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Spectroscopy and Spectral Analysis
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The distribution of two data sets in color space from the spectral dataset for training the spectral dictionary

(a): Munsell; (b): Pantone+ Munsell
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Table 2 RMSE results of the reconstructed spectral images from their RGB images under different illuminants
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Fig. 3 RGB images under different illuminats and residual error map between their reconstructed spectral images and their original
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captured spectral images, the training dataset of the reconstructed spectral images is Munsell
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Research on Spectral Image Reconstruction Based on Nonlinear Spectral
Dictionary Learning From Single RGB Image

ZUQO Chu', XIE De-hong®* , WAN Xiao-xia®

1. School of Light Industry and Food, Nanjing Forestry University, Nanjing 210037, China

2. College of Information Science and Technology. Nanjing Forestry University, Nanjing 210037, China

3. Hubei Province Engineering Technical Center for Digitization and Virtual Roprodcuction of Color Information of Culture Rel-
ics, Wuhan University, Wuhan 430079, China

Abstract A nonlinear reconstruction method based on nonlinear spectral dictionary learning was proposed to solve the ill-posed
problem of spectral image reconstruction from a single RGB image. In order to adapt to the linear and nonlinear data, the method
firstly improves the nonlinear principal component analysis algorithm based on a modified self-association neural network model.
It uses to learn the low-dimensional spectral dictionary from the training spectrum set, which is used in the inverse equation of
spectral reconstruction to alleviate the ill condition. In addition, based on the spectral dictionary, the damped Gaussian Newton
method combined with the truncated singular value decomposition regularization method is used further to alleviate the ill-posed
problem of the nonlinear inversion, and the spectral image can be reconstructed from a single RGB image. In the experiment,
two different spectral training sets, Munsell and Munsell + Pantone, were used to learn the spectral dictionary. Meanwhile,
CAVE and UEA spectral image libraries were used for the spectral reconstruction tests. Compared with the existing methods, it
is found that the average root means square error of CAVE and UEA spectral images reconstructed by this method under

different spectral training sets were the lowest, which were 0. 212 4, 0. 255 4, 0.229 4 and 0. 294 9 respectively. The standard
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deviations of root mean square error was close to the effect of the best method, which was 0. 068 5, 0. 084 7, 0. 066 8 and 0. 087
0 respectively. The results show that the method for reconstructing the spectral image from a single RGB image has advantages
in accuracy and stability.

Keywords Spectral reconstruction; RGB image; Nonlinear; Spectral dictionary; Learning
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