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Table 1  Accuracy comparison of reflectance reconstruction of SG140 color card

Proposed method PCA Weighted pseudo inverse
No- RMSE GFC ISSD RMSE GFC ISSD RMSE GFC ISSD
1 0.01299 0. 99987 0.03862 0.11041 0.97804 0.28773 0.03268 0.99881 0.09058
2 0. 05505 0.99367 0.00710 0.07794 0.99328 0.10803 0. 05221 0.99758 0.07285
3 0. 02384 0.99993 0. 02486 0.03802 0.99924 0. 02010 0.01354 0.99991 0.00751
4 0. 00961 0.99943 0.01829 0. 03204 0.992534 0.01510 0. 02559 0. 99550 0. 02600
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Fig. 4 Reconstructed reflectance of SG140 color card. (a) Path #16; (b) path £#51; (¢) path #61; (d) path #123
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Fig. 5

RMSE histograms of reconstructed reflectance of SG140 color cards before and after the introduction of R.. (a) RMSE

histogram before adding R,; (b) RMSE histogram after adding R,
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Fig. 6 Paper dyed with different pigments. (a) Titanium dioxide; (b) ochre; (c) cyanine; (d) stone green
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Fig. 7 Reconstructed reflectance results of dyed paper. (a) Titanium dioxide; (b) ochre; (¢) cyanine; (d) stone green
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Table 2 Accuracy comparison of reflectance reconstruction of dyed paper
N Proposed method PCA Weighted pseudo inverse
0.
RMSE GFC ISSD RMSE GFC ISSD RMSE GFC ISSD
0.05747 0.99911 0. 05452 0. 08432 0. 99690 0. 06624 0. 05404 0.99827 0. 02686
Il 0.02165 0.99677 0. 05604 0.03253 0.99413 0.12449 0. 03559 0.99014 0. 08449
0.03279 0.98741 0.02815 0.03636 0. 99036 0.15416 0. 03065 0.99324 0.13417
v 0.04312 0.99466 0.13414 0.07674 0.99758 0.26927 0.06321 0. 99829 0.22072
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Fig. 8 Oil painting used in the experiment
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Fig.9 Reconstructed reflectance of certain points on the surface of the oil painting. (a) Reflectance of point A on the surface of the oil

painting; (b) reflectance of point B on the surface of the oil painting; (c) reflectance of point C on the surface of the oil painting;

(d) reflectance of point D on the surface of oil painting
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Table 3 Accuracy comparison of reflectance reconstruction of oil painting surface

) Proposed method PCA Weighted pseudo inverse
Fomt RMSE GFC ISSD RMSE GFC ISSD RMSE GFC ISSD
A 0.00941 0.99819 0.01159 0.01955 0.99679 0.12635 0.01099 0.99843 0. 03531
B 0. 03801 0.99029 0. 03888 0. 12056 0.96333 0.20296 0.09712 0.95924 0.02711
C 0. 03350 0.99863 0. 02260 0.06742 0.99669 0. 06320 0.07236 0.99701 0. 08552
D 0.01967 0. 99660 0.01655 0. 03695 0. 99206 0.12976 0.01519 0. 99804 0. 03345
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Fig. 11 Comparison of color reconstruction effect. (a) Color reconstructed by standard reflectance; (b) color reconstructed by proposed
method; (c) color reconstructed by PCA method; (d) color reconstructed by weighted pseudo inverse method
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Table 4 Color difference values of CIEDE2000 using three methods
Method Path #16 Path #51 Path #61 Path #123
Proposed 0.9954 4.0280 1. 2679 1. 2605
PCA 5.3812 6.1978 6.6691 5. 3960
Weighted pseudo inverse 2.0916 2.8403 2.3527 4.1635
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Zhou Z M. Application of weighted principal component analysis
Broadband Spectral Reflectance Reconstruction Based on Improved
Principal Component Analysis
Zhao Hai, Li Hongning , Chen Hao, Gao Yaru, Yang Xin
School of Physics and Electronic Information, Yunnan Normal University, Kunming 650500, Yunnan, China
Abstract
Objective  Spectral imaging technology, capable of integrating images and spectra, is widely used and has developed

rapidly in the fields of color imaging, cultural heritage, artwork research, etc. Traditional color replication technology
uses related equipment for direct replication through RGB values, which is affected by the isochromatic spectrum and
results in inaccurate color replication. For more accurate color reproduction, spectral reflectance can be used as a medium
for color information transmission to ensure that the reproduced color is the same as the actual color. Spectral reflectance
reconstruction is an important research topic in optics. Its purpose is to reconstruct the spectral reflectance of an object
through the equipment-related RGB values obtained by various imaging equipment, which is independent of equipment and
illumination. Some traditional reflectance reconstruction methods, such as the principal component analysis and the
pseudo-inverse method, are still insufficient in accuracy. There are also some improved methods based on them. For
instance, the reflectance reconstruction method using a single lighting image combined with the weighted pseudo-inverse
method can reduce the collected lighting images, but the matching information between colors is less. Therefore, the
requirements for experimental conditions become higher, and there may be a homochromatic phenomenon affecting the
reconstruction accuracy. To reduce the complexity and cost of spectral reflectance reconstruction equipment and achieve
more accurate reflectance reconstruction on the wideband spectra, this study improves the principal component analysis and

reconstructs spectral reflectance by combining the weighting coefficient and error correction function.

Methods In this paper, a wideband multispectral imaging method is adopted. The red, green, and blue light of a
projector is used as the light source to illuminate the surface of an object, and the spectral images are sampled by a color
digital camera. According to the Euclidean distance relation, the experimental samples are sorted, and the 31 samples
most relevant to the test samples are selected as the locally optimal training samples. The weight factor is added on the
basis of the principal component analysis, and an error correction item 1s introduced according to the pseudo-inverse
method to correct the reflectance reconstructed by the weighted principal component analysis. The corrected reflectance is

used as the final output. The improved method is used to reconstruct the reflectance of SG140 color cards, dyed paper,
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and oil painting surfaces to verify the accuracy.

Results and Discussions The improved method, principal component analysis, and weighted pseudo-inverse method are
employed to reconstruct the reflectance separately. The results show that the experimental method has improved the
accuracy of the reflectance reconstruction to different degrees after comparison. According to the reflectance of the
reconstructed four pieces of dyed paper (Fig. 7), three kinds of data representing the reconstruction accuracy (Table 2),
and the reflectance of some points on the reconstructed oil painting surfaces (Fig. 9) and its accuracy data (Table 3), the
reflectance reconstruction accuracy of the painting and oil painting surfaces can also meet the expected requirements.
According to the root-mean-square error data on the reflectance of the reconstructed SG140 color cards (Fig. 10), the root-
mean-square error of the method in this paper is 2. 4995, and that of the principal component analysis is 4. 5812, while that
of the weighted pseudo-inverse method is 3.4851. The proposed method significantly improves the reflectance

reconstruction accuracy upon the improvement in the principal component analysis.

Conclusions In the experimental analysis, three indexes (root-mean-square error, fitting coefficient, and spectral
matching skewness index) are used to characterize the reflectance reconstruction accuracy and measure the reconstruction
effect. The comparison with the principal component analysis and weighted pseudo-inverse method shows that the spectral
reflectance reconstruction accuracy of the method in this experiment increases by about 45% on the basis of the principal
component analysis. The color difference of SG140 color cards reconstructed by the three methods is further calculated,
and the average value of the color difference is also smaller than that of the method proposed in this paper. The Euclidean
distance between the training sample and the test sample is used to select the locally optimal training sample. When the
number of samples is large, the amount of computation will be increased, which is not suitable for the situation requiring

rapid reflectivity reconstruction.

Key words spectroscopy; spectral reflectance reconstruction; principal component analysis; weighting coefficient; error

correction
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