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Residual Compensation of Weighted Spectral Dimension Reduction Model
Based on LMS

YU Hai-qi, LIU Zhen, TIAN Quan—hui, WU Guang—yuan
(University of Shanghai for Science and Technology, Shanghai 200093, China)

ABSTRACT: On the basis of the principal component analysis algorithm, a residual compensation of weighted spectral
dimension reduction model based on LMS was proposed in this paper. The basic framework for using the LMS weight
function for weighting the original spectra and using the residual spectra for model compensation was introduced. The
Munsell color cards were chosen as the training samples, while the SG color cards and multi—spectra images were chosen as
the test samples. The RCwPCA proposed in this paper was compared with PCA in compressing and reconstructing the
training and test samples. Experimental results showed that reconstruction by RCwPCA could reach higher chromaticity
accuracy under different dimensions. This algorithm effectively improved the chromaticity accuracy of PCA and kept higher

chromaticity stability under the condition of variable light sources. The RCwWPCA dimension reduction model which used
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LMS weighting and residual spectra compensation was a spectral dimension reduction model with high precision.

KEY WORDS: weighted PCA ; residual compensation; LMS cone response; spectral dimension reduction
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Fig.2 Multi-spectra image and SG color card
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Fig.3 Comparison of chromaticity accuracy of munsell color cards
reconstructed by RCwPCA and PCA under different CIE
standard light sources and using different amounts of princi—

ple components
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Tab.1 Comparison of spectral accuracy of munsell color cards
reconstructed by RCwPCA and PCA using different

amounts of principle components

V- RMSE K RMSE

PCA wPCA PCA wPCA
4 0.0137 0.0146 0.0752 0.0740
5 0.0101 0.0103 0.0554 0.0562
6 0.0083 0.0082 0.0376 0.0438
7 0.0057 0.0057 0.0302 0.0308
8 0.0044 0.0045 0.0302 0.0308
9 0.0033 0.0033 0.0147 0.0149

R AL, $2 = N IR UGS B ek S5 IR 6 1E v &
JE  FEPR R OISR B MR T A Aot T A
FERGBE , S —FIoRG BE 5 5 1 e R AR TR

W YNGR A T SG (R A2 638 G 0 46 i
K B2 55 T8 B ) LA W3R 2—3, i 3R 2—3 W 41, A
FEAR I, RCwPCA S I 60 ORS00 5 , P i
R B AR AT, 38 3z G 0 R A G €6 B RO 3 RS 1 A
RCwPCA BvE B A B iz Ak e

RCwPCA H1 PCA 2 Fl 38 10 25 2 Y63 [ o 8 4
b, AR GRS T B2 M e L 6. FIE 6 T,
4 F12 G AN , R RCwPCA 8055 [ 4E 1) 2 s 46 T A



£36% £33

TR —FhIE T LMS ALY SR 22 A ML 1 e R AR5 101

x x
2 100 ——pcA-=—RCwPCA = 100f ——PpCA—=—RCwPCA
B B sop TR
£ g @
4 A C D50D65 F12 4 40°A Cc D50D6S FI2
) a A1 EHS b S
S 100 S 100 o-—o-—a—\
R R

60 60
¥ —= RCWPCA £ —a—RCwPCA
% 407A"C D50 D65 F12 % 407AC D50 D65 F12
. o 6 ERS . d TG
2 100 2 100
& & .
= 80 = 80
p ——PCA p ——PCA

60, 60
% s = RCwPCA % 4o S RCwECA
2 A C D50 D65 F12 2 A C D50D65 FI2

e 8 EMAr £ ONEMS

K4 RCwPCA 5 PCATETEARIFREGIRN il A R R A 3=
J5 FAE musell (4 FAL AUREAS 87 EEL

Fig.4 Comparison of samples of munsell color cards reconstructed
by RCwPCA and PCA under different CIE standard lighting

sources and using different amounts of principle components
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Tab.2 Comparison of chromaticity accuracy of test samples re-
constructed by RCwPCA and PCA under different CIE
standard lighting sources and using different amounts

of principle components

Mean AE
e 4R SGERk ZOLEKE scik ZLERIA
PCA RCwPCA PCA RCwPCA
4 2.544 0.983 3.455 1.549
5 0.441 0.414 1.955 1.336
A 6 0.390 0.449 1.497 1.219
7 0.262 0.319 0.421 0.434
8 0.156 0.138 0.286 0.149
9 0.168 0.081 0.215 0.086
4 2.311 1.847 3.271 2.117
5 0.610 0.325 2.069 1.335
C 6 0.368 0.384 1.504 0.929
7 0.284 0.257 0.391 0.354
8 0.289 0.116 0.444 0.156
9 0.223 0.082 0.321 0.102
4 2.540 1.343 3.518 1.754
5 0.502 0.400 2.097 1.409
D50 6 0.392 0.474 1.585 1.081
7 0.265 0.339 0.425 0.506
8 0.215 0.135 0.379 0.163
9 0.200 0.072 0.288 0.090
4 2.382 1.772 3.363 2.045
5 0.540 0.367 2.092 1.375
D65 6 0.375 0.446 1.571 1.014
7 0.260 0.314 0.391 0.450
8 0.244 0.137 0.408 0.177
9 0.211 0.075 0.309 0.103
4 3.719 2.722 4.304 2.934
5 0.802 0913 2.299 1.858
2. 6 0.702 0.797 2.128 1.904
7 0.587 0.665 0.975 0.904
8 0.657 0.724 0.926 0.884
9 0.658 0.565 0.728 0.600
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Tab.3 Comparison of spectral accuracy of test samples recon-

4]

structed by RCwPCA and PCA using different amounts [5]

of principle components

- SGF EA i ALILEA
: PCA RCwPCA PCA RCwPCA 6l
4 0.0190 0.0252 0.0220 0.0231
5 0.0110 0.0110 0.0176 0.0179
6 0.0102 0.0102 0.0146 0.0137
7 0.0099 0.0099 0.0086 0.0087 7]
8 0.0089 0.0089 0.0072 0.0072
9 0.0072 0.0073 0.0055 0.0055
1.0 038
g ——PUA 0l PeA
i 0.6 -=-RCwPCA i -=RCwPCA
& o4 @04 [8]
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Fig.6 Comparison of color difference of test samples reconstructed
by RCwPCA and PCA under different CIE standard lighting

sources
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