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OUTLINE

1. CIE Position Statement PS 002-2025 on Color 
Quality Metrics (2nd ed)

– Should CIE Color Fidelity Index Rf replace CRI?

2. Update on CIE RF-03 (Matters Related to Color 
Rendition) 
– Potential way forward on color quality metrics
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CIE Color Rendering 
Index CRI (CIE 13.3 : 1995)

Overview of Color Quality 
metrics

CIE 2017 Color 
Fidelity Index 
Rf
 (CIE 224 2017)

IES TM-30 (2015, 2018, 2020)
IES Fidelity Index Rf
IES Gamut Index Rg
Additional indices , Annex E 

CIE 13.2 : 1974)

8 test color 
samples

W*U*V* object 
color space  

99 test 
samples

CAM02UCS 
object color 
space 

CRI is still used for lighting products specifications regulations 
worldwide.
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CIE adopted IES TM-30-15 Fidelity Index Rf with small modifications 
(99 test samples, color space, calculation formulae unchanged)

   * IES TM-30 was revised in 2018 to be consistent with the CIE Rf. 
 

CIE 2017 Colour Fidelity Index 
for Accurate Scientific Use

 Summary of CIE 224 says “The general colour fidelity index Rf is 
not a replacement of the CRI (Ra) for the purpose of rating and 
specification of products nor for regulatory or other minimum 
performance requirements”

 Replacement of the CRI will be a matter of future study and 
discussion … with development of a harmonized set of new colour 
quality measures for assessing perception-related effects beyond 
colour fidelity ….
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CIE Position Statement on color quality metrics
CIE PS 002-2025

Full document (PDF)

• The new metric, Rf, has been used extensively with no evidence emerging to 
contradict its use.

• The CIE recommends that the lighting community begin to adopt the CIE 
General Colour Fidelity Index, Rf, and to replace the CIE General Colour 
Rendering Index in relevant regulations, specifications, and standards.

• A complete understanding of colour quality will require the development of 
additional new metrics for colour preference. This work is ongoing.

https://cie.co.at/publications/cie-ps-0022025-cie-position-statement-colour-quality-metrics-2nd-editionCIE website

Response from the industry?   

https://files.cie.co.at/CIE%20PS%20002_2025%20CIE%20Position%20Statement%20-%20Colour%20Quality%20Metrics-2nd%20ed.pdf
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Country / Region Primary Regulation Requirement 
(Ra) Notes

European Union (27 
countries + EEA)

Regulation (EU) 
2019/2020 ≥ 80 General service light 

sources

United Kingdom Lighting Regulations 
2021 ≥ 80 Follows EU SLR framework

China GB/T 50034-2024 ≥ 80 to ≥ 90 Based on room/task type

California (USA) CA Title 20, 24[1] ≥ 82
≥ 90 (R9 > 50)

Residential mandatory 
(State-level)

Australia GEMS (LED Lamps) 
2025 ≥ 80 General purpose; ≥ 70$ for 

outdoor

Brazil INMETRO Portaria 
115/2022 ≥ 80 Mandatory for all LED lamps

Saudi Arabia SASO 2870 & 2902 ≥ 80 For general purpose 
LED/CFL

Mexico NOM-030-ENER-2016 ≥ 80 Integrated LED lamps

India BEE Star Labeling ≥ 80 Mandatory for all Star-rated 
LEDs

New Zealand GEMS Lighting ≥ 80 General purpose LED lamps
Many other 
countries ……… ≥ 80 Lighting products

CRI widely used in regulations in many countries

x-webdoc://7179F4B3-D48D-4F72-ACE5-3FC2DB8B684A/#_ftn1
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CRI used for maximum power requirement
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What will happen if CRI (Ra) is replaced by CIE Rf

60.0

65.0

70.0

75.0

80.0

85.0

90.0

95.0

100.0

60.0 70.0 80.0 90.0 100.0

Rf

CRI (Ra)

Other
Triphosphor FL
LED phosphor
LED Hybrid
Broad FL

• CIE Rf scale is normalized 
so that the average 
phosphor white LED 
products will have same 
average Rf value as CRI 
(Ra).

• Typical white LEDs of 
CRI≈80 will not be much 
affected.

187 lamps in IES TM-30 
SPD Library (not including 
RGB, RGBA)

Not 
accepted

Not 
accepted

Ra vs. Rf – score differences 

Hybrid 
LED

Triphosphor FL

Color-mix• Narrow-band products tend to 
have lower Rf values. 

• High CRI (Ra ≥90) products have 
lower Rf values and difficult to 
meet Rf≥90 requirement.
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2700 K
Planck

D65
(6500 K)

CAM02UCS
used in CIE Rf

Differences in Color Space
Plots of 15 
saturated 
Munsell  
samples 
(used in 
CQS).

W*U*V*
used in CRI

(extremely high weight on red, 
low weight in yellow/blue)

CIELAB
(Current CIE standard)

Used in CQS

Reasons for score differences (1)
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Y. Ohno, S. Oh, Y. Kwak, Vision Experiment on Chroma 
Saturation Preference in Different Hues, Proc. CIE 2017 Midterm 
Jeju, Korea (2017)

2016 NIST Experiment on color 
saturation preference in different hues

Rf=84 
Rg=100

Rf=84 
Rg=100

2016 PNNL Experiment on gamut shape  

Royer M et al, Human perceptions of colour 
rendition vary with average fidelity, average gamut, 
and gamut shape. Light Res. Technol. 2016. 

Studies showing Red is dominant in color rendition 
preference

Red over-
saturation

Red 
desaturatio
n
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Ra vs. Rf – score differences – explained by gamut plot

187 lamps in 
IES TM-30 SPD 
Library (not 
including RGB, 
RGBA)

60.0

65.0

70.0

75.0

80.0

85.0

90.0

95.0

100.0

60.0 70.0 80.0 90.0 100.0

Rf

CRI (Ra)

Other
Triphosphor FL
LED phosphor
LED Hybrid
Broad FL

176

21

11

52

58

Hybrid 
LED

triphosphor
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99 test samples used in Rf

Difference in test samples
8 test samples used in CRI (Ra) Average slopes at each wavelength region

CQS
CRI Ra
CIE Rf

• CRI is less sensitive to deep red and deep 
blue region, requiring less broad spectra 
of light source (less energy).

• Rf requires deep red and deep blue region 
spectra.

Reasons for score differences (2)
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Simulation of a phosphor-converted LED

Rf slope is 
much less

316 lm/W

301 lm/W

• It is difficult for Blue-pump phosphor LEDs to get Rf ≥ 90 (requires violet 
pump). 

• Simply replacing CRI by Rf would have impact on energy efficiency

Cannot make 
Rf ≥90

Ra = 
80
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IES TM-30 Annex E 
(2018, 202)

Rcs,h1

Design guide

Useful guide for designers but not useful for 
replacement of CRI.
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Summary
If CRI is simply replaced by CIE Rf  – impact on regulations
• Typical phosphor white LED products of CRI≈80 would not be much affected
• Typical phosphor white LED products (blue-pump) with higher CRI (Ra ≥90) 

would  have lower Rf scores and not accepted by regulations requiring Ra ≥ 90. 
• Narrow-band products (incl. triphosphor FL) would have lower Rf scores and 

products of CRI≈80 would not be accepted by regulations.

Impact to color quality of lighting products
• CRI has a strong feature as a preference metric, with high weight on red and 

emphasis on middle part of the visible region for advantage in energy efficiency

Replacing CRI by CIE Rf would lose such preferred characteristics of lighting 
products. (the reason why CIE 224 says Do not replace CRI by Rf. 

However, CRI is very old (50 years), have other problems, and It is urgent to 
establish a new overall color quality metric (one number output) to replace 

CRI. Discussion in CIE RF03
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OUTLINE

1. CIE Position Statement PS 002-2025 Color 
Quality Metrics

– Should CIE Color Fidelity Index Rf replace CRI?

2. Update on CIE RF-03 (Matters Related to Color 
Rendition) 
– Potential way forward on color quality metrics
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Organization of the CIE
•  Governing Board 
◦  Oversees the overall strategy and activities of the CIE 
◦  Includes the Research Forum 

•  Technical Divisions (scientific and technical work) 
◦  Division 1: Vision & Colour 
◦  Division 2: Physical Measurement of Light & Radiation 
◦  Division 3: Interior Environment & Lighting Design 
◦  Division 4: Transportation & Exterior Applications 
◦  Division 5: Exterior & Other Lighting Applications 
◦  Division 6: Photobiology & Photochemistry 
◦  Division 8: Image Technology 

•  Technical Committees (TCs) operate within divisions to develop reports, 
standards, and recommendations
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CIE Research Forum

1) Cross-divisional platform for emerging research topics in light and 
lighting
2)Operates directly under the CIE Governing Board (not under technical 
divisions)
3)Supports international collaboration and coordination of new 
research topics
4)Can propose new Technical Committees (TCs) or Division 
Reporterships
5)Can review and revise published TC reports
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CIE research forum 03 -  Matters related to colour 
rendition

 Established in 2019 , Convenor: Kees Teunissen; Taken over: 2023, Convenor: Jane Li

 New Terms of Reference: This research forum (RF) is aligned with the current CIE research 
strategy (2023–2027), specifically its overarching theme #2: ‘Towards inclusive, equitable 
lighting,’ and its topical theme #6: ‘Measuring, modelling, perceiving, and reproducing colour.’ 
The RF will provide a platform for discussion, information sharing, and data exchange to 
support the development of a comprehensive method that characterizes all colour rendition 
aspects of white-light sources and lighting systems for general lighting purposes. Topics to be 
addressed and discussed may include a literature review of existing methods for 
characterizing the colour rendition properties of white-light sources; a review of CIE activities 
and publications (e.g., the use of 10-degree CMFs instead of 2-degree CMFs, the use of LMS 
cone-fundamental-based CMFs (CIE 254:2024, RF05), CAM16-UCS (TC 1-100), and/or a new 
chromatic adaptation transform (JTC 16), including the ipRGCs (TC 1-101), visual effects such 
as the Hunt Effect, Bezold–Brücke Effect, and their impact on colorimetry and the lighting 
community; and creating an overview of the desired colour rendition-related specification 
items (from the perspectives of manufacturers, designers, specifiers, and consumers) for 
describing colour ‘quality’ for a selected set of application areas and target groups.
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Impact of LMS-based CMFs on color quality evaluation of light 
sources

Visual Effects 
(e.g. Chromatic Adaptation, Hunt 

Effect etc.)

Color 
Discrimination 

Metrics
Color Renditions Measures 

Color 
Appearance 

Models

Color Matching Functions 
(LMS Cone Fundamentals)

Basic colorimetry Advanced colorimetry

Individual variations

LED light

observer 1 observer 2
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Develop a color rendition measure including visual effects 

Visual Effects 
(e.g. Chromatic Adaptation, Hunt 

Effect etc.)

Color 
Discrimination 

Metrics
Color Renditions Measures 

Color 
Appearance 

Models

Color Matching Functions 
(LMS Cone Fundamentals)

Basic colorimetry Advanced colorimetry

Hunt Effect

Observer’s view

Right eyeLeft eye

Dynamic color fidelity index
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New Division Reportership
DR1-76 Colour Rendition Database (Established in September 2025)

 The DR will develop a comprehensive database for colour rendition 
experiments, covering both colour fidelity and colour preference 
studies, based on an extensive literature review. The database will be 
used for a comprehensive performance evaluation of current colour
rendition measures and support the establishment of a standard 
colour preference metric.  This database will include up-to-date 
visual data from existing colour rendition experiments, along with 
detailed methodological information 

Work plan
1.Develop a color rendition measure including visual effects 
2.Recommend research method based on database
3.A numerical conversion from Ra to Rf (Follow up on CIE PS 002:2025)
4.LMS-based colorimetry and its impact on color quality evaluation of light sources
5.Explore frameworks with a primary single-number metric + optional metrics tailored to 

specific applications or user groups.

CIE research forum 03 -  Activities

22
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Thank you for your attention.

Yoshi Ohno: ohno@nist.gov
Jiaye Li: Jiaye.LI@entpe.fr
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