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Fig. 1 Flow chart of LabW2P codec
(a): LabW2P encoder; (b): LabW2P decoder
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Fig. 2 Composite RGB images of multispectral images
(a): Stuffed-toys, 512X 512; (b): Little-girl, 147 X87;
(¢): Fruit-flower, 120 X160
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Table 1 RMSE and AE,, performance comparison of stuffed-toys with various algorithms
St T4 R, AE B &M T A2 R CEY /KA ¥ 44/ % RMSE
D65 D50 A
PCA 5.17 0.546 6/5.091 4 0.721 6/4.673 7 0.897 1/4.521 0 0. 005 9/0.073 4
stuffed-toys LabPQR 5.17 0. 000 0/0.000 2 0.246 2/1.031 8 0.549 7/3.522 8 0.007 6/0.072 5
LabRGB 5.17 0. 000 0/0. 000 2 0.167 3/1.040 4 0.539 9/3.473 3 0. 009 0/0.054 2
LabW2P 5.17 0. 000 0/0.000 2 0.153 4/1.143 4 0.507 0/3.745 8 0.008 2/0.048 0
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Table 2 RMSE and AE,, performance comparison of little-girl with various algorithms

AT BB 2% 1R T (022 LU (P 3 /i R 22)

HRR e JE4R 5T JE 45 L D65 D50 A -1/ K RMSE
PCA 5.15 1.009 2/6.131 1 1.104 5/6.731 3 1. 550 7/8.705 0 0.012 4/0.054 7
little-girl LabPQR 5.16 0. 000 0/0.000 O 0.195 1/13.698 2 0.652 7/53.635 3 0.018 7/1.609 2
LabRGB 5.17 0. 000 0/0. 000 O 0.264 6/7.642 1 1.037 5/24.734 3 0.022 9/2.613 8
LabW2P 5.17 0. 000 0/0.000 0O 0.144 7/8.274 7 0.429 6/33.424 2 0.020 7/2.598 9
F3 SHIEKRELEE, FANBEHTEEENERAGRRERIEREILL
Table 3 RMSE and AE,, performance comparison of fruit-flower with various algorithms
Tk VR4 e AT a2 IR CEY /R RG22 4/ & RMSE
D65 D50 A
PCA 5.16 1.557 1/10. 385 6 1.514 8/10.125 3 1.217 5/7.428 9 0.006 4/0.034 7
fruitflower LabPQR 5.16 0. 000 0/0.000 0O 0.624 6/2.156 9 1.928 0/6.278 0 0.017 5/0.057 4
LabRGB 5.17 0. 000 0/0. 000 0O 0.170 2/0.920 8 0.579 5/3.449 1 0.009 0/0.061 3
LabW2P 5.17 0. 000 0/0. 000 O 0.143 1/0.742 7 0. 490 8/2.836 2 0.009 1/0.043 5
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Multispectral Image LabW2P Codec for Improvement of Both
Colorimetric and Spectral Accuracy

LIANG Wei* , HAO Wen, LI Xiu-xiu, WANG Ying-hui, YANG Xiu-hong

School of Computer Science and Engineering, Xi’an University of Technology, Xi’an 710048, China
Abstract In order to improve visible multispectral image (MSI) compression efficiency and further facilitate their storage and
transmission for the applications of generic fields, in which both high colorimetric and spectral accuracy are desired, a nonlinear
spectral reflectance model is proposed. Then based on this, LabW2P codec is presented, which has the advantages of moderate
complexity, good illuminant stability and support for consistent color reproduction across devices. First, according to spectral
characteristics of MSIs, a nonlinear spectral reflectance model is proposed for the decomposition and representation of spectral
data to different transformation spaces. In the model, spectra are expressed as linear component and difference spectra. The
linear component consists of six transformation basis and spectral projection coefficients. And the difference spectra are
non-linear represented components. The model provides the theoretical basis for the construction of the coding algorithm and the
improvement of spectral and chrominance reconstruction performance. Then, according to the characteristics of human visual
system, illumination conditions, and CIE standard chromaticity space transform function, the three-dimensional (3D) colorimet-
ric information Lab of spectral reflectance is extracted to ensure the colorimetric accuracy of the reconstructed image. Mean-
while, based on the nonlinear spectral model, visual-curve-like trigonometric function basis are used to obtain the first 2D projec-
tion coefficients of linear component as the latter 2D coding values that are W, and W, , which can be utilized to approximate R
and G channels, and also improve the colorimetric and spectral reconstruction accuracy. Combined with error compensation
mechanism, predicted difference spectral is generated. The Principal Component Analysis (PCA) method is used to extract the
first principal component P which compensates for the linear spectral reconstruction error and further improves the spectral accu-
racy. Finally. the extracted three components are combined to form LabW2P coding. LabW2P decoding scheme is the inverse of
the coding. First, according to Lab, W, and W, , combined with CIELAB to CIEXYZ conversion function, illumination condi-
tions, CIE standard observer color matching function, and trigonometric function basis, the reconstructed projection coefficients
on transform space are obtained by using least square regression, and then linear spectral data is rebuilt. Next, based on the val-

ue of P, inverse PCA is utilized to gain the reconstructed prediction difference data. Finally, two parts of reconstruction data are



1828 i 2% 5 61 43 Hr %39 %

combined to get the reconstructed MSI. Experimental results show that the average colorimetric precision of LabW2P algorithm
is 0. 207 6, which is increased by 81.54% . 55.48% and 32.29% respectively in comparison with that of the classical PCA,
LabPQR and LabRGB methods. The maximum average color difference is 0. 507 0, and in addition, it is between 0 and 0.5,
reaching the color reconstructed level of being visually neglected. Meanwhile, the average spectral precision is 0. 012 7, which is
slightly weaker than that of PCA, but 13.01% and 6. 62% higher than that of LabPQR and LabRGB respectively. The results
indicate that LabW2P has obvious advantages of both colorimetric and spectral reconstruction performance. Besides, our coding
values can be used directly for object color estimation. And compared with PCA and LabPQR, LabW2P transmits less side infor-

mation and has higher compression ratio.

Keywords Visible spectrum; Multispectral image codec; Color reproduction; Non-linear spectral model; Prediction
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