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How do we measure color rendition?



A light source can induce different types of  

color distortions
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𝑹𝒂 = 𝟏𝟎𝟎 − 𝟒. 𝟔 ∗ ∆𝑬𝟏−𝟖
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Color rendering: “Effect of an illuminant on the color appearance of 

objects by conscious or subconscious comparison with their color 

appearance under a reference illuminant” 



𝑹𝒂 = 𝟏𝟎𝟎 − 𝟒. 𝟔 ∗ ∆𝑬𝟏−𝟖
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∆𝑬𝟏−𝟗𝟗 (CAM02-UCS)

𝑹𝒂 = 𝟏𝟎 ∗ 𝒍𝒐𝒈(𝒆𝒙𝒑((𝟏𝟎𝟎 − 𝒄 ∗ ∆𝑬𝟏−𝟗𝟗)/10) +1)

Planckian locus

Daylight locus

4000K

4500K
5000K

5000K

5500K

4500K

same CCT 
reference illuminant

8 spectrally non-uniform 
Munsell samples

99 spectrally uniform 
samples

cIES = 7.54 cCIE = 6.73

* Some CIE spectral are slightly

different from IES samples due

to extrapolation differences

beyond 400 nm and 700 nm 

*
Important updates: sample set & color space



Color rendering (fidelity)

What CRI does NOT convey:

• Direction/type of  color shifts

• Difference in color for any 

specific object

• How one source will make things 

look compared to another

• Information on color 

discrimination, preference, 

naturalness, …

What CRI conveys:

• (average) magnitude of  

color fidelity / color shift
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Color space improvement

a’ b’

J’

 good (better) chromatic 

adaptation formula (CAT02)

 good (better) colour

difference formula

 good perceptual uniformity

 no CCT dependence

Replacement of  outdated U*V*W* with state-of-the-art CAM02-UCS:



Rf with U*V*W*

410 nm Underestimation 

of  Yellow-Blue 

colour differences

in U*V*W*

IMPORTANT impact of  colour space on fidelity scores:

Drop is for the largest part a result of  the update to the 

perceptually uniform CAM02-UCS space

Short wavelength sensitivity simulations:
 Warm-white phosphor LED (3000 K) 

 Blue pump LED shifted from 410 nm to 480 nm

CIE Ra

Rf with CAM02-UCS

Color space improvement

a’ b’

J’



Replacement of  the CIE CRI Munsell test color

samples (TCS) with special Color Evaluation 

Samples (CES):

Larger sample size (8  99)

More information

Better statistical accuracy

Uniformly distributed (3D) in color space

Spectral or wavelength uniformity

No wavelength bias

No selective spectral optimization
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 Wavelength uniformity
 We need to make sure that the sample set treats all wavelengths equally.

 Why? It is possible to generate many colors with only 3 “pigments”!
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But the corresponding samples are mostly sensitive to a few wavelengths

Sample set improvement



 Wavelength uniformity
 We can compute the “wavelength sensitivity” for a sample set (r’2, r”2…)
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 Wavelength uniformity 
 Example of  selective spectral optimization of  light source SPDs:

 RGBA laser line source (3000 K)

 Red peak wavelength shifts from 590 nm to 670 nm 

Colour fidelity score can 

anomalously exceed the 

values at nearby wavelengths 

by 5 units or more.

Sample set improvement



light source 1 light source 2

Ra = 81, Rf  = 80 Ra = 80, Rf  = 49

Comparison between an existing LED source and a possible 

narrowband source, having the same Ra but different Rf

Color rendering example



Hyperspectral images rendered with IES 4900 Refset under 3000 K

Ra = 100, Rf = 100 Ra = 100, Rf = 100



Hyperspectral images rendered with IES 4900 Refset under 3000 K

Ra = 81, Rf = 80 Ra = 80, Rf = 49



CIE Rf  calculators

(Unofficial) Matlab and Excel

calculators can be

downloaded from:

www.github.com/ksmet1977/

CRI_CIE_Rf_2017/

A calculator for Python is 

also part of the luxpy

package (install using pip: 

“pip install luxpy”)

The official Excel calculators 

for 5nm and 1nm spectral

data can be downloaded from

CIE upon purchase of the

CIE224:2017 technical report 

(http://www.cie.co.at/index.ph

p?i_ca_id=1027)

http://www.github.com/ksmet1977/CRI_CIE_Rf_2017/
http://www.cie.co.at/index.php?i_ca_id=1027


• The CIE Ra has imperfect samples and

outdated color science leading to

inaccurate assessment of  color fidelity.

• The new CIE Rf fixes this by:

o Improving the color space to the

uniform and CCT independent 

CAM02-UCS 

o Improving the color samples:

 Spectral uniformity eliminates

wavelength bias ensuring selective

spectral optimization becomes much

harder.

 Larger, more varied sample set 

provides more info and better

statistical accuracy
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Summary
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Questions & comments ?

http://www.cie.co.at/index.php?i_ca_id=1027

