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Color Measurement

• Quantification of eye response

• Chromaticity diagram

• Spectrometers for color measurement
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Terminology
Radiometric Spectral Photometric

Power
(Watts)

Spectral Density
(Watts-nm-1)

Luminous Flux
(Lumens)

Irradiance
(W-m-2)

Spectral Irradiance
(W-m-2-nm-1)

Illuminance
(Lux=Lumens-m-2)

Radiant Intensity
(W-sr-1)

Spectral Intensity
(W-sr-1-nm-1)

Luminous Intensity
(Candela=Lumens-sr-1)

Radiance
(W-m-2-sr-1)

Spectral Radiance
(W-m-2-sr-1-nm-1)

Luminance
(nit=Lumens-m-2 –sr-1)



Normalized Eye Response
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( ) ( ) ( ) λλλ dVRadianceWattLumensLuminance ∫ •= /683

1924 CIE Spectral Luminous Efficiency Function



1931 and 1978 CIE Eye Sensitivity Functions
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Luminous Efficacy
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Max at 555nm



RGB Color Matching
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• View an arbitrary monochromatic color, D

• Mix monochromatic RGB colors to match

• RGB wavelengths: 435.8, 546.1, 700.0 nm

• Negative R values: R must be added to 

color D to match with G,B. Then

D+R = G+B, or

D = G+B-R



CIE Tristimulus Values
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Revised to eliminate negative values; RGB → XYZ

φ(λ) = spectrum to be matched ; k=normalization eg. 683 lm/W



Color Coordinate Transformation
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• XYZ = linear comb. of RGB

• Colors exist in 3D space

• Project onto 2D plane by 

demanding coordinates

x + y + z = 1



Chromaticity Diagram
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• X=tristimulus value

x = color coordinate



Color Gamut
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• Gamut = range of colors

• This display does not show

full CIE 1931 gamut

• Various standards shown

• Various others proposed



1931 and 1976 Chromaticity Diagrams
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• 1931: “MacAdams ellipses of uniform color are nonuniform

• 1976:  u’, v’ derived from x,y to improve uniformity

1931 version seems to be preferred



Correlated Color Temperature
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• CCT compares color to that

of a black body radiator

• CCT = value of closest point 

on black body (Plankian) curve

• Standard illuminants, eg. 

• Illuminant A (CCT 2856) ~ light bulb

• D65 ~ daylight, CCT 6504K



Standard Illuminants
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CIE D65 Spectrum
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Plankian Locus in (u’,v’) Diagram

Spring 2010 Mat 288S Optoelectronic 
Measurements

15



CCT in (u’,v’) coordinates
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Color Difference in 3D (u’,v’,L) space
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Color Rendering Index
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• Yet another color space related to

RGB, defined by axes L*, a*, b*

• Difference ΔEab between colors:

where i refers to some standard,

eg. D65

( ) ( ) ( )
ii

ab

ECRI

baLE
*

2*2*2**

6.4100 Δ−=

Δ+Δ+Δ=Δ



Color Difference in (u’,v’) coordinates 
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CRI Test Method
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CIE Test Colors for CRI
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Credits
• www.ecse.rpi.edu/~schubert/Light-Emitting-Diodes-dot-org

• http://en.wikipedia.org/wiki/Colorimetry and associated links

• http://en.wikipedia.org/wiki/Color_rendering_index

• Ohno, Y., CIE Fundamentals for Color Measurement

IS&T NIP16 Conference, Vancouver, Canada, Oct 160-20, 2000

• Hoffmann, G., CIE Color Space

http://www.ecse.rpi.edu/~schubert/Light-Emitting-Diodes-dot-org
http://en.wikipedia.org/wiki/Colorimetry
http://en.wikipedia.org/wiki/Color_rendering_index
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