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Abstract

The color difference between original and printed copy is affected mainly by ink

trapping and optical

properties of overprinted ink layers. Since the general

expression itself about ink trapping is affected also by the optical properties, the

analysis of color difference using the ink trapping only cannot be certain.

This study will show a new approaching method for optical analysis of spectral

reflectance and the effect of printing sequence on color difference in multi-color
overprints under the condition of excluding completely the ink trapping problems by

means of using transparent film as a substrate.
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R : B 3ukALS (spectral reflectance) f: 534EE (transparent film)
T : B33 53§ (spectral transmittance) i : °J A% (printed ink layer)
b ZME&FA (black plaque) A(SAEFFAH(FEES)
w o @ AEALR] (white plaque) wi (R BALA+(FH I E)
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mf @ (BY AR +(LA B Y ZZ3)+H(FHEE)

cf @ (WAL +(A (YA ZF)+H(FHEE)
wefmf @ (Y ATALAN+(A AL 2 ) +H(FH I E+(HA I ZF)H(FEEE)
wimfc : (3 AL +(F %E)*L(UV“EP‘EL&V(T“‘%% (AL 2 S
Rsta * FHIED BEHAA F71(a) T2 FFAHALE (R
Rer ¢ 4351 BHAAN FHEEW Fo29 FFEAUNAE(RY)
X @ FHIAEOH 713 @Y AWM FHHE To29 FFuUlF A (spectral
reflectance, X)
Xiit 92203 FHIEDOY AWoAN d3 Fo29 FFUWFEIAE(X)

1.A &

AAHEL 71EH o2 C (cyan), M (magenta), Y (yellow) 2 K (black)¥ 39 F
HAH ostq o Fot ABFTAZANAM A1 MEHG wAJAN AR S Tt A
gatA 24 d3o) e E4To] ABHE AHFAHANMY 2] 7Hx] UQlel 235t
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Z A FHLA &4 w2t 427 dEvE F8 402 WA A" dA2F)
0 J3g Polsole 38, F d32 -r%’“(acceptablhty or receptivity) o W& o
A E#F(trapping) TA¢ BF5F I S(spectral transmittance), i3 %HAIE (spectral

reflectance), &% ™ S (opacity) 53 2& 43 =49 ‘)”5”—‘1 44& & Uk

d=e] BeH Ao & MAE FH5] AsME J2Y ENFYES IAHSA
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Fgo] dASA FAHE AHES 4 T Yoz AAFH AToNA d‘?_—‘ioi A}
85 Preucil”d Edlga A7t G329 B S4o) JEgoT EdBg A
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2 AR F&A EAvd ZIQlste FHAHM A o3 MAE s Yo C
YAt MYIAE 747 FHEE S AHE 3t 74 =29 EAGES dAA &
ABHEA OFe FHEAY AHES T PHES AHEsATH

AHES F83H MM z2AF ALHE T8 AF2E 9H AH4EY w2 o
& oZ Ul B9 A (multiple internal reflection)®] @32 148 Clapper 9 Yule®9 =
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Fo] gt} o] =Fo] Hrt v olfE UFURIAE FH|FEY Nde =93y
22 £33} sdhe Zoltk a8y of AFA e HAlY Ay AMEF Fo] Z
JaZEe FHAANA HAstE B @4 dF AHAedEe v XA X Ut

A E2f Ao EH‘} TAHA dFME FE4 3AFA (tristtimulus value) X, Y,
Zolgig Mo Fd AF dide] FHol gk 2y HJIHEY FHE FEE AL
&3 FGriste dHole FAC Aok E=3 A EQ 3AFA7F AR FE Gty oz
F A SHog AAAT ey e F(metamerism)e] FHAM B o] HA W
ool Me SAMol HA e F OQAMES EFALE T M (spectral reflectance
curve)°o] dX&ofrt v A W3 FAo] HE AHolth

HIZo AAEY Mol o AFolA 2 FH o] BEFRMAIEC] Ha Qe
Fastth & = Ak ol9 & BFAbgel dig AF FelA FEETG A
Neugebauer® 37841l E#ubalg $4¢) #% Yan Liu”e =& ik o
ool Hzx g AgE Bubrl & (equivalent spectral reflectance, ESR)ol 2t A)
He T3ty FHAHAESY EFAES 24 9 A B ERUAIEY F
Alatdtrs Rolth. a2y o] RddiME HAAY FHAMZAAN JdErtE &
g 4SS UF gest o2 Y A Y AMETE olxle FA7F

B2 AFdAE ojidedA AAG HPAdFES FAE FEE £ Ae A2 FH Y
IS B89 ZF THAHAE s EAIAE S FtH o2 st FFuAL
o g N2 Fehe WANE Fan, 24 FHUAAEANA AH FAE E3dAE
e v g F39 1 B S FAESFASD.
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3 Al ot JdAFE THse DAF Fagol 2P Ao wabA
2A veur] et a1EE B A9 BTA MM AlEEE FEH HHE
2 5 BREAHRE YUY 2 §

Fig.le z93% F9 oo 3ol o] FFEE o dd4d da2FE Fslo
WA QRALR] EHO A WHALE Y] Yo #HAHE FHWANsurface reflection), AW wHA}
(intersurface reflection), th% Ul¥¥rA(multiple internal reflection) ¥ THE9]R ukx}
(multiple external reflection)®] @& AF&8te] E A Ao,

X HALE 7 A9 AN(specular reflection) A &3 &4HdEAM(diffuse reflection) A E o &

e
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ojFolAed & AT APNME #3334 (spectrophotometer) 2] A HAWALGE R
1%+ (specular component exclusive) 22 Z3 & F71 glonz A FA M RE wt
AR S]] i AT Qe AENMAEESE A9 £48 SANAGE DS YEh )
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Fig.1. Optical properties of printed ink layer on transparent film.
Fig 1278 @9 drA% =19 AA EFUALE Rurs EHUAE Re9 ohauy
HAME R OFYREALE (1), (2), Q)Y o2 JYEd £ A 74
FRAEE Hog HAISYH b3 o] Hr}

W {(1-R@ Ry T3+ (1-Ru)(1-RD R, TiTH 1-X DN 1-X 1)

@: {((1-R@) Ry T3+ (1-RyuN 1-RpD R, TiTH 1-X DN 1-X )
Ry T?Xp+(1-RPDR, T T X ,(1-Xy)
F(1-Ru1-RPRLTITI Xy (1-X N1—-X,)

@) {(1=-RWRyTH+(1-Ry )X 1-Rp) R, T2TH 1-X )N 1-X )
X{RyTiXu+t(1-RPDR, TET2X,(1- X))
F(1-R(1-RPRLTIT Xy (1-X N1-X) X R, TEX

(n) : {( l_Rsfa)RSifT%_i-( ]-_Rsfa)( ]._Rsif)Rw T%T?( 1_..le)}( I_X/a)
{RyTiXpu+t(1-Ry) R, TET2X 0(1-X )}
+(1-RyuX1—RgpRET2T 4 X 4( 1-X g X1-X,) X(R,T?X y)®
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(1-R sfa)(l—Rstf)R waT i Xif( I_Xif)( I_Xfa)
1- R, T Xy

add 27 &(refractive index)o] ni, ¢l F B9 AW FHoz itd de
HAL-E RS &3 Ze Fresnel®9 2oz gagd,

( ny— nz)z
( n 14‘ 722)2

R= (2

°f A& F EE AWM BAE wAEL F B 2L 29 A Fo v
AES debdo wes T 2o 2HE 1}017} o5 2 Ao Aol YAt
B 22 HAEA g3 A% ARE SHddn 2 $ gl

Figlold g99 7153 S35 AWM F 8do 2489 oy} am
2 AWM WALEE FAE £7b Aok 28y FYgES 93z Adoe
3715 e A™el vldt] iAoz FHEY Aol Fomz (1) eI &)
At o] Aol ¥WALE Ryt XypE 022 ZHFsd A(1D)e tgn o] 1A
€ T U

(U-RWR, TG TH1=Xp)
1-R,TiT?X,

waf= Rsfa+ (1,)

HADAA Rwt RwirE 28¢ B3t Ad 2484 I% 9A4E R X Tt 2
Tiel 4747F €.

ARl TeE T87] st AEH wifg (wi+)h (w+)Z UFolA sAstdg s 2
Ao 2omz A1) FEFHAY 2 PHOE Rutr D Ruw® T3 74zt 24
(3) ® (3")°] At
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Ropm Ryt = I_Rf’“_)lf;fff} e —
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R (6)3F Zo] "o

Rum Rt R R TIAXD i
T —
714 A(4)E 2B WY Reoll didted FestA 2 (7)e] drh

B = R Ko e -

Al AH(NE A6)el Y3 Xl dsted A 4(@)°] HEE PlAF R R
X 7% 5 U4 "o
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_ Ruy™ Roa e,
TI_J*RW T?'{ l—Rsfa~(1—thf)Xfa} ©

A FHEE Yol wAE B A JAE AAE mH fcol FHEAE A7)
datel 4(1)9 FEHFGH 2L FHOZ Rumw® T8 4107 2o Hrh,

( 1_R3fa)Rw T‘}Tch%"( 1_Xf“)
1-R,T4T T % X,

R wmfef = R sfa +

A(10)L THAFH FHF FHEE il 1

A FAHE FHANE B3AES 05 AE5F vpdeg 2 A 4339 F
FeAde Fade vetdd.

gy A7 Fddg AL A(1)E A1) IE FHIE HAAM Z JAF
R FEEE Abole &9 A7t FAR F S FEE Ao AT Aol
ghofo] FRAEN JAF R YIS A5 FHEY Aolg FAE F fE 49
Az 2 Fxdd weby FHAAES FHCAH A met o] HozRy 7§ EFALE
3 AA L FHA Aleld] ek YEuA € Aot o] Hgo tF BAL v B
FatA HEg A% F& d7dA HERZ HESVZ T
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2 AT AlgHes A8Y EE QY EL “Heidelberg GTOZP” 24 <l7] 9]
AlFRAE ARt ofefof 2 FYTF A2 dtoll A GHAHE HAFA .

2l 3} & : Fuji PS plate 0.2mm
£ @ 7l : REEVES Vulcan 714 Compressible Blanket 1.9mm
(3) ¢4dl& F3HEE : XEROX OHP film BOLD AND GOLD 210 % 297mm
(4) AAYA : FFEF YA Best-one Magenta, Cyan
6 dAGH(EAA 45 0.07mm

AH
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3.2. 2YME H MX £F



8 FIAAE3A A 158 25 1997.

2)

Zt QMg EEwAbg 2 AxE “MINOLTA CM-2002" 2347

(spectrophoto-meter)& AH&3t9 ZFAe ATt TP WA EE “DAINIPPON

SCREEN DM-400" WHAbsEAS WA g S g 35 %3 (white or black plague)<

AH&-3F A ot

EgSA4 9] Y& Dso, 2° Aok (CIE 1931 observer)E Al&3gon, Twuka 2
%) |

Lo 1o

HHARE S 400~700nm FYE 10nm¥ FHAoZ 7 31709 BEB3uAEL A
on M= CIELAB 4z AEab'§ 34t

Tablel 2 £ A7olA AHEF F4(b) R B (w) HALA G o] whalx] $o £
(0, B G A(m), AARLFAZZ() T 98 7HA €42 FHA ANgHY F
Zh g B FAF oA 78 33528 JEY Aot 9714 mefmf-c
T E AFAM AR BN Y-S o83t 400~700nm Abelol 10nme] Tzt
Ao 31708 ERFLALE S AMEt 78 JHEAA ADHE e Ao,

Table 1. Tristimulus values of specimens.

specimen X Y Z specimen X Y Z
b 0.53 0.55 0.52 wimfc 5.8 4.45 15.29
w 78.34 81.72 65.59 wmicf 5.81 4.65 15.6
bf 1.06 1.11 1.21 wicfm 6.41 4.48 14.83
wi 67.57 70.53 55.56 wmfifc 6.01 4.84 15.79
wif 58.89 61.5 47.54 wcifm 6.92 4.77 14.95
wmf 36.04 20.25 19.07 wimcf 5.7 4.39 15.25
wcf 17.87 27.3 49.87 wicmf 6.42 4.32 14.51
wceimf 6.85 4,53 14.53 |wcfmi-c. 5.78 4.16 14.63
4, 48 A3 9 33

2% AAG FHAMNES FAHA Ao eldAde ARSI Y8l Table 1
o AgH et HAG BFVAE SAHAAE HE), 8), (7, 99 A2 g
g Zt Ao 2HRY AHNZ Ty, X Rea R T, TcE T8 o] A8 HFEAHoz
21(10)9] YT 2N wefmf, wimcf, wimef @ wicmfet 7ol EHZ o EHEE o)
Folv THEAY AgAA dd EFIALE Y AAA Ructmtca s T3H T
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Fig.2. Comparison of measured spectrai reflectances of the overlapped
specimens with top surface of film with the calculated reflectances.
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Fig.3. Comparison of color differences of the overlapped specimens
with the top surface of film for caiculated or measured target.
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Fig2e Attel 93td 7% Ructmicad AR BERZHAE AL 243 7 A
Ao BAuAbEF AT vlwste] £A8 Aot} Fig3e Fig2e A= RE A At
st 7@ 7HE A E¥ wefmf-cal B A A1PH wefmfe) M 7|F0% st 7
ANgHe] Mitel MAE = Ao},

7PN EH wetmf-cal # Z+ N @H] M3} ARab'E 427~6792 UElhgon o

ge AAEY HEAAT Yolue FFomE B AP ANT BN By
2 AR AR Aol 44 YgHE AL 2RPL v B TAU AN 25
& AL A JHE wefmfol E Z A FHAF M= 205~1272 Aol = A A}
of wlakel AxpEATE WA ATk Apol T

12

< 2890 JZFH H1)E FEsE BN SHPUEN 7 932 2 9
3% e 2HEEY o7t FAY £ e AEE HAoE A oM wefmf,
wmicf, wimef R wfemf7b $9& Mol fvie 34 Adds A3 287 gee
Uetdt, 53] wefmfet 432% cot me] FHEA $US wiomfohe] Map= 2052
Bl zte wbdoel] JaZe] ZHEAL Wl wmicf 2 wimcfele] Mate zbzt
1272 % 1080202 Aix oz AA YeldoE Aot} oA FHAMNA 2+ 9=
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< AN HAE Y5t 2 d3F AI0Y FHELY Holg

£ A A A HIFAL w9 Bggel YeS F & 9
Figd % Fight m 2 c¥39 FHTAMA W& 879 FHAY AgdA 4579
FRALE SN W g vlaste] £AE Aol

Fig.4(a)= —‘?:*“5%%7—} 7 Aol AU FHE 4T AFAHA sk, Figdb)
T F A FEUEZY £ mP o F JAZ78 HAY HEFE 2HEAES
F3gE 4% 9 AN FH digte] A ERHAISETHE By

Figh(a)¥ m+c¥ Y3 FHEHE 7IXE 229 APH wmicf 2 wmffcE 7|50
2, Figb(b)e crm? 43 FHEAHE 7MAE 239 AP wefmf 2 weffme 7)1
L2 & Figda), (D) 2FMAETNE 71AE 8% APHnte A2 v @ste
EAR Aol Figd(a), (b) EF 22 Ad4eA718E Mapy vind Zxq g2 9l
Ao E ddA oz Mart A9 Axe @4 $3isA Bo o

oA AFE upe} o] A(1)S HHow Y3 s T
T, BT 4 dAF 25T 2HEY AolE FAE MR o] g

3}

L

==
'L_P'

Um{o

40 4
@ 7h3

4t o%

o
Al

e

=y9es 92
2¥g BelFE ot
B AT AYoldE FHLE Aol 2 9232 BuAHee] U4y FYAREL

_10_



29 TH WA FY 47 FHAY SN B AT 19

25

20

i ——wcefmt |
3 - —O—wmfcf |
\g —8—wictm |

-
[¢,]

- —Y— wfmfc !

-
o
+
G

Reflectance(%)

o Q (=] [
(=] N < Q
0 ol [Ye] w

Wavelength(n
(a)

400
420
440
460
480
600
620
640
660
680
700

(=]
@
w

)

25

-
200

—©o— wmffc
‘ § —O— wcffm
\ —3— wimcf
—&— wfcmf

prs 3
oxo.
(>
PO

3
XS

OX0

POXO
P

{

Reflectance(%)
PO
| 2 ¢4

e
£ 2
g BRTT ¥R
§a,. g%
V\;"averén g?h (n
(b)

400
420
440
460
480
500
00
620
40
660
680
700

o
D
Irs)
m

) w

Fig. 4. Comparisons of measured spectral reflectances of the overlapped
specimens according to the overlapping sequences of printed films
with magenta or cyan inks.
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(b)
Fig.5. Comparisons of color differences of the overlapped specimens
according to the overlapping sequences of printed films with
magenta or cyan ink in the targets and the specimens.
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A A2 el Gt eAE ASolE 7 J2E FAFE ulo]E(vehicle)e] AE
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44 Fols Aoz AW 53 o] T Y vlo]2 FFH TL ASolE
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GAAANN FHYAZ 2B Holo] @ ANE $V AT Y2 A
e 52 “JOII Adste FHAAY Ao 9F 4R AL st AT FH
W BEHH AT YL Fobol e ve ARE AT
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() B AFAA AT FHAANEY 2ReArge] g AdPEe FHIAF A4
ol 2Hg9 A7t B F%el AW HEL TIHAW, oJRE 3

o HeHA HAY R Qe AN A A
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(@) T ulole] Yo Be YAE FAAHIE ALaA &
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g Zolt},

(3) THIAZY HlolE A&l W HolgAy IAArE A8t WAz F
HAHE wop 2ol F IS Alol9 AWM WRIAE FAY = Qe 3
Folle dad FHeHMCA oA 47T st w4 ez JEg AQAE 4

e 2FAAAH AN FHAA ©HE FAE ot AUk
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