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Colorimetric Evaluation on Color Reproduction Properties
of the Colorants for Offset Printing and Proofing

Sang-Hoon Kang
Division of Image & Information, College of Engineering, Pukyong National University

Abstract

The optimum color proofing system with the similar colorants to the printing
system has to be used in high quality offset color printing. And so, the evaluation
on color reproduction properties of the colorants for proofer and press are very
important.

In this paper, the optimum color proofing method is recommended by means of
colorimeric comparative evaluation on the color reproduction properties such as color
gamut, color difference, hue error of the colorants for the proofing system of CRT
moniter, inkjet printer, dye sublimation type digital proofer, and the actual printing
system of offset press.

1. A &

O
)‘

HIZo - 99 e=xA HAd AlFo] A HIMAVE 22 nEA AHER
HAghg o] weps A ZAAE H 2AA M (color proofing)e] 240l 2 Fuls
Ak ey wAJAME AA A7 E AR 2Z g 2(on-press) WA Q17

Abg3EA g v Tgd FHARE ALEste L Z Y X2 (off-press) HA O R

I o‘

=

(Ui

_31..



shareleks) Al A219 A12% 2003

X
LA By wARARZE AXEFIY 4o CRT =¥ LCD EYEHSY 3 =71
wAle] JaAzdAe e} )XY A7) (digital proofer) 7} ”El AbSE 3 ok ey o]
FAo A AL EE AS(colorant)E-E AA Q] HeAHoM AEHE Z2Aa Hed

AtE M A E(color reproduction) Ao 4@ Aojzt ok zeoZ HIG AwH
(color proofing)g AsIME wAHAHE Mzgeh A AL ZZ A2 A YA Abo] 9
AAE 58S AgsA SA-sA v - Hrhg gart Ao

dutr oz QAFE9 ZM(color measurement)ol = &3 = A (spectrophotometer) &
Ar-2-3l] A& (chromaticity) & 243l 9yl st 33t = Al (optical densitometer)ZE A}
23l 3MF E(tri-color density) & A slE Wylo] 2 Algdrh
2 dTdAae exagx MAudyd FA2 9y ARHIZ e CRT ZUH, Jaiz
g 2 95533 (dye sublimation type) A E XA 7o 28 &3 X (proof)2d A A2
ZA AAZNE AHEE YA S dsted 235N w2 UHE Fdo 4
B39 MY (color gamut) M=} (color difference), M2 2t hue error) 5 AR
d 5A4E 9l - grkste] AAe AMzded Mg A AuA wAg AgFozH
AelAEY FA P vl =mZA AT

i

2. Q=2 Mo AT H7F T

el dd=9 AAE el g Hrle AR w8 Fetd A AR Hrtse
T82 Hrleh, 4% EME AFVE AEste HHCR Hrtste F44 HUh, &5
HA 2 H7tol ofsta] ojFojxr} F&3 Hrie Az AAE
& Fotd APAHOR olFARAB R AZZFAZE HuE
7hA @RS = e Aol lARE A A ZHcolor perception)
st JriAARE ABVHoZ Azt & 5+ v AHo] AUt #A

F47 Grbe Mol AeA &40 digk Hrte ofAI FrHARE A
AfHor FAY 7 F3ol ok webA Mol it Qe FrtE fsiA

Btk @A Hrtsh FAo} o] Fojxor gt
Ao AAE qAE el digd BB Frlde =
HEALS (spectral reflectance)S H7bsts wHa FEty
o

(grayness), M4 Q 3} & & (efficiency) 52 AAd 54
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A 2o Mate] Hrioi= Yukx¥ o2 CIE Lad” EMAYV7E 22 A5 L'e 9
A4 (psychometric lightness)&, (a'b’)E A3 Az il ZAH= xR
(color coordinates)Z et} o] FEAAAA AL Cab'9t Mzt 4Eab'E zZtz g
Hog FAEL

Cab’ = {@")* + ")) (1)
AEab" = {(4L"? + (4a") + (4p"HH~2 (2)

Fesre A T HYJHETH M5 FrldE adeolyx, M4ex ¢ &
&o] A8, GATF ‘Color Circle’ , ‘Color Hexagon' , ‘Color Triangle’ %9
=x?P2 olgstd Tgolys, MAeR R YA MY 5 R A B A
9 #FeE A AlEH = FEACAME dutd o2 R(red), Glgreen), B(blue)2] 3
N FEE AMR3l ZF Mo o E S olu HedHe e AYENY 1A
o2 AMEEE T2 A28 Clcyan ), M{magenta ), Y(yellow)= R, G, B "& Ao
)3l X M (complimentary color)o] S22 2zt Mo 3t 3782 HEd 93 32/
FEZAHA FAA A ExEE H , FUFEEE M, 3&¥EE L ol 34,
agelyz, Mdext € a8 747 tg Aoz FAFTH).

Grayness - (L/H) X 100 (%) 3)
Hue Error : {(M-L)/(H-L)} X 100 (%) (4)
Efficiency : {1-(L+M)/2H} X 100 (%) 5)

a8y R, G, B 9HE AMgato Y EM 23142 R, G, B =& A3t A
S H7tE e Z4 Ao dig O M, L =9 612101 oquizt g g Ao 3o}
EEE th2A FZAHojof gt o] B AFdexe 49 394U R G, B T
A FgEHoor sl T FFY 2H M) o ATE #8E o|F it 93ty
235, &2 FFHof = F F7 2H Mol dsteq X F€
o] vl g 9t AAHER 77t 1S Af o] 11X 22 gow < Hrl

—

93

Hue Error : {(H-M)/(H-L)} X 100 (%) (49
Efficiency : {1-(2L)/(H+M)} X 100 (%) (59
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3.4 ¢

AY L 93 Hx= ZZ A A8 Clcyan), M(magenta), Y(yellow) z}zZte] tisld
0~100% EHlel BHAAES 10% FA22 1DAZ yvi 3HMS 2sto
133111708 Hx2 F4Y HIEE ‘Photoshop’ ZEZIAL ARt AFE Ao
A s o] FYAEE YAE AZEJY wA7]71d CRT 2EYH, HAE 3=
7t wg710 AEEHY wAIS d2A 2H7], AA JAH7IA 48 A g ]
4579 E9AXNE gt sy, 7 YR AE FAAY FYgEEAE
Ao

CRT EZYEE SUMSUNG ‘SyncMaster 700P'E Al&3tgon, 48538 wA7|&
3M ‘Rainbow 2730, 9d3aA wA7E= 20 W= (on-demand) ¥42] EPSON ‘Stylus
COLOR 3000" , £ =4l wjg7)&= KOMORI ‘NEW LITHRONE 32° & 77} AH83t%
t}, A= FE=FugoFE  MINOLTAAY  E33=A A (spetrophotometer) %)

‘CM-2002" &, 2ZEF3, & 2UEHR22ZE X-RiteAte] ‘Monitor Optimizer' S A&
o, FetF Al X-RiteAtd] el ¥xbsEA4Q1 X-Rite 408’ S zHzt AME3
Fth

Qx4 44 PSEHL 03mm FAL EAEEY FUJI VPSS & Al&sdon, ¢
Ao WAL FUJL ‘PS Step-guide’ & A&t 49 2o AeadA dAlgdo 9
Mol g Yy o= 3lu ~3¥ M4 (screen frequency)E 133IpiE sttt AL
& =i o ZA E#7 REEVES ‘VULCAN 714 & A&3td B3 4& ol
0.09mm7t H =5 #HfAsHor, A5 EE 9,000sphE At st get A8 =
2Al2 Ae] Jas Yegdda ‘KLEANTEK £ AMgstgod, A8 E4xs LA A
=X A(120g/m)% AFAA ]l #WAR (80g/mY)E Agste] AM g FFol wE A
A& HAsAT

RS 'CM-2002 & AHES st=vhy A4 E9 FSMgAe A EA AT
=2 279 2° Aloke] Dy #YE AbE3te A Al A E(specular component) S Al
3 el ZAHsd on, ‘Monitor OptimizerE AF&3 CRT EUEH9 AZEFLS

Wo A= 2° Alooll A Ds # tialel RUEe #Hel daZdoe] Fe7E A4
2 72y wgd 71 HFgF Aoz vEbd Des LS AHEIFAC

gl
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FEM0) o Mg o P}
FollA AHgE FME HYAEE CRT RYH 49 2ZTEsI 3AZAQ

RT , 948539 dxd 279 2ud= W Jazal aArldda zzte A
Ag Abgstd 8¢ 229 =ty wAHAA ‘Ra 4 ‘In’ , AAQ 44 oz A
g7 A EEX G AR E AR AH e 229 HA AHEY Pa 4 Pw
C 55:—%2 g st

FH9 HYAE ZZd oty AHES ZFHFAA AEde AHENY 71E

*—Hi‘d Z2Ax d8 C, M, Y AA4E EA4S l - F7tetr] ek, & FHF Z
HAEE TFASE 1331709 #3 Ao dste EFSAAE ALEEld CIE LY, a', b’
& =233t A (E A48 Ax Cab's M3k JEab & T8

Table 12 AAe] 9ZTA ugd7]2 A3t 22 9o A3 BY}E ‘Pa’ =
9] C Y30 thale] A3 CIELAB ENA 9 4% L' &, b9 A% Cab’'E A
BHE 42 JEhd Aot 97iA Y #X9 715 Y, M, C I £ &4 ¥
FHAHE(%)E YeElUY, of oA C X+ YO-MO-CO~Y0-MO-C100 Alole &4
ek Hd A= YO-MO-Cl009) M, F FAN HES 10% QA= F7+g
Y10-M10-C100~Y100-M100-C100 A}o] == o] Fojx Qlth

Ze "Wy oz ZHAE Paoll thsled My Y 2 o]=9] 2x48¢l R(red), G(green),
B(blue)& Ed3ste 671x19 £ Ad(hue)dl Hstd &AL stden, oA Unz 4
Aol d¥FE ‘CRT', ‘Ra’, In’ % Pw o WAz $dg WHoz &34
At 1 AHE T M 384 FoA A4S AYT yHA F kR 849
AL L9 AE Cab'Z o]FoAE MY(color gamut)S T EA|A Hele MAEZ 1)
w3l At Fig. 13 o] #t},

o] 1¥& 7HX 9 T2 A~ FH EFA Mo BHUAEY F7E giEe] Hx
T RolXa AEE oM FAAVHE 100%2] WA AXAM Axst Hust Hu
Al o] w11 X of —‘%iﬂ*—ﬂ AEE Fr18ld 9EE @FoFd gy Hrx %Al
of 2ol g RAFET} o] IYNA YEHR F FHoR ENR dFol 4 Mdd o
st Hmo dgste Ame W, & Mool Hi o] dgo] FFE Mo AFA o
SeES el e aA3AAE MEE A QA8 MEs MHol {FARSEE §
T3 2AHAAES d& 5 Ut

2ZA2 del C, M, Y FoAAM 5FF dHHJE EFA FFHo2 A=rt 73
Aol e Mo Yo ehgon oA YWt og YA Mgt BEgEEol

M

1.
=
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Hir
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Table 1. Typical color measurement results for Cyan patches on the color chart Pa

Chart Patch L" a’ b’ Cab”
Pa-Cyan [YO_MO_CO 92.04 1.18 -1.00 1.55
YO_MO0_C10 87.76 -3.09 -6.73 7.41
Y0_M0_C20 83.73 -6.47 | -11.80 13.46
Y0_M0_C30 79.60 -9.91 -16.92 19.61
YO_MO_C40 74.95 -13.76 | -22.54 26.41
Y0_MO0_C50 70.47 -17.37 | -28.02 32.97
Y0_MO_C60 65.59 -21.06 | -33.75 39.78
YO_M0_C70 60.67 -24.49 | -39.56 46.53
Y0_M0_C80 56.38 -27.47 | -44.59 52.37
Y0_MO0_C90 52.29 -31.40 | -49.18 58.35
YO_MO_C100 49.00 -31.97 | -52.41 61.39
Y10_M10_C100 44.58 -32.14 | -45.66 55.85
Y20_M20_C100 42.91 -33.45 | -38.57 51.06
Y30_M30_C100 38.08 -30.65 | -31.55 43.99
Y40_M40_C100 36.61 -31.39 | -29.21 42.88
Y50_M50_C100 34.81 -34.76 | -18.08 39.18
Y60_M60_C100 31.90 -30.16 | -12.40 32.61
Y80_M80_C100 25.79 -25.65 -4.32 26.02
Y100-M100-C100 21.98 -16.52 0.15 16.52
C, M, Y 250X 557 ZHXAE Aloldlx AMHoZ Alxg MG Hol7} A
@3 A, 53] 7t MM et M 2 dEe OAH HAxq FHA FGE] 7
Ho] HE7l Yol g FuHem & AojE Ytz Aok oA A AR H
i %rt— a2~ dele Mg 53 Co M MR AAe st AX FAMN Fido] &

O
-

>i

o

| 2~
g 1%-4 ggo] AX 7 dFolr, AA Heidy FHAA ol 3 EF
AEE K(black)® wAd= UCR(undercolor removal) ¥& GCR(gray
component replacernent)( o] W9 Zad HPUL BHAFET)
wAJAAE AelxEel ‘CRT , ‘Ra’, ‘In’ Ateldle 4233 Md Zojrt 9o
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o, 53 CRT’ A 2 Aol Yeyr. ol &
Hld vlsted ‘CRT & 4AZEjIvolmzg wd 737}

|—0—Ra —&—In ——Pa & Pw —0—CRT] [—>—Ra-8-in——Pa & Pw —D—CRT|
100 100 , :
! |
80 80 | : |
|
60 &0 |
:I :( a “ 4 :
a4 A W, el
40 40 s
& Sg;d !
2 ‘ 2 —+
0 1 | | 1 0 i 1‘
0 20 0 60 8 100 0 20 40 e 80 100
Cab* Cab»
(a) Cyan (b) Magenta

|~—Ra-&—In—e—Pa a Pw —0—CRT]|

Cab*

(c) Yellow

Fig. 1. Comparisons between color gamuts of the color charts of Ra, In, Pa, Pw and CRT on
the process colors.
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TS Z2AL He] JAE AR Ao SZA QIMEE AtojolME AL E
g A L&A FFRA MM EXAE AL HelXE  Pa’ o HAAE AL
2t E Pw’ Atolele MY Zolrt ulg- A YEEE & & Atk oA A7)
A AAMYie] Fio waba YA FF9 NES(shadow) FE(FE AFANHE 3
AHRAE 90% H )& AgdA Ao A3 555 47 AT J2FFEC U
B8R T WA v2r] fEgez Az oA BEH, Fol ol =AY F
o} 9% o)A A(ink spreading) A9 AE7 G TEAGME vy JATH
S o4 AAFEE Y 7 dAY, HUHoR JAHY @Ao] A NAdR
© YAFFEC] W waM AlEER 2] WiEd =X A HEe AErF i
Hgo] FA vehbeE Aol
Table 29} Fig. 2+ 2FHF9 AA9 9_2@1 A E P’ ¢ ‘Pw B 71FoZ std
e ZelatEete] AAE xAg Aolth F A EF PTHOoE dassy fJZ)H
@A QA ‘Rainbow’ 9] AMzpr7b 743 23 A QW nie}d go] AZTEYE &
%91 CRT EUYEete] WAL 714 Z Aoz Yeigt 53 =¥ g l%;‘é
dAfEo] daiE dassd WA Fig, 1o Z=A1€ vieh 22 M9 {44
1} Fig. 20 =A1E vpe} e Mzt T 7bx] WHelA 5% AgHom 7}1]- )
B Fr

¢

4]

it

_‘lniﬂoN

o

Table 2. Color differences( 4Eab”) of the color charts compared with Pa and Pw on

the process colors

Target Chart C M Y Average
Pa CRT 27.9 7.9 22.1 19.3
Rainbow 9.6 7.8 4.5 7.3
(nkjet 18.5 20.5 15.1 18.0
Pw CRT 13.2 13.7 22.8 16.5
Rainbow 7.2 12.6 12.2 10.6
Inkjet 13.7 21.7 2.0 12.4
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O - Cyan 4 Magenta & - Yellow ©o-- Cyan —#&-— Magenta & Yellow
50 50
40 40 —-
5 30 - 530 —
@ o «
ul w
o <
= A = a 'y
8 20 —A 8 20 e
. A & .,‘__ x le]
10 re _nm\‘a/ 10 o
A
a
0 0
CRT Rainbow Inkjet CRT Rainbow Inkjet

(a) color differences compared with Pa (b) color differences compared with Pw

Fig. 2. Comparisons between color differences (4Eab”) of the color charts on the process

colors.

4-2. FFF s FAH4 oA A5 Hrt

Al e AAE HHE AAXOE Hriste e oA A uio S B
FEA Ao fEaAT Jdas 2 Mg AA AAE EFE Hriske de 33
x99 FA 9% o] Aot

Table 3& £ A7 AMEF 4FF 9 sl=vt9 AE st 7::‘@?5’-‘1194 12}
A C, M, Y& ol59 2342 R, G, B9 Rl dedfxo] disld T R, G, B
4de 7% 2Q), 4), 6) 2 4), (5)& o] &3t Aid llfiﬂ"]qi(grayness), LRy
2 ZH(hue error), ¥ & &(efficiency) e VeI Feojth o714 Tgoluxe Mo Ate
SETE EE8E FE4E M AAE EMo] 4TS v g

Fig. 3& Table 39] Z#=2%€ ‘GATF Color Hexagon’ & AM&3le ¥ 7
AAR, D} F £759 A4E(Pa, Pw)ol 3t 49e ulwsted TAF Aot}
Fro] AR FolMe JAA wAHA HEd dEgdd wPA} F FHY

of
-3
X
-
=
1l
H
X,
2
)
2_’
£
H1
e
N
ki
>
oo
_('){_:‘
ro
i)
m{
9
1
2
ok
2
2
g,
2
X
o =
¥ co
j&g—\nﬁ
Eogg oy R

2
2k
N
o
Hu
Ir
1
H
A
2:
ol
rok
k_.
i
()
ro
X
o
L
NF
o
o
4
o
o
s
2
HN

_39_



g st sl 4 A219 A2 2003

Table 3. Measured optical densities and calculated color reproduction properties for 6

main colors on the hard-copy color charts

Colorant| Chart R—-Filter | G-Filter | B—Filter| Gray. |Hue E.| Effi.
C Rainbow 1.32 0.52 0.23 17.42 26.60 | 71.59
Inkjet 1.01 0.35 0.15 14.85 23.25 | 75.24

Pa 1.75 0.59 0.26 14.85 22.14 75.71

M Rainbow 0.31 1.56 0.79 19.87 38.40 | 64.74
Inkjet 0.16 1.32 0.94 12.12 67.24 | 58.33

Pa 0.27 1.61 0.89 16.77 46.26 | 63.97

Y Rainbow 0.08 0.13 0.94 8.51 5.81 88.83
Inkjet 0.07 0.14 0.81 8.64 9.45 87.03

Pa 0.09 0.15 1.13 7.96 5.76 89.38

R Rainbow 0.33 1.67 1.70 19.41 2.19 80.41
inkjet 0.15 1.42 1.28 10.56 11.02 | 88.88

Pa 0.26 1.58 1.82 14.28 15.38 | 84.70

G Rainbow 1.39 0.58 1.02 41.72 45.68 | 51.86
Inkjet 1.10 0.47 0.88 42.72 34.92 | 52.52

Pa 1.78 0.69 1.15 38.76 57.79 | 52.90

B Rainbow 1.60 1.89 0.90 47.61 29.30 | 48.42
Inkjet 1.13 1.54 0.77 50.00 53.24 | 42.32

Pa 1.89 1.39 0.74 39.15 43.47 | 54.60

Magenta Magenta

(a) Proofs of Rainbow(R) and Inkjet(D) (b) Prints of Pa and Pw

Fig. 3. Comparisons between color gamuts of the hard-copy color charts on GATF color

hexagon.
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—&—Gray. O Hue E. —A—Effi. | [—2— Gray . —O~ Hue E. —&—Efii.] [——Gray. - Hue E.—A—Effi.]
100 100 100
A, A
80 k’/"_‘__‘ 80 80
‘\ /n\ __—h
60 60 Pa =y 60
/7 N
e ‘U
40 40 o 40
N o S —
20 o =8 20 H\A/A 20
———p
0 0 0 L s
Rainbow Inkjet Pa Rainbow Inkjet Pa Rainbow  Inkjet Pa
|
(a) Cyan (b) Magenta (c) Yellow
t—ﬁ—Gray.-ﬂJ«—Hue E.+Efﬁ.| |—A—Gray.—-ﬂ~~ Hue E‘_‘_E”ij |—ﬁ—Gray. ..... O~ Hue E. —h— Effi.
100 — 100 100
80 /‘\‘ o "
60
60 P, 60
0 ,_Mé/ﬂ__,
4 40 S 40 -
~a D/ b
20 ﬁ\n’——’—‘g 20 20
0 o, . 0 . . 0
Rainbow Inkjet Pa Rainbow Inkjet Pa Rainbow  Inkjet Pa
(d) Red (e) Green () Blue

Fig. 4. Comparisons of color reproduction properties calculated from measured optical densities
for 6 main colors on the hard-copy color charts.

Fig. 45 Table 391 Z#E olgate] 67bxe] Fasol tsted ¥ FH WA}

EEAE Y REL ZAANZ 44D 54 @ Rolth, =z

29 C M, Y AR FoIA Y 3579 2824 2RoA AA4E 540 A &

W, Mol 7HE 2REL 2 £ AT Ed ME 35F 2URA 2TA Ao

W 2w, B8 J2AY ASolE 60%E 2Hate] Rol o e ARAL wolET
2349 R, G, Bl MA@ e Rol 744 $43m Gsh B Lo 50% ¥2o2

e BFEL ¢ & Atk 53 RS YE AP YeiA 1449 Coh MEDE o $

€

2
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£33 AL FEFgug Ayolt} o] RS Fig. 3o TAlE uie} o] Yo M FQ At vl

S 3 ME REFoz 2 MAAE Holxyt Yo Hlstq Mo d# XE=A(color

strength), & HAFEr7l Fonz A#RHoR F Mol EFAI Ro| MG x7t 27
wow Aztgrt

TEE XA HYAHAE g HAHo MuH Wi E FESY] st eZEya
Awg wAog Jy AMEEI e 3FFY aA7IY AAMY IZA ujgr] Abo] 9
HaE Ego gig vlw - e Este] g 22 ARE U
(1) 8A exzzdgx vAFXNZ de AMREHI e dxZAY LAZEFS WA e CRT
DU e} evtm wale JaA=zdy 3 Jd55sty UAEnYr] FoM =E2AE
A 1EF 2z AHEY Muyds fMe dEsHE dAE A R F
73 d2loju], CRT ZYHE o8¢ AugoAEs AL st=vty Has Hed o
&7} pi=3

(2) A AALHET Y ZzAAgde] C, M, Y M8 FAdA YE B dFdA AREE

E AN AAD E4o] G $FEm, Mol /b 2FF Ao ehw
55 ME RE ZARAANA Mgedst W amz nEdel Fd4E AdME

=
%
ot
lo,
s

o] W7ok,
@ 242 G, Bl AAE g RE oS ST, G B ol S
oz wi$ BYsE AgeRE B2 o MYEY AT AAFL ARME 45

(color correction)”'o] Ztw et =97} QaEic),

3
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