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Abstract

Most display characterization methods, such as the gain-offset-gamma (GOG) model and S-curve model, generally
assume that displays have two fundamental characteristics, channel-chromaticity-constancy and channel-independence.
However, these assumptions are not so applicable in the case of liquid crystal (LC)-based mobile displays. Accordingly,
modifications are required to enable the application of conventional display characterization methods to mobile displays.
Therefore, this study proposes the modeling of distinct EOTFs in terms of the X, Y, and Z values for each channel to
consider the differences among the EOTFs resulting from channel-chromaticity-inconstancy. In addition, to overcome the
poor additivity property among the channels due to channel-interaction, the proposed method also models and uses the
EOTFs of the X, Y, and Z values for the inter-channel components cyan, magenta, yellow, and gray. Experimental results
confirm that the mobile display color values predicted by the proposed characterization method are more accurate than
those predicted by other characterization methods due to considering the channel-chromaticity-inconstancy and/or
channel-dependence of the display.

Keywords: Tj=&d o] 543 2uld LCD, S-—curve 29, Masking 24

I.M 2 B2 Jleo] FEHAA TAsn v . 53] 4AF3

2 Ast @ taEde] AA7E FHEol v PDA F

32 CRT, LCD, PDP, OLED 59 44 faZgo ¥ 22 2apd Ao "2AH A ARk dnt 2
Ueeh Hugs o 2Zxtd gaddele Fe A9

CEAE, T A3, AEggn AAAI A FE R T s, AHHYe AR 9T FA X #
( School of Electrical Engineering and Computer ZATE 71A wei] 2ol gAZgo)d AL H]
B AT HadAA s, A, wpe A A% EEH) AT T &3 AAYe) 2
293 % HEF08 $33 ASFAIAXAA Tk ol#g Zet 9 A&dE daEd o] FA

d8 QAR Aga7) el BA & dAd 4 3

Hedah 2006031499, A S8 Y 2006:910418Y

(501)



2 RGBCMYK 4&

A 5YAA A AF g Aleld] #AE AAH3E §A
3} o] dFF |t}

HZ 2 Azt gdd daEdo] 543} ol Agt
BWE]S’&E} Gain-offset-gamma (GOG) wy
CRTS} Z& g2zl 44 % ¥y &
243 8l7] A WHoEA w¢ & ded B
Z3td 2y ]E} ded Wyol7l A red, green,
blue A4 HF W3 F7t A5 2ol vt
+ CRTY A 1}—| & Hlud Rg3 F3E 5 A
o} AT GOG EEE SA Bg9 HY WE g5E
7= LCDA Hg3ke AL o859 A% wg 3¢ &
%9y zpol wiFo] HstA ¢krh. LCDO HE&-E& 3

A% 2ol $19 48 Agdlel 53 29 4
3 ¥E §52 299 e S-curve AR DI

°l At 2RHOZ o] T whPe §AE A
o2 o2ojA Aok AME Ad Ax IdBHE 7Y
331 red, green, blue A'del WidN txdE 4 g3
29 3% gt Alole) BAS MY s vy,
AQ EYYS AR 7 Adey 29 A AT
e olgs) 48 ge Tas vAg Y age w
BaAs)s EAS 23 97 "o LCDE Ald
= d@iel eal 1 APEA gk mEy olg
283 o U 2dzde 984 S-curve ZRMA
e Az wa d5 MEAE o83t LCDY
Ad A% w3 249y 9 dAw oy W
M3 g4 HEAE 2 Ade A% wse T 2d
sk E5io)h LCDY Ad A% W3 S4o g o
AaozA, gaZgeld g 9d 2w 2Y
HE 7k Alole) M3l GAA 9Ale AP W A
293 = wgo] 9o A% o] wie ALe
sd LCDO Ad &40 Wg nds & & Ao
wEy A Asages A% AN WIS A
7] $1814 Masking 227" RGB Zejo|na) A ®
ut ol2} cyan, magenta, yellow, gray® ©]-&3}5ith
w3 A4Y Axe) Wse A% eAE Axse] s
Al o] CIEXYZ HH9 A HA FHEE2HH
CIEXYZ ®ElE 731 0| o] gstgl). ahAg 329
o] CIEXYZ WE12 @A sh}e] F4E WS ol 43
EAsE b #A ok T3 A e FAR W
2EE ojgd: AL AP CEXYZ 9HE olgsi:
Az vlma) 2 o wj$ wELHo|h

mEq £ =RAE A AT 83 548 nes
7] QA 2z Adel X, Y, Z 2ol tiaiAl 3l A

L

fu

KX
=
vl

fu

il

i o
rae

o XYZ ¥¥ HE 48 Oo|8F zupd

(502)

LCDS SM3l E

N

] %L Xﬂ‘é =% —'—ET"éC’ﬂ &4 Masking —‘?—%‘ﬂr
FrAFSHAl red, green, blue Zeto|melet F 7}x] o]

9] Zglo|m R FAd HE<Q cyan, magenta, yellow,

grayE EHSI o] ol&ditt HY ARE F3Y

Ae wgo] mupdd LCDQ] G diste] A A=

S FAF Qo] g8 53 IHET o F& A
HRde A& E‘ﬁ‘:}.

o[r

Oo. zHg M= vy

GOG 29 £& S-curve R9E taZ#o] 543}
g 4% Qo e T8 7Y F9 st A4
s Aot ™ o] shyol Jujshe AL & AW
AN wahe 33 2dEe] me IAF /|2 Py
Adeke Aolk ol thed 2ol Uxd 4 g
3 e #42 Ued 4 o

=

=2

S,(d,,A) = R(d,)S, neu (A) (1

Se(dy, A)=G(d,)S, o () (2)

Sy(dy, A) = B(d,)S, e (A) 3)

A7NM S, @, P=r & b £ red, green, blue 2'd
oM 74 E gx" 48 ge Q/kE 9 vehde

29 3§ 29E3L Yehlz, PU,), P=R, G, B

= UAd 9 3 4,9 g5 gdH, 7 AdelA

71E 29EY B3 Arlol g AEXN ke v

o o7INE A% WE F5et Folskn, 03 1 Aol

Fe 2e

A AT A e E 08 go] 3 AREY

e wH 52 Fohan ol vl e HE2
A3} CIEXYZ A4A5A ddz: 388 5 Ut

a2

KX
= H
6‘
A

1,(d,)=R(d)], ey 4)

I (dy)=G(d,)] 5)

g.max

Ib(db)zB(db)I (6)

b,max

AN 1,d,), 1=x,Y,Z, P=r &b £ TAEHo]d

L
L



o
=]

Normalized XYZ

o
=

0.2

o
=]
T

Nomalized XYZ

o
’S

02F

o
=

Normalized XYZ

o
S

02r

20063 118 BXE=E

o
™
T

=}
o

o
o
v

1=

© Normalized X x x?
* Normalized Y x
% Normalized Z x ®
x
* s
x ®
* ®
x
X &
@
* ®
x @® -4
* L]
x L]
x @
x .Q
" g ®
L
x @
xXg®
PP s 88® . . . L )
1) a1 0.2 03 04 05 06 07 08 09 1
Normalized DAC
(@
O Normalized X P
+ Normalized Y %
x  Normalized Z *
x & ]
- &
~ &
x i 6
L8
&
.
* &
* &
x
e
x . & E
Qib
&
"@
6ééa
‘nnnﬂ-ﬂ" : L \ L
0 0.1 0.2 03 04 0.5 e 07 08 09 1
Normalized DAC
(b)
O Normalized X 62"
+ Normalized Y &
x  Normalized Z S *
6 *
ot
o o+
%
o ¥
& * 7
66**
& *
& *
& *
& *
*
oi* 1
g%+
=3_--a00@.$@ L L . ; .
1] .1 02 03 04 U.S g6 07 08 09 1
Normalized DAC
(©
Sdtel cfAaZ#olef Zt red, green, blue <
of cHdt X, Y, Z %2 M HE =M () red
el M HE EM (b) green el T
#HE S4 (c) blue e & HE EY

Fig. 1.

Electro-optical transfer characteristics of X, Y,

and Z values for red, green, and blue channel

in mobile LCD: (a) -electro~optical transfer
characteristics  for red  channel, (b)
electro—optical transfer characteristics for green
channel, and (c) electro-optical transfer

characteristics for blue channel.
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Fig. 4. Modeling luminance level components of other
channels using derivative of EOTF of
self-channel for each channel; (8 red channel,
{b) green channel, and (c) blue channel.
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Table 2. Optimal parameters for electro-optical transfer
functions.
Components| XYZ A @ I E
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Table 3. Color differences between mixed colors and
mixture of pure colors and inter—-channel colors.
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Characterization errors in mobile LCD when
using conventional characterization method and

proposed method.

b ook

o

1o

EL

=

Table 4.

2 OEE]
Lig g2 (32709 red| - i 3278¢] blue 2l
green 21671
S AE g 5.059 4.246 8469 5.986
-curve
2d ]
AE,. | 932 | 7183 1458 1473
AE,. | 12 | w6 | 331 | 425
S-curve
A= 1
AE..| 103 | 59 | 812 | 1047
97N A% AEavg 0.639 0.607 0.851 3233
W o
way |AE,. | 386 | 231 3018 8090
Masking AE g 3.294 2523 4670 6.583
=9 AL
| 8145 4387 87%5 1231
Aara AE avg 0.639 0.607 0.851 2.241
H}
ek AE . | 3806 2.334 3018 5.483

AeE RE 248 A 43 ge Pz RG] 2
g AR A A2 ke W A% gholth ¥ 13 vlza)
2 W, ¥ A WF AL, A5} 3 oz ZolS
A3 Y| AE, A7} 53802 FolE AL 2 4 9
o olAe A AR A Wak olje} AUzt el
e A Ao] D A5 Aoz A= 2
Ad 57 B4S wasty angoge

[s3)]

71&2 E43)

o] &3l Tuld LCDE EA438
Fu gk 7 Adg 32709 X9 mE
A FolA FUEA EEdE 216(6%6x6)7 A )
ated A 2459 SAGH FAG Aloly X8 HH
2 Hd] CIELAB AA2 Jehygic). Aty oz A<t
g el EA3 eart tE jE W 43 2

Aud 9 A e ¥ 5 Aok
ILZ E

71&8 GOG E9#% S—curve Rde BF (2Zd

o] ST HAL Gyl FeH AL A% 9B
A3 Ad S99 AR GOG BEE CRT

(509)

2FH ol e ul¢-
Al ICC H193AAME o5
3} Aoz At xR Ad Nx dRAdT
Ad 5949 7ML Eutd daFdold disiAe
A AYEx et & 2l gaZgoldies X,
Y, Z A A gel A% Ag 357 A2 2R 41,
A Aole] FRAt WAlo) Zh adel A 2= ghe] ME
Fe Moz o Adel EFE A9 A3 g 7
A g SRS AEHAE Ferh gea £
M =atd LCD §A43E 9siA 2179 A3
g 29y 3 Ad A= ¥E EAe
7] 913l red, green, blue o] wisiA st
g g didel ZH X Y, Z g A% w3
ARE 2dy 3t =8 BE3 Al 59
A3st7] 8l Al 7B red, green, blue '@yt o}
@z A E2) cyan, magenta, yellow, grayell tisf
A% CIEXYZ #¢] A% 9% e A% nddy 3
Aok 2ukd gaFeld g 543 43S A

2u=a
= ALY P FENe AEAAc

N

ook
ox —{)‘ R
to i o

L

[1] R. S. Bemns, R. J. Motta, and M. E. Gorzynski,
“CRT Colorimetry. Part I: Theory and Practice,”
Color Research and Application, vol. 18, no. 5,
pp. 299-314, Oct. 1993.

R. S. Berns, M. E. Gorzynski, and R. ]J. Motta,
“CRT Colorimetry. Part II: Metrology,” Color
Research and Application, vol. 18 no. 5, pp.
315-325, Oct. 1993.

R. S. Bemns, “Methods for characterizing CRT
displays,” Displays, vol. 16, no. 4, pp. 173-182,
May 1996.

Y. S Kwak and L W. MacDonald,
“Characterisation of a desktop LCD projector,”
Displays, vol. 21, no. 5, pp. 179-194, Dec. 2000.
Y. S. Kwak and L. W. MacDonald, “Accurate
prediction of color lquid crystal displays,” Ninth
Color Imaging Conference: Color Science and
Engineering, Scottsdale, US.A., pp. 355-359,
Nov. 2001.

)4, o|g4q, old3E, 93, “IHE S-curve
2493 RGB #Z& LUTE o|4¢ Zuee mu}
d gxaFdol A N AR HIxFeFH=E
X, A 418 SPH, A6F, 33-41%, 2004 114

G. Sharma, “LCDs versus CRTs - Color-
calibration and gamut considerations,” Proceedings

(2]

(3]

[4]

[5]

[6]

(7]



10 RGBCMYK d&2| XYZ M& Ha 2§ 0|88 Zujd LCD2 S43t 24718 2

of the IEEE, vol. 90, no. 4, pp. 605622, Apr. [11] Y. Yoshida and Y. Yamamoto, “Color calibration

2002. of LCDs,” Tenth Color Imaging Conference:

[8] G. Sharma, Digital color imaging handbook, Color Science and Engineering, Scottsdale,
CRC Press, 2003. US.A, pp. 305-311, Nov. 2002.

(9] N. Tamura, N. Tsumura, and Y. Miyake, [121 X. Feng and S. J. Daly, “Improving color
“Masking model for - accurate colorimetric characteristics of LCD,” IS&T/SPIE 17th
characterization of LCD,” Tenth Color Imaging Annual Symposium Electronic Imaging: Science
Conference: Color Science and Engineering, and Technology, vol. 5667, pp. 328-335, Jan.
Scottsdale, U.S.A., pp. 312-316, Nov. 2002. 2005.

(10IN. Tamura, N. Tsumura, and Y. Miyake,
“Masking model for accurate colorimetric
characterization of LCD,” Journal of the Society
for Information Display, vol. 11, no. 2, pp.
333-339, Jun. 2003.

M A& N
2t 7| (A3 Y) H 2 H4EEEY)
20023 2¢ BEdign A z-E 33 = EA

A A7 ETF £4. A 409 SPH A2: F=x
2004 29 AEoistw '
g AR 4 24,
L 20049 39~ WA B RS
i HAgstah w2
<F AR B 9 A, taFeo) A g
4, Fhelet 84 3>

& kb B3 A E Q) 5t A (A
& d A& 88 =T A HFHN A3 =& A
4378 SPH A3s F=x A 389 SPA A3z F=x

(510)



