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Table 1 Ink and dilute agent at different
proportions of target colors
RS [HT‘E fogﬁ fo?fﬁ m{jﬂi EH‘E@ EM/Fiﬁ
SL-1400 J4T 0 1 2 1 3 1
SL-2402 1 0 1 2 2 1
SL-3200 K5 1 1 0 1 1 2
ik & 0 1 1 0 1 1

x2 =HRBRHENRERE
Table 2 The color difference of all samples for
different brands of printing inks
Afif A Afits B Atif C
WH RE S W AR A B RE M
it 5, 3.81 6.12 6.28 1.22 1.76 2.11 2.02 2.63 3.6

KIE 1 2.1/ /0.52 1.07 1.42 1.17 1.94 /
IE 2 0.71 0.36 0.87 / 0.99 1.88
Hbrfa A Hbrfs B Hirf C

ME R AT MR R AT IR R AT
fii £ 1.25 1.37 3.37 157 2.17 3.95 0.83 1.79 3.43
RIET  0.48 108 1.49 0.78 0.7 1.74 0.43 0.81 1.54
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Fig. 1 The color gamut of three brands of printing inks and

the distribution of target colors in the gamut

R3 HUHRBAN=SMHBNEEEAE (%)
Table 3 The percentage of recipes of test samples from three

brands of printinginks for target color A

e LN R Y
gl [Ingah RBIE1 KIE2 e 5, it
KiE  35.9188  37.3785 38.3155  53.3524  50.021 3
B 349488  38.7658  39.7555  27.8486  33.2016
e 1.320 4 0.796 7 0.530 9 0 0

mikE 27,812 23.158 9  21.398 18.799 16.777 1
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*4 BNEBH=MASENEERAEIL(%)
Table 4 The percentage of recipes of test samples from three brands

of printing inks for target color B (%)

N HLRIS AR A
i 8 g1 4, — - -
[iGRES KIE 1 K IE 2 fic o KE 1 KIE 2 [iGRES KIE 1
KigE 21.489 7 23.3210 24.883 6 27.225 30.1715 30. 804 8 24.011 5 27.207 0
g 0 0 0 0 0 0 0.318 8 27.264 4
PEFAN 25.047 4 26.070 5 26. 647 3 23.080 5 24.233 1 23.369 7 26.004 2 0.430 1
ik B 53.462 9 50. 608 5 48.469 0 49. 697 0 5.595 4 45.825 5 49. 665 4 45.098 4
*5 BRNEBCH=MASENERESF DL (%)
Table S The percentage of recipes of test samples from three brands
of printinginks for target color C(%)
o bLDES AR S
fic BIE 1 IE 2 fic B IE 1 B IE 2 L €2,
KiE 0 0 0 0 0 0 0.095 0
i 18. 265 2 20.114 1 21.005 7 14. 058 4 15. 482 9 16. 371 4 17.453 9
VELL 37.573 4 38.735 8 40. 053 7 32.862 6 35.006 1 37.047 9 41. 816 6
R 5 44.161 4 41.150 1 38.940 6 53.079 0 49.511 0 46. 580 7 40.634 5
*6 HREBDH=-"MHBENEEERATI (%)
Table 6 The percentage of recipes of test samples from three
brands of printing inks for target color D( %)
il 88 1 4, - i - il = - HY "
AL 5, KIE e 5, KR e 2, KEIE
Kk 18. 657 0 19.792 2 23.754 5 24.310 0 22.758 6 23.739 8
g 32.844 3 36.572 3 24.238 6 26.404 7 31.389 0 36.954 3
L 19. 680 9 20.585 9 17.780 3 18.349 1 20.467 9 20.338 8
R B 28.817 7 23.049 5 34.226 5 30.936 1 25.384 6 18. 967 2
®7 BNBEMN=MASNEEEAFEH (%)
Table 7 The percentage of recipes of test samples from three brands
of printinginks for target color E( %)
o LS _ AR A L) A
fic 5, IE i €5, K IE i £, IE
K 11. 817 6 12. 505 6 14.908 1 15. 360 0 13. 660 4 15.196 2
B 22.017 0 24.358 2 16.237 7 17.531 6 20.430 6 24.670 8
pactan 32.254 8 35.810 4 29.760 9 32.916 5 35.141 8 38.681 1
R 5 33.910 5 27.325 7 39.093 3 34.191 9 30. 767 2 21.451 9
*8 HuRBFN="MHENEEEAEI (%)
Table 8 The percentage of recipes of test samples from three brands
of printinginks for target color F(%)
LT : e : L. L2
e 2, KIE L 8, KIE ML 1, BIE
Kk 26.376 4 27.2350 33.638 9 37.534 1 32.488 4 34.672 8
i 14.291 8 14.974 4 10.591 1 11.163 0 13.398 5 15.275 6
e 15.938 1 16. 235 3 14. 355 69 14. 468 2 15.961 4 16. 062 6
iR B 43.393 7 41.555 3 41.413 2 36.834 7 38.151 7 33.989 0
2.3 REdBERAR B R L 18 A 4 R e R P 9 2 30
VeBE A 22 /NSO . o B TS 7 A A U TR L TR OP (SN 3 oy vl SO M E R A N NI N Vs 5 s ol A
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Table 9 Similarities of infrared spectra of printing inks

T PELL Kl g Py
«lﬂ{lﬁ%ﬁ; (Eglg%@:ﬁg) 100% 100% 100% 100%
@;’iﬁggf@%ﬂg) 87.94%  81.94%  89.70%  86.53%
‘ﬂ?a}g]@%ﬂg) 65.96%  61.10%  66.82%  64.63%
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Infrared spectra of cyan (a), magenta (b) and yellow (¢) from three brands of printing inks
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Study on the Relationship between the Infrared Spectra Similarity of Inks
and the Accuracy of Computer Color Matching

WAN Xing, LU Xin-guang”

Packaging Engineering Institute of Jinan University, Key Laboratory of Product Packaging and Logistics of Guangdong Higher
Education Institutes, Zhuhai 519070, China

Abstract To acquire the high-accuracy of samples from the computer color matching, a novel color matching method was pro-
posed in this paper which combines chemical component analysis with computer color matching. The kernel of this method is to
select the inks that are most similar to the printing inks of target colors, thus the high-accuracy color matching is achieved. This
method can provide a new referential direction for future development of computer color matching. The verification of color matc-
hing effects was conducted using inks that were similar to target colors in composition. The target colors were firstly printed by
printing inks, and then the color matching was carried out using the same printing inks to maintain the consistency between tar-
get colors and test colors of printing inks. In this paper, three different brands of printing inks were used to match colors with
target colors, and the accuracy and efficiency of computer color matching from those printing inks were compared intuitively.
The target colors were printed using three different colors Silian ink in arbitrarily proportions and volume, and they were ob-
tained by using IGT-C1 printability tester (IGT Inc. , Netherlands), and these target colorsranges included secondary and tertiary
colors, with each color range having three samples, respectively. Three primary printing inks Cyan, Magenta and Yellow of
three brands of printing inks—Silian, Dongyang and Mudan were used as basic inks to establish the fundamental database by X-
Rite color matching software (X-Rite Inc. , America), and then different target colors were matched with foundational database
of three brands of printing inks respectively. The results showed that the color matching accuracy of the Silian ink outperformed
the other two brands of printing inks because of the fact that Silian ink was used as the printing inks of target colors, and the ho-

listic color differences of Silian ink were the smallest among the three brands of printing inks and the color differences less than
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1. 0 were achieved just after one or tw-ice corrections. The smallest color difference was acquired even 0. 36 and from the spec-
trum matching, which implied that Silian ink almost achieved isomeric match with the target color. This experiment has verified
the feasibility of the emphasis of component analysis—computer color matching method, which picks the most similar inks to the
printing inks of target colors so that we can achieve a high-precision color matching. The chemical analytical tool assessing the
difference between printing inks of target colors and color-matching test colors. To distinguish the printing inks of target colors
and color-matching test colors from the component levels, the infrared spectral similarity was used as an analytical tool in this pa-
per. The spectra of printing inks of three colors of the three brands were measured by the Thermo Nicolet 6700 Fourier trans-
form infrared spectrometer (Thermo Fisher Scientific Inc. , Waltham, USA), and the infrared spectral similarities of the print-
ing inks of target colors and color-matching were all obtained and then their average similarities were also calculated by the OM-
NIC software. Through the comparison between the infrared spectral similarities of different brands of printing inks and the pre-
cision of computer color matching experiment, the rationality and validity of the infrared spectra as a chemical analytical discrimi-
nant tool to evaluate similarity between inks of target colors and color-matching colors was verified. The results indicated that
the similarity between spectra of Silian inks and printing inks of target colors was the highest and even reached 100% , while
Dongyang inks offered a high similarity of 86.53% , and Mudan inks provided the lowest similarity of 64. 63%. The results
showed that when the number of correction was the same, taking color difference as the criteria of judgment, the color differ-
ences of color matching for Silian ink were the smallest and it meant this ink provided the highest accuracy of color -matching;
and Dongyang ink took the second place, and its color differences were about twice as large as Silian ink; and the Mudan ink
showed the highest color differences, and its color differences were three times more than those of the Silian ink. The result of
computer color matching experiment was consistent with infrared spectral similarities results, and the principle suggested that
the higher the infrared spectral similarity between printing inks of target colors and test colors was. the easier high precision col-
or matching sample could be received. Conclusion and Prospect: The feasibility of the new color matching method which com-
bines the component analysis and computer color matching to gain the high-accuracy color-matching samples was proved by ex-
periments and result analysis. Use the infrared spectral similarity as an analysis tool to distinguish the difference in components
between the printing inks of target colors and test colors is feasible, which can be an effective criterion for determining the color
matching accuracy. Future research will focus on probing into the correlative numerical relationship between infrared spectral
similarity and color-matching precision, and further seeking more effective chemical analytical method to estimate the componen-

tial relationship between printing inks of target colors and color-matching test colors.

Keywords Computer color matching; Printing inks; Color differences; Spectra
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