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A reference tristimulus colorimeter has been developed at NIST using a transmission-type silicon trap detector [1] and four selectable filter packages to realize the Commission Internationale de l’Eclairage (CIE) 
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 color matching functions [2]. Instead of traditional lamp standards, high accuracy detector standards are suggested for the calibration of tristimulus colorimeters.  After high accuracy absolute spectral responsivity determination of the tristimulus channels, color (spectral) correction and peak (amplitude) normalization are applied to minimize uncertainties caused by the imperfect realizations of the CIE functions.  

When measuring a light source of known spectral power distribution S, the channel calibration factors can  be determined from the ratio of the CIE tristimulus values to the measured detector output currents of the four color measuring channels:




X1          Km ∫ S() 

L() d





kX1 = = —————————



IX1
∫ S() sXL() d






X2         Km ∫ S() 

S() d





  kX2 = = —————————



IX2
∫ S() sXS() d






Y           Km ∫ S() 

() d




   kY = = —————————




IY
∫ S() sY() d






Z          Km ∫ S() 

() d




 kZ = = ————————— .



IZ
∫ S() sZ() d


where the luminous efficacy Km=683 lm/W, sXL), sXS(), sY(), and sZ() are the absolute spectral responsivities of the realized four tristimulus channels, and 

L(), 

S(), 

(), and 

() are the 1931 CIE color-matching functions. 

L() and 

S() represent the two parts of the 

() color-matching function at wavelength intervals longer and shorter than 504 nm.

Once the tristimulus colorimeter is calibrated for kX1, kX2, kY, and kZ, the tristimulus values of a test light source can be measured as




X'=X1'+X2'
where X1'= kX1I Xl' and X2' = kX2 IX2'



Y' = kY IY', 
and


Z' = kZ IZ'








where I Xl', IX2', IY', and IZ' are the measured output currents of the four channels.

The calibration procedure can be applied to various measurement geometries (e.g., illuminance, luminance, luminous flux, or luminous intensity) depending on the units in which the absolute spectral responsivities are expressed. The reference tristimulus colorimeter with a common aperture at the front, can be substituted for an irradiance-type transfer standard silicon trap detector when both measure the same spectral irradiance.  This spectral irradiance responsivity calibration is being done on the NIST Spectral Irradiance and Radiance Response Calibrations with Uniform Sources (SIRCUS) Facility where an integrating sphere is illuminated by tunable lasers [3]. 

Another way for spectral responsivity determination of the channels is to separately measure the spectral transmittance of the filter packages and the spectral power responsivity of the trap-detector of the colorimeter.  This power responsivity determination also works well because the tunnel-trap detector does not reflect light back to the filters.  Also, expensive tunable-laser sources (such as the SIRCUS Facility) are not needed for this spectral power responsivity determination. The spectral irradiance responsivity of the channels will be equal to the product of the aperture area and the spectral power responsivities. 

The reference tristimulus colorimeter will be calibrated in luminance measurement mode as well.  In this case, an input tube with a second (front) aperture produces a 5.7° radiance measurement (full) angle and the measured (target) spot will be within the exit port of the integrating sphere source of the SIRCUS Facility.  The exit port radiance is determined against the irradiance-type transfer standard trap detector.

Existing tristimulus colorimeters can be calibrated with the described method, where the spectral responsivity of the channels can be measured.  The color measurement accuracy will depend on the uncertainty of the spectral responsivity measurements.  With the 0.1 % relative expanded uncertainty (k=2) of our spectral irradiance responsivity determinations, the chromaticity coordinate expanded uncertainties (not relative) are less than 0.001.  This corresponds to a color temperature measurement accuracy equal to or better than that of presently used primary lamp standards.
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