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Human visual system divides incoming visual information into some features and
integrates them. Color information is one of these visual information. Previous works
have revealed that color information representation in the visual system varies as color
information processing proceeds. In the initial stage, colors are encoded as the responses
of three different classes of cone photoreceptors. Next, these cone signals are combined
and transformed to the responses of one luminance channel and two opponent color
channels in the second stage. Color representation at the second stage is referred to as
cone-opponent. After the second stage, color representations of cortical neurons are more
complex. Physiological studies find that the cortical neurons selectively respond to
various hues in addition to the opponent colors. Psychophysical studies also reported a
phenomenon that could not be explained by the cone-opponent representation, using
various stimuli and psychophysical tasks. Although the properties of the post
cone-opponent representation, such as the number of hues, peaks, and bandwidths of
channels, have been estimated in several different studies, the results have been
somewhat inconsistent. Therefore, it is still unclear what is a role of the post
cone-opponent color representation. This thesis, therefore, aims to investigate the role of
the transformation of color information representation in aspects of hue and saturation.
First, this thesis examined effects of heterochromatic noise on chromatic contrast
perception. The Classification Image (CI) technique that enables us to investigate the
effect of random chromatic noise on color perception was applied. The stimulus was a
superposition image of two uniformly colored squares (signal images) and a multicolored
texture (a noise image), whose colors were chosen out of an isoluminant plane in the
Derrington-Krauskopf-Lennie (DKL) color space. The observers judged the relative
chromatic contrasts of the two signal squares on the different noise textures. CI showed
strong color modulations, whose color directions differed from the signal. Moreover,
instead of a typical CI analysis procedure, the CI data were analyzed based on chromatic
mechanism models to estimate the details of the mechanisms. The model was composed of
several chromatic mechanisms tuned to different hues. Several chromatic mechanisms
which effectively explained the combinations of the stimulus colors and an individual
observer’s responses were selected out of the candidates of the mechanisms with the
stepwise procedure; the response weights of the selected mechanisms were adjusted with
the logistic analysis so that their responses fit the observers’ responses. The analysis
results showed that the model with only four mechanisms, including the cardinal models,
was superior to the model composed of more mechanisms for explaining our results.
Next, this thesis discussed that a common response function could be responsible to
perception of saturation in different psychophysical tasks: color discrimination and
supra-threshold color difference (STCD) judgment. Both of color appearances and color
discrimination performances are influenced by spatial context such as color of




illumination or a color of uniform surround/pedestal. The adjustment of sensitivity
accompanied by the changes in the context is referred as adaptation, and it enables us to
maintain the color appearance or discrimination performance under various
environments. However, incomplete chromatic adaptation has been reported in several
studies on color appearance, where an adaptation color is too saturated to adapt it
completely. In this case, color discrimination and STCD under the complete chromatic
adaptation (Gray) and the incomplete chromatic adaptation condition (Red) were
measured. The color-difference profiles were examined by evaluating the perceptual
distances between various color pairs using the maximum likelihood difference scaling
method. After that, sensitivity functions were derived from the responses of two tasks to
test whether a common sensitivity function was responsible for both the tasks. In the
Gray condition, the chromaticities corresponding to the smallest threshold and the
largest color difference were almost identical. In contrast, in the Red condition, they were
dissociated. The results obtained in the incomplete chromatic adaptation condition
revealed the presence of at least two peaks. The primary peak location clearly differed
between the two tasks, suggesting that different color representations or mechanisms
were involved in the two tasks.

In summary, this thesis developed a novel method that combined the CI method with
chromatic mechanisms models to estimate a detail of the color information representation
in the visual system. This thesis also revealed distinct color information representations
in the visual system which are responsible for color discrimination and STCD tasks.
These findings allow us to organize the various aspects of the color information
representation in the visual system which have been argued in the previous studies.




