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Color Perception Based on Color Signal Statistics

ABSTRACT

Because our visual system captures the visual information as retinal images compressed to
two-dimension, it is difficult to make the constant visual perception only with such incom-
plete information. Moreover, perceived color can be easily changed due to various illuminant
conditions. For example, our visual system can perceive the color of the apple as always red
although apparent color of the apple under the yellowish illuminant tends to be orange. This
phenomenon indicates that human visual system involves more complex processing mecha-
nisms for achieving the robust color perception. Recent researches about relation between
visual perception and scene statistics as global information of visual environment showed
that our visual perception is influenced by color signal statistics of scenes such as average or
variance (Webster et al., 2000; Brown-MacLeod, 1997 etc.). This thesis aims to reveal the
relation between color signal statistics of scenes and human color perception. In particular,
this thesis focused on such human vision abilities known as color transparency and color
constancy.

First, relation between the statistical property of a color signal and the conditions for per-
ceptual color transparency was investigated by numerical simulations. In this experiment,
each scene consists of a surface which is randomly selected color chips from Munsell color
databases of measured the spectral reflectances and a transparent filter for a set of plastic filter,
and investigated how the color signal statistics of scene overlapped by a transparent color fil-
ter will change compared to no-filter scene. Color signals and those statistics (mean, variance
and luminance-color correlation) were calculated in DKL color space which is closely related
to the human early visual system. As a result, systematical changes of color signal statistics
by overlapping a transparent filter were observed. Mean color was changed toward filter’s
color and mean luminance was reduced by overlapping a transparent color filter. Variance
of color signals (i.e. color or luminance contrast) were reduced in contrast to the no-filter
scene. In addition, the systematic change of the cross-correlation between luminance and
color, related to changes of the mean color, was observed. These result showed that sys-
tematical changes of color signals occurs by overlapping a transparent filter. Next, a series

of subjective experiment and psychophysical experiment were performed to investigate how



the color signal statistics will relate to perceptual color transparency. Results of the experi-
ments with stimuli that simulated tendency of changes of statistical characteristics of color
signals suggest that physical changes of color signal statistics caused without any relation to
visual system are used as clue for perceiving transparency. So not only changes of mean or
variance of color signals already discussed (e.g. Metelli, 1974), but also systematic change
of luminance-color correlation is necessary to perceive a transparent surface. These results
showed that human visual system may use the physical changes of color signal statistics
caused by a transparent filter as crucial clue perceiving the color transparency.

Next, relation between the statistical property of color signals and color constancy was
investigated by numerical simulations, and then Bayesian inference models was proposed,
which focuses the robustness of the luminance-color correlation against the changes of il-
luminants observed in physical simulation. In the simulation, a set of spectral reflectance
data of Munsell color chips and artificially generated illuminants of different colors repre-
sented by a sinusoidal power distribution with different phases were used to simulate various
scenes. Each scene consists of some surfaces which are randomly selected from all hue to
generate “gray-world” (GW) scenes and from particular different hue distributions to gen-
erate “colored-world” scenes. As a result, mean chromaticity of the observed scene varies
depending on both the mean surface colors and illuminant colors, while luminance-color cor-
relation tends to be clustered and does not much vary depending on the illuminant color. This
property of the luminance-color correlations is supposed to play an important role in the pro-
posed model, that is, the luminance-color correlation can provide reliable information about
statistics of surface color despite the illuminant change. Using such tendency of the variation
of color signal statistics, Bayesian inference model was constructed, and a series of numerical
experiment were performed to test proposed model. As a result, proposed model can separate
the illuminant color and mean object color against the shift of mean color which observed
in presented scene. These results suggest that color signal statistics of scene also give a clue
for solving the color constancy. In addition, presence of such robustness about luminance-
color correlation was also shown with natural images, it was shown that the proposed model
is suitable for visual system model achieving color constancy by comparing with result of
psychophysical experiment about the illuminant estimation

This thesis concludes that physical changes of color signal statistics caused without any
relation to visual system give a clue for achieving the visual perception and visual system ac-
tively uses it. Moreover, this thesis showed not only the presence of intervention of the global
information such as color signal statistics to color vision mechanisms but also similarity as

the processing mechanism of color transparency and color constancy.



