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5 nm, 400 nm 700 nm 1250
s 1
10 k=1,2, .., 10 R
2
1 dier(k), and en(k) 10
Thefirst 10 coefficients of the d, er(k), and en(k)
k 1 2 3 4 5 6 7 8 9 10
d, 114.74 24.615 14. 641 6.1478  4.5733 3.2472 1.8394 1.4497  0.9582 0.8000
er(k) 0.2526 0.1440 0.0741 0.0530 0.0363 0.0238 0.0181 0.0134 0.0106 0.0082
en(k) 0.7474 0.8560 0.9259 0.9470 0.9637 0.9762 0.9819 0.9866 0.9894 0.9918
1 , 3 93%
, 10 1250 1%.
[43 2
2 2 2
=< r,us = Tu™, k=1, .y (11)
< X,y> X y
, 1 r( ), 3 3
) 6 ( ) 10 ( )
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0.80 — - N
0.75 1 The measured reflectance 4
2 Generated using three J
0.70 basis vectors
3 Generated using six 4 3
065 basis vectors / 1
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0.60 basis vectors .
i
= (.55
] 0.50
0.45
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The measured reflectance function ( bold solid curve) and the approximated reflectance functions generated

using the three (dotted curve), six (dashdot curve), and ten ( dashed curve) basis vectors

10 ,
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2 1 10
T he first 10 optimum coefficients of the thick solid reflectance function in Figure (1)
k 1 2 3 4 5 6 7 8 9 10
Ch - 3.8517 0.5081 - 0.1832 0.3799 - 0.0325 0.1068 - 0.0718 - 0.0193 - 0.0435 0.0190
1.2
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, 3 1250
3 , 7 ,
(0, 1).
3 1250  Munsell

Number of the reflectance functions violated the boundary conditions when the generalsed

inverse method was used to reconstruct the 1250 M unsell reflectances

k 3 4 5 6 7 8 9 10
No. 38 147 1250 1244 1250 1250 1250 1250
, 1
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Thick solid curve is the measured reflectance function, dotted, dashdot, and dashed curves are reflectance

functions generated by generalked inverse method using three, six, and ten basis vectors respectively

4
Combination coefficients found by using generlised inverse method
k 1 2 3 4 5 6 7 8 9 10
a - 3.9162 0.6761 - 0.1957
¢, —2.7102-0.0920 0.7834 0.2300 - 1.5117 0.3042
¢ - 2.6560 — 0.0572 0.8275 0.2398 - 1.4569 0.3010 0.2557 - 0.2978 0.1807 - 0.0348
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5 Wiener 1250  Munsell
Number of the reflectance functions violated the boundary conditions when the Wiener method

was used to reconstruct the 1250 M unsell reflectances

k 3 4 5 6 7 8 9 10
No. 38 38 32 32 33 33 33 33
, 1 2 Wiener
3 , 3 3 6 10
s 3
0.80 — — . : -

1 The measured reflectance ]
2 Generated using three
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L
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0.55

HER AT
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035
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Thick solid curve is the measured reflectance function, dotted, dashdot, and dashed curves are

reflectance functions generated by Wiener method using three, six,and ten basis vectors respectively

3 , 6 10 ,

Wiener R 6

6 Wiener

Combination coefficients found by using Wiener method

k 1 2 3 4 5 6 7 8 9 10
Ck -3.9162 0.6761 - 0.1957
Cr - 3.8959 0.6602 - 0.1803 0.0125 - 0.0242 0.0065

Cp - 3.8958 0.6602 - 0.1802 0.0125 - 0.0242 0.0065 0.0005 - 0.0001 0.0002 - 0.0000
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7 k=3,4,5,6 4 , 3
, (Ave) (M ax)
(Med) 3
7 1250 (k= 3,4,5,6)
Spectral accuracy for each method with k= 3,4,5,6, tested using 1250 reflectance functions
k W iener
Ave Max Med Ave M ax Med Ave M ax Med
3 0.0313 0. 1583 0. 0270 0.0313 0. 1583 0. 0270 - - -
4 0. 0427 0. 1970 0.0323 0.0312 0. 1597 0. 0273 0.0312 0. 1431 0.0273
5 0. 1878 0. 4808 0. 1685 0. 0306 0. 1675 0. 0262 0. 0304 0. 1400 0. 0261
6 0. 1896 0.4822 0. 1700 0. 0305 0. 1683 0. 0262 0. 0304 0. 1488 0. 0261
7 , 3 ,
k>5 . Wiener
, k>S5 ,
k> 5 ,
(16), Wiener
8 k=5
, (Ave) ( Max) (Med) 3
8 5 1250
Colorimetric accuracy of the new method with , tesed using 1250 reflectance functions
Ave Max Med
D65 0.00 0.00 0. 00
A 1.43 9.92 0.98
F11 1.84 11.00 1.20
F2 1. 06 6.99 0.71
7 0.30 2.03 0.24
D50 0.45 2.82 0.31
8 , 1250 , A
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F11 , , 1.8 CIELab ,
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Improvement in the Estimation of Reflectance Functions
Generated using the Basis Vectors

WANG Ge'-?, LI Chang-jun®, ZHU Yur long', M Ronnier Luo’
(1. Shenyang Institute  Automation, Chinese Academy of Sciences, Shenyang 100016,
Liaoning P. R. China; 2. Graduate School ¢ the Chinese A cademy ¢ Sciences, Betjing 10039 ;
3. Department of Colour Chemistry, University of Leeds, Leeds L2 9JT, UK)

Abstract: Various techniques based upon basis vectors have been developed to generate reflectance
functions from a given set of tristimulus values or an mput devices’ RGB responses. At first two
widely used methods, the Generalised Inverse and the Wiener, were introduced. A drawbadk of
these methods was addressed, which is that the generated reflectance functions are sometimes out of
the range between 0 and 1. A new method was developed to overcome this problem. This method
was tested together with the other two methods. The new method not only gave more accurate pre-
didions to the test data but also satisfied the boundary conditions. Furthermore, it was found that

using more than 5 basis vectors does not perform better than those using 5 basis vectors.

Key words: reflectance function; tristimulus values; singular value decomposition; basis vectors;

Generalised Inverse method; W iener method
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