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The International Commission on lllumination (CIE) is a global non-profit
organization dedicated to advancing the science, technology, and art of
light and lighting, encompassing the full range of related topics including
scientific fundamentals such as vision, colour, the metrology of optical
radiation, photobiology, and photochemistry, as well as lighting
applications indoors, outdoors, and in image technology. The CIE provides
a forum for diverse open expert discussion and information exchange

within, between, and beyond these fields.
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e Support science, promote discussion and information exchange

* Develop and promote consensus within our scope with publications

THE 30™ QUADRENNIAL SESSION OF THE CIE - COME JOIN US!

INNOVATIVE
> LIGHTING

=

23 TECHNOLOGIES

CIE20

30™ SESSION
Ljubljana, Slovenia September 15-23, 2023
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Our 6 Divisions each establish work plans in
which technical committees (TCs) form to
address a specific question; some may be
inter-divisional, and others may be joint
with another organization.

TC proposals are reviewed and approved by
the national members in the sponsoring
Division(s) and by the CIE leadership.

TCs must have at least 5 expert members
from 5 countries to initiate work.

— TC Chair accepts members on the basis of having
relevant expertise and willingness to contribute.

2023-10-11 4
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"Building peace in the minds of men and women” 00 Science Cou ncil
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® The global voice for science
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Open educational Open science:

Open FaIOuCos Open source
research data software and . . o fe . .
‘ chmaidens * increases scientific collaborations and sharing of
Yool Pl information for the benefits of science and society;
Open * makes multilingual scientific knowledge openly

scientific

knowledge available, accessible and reusable for everyone; and

* opens the processes of scientific knowledge
creation, evaluation and communication to societal
actors beyond the traditional scientific community.

Open

dialogue OPEN
with other SCIENCE

knowledge
systems

https://www.unesco.org/en/open-science
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 CIE: quantities (in the field of light and lighting) and action spectra

http://www.cie-usnc.org

 CIPM : defines units
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Vs C—( (3 | o Digital Standards/reports I
f
| ar 5;:;5:::5623- publication o~ ,0—{ ® E-learning (E-book) }_@7 Publication/Education
| B Datasets in Publications o~ B Toolbox/Software/Apps |
g Digital Products }~
|- Publicationfducation | @—{ ® Video/Tutorials : >— B Ontologies supporting digital S| ‘
- f
[ EXl" Research/Test Data < >— B Dataformats }
~o—  EM™ Third-party products ‘

Make Datasets available under the FAIR principle

[ I Low Hanging Fruit ] Bl High Priority

e

[ Intermediate Complexity ] B Mid Priority

2023-10-11 E Low Priority |10
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d ISBN 978-3-902842-24-4
g =~ DOI: 10.25039/TR.018.2019
i

International Commission on Illumination
Commission Internationale de lEclairage
Internationale Beleuchtungskommission

TECHNICAL
REPORT

The Basis of Physical Photometry,
3rd Edition

10 Tables

CIE 018:2019

Table 1 — Values of spectral luminous efficiency for photopic vision, F{1)
(A in standard air)

Alnm () Alnm P(A) Alnm ()
360 | 0,000 003 917 000 O 401 | 0,000 433 714 700 0 442 | 0,025 610 240 000 O
361 | 0,000 004 393 581 0 402 | 0,000 473 024 000 O 443 | 0,026 958 570 000 O
362 | 0,000 004 929 604 0 403 | 0,000 517 876 000 O 444 | 0,028 351 250 000 O
363 | 0,000 005 532 136 0 404 | 0,000 572 218 700 O 445 | 0,029 800 000 00O O
364 | 0,000 D06 208 245 0 405 | 0,000 640 00D 00O O 446 | 0,031 310 830 000 0
365 | 0,000 006 965 000 O 406 | 0,000 724 560 000 O 447 | 0,032 883 680 000 0
366 | 0,000 007 813 2190 407 | 0,000 825 500 000 O 448 | 0,034 521 120 000 0
367 | 0,000 008 767 336 0 408 | 0,000 941 160 000 O 449 | 0,036 225 710 000 O
368 | 0,000 009 839 844 0 409 | 0,001 069 880 000 O 450 | 0,038 000 000 00D O
369 | 0,000 011 043 2300 410 | 0,001 210 00D 00O O 451 | 0,039 846 670 D00 0
370 | 0,000 012 390 000 O 411 | 0,001 362 091 000 O 452 | 0,041 768 000 00D O
371 | 0,000 013 886 410 0 412 | 0,001 530 752 000 O 453 | 0,043 766 000 00O O
372 | 0,000 015 557 280 0 413 | 0,001 720 368 000 O 454 | 0,045 842 670 000 O
373 | 0,000 017 442 960 0 414 | 0,001 935 323 000 0 455 | 0,048 000 000 000 O
374 | 0,000 019 583 750 0 415 | 0,002 180 D00 000 O 456 | 0,050 243 680 000 O
375 | 0,000 022 020 000 O 416 | 0,002 454 80O 000 O 457 | 0,052 573 040 000 O
376 | 0,000 024 839 650 0 417 | 0,002 764 00D 00O O 458 | 0,054 980 560 D00 0
377 | 0,000 028 041 260 0 418 | 0,003 117 800 00O O 459 | 0,057 458 720 000 0
378 | 0,000 031 531 040 0 419 | 0,003 526 400 000 O 460 | 0,060 000 000 00O O
379 | 0,000 0352152100 420 | 0,004 000 DOD 00O O 461 | 0,062 601 970 000 O
380 | 0,000 039 000 000 O 421 | 0,004 546 240 000 0 462 | 0,065 277 520 000 O
381 | 0,000 D42 826 400 0 422 | 0,005 159 320 000 O 463 | 0,068 042 080 000 O
382 | 0,000 046 914 600 0 423 | 0,005 829 280 000 O 464 | 0,070 911 090 000 O
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Overview of published datasets (not complete)

* Free available available through CIE webpage

— CIE 015:2018: selected tables (5 nm)
— CIE 184:2009: spectral transmittance
— CIE S 026:2018: toolbox, action spectra

Free available through other sources:

— CIE 13.3:1995 spectral radiance values

— CIE 018: 2019 1-nm luminous efficiencies
— CIE 224:2017 toolbox

— CIE 015:2018 most of the tables

— CIE 170-2:2015: Cone fundamentals

— ISO/CIE 11664-x Colorimetry series

2023-10-11
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«lt is better if we publish
our data than others do.»
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FAIR Principle

Findable

— Persistent identifier (e.g. DOI)
— Rich metadata

Accessible
— Metadata freely accessible (Data not necessary)
— Metadata schema is published
Interoperable
— Established Data-format,
— Format description publically available
Reusable

— Information about the license shall be provided

— metadata and data should be well-described so that they can be replicated and/or combined in

different settings.

2023-10-11
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 Metadata (or metainformation) is “(structured) data that provides
information about other data” but not the content of the data (Wikipedia)

Data
Metadata
360 | 0,000 003 917 000 O
361 | 0,000 004 393 581 0 -Author
362 | 0,000 004 929 604 0 _Filesize
363 | 0,000 005 532 136 0
364 | 0,000 006 208 245 0 -Number of Columns
365 | 0,000 006 965 0000 _Date Of Creation
366 | 0,000 007 813 219 0 .
367 | 0,000 008 767 336 0 -Version | h
368 | 0,000 009 839 844 0 -Data-Format -> (Meta-)Data MOde / Schema
369 | 0,000 011 043 230 0 -
370 | 0,000 012 390 000 O
371 | 0,000 013 886 410 0
372 | 0,000 015 557 280 0
373 | 0,000 017 442 960 0

2023-10-11 15
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W Where to find the datasets ? : o
. ‘ Embeded into CIE Publications US National Committee of the CIE
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= Q @ |1/ R M O® - R/
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Intematic: '!I -m o on llumination
[ Name i e e PDF/A-3
@ @ CIE_RefSpectrum_L41.csv
ISO 19005-3
Machine readable

TECHNICAL
1 REPORT

LED Reference Spectrum for
Photometer Calibration

2023-10-11 17
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US National Committee of the CIE

°
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* https://cie.co.at/data-tables

CIE 1931 chromaticity coordinates of spectrum loci, 2 degree observer

CIE 1931 colour-matching functions, 2 degree observer - 5nm

CIE 1931 colour-matching functions, 2 degree observer

CIE 1964 chromaticity coordinates of spectrum loci, 10 degree observer

CIE 1964 colour-matching functions, 10 degree observer

2023-10-11 18
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CIE 1931 COLOUR-MATCHING FUNCTIONS, 2 DEGREE
OBSERVER
data > Dataset: CIE_xyz_1931_2deg.csv
Description: CIE 1931 colour-matching functions (x_bar, y_bar, z_bar), 2 degree observer, 1 nm wavelength steps,
original source: CIE018:2019, Table 6

metadata ,
» Metadata file: CIE_xyz_1931_2deg.csv_metadata.json

Related CIE publication 1: CIE 018:20192 The Basis of Physical Photometry, 3rd Edition

Related CIE publication 2: CIE 015:2018 Colorimetry, 4th Edition

Related CIE publication 3: ISO/CIE 11664-1:201%2(E) Colorimetry — Part 1: CIE standard colorimetric observers
Checksum (md5): 17cca777dbé4b17170f06f67ce?d3ab7

How to link to this page by DOI: 10.2503%/CIE.DSxvudnb%b

How to cite this data set: CIE 2018, CIE 1931 colour-matching functions, 2 degree observer (data table),
International Commission on lllumination (CIE), Vienna, Austria, DOI:10.2503%/CIE.DSxvudnb%b

2023-10-11 19
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Which data sets are available?

CIE Standard llluminants

—A
—D50

D65

=

I

400 450 500 550 600
wavelength / nm

650 700 750

https://doi.org/10.25039/CIE.DS.8jsxjrsn

https://doi.org/10.25039/CIE.DS.etgmuqt5

https://doi.org/10.25039/CIE.DS.hjfimt59

2023-10-11
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INTERNATIONAL ISO/CIE

STANDARD 11664-2
Colorimetry —
Part 2:

CIE standard illuminants

Colorimétrie —
Partie 2: llluminants CIE normalizés

Reference number
150/ CIE 11664-2:2022(E]

- B IS0/CIE 2022

20
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_
LED Reference Spectrum P Il s USNC
. . US National Committee of the CIE
http://www.cie-usnc.org
[ ] ISBN 978-3-902842-66-4
300 ! ! - ! ! | I ’ DOl 10.25039/TR.251.2023
CIE reference spectrum L41 I\
o E)(tl'apolation from LED'BS Iptemqthnalc_o"nml_ssion Dnll_l_umi_nat on
250 | CIE standard illuminant A | ik, o e e
c
O
=,
.-g 200
k%
S TECHNICAL
8150t i
[3) :
: = REPORI
o :
) :
.02) 100 :
© i
cﬂé :
50 J J :
LED Reference Spectrum for
G ) Photometer Calibration

400 500 | 600 700 800
Wavelength, A/nm
https://doi.org/10.25039/CIE.DS.van56dfj CIE 251:2023
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15 Cone-Fundamentals

CIE cone-fundamental-based spectral tristimulus values for 2 degree field size

Y

2 S USNC

US National Committee of the CIE

http://www.cie-usnc.org

CIE cone-fundamental-based spectral luminous efficiency function for 2° field
size in terms of energy

CIE cone-fundamental-based spectral tristimulus values for
10°field size

CIE cone-fundamental-based spectral luminous efficiency
function for 10° field size in terms of energy

CIE 2006 LMS cone fundamentals for 2° field size in terms of
energy

CIE 2006 LMS cone fundamentals for 10° field size in terms of
energy

2023-10-11

4
I N

] -

Intemational Commission on lllumination
Commission Internationale de [Eclairage

nternationale Beleuchtungskommission

TECHNICAL
REPORT

Fundamental Chromaticity Diagram with
Physiological Axes -

Part 2: Spectral Luminous Efficiency
Functions and Chromaticity Diagrams

CIE 170-2:2015

ISBN 978-3-902842-06-0

upc:  g12.84
53566

Descriptor:  Physiclogical optics. vision
Colorimetry

N
N
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https://cie.co.at/datatable/cie-cone-fundamental-based-spectral-tristimulus-values-2-degree-field-size
https://cie.co.at/datatable/cie-cone-fundamental-based-spectral-luminous-efficiency-function-2-field-size-terms-energy
https://cie.co.at/datatable/cie-cone-fundamental-based-spectral-tristimulus-values-10-field-size
https://cie.co.at/datatable/cie-cone-fundamental-based-spectral-luminous-efficiency-function-10-field-size-terms
https://cie.co.at/datatable/cie-2006-lms-cone-fundamentals-2-field-size-terms-energy
https://cie.co.at/datatable/cie-2006-lms-cone-fundamentals-10-field-size-terms-energy

: . CIE S 026 — CIE System for Metrology of Optical Py —

15 Radiation for ipRGC-Influenced Responses to Light 8 S USNC

US National Committee of the CIE

Action Sp@Ctra http://www.cie-usnc.org

e .
CIE S 026/E:2018
YV

&
AN, AV N S
0.8 // \x/// \\>\/ \ i w International Standard
0.7 -

/ / X A \ \ s_mc
06 / —s.lc [
os S/ \ LS\ \ |
oa | /\ \ \

_mel = CIE System for Metrol f Optical
0.3 / \ / \ \ \ — Radia)t,iZsTor(;LRééj:f?:e?meg <
oo NS X \

. \ Systéme CIE de métrologie des rayonnements optiques dédié & la réponse a la lumiére des
cellules ganglionnaires photosensibles de la rétine (ipRGC)
0 1 \ \ CIE-System fir die Metrologie optischer Strahlung fir ipRGC-beeinflusste Antworten auf Licht

400 450 500 550 600 650 700

Wellenldnge / nm

. CIE International Standards are copyrighted and shall not be reproduced in any form, entirely
https ://d OI . Org/lo. 25039/C| E . DS .Vq q th5a or partly, without the explicit agreement of the CIE.

uDC: 612.014.481-06 Descriptor: Optical radiation effects on humans
2023-10-11 23
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Many more...

E 1931 chromaticity coordinates of spectrum
E 1931 colour-matching functions, 2 degree o

E 1964 chromaticity coordinates of spectrum

O O O O

4
"

C . USNC

US National Committee of the CIE

http://www.cie-usnc.org

oci, 2 degree observer

pServer

oci, 10 degree observer

E 1964 colour-matching functions, 10 degree observer

Spectral radiance factors of 99 test samples for the CIE colour fidelity

index calculation

Relative spectral power distributions of illuminants representing typical

LED lamps

2023-10-11
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e CSV (comma separated values) without header row

— Platform independent
— Language independent
— Open format according RFC4180

360,0.000129%00000,0.0000039170000,0.000606100000
361,0.000145847000,0.0000043935810,0.000680875200
362,0.0001e3802100,0.0000049296040,0.000765145600
363,0.000184003700,0.0000055321360,0.000860012400
364,0.000206690200,0.0000062082450,0.000966592800
365,0.000232100000,0.0000069650000,0.001086000000
366,0.000260728000,0.0000078132190,0.001220586000
367,0.000293075000,0.0000087673360,0.001372729000
368,0.000329388000,0.0000098398440,0.001543575000
369,0.000369914000,0.0000110432300,0.001734286000

2023-10-11 25
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CIC Metadata (> DataCite

* CIE Metadata schema is based on a widely used schema

— Datacite.org (https://schema.datacite.org/meta/kernel-4.4/ )

* With additional fields (i.e. checksum, validation, additional
information)

Established structured format: JSON

https://doi.org/10.25039/CIE.SC.4taqgevcd

2023-10-11 26
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15 Extract of a metadata-file Q DataCite

DOI prefix for CIE
"identifier": { x////

"identifier"™: "10.25039/CIE.DS.xvudnb%b",
"identifierType"™: "DOI"

b
"creators": |
{
"mname": "International Commission on Illumination (CIE)",
"namelype": "Organlizational”
}
Iy
"titles": |
{
"title": "Colour-matching functions of CIE 1931 standard colorimetric
observer"
}
Iy

"publisher™: "International Commission on Illumination (CIE), Vienna, AT",
"publicationYear": "2019",

2023-10-11 27
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3 CIE-metadata: Checksums ¥ I = USNC
. US National Committee of the CIE
http://www.cie-usnc.org

"checksums": [

{
"hashMethod": "md5",
"checksum": "1/ccallldbedbl7170£06£67ce9d3ab/"
I
{
"hashMethod™: "sha?2be",
"checksum" :
"Taob3e3535a7e0763a745993a11f0al192eb0275acd46adZ2dlberfd/e26841e/13cl"
}

Windows-cmd:

certutil -hashfile "CIE_xyz_1931 2deg.csv" MD5

2023-10-11 28
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i~ :
3 CIE-metadata: Interpolation
"interpolationMethod": "linear®, >
A/nm
Value Descrition
"nearest” Chooses the Y value corresponding to the X value that is nearest to the current xi value
“linear” Sets the interpolated values to points along the line segments connecting the X and Y data points
cubic-spline" Guarantees that the first and second derivatives of the cubic interpolating polynomials are continuous, even at the
cubic-spline

data points

S Guarantees that the first derivative of the cubic interpolating polynomials is continuous and sets the derivative at
cubic-Hermite

the endpoints to certain values in order to preserve the original shape and monotonicity of the Y data.
"Sprague” Sprague 5 point interpolation as outlined in CIE 167:2005
"Lagrange” Lagrange Interpolation

In some cases interpolation is not recommended but a dataset with different wavelength range is recommended.
“"useRelatedDataset” Example is the 5 nm spectral data given in CIE 015. For those the 1 nm data should be used as published with CIE
018:2019. The related dataset should be stated in the corresponding relatedidentifier field.

i . In some cases interpolation is not recommended but an explicitely formula shall be used. Example is the Standard
useRelatedFormula

illuminant A. The reference to the formula shall be described in the description of the dataset
“:unal” unallowed, suppressed intentionally

‘unap not applicable, makes no sense 2023-10-11 29
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15 CIE-metadata: Column Headers

..
| |

"columnHeaders™"

{

"title": "lambda",
"unit": "nm",

"quantity": "wavelength",
"wavelength first": 360,
"wavelength last": 830,
”wavelengthiﬂtep”: 1

"title": "x bar(lambda)",

"unit": "dimenslionless",

"quantity": "colour-matching function",
"wavelength first": 360,

"wavelength last": 830,
”wavelengthigtep”: 1

by
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I j . HOW to use ’ us Nationg CMteeloinIe“CE

http://www.cie-usnc.org
CIE 1931 COLOUR-MATCHING FUNCTIONS, 2 DEGREE
OBSERVER
data > Data set: CIE_xyz_1931_2deg.csv
Description: CIE 1931 colour-matching functions (x_bar, y_bar, z_bar), 2 degree observer, 1 nm wavelength steps,
d original source: CIE 018:2019, Table 6
meta ata; Metadata file: CIE_xyz_1931_2deg.csv_metadata.json

Related CIE publication 1: CIE 018:2019 The Basis of Physical Photometry, 3rd Edition
Related CIE publication 2: CIE 015:2018 Colorimetry, 4th Edition
Related CIE publication 3: 1SO/CIE 11664-1:2012(E) Colorimetry — Part 1: CIE standard colorimetric observers
Checksum (md5): 17cca777dbé4b17170f06f67ce9d3ab7
How to link to this page by DOI: 10.2503%/CIE.DS.xvudnb%b
How to cite‘ How to cite this data set: CIE 2018, CIE 1931 colour-matching functions, 2 degree observer (data table),
: International Commission on lllumination (CIE), Vienna, Austria, DOI:10.2503%/CIE.DS.xvudnb%b
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 Python® Matlab®,LabView® built-in functions

[ He\ternp\CIE_xyz_1931_2deg.csv - Notepad++
File Edit S5earch View Encoding Language Settings Tools Macro Bun Plugins  Window 7

cHHERGA sk ay 2% |EHE ST EEERHo® @ENBE

=] CIE_syz_1931_2deg.csv |

e Text-editor

1 |360,0.000129900000,0.0000039170000,0.000606100000
2 361,0.000145847000,0.0000043935810,0.000680879200
3 362,0.000163802100,0.0000049296040,0.000765145600
4 363,0.000184003700,0.0000055321360,0.000860012400
5 364,0.000206690200,0.0000062082450,0.000966592800
6 365,0.000232100000,0.0000069650000,0.001086000000
/7 366,0.000260728000,0.0000078132190,0.001220586000
g 367, 0 000293075000, 0 0000087673360, 0 001372729000
* Excel: L T T
File Home Insert Page Layout Formulas Data Review WView
E% [% [% 'i'i' [E} I:l%] E |E Cueries & Connections

Fram
Data w Text/CSV

Fram From Table/ Recent
Sources Connections

Web Range

Get & Transform Data

Existing

[

Refresh
All =~

Cuueries & Connections

2023-10-11
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How to read the metadata? § = USNC

. . US National Committee of the CIE

e Matlab®

>> str = fileread('CIE_xyz_1931 2deg.csv_metadata.json’);
>> data = jsondecode(str);

http://www.cie-usnc.org

e Python:
ytho e LabView

Python3 {1 JKIISON

1?1
@ # Python program to read g

Flatten To JSOM  Unflatten From Adapt To Type

ClEmetaDigitalProduct / v4 / tools / LabView / V22 / (D

ClEmetaSchemas Top Element: DEF cie metadata dataset_v4.ctl

- # json file String JSON String Ham
20: -
import json text [ .gitkeep
{¥ibe]
LEF [ DEF die checksum.ctl
# Opening 150N file WSIE T T e o m .
5 atien rrom rng.w.e DEF cie dataQuality.ctl
f = open('data.json") Lﬁ E : g-vi !
o 15‘{}:4}
# returns JS50N object as ] 3B =
# a dictionary Errl:url:nut
data = json.load(f) et
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How to use the metadata B -

I h . US National Committee of the CIE
http://www.cie-usnc.org

o Exce | ® File Home Insert Page Layout Formulas Data B NName B value ~ |
|identifier [Recaord]
SRR E D O REE e recrd
L
. datatablelnfo Record
Get | From  From From Table/ Recent Existing Refresh D b L - ]
Data ~ |Text/CSV  Web Range  Sources Connections All ~ D Jcreators [List]
titles [List]
i T . .
D From File > D From Workbook |subjects [List]
m - | alternateldentifiers [List]
| relateditems [List]
[B[i From Database » E From Text/CSV |formats [List]
I descriptions [List]
[I; s I |rightstist [List]
== From Azure From XML |checksums [List]
publisher International Commission on llumination (CIE), Vienna, AT
3 . . [ I ] icati
From Online Services )3 From JSON | publicationYear 2019
— language en
mS |schemalName ClEmetaDigitalProduct
[EL From Other Sources 2 From PDF |schemaVersion 4
|schemaURL https://doi.org/10.25039/CIE.5C.4tageved J
| CIEmetaDigitalProduct_Importer
| Version 4.0
_|DOI of Schema https://doi.org/10.25039/CIE.5C.4tageved
: 0. accept security alerts. This workbook uses "power query”
N 1. copy the filepath into Cell B11
2. update data
J 3. be aware that the number of rows will update {(use name of tables to access data)
| |FilePath MMETASFS01.AD. METAS\HOMES\OFFICE\BP\temp\CIE xyz 1931 2deg.csv_metadata.json
;: .
| |titles Colour-matching functions of CIE 1931 standard colorimetric observer J
i |fileName CIE_xyz_1931_2deg.csv 4
| identifier 10.25039/CIE.DS.xvudnb9b J
" |publicationYear 2019 J
3 [formats text/csv J
CIE 1931 colour-matching functions (x_bar, y_bar, z_bar), 2 degree observer, wavelength range: 35{2@2}3201‘@,\ﬂ_aﬂ_elength 34
3| descriptions increment: 1 nm, original source: CIE 018:2019, Table 6. J
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New Technical Cemmlttees in prepesal development and approval or establishment

;lesmn 2 Standard Flle Fermat fer Electrenlc Transfer ef Optmal Radlatlen Data
? fer Lumlnalres Lamps and LED medules
Division 2 ISeﬁware Valldetmn Speetra Derlved Quantltles and Metrlee

- «FAIR» International Lightning Vocabulary (https://cie.co.at/e-ilv )
- Toolboxes, API,...
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