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Abstract

It is required to estimate color reproduction accurately in printing. Because printing
technology has been developing, and most people want to see the best color
reproduction. Therefore many color reproduction methods, such as Neural Network,
LUT(Look Up Table) have been proposed for a long time. However, these methods
are required to measure a lot of samples of printing. In this paper, we propose a
new method that prediction of color reproduction based on compensated Neugebauer
model for dotgain. This method was significant to increase an accuracy of color

prediction with simple process.
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Fig.1l. Comparison between real and ideal dot on CIExy coordinate at Cyan Ink.
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Fig. 2. Compensation by expansion difference of dot used stimulus value X at Cyan Ink.
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Table 1. The coefficient of fitted equation for calculatetion of real stimulus value

a4 a3 a3 a, o

X ¢ reat 0.0021 -0.0409 0.5702 -10.1608 78.8982

Cyan Y ¢ et 0.0015 -0.0255 0.3839 -8.6707 81.6794
Z ¢ reul 0 0.0021 -0.0054 -1.8376 68.4041

X ¢ reat 0.0022 -0.0451 0.6029 -8.6047 78.8297

Magenta | Y, eu 0.0037 -0.0819 1.0388 ~12.6257 81.4613
Z; vear 0.0022 -0.0404 0.4891 -8.5382 68.2552

X ¢ reur -0.0001 0.0067 0.0116 -2.2715 78.9446

Yellow Y reut -0.0004 0.013 -0.0694 -1.5712 81.6862
Z ¢ veat 0 0.0078 0.2755 ~-9.7501 68.2824

X ¢ reat 0.0002 0.0086 0.3647 -12.4272 78.6047

Black Y. ew 0.0002 0.0102 0.3578 -12.7612 81.3315
Z ¢ reut 0.0001 0.0123 0.2343 -10.3513 68.0408
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Table 2. Dot compensation value for compensating dot area.(Dot area : 0~1)

Cyan Magenta Yellow Black
Dot

area

ACX ACY ACZ Am_x Amy Amz AyX Ayy Ayz AkX Aky Akz

0% 0 0 0 0 0 0 0 0 0 0 0 0

10% | 0.06 1 0.05|0.0110.080.09 |0.06|0.06 | 0.04|0.06f0.08]| 008 |0.07

20% | 0.08 | 0.06 | 0.01j0.10| 0.12 | 0.08 | 0.06 | 0.03 | 0.09 | 0.09 | 0.09 | 0.08

30% [[0.1110.1010.03(0.14 | .16 [ 0.11 { 0.11 1 0.07 | 0.14 ] 0.15 } 0.14 | 0.14

40% 1 0.1210.100.0310.14 | 0.16 | 0.11 | 0.12 | 0.08 | 0.15 | 0.16 | 0.16 | Q.15

50% | 0.13 | 0.11 | 0.04 } 0.15 ] 0.17 {1 0.12 ] 0.13 | 0.09 | 0.16 | 0.17 | 0.17 | 0.16

60% | 0.1210.11]00410.15| 0.17 [ 0.12{ 0.14 | 0.11 { 0.16 { 0.18 | 0.18 | 0.17

70% ) 0.1110.10 { 0.04 } 0.14 ) 0.15 | 0.12 ] 0.13 | 0.10 | 0.14 | 0.16 | 0.15 | 0.15

80% || 0.08 | 0.07 1 0.03{0.09 | 0.10 | 0.08 | 0.09 | 007 | 0.11 ] 0.11 } 0.11 { 0.11

90% | 0.05|0.040.01]0.06 ] 006 { 0.05}f0.05| 0.04 | 0.07 | 0.07 | 0.07 | 0.07
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Table 3. Compensated dot areas for each stimulus

C i Neuge 0.5 0.7 0.2 0.7
M Neuge 0 0.4 0.1 0.2
Vi Neuge 0 0 0.4 0.4
k ; Newge 0 0 0 0.4
=X i=Y [ 1=2 | =X | =Y | i=Z | =X | =Y | i=Z | i=X | i=Y | i=Z
c; 0.628)0.609|0.539|0.365]0.342 | 0.356 {0.113]0.114{0.084 {0.118]0.123{0.107
m; 0 0 0 10.105]0.117 | 0.135]0.054{0.063] 0.050(0.012{0.015]0.014
; 0 0 0 0 0 0 ]0.317]0.296]0.370]0.031|0.030;0.047
; 0 0 0 0 0 0 0 0 0 ]0.036|0.041{0.047
om; 0 0 0 10.44470.452]0.3820.021,0.023|0.014 ]0.051]0.057|0.041
i 0 0 0 0 0 0 10.12410.108]0.1040.1290.116|0.132
my ; 0 0 0 0 0 0 10.059(0.059|0.061]0.013|0.014|0.018
ck; 0 0 0 0 0 0 0 0 0 ]0.152(0.157)|0.132
mk; 0 0 0 0 0 0 0 0 0 }0.015(0.019}0.018
vk ; 0 0 0 0 0 0 0 0 0 ]0.039|0.03810.058
cmy ; 0 0 0 0 0 0 {0.023{0.021}0.017}0.055|0.053}0.050
cmk ; 0 0 0 0 0 0 0 0 0 10.065{0.07310.050
vk ; 0 0 0 0 0 0 0 0 0 10.166|0.148{0.163
myk ; 0 0 0 0 0 0 0 0 0 1{0.017|0.018{0.022
cmyk ; 0 0 0 0 0 0 0 0 0 (0.071|0.068{0.062
w; $0.372]0.391|0.46110.086 | 0.089 | 0.126 |10.2900.315(0.300]0.028]0.032(0.038

ot}
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Table 3& 2o AEZo HHFFU/E v oAU FHHASANA Zpzhe] 2= =]
mE2 M2 g2 @S 7HAE 167 29 2¥e UHSS Altste ZAIG AolH, A
AdEE WAgE AQ) dEHo AE 32527 F A, Table 49 E A5 T
Table 4ol*] 7} Xdwel 4,,= Cyan, Magenta, Yellow, Black¥ 37} E5% 100%
FHRAAEEHN A=l AEY AAFA X9 g dElda, 16719 WH ol gt
247k e} A5AEe] ol o Ttz sks AEY 3ASAE ALEs 9l

ol

_63_



g A 83 M20d AM2E 2002

Table 4. Stimulus values of compensated dot area for each stimulus

Ci Neugel 0.5 0.7 0.2 0.7
M| Neuge 0 0.4 0.1 0.2
Y i Neugel 0 0 04 0.4
b Newge 0 0 0 0.4
=X =Y | i=Z2 =X =Y | =2 | i=X =Y | isZ =X | =Y sl
i.C; 8.98 {13.52{27.0715.21 | 7.60 [17.90} 1.62 | 2.54 | 423 11.69| 2.73 | 5.39
Lt ; 0 0 0O |305)168)1.75]1.56) 090 | 0.64]0.35]0.21]0.19
iy 0 0 0 0 0 0 |19.84120.15| 2.2011.92|2.04|0.28
ik, 0 0 0 0 0 0 0 0 0 §0.07]0.08|0.07
LomCM ; 0 0 0 1205151557 10.10|0.08 | 0.2010.23]0.19 | 0.60
Iy i 0] 0 0 0 0 0O 088|189 0.73(0.92]2.03]0.93
Ly ; 0 0 0 0 0 0 1.62 1 0.85{0.13 {0.360.20 | 0.04
Lack ; 0 0 0] 0 0 0 0] 0 0 ]0.12}0.17]0.23
2tk 0 0 0 0 0 0 0 0 0 ]0.02]0.010.01
19k ; 0 0 0 0 0 0 0 0 0 10.07]0.07 ] 0.03
LomyCMY ; 0 0 0 0 0 0 |06.07|0.07|0.07]017|0.17|0.20
T emuCmk ; 0 0 0 0 0 0 0 0 0 10.04;0.04|0.04
Loucyk ; 0 0 0 0 0 0 0 0 0 [0.13[0.180.12
LYk ; 0 0 0 0 0 0 0] 0 0 10.02]0.020.01
Tompervk ;| O 0 0 0 0 0 0 0 0 {0.05]0.05]0.04
faw;  (28.80131.42130.67})6.69 | 7.13 ] 8.41 |22.43]25.29/19.99] 2.17 | 2.56 | 2.53
Calculated||37.78(44.94157.74}17.01{17.91|33.62]48.12|51.77|28.201 8.32 {10.77|10.70
Measured [38.40]|45.53|59.36]15.98|16.60|32.94|47.80|51.07 |29.15] 7.96 |10.47{10.65
AEab 1.0987 2.7695 2.5097 1.3671
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Fig. 4. Comparison between measured and calculated stimulus on CIE xy coordinate.
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Fig. 5. The comparison of color between estimated and measured on CIEL'a’d’ space.
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Table 5. The color difference between estimated and measured

Cyan Magenta Yellow Black All Sample

Dot
area Neugebauer | Proposed | Neugebauer | Proposed | Neugebauer | Proposed | Neugebauer | Proposed | Neugebauer | Proposed
Method Method Method Method Method Method Method Method Method Method

0% 0.97 | 0.97 | 0.97 0.97 0.97 0.97 0.97 0.97
10% 3.37 1.15 | 5.97 1.96 2.81 0.61 2.90 0.70
20% 5.01 | 0.96 | 8.82 1.24 4.87 1.46 3.45 1.20
30% 7.55 1.08 | 12.44 | 1.16 8.91 0.45 6.44 0.59
40% 8.78 1.07 | 1454 | 0.97 | 1055 | 1.40 8.20 0.83
50% 10.68 | 1.10 | 17.71 | 1.17 | 12.98 | 1.43 | 10.56 | 0.65
60% 1139 | 1.07 | 1993 | 1.70 | 15.36 | 0.98 | 13.07 | 0.64
70% 12.01 | 1.27 | 21.18 | 2.53 | 16.01 1.34 | 14.38 | 0.52
80% 10.42 | 1.18 | 17.80 | 140 | 14.12 | 263 | 13.59 | 1.16
90% 7.91 1.42 | 13.60 | 2.04 | 1096 | 1.61 13.17 | 0.76
100% 1.42 1.40 | 2.12 1.67 1.77 2.58 1.82 1.31
Average| 7.23 1.15 | 12.28 | 1.63 9.03 1.40 8.01 0.85 | 11.17 | 2.01
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