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Model and Method of Ink Components Proportion Prediction
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Abstract: Because the optical properties ( absorption coefficient and scattering coefficient) do not
have a strict linear relationship with the components proportion, the K-M based color matching mod-
el cannot guarantee the prediction precision of components proportion. In view of the problem men-
tioned above, this paper proposes an ink components proportion prediction model. First, an ink mix-
ing model is established by replacing the absorption coefficient and scattering coefficient in the K-M
theory with the reciprocal of spectral reflectance which has a strong linear correlation with the compo-
nent proportion in certain characteristic wavelengths and introducing a additional nonlinear term. On
this basis an ink components proportion prediction model is established. Taking two groups of sam-
ples mixed with binary primary inks as an example, the proposed model and method were verified.
The experimental results showed that this method could predict components proportion that were
close to the real results. The prediction average deviations of the two groups were 1.57% and 3. 6%
respectively. The proposed model and method can provide a new possibility for the ink components

proportion prediction of target sample.
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Tab.1 Primary ink components proportion of samples

e Fiit/g
FEA S

P A, Py ALt Utfai:y P A Py gL VY 5,8
TO1 100% 0 0 20 0 0
T0O2 0 100% 0 0 20 0
TO3 0 0 100% 0 0 20
T10 10% 90% 0 2 18 0
T11 30% 70% 0 6 14 0
T12 50% 50% 0 10 10 0
T13 70% 30% 0 14 6 0
T14 90% 10% 0 18 2 0
T15 10% 0 90% 2 0 18
T16 30% 0 70% 6 0 14
T17 50% 0 50% 10 0 10
T18 70% 0 30% 14 0 6
T19 90% 0 10% 18 0 2
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Tab.2 Two sets of wave bands with the best degree of line-
arity between the reciprocal of spectral reflectance

and the components proportion

S — R A S LB A

A/nm R A/nm R?
500 0.999 7 490 0.997 7
610 0.9950 580 0.999 9




676 K bl

¥R 540 &

PRREAR BOETE SR R, AAREEARTINETE SO R
5 ESOCHE RO AR 2 ) B 28 5 0] AHDG 1 34 5
MR ZE RMS Mt , 53 405 JEEDLTE SRR AE

0.4
(a)

#® 03f TO1
=
E
= 02
1 T17
E=
2 0.1

0 TO3

| 1 T T T
400 450 500 550 600 650 700
A/nm
0.4

(b)

0.3

1% S I 18 KL
(=)
(3]

| I
550 600 650 700

A/nm
Bl 1 2 @A G S R

0 | I
400 450 500

Fig. 1 Reciprocal of spectral reflectance of two groups of
modeling samples
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Fig.2 Influences of n value on the chromatic difference and

RMS of the first group
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Fig. 3

Influences of n value on the chromatic difference and

RMS of the second group
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Tab.3  Chromatic difference assessment of ink components proportion prediction of the first group under the condition D65/2°

n=0.2 n=0.4 n=1 n=2
ARG 5
AE RMS AE RMS AE RMS AE RMS
T02 0.016 9 0.002 6 0.0013 0.000 2 0.001 5 0.000 2 0.001 5 0.000 2
T10 7.737 8 0.430 3 2.4413 0.088 3 2.9375 0.1819 2.963 6 0.1837
T11 7.060 5 0.189 6 0.274 5 0.0230 0.714 6 0.023 6 0.728 2 0.023 7
T12 4.368 0 0.099 4 0.3570 0.002 2 0.298 7 0.013 2 0.3119 0.013 7
T13 8.612 1 0.427 0 0.1337 0.0355 0.406 5 0.0353 0.402 2 0.0352
T14 7.116 9 0.386 3 1.161 0 0.099 0 3.748 0 0.1209 3.784 5 0.1217
TO1 0.008 7 0.000 4 0.000 7 0.000 0 0.000 7 0.000 0 0.000 7 0.000 0O
Avg. 4.988 7 0.219 4 0.624 2 0.0355 1.158 2 0.053 6 1.169 6 0.054 0

R4 FTABKASLOIFNREETN (BEITE LM D65 KiFE/2°MiA)

Tab.4  Chromatic difference assessment of ink components proportion prediction of the second group under the condition D65/2°

n=0.2 n=0.4 n=1 n=2
BEA G5
AE RMS AE RMS AE RMS AE RMS
T03 0.036 4 0.004 1 0.000 0 0.000 0 0.003 7 0.000 4 0.003 8 0.000 4
T15 10.135 8 0.733 3 4.690 6 0.326 0 2.761 8 0.1921 2.725 4 0.189 2
T16 10.949 1 0.466 9 4.449 1 0.176 2 1.708 5 0.073 1 1.613 6 0.069 7
T17 9.078 7 0.280 8 2.2887 0.064 5 0.048 9 0.001 3 0.1379 0.003 8
T18 7.067 1 0.157 5 2.764 6 0.059 4 0.747 0 0.027 4 0.685 2 0.027 1
T19 10.620 3 0.324 4 6.1912 0.143 7 3.614 6 0.089 1 3.476 9 0.086 2
TO1 0.0250 0.001 3 0.001 7 0.000 1 0.001 3 0.000 1 0.001 3 0.000 1
Avg. 6.844 6 0.2812 2.9123 0.1100 1.269 4 0.054 8 1.234 9 0.053 8
x5 F—HBEARNEIER(T2)HSS LFFNER
Tab.5 Prediction results of red primary ink (T02) components proportion of the first group
FEA G5 SR L i) n=0.2 n=0.4 n=1 n=2 S BTN
T02 1.000 0 0.999 9 0.999 9 0.999 9 0.999 9 0.999 9
T10 0.900 0 0.961 7 0.9129 0.890 6 0.890 1 0.889 7
T11 0.700 0 0.829 2 0.706 2 0.683 2 0.682 9 0.683 2
T12 0.500 0 0.623 6 0.497 3 0.484 2 0.483 5 0.489 0
T13 0.300 0 0.106 1 0.2952 0.314 6 0.3145 0.324 6
T14 0.100 0 0.019 6 0.096 6 0.127 4 0.127 8 0.130 1
TO1 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0
RMS 0.000 0 0.2826 0.0157 0.039 8 0.040 6 0.0450
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Tab.6 Prediction results of yellow ink (TO3) components proportion of the second group
ARG 2 br LA n=0.2 n=0.4 n=1 n=2 i BT
T03 1.000 0 0.999 9 0.999 9 0.999 9 0.999 9 1.000 0
T15 0.900 0 0.968 7 0.944 4 0.926 8 0.926 1 0.904 5
T16 0.700 0 0.865 3 0.774 8 0.723 1 0.720 9 0.641 9
T17 0.500 0 0.7219 0.565 8 0.498 5 0.495 8 0.426 7
T18 0.300 0 0.4719 0.343 6 0.289 6 0.287 4 0.250 6
T19 0.100 0 0.026 9 0.1227 0.102 3 0.101 3 0.097 9
T01 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0
RMS 0.000 0 0.340 8 0.119 6 0.037 0 0.036 0 0.105 9
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Fig.4  Visual comparison of four groups of target samples

(left) and remade samples
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Fig.5 Proposed method and process of ink components pro-

portion prediction
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