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Isoluminance and chromatic motion perception for red/green gratings were measured throughout 
an 80 deg visual field. Generally, the red/green isoluminance values changed with increasing 
eccentricity, i.e., observers increased the red luminance contrast for a fixed green luminance 
contrast. Enlarging the target size (to compensate for the cone density changes with eccentricity) 
and decreasing the spatial frequency (to compensate for receptive field property changes with 
eccentricity) did not change the isoluminance values within the central 20 deg, but the isoluminance 
ratios decreased beyond 20 deg. Our manipulations did not entirely compensate for a given 
eccentricity, which implies the need for a post-receptoral scaling function for the perception of 
drifting chromatic stimuli. Further, the results for isoluminance show heterogeneity between the 
visual field meridians where the red to green luminance ratio tends to be greater in the superior 
visual field. In our present conditions, chromatic motion was always perceived (up to 40 deg of 
eccentricity), but sensitivity generally decreased with increasing eccentricity. The inferior visual 
field was found to be the most sensitive to chromatic motion. We propose that the lower visual field 
and not the superior visual field is specialized for colour motion information. © 1997 Elsevier 
Science Ltd. 
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INTRODUCTION 

Several psychophysical studies on chromatic motion 
indicate that the chromatic system can transmit motion 
information (Cavanagh, 1991; Cavanagh & Anstis, 1991; 
Cavanagh et al., 1984 Cavanagh et al., 1985, 1987; 
Cavanagh & Favreau, 1985; Cropper & Derrington, 
1996; Gorea & Papathomas, 1989; Papathomas et al., 
1991). Generally, the strength of the motion perception 
appears degraded, but the chromatic system is capable of 
achieving motion perception particularly for slower 
temporal frequencies. However, it has been proposed 
that the chromatic visual system is unable to relay motion 
information (Livingstone & Hubel, 1987, 1988; Rama- 

Until now, most studies on chromatic motion have 
focused on the foveal and parafoveal areas of the visual 
field. Colour motion sensitivity should peak at the fovea, 
since the majority of cells that respond to colour can be 
found in that small area. Nevertheless, there are cells 
sensitive to colour in the peripheral retina. The colour 
sensitivity in the peripheral visual field is lower than that 
of the fovea (Abramov et al., 1991; Ferree & Rand, 1919; 

. chandran & Gregory, 1978). 
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Stabell & Stabell, 1981) and colours appear desaturated, 
although it is possible to correctly identify them. Metha et 
al. (1994) compared the contribution of cone-opponent 
and additive mechanisms to motion in a 24 deg visual 
field using a 3 deg diameter Gabor patch. They failed to 
obtain thresholds for a cone-opponent mechanism past 
12 deg of eccentricity in the inferior visual field. They 
concluded that suprathreshold chromatic contrast is 
necessary to identify correctly the direction of movement 
in the peripheral visual field. We still have relatively little 
knowledge of what role the chromatic system plays in the 
perception of motion throughout the visual field. 

Mullen (1985, 1991) demonstrated that with increasing 
eccentricity, sensitivity to chromatic gratings decreased 
at a steeper rate than for achromatic gratings. Also, 
contrast sensitivity for higher spatial frequency gratings 
decreased more rapidly than for lower spatial frequency 
gratings in peripheral locations. It might be possible to 
maximally stimulate the receptive field of peripheral cells 
by decreasing the spatial frequency of the stimulus and 
attempt to compensate for cone topography changes by 
increasing the stimulus size with increasing eccentricity 
(Noorlander et al., 1983). 

The main purpose of this study was to first determine 
the change in red-green (R/G) isoluminance ratio 
throughout an 80 deg visual field. A second aim was to 
assess whether chromatic motion perception is possible 
throughout the visual field, and if so, to determine 
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the inferior-nasal axis starting at 20 deg of eccentricity. 
Subject JF obtained a smooth decrease of sensitivity 
across the visual field, with a steeper slope for the 
superior and temporal portions of the visual field. At 
20 deg of eccentricity and beyond, subject LB showed a 
steeper function decrease of chromatic motion sensitivity 
for the superior and temporal parts of the visual field. At 
10 deg of eccentricity, two of the three observers (AB and 
LB) also showed diminished chromatic motion sensitiv- 
ity on the oblique axes (superior-temporal and inferior- 
nasal). 

CONCLUSION 

Isoluminance 
The results of Experiment 1 indicate that, without 

changing the target size, the R/G isoluminance equili- 
brium was relatively constant for the nasal, temporal, and 
inferior meridians, except for 40 deg of eccentricity 
where the subjects significantly increased the red 
luminance contrast relative to the green luminance 
contrast to obtain a perception of isoluminance. For the 
superior meridian, a marked change in R/G isoluminance 
equilibrium was present at 20 and 40 deg of eccentricity. 
One implication could be that the superior meridian 
contains relatively less L-type vs M-type receptors than 
other visual areas. Another possible explanation is that 
the post-receptoral weighting of the two colours involved 
in our study changes with increasing eccentricity and/or 
between visual field areas. 

The findings of Abramov et al. (1991) and Weitzman 
& Kinney (1969) state that if we sufficiently increase the 
stimuli size, it is possible to obtain similar identification 
thresholds from the fovea to 20 deg of eccentricity. At 
further eccentricities, thresholds for colours could not be 
obtained even with an increased stimulus size. However, 
our findings indicate that when we scaled the target 
according to the cone density function (Curcio et al., 
1987) in Experiment 2, the R/G isoluminance equili- 
brium was similar to Experiment 1 in the central visual 
field and up to 10 deg of eccentricity. A slight difference 
in R/G ratio was observed at 20 deg and beyond. The 
isoluminance ratios decreased in the peripheral visual 
field, thus suggesting that we had only partially 
compensated for the lower cone density in the periphery, 
implying the need for a post-receptoral scaling function 
for red-green isoluminance ratios. 

Studies have reported that it is possible to perceive 
colours beyond 40 deg of eccentricity (Abramov et al., 
1991; Ferree & Rand, 1919; Stabell & Stabell, 1981). 
Therefore, we still need to know how the peripheral cells 
code chromatic information (qualitative), and we also 
need to establish an appropriate scaling factor (quantita- 
tive). It was reported that thresholds for green and yellow 
are greatly reduced in peripheral locations (Abramov et 
al., 1991; Weitzman & Kinney, 1969), making the 
peripheral retina more sensitive to short wavelengths 
(blue) and to long wavelengths (red). Our results clearly 
show that more red contrast was required to set 

isoluminance for drifting sinusoidal gratings. This gives 
us a reason to believe that there must be a post-receptoral 
mechanism involved in setting isoluminant conditions. 

Chromatic motion 
First and foremost, we have demonstrated that it is 

possible to perceive chromatic motion across an 80 deg 
visual field at each position tested. Even though each 
observer established his/her isoluminance equilibrium 
prior to performing the motion nulling task, we obtained 
relative chromatic motion measures indicating interindi- 
vidual differences in the motion sensitivity baseline (as 
obtained in the fovea). Some observers were more 
sensitive than others, but they all were able to perceive 
chromatic motion across the 80 deg visual field. 

Secondly, the perception of R/G chromatic motion in 
the periphery was weaker than that observed in the 
central visual field, as we expected. For further 
eccentricities (Le., 20 and 40 deg), a motion sensitivity 
asymmetry becomes more apparent. The superior visual 
field seems to be the least sensitive to colour motion, 
whereas the inferior field appears to be the most sensitive. 
Previous findings (on cell distribution) suggested that the 
inferior visual field was specialized for motion, and that 
the superior field was more specialized for colours 
(Previc, 1990). The results obtained in this study clearly 
indicate that the inferior field is better than the superior 
field for processing chromatic motion information under 
isoluminant conditions. 

Do the chromatic and achromatic systems stimulate the 
same motion mechanisms? 

We know that the middle temporal (MT) cortical area 
is the center responsible for motion processing (Maunsell 
& Van Essen, 1983). Much of the information feeding 
this area are luminance signals, whereas chromatic 
information feeds area V4 (Lueck et al., 1989). There 
is also evidence that MT receives input from the 
chromatic system (Ferrera et al., 1994). A recent 
psychophysical study has demonstrated that there are 
two independent entries in the motion centre, one for 
colour and another for luminance signals (Cropper & 
Derrington, 1996). Other researchers have proposed that 
V4 must be linked to MT for higher chromatic motion 
processing (Cavanagh et al., 1984, 1985). Because we 
obtain better chromatic motion sensitivity in the inferior 
visual field it follows that the chromatic motion 
mechanisms show the topographical specialization pat- 
tern for motion (inferior visual field) as opposed to colour 
(superior field) as proposed by Previc. Therefore, another 
possibility is that the chromatic motion perception we 
obtain may be via a portion of the chromatic system 
which goes directly to MT. It may also imply that the 
chromatic system for motion stimuli may be primarily 
localized in the lower visual field, which contrasts 
Previc’s assumptions about P and M visual field 
distribution. 

Finally, we observed that the peripheral mechanisms 
do not seem to respond as strongly to chromatic motion 
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as the foveal mechanisms. Perhaps the respective 
mechanisms operate on different motion cues. Further 
research will explore the difference between foveal and 
peripheral chromatic mechanisms for the perception of 
local vs global features of motion. 
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