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Abstract Aiming at the defect of traditional spectral dimension reduction method, a new method based on the
matrix R theory is presented. The matrix R is the revision of the matrix R theory defined by Cohen. Object spectral
reflectance can be decomposed into the fundamental spectrum and the metameric black spectrum, and then linear
dimension reduction is carried respectively. Three basis functions of the fundamental spectrum whose percent
variance reach 100% are the orthogonal result of the color-matching functions multiplied with illuminant. The basis
functions of the metameric black are derived by principal component analysis. Results of experiment show that the
proposed model improves spectral and colorimetric accuracy of reconstructed spectra and satisfies the requirement of
spectral color reproduction.
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Fig. 1 An example of a set of metameric blacks
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Table 1 Accumulated percent variance comparison of different numbers of basis functions which reconstruct the fundamental spectrum

Dimension Number of

reduction illuminant Spectrum basis functions Variance  Percent variance /% Accir:;ilii[ceed /pﬂzrcent
Munsell samples 1 0. 6869 77.92 77.92
2 0.1414 16. 04 93.97
3 0.0532 6.03 100. 00
A Fig. 2 1 0.1179 56.61 56.61
2 0.0651 31.23 87. 84
3 0.0253 12. 16 100. 00
Munsell samples 1 0.6613 77.79 77.79
2 0.1368 16. 10 93. 88
3 0. 0520 6.12 100. 00
¢ Fig. 2 1 0.1148 61. 24 61. 24
2 0.0558 29.79 91. 04
3 0.0168 8. 96 100. 00
Munsell samples 1 0.6728 78.04 78.04
2 0.1373 15.92 93.96
D50 3 0.0521 6. 04 100. 00
Fig. 2 1 0.1158 60. 40 60. 40
2 0.0575 30.01 90. 41
3 0.0184 9.59 100. 00
Munsell samples 1 0. 3487 78. 47 78. 47
2 0.0745 16.76 95. 23
P11 3 0.0212 4.77 100. 00
Fig. 2 1 0.0724 68.69 68. 69
2 0. 0259 24.54 93.23
3 0.0071 6.77 100. 00
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Table 2 Accumulated percent variance comparison of different numbers of basis functions which reconstruct the

metameric black spectrum

Dimension Number of

Accumulated percent

Spectrum Variance  Percent variance /%
reduction illuminant basis functions variance /%
Munsell samples 1 0.2653 85.13 85.13
2 0.0314 10. 07 95. 20
3 0.0118 3.80 99. 00
A Fig. 2 1 0. 1590 89.49 89.49
2 0.0147 8.27 97.76
3 0.0021 1.18 98. 94
Munsell samples 1 0.3022 88. 11 88. 11
2 0.0311 9.06 97.17
. 3 0. 0065 1. 90 99. 07
¢ Fig. 2 1 0.1764 88. 84 88. 84
2 0.0183 9.21 98. 05
3 0. 0020 1.02 99. 07
Munsell samples 1 0.2891 87. 35 87. 35
2 0.0308 9. 30 96. 65
D50 3 0.0078 2.34 98.99
Fig. 2 1 0.1734 89. 26 89. 26
2 0.0167 8. 60 97. 86
3 0.0023 1.19 99. 05
Munsell samples 1 0.5912 78. 96 78.96
2 0.1086 14.51 93. 47
11 3 0.0356 4.76 98. 23
Fig. 2 1 0.1994 71.06 71.06
2 0.0592 21. 11 92.17
3 0.0197 7.02 99. 20
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Table 3 Comparison of CIELAB AE}, between PCA and matrix R method

CIELAB AE} under different illuminant (mean/min/max) (2° field of view)

Spectrum Methods -
A C D50 Fl11
Munsell samples PCA 0.77/0.01/2.78 0.94/0.02/2. 80 0.88/0.01/2.65 1.23/0.06/14. 47
Matriz R (A) 0/0/0 0.27/0.01/2.50 0.20/0.00/2. 84 1.09/0.02/17.78

Matrix R (C)
Matrix R (D50)
Matrix R (F11)
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1.79/0.07/17.78

0.13/0.00/1. 24
0/0/0
1.76/0.09/20. 22

1.07/0.02/11. 89
1.01/0.03/11. 30
0/0/0

Fig. 2
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Matrix R (C)

Matrix R (D50)
Matrix R (F11)
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Table 4 Comparison of sSRMS between PCA and matrix R method

Spectrum Methods SRMS
Mean Min Max
Munsell samples PCA 0.0102 0.0019 0.0308
Matrix R (A) 0.0101 0.0020 0. 0506
Matrix R (C) 0. 0099 0.0018 0. 0557
Matrix R (D50) 0.0101 0.0019 0.0552
Matrix R (F11) 0.0181 0.0026 0.0926
Fig. 2 PCA 0.0110 0. 0058 0. 0495
Matrix R (A) 0.0179 0.0084 0.0748
Matrix R (C) 0.0179 0. 0090 0.0795
Matrix R (D50) 0.0180 0.0091 0. 0790
Matrix R (F11) 0.0170 0.0077 0.0851
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Fig. 3 Comparison of spectral curves between original and reconstructed ones by PCA and matrix R methods.

(a) Typical spectrum sample 1; (b) typical spectrum sample 2
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