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Kingdom (Sept. 2021)

Objective:  Promote solid-state 
lighting worldwide for energy saving 
and quality assurance of products

Phase I (2010 – 2014)   
Phase II (2014 – 2019)   
Phase III (2019 – 2024)

Current Tasks
• Interlaboratory comparison (IC 2017)
• Task 1. Human Centric Lighting – Health and Comfort
• Task 2. Lifetime of SSL Lamps and Luminaires
• Task 3. Lighting and Environment
• Task 4. Interlaboratory Comparison of Temporal Light Modulation
• Task 5. Test Methods and Performance Metrics
• Task 6. Quality and Performance Tiers  
• Task 7. Smart Solid State Lighting
• Task 8. Database of SSL Products Performance

http://ssl.iea-4e.org/


Dr. Yoshi Ohno, NIST
• Active in SSL Annex since 2010
• Served as Task Leader for IC 2017 goniophotometer comparison, today’s presentation
• Yoshi received his Ph.D. in Engineering from Kyoto University, Japan. 
• Since 1992, Yoshi has been working at National Institute of Standards and Technology 

(NIST) in Gaithersburg, Maryland, USA
• Yoshi served as a Group Leader at NIST Optical Technology Division then (now a part of 

Sensor Science Division) from 2003 to 2012, and is a NIST Fellow since 2010 
• He has been very active in international standardization work.  
• Since 2007, he served as CIE Division 2 Director, Vice President-Technical, and CIE 

President for 2015-2019 term.  
• Chaired several CIE TCs and led development of CIE S 025 among other CIE publications. 
• Active in Consultative Committee for Photometry and Radiometry (CCPR) and chaired 

CCPR Working Group on Key Comparisons from 2006 to 2018
• Yoshi is a Fellow of Illuminating Engineering Society (IES) and led development of IES LM-

79 and LM-85 test methods for SSL products and high-power LEDs, and also ANSI C78.377 
(Chromaticity specifications for SSL products). 

• He received several awards including CIE de Boer Gold Pin award, US Dept. of Commerce 
Silver medal award, and US Dept. of Energy SSL Visionary award. 
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Had 54 labs participating from 18 countries.
Additional 56 labs results from NIST NVLAP PT and    
APLAC T088 PT program linked
Total 110 labs’ measurements of SSL products compared  

 Comparison Artefacts
Four types of LED lamps -omni-
directional, directional, low 
power factor, and high CCT, plus 
incandescent lamp

 Quantities measured:
• luminous flux
• luminous efficacy
• active power
• RMS current

• power factor
• chromaticity x, y
• CCT
• CRI

Link to IC 2013 Final Report

SSL Annex Prior Interlaboratory Comparison (IC 2013) 
for measurement of SSL products

https://www.iea-4e.org/ssl/our-work/testing-standards/
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2017 Interlaboratory Comparison of Goniophotometers (IC 2017)
for measurements of SSL products

• Launched in July 2017 (thus, called IC 2017).

• Instruments:  goniophotometers only, three different types (mirror-
rotating type, near-field type, source-rotating type) were included

• Artefacts:  3 LED luminaires + narrow-beam LED lamp

• Measurement quantity: 16 quantities including 8 goniophotometric
quantities

• Participants: 36 labs from 19 countries participated with a total of 42 
goniophotometers (gonio-spectroradiometers)

• Test method: CIE S 025 

• The comparison was designed in compliance with ISO/IEC 17043 to serve 
as a proficiency test for SSL testing laboratory accreditation programs

• Summary results presented at CIE 2021 Midterm conference (Sep. 2021)

• IC 2017 Final Report published on 20 December 2021
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Scheme of IC 2017

Asia and other 
regionsKILT

LNE 

Europe

NIST

Nucleus Laboratories   
LNE (Laboratoire Nationale de métrologie et d’Essais), France
KILT (Korea Institute of Lighting and ICT), Republic of Korea

IC 2017 was carried out as a star-type comparison between participants and 
one of the reference laboratories (called Nucleus Laboratories in IC 2017) 

Nucleus Lab

Participant

Measurements    
<Before>
<After>

Artefacts

Coordinator
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IC 2017 Technical Protocol (June 2017) provided 
details of 
• Measurement Instruments accepted
• Comparison artefacts
• Measurement quantities 
• Test Method

IC 2017 Technical Protocol

IEA 4E Solid State Lighting Annex: Interlaboratory Comparison 2017 (IC 2017) Technical 
Protocol version 1.0; Published: 30 June 2017. Link: https://www.iea-4e.org/wp-
content/uploads/publications/2021/05/IC-2017-Technical-Protocol_v.1.0_final.pdf

https://www.iea-4e.org/wp-content/uploads/publications/2021/05/IC-2017-Technical-Protocol_v.1.0_final.pdf
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Goniophotometer Types accepted in IC 2017

* Annex 1 of the Final Report provides further information.

<Mirror type> <Near-field type> <Source-rotating type>

* Requires less space, lower cost
* Operating position changes
* Correction for changes of operating 
position of DUT required in CIE S 025.

* Operating position of DUT kept constant
* Compact, requires only small space
* Verification of equivalence to a far-field 

goniophotometer required in CIE S 025.

* Operating position of DUT kept constant
* Large dark room space required
* Further variations of design
* Further variations of design
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Variations of Mirror Type Goniophotometer Design

* Annex 1 of the Final Report provides further information.

* Detector position (distance) is fixed
• Detector position can be changed.
• Easier handling of stray light

• Requires less space (height) than the 
other two.
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Goniophotometers Used by the Participants  

Goniophotometer type Design Total number
Mirror (Design 1) Mirror rotates around luminaire 9

Mirror (Design 2)
Light source rotates around mirror

1

Mirror (Design 3)
Both mirror and lumianire  rotate  

8

Near-field Near-field type 12

Source R
Source rotates with fixed detector

10

Detector R
No mirror, detector rotates, 
burning position kept 1
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ART-1: 
Narrow-beam 
lamp (MR-16)

ART-2: Planar 
luminaire

ART-3: Batten 
luminaire

ART-4: Street 
lighting luminaire

IC 2017 Comparison Artefacts

12V DC
7.5 W
2700K

220V AC, 60 Hz
40W
5700K

220V AC, 60 Hz
20W
4000K

220V AC, 60 Hz
30W
4000K

62 x 62 x 2 cm 63 x 6 x 8 cm 50 x 25 x 11 cm
5 cm φ x 4.5 cm

Beam angle ≈ 12°

* Details available in Section 3.2 of Final Report and IC 2017 Technical Protocol (June 2017). 
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Light-emitting areas of ART-1 lamp and ART-4 street lighting luminaire

ART-1 ART-4

IC 2017 Comparison Artefacts
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IC 2017 Measurement Quantities

Same as IC 2013
Used in IC 2017 
for proficiency 
testing 
(z’, En number 
calculated)

For 
technical 
study
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Information for goniophotometric quantities (IC 2017 Protocol)

IC 2017 Measurement Quantities

• Participants were allowed not to 
measure some of the quantities if 
they are not capable (some gonio 
quantities).

• Measurement uncertainties were 
required but participants were 
allowed not to report for some 
quantities if they have difficulty.

• Some guidance was give on 
goniophotometric quantities in IC 
2017 Technical Protocol.

Upward flux

Street-side 
downward flux

House-side 
downward flux
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Test Method of IC 2017

CIE S 025 (or EN 13032-4, equivalent European standard) 
was used as the Test Method for IC 2017

• Participants were required to perform measurements 
in compliance with this test method

• Participants were required to report any incompliance 
to CIE S 025
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• PSI / LG-2.0 Mirror Goniophotometer (Design 1 in slide 7)
• Photometric distance 12 m (same for spectral measurement)

• Designed and built by LNE (Design 2 in slide 7)
• Photometric distance 25 m (6 m for spectral measurement)

Goniophotometer used at KILT Goniophotometer used at LNE

* Details available in Section 4 of Final Report and IC 2017 Technical Protocol (June 2017). 
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Nucleus Laboratories Comparison

KILT-measured 
value

LNE-measured 
value

For each quantity, each artefact, 

Weighted 
mean value

uncertainty

uncertainty

KILT correction 
factor (table 5.3)

LNE correction 
factor (table 5.4)

<Nucleus Laboratory Comparison>

<KILT Measurement Rounds>

Uncertainty of 
the weighted 
mean  

KILT-measured 
value

LNE-measured 
value

Reference value 
of IC 2017

Prior to IC 2017 measurement round, Nucleus Laboratory Comparison was carried out. KILT and LNE 
compared measurements of 2 sets of 4 artefacts for all measurement quantities. 

Reference value 
of IC 2017

<LNE Measurement Rounds>

Uncertainty of the 
Reference value

LNE, KILT reproducibility

Details are available in IEA 4E SSL Annex, IC 2017 Nucleus Laboratory Comparison Report. Published 28 May 2019. Link: 
https://www.iea-4e.org/wp-content/uploads/publications/2021/01/IC_2017_Nucleus_Lab_Comparison_Report_-Final_Revised_-_2019-09-30.pdf

https://www.iea-4e.org/wp-content/uploads/publications/2021/01/IC_2017_Nucleus_Lab_Comparison_Report_-Final_Revised_-_2019-09-30.pdf
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Measurement Rounds
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Individual Test Report (ITR)

• Participants may use this as Proficiency Test report for 
accreditation applications.

• Participants can find problems and improve their 
measurement systems.

Contents
20 pages
15 tables of results
24 figures (6 x 4 artefacts) of LID curves 
Comments on LID results of each artefact

Purposes

Issued to each of all 42 instruments/participants in April – July 
2020, a few revisions later.  ITR Reported the comparison 
results (of only the participant) directly to each participant in 
detail.  
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Results of IC 2017

• IC 2017 Final Report published 
December 20, 2021.   

155 pages
166 figures
18 tables

Available on SSL Annex website.

Analysis I

Analysis III

Analysis II
Results of comparison of all 42 instruments 
for all quantities are presented in 
anonymous manner. (analysis I)

Comparisons of different instrument types 
are analyzed (Analysis II and III)
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Analysis I – (Relative) differences comparing all 42 instruments

SDPA: Standard Deviation for 
Proficiency Assessment
(pre-determined to calculate z’ 
scores in proficiency test)

– Results of all artefacts in one graph–

(Expected variation of 
participants’ measurements)
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Analysis I – (Relative) differences comparing all 42 instruments

– Results of all artefacts in one graph–
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– Results of all artefacts in one graph–

Analysis I – (Relative) differences comparing all 42 instruments
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– Graph for each artefact –

Range of expanded 
uncertainty (k=2) of 
Reference value

Error bars: each 
participant’s reported 
expanded uncertainty 
(k=2)

~60 figures of these for 
all 16 quantities x 4 
artefacts presented in 
Final Report.

Outliers were 
excluded from the 
averages

Analysis I – (Relative) differences comparing all 42 instruments
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~50 figures of these 
for 16 quantities and 4  
artefacts presented in 
Final Report.

– Graph for each artefact –
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Standard deviations of the results for 
each goniophotometer type  

Average deviations from the reference 
value for each goniophotometer type  

Analysis III – Standard deviations and Average deviations 
for each instrument type

34 figures of these 
were produced for 
all 16 quantities.

Expanded U(k=2) 
of Reference 
value

Section 7.4 of IC Final Report
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Standard deviations of the results

Average deviations from the reference value (bias)

Analysis III Results (1) – Photometric quantities

• Total luminous flux: variations appear to be reasonable for all types
• Luminous intensity at (0,0) for ART-1: Near-field type shows notable deviation (negative 

bias) though this may be still at acceptable uncertainty level
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Standard deviations of the results

Average deviations from the reference value

Analysis III Results (2) – Electrical quantities

• Large differences between different artefact types (e.g., power factor)
• Variations are much higher than expected in some cases
• Variations of ART-1 are high probably due to small pins and low voltage (DC 12V) thus relatively higher current

(DC power)(DC current) (DC operation)
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Standard deviations of the results

Average deviations from the reference value

Analysis III Results (3) – Colour Quantities-1

• Variations appear reasonable
• No notable differences between different goniophotometer types
• Variations for ART-4 with sphere system are high

 Sphere-spectroradiometer was allowed for measurement of color quantities
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Standard deviations of the results

Average deviations from the reference value

• Results of CRI Ra appear reasonable
• Colour uniformity: variations are very high, considering that these are relative color measurements

Analysis III Results (4) – Colour Quantities-2
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Colour Uniformity Δu’v’ – Raw Results
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Summary results of z’ score

2
drift

22ˆ
'

uu
Xxz

X ++

−
=

σ

x: participant’s result 
X: reference value

: SDPA value (expected std 
deviation of participants) 

ux std uncertainty of 
reference value

udrift: artefact reproducibility 

|z’| ≤ 2 : satisfactory
2 < |z’| ≤ 3 questionable
|z’| > 3 : unsatisfactory

Generally,
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Summary results of En number

x: participant’s result
X: reference value
Ulab : expanded uncertainty (k=2)

of participant’s result
Uref: expanded uncertainty (k=2)

of reference value

|En| ≤ 1 : satisfactory
|En| > 1 : unsatisfactory

Generally,
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Analysis III Results (5) – Goniophotometric quantities (ART-1)

Standard deviations of the results

Average deviations from the reference value

• Center beam intensity: notable negative bias for near-field type (luminous intensity at (0,0) was similar).
• partial flux (15° cone angle): Variations are extremely large. 

(°
)

(°
)
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30° cone 
angle

It seems many labs 
calculated 30° cone 
angle
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Ratios of luminous intensity at (0,0) to centre beam intensity (CBI)

• 21 out of 42 labs reported exactly the same values for I(0,0) and CBI. 
(Many participants did not calculate CBI as defined)

I (0,0)
CBI
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Analysis III Results (6) – Goniophotometric quantities (ART-4)

Standard deviations of the results

Average deviations from the reference value

• House-side downward flux: 
- Large variations (4 x than street side)  
- Notable negative bias of near-field type (but uncertainty is also high for this quantity) 
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Large variations due to sharp 
decrease of intensity on 
house side
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Uncertainty reporting for goniophotometric quantities

Partial luminous flux      16 out of 40 labs (40 %)
Beam angle 14 out of 41 labs (34 %)
Centre beam intensity   10 out of 40 labs (25 %)
Colour uniformity 15 out of 30 labs (50 %)

did not report uncertainties.
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Analysis IV – Luminous Intensity Distributions

Format of LID results report (with example data)



39

Solid State Lighting Annex
Energy Efficient End-use Equipment
International Energy Agency C-angle Problem

ART-1 ART-2 ART-3 ART-4
CIE coordinate system

90° and 270° are opposite 
(wrong rotation direction)

Correct setting 0° and 90° are opposite 
(wrong 0° origin)

C-angle origin and rotation marked on each artefact

Problematic participants’ data for ART-4
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ART-1

Analysis IV – Luminous Intensity Distributions

(Typical example) (Problematic example)

(Source-rotating type) (Mirror type)
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ART-2

Analysis IV – Luminous Intensity Distributions

(Typical example) (Problematic example)

(Mirror type) (Mirror type)
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ART-3

Analysis IV – Luminous Intensity Distributions

(Typical example) (Problematic example)

(Mirror type) (Source-rotating type)
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ART-4

Analysis IV – Luminous Intensity Distributions

(Good example) (Problematic example)

(Source-rotating type) (Mirror type)
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Use of wrong unit (cd/1000 lm)

Analysis IV – Luminous Intensity Distributions
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Analysis IV – Luminous Intensity Distributions

Near-field type  ART-1 and ART-4
(Good examples)
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Summary of Findings

<Photometric and colorimetric quantities>
• Overall, reasonable agreement (though there were a few outliers for each quantity)
• Reported uncertainties were also reasonable in most cases.
<Electrical quantities>
• Large differences for different artefacts – RMS current, power factor
• Uncertainties were often underestimated
<Goniophotometric quantities>
• Partial luminous flux, beam angle – definitions mistaken by many labs
• Center beam intensity –half of the labs reported exactly equal to I(0,0)
• House-side downward flux – large variations (4x) not considered in uncertainty budget
• Angular color uniformity – deviations too large
• Uncertainties for gonio quantities not reported by many labs
<Luminous intensity distribution>
• C-angle rotation direction wrong (many labs), wrong 0° origin, wrong unit (cd/1000 lm) (some labs)
• Large differences in artefact alignment (ART-1, ART-4 – sensitive to angle)  
• Source-rotating type showed dead angle problems in upper directions (4 out of 12 instruments).
<Comparison of different goniophometer types>
• Nearfield type and source-rotating type, overall, showed equivalence to mirror type
• Near-field type showed slight negative bias for ART-1 luminous intensity at its peak and ART-4 in (0,0) direction.
• Source-rotating type did not show any issues (except for the dead angle problem in some cases)
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 correct settings of C-angle and rotation of LID data
 accurate alignment of beam lamps and luminaires
 calculation of centre beam intensity and beam angle
 uncertainty evaluation for goniophotometric quantities (as well as other

quantities)
 acceptance criteria for near-field goniophotometers to demonstrate equivalence

to a far-field goniophotometer (CIE Div. 2 working on it in DR2-69 ?); and
 acceptance criteria for source-rotating type goniophotometers (with required

correction for operating position) – further investigation on the need for the
correction.

Feedback to CIE S 025

For further improvements of SSL product measurements with goniophotometers, 
further guidance on the following points in CIE S 025 will be helpful:
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Conclusions

 The Interlaboratory comparison of goniophotometric measurements of SSL products (IC 2017), 
with 36 participating laboratories with 42 goniophotometric instruments, was conducted 
successfully, making it the largest interlaboratory comparison of this kind ever undertaken.

 This comparison revealed a number of specific problems in measurement of goniophotometric 
quantities and indicated that more guidance is needed for these measurements.

 This comparison also verified that, overall, near-field type and source-rotating type 
goniophotometers used in this comparison had equivalent accuracies to far-field mirror type 
goniophotometers for the types of products used in this comparison.  (Note: near-field type 
showed slightly higher uncertainty for a very narrow beam intensity distribution)

 Verification in this comparison did not cover all types of products in the market and 
goniophotometric instruments of all manufacturer/models.  Further investigations are needed. 

 The results of this comparison may be useful for future improvements in metrology, standards 
and practice in measurements of SSL products

IC 2017 Final Report was published on 20 December 2021, available at https://www.iea-4e.org/wp-
content/uploads/2021/12/SSL-Annex-IC-2017-Goniophotometers-Final-Report-2021.12.20.pdf

https://www.iea-4e.org/wp-content/uploads/2021/12/SSL-Annex-IC-2017-Goniophotometers-Final-Report-2021.12.20.pdf
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Thank you for your attention!
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