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White Light Chromaticity

CCT

Duv
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Duv often missing

Lighting Facts Label

CCT and CRI do not tell the whole story of color quality



4CORM 2011

CCT and CRI do not tell the whole story

Not acceptable
Not preferred

Neodymium
(Duv=-0.005)

Triphosphor 
FL simulation

Duv is another 
important 
dimension of 
chromaticity.
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Closest distance from the Planckian locus on the (u', 2/3 v') 
diagram, with + sign for above and - sign for below the 
Planckian locus.  (ANSI C78.377-2008)

CCT and Duv can specify 
the chromaticity of light 
sources just like (x, y).

Duv defined in ANSI standard

+ Duv

- Duv The two numbers (CCT, Duv) 
provides color information 
intuitively.  (x, y) does not.

Duv needs to be defined 
by CIE.

Symbol:  Duv
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ANSI C78.377-2008 Specifications for the 
chromaticity of SSL products 



7CORM 2011

CCT- Duv chart

3000 K 4000 K 5000 K 6500 K

2700 K 3500 K 4500 K 5700 K

7-step MacAdam 
ellipses

(CCT in log scale)

ANSI 
C78.377 
quadrangles
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Correlated Color Temperature (CCT)

Temperature [K] of a Planckian radiator whose chromaticity is 
closest to that of a given stimulus on the CIE (u’,2/3 v’) coordinate. 

CCT is based on the CIE 
1960  (u, v) diagram, which 
is now obsolete.

(CIE 15:2004)

CCT is valid within distance 
0.05 from the Planckian 
locus on the (u’, 2/3·v’) 
diagram. (CIE 15: 2004)
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CIE 15:2004 Colorimetry, 3rd Edition 

…………

…………

T should follow the current International Temperature Scale (ITS-90), therefore,                    
c2 = 1,4388 x 10-2 m K.
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Robertson (1968)

Computation of Correlated Color Temperature and Distribution 
Temperature, Journal of the Optical Society of America, 58-11, 1968
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Direct approach (1) to calculate CCT and Duv

Triangular solution
(1) Create a table of CCT vs 

distance di to BB locus on (u,v) 
coodinate. 

(2) Find the closest point in the 
table.

(3) Solve the triangle for the 
neighboring 2 points

l

CCT    u        v     distance d

Tx

Tx

Tm+1

Tm

Use Planck’s equation and color matching functions at 1 nm interval. 
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CCT Error in Triangular Solution

Error increases when the point is far from Planckian locus.
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Parabolic solution

(1) Create a table of CCT vs 
distance di to BB locus on (u,v) 
coodinate. 

(2) Find the closest point in the 
table.

(3) Parabolic fit for the neighboring 
3 points.

Tx

Direct approach (2) to calculate CCT and Duv

Tm+1

Tm



14CORM 2011

CCT Error in Parabolic Solution

Much better, but the problem is on or very close to Planckian locus.
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Combined Solution

Use Parabolic solution 
but, take the CCT of 
Triangular solution for
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Most Accurate Version (cascade expansion)

Used as the reference 
for accuracy 
verification.
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Conversion from (CCT, Duv) back to (x, y)

Input:  CCT  T (K)
Duv   Duv

1) Calculate (u0, v0) of the Planckian 
radiator at T (K).

2) Calculate (u1, u1) of the Planckian 
radiator at T+DT (K).    DT=0.01 (K)

3) Calculate

(u0, v0)

(u1, v1)

(u, v)

(Included in Revision draft of C78.377)
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Accuracy of Most Accurate Version (4 stage)

CCT 4-stage version
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Simple calculation from (x,y) or (u’,v’) to Duv

Duv is normally calculated in the process of calculating CCT.
Below is a simple approximation formula, without calculation of CCT.

1) Convert (x, y) or (u’, v’) to (u, v)

2)  Duv is obtained by

k6 -0.00616793
k5 0.0893944

k4 -0.5179722
k3 1.5317403

k2 -2.4243787

k1 1.925865
k0 -0.471106(Included in Revision draft of C78.377)

or
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Simple calculation from (x,y) or (u’,v’) to Duv

Accuracy of this method

within 0.00001 in the range 
from 2600 K to 20000 K and 
Duv 0.000 ± 0.010 

within 0.0001 in the range 
from 2160 K to 20000 K and 
Duv 0.000 ± 0.010 

(Included in Revision draft of C78.377)
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Simple calculation from (x,y) or (u’,v’) to (CCT, Duv)

i ki6 ki5 ki4 ki3 ki2 ki1 ki0
0 -3.7146000E-03 5.6061400E-02 -3.307009E-01 9.750013E-01 -1.5008606E+00 1.115559E+00 -1.77348E-01
1 -3.2325500E-05 3.5700160E-04 -1.589747E-03 3.6196568E-03 -4.3534788E-03 2.1595434E-03 5.308409E-04
2 -2.6653835E-03 4.17781315E-02 -2.73172022E-01 9.53570888E-01 -1.873907584E+00 1.964980251E+00 -8.58308927E-01
3 -2.3524950E+01 2.7183365E+02 -1.1785121E+03 2.51170136E+03 -2.7966888E+03 1.49284136E+03 -2.3275027E+02

4 -1.731364909E+06 2.7482732935E+07 -1.81749963507E+08
6.40976356945E+0

8 -1.27141290956E+09 1.34488160614E+09 -5.926850606E+08
5 -9.4353083E+02 2.10468274E+04 -1.9500061E+05 9.60532935E+05 -2.65299138E+06 3.89561742E+06 -2.3758158E+06
6 5.0857956E+02 -1.321007E+04 1.4101538E+05 -7.93406005E+05 2.48526954E+06 -4.11436958E+06 2.8151771E+06
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Simple calculation from (x,y) or (u’,v’) to (CCT, Duv)

Accuracy of this method
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• Practical calculation and conversion formulae for 
CCT and Duv have been developed.

• Accuracies of some of the formulae will be further 
improved.

• The use of CCT and Duv (rather than x, y or u’, v’ 
chromaticity coordinates) is recommended to 
specify the chromaticity of lighting sources.

Conclusions
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THANK YOU for your 
attention.

Contact: ohno@nist.gov
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• All center points to be moved onto the Planckian locus.  
• This proposal is pending due to a need for vision 

experiments.
• Anecdotes say people prefer below the Planckian locus.
• NIST is funded by DOE to conduct vision experiments 

using STLF. 

Revision proposal 2Current version

Proposed revision of ANSI C78.377
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CCT (K) difference between 3rd stage and 5th stage
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Summary

• Duv is important for color quality of light sources.
• Duv is often neglected in specifications.
• Parabolic and triangle combined solution works well 

for CCT calculation.  
• 1 % step table provides enough accuracy                  

(<1 K for 1000 to 10000 K, <2 K up to 20000 K, Duv±0.03)
• Most Accurate Version (cascade expansion),
• Conversion from (CCT, Duv) back to (x,y),
• Simple calculation from (x,y) or (u’,v’) to Duv,
• Simple calculation from (x,y) or (u’,v’) to (CCT, Duv) 

have been developed.
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