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Exploratory research on uniform color space and color-difference formula with
consideration to color vision deficiency
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Congenital color vision deficiencies (e.g., protan and deutan, commonly known as
red-green color blindness) are caused by particular genetic factors and affect a significant percentage
of the population. In Japan, for example, approximately 5% of males and 0.5% of females suffer from
either protan or deutan color vision deficiency. Such people have difficulty distinguishing particular
sets of colors. For example, protan and deutan people confuse red with green, deep-red with black, pink
with sky blue, and blue-green with gray. These particular sets of colors are called confusion colors.

To evaluate discriminability of colors from the viewpoint of people with color vision deficienc%, a
uniform color space and a color-difference formula are required, but they haven"t been established yet.
This study proposes a uniform color space and a color-difference formula with consideration to color
vision deficiencies, and also verifies effectiveness of proposed color space and formula.




1)

)

10

®3)

1)

)

JIS

JIS

JIS

L*a*b*

JIS
L*u*v*

@)
JIs
RGB
@
LMS
LMS
L*a*b*  L*u*v*

XYZ

LMS

L¥ =116 f(L) — 16
M* =116 f(M) — 16
S* =116 f(S) — 16

L#* M# S#  LMS

L#* M#
S# 100 LMS
1
f(x)
F) = { x1/3 x > 0.008856
7.787x + 0.1379 otherwise
LMS Hunt-Pointer-Estevez
XYZ
sRGB
D65 1
2 L
1 2
M#  S#
2 2
M
2 2 L#* S*



®)

@)

VY 1
\Y
L*a*b* a*b*
b*
Brettel et al. (1997) A
o $
o
o
000 {
A
& a
. 000 ¥
000 2000 aw 2000 w000 6000
o
Ao
8
A
o
2000 |
o
000
o | b*
Viénot et al. (1999)
A
A
® e
o
o
00 |
A
A a*
B S
o
00 X
*

LMS
LMS
S
S
1 2
M 2 2
L
a
16(a/a,, )" "> -16 a/a,, >0.008856
903.29(/1//1max) otherwise
A L
M
M S 2 2
S

Brettel et al. (1997)
2
Viénot et al. (1999)

a*b*

L*a*b*

M+ &% 1 I» S*

[\

@
2

Protanopia

0.8

0.6
M#

0.2 - ’

0.0 0.2 0.4 0.6 0.8 1.0

0.0 0.2 0.4 0.6 0.8 1.0
st

2 LAM#S#*



Brettel, H., Viénot, F., Mollon, J. D.,
Computerized simulation of color
appearance for dichromats, The
Journal of the Optical Society of
America A, 14(10), 2647-2655 (1997)
Viénot, F., Brettel, H. Mollon, J. D.,
Digital video colourmaps for checking
the legibility of displays by dichromats,
Color Research and Application 24(4):
243-252 (1999)

Sakamoto, T., Image color reduction
method for color-defective observers
using a color palette composed of 20
particular colors, Proc. SPIE, 9395,
2015, 939514, 1-6

DOI: 10.1117/12.2078839

Tamura, S., Okamoto, Y., Nakazawa, S.,
Sakamoto, T., Shigeri, Y., Practical
color barrier-free illumination for
deuteranopia using LEDs, Color
Research and Application, 40(3), 2015,
218-223

DOI: 10.1002/c0l.21884

16(4),
2014, 269-274

Sakamoto, T. and Tamura, S.,
Theoretical analysis of Ishihara color
plates under some special
illuminations, AIC Interim Meeting,
2014/10.
Sakamoto, T. and Tamura, S., Why
Special Illumination Conditions Yield
Better Distinction of Panel D-15 Test
for Color Vision Defects, 2nd Asian
Color Association, 2014/9.
Sakamoto, T., Colour Space to Express
Colour Attributes of Dichromatism: A
Trial Study, AIC Colour 2013, (12th
Congress), 2013/7.

, LED 2 2

: CIELAB ,
, 2014/6.

, 2013/11.

o

SAKAMOTO Takashi



