WL |

BfR D &
TV RANHEEL S S R 2 BNOANHL 2D,

Received November 17, 2005; Revised December 4, 2006; Accepted January 19, 2007

HERE & F

TRIE Mg SRR

SEDMEBICED (BHBEDT I XF v —

<IN HEATT - PR R

TR FRF A RWIER T113-0033 FEERSOR KA 7-3-1
AREGEEFE BRONTT 2 3 2 =7 —v o URIZERPIERT  T243-0198 SEAHFHRO B 3-1
= (BipTkE) HAREEFEESE MNTT 4 N—=V ) o —> a UHI9EAT T239-0847 BEAEM O K
1-1

5 36, 3 (2007) 154-162

— 53l

The Multi Colored Texture Discrimination Based on the Correlation between

Luminance and Saturation

Harumi SAITO****** Tatsuto TAKEUCHI** and Takao SATO*

* Graduate School of Humanities and Sociology, The University of Tokyo, 7-3-1 Hongo,
Bunkyo-ku, Tokyo 113-0033
** NTT Communication Science Laboratories, Nippon Telegraph and Telephone Corporation,
3-1 Morinosato-Wakamiya, Atsugi 243-0198
*#* (Present address) NTT Cyber Solutions Laboratories, Nippon Telegraph and Telephone
Corporation, 1-1 Hikarino-Oka, Yokosuka 239-0847

The human visual system exploits the correlation between luminance and saturation to estimate
effects of illumination. In this study, we have examined whether texture pattern could be
discriminated based on the correlation between luminance and saturation. For the purpose, we run
experiments in which subjects discriminated two textured regions determined by the correlation.
We found that the discrimination performance between adjacent texture regions increased as the
difference in the correlation between luminance and saturation increased. The discrimination
performance increased when as the number of hues in the texture pattern decreased. When the
texture pattern was consisted of elements having four hues, texture discrimination was almost
impossible. In addition, subjects could not discriminate the texture when each texture element was
separated in space. Our results indicate that human visual system being sensitive to the correla-
tion between luminance and saturation is selective to hue and has a spatially broad receptive field.
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Fig.2 The circle (O), the square ([1), the diamond (<)
and the triangle (A) represent the maximum saturation of
M—L color, L—M color, S color and —S color, respective-
ly. The asterisk (%) is the white point in the CIE 1931 xy
Chromaticity Diagram. Saturation of each texture element
was varied along the line. Three gray lines represent the
monitor gamut.
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Fig.1 A schematic representation of the stimulus.
The texture on the right side is example of stimulus
in Experiment 1. The texture is divided horizon-
tally to have the different correlation between
luminance and saturation in each region. The left
graphs are scatterplot of luminance and saturation
of each texture region. The horizontal axis denotes
luminance and the vertical axis denotes saturation
specified by the L, M, and S cone contrasts. The
upper graph represents K =—1.0 and the lower
graph represents R = —0.7. “R” is the correlation
coefficient.

Fig.3 Examples of the stimulus. These textures are
divided horizontally. R equals —1.0 or +1.0 in the upper
region of the texture pattern. (A) M—L color (R=—1).
(B) S color (R=-—1). (C) —S color (R=+1). (D) M—L
and S color (R=—1). (E) M—L and S color (R=+1). (F)
M—L and —S color (R=—1). (G) L—M and M—L color
(R=—1). (H L—M and M—L color (R=+1). (I) S
and —S color (R=+1). (J) M—L and gray color (R=
—1). (K) M—L and gray color (R=+1). (L) An example
of stimulus used in Experiment 2.
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Fig. 4 Results of Experiment 1 (Single-color condition)
(N =3). The vertical axis denotes the correct rate. The
horizontal axis denotes the difference in correlation
coefficient between two texture regions. The color of stimu-
lus and the baseline of correlation coefficient are shown on
the lower right in each graph. (A) L—M or M—L color.
(B) S or —S color. Curves represent the best fitting Weibull
function. Error bars represent +1 SE.
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Fig.5 Results of Experiment 1 (90 deg separation condi-
tion) (N =3). The vertical axis denotes the correct rate.
The horizontal axis denotes the difference in correlation
coefficient between two texture regions. The color of stimu-
lus is shown on the lower right in each graph. (A) R=
—1.0. (B) R=1.0. Curves represent the best fitting Weibull
function. Error bars represent +1 SE.
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Fig. 6 Results of Experiment 1 (180 deg separation condi-
tion) (N =3). The vertical axis denotes the correct rate.
The horizontal axis denotes the difference in correlation
coefficient between two texture regions. The color of stimu-
lus is shown on the lower right in each graph. (A) R=
—1.0. (B) R=1.0. Curves represent the best fitting Weibull
function. Error bars represent =1 SE.
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Fig. 7 Results of Experiment 1 (Color of half of the pixels
are gray) (IN=3). The vertical axis denotes the correct
rate. The horizontal axis denotes the difference in correla-
tion coefficient between two texture regions. The color of
stimulus is shown on the lower right in each graph. (A)
R=-—1.0. (B) R=1.0. Curves represent the best fitting
Weibull function. Error bars represent =1 SE.
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Fig. 8 Results of Experiment 2 (N =3). The vertical axis
denotes the correct rate. The horizontal axis denotes the
difference in correlation coefficient between two texture
regions. (A) R=—1.0. (B) R=1.0. Black curves represent
the best fitting Weibull function. Gray curve in (B) repre-
sents the fitting curves in the 180 deg condition (R=1.0) in
Experiment 1 re-plotted from Fig. 6 (B). Error bars repre-
sent =1 SE.
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Fig.9 The a-values of the best fitting Weibull functions
for each experimental condition are plotted. Error bars
represent =1 SE. Asterisks are the conditions in which
a-value of less than 1.0 were not obtained.
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