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ABSTRACT

Generally, the instrument of color measurement can be divided into spectrophotometer and color
meter. The former instrument use prism or grating to separate the light, it can achieve high
accuracy but a higher price. The latter instrument use color filter, however there is no spectrum
information with it. This article establishes a color measuring system and uses eigen-spectrum
method in double light sources to calibrate the spectrum. The measuring system includes
tri-stimulus sensors which were made by color filter. The tungsten lamp and Xenon lamp are used
to be light source. The advantage of this measuring system is the higher accuracy and the lower
cost. The eigen-spectrum method can calibrate the spectrum in less eigenvector. This method used
singular value deposition to obtain basis function of spectrum set, which can be obtained by
measuring. Because the range of the spectrum set was 380nm to 780nm, the eigenvector per
nanometer from 380nm to 780nm can be obtained. In general, the color spectrum can be obtained
with less eigenvector. The color difference in L*a*b* color space from 31.2398 down to 2.48841,
and reconstructs the spectrum information.
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1. INTRODUCTION

The color is a science, how to make good use of the color character, how to correctly judgment color
and define becomes the most important issue. This paper will introduce how to distinguish the color
and the method of color measurement. Speaking of the human, the vision brings the impression, far
compared to the sense of hearing and the sense of taste. The product purchase desire also will rely on
the feeling of color and distinguish food cleanly the quality or not. But solely will rely on the subjective
impression easy to create the mistake and the error. The external environment light source will be
different, the angle, the position not same level will have the possibility to create the differences. If the
color can be qualified and quantified, then may reduce the subjective consciousness, and avoids having
the identical object color actually to have the infinite many kinds of possible adjectives. Furthermore,
the color measuring instrument also by the widespread application in the display industry [1-3], the
display industry raise in recent years a wave revolution unrest, however this unrest also caused between
the country and the country executes the test of strength mutual competition respectively. However
how to construct a set to conform to color of appraisal standard for all display actually not to achieve
the comprehensive mutual recognition, and used to appraise this standard essential to admire a set of
accurate color gauging system as well as the gauging standard. The color measuring instrument may
also the suitable application situation in the appraisal environment light, spread out the color, promotes
effect of the photo source, and lifting efficiency. However says by the present environment, color
measuring instrument's use underused, its reason because often the price has not been able to cause the
populace to accept causes, therefore how by a low end installment cell design set of standard color
gauging system, and enables it to obtain the universal application, promotes its value added that for this
reason research main purpose[4-7].

Imaging Spectrometry XV, edited by Sylvia S. Shen, Paul E. Lewis, Proc. of SPIE Vol. 7812,
78120W - © 2010 SPIE - CCC code: 0277-786X/10/$18 - doi: 10.1117/12.860407

Proc. of SPIE Vol. 7812 78120W-1

Downloaded From: http://proceedings.spiedigitallibrary.org/ on 07/03/2016 Terms of Use: http://spiedigitallibrary.or g/ss/'TermsOfUse.aspx



2. METHODOLOGY

2.1 The effect of spectrum and color signal

We use three color sensors, we can from color measurement to obtain three output, as (1) show,

v= Y TORMSACA)
= S LORMSACA) ™
= Y LRWSHCG)

A=380nm

, Vi, Vi, v; represent the different output values of different sensors , Ty, T,, T; represent the
transmittance of different color filters, R represents the response of optical receiver and, TR (L) is the
sensitivity of combination of light filter and the optical receiver , S (A) represents the lighting spectrum,
C (A) represents the object spectrum of reflection, A is set from 380nm to the 780nm, and take 1nm as
the interval, then indicates (1) by the matrix way, as (2) .

w1, =[TR],, *[SC],, )
[v.].. =[TR],, ¢[S:C],

jx1

, Where i=3, j=401. If the number of measured color ticket is k, we can obtain k set output.

[ ]zxk - [TR] e[S, ]J’Xj .[C]jxk 3)

(2] =[1R],; *[S.],, ¢ [CL,.,

When [TR]; x ; can conform to CIE 1931 definition CMF of (Color Matching Function), then may

obtain conforms to the CIE standard output three stimulus value, then the transformation is the CIE
color coordinate. if it is unable to conform to the CIE 1931 standards, then may use of mathematical
method of section 2.2 to reconstruct spectrum to obtains more approximately tri-stimulus values..

2.2 Eigenspectrum reconstruct

2i

[C]j,kfh = Za./,m [B]j,m (4)

m=1

(4) represents reconstruct k™ spectrum, i=3, j=401 and k is the sum of measured spectrum. If the
number of measurement is 922, (4) can be represented as (5)

2i
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By (5), when we measure k reflection spectrum, the 401 points which from 380nm to 780nm in three

eigenvector, indicated by the[B] ;. If also for known[TR],, ;, when wants to measure an unknown

ixj >
reflection spectrum [SC];x ,that the output of by the sensor is [v]ix. Then we can use (6) and (7) to
obtain [a];x , that x represents the illumination light illumination in the random color ticket.

2i
[v]2i><x = [TRS]Z[xj ° Zlam»x [B]jxm = [TRS]Zixj ° [B]jx2i ® [a]Zi,x

©)
(€], =[8],.a],, ()
[s'C],.=[S"],,[B],.. *[al,., ®)

vz, =[cuF),  o[s'C] ®

Jsx

So, when the [B],,, and [TR],  are known, the [SC];  of unknown ticket and the [XYZ];

Jxi
can be calculated.

2.3 Least square approximation

[v],.. =[7RS],, *[C] ., (10)

(€], =[4,..*[L.

, where j=401, i=3, k is the number of color ticket, k=922. When the reconstruction [E] to original
Jxk

state [SCJ;+ and the primitive least squares error (Least Square Error) has the minimum, uses[A];« for

to substitute [TR];+ , the supposition optical fiber spectroscope measures the kth reflection spectrum is

[SC], value of exports in the sensory element end is, may its expression for (11).
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For the real reflection spectrum [SC]J;u , consider to use (12)
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2.4 Measurement

Integrater sphere

Light source
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Computer

Fiber spectrum meter LLLEL

Fig. 1 This figure represents the measurement setup. The measurement has two types light source, which is
tungsten and xenon. The color ticket has 922. The fiber spectrum meter can measure flux.
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3. RESULTS

3.1 The measurement of tungsten light source and xenon light source
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0.8

Fig. 2: The light source is tungsten. This figure is the color point distribution in Xy chromaticity coordinate when
the error is 0.078. The cross represents the measurement by sensor. The circle represents the measurement of
spectrum meter.
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Fig. 3: The light source is tungsten. This figure is the color point distribution in u’v’ chromaticity coordinate when
the error is 0.091. The cross represents the measurement by sensor. The circle represents the measurement of
spectrum meter.
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Fig. 4: The light source is xenon. This figure is the color point distribution in xy chromaticity coordinate when the
error is 0.084. The cross represents the measurement by sensor. The circle represents the measurement of spectrum
meter.
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Fig. 5: The light source is xenon. This figure is the color point distribution in u’v’ chromaticity coordinate when
the error is 0.065. The cross represents the measurement by sensor. The circle represents the measurement of
spectrum meter.
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3.2 The results spectrum reconstruct
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Fig. 6: This figure uses the method of eigenspectrum reconstruct to reconstruct the tungsten spectrum. The solid
line represents the measurement by spectrum meter. The dash line represents the spectrum reconstruct.

12

t
—=

0.8

0.6

04

Rclative Intensity

0.2

380 4R0 580 680 780

Wavelength(nm)

Fig. 7: This figure uses the method of least square error to reconstruct the tungsten spectrum. The solid line
represents the measurement by spectrum meter. The dash line represents the spectrum reconstruct.
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Fig. 8: This figure uses the method of eigenspectrum reconstruct to reconstruct the xenon spectrum. The solid line
represents the measurement by spectrum meter. The dash line represents the spectrum reconstruct.
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Fig. 9: This figure uses the method of least square error to reconstruct the xenon spectrum. The solid line
represents the measurement by spectrum meter. The dash line represents the spectrum reconstruct.

4. CONCLUSION

The color measuring instrument may replace the human eye to do for the objective color determination
criterion. Human's eye is complex and sensitive, a good color measuring instrument must be able to
substitute for the eye completely. In this research has used three sensitive spirit different light sensory

element. The sensitivity and CIE 1931 schedule CMF ¥ | Y . Z of definition, the existence relative

difference, but its price is relatively speaking more inexpensive can cause the manufacture cost to
reduce largely. In provides the characteristic spectrum reducing process, the least squares approximate
method after the method, after two kind of adjustment calculating method adjustment, can effective
reduce it in the even color space error. It Can cause its average error 8Eab922 to reduce to 0.8431, and
can the use optical fiber spectroscope gauge and spectrum of information as well as the sensory
element gauging output of the storage but of reflection spectrum reduced color ticket. And after the
return to original state, the reflection spectrum and the optical fiber spectroscope measures reflection
spectrum both root-mean-square value of the erroneous to be possible to reach 0.0103. Based on this
result, we succeeds the sensory element obtains the precise chromaticity coordinate by three low in
price, and can return to original state of reflection spectrum its testing color ticket. In light source part,
when uses Xenon Lamp to do for the lighting source with when uses Tungsten Lamp does for the
lighting source, will obtain the different result. When we use Xenon lamp does for the lighting source,
regardless of uses the characteristic spectrum reducing process, or least squares approximate method,
can obtain the more precise color coordinate value. Possible because Xenon Lamp in 380 to 780nm in
visible scope spectral analysis average, therefore its can color of information average the expression
moreover not stress in this from the blue color to the red wave band in any color. If can seek the more
average light source, then can reconstruct to original state the more accurate reflection spectrum
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