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Abstract 
Although motion impression is weak with isoluminant color 
stimuli, it has been shown that color signals influence 
motion perception. We discuss similarities and differences 
between color motion and luminance motion, focusing on 
temporal characteristics of the perception of the 2D and 3D 
motion.  

 
1. Introduction 

 
The issue of whether there is a motion mechanism 

sensitive to purely chromatic stimuli has been 
pertinent for many years1). Most researchers seem to 
agree that color signals convey motion information. 
However, it is a question whether effect of color to 
motion is the same as that of luminance. The motion 
detector acts as spatiotemporal filter of spatiotemporal 
luminance variation at the first stage of the motion 
analysis. Whether or not there are similar motion 
detectors for chromatic variation. We discuss the 
possibility of such color motion detectors in this 
report based on our own psychophysical experiments 
of both 2D and 3D motion. 

One of the obvious differences between luminance 
and color for motion perception is the perceived 
motion. Color motion appears to be slower than 
luminance motion2). The fact that isoluminant color 
stimulus appears to be even stationary in some 
conditions may indicate that there is little or no 
contribution of color to motion. However, motion can 
usually be seen when color motion signal is strong 
enough. It is important to ask whether there is no 
contribution of luminance signal at all when motion is 
perceived in isolumoinant color stimuli. 
Heterochromatic flicker may be able to realize a color 
stimulus isoluminan to each observer, but chromatic 
aberration could produce luminance contrast on the 
retina. Using low spatial frequency eliminates the 
effect, but possible variation of isoluminant points of 

cells sensitive to motion suggests that some of the 
cells sensitive to luminance motion may respond the 
isoluminant color motion that is adjusted based on 
perception which perhaps corresponds to the average 
response of many cells responding the stimulus1, 3). 

Therefore, it is generally difficult to answer whether 
chromatic signals convey motion information. One of the 
methods to distinguish the possible color motion process 
from the luminance motion process is to show the different 
sensitivity tunings for them. For example, Tyler and 
Cavanagh suggested that the luminance and color motion 
system have different temporal frequency tunings4). Such a 
difference supports that different processes detect color and 
luminance motions. However, this is not sufficient to 
conclude that there are color motion system, which is 
similar to luminance, at the early stage of motion analysis. 
Tracking image features can provide motion impression and 
the feature tracking system may detect motion in color 
stimulus. We investigated the difference in temporal 
frequency tuning between the luminance and color motion, 
avoiding possible contribution of the feature tracking 
system.  We used motion in depth based on inter-ocular 
velocity difference (IOVD) cue, which is the difference in 
velocity (direction and/or speed) of two retinal stimuli5, 6). 
Since it is highly unlikely to perceive motion in depth by 
tracking features, the perception of motion in depth through 
IOVD can be attributed to the consequence of early motion 
processing. 
 

 
 

2. Experimental 1: Motion in depth through 
IOVD  

 
Several reports confirmed that the visual system 

has a mechanism to perceive motion-in-depth through 
IOVD5, 6). We measured contrast sensitivity to motion-
in-depth in luminance and color stimuli and compared 
their temporal frequency dependencies. The stimulus 
consists of left and right gabor patches whose carrier 
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gratings moved in opposite directions to provide 
IOVD. The motion was rotation in depth and the 
rotation rate (c/s). The carrier gratings were tilted 45° 
in opposite directions in order to minimize the 
influence of disparity cues. The results of two 
observers showed that temporal conditions influenced 
the luminance and color motion differently. The 
sensitivity to luminance stimulus is the highest at 
around 2 c/s (bandpass) whereas that the sensitivity to 
color stimulus is higher at lower temporal frequency 
(lowpass). This strongly suggests that color motion is 
detected at an early stage of motion analysis. Since no 
information of rotation in depth can be obtained by 
tracking one of the images, temporal properties for 
color stimulus from that for the luminance stimulus 
cannot be explained by the contribution of feature 
tracking. The effect of temporal frequency is similar 
to that for 2D lateral motion and also to that for 
stereomotion, with which features can be tracked (but 
not necessarily be done). This suggests that motion in 
depth is perceived in luminance/color stimulus using 
IOVD of luminance/color motion. 

 
 
 

3. Experiment 2: 3D MAE 
 

A more appropriate technique to isolate IOVD 
cues from disparity cues is the one that uses motion 
aftereffect (MAE). MAE is a phenomenon wherein 
motion is perceived in a static stimulus after the visual 
system is exposed to a moving stimulus. If the 
monocular MAE causes the perception of motion-in-
depth, it is possible to use the phenomenon to 
investigate the IOVD-sensitive mechanism in 
isolation from disparity cues(7, 8). We measured MAE 
duration for motion in depth as well as for lateral 2D 
motion and compared effect of temporal frequency of 
adaptation stimulus between the luminance and color 
stimuli. The adaptation stimulus consists of vertical 
gratings on the left and right retinas that moved in 
opposite directions, and the test stimulus consists of 
stationary tilted gratings in opposite directions 
between the two eyes. The speed of the adaptation 
gratings varied between 0.5 and 10Hz. 

MAE duration showed similar differences 
between the luminance and color to those of 
perception of motion in depth. MAE duration is the 
longest at around 5 Hz for the luminance stimulus 
whereas it is longer at lower temporal frequency for 
the color stimulus. This difference in the temporal 
frequency tuning is found both in the 2D and 3D 
MAE. This suggests that motion in depth is perceived 

in luminance/color stimulus using IOVD caused by 
luminance/color motion. 

 
 

4. Discussion 
 

The results of the two experiments described 
above indicate that temporal condition in the stimulus 
influences differently in luminance and color motion. 
The motion perception in color stimulus cannot be 
interpreted by the residual luminance signal and we 
can conclude that color signals are certainly used to 
see motion. Furthermore, the perception of motion in 
depth through IOVD is unlikely achieved by feature 
tracking. The contribution of color to perception of 
motion in depth, therefore, suggests that color signals 
are analyzed in a manner similar to how luminance 
signals are analyzed at the first stage of motion 
analysis, which is a detection of motion energy 
instead of tracking features. 

. 
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