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Relative Sensitivity

Human Visual System
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Brief History of CIE Colorimetry

Color specification CIE 1931 Chromaticity (XYZ, Yxy)
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1924 CIE Standard Photometric Observers : V(M)
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1924 V(ML) function is too low in the blue part of the spectrum.
A corrected V,,(A) function has been officially accepted by the

CIE in 1988 (CIE, 1990).
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Calculating Photopic Quantities

D X V = PV
380 Wavelength, nm 780 380 Wavelength, nm 780 380 Wavelength, nm 780
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Quantity

Luminous energy

Luminous flux

Luminous intensity

Luminance

lluminance

Luminous emittance

Luminous efficacy

Symbol

S| unit

lumen second

lumen (= cd-sr)

candela (= Im/sr)

candela per square
metre

lux (= Im/m?2)

lux (= Im/m?2)

lumen per watt

Abbr.

cd

cd/m?

lm/W

S| photometry units

Notes

units are sometimes called talbots
also called luminous power

an S| base unit

units are sometimes called nits

Used for light incident on a surface
Used for light emitted from a surface

ratio of luminous flux to radiant flux
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Color-Matching Experiment
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Tristimulus values
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CIE 1931 Colorimetry

CIE XYZ system (1931)
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Technical Reports on CIE 2006 Colorimetry

e CIE 170-1:2006 Fundamental Chromaticity Diagram With Physiological
Axes

e Part I of the report is limited to the choice of a set ofcolour
matching functions and estimates of cone fundamentals for the
normal observer, ranging in viewing angle from 1-degree to 10-
degree.

e CIE 170-2:2015 Fundamental Chromaticity Diagram With Physiological
Axes - Part 2: Spectral Luminous Efficiency Functions and Chromaticity

Diagrams
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Cone Fundamentals (CIE 170-1:2006)

* Cone fundamentals for field sizes 1-degree to 10-degree and age

between 20 and 80 years

I(&) = o I(/l) . ‘IO [' Dr, max,macula * Dmacula,relathe(j-} - Dr,c-cul(/lv)]

m(&) = m(i) . 10 [' Dr, max,macula Dmacula,relaﬁve(;*) - Dr,ucul(/‘qr)]

S(;{) = o S(/’{) . ‘10 [' Dr, max,macula ° Dmacula,relative(ﬁ) - Dr,ncul(;v)]
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Photometric Aspects: V(1)

e Cone-Fundamental-Based Spectral Luminous Efficiency Functions

« optimal coefficients were found to be close to experimental data as
well as being close to a currently used photopic spectral luminous
efficiency function.

V() = al (A)+ M (2)+ y5 ().
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Photometric Aspects: V(1)

In terms of quanta
V,::q(ﬂb) =0,67413188 7,:1(/1.)+ 0,356 683 54 ﬁq(ﬂ),

VE.q.10(2) = 0,673 904 86 7, 10(2)+0,356 563 42 77 o 19(A),

In terms of energy
Ve(4)=0,689902 72 Z_(;L) +0,348 32189 m(A),

Ve 10(4) = 0,692 839 32 7;0(1)+ 0,349 675 67 7i40(4),
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Relative luminous efficiency

Photometric Aspects: V(L) vs. V,(A)
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Relative luminous efficiency

Photometric Aspects: V ,4(A) vs. ¥,0(A)
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Cone-Fundamental-Based Colorimetric Systems

e Compliant with the Principles of the CIE XYZ Concept

Tr(2) = aqq 1(2)+ agp M(2)+a135(2)
VE(2)=ap () +ag m(2)+axpF(A)

Zr(A) = azq 1(A)+agzy m(A)+azz5(2),
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General CIE XYZ Concept

1. All tristimulus values of any (real) colour stimulus are to be non-
negative.

2. The relative contributions of the X-, the Y- and the Z-primary to
luminous flux, as referred to the spectral luminous efficiency function
representative of the observer, are to be 0, 1 and 0, respectively.

3. The tristimulus values of llluminant E (the equi-energetic spectrum)
are to be equal.

e definition of the S-cone fundamental

e conformity of the cone-fundamental-based chromaticity coordinates
with the chromaticity coordinates of the CIE standard colorimetric
system for the same field size
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Cone-Fundamental-Based
Spectral Tristimulus Values for 2-degree
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Cone-Fundamental-Based
Spectral Tristimulus Values for 10-degree
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Cone-fundamental vs. CIE 1931
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Current and Future CIE activities

e TC1-97: Age- and Field-Size-Parameterised Calculation of Cone-
Fundamental-Based Spectral Tristimulus Values (TCC: Jan Henrik Wold)

e Consideration should be given to the replacement of the 1931
colorimetric system by the CIE 2006 colorimetric system for the
calculation of colorimetric parameters to be used for the computation

of lighting quality data.

* Therefore, intensive field trials are required to help the colour, imaging
and lighting industries to have confidence that CIE 2006 colorimetry is
fit for their use.
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