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A Study on the Color Proofing System Development
for High Quality Color Prints
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Abstract

The term color management system design, an ensemble of algorithm that
provides a framework in which color information can be processed consistently
throughout a digital imaging system. This is most commdfily achieved through the
use of special color transformation, known as device independent color transformation
based on ICC device profiles. The purpose of this paper is to present some of the
scientific principles of color management, and the original color management
algorithms and solutions for digital soft color proofing system development.
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2-1. 2AANH S A Iy

gAY IAQdE AZE TALH(soft proof)? =7t WA A (hardcopy proof)
F7HAE 4E F o 2ZE aA4XE Y TUH 49 34 AHE dgun AR
Holde UAd 5}” fdnzRg Y A4 ¢+ dow BUEH oA 4 AzxA
g HArsEs wAnjge] AREHY, ded AF 2y A= 7—‘i°ﬂ7ﬂ HAEstdqd 93
A wAe) Hed AdE hRY 2y dA JAHEL CMYKS ZA4EZH 8 ¥
AEA ZUE9 2] RGBY 7MHER R FAFHE Ay g4 &9 fig. 17
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24 behde g3 e kg,

Fig. 1. Different color gamuts between monitor and printer (solid-printer, mesh~monitor).
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olfd 7le& M UdX T M BEA 7|&(Color Management Technologies)o) gl &
o, AARHoR o)A 7]&9) dAFe EE3 F¢do] ICC(International Color Consortium)&
FHoE s Agsn o Yy JEd XY HY URHE A2d 94 3l
oiM FEEFH FAMNE & 199394 849 APAF FHOZ APl A ICCE F
B A BEAQg I ICC Z29d9 FAHE vld, AZRAEC] o] FHA 23
A QY AAEd A EHE 7IESe 22 AAFEE 3 gon, BE H
AA AxASl ICCO Z2oYd FAo wi} THdg BEn FFY Fgoz A
BAES AASYAE A EYx EAE A2 5 Jdoda Agsn gl

ol Z2atz A He MUAAES AHAES 3 JY=ICC Z2HY FHo] ¢
ol eH, A9 BE He] njUAHE A2y FFEoz ALEsT

Sotrce Profile Destias boa Profle

(Colorpace mr\ / (Colorspace Definifon

1 Sources mDestinagtians

Fig. 2. Device independent color transformation and CMM.

2-2. ICCZ 259 XA

ICCEZ=ad S Ay dutel (2, EYYH ZdE)Y 2y EAS 7|&sE dolH
Hdolrt, d2 UAAE AJAge olgq Za Ay S AgdEoaN Ay tulolrE
Abele] #el X E FAAZA vk Z2addE H2E JH9 7@ T 2
2 g WA A dE XA dolHY AA gEl TEHA Yo E3, F
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(Profile Connectlon Space: PCS)dl ¢} & 7‘043 Ay FPoz wgAFY] 9% wEY
2 g Hol& E@O}-T’— At

tjufo] 2 9] 7] < ZAgdute] 2] EA ZES MAASIE W 88 S 3.
g 59 29499 RGB%J:"] CIEXYZ#t o 2 jEA77] s A gk AFstA gt
CIEXYZA®E PCS F7to2 Al&d e FHoZ = CIELABS CIEXYZS T+ /19 ¥
oz AN 2t zeade 3B T84S 7HX2 dvh E Yulolx = Z
Y tute] 28] FXH AAHANE =] EFet glojof 3w, 1 9o tule)x #
Zx2703% A9 EAdo] 3" F gt
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Zzavde 718 FAL2 128byted] Y], Bl H o] E(tag table), 1 24 dHiolH
(tag element data)® ©]FojA glon fig. 3¢ AAA F27F YerY Utk o] FAA
B2 Hol B ZF Bl diojg e ulolE £9 s diolErt st diolE =4
27t £g50] Qo

= "r»ll! bytes
S * 128 byte header
7 e Wl o Tag-based (like TIFF)
’ » Public required tags

* Public optional tags
vrew s o Private tags

Fig. 3. ICC profile tag data structure.
ICC 229 NEHE taged FTFHE oFdl 9 table 13 2t

Table 1. ICC profile tag name list

AToBGTag ~ [colorantOrderTag ~ |measurementTag _ |ps2CRD2Tag |
IAToBi1Tag colorantTableTag [mediaBlackPointTag ps2CRD3Tag |
[AToB2Tag __[copyrightTag ______\mediaWhitePointTag _ |ps2CSATag
[blueMatrixColumnRag LcrdInfoTag o namedColor2Tag ps?RenderingIntentTag |
blueTRCTag deviceMfgDescTag __joutputResponseTag redMatrixColumnTag
IBToAO0Tag ~~ IdeviceModelDescTag  |previewOTag redTRCTag

BToAlTag ~~ ~ |deviceSettingTag ?ﬁpreviewl’l‘ag __IscreeningDescTag
BToAZTag @ut’[‘ag preview2Tag _ iscreeningTag
calibrationDateTimeTag ]LgrayTRCTag profileDescriptionTag ucrbgTag j
jcharTargetTag ,;m[greenMatrixColumnTag profileSequenceDescTag |viewingCondDesc Tag
chromaticAdaptationTag  |greenTRCTag =~~~ ps2CRD0OTag iviewingConditiosTag
chromaticity Tag luminanceTag ns2CRD1Tag T

3.4

3-1. RGB to PCS(XYZ)¥ 3 94

i

JE onlMe] RGBS A SHA AFH XYZZ WSH/198 WHoR
Nagol 4 ICCHN Aebe M4y 1-D LUTS 98 3+3 mamix® 1§48 A
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Y FE AHESHNY B 2ugEe CRTEUHY LCDEYEHE 9 Aud wygo
2 de AeE: 3l dutd oz 8 Ax F gaFEo] A AS Lo £33
ot 7t Effoz MAHe] o]FojuI MY WHPoIE FL AW AAXE 7Y
g F Atk dvtyd o2 A= sRGB MRiEte) 39 3x3 matrixell o3 4 2
He AHgetn o AdHHEe HS sRGB Huddwy oc2s AHg ANg HAH}E
& F flom= 1‘2— AT E Berns(1993)5¢] Al¢td gamma ¥HE T WY
W37 U9 primary colore] #4AFAE 53 My wHg T3 Fx SHFH AW
3 B g AR Y SAHY a#HolaAY ez R E Tl gamma, offset gain gk
& primary color?] M R FEZ 3 7 ICC profileZ ®E22Z 4, CMS moduledl A

A4 ICC profiled #FZdte MBS A3 =2 P

ade] 2AdY A EAL rghTRCTagoll AAHEZ {lE 5= RGBEFHAY 3
¥ RGBE A4&l=d rgbTRCTagE& #2385 1-D LUTE #A=23 Ay 23 @yo]
parametric curved] 93 W ETE WAARI} SRR B A¥E ZEAME 7
B oadg dog [-D LUTe A8 17k By 718 dyges gz LUTH &
monitor profile ¢ 73 parametric curve WH & Al83 AWiglo] o]FoALE JY

o},

X

Device color

1D "shaper" LUTs 3x3 matrix, includes
(gamma tables) source to PCS white
for linearization. point scaling.

Fig. 4. RGB to PCS color transformation method.

Fig. 49l & 9W3 250 HAgd A¥aYys =A% Aoz dHd 449
RGBA % =deviced profile® #Z38t1-D LUTE %39 AYsld RGBE W3HA 5
3 GAAE matrixs F39 Fx EHAH AFTN XYZ#0E HEAE S & F Utk
Device profiled} 4] rgbTRACTagZ %€ 1-D LUTE FZ3lx o83t #Ax EA I#&
Azsle] vy w3le] o)Fojxn wMEY WIHFE THA] device profiled] FE3
rgbColorantTag2 743 3x3 matrixE o] &3l M3y Wgsd XYZ gez ¥ &
T A

ZUE 9 2% PCS-to-RGB ¥#o] Hgdtd] o] A9 inverse matrix$ inverse
LUTE A &3hr}.
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[ X R

Y|=[M]|G o)
| Z ] B
(R X

G|=[M]"! [Y (2)
| B z

3-2. CMYK to PCS(Lab)¥ % ¥y

2 AF3dA &8 AL profiling targeto F A3 ECI2002 targetd fig. 59 2ol
148571 9] patchZ o]%¥°]4 2o Random Target &} Visual Target® 2 FHET £
target2 7]&9) ISO 12642904 A <t3h IT 87/3 target?] 92870 patch Ett: B 1485
19 patch® T+ EH AR profiled AA & ¢+ A HA

Fig. 5. ECI2002 random and visual target.

£ AFdAE ECI2002 target® 7IWto 2 EAX 9 profiled A3 &=
ICC profile Tag®] cmykCurve_ A$BE =331, multi dimensional CLUTE % =3}
A g e 9EE AHE Y A7 cmykCurve_A9EBe] 1-D LUTE ¥
CMYK #3& A8 B7tg 58 A¥sd CMYKE d&H 3, 334 FH300x F4
4 Wl 9% tetrahedral interpolation® A Lab® WAL th&o 2HA B}
S =X AT

A 8 o
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Fig. 6. Tetrahedral interpolation in CIELab color space.

Fig. 794 &9 ZX 9 profile2 % 4708 1-D LUTE # =3t 4344 A A
B wHos AR SYH AFAA Lab T2 HHEE £A] A

c -l L+
M —’-_’ —Y or a*
Y_'-_’ Z b*
k — il

Device to PCS

AToBnTag (n=0,1,2 depending upon the rendering intent specified)

Fig. 7. CMYK to PCS color transformation method.

3-3. PCS(Lab) to CMYK ¥#@&%

A 5494 43TLab)dlX CMYK #kez ¥EE7] )3t CMYK-to-PCSHE 9
4¥g B o= 3-D tetrahedral B3t B H 4709 1-D BHE F8t W@ o] o]Fof
.

- 61 -



FFAAE A A2F A2F 2004,

X L* N
Y ora* M
or : Y

* o
£ 0 M «

PCS to Device

BToAnTag (n=0, 1, 2 depending upon the rendering intent specified)

. Fig. 8. PCS to CMYK color transformation method.

3-4. 4 o A3 (Gamut Mapping Method)

29 Ao MRS iy F23A nHe}r st TAV A Aol
718A 02 ICCIME perceptual, relative, saturation, absolute®} 47px] A9 ARy
4 (rendering intent)-& AA13t U}

& AFdME g AL wE e FEH2EV ZAste 93l 29¥
4 & VACSLIN ®M¥& Saturation Rendering Intent® o2 A4 31929 perceptual
rendering Intent® 8] gamut compression®$H& A48 9th. Colorimetric rendering
intent§ A 3z9d FTAA Hax MAR HJE oL WHE AMEEAT 59
absolute colorimetric intent& UMM E 4 HBHRAHAX Fo]9 white pointE st
71998 XYZoAlA Lab2 9] ¥ A t4go] gAE F71 3tk 489 XYZ2 ICCHA
#|td absolute colorimetric rendering intentE & Fo]¢] white point2 REAH
XYZ,2 ¥Edr)

X S0 0]|X
,|={0850{| Y (3)
Z 00S5||z

§= tlluminationwhitepoint
mediawhitepoint
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Fig. 9. Different gamut mapping methods (a) gamut compression (b) gamut clipping.

dutd oz QAfEe] HFE RUEHAA &< dnz &= soft proofing® 759l
colorimetric rendering intent’} u}E3 39, ALREFHEY 7§ perceptual rendering
intent 7t H}FAZTE E A 2" AME FE Ao MUBA 471X HF A
He AFEATE AdEe ALEE ¢ JESE A AT

3-5. 4 ¢ 29 (Chromatic Adaptation Model)

Ut 02 hard copy AHEY AS D509 FFEFH ool A AHER & A
HEo Ao dAE Wd A "ok 28y CRT EYE S & daEde] A=
D50 EEFLAE & oF 6500K U 930K o] M2EE 7IXE d4oz A AHo
o] Fojzit}, o] A #A A wWepA AlFo] AAF= o] = A "t

u}e}A] o)¢} o] hard copy & soft copy Atele) M9 EYXE 1y & F& ¥H
o] M&¢ Y A(CAT : chromatic adaptation modeD)S ©] &3 o)t}

e

CAT CAY &N

Fig. 10. Chromatic adaptation transformation.
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oA 7t Aed Bdo] AdHn Jey & AT E bradford CAT Y2 A
4 A JEHE XVZ, & ¥ 98 matrix CATH & HFX XYZul 2
HaEd

Xout Xin
You|=[CAT]) | Y|
Zout Zn

Matrix CATS 18 &9 #H4 A &9 A9 449 Jg #2834 S84
Q FAA Sdor AFFAdE AP WY matrix oot

Lin ] _Xw'in
M\ =[Mear] | Yin (6)
‘S;n i B Zwin
Lout ] -Xwout
Mut = [MCA T ] Y, wout @
‘S:Jut i | Zwout

o714 e F ool Y F4A SEHEA LMSn# &8 F4 oldidAe 4
A $HEA LMSowd bradford transformation matrix Mcar &9 9 9ls F&X
o vy AlErt QL AS udSn 2ol dizt PEE ¥ & 5 Yo

XmAt Lout/ LG 0 0 &n
Your | = Mca T] 0 My/M, 0 [MCATJ_ " YL ®
‘out 0 0 out/ ~in in

& AFAM AHgE Awsa gHEY ALE€ bradford CAT matrix® o534 2t}

0.8951 -—0.7502 0.0389 }
9

—0.1614 0.0367 1.0296

0.986993 0.432305 — 0.008529
[Mcar]™! =|— 0.147054 0.518360 0.040043 (10)
0.159963 0.049291 0.968487
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WS AggoaH BT 650K CRTEYEHOA EF349 D50dA A&
& ERHoR AE 5 JA HA

e daEFES 29 ICC profiled 7|¥He & A AW AAHA 22 E
GEe agd =4 &k

Color Management werkflow ~ iC0 Spec.

Moniter
Sumiit Bevice Proflie

R G B e

\ ] tHE
- C
— M

Scanner G-w Printer

— K

Fig. 11. CMM Architecture.

4. Color management software?] 94 d3 2 nF

4-1. A4 WAL Color Pallet 7@

ol A tatolvet AHAze] &I IS A3 dY g &
Mg Ao] "color pallet” ©]t}, HA input profile ¥ output profileg A €3 color
palletd] & dut J& AT EoidA JA3 RGBS d#H AV dEMdo=z A3
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pantone color chipg A8 34 HA QIHd AqFoez njg 8 & F Je==2 Uz
ojuizk A AHelM oy Moz AHAA AHAH FAY & YA "o ®=IF
pantone color chip& A 9432 M, pantone color 4/4°] FUdA AlEsHE 54 U=
2 QA "R CMYK FL 5oz A Fo2 4 U AYPA R
CMYK 4/%<ieo] 7hs3tAl dd.

%

Celdxﬁa »

Fig. 12. ColorPallet software graphical user interface.

2 AFE 53 /MLE Colormecca T2 F A wA L T2 W ColorPallet =
299 A 9 A BAF7IYE A dZolA de] o]&H= photoshop =2
a3 vl sl Macbeth color checker #3433 1849] &4 Labgts 8oz
3t31 ACM(Adobe Color Management) W& 2E& olg3td AHES Lab #to=
WEsls, 22 13 Labgtes B Tz YA ALE3 CMM(Color Matching Method)
o2 AMEY Labgtor Wtely 1 MxE M2 vadt Aol fig. 13. o]t}
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14

12

10

: |@ Photoshop

: |l Colormecca

color differenc

1234567 89101112131415161718
Macbeth color patch #

Macbethcolor checker

Fig. 13. Comparison of color transform results between Photoshop ACM

and Colormecca CMM using Macbethcolor checker.

Photoshop Z2 1@l H AH&3k= ACM® %% 1M CIELab B 4x7h 202 2
2 dehdou E Zzadeld Agd CMME 88 4% 1752 447 ga
St Ao® Uenth 024 $U% Z2ddg AE AHYdE 2 Zzadd Yy
WEIH $5He 89 e

4-2. o]nx WA E Color Proof 7]

"Color Proof”= ICC profile format V4.0& Zlwte 2 7Advtgd CMMEES A3 94
€ 83 uA ANxgozm, 7I2Hon A4 Tiff 4 JPEG, BMP #d2 ¥ RGB
olu A& QAT MFoz olg] BAFEE 7|5 7FA 3 Yt Photoshop T2 1o
A Y TR A AZHoR wudg o A oluX M AY Ao|st A &t
S 1} ICC profile format V4.0914 A¢te o2 71X 7]%50] S¥aA AT Huz A4
A WA F&3A AHE ¢ Qi
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Fig. 14. Soft proofing function in “ColorProof” software.

w3 £xo welr o7 7}A] rendering intentE A Edle] wg &
$ 7Z1dbll = K YR ko Mac. 0S¢ Colorsyncoll A A QAst&
A 44 profiled] ARE nmlE &A= 75 S /AR
A2t &9 8 F U

)

_O_tq’
9 3t
AeIA  profiled] AFREE

% 9
5%

LrO
ol

Fig. 15. Profile inspecting function in “ColorProof” software.
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Fig. 16. Device gamuts 3D Rendering function in “ColorProof” software.

5. 4 &

T A o] dEF 4F AAAAZ Wi A48 FYrt APl A
A gEle] ool gAY T A Hu ok AHFF A B E A
T 718AoR A X g ZAHA 4 Frt dFFely, AP oEE HE U¥Y
At HA4 e 2 4 #e AZEH ]9 Fuj ¥Fo2 A3t color management system
E9)o] X1 d& AAelth
E A7 E EF color profile 72¢l ICC profiled o] &3 CMS moduled} % I
48 AZESOE MEgdezn A Fe softwareE =43 3P on, O 2 A
HAAM BUHE ol &35t AA 2 Aol del AlHE A4 Ao g 237
2R YHE AT 1 F8498 FAsAh

—4

lo

"

>

AR 2

o) =& 20028 E AR AG (G $FARAEE AL A F(R05-2002-000~

|
|
{ 01393-0)9] AtHlo] &t AFEYonz oo FAL=Pth
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