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Defines “General Service Lamps”.  
For lamps > 35 W: CRI ≥ 69. 
For lamps ≤ 35 W: CRI ≥ 45. 
Lamps with CRI > 87 are “not general service”. 
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ENERGY STAR 

1995 
CIE 13.3 “This committee was not successful in its purposes 

mainly due to the disagreement between those who 
advocated including the advances of science and 
those who recommended that industry did not want 
change.” [TC1-69 Report] 
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ENERGY STAR CFLs version 2.0 (2001)  
CRI ≥ 80. 
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“Visual experience has shown that the current CRI based 
ranking of a set of light sources containing white LED light 
sources contradicts the visual ranking … the CIE CRI is generally 
not applicable to predict the colour rendering rank order of a 
set of light sources when white LED light sources are involved in 
this set.” 
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General service incandescent lamps: CRI ≥ 80. 
Modified spectrum general service lamps: CRI ≥ 75. 
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“ … [CRI] values do not always correlate well with visual evaluation by general users. This 
mismatch arises, first, from inaccuracies of the CRI in its intended role as a colour fidelity index; 
and second, from perception-related colour quality effects beyond colour fidelity.” 
 
“… Therefore, it is considered that such unintended uses of CRI as an overall colour quality 
measure for end users is not better fulfilled by the more scientifically accurate general colour 
fidelity index, Rf. This is because the users’ evaluation is influenced by factors beyond colour 
fidelity such as chroma effects, and the detailed nature of specific illumination tasks. The 
general colour fidelity index, Rf, is therefore not a replacement of the general colour rendering 
index, [CRI], neither for the purpose of rating and specification of products nor for regulatory or 
other minimum performance requirements.” 
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TM-30 Calculation Engine 
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Comprehensive Scope Improved Accuracy 
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Fidelity Index (Rf) 
Gamut Index (Rg) 

Global Average Values 

TM-30 Calculation Engine 
1. Model of Human Color Vision (CAM02-UCS) 
2. Model of Colors (99 CES) 

Color Vector Graphic 
Graphical Representations 

16 Local Color Fidelity(Rf,hj) 
16 Local Chroma Shift (Rcs,hj) 
16 Local Hue Shift (Rhs,hj) 

Local Average Values (Hue-Angle Groups) 

 
Color Sample Fidelity (Rf,CESi) 
Sample Specific Values 

3. Established Baseline (Reference) 

Comprehensive Scope Improved Accuracy 
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Changes made to harmonize with CIE 224 
A. Flat extrapolation for color sample data <400 nm and >700 nm 

(changed from derivative based) 
B. Mixed reference zone now 4000 K to 5000 K  

(changed from 4500 K to 5500 K) 
C. Scaling factor now 6.73  

(changed from 7.54) 
 

IES TM-30-18 (PENDING) 

Additional updates 
• Specification of Color Vector Graphic formatting 
• Clarification on local value calculations and expected values 
• Recommended specification sheets 
• Updated calculator tools 

 
 

Rf 80 ~ 82 



 
 

Color Volume 
(CAM02-UCS) 

Lightness 
Colorfulness (Chroma) 

Hue 



(CIE F4) 



Average Color Fidelity 

TM-30 Fidelity Index (Rf) 

On average, how similar are colors 
rendered by the test source to the 
same colors rendered by the 
reference illuminant? 
• Average length of arrows 
• Does not capture direction of shift 

Range is 0 to 100, where 100 is an 
exact match.  

TM-30-18 Rf = CIE 224 Rf 

This is really a sphere, but it’s compressed to 2D for ease of visualization! 

(pending final approval) 

Hue 



Average Gamut Area 

TM-30 Gamut Index (Rg) 

Approximation of average change in 
chroma. 
• Average area enclosed by samples 
• Does not capture how changes 

vary for different hues 

Range depends on Rf; about 80 to 
120 at Rf = 80. 

This is actually compressed to 2D for calculations! 



Color Vector Graphic 

Gamut Shape = The average pattern of color shifts across hues. 

(Note: TM-30-18 Format is Pending) 

+ Hue Shift 

- Hue Shift 

-  Chroma Shift 

+ Chroma Shift 



Local Chroma Shift 
For a given range in hue angle, what 
is the average relative change in 
chroma. Values in percentages. 

Local Hue Shift 
For a given range in hue angle, what 
is the average relative change hue. 
Values in radians. 

Local Color Fidelity 
For a given range in hue angle, what is the 
average magnitude of change (3D). Values 
0 – 100. 

(Note: TM-30-18 Format is Pending) 



Local Chroma Shift: Expected Values 
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Rf ≥ 75 Rf ≥ 75 

7XX T8 Fluorescent 

Neodymium Incandescent 

“CRI 80” PC LED 
8XX T8 Fluorescent 

Hybrid LED (PC+R), “CRI 90” PC LED 

Theoretical 
Real (Experimental) 
Commercial 



Local Hue Shift: Expected Values 
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Rf ≥ 75 

(57° CCW) 

(57° CW) 

0.35 

Theoretical 
Real (Experimental) 
Commercial 



(Note: TM-30-18 Format is Pending) 
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Metameric Uncertainty Index (Rt) 
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How much variation in color shifts for metameric colors? 
0-100 Scale (Higher = less likelihood of metameric mismatch) 
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CAN TM-30 
IMPROVE 
LED COLOR 
RENDERING? 
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PNNL Penn State Zhejiang PNNL 

Rf, Rg, Rcs,h16  Rf, Rg, Rcs,h1 Rf, Rg, Rcs,h1 Rf, Rg, Rcs,h16 

Royer M, Wilkerson A, Wei M, Houser K, Davis R. 2016. 
Human perceptions of colour rendition vary with average 
fidelity, average gamut, and gamut shape. Lighting Research 
and Technology. Online Before Print. DOI: 
10.1177/1477153516663615. 

Royer M, Wilkerson A, Wei M. 2017b. Human Perceptions 
of Color Rendition at Different Chromaticities. Lighting 
Research & Technology. Online before print. DOI: 
10.1177/1477153517725974. 

Esposito T, Houser K. 2018. Models of colour quality 
over a wide range of spectral power distributions. 
Lighting Research & Technology Online Before Print. 
DOI: 10.1177/1477153518765953. 
 

Zhang F, Xu H and Feng H. Toward a unified model for 
predicting color quality of light sources. Applied Optics. 
2017; 56: 8186-95. 
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“Good” 

OUT WITH THE OLD… 

CRI ≥ 80 
(R9 ≥ 0) 
 

CRI ≥ 90 
(R9 ≥ 50) 
 

“Better” 

Rf ≥ 70 
-12% ≤ Rcs,h1 ≤ 18% 
Rg ≥ 88 

IN WITH THE NEW… 

“Best” 

Rf ≥ 78 
-7% ≤ Rcs,h1 ≤ 15% 
Rg ≥ 98 

Rf ≥ 78 
-1% ≤ Rcs,h1 ≤ 9% 
Rg ≥ 100 
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TM-30 Model: Rf and Rcs,h16 

Royer M, Wilkerson A, Wei M. 2017b. Human Perceptions of Color 
Rendition at Different Chromaticities. Lighting Research & Technology. 
Online before print. DOI: 10.1177/1477153517725974. 
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TM-30 Model: Rf and Rcs,h16 

Royer M, Wilkerson A, Wei M. 2017b. Human Perceptions of Color 
Rendition at Different Chromaticities. Lighting Research & Technology. 
Online before print. DOI: 10.1177/1477153517725974. 

 
 

     

Rf ≥ 78 
-7% ≤ Rcs,h1 ≤ 15% 
Rg ≥ 98 



Another reason not to restrict color fidelity: 
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Zhang F, Xu H, Wang Z. 2017. Optimizing spectral compositions of multichannel LED light sources by 
IES color fidelity index and luminous efficacy of radiation. Applied Optics 56(7):1962-1971. 
 



May 10, 2018 34 

A. High Fidelity (Rf 90+) PC LED 
Some Hybrid (PC+R) LED 
Neodymium Incandescent 
Incandescent/halogen 
Some Specialty HID 

B. Additional PC-LED (Rf 85+) 
Additional Hybrid LED (PC+R) 
 

Products from TM-30-15 Library: 

New products beginning to emerge… 
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Current Near Future? Far Future? 

+22% Spectral Efficiency 

Preference = Low 
Ra = 83, R9 = 23 
LER = 316 

Preference = High  
Ra = 68, R9 = 78 
LER = 363  

Preference = High 
Ra = 73, R9 = 80.5 
LER = 385 

+15% Spectral Efficiency 
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https://www.energy.gov/eere/ssl/color-rendition 
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