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Ink Traps and Color Differences in 2-Color Solid
Overprints

Sang-Hoon Kang
Dept. of Graphic Arts Engineering, Pukyong National University
(Received 20 May 1997, in final form 15 June 1997)

Abstract

Ink trap is one of the important factors to determine the color in multi-color
overprints. This study was carried out for the purpose of analyzing the
relationships between Ink traps and color differences in two-color solid
overprints.

The specimens were printed under four different conditions that the
overprinting ink sequence of M(Magenta) or C(Cyan) and the overprinting
method of W(Wet-on-Wet) or D(Wet-on-Dry) were changed alternately, that
is, M+C-W or C+M-W and M+C-D or C+M-D.
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2%k BN Al ‘3%% A7} o] FolA A,
] TE FA3e W AFEch Ay A48 28 2A4s)
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4-31e] 7} ol E2] RFuFAlS-(spectral reflectance)®} 3AF5 % (tristimulus values)E
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1y g 2 WE T el Dy o Wstol] 42 FHUAHE 4
A ERAE Tl geHo wdsly] glate] AT Zo] TE D& thro] Fou4
W#5) D, Bxol ojak BEsh =A% E T, Sekoh

Tn =T / DZ (3)

Color-1

Qs E-o] A wy e R o7 (49} o] T AHE 3RS A (tristimulus values)

X = kfi RO PO x(M) dx
Y = kfi RV POV y(h) dx "
Z = ki RW PO z(0) dx

k =100 / f» PO y(A) dx

o 714 PV 9o B33 ¥ (spectral distributions), ROWVE A& HJubALS
(spectral reflectance), x(A), y(\), z(W\)&= 2z XYZ E4A (color system)oll it =4
¥ ZF 323} (standard colorimetric observer)9] S §4=(color matching functions)&- +}e}
Wk

XYZ ZAMAL] M% 3 E(chromaticity coordinates)¥ dulA o2 (Yxy)Z& EAEFHW,
3714 x, yi= 47 ohi Ao FAE
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a8y xy M E % (chromaticity diagram)elA& 9499 F XA (chromaticity point)
Atole] A7} dAsttetE, F e x|} whekel] weba] A (color difference)”t 4
33 o2 Yepdez Axie] Azl 2§ Ao Hrirt Z'bakAl "ok

wepa] MEA Apolel Azlel Male] Zy|ele] BAE UASA TAEL] 98l o]
W} -5 % ¥ (uniform-chromaticity-scale diagram)el] tigh %2 ¢ A3y} 23 =5
o} o]@% AT A FolA CIEE 19766] AEHE x v & (622 EAHE 42
S AMeRF o, vE WA "CIE 1976 UCS diagram”g #54ET 2 A= sheich

u = 4x / (-2x + 12y + 3)
v =0y /(-2x + 12y + 3)
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a2y FEAEEE xy AEES Bu5AdS AR MR, e WE (lightness)
TEAS sk 91 glerR wWEE I TSI, F 54 (uniform
color space) o taF W& A1 wgEe] ghu} o]ad AF AFAE FollA CIEE thA
197610 CIELAB %73} CIELUB A#7he #5497 ez sty en, A7)
CIELAB A32bg ZA3ct
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L' =116 (Y / Y2 -
a =500 {X / Xo)*-(Y / Yo' )
b" = 200 {(Y / Y)'*Z / Z)73)

0:1 7]}\—] X,Y,ZTL_:' O\l;}_ﬂ—%—g‘ SZ}“—lli]’ Xn‘ Yn, Zn‘\% %X‘_;ﬁ_:]—}l\l_ tﬂ,/\}_u‘i_o/] 32}__;1_'71] O] U:]Y
Y,=100 .2 FA3 gt
wdk CIELUV 378 o8 Aoz FA=ch

=116 (Y / YO'° - 16
=13 LW - uy) 8

=13 L (v - v,)
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Al el 3x12x V.3 AEzEeld, Y.=10022 FA3) gl
4, CIELAB % CIELUV 422kl 48l 43} AEab’ 2 8Euv' = 27k 4199k 41(10)
o2 ZAs
AEab’= {(AL")® + (8a") + (Ab")}"* 9)
AEuv'= (ALY + (u'? + (v (10)

o]} 7re] 19761 CIEo|A} CIELAB % CIELUV M-37h& #5432z A9
o= T AFzhel gk ulmel A QB MHste) 3 G Ast] wWE
1971 o) 2ol gtort o}x] wiggt Aol fli= AEllA At vl Ax2 AE7t
A de] AbgE 5 gl

weby 2 dFelM+ CIELAB ¥ CIELUV #5437 Qs 25 7] FAIl4)
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1eh 2] Qsfghel 620 FHAHE AIHNEZ wixiste] 1404 A} 244 Ho 2 2vf 9]
2Pe F7) 03mme] PSTHE AHE-3te] A ASHAc
441 23] 91 )l (wet-on-wet overprinting)& Heidelberg 24 14}7] “GTOZP” 2d%& A}
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a3t on] 2 Me Ay A 1M HF(setting)FElE LA3A A A7]7] £
gled RE SN =& dAHsHA FAAH

A2 ) M) (wet-on-dry overprinting)E A1 E£U4& 2471 & ASEtol oy}, ©
Aol g wrEsle wwow FHANE stk WA7|E AMSE chA A R e
#¢ AR 3Hcrystallization)t E#l B8k (poor trapping) 59 FAE U3 LR
£2) A 7)7] 9lated mE 232 <l 18-S AT g 24417k dAHE AZbe] A
gk Fof] AAEFsTh

gl 8- 120 g/m” o] I o}EAE AHEstgion), MAst CYae A (F)Fd
Qo) =ze) “Aefujel A" 7 “zejalel AL Abgslich HUES A, HdEH 4=
o TFE, 4, JAEE B nE A xAE FUI AR FAEuch
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Af e TH= D $49) 2359 FALN WY Azl Bsted oA M«C o
CMe] 2252 FHU £42 dAE o] AAFo2 4FF AHEL Lot ol
AME 7 AATe BFE 2T TR fsted A4 2 §4 FAHANE 44D Y

=
W2 %718t 4289 Q&L M+C-W, M+C-D, C+M-W, C+M-DE E7|3}7|1 2 &t}

~

42 YIEYT MK £Y

N

oA EFEF 425 AN E 22t dstel 5ulE o] FEste] 22 FH A4 E
1) 9o 6z Aesx] Fola] AsfAtelrl vl Bk 22 91X 2x29] HsfA|
2 293t 429 HelHAE Addste] 1F27 A E 5ol distel = 202°] Heiz}
EEZ #E(samples)o.2 AMg-3}sich

o)z EdFYFL F3l7] Y ¥E %S DAINIPPON SCREEN AHe] ¥RAbg=7
“DM-400" 2dl& A}g3lelon], BE xE 2404 o= gk YYEl & AHE3l] &
A stsdch

o]z9 EddFEL A1) ¥ AQ)E AHE3le] 2+7 Preucil®] EHET ¥ AollA
Aergt £F3 NG ES AArstart

Az} 2R o)Al MINOLTA AFe] #3324 7] (spectrophotometer) “CM-2002" Zd-&
ARgslge, RE 2o CIE %% D50&  ARS-3te]  SCE(specular component
excluded) el o)A AlAlslgd om, 33]9) A}5 whEEA o o3t FFAE A3t

AP AlQ) B A(10)ef] 9]3led CIELAB % CIELUV #5437 9] a5 31
on 7t Fre HxAE CIELAB AF7te] EA3Hdch

o

5. 4¥ZAs g

Fig2& 77t & 479 Al AH-g M+C-W, M+C-D, C+M-W, C+M-D9] 4’;
o Qs Tol hstod 1F5FF 207082l ) Y& CIEALB #5433kl AT
o]t
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Fig. 2 CIELAB color gamuts of M+C-W(a), M+C-D(b), C+M-W(c) and C+M-D(d)
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FAADHAA A3t o] A das 2t JZe Aol sEste Yol tisle
© A3 Fslof ok et AAL ZRAA oJae 293 B3k, 32y FFR
wepA Tl th2A vepdrl gebx o]AkAQl = Af-olle M+C & C+Me]
A2 TYT Mol Hojof ot et 2 oA veld vie FRe] FU¥ FHUAH W
Alol| M= oz} Atolel] Mz F ol Ao]rt WAFTS o 5 glen, oA MYz} CA
o] FHxrt dags A$ ovldch

Fig.3~102 455 Usf & W Jz2e =& AApelel AAE TAIF 7ol
7 agS Al 2 A2)E A3 Preucil ¢ E"fﬂjﬂ T} £ AT A 53

EHHE Ty o Heted FE8te] TA St =3t 5U7E A S ddfe] A(9) 2 A
(10)ol ©1% CIELAB % CIELUV #§4-37ke] Aale] disto] Wxe] ooz vehligl
t} of71A Az QA EHEo] AL He A& JFLE §te 7 EYE 3
Fete Aate] AMAE e

AASIA R wlel FEo] o= Aol A x| o]= QIR oA ENIET YA A}
olel= Ay TAZE ASE & 5 JUrt ol AY #AE EA ] 1—]3}"4 3 A
(least square method).2 2 392} A (regression line)?] A Ti = a AE; £ 73t 34
Alg-(regression coefficient) a§ ZE 3¥}giow, =3t 219 7rets %@3}7] $3ked
A+ @A 5= (correlation coefficient) Re] A7, & 2 A %(coefficient of ditermination) R®
& T3] 72 9o Abddel] EAET

Fig3~104] 7% 3AAAAH AAASFZYE 45729 AsfEe] A3t Preucil?]
EQLE T 2 53 =d9§ T.3 CIELAB ¥ CIELUV 43} AEab” @ AEuv' A}ol]
DAL O AAHCR $A4357] 93l xR AFA S Table 1~33 2Fo] o}

Table 1-= M+C-W, M+C-D, C+M-W, C+M-D 9] 4%5-9] A E Z7}el vste] 34
As ast ZAAS R® & FYT A3 Aol T T, o 34 2 $98 =49
£ Aol Y AEab'9} AEuv'e] TAZ Jelhd ot}

J71A EAA T a7t AAH JZe] ENHYE N Yo & o] AA A, av} =
olxA 2 ubhE ofvidc) E AAAS R 1 /A SE Mol o3 EYE
Atole] zldAde] Zhatm, 0ol ZI7HN A5 Aol ke onigte. 83 o]’} A
AA 8] Zreke sl AAg] AR xe] HAE et o R Ax AAASF adll sl £
Azte] o}z ERHE AEA AAL AE, F Yo} EQHE vlElBAY] AL E
o)) ghr.

ol2{gt I ol Table 12 FAE AAH R FUg Mz} SHubolxe] Maje] o)z
EYE EANL Too A57F T ASHcol 45570 AME AAolA A2s] zn] o
7b Atele] Alglee AR v]&sirks A& o & Ak el 2A1H & vle} o] T,
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y = 41,045x - 33.453

y = 50.616x - 33.221

0.8

7 R = 07327 7 R® = 0.7823
o ‘
6 } 6 ®
. 5} <, 5
0 [
g ¢t SHD L
N3 | 3k
1 L L 2 J
1t 2 b3 :
IS 1t
0 0 <
0.8 0.85 0.9 0.95 { 0.65 0.7 0.75
(a) T (b) Tn
Fig. 3 Relationships between CIELAB color differences and T(a) or Tn(b) of M+C-W
y = 54, 388x - 44,726 v = 66.545x - 44,015
9 R: = 0.7709 9 R = 0.8042
8 3
6 6
. £ S
=y o 4
Mot N3
2 2
1 1
0 0
1 0. 65 0.7 0.75 0.8
(a) T (b) Tn
Fig. 4 Relationships between CIELUV color differences and T(a) or Tn(b) of M+C-W
y = 18.219x - 14.648
5 R: = 0.3812 5
4t 4t
*ﬁ 3 s * 3 o
n 2
N 321 %‘] 71
L} 1+
0 &- 0 .
0.85 0.9 0.95 | .05 1.1 0.6 0.65 0.7 0.75

(a) T

Fig. 5 Relationships between CIELAB color differences and T(a) or Tn(b) of M+C-D

(b) Tn




y = 25.423x - 21.256
R: = 0. 418

243

7 6
6 L
® .0 5
ST 4
*% 4 L L 3 lL_:
6] 3 | 3
N ® oo N
2t 8€e ‘
O 4 ° |
0 > 0
0.85 0.9 0.95 l 1. 05 L1
(a) T
Fig. 6 Relationships between CIELUV color differences
y = 21.957x - 14.808
3. 5 R‘ = O. 83 3.
[ J
3t
2.5 2
*_Q *%
S § s
NOLS Nl
1 . 0.0 ¢
0.5 * 0.
0 L
0. 65 0.7 0.75 0.8 0. 85

Fig. 7 Relationships between CIELAB color differences

y = 21.94x - 14.829

3 R = 0.8413,
2.5 ¢ ®

0.8

0. 65

0.75

(a) T

0.85

4 Eab*

LI

[]

o L Win
T

Y EYs Azfel WY AT 11

y = 34.756x - 20.676
R: = 0.4148

{b) Tn
and T(a) or Tn(b) of M+C-D

22.651x - 14.009
R* = 0.8022

y =

Q W — W
T

~1
W

0.6 0. 65 0.7 0.

and T(a) or Tn(b) of C+M-W

y = 22.611x - 14.015
R = 0.8114

L W — i Y Lh L)t

(b) Tn
Fig. 8 Relationships between CIELUV color differences and T(a) or Tn(b) of C+M-W
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y = 12.113x - 8.4374 y = 13.317x - 8.0149
3 R - 05418 ; R - 0,528
2.5+ L 4 2.5 *
M 2 2
S * 5
= oLs oy LS
N <
1 1
0.5 0.5
0 Lo ! Lo
0.75 0.8 0. 85 0.9 0.65 0.7 0.75 0.8
(a) T (b) Tn
Fig. 9 Relationships between CIELAB color differences and T(a) or Tn(b) of C+M-D
y = 13.6x - 9.6435 y = 15.001x - 9.2039
1. - 1.
55 R 0. 6./79 5 R 0. 6649
2 2
.. Ls s LS
g €]
j€a)
< 1 N 1
0.5 } 0.5
0 Le- 0 Lo—
0.75 0.8 0. 85 0.9 0. 65 0.7 0.75 0.8
(a) T (b) Tn

Fig. 10 Relationships between CIELUV color differences and T(a) or Tn(b) of C+M~D

ToA e}715= Dy o) Wstel] W& M3} wste] FAZ meislgon g okl Ale]o
A2 mdE ofEAe] vhEA delde AL gddste] T, oo Wiale =dmg
SlEAel AAS Axlek el g g Alolel AAS e Aol

FH A EIE Sgubolr]e] Mxle) e F JEALE CrM- ~WellA{ = AEab’
b AEuv'7h A 9] AR ] 3559} Q14 2ol A= ABuv' 7} ABab'Rr} =A] vhehgdo.
H, A EE AAH R ARuv'e) 297t 28R =4 vehdo) gela C+M-Well A
o) thae] o AR AR B o ABuv'e] 297} AEab'e] AR} Axle] =
HLYE oEA o] AHae o 2 o))
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Table 2= M+C ¥ C+M9) 2}—% FAHLA oAl st U EAAEF SAHA
TLE A3 S AFS S e SAFA A (wet) 2t A FH A (dry) Aol
‘l‘.i}gl Eﬁﬂﬁ‘a 5’4-’*‘-‘“’* Hln—?& Roltt. ol alyf £AelMvt =5 Mate] EqAE

AEA Afrcet o Z2A vepgton AsE

"‘”-4 7357} 371] vtebytel o] AL SFAFH UMY A Felle 2] EqHEol 4

o] Qe wj¢ 2 e 7R, AAFHANY Aol a2 BAGEY Jge

AdiAeg ety ZAZ2H 1449 JaF B nlo]FFollA] WAt We dkabr}
43 YL VA7) ez A4dct

Table 3& EU3 A2} 24wz $UT AU PHelrg Qs w2 el =
WA E ENS v Zolct Yol EAE TS BE A MC o] FH U4
$A7} CMS] SAluTh g =) hebos], Azl sl o3l CMe) A9 tha @A)
b} 0]7-& M)z} Col=ze] el £3lgo] ME tlan Male] Edg g&EAe] &
MAC Ajolale] 2840e) Colae] $3hgo] M=) Fohgnch =27] Wioz Azt o
2hi) Melzie} Co)me] FHARANE MCe) 242 FHAME she o] Ak (color
matching)®] FHeIAE o EAHY Aoz DAL 22 o] ASAE 7t Y2 9=
-84 (ink acceptability)®] A}elollA] = )= EHEL fo]E ZHsir= ¢F 2 Aot

Table 1. Regression coefficients and determination coefficients for comparing T with
Tn and CIELAB with CIELUV

. . LAB LUV

specimen | printing method T Tn T n
M+C-W wet 41 50.6 544 66.5

a M+C-D dry 182 24.8 254 34.8
C+M-W wet 22 227 219 226

C+M-D dry 12.1 13.3 13.6 15
M+C-W wet 0.733 0.782 0.771 0.804
R? M+C-D dry 0.381 0.375 0.418 0.415
C+M-W wet 0.83 0.802 0.841 0.811
C+M-D dry 0.542 0.528 0.678 0.665

. .. T Tn

specimen |printing method 1AB LoV LAB oV
M+C-W wet 41 544 50.6 66.5

a M+C-D dry 18.2 254 24.8 3438
C+M-W wet 22 219 22.7 226

C+M-D dry 12.1 13.6 13.3 15

M+C-W wet 0.733 0.771 0.782 0.804
R? M+C-D dry 0.381 0.418 0.375 0.415
C+M-W wet 0.83 0.841 0.802 0.811

| ¢+M-D dry | 0542 0.678 { 0528 0.665
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Table 2. Regression coefficients and determination coefficients for comparing wet-on-wet
with wet-on-dry

. T Tn
S‘ggg:i LAB LUV LAB LUV
B wet dry | wet dry | wet dry wet dry
a M+C 4] 182 | 544 25.4 50.6 248 66.5 348
C+M 22 12.1 219 136 22.7 13.3 22.6 15
R | M+C 0.733 0.381 0.771 0.418 0.782 0.375 0.804 0415
C+M 0.83 0.542 0.841 0678 | 0802 0.528 0.811 0.665
Table 3. Regression coefficients and determination coefficients for comparing M+C
with C+M
[ LAB LUV ]
] T wet [ dry wet dry —11
M€ M [ MC O CM | M«C CM | MC CM |
L_,._a 41 22 182 121 | 544 219 25.4 136 |
| R 0.733 0.83 L 0381 0542 | 0771 0.841 0.418 0.673 1‘\
| ,,, _LAB I R 1) A
ooowet |l dry ] wet o dy
C-M | M{C_ CM | M«C  CM | MC__ CM |
227 | 248 133 | 665 226 348 15 |
0802 | 0375 0528 | 0804 0811 | 0415 0665 |

6. 4 &

MedZ 9} CodaE AHEgE 245 wllslellA ZF Jze] FAHUN A= F4 9 714
of FAU el B8 4FF Aol st 2h7 Preucil 8] o3 EQEE 2 & o
oA Akt 53 EQDET EFSNAE At FHE A Aok Al oigh
AT BAE £3te o 22 ZAE Aok

(1) FHA N =2 EAET Hapete) abolof= uj| A7} ot

(2) Axte) J=z EAE &AL HEY v Preucil o] ERHE dfAle] E AF

oA Aot ZFE3t ENHES AHSEE 7o) Aok

(3) AEuv'7} AEab’ Rt} Mjxte] Efgg ojEAdo] zivy, Ao} EHF Abole] uld

DA AFEE A}
@) sAFA Y whgel HAAFA A b re} Mt e g fEA T kAl Ale]
o] wjdHAY A==y} At
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(5) M+CS] FHAH $47F C+MS) £ART} Axs) 29§ &4l 2m, 7 o
29 gz F440] RE AL, & oJas] =dBEe] 2L AfolE MC2 33

H

A4 w47 C+M8] &4 uck Aol o Erpdoln).

FaEd
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