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A Study on the Optimization of color in Digital Printing

Jae—Hae Kim

Department of Graphic Arts Engineering, Graduate School,

Pukyong National University

Abstract

In digital age, Printed matter the upgrade of the color printed matter is
advanced with a multi kind small quantity production together quickly, and
the demand of the consumer is more increased.

Also most printing equipments about digital brazier lower the color which
as customer demands for a color from place printing which many portions
with automatic movement is managed and the actual printed matter which
as nearly reappear are raising its head with the problem which is
important. Especially, comparison of the printing method where the color
civil official of the printed matter is different specially from domestic
digital printing than with scientific and objectivity method the system
device profile is applied at printing and the standardization of printing
becomes accomplished, but as ever color difference of the manuscript and
occurs 1s a possibility of knowing from specific color.

Therefore, more for the system and efficient color civil official will be
standardized and it is a necessary to confirm the objective data.

From the research which it sees consequently there is to a digital printed
matter and in order to control the color reappearance which is a most big

variable in optimization properly from input device until output device it

_Vi_



applies the color conversion method which is various in the color civil
official as to minimize color difference of the manuscript and, it did to
sleep, also it investigated the propriety of color conversion method.
Generally the input and output devices are not reappeared with system
independent color price, and data of system dependentcolor is reappeared
with nonlinear conversion because of the output signal price against an
input signal price from the color reappearance which in like this system
quality depends and input device or the monitor the difference of hue
occurs in the manuscript and last output scandal color. It reduces like
this difference in order to the color reappearance method for the place
where there is a possibility of sharing at three branch phase,

First, all images always to show the answer back quality which is identical
in quality of system, and calibration is phase.

In after words, system dependent color space what finds out the color
reappearance quality of color conversion system in system independent
color space characterization is phase.

It buys last from characteristic phase and position data and the conversion
matrix it leads and it is done when and mathematics operation and the
system independent color conversion become accomplished. The Color
Management System (CMS) comes to be composed of like this three
phases.

To color conversion method of input device the method which uses a
line-shaped conversion and the LUT which use the multiplex regression
analysis law together, especially there is also the method which uses a
spectral diffraction presumption is already executed.

From the this study, In the method which is like this various accuracy to
be high even in the sample color conversion the multiplex regression

analysis law which is the possibility of doing quickly used. Also for a

= Vil -



color conversion from the monitor with the GOG (gain-offset—-gamma), the
LUT (look up table) and the sRGB are general with the characterization
model which is applied.

So, It is like that it used this method together from the research which it
sees and it tested, the GOG model where from in that the result is
excellent in color conversion method of digital printing it applied. Also to
color conversion method of the digital printer it used the LUT, 3dimension
line-shaped interpolation laws and a tetrahedron interpolation laws. With

after words, it is same like this test result it got a same conclusion.

1. The scanner which is a input device and the digital camera all CCD
input sense but, by the input price of the manuscript which the scanner is
accurate in base even color of the color conversion manuscript which uses
a multiplex regression analysis and got the result where the scanner which
it kicks is better the digital camera than. Also, Color of the scanner the
lightness which it kicks, the chroma compared to it was added an extra
weight in hue-angel difference and it appeared but, the digital camera all
was added an extra weight in the lightness, the chroma and hue-angel

difference and color difference occurred.

2. The GOG model even color difference it is a linear target from the
average color conversion which applies the model appeared the CRT
monitor fewer the LCD monitor than, case of IT 8.7/2 target the CRT
appeared more highly the LCD and it got the result which is better than
color conversion method of the sRGB and the 1D LUT.

The GOG model in addition calculates the gain and a offset parametric
variable in the gamma parametric variable which is a cause of relationship

in non-liner shape from quality anger process with the possibility of
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raising an accuracy is in the monitor color civil official of digital printing
is useful confirmed.

In order to confirm the accuracy and an efficient characteristic of monitor
color conversion method also political change exchange and adverse
change exchange repetition result even color difference it accomplishes
the CRT monitor compared to shows the result where the LCD monitor is

better and it is used.

3. From the CMY which uses the LUT and 3 dimension line-shaped
interpolations from the digital printer even color difference of the color
conversion manuscript with the CIELAB and comparison got the result
which 1s good with 1.311. Also, From the CIELAB which uses the LUT
and tetrahedral interpolation laws with the CMY the color conversion
manuscript and even colordifference from the CIELAB with the CMY color
converting from the CMY color error occurred step phase interpolation

converting than occurred plentifully with the CIELAB.

4. From color reappearance of digital printing case of monitor,

The XYZ which it converts in multiplex regression analysis of input device
it makes extreme to double an adverse change exchange matrix, it applies
the reverse GOG model and after color converting the patch of the result
most which buys color difference of the manuscript and shows color
difference below 5 at monitor RGB price.

Also, The XYZ which is transmitted from the case input device which is a
printer it makes at LAB price to convert an extreme, when the LAB price
which 1s converted calculating the CMY with the LUT and tetrahedral
interpolations the color conversion which considers the black quantity was

more accurate.



Also, In order to minimize color difference of the manuscript and it shows
the result where the relative rendering intent is most good from the color

reverse thought which it applies.

keyword : digital printing, gamut mapping, gamma correction, ICC profile,

characterization
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Yo (i) = G, (i) 6)
YB (Z ) = Bm‘ (Z >(1/’YB)

o] 2]& Figure 49} #o] ez YelWH gamma XA el Ao

gamma 24 Fol= Fdeom vtgowM HFHow Ayrstd Yo A

TrehE 4o R, G, B Ald ko] miAd o] dgor Ads A

Sy A\ (1/%)
R (i)=R, (i)™
Gv(i) _ Gm(i)(l/vc) @)
. -\ (1/y
B,(i) = B, (i)
1.0
E after gamma correction o
— \ I
. 2
= 0.6
N s
= ~ the end result
% 0.4
-
0.2 \
before gamma correction
o T X T ¥ T ¥ T T
0 0.2 0.4 0.6 0.8 1.0
nomalized R

Figure 4. The end result of gamma correction in R channel.
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bn Yz Uiz ... Uiy
M = | Y21 Un Ux ... Uz
Ul U2 Upz ... Uy
bn Ya U3t ... Un
M = | Y2 Uz Usx ... Up (10)
Uim Vom U3m .o Uyl
Pll
Y1t/ W 2 Ui Py,
_ | g 09 w05y . D
MP = 21 Y U2 21 | x| Pg,
Vol Uit~ Una - DO R

299 A% 1991 Henry, KangS A3 372X o8 RGB A& 3
S A2 59 A9 CIEXYZZ W88l W43 AR, 163S 9o ?
w3 1993 Haneishi® BT % AE, 209 272 dent 9ek” oz
g ghuetel 7 $olE= 2004 Cheung @t Westland7b 3] #8418 o] 8§39
A geld o’ B Rl s AT EA Table 13 2] 3x3, 3x8§,
3x9, 3x11, 3x14, 3x16, 3x209] WEY~ rfo]=Z o] gato] 23ale)
At ow wEs Ao]xrt F7RSE Auge] RuE
Aol M= Mg § daske] Mg 7 A3t 3x209] mE AT}

Y SEHROnE B =R E 3x20 EY2E Toko] A gt
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o GOG Ed & o8& 543

ol# g B Ao GOG Ed& A-g3ht}

GOG E2& 19939 Berns™ el o& 27l® txZdo] Ao 543
Rd=w dA 7 dtstdE RdE el itk o] W 2 (1) 2ol
7/l H 4 gammaol gain¥ offset& 37}t gain-offset-gammas %83}

pdzx HHo HeE= F WS gain 3 offset gkel ghol 10] o

j=|

rlr

gamma #T HE et a2y RUE A AA gain offsete] Fol
lo] H= Ae= A9 glou, £ ARG BEAE Al e v
Wi ghso] gdAEE Ao Agghe AE Ao Basi

3t mulg o] &3t R, G,

rlr
>*2£’

o,

B AL GOG n9% 9¢ gAe 5

B 7 Ade Az oja AgstE 3¢ 5= RL, GL, BLS T3tk

[g( )+0]' ; [g( )+0]>0

RL= 0; [g( 2N 1)+0]<0
[g( )+0] S [g( )+0]>0

GL= 0; [g( )+o]<0 1D
[g(Z—Nai’T)+0]Y” ; [g( )+0]>0

BL= 0; [g( )+0]<0
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Table 1. The Regression Method using in the Input Device

Characterization

Matrix size Regression
3x3 X=a, R+ ap,G+ a;3B
. Y= ayR + ayG+ ayB
Matrix Z=ayR + ay,G + ayB
3x9 X=ayR+ apG+ aiB+ a RG+ a;sRB + aigGB’ + a;;R* + a15G* + a19B*
Y=auR+ anG+ ayuB+ ayRG + ayxRB+ axGB’ + aynR: + asxG* + asxB*
Matrix Z= a3 R+ apG+ apB+ ayRG+ asRB+ axGB + ay;R* + axG® + asy B
X=aytanR+ apG+ apB+ ayRG+ aisRB + a;GB+ apR* + ai5G* + apB*
+ a1oRGB +-aiiR* + a,,G* + 41158’
3x14 Y=ay+ayR + apG +3a2;;B+ a%,lRG i %25RB + ayGB+ anR® + ayG* + ayB*
Matrix + ay1gRGB + ay | R” + ay,G” + ay3B°
Z=ayt auR + apG + aypB+ ayRG + aRB + axGB+ ag R+ axG® + ayBY
+ a30RGB + a5iiR® + a33G*+ @33 B°
X=ay+tanR+ a6+ ayB+ ayRG + aRB + aGB+ ayR’ + a;sG* + aiyB’
+a1yRGB+ a1 R*G+ ay, G"BF angB*R+ a1y B+ dijsoR+ a16B° G+ ar R’
+a13G° + agyB°
3 %20 Y= ay+an R + anG + axBt ayRG+ axRB + axGB+ ay R’ + axG’ + ay B’
Matri +angRGB + amR* G+ ay yG* B+ ayyB R+ a31xB+ a3156R+ apnsB G+ agy R’
atrix + ans G’ + ayy B’
Z=ay+ay R+ apG+ ayB+ ayRG + asRB + axGB+ ayR* + a3yG* + ayB’
+ astGB <t 61:;11]32(;Jr ﬂ312GzB+ a;;l;;BzR+ 61?;1/11?]5’Jr a%lSGR+ aslsBzGJf 61317R3
+ 61318(;5 + 61:;19]5’3

o] 710 Al gi= gain©] i, o offset, yi= gammasS YEIY = W3S

QL dr 04 5B 2557hA ¥ FA el R, G, B 7& A& gholth

rlo

dE FA oA Al Adel D2 bit 75 HEIH, £ =F oA

AAZTe] gAY oluz] A|2te] 7]&< 8hits: 483t
21 (1)l A&ste RL, GL, BLE 2UH R, G, B aAde A
ol A Ax=A] XYZE SA5ke] e 3x 3 Ak njEY sl A H o

2 weto]l A (12)3 #Ze] ZA 59 2 @ XYZE 72 & A

_15_

==
=



X X, max X,max X, max RL

Y|=| Y,max Y,max Y,max || GL (12)

zZ Z,max Z,max Z,max BL
Zt. sSRGBE °|&% 543}

sRGBe] A&t & T/ Aedol vis 84 A2 AYg9s 7HA
m HAe Aue ofyil, AWHelx @ thazte] £4L Ao
Aeste B onzt 2tk 3 RGB MEre 71FE JHA A6 i
ook BF AAA 04 A S F A FRAM AdA FA 5
HA< Fzreltt. sRGB 7| 7HAl 742 Table 29 21, 948 ZAAE
Zaho] 48 el o]n A2 sRGB ABgrow F4skstel 54 shetach

Table 2. Calibration Condition

of sRGB Color Space in Display Device(CRT)

Condition

sRGB

Luminance Level

80 cd/m’

Illuminant White

Des (x=0.3127, y=0.3290)

Image Surround

20% Reflectance

Encoding Ambient Illuminance Level

64 lux

Encoding White Point

Dso (x=0.3457, y=0.3585)

Encoding Viewing Flare

1.0%

Typical Ambient Illuminance Level

200 lux

Typical White Point

Dso (x=0.3457, y=0.3585)

Typical Viewing Flare

5.0%
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Dol A aFab=219F A3 RGBoF #Al= 24 (13)3 o] yekd 4

R 3.2410 —1.5374 —0.498 X
(GJ=(—O.9692 1.8760  0.0416 x(yj (13)
B 0.0556 —0.2040 1.0570 7

A3 RGB #<2 2 (14)3 o] v]4d38 sR'G'B’ gte= wWEsiu

oluf ek R G,B<(.00304™

R sRGB — 12.92xR
G, sRGB = ].2.92>< G (14)

B’ gop=12.92xB °l 1L,

IC &

T3 R ren Goron Bues? 0.00304 °19, 217(16)% 2t

R’ ges=1.055% R} —0.055
G gop=1.055xG S —0.055 (15)

B’ ep=1.055% B4 —0.055

21 (16)=A 8bit B E sR'G'B'9] 256 A&l & 7kl o|w|#]¢ RGB A &

Rgpi= ((255.0—0.0)xR" zep) + 0.0
Ggpir= ((255.0—10.0)*G" sger) +0.0 (16)

Bgpi= ((255.0—0.0)xB" zep) + 0.0
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047]/\-] R, sRGB s G,SRGB’B,SRGB% Z\']l (17)E :FL% fl: g)]\]:]—

R’ spop= Rgpiul 255.0
G, sRGB = G8biz‘/255 . O (17)

B’ srep= B/ 255.0

MA¥ SRGB#S A8 R, G B o= 247 Mg

1 O

ke
rob

o
=)

W Rores Gares Baes=<0.04045 °1%, 2 (18)% &}

R= R,SRGB/12‘92
G=G 5RGB/12-92 (18)

BZB’SRGB/]-2°92 O]:ﬂ_,
R e Gsre, Bsrop» 0.04045 She] A QO £ oaT SlTH

R=[(R 4p+0.055)/1.055]%*

G=[(G gez+0.055)/1.055]%" 19)

B=[ (B gcp+0.055)/1.055]**

P~

o714 HFHoR 4 (2003 o] XYZ= W3AZd 4
X 0.4124 0.3576 0.180 R
(Y) =[0.2126 0.7152 0.0722 X[GJ (20)

Z 0.0193 0.1192 0.950 B
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ot LUTE °]83& 543

He SA4S Rddste A& Wdsiede W3 olEd SAE +
Neugebauer?],*~* Yule-Nielsen® 2.4 Clapper-Yule*’2], 7+a o] 28 7]
%2 3 Beer-Bouguer®} Kubelka-Munk™ ©]&o] it} o= 7% =
Aoy E 2R d= 3 FAEAY, Neural Network, LUT o] 243}
of o] &= itk LUT "2 74

2 A7elM S LUT B4 o83 Aud s ARS8t
28 A9 AmPe] ALHE LUTE =7]% CIELAB A3 3o A,
CMY 34¢ L1ZAoR #5 MEAFA=1BIAZ T ok £
A

ke - (packing or partition), 37 (extraction or

71518491 33k B elE 339 A (trilinean) W, 28] Z(prism)¥,*
o) 2} n) = (pyramid)¥,”” tetrahedrali?® S o] 7127} otk #Hxeo LUT
=2 o] &3 3xYAE HIPHS Pugsleyol 98 19740 WE AL, Zg
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AN

B 7HHL 1982y Lanamori, Fumoto, Kotera®ol| <3} w3 At 3] 2hn
B L 19829 Flanklinell o] 532 Fxsflow, 404 IR <
4% Korman¥} Yuleol ©]a] 1971d =709 el AREH AT o 7] A
3 A BARS AL ymA IRES BdE ke o= 91A]

[

yu)
)
iy

8 @ol AEAE e FAWAZ T oY
ZaE wye 8o ANdon offold QAT 122 el 27

o =% PAS TS, Ao Hol AN ZelEe FHE F 6
Aol Aoz Qoo el 9AE Asati gtk

Pyramid H3MHE d9AlE 1/3=2 o

Jr
°

3709 pyramid® o & ®&3}
o 199 3 FASTE ARG F, 571e] AARen ole

g A

i
o
ol

3t Tetrahedral H7FH-S QHHAE 6702] 4 A 2 Ea3tw, oo A
o) ARGt 4WAT FAE ¥, 3Nl ARAAozTE Jole] Ao 914
¥ pyramid¥, tetrahedral® S dlo]E g

o] Zrash Hike] g7t 3%k M d X (trilinear interpolation) ®H

B Ao A= Figure 58 zFo]l ECI2002¢] 1331719 sj x| 2HE CMY
ol 4 CIELABZ W3] AL-g5+= LUTS A%st7] s 3209 Agdwzt

HE AREEET 999 " PC, M, Y)o L, A, B #%2 474 L(IC, M,
Y), AC, M, Y), B(C, M, V)& EAIZ 5 dom, Py(Co, Mo, Yo), Pi(Cy,
M, YO+ 27 Pyo, Pin®E UERE 5 Stk mebA 499 ® PC, M, Y)
= 2 QDY o] yekd 4 9tk o] FHAAE CIELAB w5 237t
Hgatd gdolel A PC, M, VA M=xF LABE 7z+zt
AC, M, Y), B(C, M, V)= Y& & loer= L, A B9 Egs ALt
& 4 qtk? AxE LUTE ICC 22399 AToB Tagel #%3te] CMY

K

=
o
=
=
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oAl CIELAB & AW 3lsl=td A8k

PC M Y) = S+ SAC+SAM + SAY + SIACAM + SSACAY + SSAMAY + S;ACAMAY  (21)

714 AC, AM, AY B AF So, Si+ - ¢ - S &z of#e] A (22)%

AT % 9k

AC = C-Co

AM = M - My

AY = Y-Yo

So = Pooo

S1 = (P10~ Pow) / (C1 = Co)

Sz = (Poio — Pow) / (Mi — M)

Sz = (Poor — Pow) / (Y1~ Yo)

Ss = (P10 = Poto = P1oo + Pooo) / [(C1=Co) (M1 — Mo)] (22)
Ss = (P1o1 — Poor = P1oo + Pooo) / L(Cy = Co) (Y1 = Yo)]

Se = (Poi1 = Poor = Poio + Pooo) / [(Mi = Mo) (Y1 - Yo)l
Sr = (Pu1 ~ Pour = Pior = Puio + Pioo + Poor + Powo = Pown) / [(Ci = Co) (M1 - Mo) (Y1 - Yo)]

Y
¥ A
T 1_3_0_1,1.-7 - P11
__________ @Pt
M..ooee Rl
- _________.P-QQLV : Pio1
______ or M
---- T.__Q_... -""""-"""'""Pma : T /Pno
-------------- R / ¥ /
Rals Pigo—» C

Figure 5. C, M, Y coordinate system for trilinear interpolation.
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olgjdt Wyl o2 A ZE LUTE CMY 37X Figure 69 (a)9} %
of M3 AL THAL JJormw FHor ®WIF o7t 22 32 A
gHg S ARSE 4 vk ey CIELAB &3tel A= Figure 69
(b)e} Zo] Exsd WS 7HAA Ho] A& B3 e AT 5 8l
ot webA CIELABelA CMYK®E Amgtsh=d AHEE it LUTS 74
sl7] 9lal A Figure 73 7o] 4% A (tetrahedral) ¥.3+F WS AL&3F3 T

4RA] BIPEe]l A5 CIELAB 32 g3tellA FASA B (barycentric
interpolation) ©. & ®.7Fo] 7}ssl2 & CIELABES CMY® Awsksr 4= glct

(a) CMY color space (b) CIELAB color space
Figure 6. 1,331 lattice points in LUT.

Y

C

- Sub Cube 6-Tetrahedra

Figure 7. Color space partitioning for tetrahedral interpolation.
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4AA mrgel A WA FA AL WAL LRET YYHE

Lo

dojo] Mol o= 4WA &£et=AE FAHIT F HistE 7HA dAE
o] Fof Xt}

2 s gEgolA = A oA nfe AZe] 91 W (n-1)°
Mol 6 A} nP7le]l A=A attice point)e] A AT Figure 79 ¢ 6
AAE A A ol Heles 6709 4UAR Urd 6x(n-1)° e 49
A2 FdEw, 41 A A Vi ok A (23)2257YH 78 F Utk

¢

=_]_ Pl P2 P3 P4 (23)
V=g | 1A Al

T4 @AM e @ P7F A4l o JA @S ABF LUTAA
PRS ZEste 49AE 2 Ak 58S 299 A PE T Eet= 49
AE Fow 4HAY dEAS Adste] oAl 49 F4H A (sub-
tetrahedron) & & ghc},

Aol AH Vie vheel 4 24)¢0 os Aten.

EP 2

]
i
4
B
o)
Y

y=L| Pisi Piy Pisy P

5 ] ) 1 ,1=1,2,3,4 (24)

A 2HE 2dE F4uAe AF ViE Febal, 4 (253 o] F4wA|
of AlH visk AlA Vel wE Tk A Wisk shal, WiE ek

Wi=V,/V, i=1,2,3.4 (25)
714 g8 EE A P 4dA e WA 7] flElAE F4uAe] F9

Vio] o] Viof ool st g ol A (26)& wbFa|of gt
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1T
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4 3

1. Sample target 2 X33} 3 XA F

Figure 103} #Zo] d=# A=l A By o]lAE FUJI color input target
IT 8.7/2%} GretagMacbeth Colorchecker DC chart, U E ] 535l &
a3k fEY A AzS feke] gray HAES 242 AAste] £ A A&
shivt. EgE gAY A FHY EA4sE slste] ECI2002 (ISO/CD
12642-X) Visual 1,485 912 & o] &3} 3t}

IT 87/2 target2 22702 A4 H-E-3} hue angle, A 44 22 lightness$}
chroma 995 wootAl ot A=A Q44718 | <, 8471¢1 C, M, Y, K, R,
G, B 99, 181 36719 =7 A8 9= A T 28670 HAZ T
oA Atk EIF linear target> ZEUEoA AgHs AXbe] &83 3x3
MEH29 R, G, B 2F AddA ZFH o) d=€gkel W sEEES Y
7] 93te] H 23 targete]t}. Linear target2 R, G, B 2429 A1d3 0
o A 2558 Abo]l & 4¥E GAY 6571 = F 19570 A9 8 EAA
3370 = F 9970 A 9} gray 0ol A 255 | 74A] 3370} 65708 A= A
Zrakith. ECI2002 target> 14 Ao 5435 913 1SOSH ANSIel A
e WZ targeto @ Ao 71F de AFEF I Yt ECI2002 target-

K204 i, Z+7 C, M, Y9 %d W&ol 0, 10, 20, 40, 70, 100 &
Aol xgom vhE 432( 2x6%)4), K407 K60 w C, M, Yo 34 w3
£0] 0, 20, 40, 70, 1005HA 2] %3 o2 TIE 250(2x5°) A, K80 wf C, M,
Yo - WA &o] 40, 70, 1009418l 3o s mhE 644N e T
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7468 Eaet) W 72 target 182715 Yate] & 9o A
IT87/3 targetoll A ¥-Z38k C, M, Y ©A 7299 S0 A|zs HAA 5
2] 47} 1,48570 <1 targete] o},

rob

(a) Colorchecker DC (b) IT 8.7/2 target

(c) Monitor linear target (d) ECI2002 Visual target

Figure 10. Test target for use in experiment [(a) Colorchecker DC
(b) 1T 8.7/2 target, (c) Monitor linear target, (d) ECI2002 Visual
target].

2. 98 FXA 9 Au&

7F. 948 X9 gamma EA

o RGB @& AEe REAQ HoAE Fol7] Add FA5Y 430
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?l CIELABOA 712, A& 40pixel® AE olWA & #AE ¥ Raw 734
xgow AUt AGE olwAE= Matlab 7.0 ZEIHE o] &3]
patch®] #H3 RGB #< 733, OriginPro 7.0 T2 138 ©]83}9 patch
o] Aitstdl RGB #= 247 73t Aarste RGB #2 ti+E #8835
gamma AXHIHS o] 8-3le] Table 33 #o] R, G, B aAld 279 gamma
#He ok, AAtE gammal 955 4 (299 AatstE R, G, Bl A

2 A& oZM gamma EAZS F3 HAHPFS A4 AP A FATH

Table 3. Gamma Values of Input Device

Gamma Value Gammia
Input Device R Channel G Channel B Channel
Scanner 213 2.16 2.18
Camera 2.14 N7 2.19
N \(1,213)
R"/SCU”H&’T (Z ) - R71,7‘ (Z )
S\ (1,2.16)
G"/SC[IHH&’T (Z ) - G )
N \(1/218)
B"/SC[IHH&’T (Z ) - nr (Z )
N \(1/2.14)
R“/cmnera (Z ) - R71,7' (Z )
N (1217)
G“/(xzmem (Z ) - L\ ) (29)
_ (1,2.19)
B“/cmnera (Z ) - B L\ )
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. 48 gAY 5493

Y FAe Sz FARAS o8t WA Y= E GretagMacbeth
Colorchecker DC chart 2407} patch® RGB #< =M% XYZ AA=A] ¢
ABBAZA 3x3, 3x8 3x9, 3x11, 3x14, 3x16, 3x20 WEHAE

Axbetadt Azt wjE= A T 7R A7 A2 3x20 WEHAE 4

(30)7 #o] RGBZLO #ste] XYZ AA=FAE T3+t

scanney) scanner

01405 ©.1454 0.0505 OCAGY ~OCOCS -X000F QO ~D001A -0.0012 -0.0006 00000 00000 ~G00 -Q0000 HOGI G000 .00 00000 ©.0000 D000 1 E scanne ‘ ( scanne
S e S o T e R e e s Co0
S e e o acen e oot ot o FTIL arou e T S [Wy | J =|Y

scanne scanne

BT QOMZ2 00558 ~01S6 -0.0011 -DC00L 00004 GHK0S COON0 G0N 08000 0.0I00 00000 CAR0R -QONNe BOCCH GOTNa - QUGR0G L0000 -0 60|
X
camera camem

-0 I E cameraj ‘ ( camem
05240 -0:0095 01675 -00488 -Q001 C.0001 00000 QO0S -0.0005 COUDT Q0000 0 ON0D 00000 DUON0 00000 SEING 0000 -0OIED 0000 ~ 0.0 30
2w s com o faiten ok el ool N | L1

camer cameri

o o7 X/X.» 0.008856, Y/Yn> 0.008856, Z/Z.> 0.008856% 73 $-o]H,
Hx 2 YelE LS CIE 1976 " &A= (psychometric lightness)#} 3}aL
Xn Yo Zo &3 WARES] A=A XY, Ze AAE A oW

MU OAE shdete] Mg AyE Hristr] fste] 543 54
%o ITR7/2 targete] ¥iE FUJI FILM FineScan 2750914 200 ppi=
2 ste] Raw Y o= A gatdrt. T3 targets #
Z7A9] 9o A Finepix S2pro YAg 7Zhw|zlt= &3 T Raw 3Y
Moz AFsATE AFE oju A= Matlab 7.0 ZRIagoz zhz)
targetoll tig RGB A @<= Tstdvt. o714 -3 RGB kol 3x20 v
EYxs A83to] XYZ AHASARE Awdadda, oA XYZE 4 BDE
o] &3to] LAB #to= W33t

3 D65

Fe

Lo
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L = 116(Y/Y,)"*-16
A = 500 [(X/Xn)"® - (Y/YD)"?]
B = 200 [(Y/Y)" - (/7)) (31)

w3 A1l IT87/2 target®] CIELAB #S # % GretagMacbethA} 2]
Spectrolino =21 7] 2 GretagMacbeth 2] Profilemaker 5.0 AXZE o] =&
Abgste] SAEEA T ojul] FA =& 2% Alofo A 4 Ao g
FAdaA k7] 9ol DESE 7IEo®E HAAstal, 44X HAgdEE =
o]7] flste] M WH FAHS & FHFS Fok¥vh 183l Figure 113 #
o] A4tk CIELAB ¥ =43k CIELAB o= Mag Fate] Auish

oo B4 AEsgch £3 AE e Fxste] ICC Zndz

7+ =UE e 5493

re
i

o] AFE3F ZUYE X+ Samsung SyncMaster 917MB 17inch
Bl 9} EIZO FlexScan 1568 LCD EYEE AF&33cth ZYH 9

e BEYUY Ay dgel b dubgoew ARgH = GOG,
sRGB, 1D LUT¢F A EIFH oz AMugt ndS HAGA ddd
ol o)&t¥ Figure 12, 139 o] RUEA 4#d dAZ 0 ~ 255714

O
°

RT &
ik

=4

~

rlo

9% R, G, B 47e Asgel W@ g Y

< HEhilerne BuUy S543E S ddstd a7 vk

N

EEEE!
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{ IT 8.7/2,

GretagMacbeth Colorchecker DC’_.{ Measured LAB
(R ? B)

Digital Camera
{

[Gamma Correction]

‘ Scanner }

Regression
3*x20 Matrix

(Galculated LAB|
1 Color Difference
Computation

]
AE*ab

Figure 11. Input device RGB to LAB color transformation test

method.
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Measure: d* Predicted -

[=R=1 8

[=R=1

07|

[=R=4 3

os|

niomalized Y
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oz}

a1

(a) R channel

Measure: d* Predicted -

oS
07
06

o5

0.4 Z(
ol /
o2

o1 o

nomalized ¥
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a o 0.2 03 0.4 0.5 06 0.7 0.8 09 1

(b) G channel

Measured *  Predicted -

09p

o8k

07k

06

osp

nomalized Y

oal

asfb /
B2
o1

L L L L L L L
0 0.1 0.2 0.3 0.4 0.5 0.6 07 0.8 09

(c) B channel
Figure 12. Non—linear response for input RGB value and output Y in
CRTI[(a) R channel, (b) G channel, (c) B channel].
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Measure: d* Predicted -

[=R=1 8
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(a) R channel
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(b) G channel

Measured *  Predicted -
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(c) B channel

Figure 13. Non-linear response for input RGB value and output Y in
LCD [(a) R channel, (b) G channel, (c) B channel].
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BUH EASE {3t AgHygold 7S ¥ whit point7} 6,500K,
gamma < 228 AAs P, wa Hog wr]E CRTE 80cd/m’, LCD
= 120cd/m o2 2439w, contrast= 100, brightness®= 5022 7}hz}
AAstth XYyHe A]B ol AlgE AZTEOE GretagMachethA}
9] ProfileMaker 5.0°0]3, 2o AlgH AH]:= GretagMacheth®] Eye-
Ones Abgatiow, =9 Fdo o3t Z#olE HAstshr] flste] oA
05 Agste] S48

YUY R, G, B A4 Ho] Y=gk 255 255, 255 #H oA AHAp=XA
XYZE S48t AFias ALt 283 3x3 JEY =S P Eg
Zkzy 0ol A 2558 M Alol & 4d| @AY 6571 F 195719 s &} 87 A
SAH 3378 F 997he] #AE A4F AT F AAFA XYZE
GretagMacbeth®] Eye-One® =438} o}

Table 49} Zo] =HHE L Matlab 7.0 Z= 130 A FARNS T3}
o] GOGY A 3te] Q3 w7/l gain, offset, gamma #S T3
o} 3 o714 3 w4 2= CRT, LCDY gain, offset, gamma <
21 ADel ZH2 gigdske] 2 (32), (33)# %ol RL, GL, BL& Al4tetd i,
AlxkE RL, GL, BLE 2] (34), (35)¢} #o] 3x3 fEE 25 33t XYZ
2 A9 WEsglrh sRGB AF3te o83 AuE2 WA A (20)01A
RL, GL, BL& Axtetgar, A4t RL, GL, BLE 2] (36)914 st
3x3 MEH =S wato] =% XYZE Y Wsatddh

LUTSl 9§ wa wie 40 Zeld a5ad gaglel 4wl
FsstE2 CRTU LCD RuEd 48 288 47 , 459%
patche] %7k Adstrhe FEF AWP AAE Q& 5 vk LUTH 1

A AR RS ARkl 8 3x3 MERAE 4 (37), (38)3 #ol
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12 YZ #& ol &3 izt E GOG Ede] A9 WA o 3x3
EYAE XYZgol #3324 (39), (40)7} o] GOG R 4o gain, offset,
gamma #= A-&3to] RGBE A4tskAth sRGBY 1D LUTE o] &3 o
A= o 33 MEYAE 73§, XYZ#tell 22t w3te] 247} RGB
s At

—

Table 4. The Variable Values of GOG Model in CRT & LCD

Model Monitor | Channel Gain Offset Gamma
R 0.9890 0.0092 2.2417
CRT G 0.9951 0.0037 2.2027
B 0.9932 0.0057 2.2017
GOG
R 1.0049 -0.0040 2.1947
LCD G 1.0066 -0.0075 2.1879
B 0.9947 0.0058 2.2794
[0.9836 ( 2?5 )+0.01851°% 5 0.9836 ( 2?5 )+0.01851=0
RLcrr=1 [0.9836(7?§>+0.0185]<0
[0.9953(7%>+0.0041]”83“ [0.9953(7?;”0.0041]20 ,
GLerr=1 [0.9953(7%>+0.0041]<0 (32)
[0.9996(7%%)+0.00003]2‘18“4” ; [0.9996(7%)+0.00003]20
BLerr=1 [0.9996(7?;>+0.00003]<0
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2.194747,

[1.0049 ( & )—0.0040]

255
RLLCD: 0;
[1.0066 (5= 255 —0.0075]%19%
GLLCD[Q;

2.2194,

[0.9947 (5ep 255 )+0.0058]
BLLCDi [ O,

Y wos 0.2739 0.8234 10.39

stecg] [0.5303 0.4063 0.2080
Zron 0.0129 0.1528 1.1541

YCRTIDL ur
ZCRTIDLUT

Y 1enmmir

ZLCDIDLUT

(_25.5_)[(_&_)1/2 2547
0.9836 255

Rerr=

) 1/2.1983

Garr = og Note

_25.5_ _ﬂa_ 1/2.1844
Berr= (7379996 (557

255 1/2.1997
255
Gren= (7 0050 1 55

Xcm] {0.53431 0.4096 0.2010} [RL]

Y crr 0.2754 0.8392 0.0967
Zerr 0.0165 0.1596 1.1035
Xrep 0.3347 0.2823 0.1452
Yicp| = |0.1734 0.5601 0.0683
Zrcn 0.0191 0.0956 0.7561

X CRT prur [0.4124 0.3536 0.1798} (RL]

0.2126 0.7152 0.0722

X 1Dy (0.4124 0.3576 0.1803 (RL)
0.0193 0.1192 0.950

[1.0049 ( 255 )—0.00401=0

[1.0049 (5zr 255 —0.00401<0

[1.0066 (5= 255 —0.0075]=0

[1. 0066(75§ 0.00751<0

[0.0047 (5o 255 ) +0.0058]1=0
[0.9947 (5ep 255 )+0.00581<0

GL
BL

RL
2
BL

(s

0.2127 0.6982 0.0845
0.0221 0.1204 0.9410

BL

GL
BL

—0.0185]

—0.0041]

—0.00003]

0.0061]

_Gld_)l/z 1917_|_0 0087]
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Blen= (T (L) 1229 — 0. 0068)

ERF RUEA AWs AaE H@rhsty] flste] S48 A g2 IT
8.7/2 targete] ¥i1E FUJI FILM FineScan 2750914 200 ppiz 270 3}
ol Raw 3td xwo= A gt A4 oA = Matlab 7.0 Z= 15
o % 7t7bo] targetel Wk RGB H##s ¥ ¥ CRT, LCD RUE 9
GretagMacbethA}2] Profile Maker 5.0 AZE9|o]E AFg3&to] ] A7 o]

gt & RUE FA7]E o] &3le] FMAT.
Figure 149} #o] IT87/2 targetE =A3dte] A2 LABS targetol
Table 4] Wi/ HFE ALete] A3 W33 GOG E2F 3x3 wjEE X~

o
ol
ol
2
)
N

N
)
>
>,
i)
>y
£
o)
filo
fd
)
a
A\
=
A
fru
N
2,
ol
8

OAg Qls7]e] st de AdS A7) 98t Aergold dA=
Ao sl= A3 CMYK s btk CMYKe] d¥st s 37
9ste] E" o= FA(TIL, total ink limit)ghS ook & TIL AL
CMYKZE Z+7t 25%091 4 100% 2, 4335 100%01 4 400%7H4 <=214 o
2 I7MA7IEA EEEtdnh 2 AFeAM e TIL SA#RS 3 A
220% % 3L, Bk CMYK 2H2e] o= sAgkS ¢k A3 C 46%, M 37%,

—



Y 37%, K 100%°]3th. ©] %< CIELAB#elA CMYKgto 2 wghd o
ZHE Aol A ZhzE 100% A H =5 sttt =8 FAE Azt &
Z7F Felo]l 250g/m> LA o] Roland At Linearization Pattern (dpt32.ps)
targets =93 & CMYK® ©AYE Fxzte] wgtel MaE vluste] 7
grgold AnE st Ao AHE3 fxE A FA= Roland
A9 FJ740 Digital Printing System®l €4 ¢t53 3 Al whajola, &
H AZEo] HE Eaf A7t o] Fol M

Tk 2 AFA = Figure 169 22 #AHo= do9o 11x11x1171<1
% 1,33170¢ #AE LUTE AFstd i, Figure 169 #Zo] ECI2002
Visual target®] 1,485701¢] 3% 5 CMYolA LABZ AMWAsst uf & 729
NE AHEstth oluf Awst Ao 329 AY WS HEsdu. A
Fd RITRC &gk Ausk das Wristy] $8ke] ECI2002 Visual
target CMY=Z T4 ¥ 729719 sixlE€ _nml2g] <13 * CIELAB# S =4
steH, sd3 #y HAE AR CMYolA CIELABZ A# gl
A%rE CIELAB## A 53k CIELABg#E Ate] el AatE wlaste] 32k A
BRI Y 84S HESAT
L3 Figure 173 #o] CIELAB &ZXtellxl CMY=Z AWH3ksl7] 93]
LUTH 494 BHIHS ARt WA o8 sixE AFgste] CMY-
LABZ 4WAE 435193, LAB-CMY LUTE 437l 918l 11x11x11
Ml F 1,337 LABgS 948% & 4
EgetE oRE AHS F 494 BRAPeR CMYE 727 Astsdh

Ak e FxEe ICC Z29dS A=

o

oftt
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IT 8.7/2 (286 Patch),
Linear Target (99, 195 Patch) —.{ Measured LAB

(RGR)
CRT, LCD
Monitor
GOG, sRGB,
{ 1D LUT
[ RL GLBL ’

Inverse 3*3 Matrix

‘ v

RLGL BL

1D LWUT v

RGB 4’[ Measured LAB ] @

Figure 14. The color transformation test of output device(monitor).
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Printing

ECI2002V tiff Measurement

Figure 15. Production process of initial LUT.

ECI2002 Visual T t
[ C;\j:;a it'a J—>[ Measured LAB

i i
Bl

Cub Partitioning

[ Searching ]

l

Tlilinear Interpolation ]
CMY-LAB

[ Calculated LAB ]

Figure 16. Schematic diagram for CMYK to CIELAB color

transformation.
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ECI2002 Visual Target
LAB

> Measured LAB

Cub Partitioning
A
CMY to LAB .

LUT ’ —'[ Searching ]

‘ Sub-Tetrahedron ’
* Partitioning

Lt
4

Tetrahedron Interpolatio
LAB-CMY

| |
[ Calculated CMY ’ Measured LAB olor Differenc

Computation

Figure 17. Schematic diagram for CIELAB to CMYK color

transformation.
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4. GCR(gray component replacement)%'H< o]-&3 342 A

dntr o= QoA CMY=Z Asghst 5 3o A QA s

100744 5 GAY S7HAA 20709 e &
AZE LUTZ 3209 Bt o R LAB#HS CMY#o R A4tstal
H #s A 23 Fig 18(a)ek #Zol MA Aoz ZAef 3o &g
£ & F Uk 53] ARE AAZG Al=Fle 520 3|49 ol wi¢

NAsA wkestE R ojH gk dAo S CMY Fi& T4 AdEY

rlo

mea B Ao E C, MuY9 mAld s 233 AA4dY AA

Moo Az 3ME Ao o]Fo]x = black generation 'H 5 GCR %4

S Agste] K2 hAANAG M we GCR d84H e 71 B4 FA4

S| S 7] 98t C, M, YYI 4S EY oA dAagkel 71xste]

o] 29, Fo97 kg K2 Al # T o] uf GCRY 4&
2 AojHm, 100%E = sith

sk

_\7‘_1‘
it
N

(a) CMY gray

(b) neutral gray

Figure 18. Gray generated by CMY and neutral gray.
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5. 4 AL g

ICCollAl 7I+4og2 AAsteE Mo AP perceptual, relative,

saturation, absolute rendering intent 5 47}# 7} ¢t} ®

W AYelAE 47H A Age B4 shetay] slstel BF 443
of AAT F ZAste] AT THAT. 53 AL Aol ek 34

o
rl
|m
i)
>
|m
_\|I_,
ol
i
ol
rlr
.
X
o
f

2Fst 4= ¥ saturation rendering
intent'HS  AFE3FA 2, perceptual rendering IntentE Y8 gamut
compression® ¥ & A8 Th T3 colorimetric rendering intentE 9] 3l
A 3k FrA Al HA MAPHS o] &3 WH S A 83 2w, absolute
colorimetric intentE $IallA = A WEHAGA Fo]e white pointE I

o
0
i3
[&l
fru
A=)
e
2
it
2,
rlr
=2
|m
1«
[
il
N
re
o

Figure 195 o] 4 oj% g7kl A FA5d AP0z Austets

A (AtoB)oZE 98 AAe gFddAEAoE 3 3x209 EYH A
A
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XYZ#h< owlst wiEY X 3x35 #ohal, TRk A7 Mg AE o GOG
g Adeete] Awdhd RGBS ST LAB#E 2UE Z=abd A%

=8 A7 A7 495 LABgS LUTH 4WA HIto 2 CMYE
AALslal, o] AS FA3 LAB#S ICC Z23d A 2o A &3tch o
ol ICCollA 7] o2 A= MAQdAS sl Mg g5k W
© 2 perceptual, relative, saturation, absolute rendering intent 5 4| 7}#
£ AR&SElaL, Ay o A S A Gtk T3 34 BA
o A= black generation ¥ % GCRE % &3t LAB#tolA ®x= Lk
A, Bite] Wstgko g 3| Aol BAJo] o] FoA LS ST o] wj Al FF<Q
M2 age] diis Fole Ma sdor AHest= Ad Il F
A3 Ao 722 she Ao = Zhzt Yo Qlgf Zeated A Aol &8t

.

B=)

>
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|

Test Target
(RGB)

|

Scanner
Digital Camera

AtoB

Regression
3+20 Matrix

Calculated XYZ
|

. - CRT Monitor
Digital Printing LCD Monitor
BtoA l ; BtoA
Calculated LAB Calculated LAB

Tetrahedron

Calculated CMYK

Printer
Profile LUT

Calculated RGB

» Measured LAB

¥ v
[ Measured LAB ]—’[ AExab 1 ]

A

J_AE*ab 2

Figure 19. The color transformation from input device to output device.



V. 23 9 33&

48 ZAX ¢ gamma EH

A ol = R, G, B 72+ A st Yoo #AZ AFaAd A
ow A vk ey QIZRe] AZE AlaEle] At A A= A E
GretagMacheth Colorchecker DC chart®} IT 8.7/2 targetoll 4] 24709 gray ¥
£ 949 FAE T3 4H¥9E R, G B 7 Aol B Y 3 23 Figure
207} Zo]l v d¥S YEHISIE 5 R, G, B 2 Ade] M Y7 LS g
SHIES FolelA ARt ok A= el Yako] ofdlE HAAA veERd 4
ojtt. 53] fAE Fhugtel A7 o] Ygho] FiHE oA ofFE Pl
U B2 d9En ddlder Aldde] AEZF g5 Alste] ofFA YEhd o EA
H Aol ALt dojdo s e g 7tFERITE olH g 42 olmx]9
AAE e s HEE gamma RAC] o] Fo Aofvt sl Gamma
BHAL WA R, G B #s B¥std dHolg = Aafrsteta, Aatstd R, G B 7
Ao Ao s AEFoEHA Yo SHIAC] For FAHHEF
Figure 20, 213} o] 3=t} o] g gamma 242 w2l R, G, B Add
AS AGAQ] SET ¥ @ol Fapste A, Sdete Yo HlAdEPe] d¥s)
7b & & AdEE s 3lelth Figure 20, 217 o] txd siwjgte} ~7j 7}

G, B AdellM gamma 24 F Yo @A77} gamma 2AHH o= H]
Y =4E Jedidrh wEbA gamma BA Y A= HFHCRE YR, G B
ZF Ad e A Apelo] MPA o mREo] Y AAolA HAH o 1ylo] Wy~

7b A E R 545E 949 HolE Azt eakE £ g e Aol AlsH:

=
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—e—before gamma correction —=— after gamma correction

normalized Y
IS
3
T

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
normalized R

—e—before gamma correction —a— after gamma correction

normalized Y
o
2
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1 2 3 4 5 6 4 8 9 10 1T 12713 14 15 16417 18 19 20 21 22
ngrmalized G

—e— before gamma correction —e—after gamma correction

normalized Y
o
2
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normalized B

Figure 20. The gamma correction result of digital still camera.
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normalized Y
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normalized R
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Figure 21. The gamma correction result of scanner.
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2. 98 FXA 9 Au&

AE"ab94+= 19931 Bernsel ol&l] A& A Altdl CMC MA& 7o =
g CIELCh®] &3t& o]&ste] A& ALtstsltt Table 59 2o] 270U
= 07142, ¥A4d sigt= 151442 274U 7 tixd Mgt H oy A 3
oA o ¢ug ARE Hetid oA A FAE T dHE FF

W R, G B @S 720 g Sy¥T XYZ AASAE A4ty o

angle &% 7}5 3= (hue—angle dependent weighting function)& AF-&3to

ft

24 BAT £ ™ 2000d Hongdl 975 EHE 98 XS E
ste] 8w Yo CIELAB %S & lightness, chroma, hue-angle ##2&

AL = A +=d  ZI= Table 5k 2 At

Table 5. Results for Linear Multiple Regression Method in Input Device

Input AE'sm | AEs | AE"
Method aae b bl 8% AL | AC | AR
Device 94Avg.| Max. | Min.

Scanner 0.7142 110.4466 | 0.1231 | 0.4201 | 0.6446 | 2.0617
Linear Multiple

Regression Digital
1.5144 | 17.2752 10.17608 | 1.1533 | 1.2742 | 1.9485
Camera

Table 59 o] 27§42l 49 lightness =Fo]7} 04201, tlx¥ 7w et
ol A9 1153302 A7t Btp ¥ xolE Ve ®3 chroma
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Figure 22. Color transformation results by linear multiple regression

in scanner [(a) color difference histogram CIELAB, (b) original

Lxb* to calculated L*bx, (c) original L*a* to calculated Lx*ax, (d)

original a*b* to calculated ax*b=].
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Figure 23. Color transformation results by linear multiple regression

in digital still camera) [(a) color difference histogram CIELAB, (b)

original L*b* to calculated Lxbx*, (c) original L*a* to calculated

Lxax, (d) original a*b* to calculated ax*b=].
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Figure 24. Comparison of color gamut of LCD and CRT monitor.
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CRT+ 060722 10]8}e] <od A3E Yy er, ITR7/2 target?
79 LCDo A 0.7847, CRTlA 0.79159] A& zhz} ngrh AAd o=
LCD7} CRTHY t] A2 AMAE yHellesd oA LCD 2YE7} R,

G, B A5#e /M Aol S5 AY FAuBelA 237k Ho}

kA GOG Eds A& At 71y ot 295 Y e
b o)A 543 AAdA vy #AAC Ul gamma wi7HH
gain¥} offset wj 7}
ooty dl Haxd R, G, Be A2 AE AeEr AU =& AwE

2 @ & Qonz A9 Q9 Ao @l ARt g FEE GOG B
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Table 6. Color Difference Results for Characterization Methods

in Monitor
Monitor Test GOG sRGB 1D LUT
Device Target AE s
94Avg.= 0.7010 | 94Avg.= 4.4376| 94Avg.= 0.9789
Linear Std. = 091462 | Std. = 2.9302 Std. = 0.83247
Target | Max. = 3.7984 | Max. = 145712 | Max. = 3.7732
Min. = 0.0102 Min. = 1.8030 Min. = 0.10375
LCD
94Avg.= 05402 | 94Avg.= 8.3632| 94Avg.=0.7847
ITR7/2 | Std.= 0.71541 | Std. = 4.8276 Std. = 1.0404
Target | Max. = 3.3993 | Max. = 21.6737 | Max. = 5.8969
Min. = 0.0273 Min. = 3.4604 Min. = 0.0356
94Avg.= 0.2957 | 94Avg.= 4.7493 | 94Avg.= 0.6072
Linear Std. = 0.3442 Std. = 4.2054 Std. = 0.83247
Target | Max. = 1.9711 | Max. = 20.2818 | Max. = 3.7732
CRT Min = 0.0365 Min = 2.0447 Min. = 0.10375
94Avg.= 0.6697 | 94Avg.= 7.7671| 94Avg.=0.7915
IT87/2 | Std.= 1.0120 Std. = 4.0012 Std. = 0.96135
Target | Max. = 43349 | Max. = 19.0020 | Max. = 5.7101
Min. = 0.0372 Min. = 2.8795 Min. = 0.0347
Table 7. Color Difference Results for AtoB to BtoA
Monit
oot LCD CRT
Device
94Avg.= 0.8607 94Avg.= 0.9666
AE"w Std. = 0.9412 Std. = 1.0446
Max. = 6.1249 Max. = 6.276
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Figure 25. Color gamut of ISO, Japan color and digital print.
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Table 8. Digital Printing Calibration and CMY to LAB Color

Transformation Results

. Standard .
AE 2 Average L Max Min
deviation
CMY LUT 1.311 0.54 8.84 0.02
Device
. . 0.99 0.50 3.73 0.01
Calibration
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Figure 26. Test results of CMY to LAB color transform using LUT

for samples of color patches.
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Figure 27. Density variation according to dot area ratio after

calibration.
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Table 9. LAB to CMY Color Transformation Result

94E"ab Average Star‘lda‘lrd Max Min
Deviation
LAB to CMY 1.67 0.46 7.04 0.08

Table 10. Forward and Reverse Transformation Result for LAB to CMY

Color Transformation

94E™ab Average Stagdgrd Max Min
Deviation
LAB1 and LAB2? 2.01 0.41 9.14 0.01

A= AxE 3 s|~E @ CIELAB M3 3hE o]&35to] Figure 28,

2900 zkzF yEpidtt. o] wf 4 A A= scanners: ARESEIIAL, EUEH =
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Figure 28. Color transformation results by scanner to CRT monitor
[(a) color difference histogram (b) original Lxb* to monitor L*bx*,
(c) original L*a* to monitor L*ax*, (d) original a*xb* to monitor

a*xbx].
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Figure 29. Color transformation results by scanner to LCD monitor
[(a) color difference histogram (b) original Lxb* to monitor L*bx*,
(c) original L*a* to monitor L*ax*, (d) original a*b* to monitor

a*xbx].
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Table 11. LAB to CMY Color Transformation Result using Black
Generation Methods(GCR1, GCR2, GCR3, GCR4)

94E*ab Average Star‘lda‘lrd Max Min
Deviation
GCR1 3.81 0.67 12.50 0.02
LAB | GCR2 3.84 0.99 11.89 0.14
to
CMY | GCR3 3.80 0.96 12.16 0.03
GCR4 3.89 0.92 11.88 0.07
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Figure 30. Lightness comparison after LAB to CMY color transformation

(d) Original and GCR3

using black generation.
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Figure 31. Chroma comparison after LAB to CMY color transformation

using black generation.
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Figure 32. Comparison of CRT curves for rendering intent.
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