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Abstract

In this paper, an experiment was done where the input(scanner, digital still
camera) and monitor(CRT, LCD) device used the linear multiple regression and the
GOG (Gain—Offset-Gamma) characterization model to perform a color transformation.
Also to color conversion method of the digital printer it used the LUT(Look Up
Table), 3dimension linear interpolation and a tetrahedron interpolation method. The
results are as follows.

From color reappearance of digital printing case of monitor, the XYZ which it
converts in linear multiple regression of input device it multiplied the inverse matrix,
and then it applies the inverse GOG model and after color converting the patch of
the result most which showed color difference below 5 at monitor RGB value. Also,
The XYZ which i1s transmitted from the case input device which is a printer it
makes at LAB value to convert an extreme, when the LAB value which is converted
calculating the CMY with the LUT and tetrahedral interpolations the color conversion

which considers the black quantity was more accurate.
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2-1. Sample Target

Fig. 13 Zo] 4= AAx¢ AgrzgolXdE FUJI color input target IT 87/23%
GretagMacbeth Colorchecker DC chart, EUE 2 EAlslo] Had njExyg2 AL ¢
st gray A& 247t Az ste] B Ao HLaHvt B3 OAE A AR 5A
315 95t ECI2002 (ISO/CD 12642-X) Visual 1485 S X & o]-&3 4 ).

(a) ColorChecker DC (b) IT 8.7/2 target (c) Monitor linear target (d) ECI2002 visual target
Fig. 1. Test target for use in experiment [(a) Colorchecker DC (b) IT 8.7/2 target,
(c) Monitor linear target, (d) ECI2002 Visual targetl].
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Fig. 1. The color transformation from input device to output device.
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T3 £ AX WA Table 13 2ol GOGY AFAFo] Q3 vj7i¥F gain,
offset, gamma #< FaYE? o714 F§ )M F CRT, LCDY gain, offset,
gamma &< 2] (2), 3 &2 d Y4 RL, GL, BLS AsAR i, AAE RL, GL,
BLE 4] (4), 5)9} #Zo] 3X3 WEH2E #3lo XYZ2 H¥AEFE I ¥ Bto
Aoz BUHAA FXNEY AF0A XYZ#HS 993 Egds 3x3& Fatxm, w3t
Az7F 7 AL 9 GOG RS Addste 2 (6), (V)3 #o] gain, offset, gamma &
g &3l MW E RGBE 43 LAB#HE BUE Zaxd A& A3

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

N

Model | Monitor | Channel | Gain |  Offset Gamma |
R 0.9890 0.0092 2.2417
CRT G 0.9951 0.0037 2.2027
COG B 0.9932 0.0057 2.2017
R 1.0049 -0.0040 2.1947
LCD G 1.0066 -0.0075 2.1879
B 0.9947 0.0058 2.2794
d - d
[ {098% ( 25:)+001£5] ’ (09836 ( 5g)+0.01$]20
Eaff:*ko; [ 0.9896 ( g)+0.01$]<0
( [09%63 (72% ) +0.0041 2% [ Q9963 (éﬁ ) +0.0041]20
GW"JL o (093 (—ﬁdf ) +00041] <0 (2)
f[um(—%)wm]m" ; [am(%)mm]zo
Eaf*k o [ 0.999¢: (%f ) +0.00008] <0
d 21008 q,
[ 1.0049 ( 255")—0.(1)40] ‘ { L00M9 ( 5j')—(l(l)fls()]zo
E@=la [ 10049 ( ij)—uooqoko
[1.0065 (o ) ~00075] (L0065 (-5 ) ~Q007120
a,@=[ s [ 10066 (%f —0.0075] <0 (3)
[0.9947 (é" ) +0.0068] %™ [0.0047 (% ) +Q.0058]=0)
E@=[ o [0y (%f ) +0.0068] <0

_54_



gzg QA oA Ao A5 #F A+

Xeer - 053431  0.4096 0.2010 R

( ch] =1 02754 0.8392 0.0967] x[ a,) (4)
Z ot | 00165 0.1596 1.1035 A
Xiop [ 0.3347 0.2823 0.145 R

( Ym.,) = | 01734 0.5601 o.ossgl x[ a,) (5)
Z i | 0.0191 0.0956 0.7561 A

_¢__ 255 1/2.2547
Rpr=(—Fccix 0.9836 N(—F= 555 ) —0.0185]

GL ) 1/2.1983 -0, 0041]

Garr= (—jooes (o= (6)

0.9953

Bapp= (—22_y(—LEL

00996 L 12184 _ 60003 ]

255

Rip=(—222_)(—&L

70029 =2 KL y 121997 4 () 0061 ]

2

_ 255
Greo= (110054 (555

255 L y 121917 4 (3 0087] (7)

_ 255 __BL 12190
Bip= (——*—*0 9937 (—=F 555 ) ~0.0068 ]

Y FA7F 44719 B¢ LAB#S LUTH 484 B3z CMYE Asta, ©
2 ZM3 LAB#E ICC(International Color Consortium) Z 23U A Z}o] A &3
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Fig. 29} Zo] tX|d QAH719 144 MAH Q9 Japan Colore} ISO =] A A
d 99 Hr} Yo REYE, M BYY, B CHAA WA Yelg st GoF Y
A, R MEFgE& AdAoz F& HAAE Yeddg. Ed MAo] &2 EF dYHEHR
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HE HEPRA L, G A& dHE bxSe 77k =0 A FeE Fof ”—‘H?‘H&l
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&< 400% HEF AREStE Aol ofx, Ao MAEHE A7l At AR oA
AANA Aol 2= AFG3sE C, M, Y, K & F3to Z+2 A &% A3t Aladr.
gt RAIGH GAEY AAd FGo] FA UeWed oA £A4AF JZA H4<d
M71e] AAAHL A SANA v EH Az ArsHE
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Fig. 2. Color gamut of 1SO, Japan color and digital print.
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A target? MW = CRT BEUHA AEH targete] MAE F3td 1 HEF+E
Eadoexs yeld ZI Fig. 3(@)9 Zo] sxl9 & Mx7F 50151 &
o). =3 Fig. 3(b), (c), (A9 Zo| CIELAB #37tS F3 v g A3} lightness7t
x|l A el xtol7t 7MFE o] UENTH 53] bxS 9 +Fd A3 3 A
ightness’7} Z4&ste 23S YEHURA L, axF 9 +ZFAME #H X9 lightness7} #&
748 VeSS E£3 axFo] EASts X7t bxFo EAtE R BT Y3
9] zpol7} ZhFEol el ew, 53] axe +FoA AuUlHor Mo Aol
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Fig. 3. Color transformation results by scanner to CRT monitor [(a) color difference
histogram (b) original L#b* to monitor L#*b* (C) (c) original L*a* to

monitor L#*a*, (b) original L*b* to monitor L*b#].
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(d)9 o] CIELAB W37 £3) vl2s A% lightness7t ¥& J99 HxojA Am

o zol7t 7HFHo] etk 53 brE o +Fo] EASE WAL lightness7t #adt
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lightness?t 713t A&FS UYetiliddth. =8 LCD BUHAM ST CRT EYES Zo] ax
Fo] ERst= AR 7} bxFoll EAgts HARY 399 zpolrt JlFE o YERg

gy AAgH R 29U E 3 AZEH targetE ZYERZR MHESI F Q3 target
o vwd 23 CRT EYEHHEY LCD EYHAA o F5g A74E JeEU. oA
< HE 48 ZFAqA HAEE T XYZY LABIECIEIE R, G, BY 714 &34 o]
T3 LCD EYHEAA F28%e 2171 4ol CRT RUHREY 48 AFE
JEA 2 Zolgt Al E T
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(a) color difference histogram (b) original L*b* to monitor Lxbx

Measured —> Predicted Measured ---> Predicted
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(c) original L*a* to monitor L*ax* (d) original a*b* to monitor axbx
Fig. 4. Color transformation results by scanner to LCD monitor [(a) color difference
histogram (b) original L#*b* to monitor L#*b*, (C) (c) original L*a* to

monitor L*a*, (b) original L*b* to monitor Lxbx*].

T3 A7 AS 4= AR A$E XYZ FAFHE LAB#HZE Hgsigxn, #
gd LAB#S LUTH 49A Bez CMYE AMsiAY =3 93 targets A E
target?] MaE HA 317 Y3 dHozw LABZEA black AAS mdsty AR
CMYE Ul LAB#HCoZ JAHZSIg T HEA LAB#El ProfileMaker 5.001A4 &
o7 AYUHE=C, M, Yo FAM 4& dAHoE o)1, black¥S 59| GCRY Y
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F7) W&o Y] MRS HAFE] 8 WA ICCAA 7Bz A A
S 13 MA }=FO0=Z perceptual, relative, saturation, absolute rendering intent &

(e
gl A 9ES ALty 2P 8% JQAES SMEe dagkel M H
lightness, chromaztS F8t¥ i, & A3E Table 29 Fig. 5, 69 242 e T
3t RITS Robert Chung®] ¢ CRT{(cumulative relative frequency) =408 Y11
oo} HA MM HAd AR AHA M HYPYE QHNEFo wf cHEE T
F ANZAAQ gz #gQstuAl Fig. 79 YeElAn. 53] #H7l 71ES 50%, 90%,
100%¢] Az} ¥3E 7oz 3, o W blackd AAWHLE GCR1L2 d4H. &
3 Mg AAAEHE HA9 YHAE E438A 23, HY A chromag AEste
WAl g A&kt
Black®%& 2#31A] &2 MRS 48 gude dA MAVE 41804 18
L} Table 29 Zo] black®S 183 GCREHIAE M7 242k 381, 3.84, 3.80, 3.89
2 A7 2AEE 4 5 AU o)A blackF S nHEd MEYH A B S
AbE3to 24 black®EHS FEER Z2 MHIAHG Aoz HIEr FgE A
At E Y welA CIELABAA CMYZ AMHEE o black®S nEHE Ao ©ff A
g el

Table 2. LAB to CMY Color Transformation Result using Black Generation
Methods(GCR1, GCR2, GCR3, GCR4)

94E"ab Average >tandard Max Min
Deviation
GCR1 3.81 0.67 12.50 0.02
LAB
GCR2 3.84 0.99 11.89 0.14 |
to
GCRS3 3.80 0.96 12.16 0.03
CMY
GCR4 3.89 0.92 11.88 0.07

3 GCR FHE&WHd o A5 A Y1 targetHe] AAYH HEE FHUst
71 93t LAB#HE ©]£3a lightness, chromaZE 3% ZA¥ Fig. 5 63 o
lightness?! A%< GCR1, GCR2, GCR3, GCR4 E*F T FYoAe= duRY
lightness7} 718t A4S YJeEMUAATH B2 JHoA= Aass FEgS e
o}, E3% lightness7F 60~80Ako]ol A 71 it b & zlolE YElH O R A o] FHI
EASE Mol v J9Rt Yt & lightness A do] o]FoH& &RI5AH
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Fig. 5. Lightness comparison after LAB to CMY color transformation using black generation.

(e) Original and GCR4
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Fig. 6. Chroma comparison after LAB to CMY color transformation using black generation.

Fig. 73 o] CRT ZAL F3 " AZET ofve Z g9 Mz HlesE
golst A 50%, 909%, 100%<e] Hd Mza7b relative?l -F- 343, 6.66, 12.59°| R 1,
perceptual?l 7A$= 502, 805, 14.490]% oW, saturation?dl A+ 479, 7.76, 1357,
absolute®l 79 4.26, 7.17, 12.8°]4th. wgty AAA-E mE I NG FSHR A
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Fig. 7. Comparison of CRF curves for rendering intent.
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