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Reproduction and evaluation of mural color based on
spectral reconstruction technology

WANG Ke, WANG Huigin, YIN Ying, MAO Li, ZHANG Yi
(School of Information and Control Engineering, Xi’ an University of Architecture and Technology, Xi’” an 710055, China)

Abstract: Under given illumination and observation conditions, in order to reconstruct the spectral reflectance of the object
surface from the camera response signal to achieve high-precision color reproduction, multi-spectral imaging technology was used
to acquire multi-spectral image response of an object. The principal component analysis, matrix R and the new regularization
matrix R method were used to analyze the theoretical analysis of spectral reflectance reconstruction. The results of the research
were verified experimentally in the color reproduction of mural color blocks. The reconstructed spectral reflectance and color
reproduction data of mural color blocks were obtained. At the same time, the color reproduction results of mural color blocks
based on regularization matrix R method were evaluated. The results show that the regularization matrix R method is superior to
the principal component analysis and matrix R method in the spectral accuracy and reconstructed accuracy. Compared with the
principal component analysis and the matrix R method, the color difference is reduced by 0. 0732, the fitness coefficient is
increased by 1.10% , the root mean square error is reduced by 0.0035, and the spectral matching partial index is reduced by
0.0225. This method can meet the needs of high-precision color reproduction, which is suitable for digital archiving of cultural
relic artwork , restoration of cultural relics and other fields.
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Fig. 1 Flow chart of color reproduction based on spectra
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Fig.2 a—mural referential patches b—mural’ s multi-spectra images
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Fig.3 The reconstructed spectral reflectance of mural referential patches

Table 1 AE,RMSE,GFC,ISSD of mural referential patches by three reconstruction methods

method target 1 2 4 5 6 mean
AE 1.2415 0.9127 2.2456 1.8367 4.7675 1.5689 2.0955
RMR GFC/% 99.73 99.32 99.54 99.16 99.85 99.47
ISSD 0.1168 0.0102 0. 1605 0.1387 0.3101 0. 1609 0.1492
RMSE 0.0133 0.0122 0.0327 0.0204 0.0384 0.0127 0.0214
AE 1.3045 0.9218 2.3003 1.8836 4.9995 1.6024 2.1687
VIR GFC/% 99. 60 99.28 99.21 99.45 99.01 99.80 99.39
ISSD 0.1211 0.0154 0.1835 0.2019 0.3301 0.1783 0.1717
RMSE 0.0147 0.0166 0.0354 0.0245 0. 0401 0.0179 0.0249
AE 1.3357 0.9276 2.5976 1.9081 5.0874 1.6701 2.2544
PCA GFC/% 99.53 99.25 99.17 99.31 98.92 99.75 99.32
ISSD 0.1234 0.0178 0.2096 0.2297 0.3299 0.1721 0.1754
RMSE 0.0155 0.0188 0.0357 0.0249 0.0472 0.0187 0.0268
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Fig.4 CIE LAB colorimetric spatial distribution of mural referential patches

by three reconstruction methods
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Fig.5 The original and reproduced mural images rendered by different light

sources

a—the original mural rendered by D65 light source b—the original
mural rendered by A light source c—the reproduced mural ren-
dered by D65 light source ~ d—the reproduced mural rendered by A

light source
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Table 2 Test results of subjective evaluation

light source D65 light source

0.8927

A light source
0.8702

score

Table 3 Score description of subjective evaluation

score effect
0.9001 ~1.0000 perfect
0.8001 ~0.9000 very good
0.7001 ~0. 8000 good
0.6001 ~0.7000 general

0.5001 ~0.6000 poor
0. 1001 ~0.5000

Vvery poor
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