and to the
right. In configuration B, orientation but not color is systematically matched to the left, while
none is matched to the right (OxC stimulus). Configuration C is of the against type (C↔O; see
also Fig. 6) because color is coherently matched along one direction (left) while orientation is
matched along the opposite direction. Stimulus D is both equiluminant and equichromatic (all
elements have the same color). Its arrangement is such that orientation is systematically
matched to the left, while both color and luminance are ambiguously matched along both
directions. We refer to this arrangement as O within C (OwC). Finally, configuration E (which
is bichromatic but presents only one orientation), is the reciprocal of D, namely CwO.
Following the same line of analysis as for stimulus A, one can pinpoint the specific
mechanisms underlying the perception of motion elicited by each of these configurations.
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Psychophysical experiments whereby the observer is asked to specify the direction of
motion he or she perceives as a function of some independent variable such as the duration of
presentation, can then reveal the relative contribution to motion perception of the mechanisms
mentioned above. Instead of presenting such detailed data, suffice to say that our experiments
with these stimuli showed (among others) that:
• Matching of Color yields stronger motion-detection performances than matching of
Orientation.
• Color overrides Orientation when the two attributes are in competition (C↔O).
• Contrary to previous claims that color processing is to a large extent orientation-blind, these
experiments isolated a C-O mechanism and showed that it has a significant contribution to
motion perception.
• In summary, these experiments demonstrated a strong contribution of the chromatic
mechanisms to motion perception.

THE CONTRIBUTION OF COLOR AND LUMINANCE TO MOTION PERCEPTION
Having clearly showed that, contrary to the common belief of the late '80s, the
chromatic (and thus the parvo) pathway is motion sensitive (or, if you prefer, that the motionsystem is color sensitive), I shall now present a more systematic study of the interactions
between color and luminance in motion perception. The family of stimuli used in the preceding
experiment (see Fig. 8) always used equiluminant local elements. In order to assess these
interactions, one needs to manipulate the luminance information, that is the luminancecontrast, contained in the animated stimuli. Using the same terminology and graphic format as
above, I shall now describe the stimuli used in this series of experiments.
Figure 9 shows space-time diagrams of the four stimulus configurations we have used
(Papathomas, Gorea & Julesz, 1991). The shading of each box/element represents its
luminance, while the letter in each box represents its color (Red, Green, Blue). Configuration
9a is of the CxL type: color is systematically matched to the left while the luminance of the
elements varies cyclically across space and time both to the left and to the right. Thus, any
coherent motion perception yielded by this stimulus must be attributed to the activation of the

TABLE 1. Experimental conditions of the experiments described in this section.

_______________________________________________________
GLOBAL SIZE :
ELEMENT SIZE :
INTERELEMENT DISTANCE :
FRAME DURATION :
Lmin :
Lmed :
Lmax :

9.1° Wide x 2° Tall
0.19° Wide x 0.14° Tall
0.5°, 0.72°,1.0°, 1.15°
33 ms
3.0 cd/m²
8.4 cd/m²
23.2 cd/m²

DIRECTION OF MOTION: RANDOMIZED ACROSS TRIALS
TASK: REPORT DIRECTION AS A FUNCTION OF
INTERFAME DISPLACEMENT (i.e. SPEED)
METHOD: TWO-ALTERNATIVE FORCED CHOICE
OBSERVERS: THREE TRAINED ADULTS

_______________________________________________________
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Figure 9. Space-time diagrams of the stimuli used by Papathomas
et al. (1991).

chromatic system. Configuration 9b is the reciprocal of
9a, namely LxC: it should
activate unambiguously only
the
luminance,
motion
sensitive mechanisms. The
spatio-temporal arrangement
in 9c is of the C↔L type:
color and luminance both
carry motion but in opposite
directions. This configuration should enable one to
assess the relative "strength"
of the two motion systems.
Finally, in 9d the two
attributes
(color
and
luminance) are coherently
matched to yield motion in
the same direction (left), i.e.
C+L. Figure 10 displays the
actual x-y arrangement of the
local elements within one
image frame. This figure
makes it clear that in each
frame four rows of elements,
two above and two below
fixation, were visible at the
same time. Each row was
then displaced across frames
as shown in Fig. 9. The
specific
experimental
conditions are summarized in

Table 1.
Figure 11 displays the average percentages of correct direction reports as a function of
the inter-frame delay obtained with configurations CxL (circles), LxC (squares) and C+L
(triangles). The strong similarity of the results obtained in the first two conditions is not
accidental.
Given the three
(R, G, B) hues
used in the
experiment, the
three levels of
luminance displayed in Table
Figure 10. One stimulus-frame (from Papathomas et al. (1991).
1 were precisely chosen
to yield this similarity. This is to say that the chosen luminance-contrasts were equivalent to
the R/G/B chromatic contrasts. The main conclusions to be drawn from Fig. 11 are as follows:
(1) Color-contrast can definitely carry motion perception even when the luminance contrast is
cycled across space-time so as to disturb (or mask) this perception (the CxL condition); (2) the
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equivalent luminance contrasts required to induce a motion perception about as strong as the
R/G/B chromatic contrasts (LxC condition) are rather large (about 47%), but the equivalent
luminance contrast of a chromatic modulation strongly depends on the measurement technique
(Agonie & Gorea, 1993); (3) when chromatic motion information is added to the luminance
information (C+L condition), the strength of the motion perception is significantly increased
(hatched area). Observations (1) and (3) make clear that color information not only carries
motion by itself, but that it is used by the visual system to improve motion sensitivity yielded
by pure luminance stimuli.
Given the above findings, it is natural to ask
whether, when pitted against each other, colorcarried motion can override luminance-carried
motion. The answer is clearly "yes" and it is
substantiated by the results displayed in Figure 12.
In this figure each panel shows the individual results
of the three observers. Circles show the
performances for the CxL stimulus used to compute
the averages of Fig. 11. Squares show performances
for the LxC stimulus obtained at luminace contrasts
which varied across the observers. These luminance
contrasts were chosen in such a way as to produce a
color-carried motion preference above chance (i.e.
50%) when used in the against (C↔L) configuration
(triangles). It can be seen from Fig. 12 that this is
perfectly possible (triangles): color can indeed
override luminance in motion perception. It is also
visible in Fig. 12 that for color to win over
luminance, the latter must be set at values which, by
Figure 11. Percentages correct for CxL
themselves (in the LxC condition), yield slightly
(Ο), LxC ( ) and C+L (Δ) from
lower performances than the fixed R/G/B chromatic
Papathomas et al. (1991).
contrast (in the CxL condition). This observation
leads to the conclusion that the motion chromatic system is somehow less efficient than the
luminance motion system.
To summarize, we have shown that:
• Color can carry motion "across" Luminance.
• Color can be matched spatio-temporally to add to Luminance-carried motion.
• Under certain conditions, Color-carried motion can dominate over significantly strong
Luminance-carried motion.
• Taken together, these results raise doubts on the psychophysical validity of the
neuroanatomical distinction between the parvo and magno pathways and are more easily
understood in the context of the strong cross-connectivity between these two processing
streams (see Fig. 3).

SPECIFIC AND NON-SPECIFIC MOTION SYSTEMS
In the experiments I have just described, we demonstrated (and took advantage of) the
existence of both chromatic and luminance motion sensitive mechanisms. Despite the fact that
these mechanisms can interact so as to add to or to subtract from the overall "strength" of the
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motion percept, each of them was
assumed to process only its
specific physical information,
namely chromatic and achromatic.
In other words, these specific
chromatic
and
luminance
mechanisms were assumed to
behave in accord with the
similarity principle. The possibility
exists, however, that the two types
of information are not always kept
apart along the motion processing
stream. This amounts to propose
the existence of a non-specific
motion-sensitive mechanism which
does not respect the similarity
principle, i.e. which processes
chromatic
and
luminance
informations
without
discriminating
them.
More
generally, the question is: Does
spatio-temporal
matching
of
qualitatively
different
visual
attributes yield a perception of
motion. This issue is illustrated in
Figure 12. Percentages correct for CxL (O), LxC ( ) and C↔L
Figure
13
(from
Gorea,
(Δ) from Papathomas et al. (1991).
Papathomas & Kovacs, 1993a).
The block diagrams in Fig.
13A and B are classical
representations of a Reichardt-type motion detector (Reichardt, 1961; Van Santen & Sperling,
1985). The basic idea of a Reichardt detector is that it collects information at two spatial
locations at the same time, delays the
processing of one of these informations
by an amount proportional to the speed
of the stimulus and then multiplies (or
divides) the outcomes of the two
filtering branches to obtain a global
directional response. In Fig. 13A, the
bilocal detector combines chromatic (C)
and luminance (L) information before
the multiplication stage through a unique
function h(L,C). This configuration
would correspond to what I referred to as
the non-specific system. In contrast, Fig.
13B displays two independent Reichardt
detectors, one of which processes only
Figure 13. Non-specific (A) and specific (B) motion
systems (from Gorea et al., 1993a)
L, hL(L), the other processing only C,
hC(C). These are the two specific
systems whose outputs (after the multiplication stages) are eventually combined. Before
describing the experiments devised to test the existence of these specific and non-specific
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systems, I must first go back to the
standard animation stimuli discussed
at the beginning of this paper (see
Figs. 5 and 6) and draw your
attention on a potential fallacy in
their construction.
Figure 14 shows the standard
space-time arrangement used to
assess the contribution to motion
perception of attributes "A" and "B":
the two attributes (or two levels of
one attribute) are coherently matched
to the left but not to the right. If "A"
and "B" are motion-carriers, then the
leftward, homogeneous path should
take
over
the
rightward,
heterogeneous path. In view of the
model illustrated in Fig. 13, the
strength of the activities within each
of these paths will be regulated by
the product of the intensities (or
contrasts) associated with each
attribute, namely A and B. So, the
strengths of the homogeneous and
heterogeneous trajectories will be
given by A²+B² and by 2AB,
respectively. Since A²+B² is always
larger or equal to 2AB, any
Figure 14. Two space-time stimulus configurations discussed
perceptual preference for the
in the text.
homogeneous
path
could
be
accounted for in the trivial terms of
this mathematical inequality rather than in terms of a real perceptual "preference". The spatiotemporal arrangement of Figure 14B, circumvents this difficulty. Erasing every other frame a
"B" element, yields a motion strength of A² for the homogeneous trajectory and of AB for the
heterogeneous one. One can now play at will with the intensity/contrast of element "B" so as to
find the contrast for which the two trajectories yield a null motion percept. If this point is
found for A²=AB (i.e. for A=B), it can be inferred that the homogeneous path has no advantage
over the heterogeneous one. This is to say that the visual system combines attributes "A" and
"B" by means of the same function, h(A,B). In contrast, the possibility exists that there is no
such function and that the heterogeneous path will never yield a motion percept. The
experimental consequence of this behavior will be that the observer will always report the
direction of the homogeneous path whatever the intensity/contrast of element "B".
As a final remark, one should note that if "A" and "B" stand for distinct attributes such
as color and luminance, there is no direct way of using a unified metric to compare luminance
and chromatic contrasts (i.e. to check A=B). This equivalence must then be assessed
experimentally, typically by means of an "against" configuration such as the one displayed in
Fig. 9c. Once this is done, one can use the configuration of Fig. 14B to test the existence of a
non-specific system combining color and luminance information. Figure 15 illustrates this
configuration. Here, the "CC" elements are equiluminant to the yellow background and are
exclusively defined in terms of their chromatic contrast (R-Y or G-Y in the present case).
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Elements "LC" are equichromatic with the
yellow background but are either brighter
or darker than it so that they are
exclusively defined in terms of their
luminance contrast. In order to avoid any
potential chromatic aberration effects, all
the stimuli were presented under three
levels of luminance noise, i.e. 0%, 5% and
15%. In the actual experiments, each
element was in fact a vertical bar so that
the observer perceived a grating composed
of alternating chromatic and luminance
bars. He or she was instructed to decide
Figure 15. Space-time configuration used by Gorea
upon the perceived direction of motion
et al. (1993a,b).
over hundreds of trials. The experimental
conditions are given in Table 2.
Figure 16 displays the percentage of preferred chromatic (homogeneous) motion over
the heterogeneous trajectory for one observer (the other two observers had very similar results)
as a function of the luminance contrast of the "LC" elements. This contrast could be negative
(darker than the background) or positive. The left and right plots show the data obtained with
green and with red "CC" elements, respectively. From the top to the bottom panels, temporal
frequency (and thus speed) increases from 2.5 to 15 Hz. Percentages above 50% reflect a
preference for the pure chromatic path.. The vertical bars show the equivalent luminance
contrasts of the G-Y and R-Y chromatic contrasts as measured in an independent experiment.

TABLE 2. Experimental conditions of the experiments described in this section.

___________________________________________________________
GLOBAL SIZE :
ELEMENT SIZE :
FUNDAMENTAL SPATIAL FREQUENCY :
TEMPORAL FREQUENCY :
MEAN LUMINANCE :
CIE x,y COORDINATES :

6.5° Wide x 6.5° Tall
0.25° Wide x 6.5° Tall
1 c/deg
2.5, 3.75, 7.5, 15 Hz
20 cd/m²
Red: (0.611, 0.353)
Green: (0.285, 0.597)
Yellow: (0.448, 0.475)

DIRECTION OF MOTION: RANDOMIZED ACROSS TRIALS
TASK: REPORT DIRECTION AS A FUNCTION OF THE
LUMINANCE CONTRAST OF THE "LC" ELEMENTS
METHOD: TWO-ALTERNATIVE FORCED CHOICE
OBSERVERS: THREE TRAINED ADULTS

___________________________________________________________

For the lowest temporal frequency (2.5 Hz), observer's preference shifts from the
homogeneous/chromatic path to the heterogeneous path for luminance contrasts slightly larger
than the measured equivalent contrast. That is to say that if the CCxLC product is slightly
higher than the CCxCC product (expressed in equivalent luminance-contrast units), the visual
system will provide a stronger weight to the heterogeneous than to the homogeneous motion.
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Thus, at low temporal modulations, the visual system can process motion information by
means of a non-specific system. At higher temporal rates, however, one can indefinitely
increase the strength of the "LC" elements without switching the observer's preference to the
heterogeneous motion. This implies that the non-specific system does not operate within this
frequency range, or that its sensitivity is substantially lower than the sensitivity of the specific
chromatic system.

Figure 16. Percentages of CC-CC motion as a function of LC (from
Gorea et al. (1993a,b).

Other independent experiments confirmed this temporal (and spatial) frequency
distinction between the two motion systems and thereby consolidated the notion that they are
both present but that they occupy different loci in the frequency domain.
Figure 17 illustrates the spatio-temporal frequency loci of the two specific (luminance
and color) systems and of the non-specific system. The L-system is mostly active in the
medium-to-high frequency range and is bandpass. The C-system is optimally stimulated within
the medium-to-low range and it is more low-pass than the L-system. Finally, the non-specific
system prefers the low-to-very low frequencies and is, as far as we know, probably low-pass.
The parvo/magno dichotomy proposed by the neurophysiologists does not seem to subserve in
any obvious way this tripartite distinction.
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CONCLUSION
I have led you in a very hasty
way through the history of the color
vs. motion debate and quickly
summarized some of our experimental
contributions to this debate. Let me
spell them out once again.
• Color carries motion and improves
motion perception when added to
luminance.
• The spatio-temporal visual filters
which
process
chromatic
information have lower cut-offs and
are more low-pass than the those
processing luminance information
(a fact known since Kelly, 1974).
However, within those frequency
limits, the putative underlying
Figure 17. Spatio-temporal frequency loci of the two
specific and of the non-specific motion systems.
parvo-system processes form and
motion as well as the luminance
system.
The
parvo/mango
distinction based on that kind of (psychophysical) arguments does not seem to hold.
• Instead, our data point to a distinction within the motion system which is, as for now, not
related to the parvo/magno dychotomy. While at medium-to-high spatial and temporal
frequencies there are two, chromatic- and luminance-specific systems, at medium to low
frequencies there is only one single system, unable to discriminate between chromatic and
achromatic information.
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