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Abstract

The propose of this study investigated the reproduction of color image displayed
on a CRT monitor, for a range of different values of monitor gamma. We have
used the GOG(gain-offset-gamma) model of the behavior of the CRT. Color
difference have been computed 1In a color space, based on the CIELAB color
appearance model. The 133 patch defined linearly color sample and 24 patch defined
printing color target were used, and were subjected to the influence of nine different
gamma value.

The result show that neutral color is increasing the decrease range of luminance
black color than white color. These results are of concern in the context of the

"correct” display of color reproduction
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150ppi AW E=Z 27 o} MATLAB 7.0 &g AelAe S|2EaW7]|&S o] &3l
JdE=E+= RGB A& & T8kt

- 46 -



BUHOA Zehistel 2 AYH 54

Fig. 1. Color Checker of GretagMacbeth.
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2-2-1. CRT EYE g A 9 A Bgold =4

gaZd o] AXQ CRT EYE Y ZntE SA87] A8l 271 2421 E& sRGB A&
Zvel Ao 2 dAHIYGY. sRGB MFe =7 #ArtE 22 o2 MASH, white
pointt D, 5+ 80cd/me] Aoz AHAZ = AALY A FL GretagMacbeth
EyeOneg Al&3to ZMstao.

2-2-2. CRT Z4H < GOG =4

et g AL o9 AP 457 Al EYUE Y 543 2A7 3%
t}. o2} 71x]9] EAlsl »d = Berns7} A3 GOG Edo] 714 438 A3E e
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A WHstA|A AR o] uf el W wE F o|nX e WEE v|udlr]| ¢
sl CIE YxydlA BHE AlgdAo=2 AAslstd YeliAeh. £3F GretagMacbeth Color
Checkeroll zHelgtel WstE A 814 CIE HExd JERAT.
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Fig. 2. Stability time of CRT display.

3-1-2. J=TdLdx

dagde] A9 = FLEE Hrbstrl fstq daSEe]l Fxe AFGH(full
screen)® white(255, 255, 255)& A PAI7] 2, fig. 37 Zo] OXAHANAN FE= u'v' E &
AetRqtt. 2 A oA 103 AR #e Hdaxe BF HAE 735t Table 19 YE
YAk o] W I x ddre} A U= A (1), Q)F ALY, 2 23 3= o
e+ oF 98%°lY, M FL X+ Au'7F 0.0204, Av' 7} 0.04862.2 FH7E= Aok AA 3
Eadxe) ol B AFMes LyA-A MAHE A3Psty A3

max (Lg, Ll, “'Lg) — min (Lg, Ll, ""Lg)

Luminance uniformity = max (Lo, Ly, —Lg) x100(%) (1)
u'axjg“ Zou' du =max(| ' ;—u ,|)
Chromatic uniformity v'a=‘;“ Z___:Ov' AV =max(|v,—v,]|) (2)
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Fig. 3. Nine point in CRT display.

Table 1. Luminance and Chromatic of White Color at Nine Point in Full Screen

Lo Li | L Ls Ly Ls Ls Ls Ls

B X | 711 | 7625 | 751 | 738 | 042 | 765 | %201 | 808 | 7847
Average | Y | 8023 | 8054 | 8043 | 7197 | %08 | 8083 | %651 | 06 | 8267
Z | w60 | 9135 | 9178 | 9110 | 9398 | 8936 | 957 | %20 | %25

Chrormagic || 01965 | 01957 | 01964 | 01948 | 01968 | 01969 | 01955 | 01966 | 01%7
v' | 04637 | 04651 | 04645 | 04627 | 04670 | 04672 | 04653 | 04653 | 0.4662

3-1-3. 8349 EA
Ao o] &3 TlAZdo]l AR FFhAS EAHE Folry] 3o HAHL gy
(contrast)$} Br7](brightness)E 22} 1003 50(CipoBso) 2.8 A A 3 ffA2Fdo| FA

9] Lo¥-HollA 400pixel x 400pixel®] A o|v|AE TAAZI £ Z} FF LA weFS
014 2557h7] 16@AH ZF7EAARA FAMT A 1THAE 2R A, T2

o] ARlojA AdAME REFAAE 630nm, GEFAAE 530nm, B #AA+= 450nm
o A e Y valueE YWEL 1, A3 9] pitch7} 7H Z A veEb G

3-1-4. A& dd =

2 dYolMe gl Az RGB A4 FAME 001X 8EAY F7Hst
GAE RSOl F 1329 HAE AT 2AE ZHEY, RGB AdHe 2 o
ol A white pointell 7HHAl Wbkt en, £3 RGB AAdM 9 4™ grol T7MEF
F9 AR o]FdE AE ¢ 4 Atk sRGB MFH vt S W Red, Blue,
Green¥ 3ol sRGB H &3t W0l vz ¢dstA Soi7t i & 5 o A
Blue?]l Z¢ %2 9% #d 4 sRGB H&¢e =5 Hou AT, dFEUHE
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3-2. CRT BEYHY GOG =4

GOG B4 SAsAdwHd wet 43 23 AgA sRGB ’*“"""7}01] F3e =00
2 AY9E sV, 4 AdE Aeigks 248 B A fraa
Avlgt 2290 A9 v|3HA YEste 3T 7 Aldd gaml—} offset%l
=, ol 5L FAAE AAE v 2zt P4t 7L g
Ut Mo A3 A st Mg Addte Aol LA Sl.i}f'»}fll *}E%E}
EUg Hetedo flare @4olv SAFH Y A2 Qg Aoz AdEHY, o] FAE
23t A WHoE EUES A e Ao Alsd

Al (3) Table 29| gain, offset, gamma &2 242} st +3 GOG B4 <40
ot o|#A =0l GOGEE L 43 ZUE S F4 dolg ASHA] Q3

[0.9923 ( 2Nd_l ) +0.00831%%* ; 10.9923( 2Nd—1 ) +0.000831=0
kiR wax =1, [0.9923 (-5") +0.00831<0
[0.9996 ( 2Nd_1 )+0.0003]%%" ; [0.9996( 2,\?’_1 ) +0.0003] =0
Gl Gmax =1, [0.9996(—oe— 2”—1 )+0.00031<0
[1.0030 (7> zN ) =0.00031% " ; [1.0003 (S5 > N ) —0.0003] =0
! ‘o 3
B/Buax =\, [1.0003( 2N_l) 0.00031<0

dr, dg, db : RGB Z}z}2l aA1d3 )18 4k, N : DACY bit

Table 2. Comparison Gain, Offset and Gamma of Ideal CRT Display and Real Measured CRT Display

Ideal CRT Display Real Experiment CRT Display

Red Green Blue Red Green Blue

Gain 1.0000 1.000 1.000 0.9923 0.9996 1.0030
Offset 0 0 0 0.0083 0.0003 -0.0003
Gamma 2.200 2.200 2.200 2.2224 2.2015 2.1964

3-3. ZAvste & AP 54
GOGE YA d2Fd o]l FA9 gaindt offsets 1
GAA 3.07tA] F 9GAE F7HAIZ] &, Color Checker RGB#tS &8st 2
w2} Fd AT 22 2HRoot Mean Square Error)9t sjxle] Az H4 - z;]nﬂgk-% 23}
A3+ table 3% 2ok t&Ede] #HA 9 EAE #HAHo= FI A ()

TANZ F 2oizkw
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ZAubgte WA S A Avigte] ¥ 149 169 A%7F 2& dAR SIS el
7ZF 3002 =713 ASwuc) vludy = A_ﬂz]-—e— Vel 13, Zobgko] 249 W 2.34632
2 M HE AAE RYh a9y 249 ety A% %E]Bfﬂlolﬁ a7 7ivbgk 2.2¢
g ¥} He MaE BHA=d), olRAL R, G B 77 HPFLae sHAHO|A] EIHa
B34S F7] "yiEolgt AEEHY, 53] Color Checkerdl 24709 #|x|e] MFEFX 7} 7+

olak 228 71222 @ A% Wu 249 A% FH AAF A UE Ao AR

pohel wsl Gk Al Ho- Aol AAR AoE naG. GAA o2
2AE 457 A8 oY AN Aol Wt gou], £F olHdF LAHE Y
F Qe Axgel BT ook gk,

Table 3. Root Mean Square Error According to Vanety of Gamma

Gamma 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0
AE s | 4.2182 | 3.7201 | 3.2147 | 2.7545 | 2.4514 | 2.3463 | 2.4888 | 2.7513 | 3.0327

AE spow | 10.2055( 5.8712 | 2.6397 | 1.2954 | 1.9283 | 0.8819 | 1.2687 | 0.9710 | 1.5254

AE bhign 125.4724(21.5350(18.0037 | 14.8378|12.0090110.2863 |11.5617 | 13.7796 | 15.7940

Fig. 4+ 24789 #ix] < Zvle ®HEgE 71 B ¢ F dv T A < (white,
neutral 8 neutral 6.5, neutral 5, neutral 35, black)ol A1) L'#g v|u3 Aolt} I &
7} 1000l 7}7hk& whites X&) B¢+ vl ®ste] @& Zol7t HUAAIRE, blackel 7H7}
HAAd 55 Fvto @ =7} ‘%0}@% g 5 UUT ol AL Zvle] WL = o
g FEE IJL7l 2 white AU B AdHoR2 FFS AA BT black
HH2]Q BE 0= FJEAolE BAAPHoT Zhol ®sle we} black # X8 o o]
FrEgdes & 5 UM

Fig. 5= GretagMacbeth Color Checkerel 4= 32 67}A] 5] 4 (White, Neutral 8,
Neutral 6.5, Neutral 5 Neutral 3.5, Black)S Zv} ®sle] wel L' a'& el Z 3ol
o}, FA| Mol sjxe A ot 228 71E0E i, whited X]9] A L'gk Zolrt #vf
o} F7h Ao wmet 1o AR ol A WHEr YAAT, FaMe] Aol %
MATE L9 Aol7t aA HAES & & UAT. 53] blacke XA L' 2vbak
228 7€ 2 14 vty vastd 3| =27k 18.697001™, 3.0 Zvhata v wslH I
=7F zobgh 220 vld] 13.018320.2 ZHastutt. ZAwigk 228 JlEo® st Zup W
of wel x| AEZZHAC K MAAAAH LDE ST A3 oF 09 ol SAHHAL
wepA] FaAjAe] AL 3ol ®Ent lglonzg vl ®igld @2 AE v 3 EA
ojs) Mz}7} Fddm AlgET

=
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Fig. 62 GretagMacbeth Color Checker® 1##] 3] 67}x MAH(Dark skin, Light
skin, Blue sky, Foliage, Blue flower, Bluish green)®] CIE Lab¢] Ztelt}. Fig. 148 &
s wixsf] ¥ Ay, Z} MG Zuigke] St wel Fxrt gasded, 53 as
bel gto] 0d] 77 th ol A& Zwlgke] F7b we}l R, G, B Z42te] M2 471 F9
Eo] gray A&l ¥ol 4ole Aol Alsdd. #AvtgtE 228 JIFoR o ZHZe
Zutgke] wiste] wel szl WEAALY), A=HAC ), MAAFAH WE SRS Ay
HEe) 7§ dark skin® x| 7} Zete] ®ige] w#tA 3~5AE FH &7l FUlEER

a7 7F 2 A Jebted, blue flowerdl A9+ o & X9 vidte dexty
ot A=A 3A YERST

Fig. 72 GretagMacbeth Color Checker® 2¥1#12] 67}A] A A4HOrange, Purplish blue,
Moderate red, Purple, Yellow green, Orange vellow)S Zvl@igo] uwiel vjwd ol
t}. zeigto]l F718 5 purple, purplish blue X2} H$ 713 3z W3yt oo
yellow green®] 735 3 Eeo W&ol 2% Frislo 7M1 3k o Wiz zdcin A}
SHY. Zutg 228 7IFo R st Zhzhe] Zuighe] W sle] wel s X el T XH(ALT),
HEZHAC ), MAXHAH S FA4 % A3, purplish blue $jx]¢] Axates Azl A4
g A9 38 #AAhsHA, Avivl g A 248 EUMgEY. AAERe] 7§ orange,
orang yellowol A ©& =Xl v]3] 4271 ZA ey

Fig. 82 GretagMacbeth Color Checkerel 3=} 3] 67}% A (Blue, Green, Red,
Yellow, Magenta, Cyan)-& 7wl W3 oz} velhd ZAzlo|d). Zupgte] Z7td W&
=9 WIE yellowd X A 713 ZA Yeld, blued] s xe] 2S¢ 7H4 ZA
UeldS & 5 A o2 A3 gz A redwlx 9 AS Zelgk 228 7]Fo2 3y
agkel 735 #vlel Fd wet Fae FEE Ve ey, & sfxd uld Mz}
7} AA Jebg

Aoz AHETE Yellowed] el HEo] Bol ¥3d Mo B¢ =
Aton thE MEE A H % 3E WIS By A=W A T3
A7 7F3 A=Aelz A E& & 5 Ao AT G slrbe A
Wslo] wel AErt Wol YA Ho2 Znte F7te] wigt ojd Mg RAY F 3
A 2glo] FFEojol "t AlEH

Table 4= 7w stel] W& elAle] WsE FAME A3 FANFEE] ZAolgt 14
¢} 3.09 MAE FAE FAF AR HEAALY), AEZXHAC ), HAAHAH ) ZE Ve
WAk Wxxke 7% purpled} dark skin®} Ao] 71& Z 300 7}7HE Aol wow,
A XA purplish blueZt 158 Mx}p7F wron MAX}+E oranged o] zbol7f 1302 7+3
A wot AR AAY2E v|wE Eod purplish blueZt 7FE & M7 wow,
yellow? Z2A$ 71A AL AMAE B AUt Purplish blue2} e A AMexp7 24 JBu=
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Fig. 4. Variety of lightness values in achromatic color according to variety of gamma.
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Fig. 5. Comparison of CIE L*a" diagram in neutral color.
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Fig. 6. Comparison of CIE L', diagram in six color patch.
(Dark skin, Light skin, Blue skin, Foliage, Blue flower, Bluish green)
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Fig. 7. Comparison of CIE L' diagram in six color patch.
(Orange, Purplish blue, Moderate red, Purple, Yellow green, Orange vellow)
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Fig. 8. Companson of CIE L s diagram in six color patch.

(Blue, Green, Red, Yellow, Magenta, Cyan)
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Table 4. Comparison of AL’, AC'sy AH . AE . for between Gamma Max. Value(3.0) and

Gamma Min. Value(1.4) in Color Checker

Target Name AL AC AH & AE
Dark Skin 30.1190 3.5862 1.3547 : 30.3620
Light Skin 20.8943 8.9919 1.1898 22.7781
Blue Sky 26.3429 7.5633 1.9628 274774
Foliage 28.7968 3.4947 0.0696 29.0082
Blue Flower 24.6456 11.9599 0.7862 27.4055
Bluish Green 16.5027 9.9270 1.2954 19.3019
Orange 21.3060 13.2581 13.0725 28.2951
Purplish Blue 27.8347 15.1975 4.7418 32.0658
Moderate Red 24.3277 13.5690 4.9595 28.2940
Purple 30.4637 3.5428 0.2162 30.6698
Yellow Green 16.4191 13.4916 3.5096 21.56390
Orange Yellow 16.8190 12.5953 11.5208 23.9635
Blue 27.4712 12.6592 6.3923 30.9158
Green 23.5748 10.7426 0.3862 25.9099
Red 22.6462 8.7795 9.8757 26.2194
Yellow 11.1562 12.1800 8.0346 18.3676
Magenta 24.3345 10.4095 2.9198 26.6281
Cyan 24.2432 3.6123 6.9330 25.4725

4. 4 &

A ke AUFE ASHL TA ekt A48 BANA 43R 2ot
HERF 2 AANLFE A2 Gol Vb Asafet Aol A A F9HA G4
opz, gubdstel e A=Y JFo2 YAt FLALIL T 5 AYT

BTUES Zvldste wE A AIEE

A& EbAANA Zohe] W3

1
o) EFY MY5S FEo] WHFo] A%, ATHE FHEY A4

Hol A thet g
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et Fexrl & NdsE AxE Bo] wAstew, Avkge 2d & B o= A
= &ix}—z— Zole AARL 7t Ao Alsdu. $o =2 CMSAA ZFrtdEg2 5
s38tER, opgel Zuie] Wslol] wel Ao AEAE HAYT 5 U= ALRY Had
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