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Traditional White Light Chromaticity for Lighting

ANSI C78.376-2001 for
fluorescent lamps
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Originally published 2008.
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0.56 e 056 | ——
CIE 1976 (u', v') diagram %
2500 K
- 2700 K
054 | ¢§ 054 | S r—
I i g &
> |
| N & | 350K
vl | | | > 4000K
2500K oy
. ; =
V050 | 5000 K V 050 } e
ANSI C78.376
5700 K 5700 K :ilsi;i;h;IGCAdam
MacAdam ‘ “
048 | 6500-K 3000K ellipses 0.486p00 K % Al ,i,g,l-lfgizsmamdam
(DOE-CFLs)
| I
[ | 5000K %
046 | : - - : — 046 } o | L
i : OllluminantA %,
| D65 / 5 |
| (@)
; ‘ —Planckian locus % ‘ ‘
0_44....1 SR N ALR)) NP T e NI T . 0'44.....|.........|..‘.|.. L
0.16 0.18 0.20 0.22 0.24 0.26 0.28 0.18 020 022 024 026 028 0.30
u' u'
Used in Energy Star for SSL products.

CIE/USA-CNC/CIE 2015

NIST ¢



Chromaticity shift across Planckian Locus
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An example in
neodymium lamp

Anecdotes say ...

@ Lights below Planckian
locus look better.

Study by LRC on
white perception
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NIST Spectrally Tunable Lighting Facility
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NIST Spectrally Tunable Lighting Facility

Relative power
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2013 Vision Experiment at NIST
on Preferred and Acceptable level of Duv

CIE 1976 u'-v' diagram
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u -+ 18 subjects participated.

» Subject was fully adapted to the
illumination (chromatic adaptation).

» Subjects viewed fruits, vegetables,
his/her skin tone and the whole room.

» Selected lights that looked “more
natural”.

Experiments conducted at

4 CCTs, at 6 Duv points at
each CCT, at total 23 points.
Total 50 spectra used.
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Discussion by M Wei & Kevin Houser

What Is the Cause of Apparent Preference for Sources

with Chromaticity below the Blackbody Locus?

Minchen Wei® & Kevin W. Houser®

® Department of Architectural Engineering, The Pennsylvania State University, University
Park, Pennsylvania, USA
Published online: 18 Apr 2015.

Leukos, April 2015 http://dx.doi.org/10.1080/15502724.2015.1029131

“We infer that the preference expressed by participants in the
studies by Dikel and others [2014] and Ohno and Fein
[2014] may not be solely related to chromaticity.”

“aspects of color rendition (that is, color fidelity and relative
gamut) may also influence preference.”

CIE/USA-CNC/CIE 2015 | NIST ©


http://dx.doi.org/10.1080/15502724.2015.1029131
http://dx.doi.org/10.1080/15502724.2015.1029131

Preferred Chromaticity of Color-Tunable LED
Lighting

Erhan E. Dikel, Gregory J. Burns, Jennifer A. Veitch, Sandra Mancini & Guy R.
Newsham

To cite this article: Erhan E. Dikel, Gregory |. Burns, Jennifer A. Veitch, Sandra Mancini & Guy R.
Newsham (2014) Preferred Chromaticity of Color-Tunable LED Lighting, LEUKOS, 10:2, 101-115,
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Fig. 8 LED choices and presets plotted on the 1931 CIE chromaticity diagram. Top panel: Full chart, where the yellow dotted lines mark
the boundary of possible conditions with these five channels. Bottom panel: Close-up of area near the blackbody curve.
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Color rendering characteristics at different Duv levels
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Light spectra
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2015 Experiment at NIST

CIE/USA-CNC/CIE 2015

The same conditions as 2013:
* 4 CCTs: 2700 K, 3500 K, 4500 K,
6500 K
Duv range: -0.03 to 0.02

* Spectra were similar
broadband but
adjusted to remove the
effects of gamut and chroma
saturation.

e 21 subjects (19 to 68 years
old) participated.
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Experimental Setting
r—

 Room was set with neutral white walls.
* llluminance ~300 Ix on the table (variations within +1 %).
 Subjects viewed fruits/vegetables on the table, his/her face skin

tone in mirror and the whole room.

IIIIII
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Preparation for each subject

,—/-'

* |shihara Test for
normal color
vision

* Explanations on
experiment

* |Instructions

* Trial run
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Experimental Design
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Experimental Procedures
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“Is this light
acceptable or not?”
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Experimental Procedures
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Pair of lights presented
alternately.

Question: “Which light
looks more natural?”

Subject answers A or B.
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Experimental Procedures
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Experimental Procedures
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Which light looks more natural? A
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Which light looks more natural? B
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Adjustment of Spectra in each pair
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Experimental Procedures
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Individual Results
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Results for “Is this light acceptable?”
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Average Results of 2015 Experiment

2015 results 2013 results
Duv perceived most natural Duv points perceived most natural
0.02 0.02
=21 subjects average —®=18 subjects ave.
0.01 0.01
6 subjects average
0.00 0.00
3 >
a 001 3-001
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Std.dev
-0.04 -0.04
2200K 2700K 3500K 4500K 6500K 2700K 3500K 4500K 6500K

No significant differences found.

[In preparation] Y. Ohno and S. Oh, Vision Experiment Il on Preferred White
Light Chromaticity for Lighting, CIE 2016, Melbourne, March 2016 (abstract
submitted)
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Average Results
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A proposal being prepared in ANSI C78.377 WG

Current specification
* DOE regulation on SSL
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Conclusions

* Inresponse to Wei and Houser study, the 2015 results showed
that the preference to negative Duv is caused by the effect of
chromaticity shift not due to the associated gamut area change.

* However, it is considered that chroma increase in negative Duv
(which occurs in general cases) may also affect (enhance) the
preference in the same direction.

* Itis verified that the preference for negative Duv is consistent
over all CCT ranges (2200 to 6500 K).

* Further experiments or observations with real application scenes
are desired.

e Additional specification is considered in ANSI C78.377.

We thank DOE for their partial support of this research.
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