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agor |t A% [(558219,01) ~(76.0,26.4324) | 758219199 | L+20,8-20 W4
o 2 AE | (57.3,342,50.1)~(79.216.3,34.8) | 32.3,54.250.1 | L-25A+20 B
Aaery |54 A% | (549,101,37.0~(810,11.4447) | 80.9/10.,17.0 | L+26B-20 14
o A A% | (544,24349.1)~(79.813.743.7) | 184,60.649.1 |L-36,A+363 HA
agory |t A% | (540,104359)~(80.2-98,397) | 710104259 | L+17,B-16 W4
o 2 A% | (56.0,33.7,55.1)~(80.513.643.6) | 46.043.7551 | L-10,A+10 B*A
agory |t AE | (473109409)~(75.7,74474) | 623109309 | L+15B-10 ¥4
o A AF | (56.0,32.847.9)~(79.9,14.143.9) | 410428408 | L-15B+8 H A
aaers |54 A% | (542-94351)~(800,19.7303) | 69292251 | L+15B-10 14
o 2 AE | (50.6,34.2,49.8)~(78.0,154,45.1) | 356,442,498 | L-15A+10 B3
ey | AT | (49842350)~(757,74474) | 60842150 | L+11B-20 B4
o 2 A%F | (56.3,35.7,50.4)~(80.0,10.445.0) | 383,357,604 | L-18B+10 HF




rhu

o AHEEIHE 17)

2y A 2y ¥

H 2
A 13 9] (Lab) 2 (Lab)

(57.8,-9.6,29.1)~(70.9,-11.9,19.7) 40.8,-9.6,9.1 L+17B-20 ®A

(59.6,31.1,38.7)~(82.4,13.7,22.3) 39.6,31.1,48.7 L-20,B+10 ®A

(54.6,-9.2,34.1)~(80.3,-5.8,41.6) 79.6,-9.2,24.1 L+25B-10 ®A

(55.4,31.2,46.6)~(77.5,6.6,31.0) 254,31.2,56.6 L-30,B+10 ®HA

(52.1,-10.2,31.8)~(80.7,41.5,28.3) | 70.1,-10.2,21.8 L+18B-10 ®A

(56.3,30.5,42.7)~(79.3,13.8,33.7) 36.3,30.542.7 L-20 ®4

(53.5,-13.8,-5.9)~(74.0,22.3,27.5) | 755,-13.8,-15.9 | L+22B-10 274

(56.5,59.9,60.2)~(80.8,36.3,67.8) 31.5,59.9,80.2 L-25B+20 HA

(55.5,-9.5,35.6)~(80.2,-26.7,24.5) 755,9.5,15.6 L+20,B-20 ®A

(54.4,55.6,55.6)~(79.2,38.4,65.0) 94.4,55.6,55.6 L-40 A

(54.9,-8.0,37.7)~(79.6,-9.3,44.5) 749,-8.0,17.7 L+20,B-20 HA

(54.4,31.4,45.9)~(80.0,10.4,45.0) 34.4,31.4,55.9 L-20,B+10 HA

(53.9,-11.0,40.2)~(78.5,-11.3,38.9) | 73.9,-11.0,30.2 L+20,B-10 ®A

(54.2,35.2,50.6)~(80.0,46.2,76.9) 38.2,35.2,70.6 L-16,B+20 HA

(54.3,-11.0,41.5)~(71.0,50.6,38.6) | 85.3,-11.0,31.5 L+30,B-10 ®A

| 2 | | ||| | | | | | [ | | [ | | | | | | | | |

oft | oft | of | ot | ot | oft | oft | of | off | ot | oft | oft | oft| off | off | oft | ot foft | oft | off | off | oft | oft | oft | oft| of | oft | it

| (54.2,35.2,50.6)~(68.1,46.7,70.2) 34.2,35.2,50.6 L-20 ®4
] (54.6,-9.2,34.1)~(80.1,-24.9,32.9) 64.6,-9.2,24.1 L+10,B-10 ®A
] (69.4,29.4/44.7)~(79.7,12.1,42.6) 59.4,29.4,44.7 L-10 ®4
| (57.7,-11.2,40.5)~(79.2,-28.6,34.6) | 82.7,-11.2,30.5 L+25B-10 ®A
| (50.6,34.2,49.8)~(79.7,12.3,32.0) 35.6,34.2,54.8 L-15 ®4
] (55.4,-21.5,0.9)~(76.8/45.1,103.8) | 704,-21.5,-9.9 L+15B-9 B4
] (54.7,30.1,45.6)~(79.8,13.7,43.7) 40.7,30.1,45.6 L-14 ®4
| (58.3,-25.3,3.8)~(75.9,-9.5,33.4) 78.3,-25.3,-6.2 L+20,B-10 ®A
| (54.7,31.7,32.5)~(76.3,4.8,24.4) 64.2,30.2,41.5 L-15 ®4
] (54.3,24.3,5.9)~(79.6,-9.8,25.6) 74.3,-24.3,-259 | L+20,B-20 XA
] (59.6,46.7,37.8)~(70.4,42.1,60.7) 29.6,46.7,37.8 L-30 ®4
| (58.6,20.1,32.2)~(77.0,58.7,45.9) 88.6,20.1,17.2 L+30,B-15 HA
] (58.1,36.7,44.1)~(69.1,42.1,60.9) 28.1,36.7,44.1 L-30 B3

Bl 1@ oft W& R g X
> & o

ot

AL, B A e 2R & el b A
ol e 24 AL =4 A% Mo BF Solr}
= Aesrh A Adse ol U GhE AEER B4
29 RS 5RO, W s e ANS 1HeR H7
| EASth AR HERsl e el &4 271

Ao Aueke] MEEsL o AeEth HBEs
Fi, 4% 87

S



ot

}\]3

-
It

59

-
k.

Aol AEE B AvE

A0 ok
-

o4

40, =

-
it

shglont, 105%2) ARzl o)

5

S
7k ArE

3

Ao} s

k

[e]
21

B

A
al

2.7
2.9
2.9
2.9

H o o 38
KPR OW
I I
e 5
zrzo_aﬂe__.

Mo ~

cae IR e
E o XX o =
o] = o ol
%Jgﬂmﬁm
N - ®

k) _— =

Hrew 2 ET Y
GIEoom_xdu ° ._N.om\m
TRE A x o o g [
o X g 1%” ° lo- T 15| ~
e U e - < |=
) ;oUrL rJ LT U
oo ok BF oW o = |
—_ ﬁo ,DI - XJ-OrO
vA]F‘._ i‘ul _A_l . X
ISP S N EE
= ~) 0 0 = |-
AMWMM&@;E _|n._E il
iﬂAdlﬁmnﬂ = | w
= e T w2 |z
i,auurm o 3 H K<
of = o 2w N IR o

a] =1 =

B = H X ®
NS E A A N
e TG e : R «
R s m o
w Gl 0w
-dl.% L Mo P : v =i ~
W I mE Ty L i

o &M o T o E
7 X W = -
OTMﬂﬂH H
MﬂH.T;Oq‘._t .m
1_,_A|_u ™ E o H W_m
%iﬁmr%ﬁ B S K /x
M
TR T M| /BT
TS W W vl




3.5
3.3
1.8

)

(H9& 1

t

o
1= SN PN FoN FoN FoN <] k3
N N o]
I R I I E I I I Y N G B m |cifcifaifai|ail Gl B ||
o aifalfesfes = aifaifalf = s ol ol el ol ol 2 )
D
=1 Y ESIESTENIE I 15 o -
1o e = <+ —
S |« ||| =[] || ||| | ~|a]|2 - n —
(o) Rl ~N ~ _u_o
-
- =0 oo |at|onfo || B F H
2] 1SS S - o ||
o ||| o || eofet|en ||| | <[] =S| H &0
“l=° K0 =
S GBI b I oH
] O0H “|= i)
8223414322333333”% — | < O N[N
B3 = i S .
Lo - x5 e B G IR N B =
n_rm7234211321122232ﬂ% = |5 e D ] en
<3 S < o
a o D =
I e S I R I I R 0
I e = |I° ZM E633
1%.06335222332232332%7 = of S | e
IS _ °
o} S % o Mm %!
o gl |XI|w]=|w]|s|w|w]S|3 < | <
ol - ) = 2 = |||
N R R R R R R TR A RS Bl ] A < | o | X
2 z
B’ ol X I~ ofl
X Wl ol o] ||| ]SSR o <l
<+ ||| |en|o|ofen ||| ]| ||| 2SS —_ I=® S
o 30 Hl K0
!
i R | 2 by
< I u._ oo |o|a|o|a]ol B I [
o ||| v |a]a]ofa|a || o] <] —| e en] 2] S or
| S — =
o N K
© K S IS C EI ] B ES N
N T s S s o 1 Y e e s s =t RN s s By ol S =T NN
o =T Hr
- zr ~|S
1o || oo
o I S B R I R B S B T T B ] B ZM =
<l
=
X . X
Tl N B B e R I K k=N =1 B ) Rsof o] o) ~ ]| sH[o y —| e
"_|er|ar[ror|aT|or o [T | o o |&r | 5| & | |5 | & el A Mﬁﬁﬁﬁ@ﬁ&ﬁﬁﬁﬁ% A 3 |or|or
N S E s s R R Ea R B B B b D A O G I il =l N O o
B B || | A [ Ar| e [ [ e L L e L e e i caka s ca [ By
=R AT Ar (A | A | A A | M| = 22 M
f \V] \




rH

\#.n._wo

2.8
2.7
1.7
3.2
2.8
2.9
2.7
2.3
2.2
2.63
0.511

10
2.33

3.27
0.799 |1.113

2.73

2.07

iy

2

=

o A Aol

~8

AL | Aa

45

=)
=

2.67

<

3.53

N
=T
w

ol
pel

0.976 | 0.756 | 1.246 | 0.816 | 0.884 [ 0.799

2.67

1.93

213

A el %

NE
~
=
A

o]
B

=1 | 1125 | 0.961

1l

Be
A3

1

=
LN
g=]

i
<¥I 6>

o=t

2

29
2.7
2.9
2.9
29
2.8
24
3.5
3.3
1.8
24
2.8
2.7
1.7
3.2
2.8
29
2.7
2.3
2.2
2.69
0.452

53
74
30
27
33
42
48
59
39
56
63
50
48
51
22
43
30
36
53
62
45.95
13.644

-20
-20
-10
-34
-10
-30
-30
-20
-10
-30
-20
-30
-30
-10
-10
-15
-9
-10
-20
-15
-17.62

8.685

20
36.3
10
10
10

61
27
25
30
29
37
55
38
47
60
40
38
50
20
40
29
35
50
60
40.80 | 4.32
7113 |12.365| 9.306

-6.6
10
10
10
20
10
20

392

Ab

20
36.3
10
10
10

AL | Aa
-25
-35
-10
-15
-15
-18
-20
-30
-20
-25
-40
-20
-18
-20
-10
-15
-14
-15
-30
-30

-21.25| 4.32

-20
-20
-10
-10
-10
-20
-20
-10
-10
-10
-20
-20
-10
-10
-10
-10
-9
-10
-20
-15
-13.70

Ab

4.879 | 8.233 | 9.306

0
0

AL | Aa-
25
15
20
20
30

} | 5.464




)

o]

H(H9AH 1

t

SHg B A -0.3635).

}o] CIE Lab #

S

ol A

-
It

AlEel Aol o

ERPEE AR

B

[~

[e)
L
R

]

o Aoz %d

KR
=

bl ot

3|

(satisfaction factor, sf)= <]

3)

sf=sd/tc

B Folh

- =
- O

2 9uh SFe B A

Gl

o % e

)
=

=4
S

tth oA 1

A FAS

171 242

3]

ste] #AE 29 70

1o} Ak 2ol

S|

7y skch, kA o] A

ol

1A RaE wp ik

5|

(2006)2] ATFNNE FA}

=c=

O
[

HE=| ARR]| EHSF

ol
*
¢
¢
. oo
* *
000 ¢
000
$
*
1 1 | | | )
nu o v N » )
o A - 2
f=s== te vt Ve

80

aO




0.16

0.14 -

012 F

. .
— m fis]
o] [}

(=} [=]
10J2E 4 UDIJIESIES

0.04

0.02

80

70

B0

a0

40

30

Total Correction(CIE Lab)

v. 2&

2 7}o] 7o)

9 ol 47kA AR ) gin o] Rope] w

1

J
~

|

mj
—_

)A
&

]
~

N

Hie s gue getel 4

L
o

Efoll A A

3T
IT

e

L
.

Aol A

A 7HA

Z A
R |

Fed 200 9]

S

&
e %

o]

oy

BN

3

;Ot

J gk A, 99.5%

3

4

Hokzt 157 o] M ztolabat 20m ol Al o] Al &kek

A} 593}
o APEINE

ok
=l

ghol A7 = At

=

AR
)

s

o gy

Ko 7]

KR
=

ﬁo

A gkolt},

)
&

o
5

sfel v

kAl ARl ]

9%

KR
=

IRE

Al o
el

e e

P

o)

107l o

|

-0.3635), &

HAF

7}7F A E o,

3

of w3 %



Gol aHh ¥ AT Ane AFRHAA AFHE A AuE TYF A 2
M=o gge Austol, olelds 2 FHIdel Agd F uk
R ]

w3l E521(1980). A Aol At 1007 el lel A Nagel# Anomaloscopeol o3+ 27} o]
ol w5, W ke[|, 21(4), 137-141

2193 9(2006). ASHAAS A HALE o] g3 MRz ade] {4, gt stI A,
47(10), 1638-1646

o], WAR(1986). =, FTT A JAA A A= Aol gAle HE, Yig eI
27, 211-215

4 71(2003). HAFEAE A7 Fo] BAY KX EY Y FIZARANIYSI =E

A,10-B(5), 535-542

(2006). Me=v=7s 13 gy duds, FFFRAZSE =R, 13-B@),

471-478

F9421(2007a). M7tol ks 918 ICC Za2utd 2ty A 8w #3 A7 HJBEXR,
11(1), 166-182

243 71(2007b). A Color Contrast Algorithm for E-leaning Standard, Int. Journal of CSNS,
7(4), 195-201

ZF(2005). =TUE] ) Hod # HAE 2 4d 3, w3 ARAA A 2y 9524
g Amv

Atkinson, H. G. and Bridgewater, Conn.(1996). Method and System for Color Vision
Deficiency Correction, United States Patent

Brettel, H., Vienot, F. & Mollon, J. D.(1997). Computerized simulation of color appearance
for dichromats, Journal of the Optical Society of America A, 14(10), 2647-2655

Flueck, D.(2007). Confusion lines of the CIE 1931 color space, http/www.
colblindor.com/2007/01/23/confusion-lines—of-the—cie-1931-color-space/

Han, D.(2004). Real time Color Gamut Mapping Architecture and Implementation for Color
Blind People, LNCS 3101, 133-142

Henderson, C. (2000). Color Vision, http://www.iamcal.com/toys/colors/stats.php

International Color Consortium(2007). http://www.color.org/abouticc.html

Meyer, G. W. & Greenberg, D. P(1988). Colour defective vision and computer graphics
displays, IEEE Computer Graphics and Applications, 8(5), 28-40

Nam, J., Ro, Y. M, Huh, Y. & Kim, M(2005). Visual content adaptation according to user
perception characteristics, IEEE Transactions on Multimedia, 7(3), 435 - 445

Rigden, C.(1999). The Eye of the Beholder - Designing for Colour Blind Users, British
Telecommunications Engineering, 17, 291-295

Rigden, C.(2002). Now You See It, Now You Don’t, IEEE Computer, 35(7), 104-105

Section 508 Standards(2002). §1194.21 Software applications and operating systems,
http://www.section508.gov

Sharpe, L. T., et al(1998). Red, Green and Red-Green Hybrid Pigments in the Human Retina:
Correlations between Deduced Protain Sequences and psychophysically measured
spectral sensitivities, Journal of Neuroscience, 18(23), 10053-10069

49

o



1=
IS
(=)
0
>
1
ﬂ
ro
Pl
O
ogr
HT
[Pg
o
>
[S]
a
M
H
2
5]
ron
e
By
(0)]
w

Swarbrick, H. A., Nguyen, P., Nguyen, T. and Pham, P.(2001). The ChromaGen contact lens
system: colour vision test results and subjective responses, Ophthalmic and
Physiological Optics 21 (3), 182 - 196.

Vischeck(2002). Color blind image correction, http://www.vischeck.com/daltonize/

W3C(1999). Web Content Accessibility Guidelines 1.0, http//www.w3.org/TR/WAI-
WEBCONTENT/

Yang, S. et al(2004). Improving Visual Accessibility for color vision deficiency based on
MPEG-21, ETRI Journal, 26(3), 195-202



64 S=us XMd:olEn dHMHA 17)

A Study on Customized Assistive Technology and
Preference Assessment for Color Vision Deficiency

Jang, Young Gun
Chongju University

<Abstract>

There is no perfect technology to correct all graphic contents for CVD in the
sense of pass rate and preference of correction. In this study, we developed a
customized assistive technology to correct a graphic digital content adapted to
various color perception characteristics of CVD by himself. An ICC profile was
generated with 2 correction rules for a green color range and a red color range, I
tested the performance of the developed technology to apply 10 Ishihara plates and
10 general color photos to the participants, 5 protanomalies and 15 deuteranomalies.
The test results show that the pass rate of Ishihara test was 99.5%, average
preference score for 10 general photos was 2.69 with 5 maximum and 105% of
participants replied very unnatural. The more correct sample Ishihara plate, the less
they satisfied for 10 general photos. To rise the preference score, we may need
adaptive correction technology to identify whether the contents can produce color

confusions or not and correct differently according to it.

Key-words: Color vision deficiency, Digital contents, Customized assistive technology, ICC profile,
Preference, Adaptive
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