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Table 1 The ratio of concentrations of the
pigments mixing
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Fig. 1 The reflection spectrum of three mineral pigments
mixing in different concentrations
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Fig.2 The K and S values of three pigments calculated by
dual constant Kubelka-Munk theory
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Fig.3 The mixed pigment spectral reflectance with
different mixing mass fraction

B3 < A 4% 4 9 38 ok Saunderson 18

IEREDEIE SR Ry 7 MR )R R
TSN A Riys X0 D9 XU BOHE ) 1R s S S

ZH Reyo

AT AT, AE T 3 FR A BRI SRS
ST N T AR B BUR A K-M BB TR
HHRHEL RS, iR Ry S R, R 5
R Z AR EZE A AR, IR PR B S 7R IR &
BRI 8 7 T PR B, T 625K A CIE 2000 425
A, FARTHEEE R 2,

2 R.HR. R, 5RHCIE2000 EBE{E
Table 2 The CIE 2000 color differences values among
R.,and R, R'.,, and R

W) w48 wOK A A) Ra R R, 5 R
0.4:0.4:0.2 27175 57154
0.4:0.2:0.4 1.9836 4.428 1
0.2:0.6:0.2 2.9292 4.696 6
0.6:0.2:0.2 0.954 8 41252

OIMTEE 2 BERTAL, Ry 5 RAE 4 P BT
25 (H /N R 0.954 8, Hkoh 2.929 2, Hifthfa 2
HARAAE 3 LLF, EANIRAT 2GRN 1M R, 5 R
TE 4 P 80T e 2R K, #AE 4 UL,
/R 41252, e RN S57154, w0, SZFR N A
o, WRA R RO 6, S U 6 D 25 5K Y )
i, Hamid i, 8 R, 5 R B9 RMS(root mean
square) {H} 0.024 8, R, 5 R ) RMS {E} 0.017 3,
THRRIET 0.02, B TAEERIN, ULHEREEOR
WHDBUE BRI )5 16T 5 B R (E R 2
T, BEEHOR AR, DR B

4 g

WA R R RMS {E AT LIE Y,
B R B B 65 19 T B (B B HORE
A, Bk, RV PRI N HET )
R € B A RRAS 2 AR (1 25 5

M CIE 2000 22 {E ] LA H, FIFACE % K-M
PSR R 3 FEURHTR A G, 7E 4 Pl o)
BOR A0 25 B0 L PR B K-M BE EC (&5 81/, H
R RSB EOR . 2R EBVN, RUIEHE
L P SR I, X T SO A B e RN P B
REE, BT, BUREK-M BHE R E % K-M
FSFEBURHE A TR 07 A 3, Fleam
SEIE R AR, MR LE, U K-M EE T
EHTIRA T BRI

S

(11 Wz, &R0, bR aEm B r it S B R
[1]. BREATEFIR, 2003, 15(3): 310-314.
PAN Yunhe, LU Dongming. Digital Protection and
Restoration of Dunhuang Mural[J]. Journal of System
Simulation, 2003, 15(3): 310-314.

[2] ZHAO Yonghui, BERNSR S, TAPLINL A, etal. An

-32 -



[" TJIIE, =
Kube |ka-Munk it B H1E R F MERIE & h sk A

Investigation of Multispectral Imaging for the Mapping Matching Algorithms for Spot-Color Ink Based on New
of Pigments in Paintings[J]. Proceedings of SPIE: The Two-Constant Kubelka-Munk Theory[J]. Packaging
International Society for Optical Engineering, 2008, Engineering, 2010, 31(13): 104-107.

6810 : 681007. (8] EIWI, XI5 . H TR A7 B 0 B iR

31 FOLAk, w08, EiEM . ST U A Kubelka-Munk B BRI 23 5Tk 0], i 5otk i, 2015,
HE 1 14 B9 S8 B @ 07 ik 0] % TR, 2006, 35(6): 1682-1689.

27(6): 12-14. WANG Gongming, LIU Zhiyong. A Composition
LUO Guanglin, GAO Hu, WANG Haimei. Method of Analysis Method of Mixed Pigments Based on Spectrum
Ink Color Matching Used in Gravure Printing Based on Expression and Independent Component Analysis[J].
Kubelka-Munk Theory and Two Constants[J]. Packaging Spectroscopy and Spectral Analysis, 2015, 35(6):
Engineering, 2006, 27(6): 12-14. 1682-1689.

[4] KUBELKA P. New Contributions to the Optics of [97 BERNS R S, MOHAMMADI M. Evaluating Single-
Intensely Light-Scattering Materials, Part II: Non- and Two-Constant Kubelka-Munk Turbid Media
Homogeneous[J]. Journal of the Optical Society of Theory for Instrumental-Based Inpainting[J]. Studies in
America, 1954, 44(4): 330-335. Conservation, 2007, 52(4): 299-314.

[5] KUBELKA P. New Contributions to the Optics of [10] LATOUR G, ELIAS M, FRIGERIO J M. Determination
Intensely Light-Scattering Materials[J]. Journal of the of the Absorption and Scattering Coefficients of Pigments:
Optical Society of America, 1948, 38(5): 448-457. Application to the Identification of the Components of

[6] SHEN lJing, LI Ya, HE Jihuan. On the Kubelka-Munk Pigment Mixtures[J]. Applied Spectroscopy, 2009,
Absorption Coefficient[J]. Dyes and Pigments, 2016, 63(6) : 604-610.

127. 187-188. [11] CENTORE P. Perceptual Reflectance Weighting for

[7] FZE, BEIET. HWE % Kubelka-Munk HHE % (3 Estimating Kubelka-Munk Coefficients]EB/OL]. [2016-
AL OEEWEST [7]. 2 TR, 2010, 31(13): 104- 06—28]. http://www.munsellcolourscienceforpainters.
107. com/ColourSciencePapers/PerceptualReflectance Weighti
YU Mengmeng, TANG Zhengning. Research on Color ngFor KubelkaMunk.pdf.

Kubelka-Munk Theory and Its Application in Color Matching of
Mixed Mineral Pigments

LEI Jiangsheng, BU Yajing
( School of Printing and Packaging, Wuhan University, Wuhan 430079, China )

Abstract: Azurite, malachite green, and crystal were selected to get mixed with different ratios so as to measure
the spectrum reflectance of the mixtures. The absorption coefficient K and scattering coefficient S value of three kinds
of pigments were calculated individually based on double constant K—M theory. Then through computer color matching,
the theoretical values of the color reflectance of mixed pigments were obtained owing to the additive property of the
absorption coefficient and scattering coefficient. Compared with the former values of spectral reflectance from direct
measurement, the color difference and RMS calculation could be worked out. At the same time, single K-M constant
theory after pigment matching was conducted by means of computer color matching assisted by k/s values of the pure
pigment so as to calculate the corresponding spectral reflectance values. By comparing the spectral reflectance of
single color K-M theory and that from actual measurement, the color difference and RMS were calculated. At last,
evaluation of the results of single and dual constant K—M theory of color matching was carried out, in which a relatively
satisfactory result was obtained when dual constant K-M theory was used in the case of mixing three kinds of pigments.

Keywords: computer color matching; spectral reflectance; color difference
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