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Abstaract

An accurate characterization of the display device is essential for better color
matching. The calibration and characterization process in display device is needed to
transform the device dependent color to the device independent color. The process of
characterization performs a linearization and transforms the linearized values into the
CIE XYZ tristimulus values. The purposes of this paper is to propose optimal color
transformation method for accurate reproduction of original copy in display device

and to explain the propriety of transformation method using specific variable for the

power of gradation expression.

1L.A 2

AAEE Yaol ol 85 e olvA AAL @ rxFde]l AT Satel

_65_



bl A 8hs] 4] A239T Al1E 2005,

A8 ol AHE s Yrr ojeld o)uA] HAHEFE FLE AMEAE f]AEy
FAe] ARl g 7Eew sto] Al #e] HARCMS)H &E 48 HSRGB)
T 1

j
& Fu bgse A2 tE UxBdel A0 JFS 44 wE A%

Fl

[¢]
HA Ae
al

it o]ds 5}7:10] o2 FAE ke Ao g 2 e Age g¥eA Rirg o
Fof tAg olmA AgatE A onAE AYT A dY FA FHoR
vhebube AabE s s okt dhrh. A9l s o R AFEEhE Aol A9 EutE
AejBgo]dat ol Ao Ay HRE 7]5F ICCnternational Color Consortium) =
239e At Aolth o W ALgs: AH & B4 AAo] FARTGE F2d}

th 23 Q4dnz o)gdE A ouXE FsE t]aZdo] FAA FH 5
dak Qe FodunE Fo3 B

webA] B oERoAE @4 wWol Algsle taFdo] FA F LCD RUHE o
2 3te] AA9TS AEEA APsly] A A A W Wy Fux A ®
& wg WyolA LCD RUEe o)A AZEAYS FaE J=e vAEsg v
woz o wye Bl dolmgitt

2. o] =2

-

2 omfdA AR EYEe 543 292 vi/iiT gammagttt FEEAl o] &6)

T simple 293 GOG(gain-offset-gamma), GOGO(gain-offset-gamma-offset)-& 4 &
e md 58 247 Faste] He onX e Be AL APsAch”

dwrd oz tjaZyo] A FoA AdE= A R, G B AYH HEe oA
off Wi vl MY W] 93] o] FoR

X, max X, max X, max
Y, max Y,max Y, max
| Z, max Z,max Z,max

X R
Z B oY)

of w 2t Adel R, G, B A2l ¢S mAWs kv gl vhee] 4L o) gstel MaA

(1) Simple model

_66_



clzgelel RANN AL A AL Aol B AT

) [2_'11" ; [ZNd_l}zo
0; [ZN:1]<0
d,
. [2“—1 [ﬁle
[ [—Z\N“'_”1 120
_ (2)
B=lo, L1
o [ZN—I
(2) GOG model
[g( dr )+O]’ ; [g( )+0]20
=10, Le( N' )+o]<o
[g( )+017 ; [g( )+0]20
G=
0; fe( 2N 1)+o]<0
[g( )+0]“: [g(ZN )+ 0120
1
B= 3)
0; [g( )+o]<0
(3) GOGO model
[g( dv )+01 to; [g( = )+0] + o020
R= 0; [g(2N 1)+0] +0<0
[g( )+O]7 +o; {&( 2” 1)+0] +020
=1y, Le( ZN 1)+o] +0<0
[g( )+0]7 +o0; lel( N Y+o0] +0=0
B A I (4)
0 [g( )+O] +0<0
#] AelM 47} g& gain©] 3, oF offset, Vit gamma® Yrhlle WH4Eo|v) E3
dr& 09X % E 2557h%] RGB AdelA cjAE "71e) HAE ofnsin, N& g aZeol
G0 Ao MAHAS Dot bit £5 etk 2 AP M 8hit: A&agntt 7

3.4 9

Aol o] &3 A= table 19 #Zo] rjzEeo] FAol EAse dad R, G, B

_67_



wharol j 8ka) 4] g AT 2005,

A S 99et SN AME 3HE ZRIONES T vlzxEdo] AR AEst
F LCD vl 2=Fdlo] XA t]A Y Ao 283 372 wde] Hey A
'r] & GretagMacheth?] Color Checker® o] &3} ¢},
go] A= AUl A del Atgste LCD EYHE Fx594 A3t A
F a2 FolM AHe Aol F5F 3 VTS dHAY. £3 LCD EYHE
?13te] Gretag Macbeth?] EyeOneE At&3l9 . ZUE EAFE 93 3714
43e& MATLABS E3 Aalsradct”™

aea, Ao A8 543 RAdA ORE olnA AAde JHF=E st
Aol CIE XYZ AA549] 45X 2d A& & AdAE 77 vlasslo,
CIE Labs F3sto] AdH o|w| =9 A& HEAT

fes) [}‘

d %

Pm

V7

1\ O.u.
] —|—‘
nkr*

i

%
oko“”“

i
o
o

b e dm
e U ox
[0}

o,

N

4. 43 2 n &

4-1. g =&do] FA o] &3 wdo] 7}

tz=Eeo] AAe EAMEE HAsetr] st AR oldo] o|Foxl FA A
2 F 36719 AARFAE FHAHES table 1ol JeRHRAH Table 19 7123 dlojE
APNEs 99 33 WiE 2 A AHE3EA5L, velA 3389 diolH
AN Qe S48 Mo degh el wijwg Ao ol &3t B A g
ME gammazmie ©o]&3k=  simple, GOG(gain-offset-gamma), GOGO(gain-offset-
gamma -offset) 2=@-& 2tz AF&31 )

HaZgo] dxle] A R, G, Bell oigk Hol o g 26559149 dA=AE A
st Aip tjzaZge] FAA AxeolE MT RGBE AA5HA MF7ke) XYzE W

] 2l o

- L84
A% 33 WP EY2E FE F A

_4.4

I8 4
X 52.1659 27.0269 1.6881 || R
l } [40.7385 81.9944 15.6851HG]
A 20.057 9.7073 112.8472|| B )
E3 md Hao FHad W gamma, gain, offsetE 4437 918t gray levelel
R, G, BE 7 o}am.
R 0.0255 —0.0120 —0.0035 ][ X
lc ‘— l —0.0085  0.0164  0.0001 Y
B 0.0008 —0.0021 0.0089 || Z 6)

460 HZeo] AAIA Z4F CIE XYZ 42348 dedstel R, G, B2 7o

_68_



qrgdel FAdA ANne] Aol AHSYe] B@ AT

Ak AME R, G, B ¢S ol &8t A4 CIE XYZE 371 g wi7i¥ < gain,
offset, gamma < T8ttt

Table 1 Sample Measurement using Colorimetrically Characterize in LCD Display Device

Dr/255 | Dg/255 | Db/255 X Y{(Lm/m") Y
1 0 0 52.1659 | 40.7385 20.057
0 1 0 27.0269 | 81.9944 9.7973
0 0 1 1.6881 | 15.6851 |112.8472
0 0.13 0.14 0.20
0.0314 0.21 0.20 0.32
0.0627 0.43 0.45 0.64
0.0941 0.87 0.92 1.08
0.1255 1.55 1.63 1.80
0.1569 2.43 2.56 2.83
0.1882 3.57 3.79 4.17
0.2196 4.82 5.14 0.66
0.2510 6.37 6.72 7.31
0.2824 8.10 8.54 9.62
0.3137 10.09 10.66 11.61
0.3451 12.21 12.90 14.23
0.3765 14.58 15.31 17.03
0.4078 17.18 18.15 19.77
0.4392 20.05 21.21 23.07
0.4706 23.30 24.60 26.81
0.5020 26.55 28.18 30.76
0.5333 29.94 31.68 34.43
0.5647 33.79 35.85 38.94
0.5961 38.05 40.19 44.10
0.6275 42.57 45.01 48.57
0.6588 47.20 49.88 54.02
0.6902 52.07 54.99 59.76
0.7216 56.95 60.27 65.78
0.7529 62.00 65.43 71.42
0.7843 67.52 71.42 77.34
0.8157 73.26 77.23 83.81
0.8471 79.67 84.16 91.19
0.8784 86.33 91.27 98.79
0.9098 92.48 97.73 105.77
0.9412 99.27 104.96 113.53
0.9725 106.52 112.37 122.83
1.0000 113.34 119.67 130.05
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Table 2. Comparison Gain, Offset, and Gamma of Simple and GOG, GOGO Model in LCD
Display Device

Simple Model GOG—1 Model GOGO—-1 Model

R G B R G B R G B
Gain 0.99894 0.97982 1.00618 | 1.00424 | 1.00749 | 1.00648
Offsetl 0.00068 0.01239 | -0.00291 | -0.00522 1 -0.01847 | -0.00325
Gamma | 2.12135 |2.283221 2.1074 2.12116 2.27389 2.10887 | 2.10872 { 2.19523 | 2.10809
Offset2 0.00109 | 0.00423 | 0.00005

GOG—2 Model GOGO—-2 Model

R G B R G B
Gain 0.92527 0.95040 0.93584 | 0.89637 | 0.94508 | 0.91125
Offsetl 0.07825 0.04500 0.07389 | 0.11262 | 0.05078 | 0.10099
Gamma 2.40000 2.40000 2.40000 | 2.40000 | 2.40000 | 2.40000
Offset2 ~0.01853 | -0.00257 { -0.01312
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Fig. 2. Comparison relative to L* of original sample and simple, GOG, GOGO model.

Fig. 3& AZ2 AZF AXNE AT A} 3714 2dS A &3t AFe ALLA
ol CIE axb*& vl d Aolth, diel vlwste] simple, GOG-1 Edo] GOGO-1 =4
2o} I AolE Yehuidnh i onx|Ql A& axst bxgkd WHTF 09 JHHE
ZA4 HYo A= HP‘ﬂoﬂ GOG-1 249 A% magenta @ Z F7letizt thA] 54
Mo g olFdE 4 dol , GOGO-2 =g 09 7H7te F48 HAE vehdide
. simple &< greenT’Jr magenta Ael-Fo Z2A Yelwgrh o3& R, G, B Aol
7tzh EPE U A3 g Vel A @5, AR e JFS F7] diEeld Atsd
t}.

flo

w3 fig. 494 2ol gamma g2 nAHSIY WFE 78 GOG-2 Ed7 GOGO-2 EH
ol A% Quet Hwye v F Ed BEF dugs 2 MAE HIJew, red#
magentaZ2] AlololAd Azt AEHAE T oA sRGB AF A EulE WS
gamma @< 229 23 242 uASY ) wE A7 Ay AR H)

ek LCD RUYEe A gammazt Zel Ado)] Jake] ASFE & & AL, 548
w2 F4A4 A GOGO-1 2do] 713 HEd Aoz Algwt

-71 -



ghorebaghel Al 4237 AT E 2008,

[+ GOG1  GOGO1  Simple ~ original |

ax

b*

Fig. 3. Comparison relative to CIE a*b* of original sample and simple, GOG-1, GOGO-1 model.
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Fig. 4. Comparison relative to CIE a*b* of original sample and simple, GOG-2, GOGO-2 model.
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Fig. 5. Color differences between simple, GOG-2, GOGO-2 model
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Table 2. Mean Color Differences between Simple, GOG2, GOGO2 Model

Model GOG-1 GOG-2 | GOGO-1 | GOGO-2 | Simple

Mean AEab*| 1.4795 1.6434 1.6009 4.2932 2.1075
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