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Abstract

The input and output device requires precise color representation and CMS (Color
Management System) because of the increasing number of ways to apply the digital
image into electronic publishing. However, there are slight differences in the device
dependent color signal among the input and output devices. Also, because of the
non-linear conversion of the input signal value to the output signal value, there are
color differences between the original copy and the output copy. It seems necessary
for device-dependent color information values to change into device-independent color
information values. When creating an original copy through electronic publishing,
there should be color management with the mnput and output devices.

From the devices' three phases of calibration, characterization and color conversion,
the device-dependent color should undergo a color transformation into a
device-independent color.

In this paper, an experiment was done where the input device used the linear

multiple regression and the sRGB color space to perform a color transformation. The
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output device used the GOG, GOGO and sRGB for the color transformation.

After undergoing a color transformation in the input and output devices, the best
results were created when the original target underwent a color transformation by
the scanner and digital camera input device by the linear multiple regression, and
the LCD output device underwent a color transformation by the GOG model.
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2-1. ¥F target®} R YH gray patch # &
A o] &3 diE Fig. 13 #o] d7 FX o #Ar#olAE FUJI color input

target IT 8.7/29F &8 A9 5A 43 A o fEE”AE F317] $3+d
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olt

lightness®} chroma %992 T_f% HA sted A= 144709 99, 84710 C, M, Y, K, R,
G, B 99, a2x 36709 270 He 49E X F 286709 AR FHEHAA Ut

%3 linear targete RUE A A8wsl Aale] &43 3x3 fEaxd 29 R, G, B
2 Ardol A AR Ao W SRE B2A3t7) 9Jste] Fastth. WA linear
target® R, G, B Zt AT 0914 25590 Aol 478 @AY 65709 gray 0olA
25597 A 65702 AA 260709 patchZ A Z3H A k.

(a) IT 87/2 target (b) linear target
Fig. 1. Test target for use in experiment [{a) IT 8.7/2 target, (b) linear target].

2-2. 949 FANA &8 FX= A

AAZRA ojuA AL 34 IT87/2 targetS AFH XY o]Fo]7
FUJIATY FineScan 2750 27§49} Finepix S2pro TXE 7}Wlz}E Al831e] 300ppie
=2 oluAE YYSHY 9289 RGB 43S dA €% Fx2 CRT, LCD &
YE 9 RGB #o.2 A Auss st ol dd FAAME thFIARA ¥
2 MEHAE 73 g A XYZE MAfegla, sRGB Heyge g #
3o 9¥" RGB #S gamma 229 2o ® HY3d &£ vEld A o] &Y
T2 Dedl 2002 XYZE AdFoz2N 948 A A &8 A=A He #g
R L=

WA AE FXoN A ), )9 o) scanner, camera® RGB AZ S 453 AE
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9 AoA A" XYZE txZdo]l &< CRT, LCD EUHZ B F WA 4
(1), G)9 2ol 3x3¢ WP wEYAE F3te 48 RL, GL, BLE H#AAAG. H&
#© RL, GL, BLE & (6), (# o] CRTY GOG, GOGO 2d& o83t Hd¥
RGB o2 duaiAAct £¢ sRGBE 4 (97 o] XYzl g du# 3x3
Eg~E Fso RGB g Tyt LCD ZUEHAAE 43 YHe= RGB @&
TR

0.2126 0.7152 0.0722

(0.4124 0.3576 0.1803
0.0193 0.1192 0.952

RLcgr| [ 33.4700 28.2300 14.5200 X
Legr | = | 17.3400 56.0100 6.8300 | ' | ¥ @)
Lerr | | 1.9100 915600 75.6100 z
RLycp| [ 52.2029 39.9281 20.4735
Licp | =|27.0928 81575  9.9307 )
BLyco 1.6734 15.4852 111.6084
Rerr= (2 (—F) 154 —0.0185]
Gorr= (5 (e ) 2% —0.0041] 6)
Bepr= (52 (=55 1214 — 0.00003]
Rerr=( 1%5135 (G 255 L 172218 401191 - 0.0012
G- (T (k) V15 +0.0208] —0.0019 @
Begr= (2057 (2L 229 +0.0160] ~ 0.0004
Ruch ( 3.2410 —1.5374 —0.498
(Gsch - (—0.9692 1.8760  0.0416 ( ®)
Bured \ 0.0556 —0.2040 1.0570
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Fig. 2 938 8 AAAM & Ax71x AEsgs & ¥wdld 919 LAB #2
A REOR wbrel AxE Fagnh 94 98 AXNM BFHALAHL sRGB AW
g WY AEste 73 LABY 93 E SM3l9 4 LABYS A E 78 Aol A
Ea lolth E3 48 #AdqA4 73 Xyze 28 Fxd 2UHE GOG, GOGO,
SRGB 292 54335t} RGBE Gd&AZ F, Z4712 RUHAA AF 4%

LABE 918 #x oA wigg LABS AxE 73 o] AE', 20Ith mlxzto s Hejo|
AN ZA% LABY ZUEAA taZdold 9m9 LABY AxE 7 Aol A
E'w 301tk 2 Aol Z7te] Axtg 7ot v Hrlatdic.

RGB Measured Lab

TT iTﬁ
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3+14 aty
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3+20
Matrix

| |

Calculated Lab

A
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‘ RLGLBLI

GOG', GOGOY, sREE' ¥

l——:r Evab?
N <

Measured Lab

Fig. 2. The color difference and schematic diagram for color transformation from
input device to output device.
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3-1. |2E19@ 7 CIELAB HEHL o4& 97}

¥ FANA YEE R, G, B N3 A4 ¥ BFIAEA Y sRGB AF NS
o]-§3t] APAHA CIEXYZ, LABZ A¥gd e 8 FXA ZUHAA tA 94
gsto] ZUH R, G, BE targets t2Z#o] 34t taE#ol # onAe MAH
BF7e7] st EUEelA Ad CIELABE ZA38ta] F H7be] A” A2ZMH AE,
ALete]l BAE slaEaWd Vel T, £ Ay Ao Age U] st
CIELAB 4 &3+& o] &3] H7te 27E Fig. 3 ~ 149 24zt bt
Fig. 35 Zo] 44 FX7t 294, £8 AX7} CRTYE 2% s3I ALA THdAA
7% CIELAB #& ©o]&3t9 tiA] CRT EUHOA GOG Edz 9z & =A%
CIELABZ 7% M A& 50149 Mg 71 AX7t F718e glstgdn. =3
CIELAB &A= fn9 vlwste ¥ lightness FGd EAes ;A7 oS
Y lightness?t #4383} E3F lightness7F 400]131¢) XM greeno] ®Bo o F7}
H A3, lightness7F 60 ~ 80 Alele] HX= yellow £47F W £71H e 43S EAo
Fig. 4%} Zo°] GOGO EEAME FASE 23S JehlidA g, gray patch7t 22

& ot o

lightnessol™ ©< ©] lightness?’t #4391, 60 ~ 809 lightnessol ¢ I3+
lightness7t F71& 024 olu|x|7} Wolxd & &t welr] Mo F HEL

lightness7} 40°]13t<} 60 ~ 800l 91x]3t oW x|o|A YElES & 4 giSich

Fig. 58 #o] €8 A X7} LCD EUE S A$+ lightness7} 200313 o5 9
A lightness7t 43l A&E B9t 22y LCDY GOG E2dA= CRTAA &
o o F49 2748 YR oA L dg XA ELT AWF Fo] 8 FH
A HIHE R, G, B Asgoz utAJLE W 714 EFA o] $Fsinz £4& 5
Ao A @xp7p Zo} MAHo| CRT Bk F4E Aolet Al

GOGO R4 X+ Fig. 69 Zo| lightness 40°]3toll &A% Ad s x]2] Mexrl o}
AAEe] AAAAE AaAAY EF lightness7t 3001312 G g o] MAA lightness7}
Sobd e AT AL BUE S uf BT S47)e S ox9 JFA A
AT X ARET, olH BAY s2HE 2 Ao £F Besitn Algdh

sRGB M&E o]&¢ Mg AYE Fig. 7, 84 Hetuldh Fig. 7, Fig. 87 %ol
A3t HF olnA|zte] vl sRGB MF7he] BdY R Fo] wE Gz A4
H27F Aoz HAF Y] i BN Jebd ZAHFH Mxe Zo] &
A deEtstth o)A e AH gamma 22Z77AFH EF 3X3 WEH2ATS F83197)
gZolgt A EY, gy GOG, GOGO E2 R Tt sRGB MEHE o] &35 AMdglo] A
AEANA AEAol BJH-& 3
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Fig. 3. Color transformation results by linear multiple regression (scanner) and GOG
method (CRT monitor).
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Fig. 4. Color transformation results by linear multiple regression (scanner)

GOGO method (CRT monitor).
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Measured —-> Predicted
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> B0 60
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40
20 -50
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Fig. 5. Color transformation results by linear muitiple regression (scanner) and GOG
method (LCD monitor).
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Fig. 6. Color transformation results by linear multiple regression (scanner) and GOG
method (LCD monitor).
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Fig. 7. Color transformation results by sRGB (scanner) and sRGB method (CRT
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E-D 50 100

monitor).
100 100
g0}
60
ot}
40
20
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Fig. 8. Color transformation results by sRGB (scanner) and sRGB method (1.CD

monitor).
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Fig. 99} Zeo] 948 FA7 dAd spdateln, 8 FA7 CRTY 2%
A whdo A AWss T thA] CRT 2YEAA GOG Ed=z 99¥d F
CIELABZ 73 AxloME 6ol4e] A5 7 w7t $71Ee &8 =
19} vl@EA 3342 gray patch®] ¥sl7l F= A ) Lightness7t 40013kl 2%
S Yol I, 70 ~ 80 AtoldlME H EolAE AFE vehldch A A EAA
B A7 Frek i

Fig. 107 Zo] GOGO ERAME #r1d A3gFe UeluidRA g, 53] gray patch’t
400)3+¢)  lightnessol A © ®& lightness #4AE uUehdz, AAAHA A=A 9
lightnesse Z7} & A9 E3o] eyt £ a'FelA - goz 2o dAX=
0% o green Mo] Z/lEE AP YUY, bES JIFLR 9 + FoE o
A #H A= yellow Mo} F7t=e AFHE EU

Fig. 113 o] 29 #x7} LCD EUESY ZS%E 48 FXdA #HEd gel o]
= UgAT 28 Fx2 Augd AddA A48 exvt FtdgE ¢ 5 ATk
=3 lightness7t 200138191 o5& d QoA lightness7t #4ste &S B, LCD
o] GOG RddA CRTIAA Bot o 4" ZxE Jelgdch o|2& CRT ZYHS
RGB %9 &41xtt LCD EYH 9 RGB &) t $4317] d&ojzt Atzdn.

Fig. 129} o] LCDY GOGO EdolAE lightness7t 40°]3tell EAd Z2 X9
AYAANT BL oxE HAANAY. = lightness7t 50013H¢1 AR WFE
lightness 48 714 g o2R ojuA 7t o} FARE s gt dEhA GOGO Zd
AE lightness 9119 A3t W& sx9 Y27}t 7M5EH LS & F AU

SRGB ME7tS o] &3 Awg AFES Fig. 13, 1491 el Atl. Fig. 13, Fig. 149
Zol 9mst HE olu A HAANE o SR FIHA flo]  MAE HElHAET
o] A& sRGB ME7e HHY HZFo wa sz AA X BE AXE VA2
Rolgt At ®Th WA sRGB AFE ol &3 MR GOG, GOGO Bd=2 54
3t Mg st Aol o &&FH ol Alsd
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Fig. 9. Color transformation results by linear multiple regression (digital camera) and
GOG method (CRT monitor).
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Fig. 10. Color transformation results by linear multiple regression (digital camera)
and GOGO method (CRT monitor).
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Fig. 11. Color transformation results by linear multiple regression (digital camera)
and GOG method (LCD monitor).

Measured ---> Predicted

100 100
80} 80}
> 6ap 6o}
g 5
£ 40 40
20 20+
U 1 D 1 I 1
o 5 10 15 20 25 -100 -50 0 50 100
Delta Eab b*
Measured > Predicted Measured -—> Predicted
100 100
aedl
80} B b 3 od
50 . X T s
o - » -t ® |
Z1]8 R4 :’ .., '.. ’fs’."". .c
« o o o« _® * 0 [ I
- | mb’o -*‘}:‘u‘ o & = - (Y ‘:\ team
“ EFS . TR
. L]
(‘. t ] LS ¥ | ‘e
uf A 152 1} =0
0 1 1 1 _100 1 1 1
-100 50 il 50 100 -160 -50 a 50 100
a* a~

Fig. 12. Color transformation results by linear multiple regression (digital camera)
and GOGO method (LCD monitor).
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13. Color transformation results by sRGB (digital camera) and sRGB method
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Fig. 14. Color transformation results by sRGB (digital camera) and sRGB method

(LCD monitor).
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3-2. AR E o] §F Hr}

A4 AN 28 FA7AA] A4¥dd FAE F£AFHog #2387 ¢4t Table 1
o Zol MAE ALsATE AP E} AR I GOG, GOGO E2< o] g3t das}
EUHAAN d9AES Tt dxZgold ojwxige] HF Mo M= 36929, 45502

2 GOG Edeo] GOGO 2drtt MAdo] 488 sttt £3 sRGB 4 FH<
o83 WaNXE 4 AR sSRGBE WA zto] RUHA HZE =939
GOG, GOGO 2.9o] sRGBAIA sRGB Rdz 93 A7l Aarc $53 AL
AT AL ¥ ARoNA WEE MHF o] RUHA BAse HAFr
sRGB 2t ¥ %& GOG, GOGO =4z #HaHUY Wizt Azdrt 18y HE
Ao e olm AF FAAAM A &do] dojd Ayolmnz HA 120049 & A
AHE YeEhdth 29 FX7F LCDY EUECME CRTS AN 243g el g,
AA Azt A vebgth 48 9F53AE43 GOG, GOGO R42 A8 T Y19
CIELAB%} #F tl2Zdo]® CIELABSS M2+2 7§ A3 33084, 3.60297 ARt
sSRGB ¥&7& ]3¢ Afode CRT EUEAAM 2ol HF 2894 GOG, GOGO
Edo] sRGBAIA sRGB R gt A7l Axrc 48 2HE FAsact 2y
sRGB H-&3te SAd wet dauste] Mzr & 1200149 Ads A4t

Table 29 Zo] 48 Aol &8 FA7Ax AAdE AdHs Txlﬂzi Adste v
BRI 93¢t ZUHAA g Made a9 tAaZgold ouA e HF ApoA
T 40849, 455028 GOG Edeo] GOGO Td Tt MAQdo| ¥53e Fletdnt g8 3
AM sRGBE #WEd A ge AF 293 9us vaye 9 GOG, GOGO, sRGB =
Lol N 247} 15964, 155685, 1752669 AxE AUt 4E AR A 29 F= 4N
2 o sRGBYA sRGB Ed=2 93 Al7]= AXT GOG, GOGO R4 olgst= Aol
o #giitts AE AU )RS A4y AR My AW gho] BUEHAM E
28te] A =7 sSRGBEY ¥ ®L& GOG, GOGO Edz Wggqly] wiola Alggo)
TRy HF AABAANE ol 4 FR M A £4o] o Fejelmz HA 15004
9 & AAE Yt ¥ AX7F LCDY RYHAANE CRTS §AHe 332 el
AR, AA Ax7E AE S ARY PES o] WA ME iR gl sRGB MF
2 o8& AL F/18IE T 919 CIELABY dF tl2Zdold CIELABY9
Aol = 38121, 4.08497F Ao)At)h sRGB MEE o] 48 7 Lo CRT RUENA 9}
2ol HF £9A GOG, GOGO EHo] sRGBAA sRGB Ed= 9wWg A7 éﬂriq 3
49 238 A 23 sRGB MF7re] AFtE zzel Mwidle] wa &9 R
2d A=t uiAE 1801449  AxE FA¥ 4 YUrh wEkd 9F ZPXIOM &g
AR ZAE HHeo] NS }Ag Fste] M@yl o]Folxol MxEH YA FoA
A3 Ao BFYE FYANL = UL Aolg AtrH)
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Table 1. Color Difference Results for Characterization Methods from Input
Device to Output Device

G GOGO RGB
Device | Method AtoB 0G I . >
AE ab
.. |Original CIELAB| Avg.= 3.6929 | Avg.= 45502
ng/[‘;g;‘;ﬁn to Monitor | Std.= 2.6849 | Std.= 2.8027
Scammer | © CIELAB  |Max.=16.7137 | Max.=16.1147
CRT Original CIELAB| Avg.=12.019 | Avg.=12.0415| Avg.=12.3592
SRGB to Monitor | Std.= 49743 | Std.= 4.6002 | Std.= 4.1269
CIELAB Max.=27 5054 | Max.=27.3993| Max.=19.5519
Multiple Original CI'ELAB Avg._= 3.3084 Avg;: 3.6929
Regression to Monitor Std.= 2.7069 | Std.= 2.6849
Scanner CIELAB Max.=20.4908 | Max.=16.7137
LCD Original CIELAB | Avg.=12.1452 | Avg.=12.8958| Avg.=13.7161
sRGB to Monitor Std.= 53748 | Std.= 5.8921 | Std.= 5.6397
CIELAB Max.=30.4235 | Max.=32.7774|Max.=27.8093

Table 2. Color Difference Results for Characterization Methods from Input
Device to Output Device

. GOG GOGO sRGB
Device | Method AtoB "
A E ab
Multigje |Original CIELAB|Ave = 40849| Avg.= 45502
Re res‘;ion to Monitor | Std.= 27929 | Std.= 2.8027
Camera, g CIELAB  |Max.=15.6537|Max.=16.1147
CRT Original CIELAB| Avg.=15964 | Avg.=15.5585| Avg.=17.5256
sRGB to Monitor | Std.= 47110 | Std.= 47325 | Std.= 5.0796
CIELAB  |Max.=29.7233|Max.=28.1573|Max.=34.0492
Multije |OFiginal CIELAB|Ave.= 38121 | Avg.= 40849
Regreszion to Monitor | Std.= 2.6854 | Std.= 2.7929
Camera, CIELAB  |Max.=17.2747|Max.=15.6537
LCD Original CIELAB|Avg.=19.7151| Avg.=19.6344| Avg.=18.2509
sRGB to Monitor | Std.= 46105 | Std.= 45812 | Std.= 4.2556
CIELAB  |Max.=33.5591 |Max.=33.5828| Max.=29.1665
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