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Introduction
The metrological equivalence of national measurement standards and of calibration certificates issued by national metrology institutes is established by a set of key and supplementary comparisons chosen and organized by the Consultative Committees of the CIPM or by the technical committees of the regional metrology organizations in collaboration with the Consultative Committees.
Comparison topic
At its meeting in November 2023, the technical committee of photometry and radiometry (GULFMET/TC-PR), decided upon a supplementary comparison on luminance measurement, numbered GULFMET.PR.S3 with SASO-NMCC as the pilot laboratory. The comparison was registered January 2025, and artefact circulation is planned to start in July 2025.
The procedures outlined in this document cover the technical procedure to be followed during the measurements. A goal of the key and supplementary comparisons for topics in optical metrology is to demonstrate the equivalence of routine calibration services offered by NMIs to clients, as listed in Appendix C of the Mutual Recognition Agreement (MRA). To this end, participants in this comparison agree to use the same apparatus and methods as routinely applied to client artefacts.
By their declared intention to participate in this supplementary comparison, laboratories accept the general instructions and to strictly follow the technical protocol of this document. Due to the large number of participants, it is very important that participating NMIs perform their measurements during assigned dates. Participants should keep in mind that the allocated time period is not only for measurements, but transportation and customs clearance as well. Once the protocol and list of participants has been agreed, no change to the protocol or list of participants may be made without prior agreement of all participants.
Support for CMCs/service categories
<Supplementary Comparisons> The service categories and CMCs supported by this comparison have been determined by reference to the CCPR documents/publications. Although there is not a one-to-one mapping to service categories, the following principal techniques are tested by this comparison:
Luminance responsivity, luminance meter.




Organization
Participants
Table 1. List of participant laboratories and their contacts.
	Laboratory
Code
	Contact person, Laboratory
	Phone, Fax, email

	SASO-NMCC
Saudi Arabia

Pilot

	Dr. Khaled M. Ahmed
Mr. Mohammad D. AlMelfi

Saudi Standards, Metrology and Quality Organization of The Kingdom of Saudi Arabia (SASO)
Riyadh - Al Muhammadiyah - in front of King Saud University, Al Imam Saud Ibn Abdul Aziz Rd
Riyadh 11471, P.O. Box 3437
KINGDOM of SAUDI ARABIA
	Tel. +966112529790
Cell. +966500149178
Fax. +966112076484
E-mail: k.abdelftah@saso.gov.sa
[bookmark: _GoBack]E-mail: m.melfi@saso.gov.sa

	BEV
Austria
	Dr. Jörg Premper
Dr. Michael Matus

Bundesamt für Eich- und Vermessungswesen
Arltgasse 35
Wien, A1160
Austria
	Tel. +43 1 21110-826346
Tel. +43 1 21110-826540

Email: joerg.premper@bev.gv.at
Email: michael.matus@bev.gv.at


	UzNIM
Uzbekistan
	Mr. Jamol RUSTAMOV
Uzbek National Institute of Metrology (UzNIM)
100174, Tashkent, Almazar district, Farobi street, buildings 333 A, 333 B
Republic of Uzbekistan.
	Tel.  +99878 150 26 03
Cell. +99897 725 64 00
rustamov@nim.uz
RustamovJ.best@gmail.com

	NIMT
Thailand
	Ms. Rojana Leecharoen

Thermometry and Optical Metrology Department, National Institute of Metrology (Thailand)
3/4-5 Moo 3, Klong 5, Klong Luang, Pathumthani 10120  Thailand
	Tel. +66 2 577 5100 ext 2312
Mobile. +66 92 256 2332
rojana@nimt.or.th
rojanaleecharoen@gmail.com

	GUM
Poland
	Mr. Grzegorz Szajna

	radiation@gum.gov.pl
photometry@gum.gov.pl
Grzegorz.szanja@gum.gov.pl

+48 22 581 92 95; +48 22 581 94 46
00-139 Warsaw, Elektoralna st. 2

	CSIR-NPLI
India
	Mr. V K Jaiswal
	jaiswalvk@nplindia.res.in

	NMIA
Australia
	Dr. Erik Thorvaldson
	Erik.Thorvaldson@measurement.gov.au
+61284673565

	MSL
New Zealand
	Dr. Yang Yenn Tan
	YangYenn.Tan@measurement.govt.nz

	SCL
Hong Kong
	Mr. Darren LAW
Mr. Brenda LAM
	darren.law@itc.gov.hk
hslam@itc.gov.hk

	PTB
Germany
	Dr. Stefan Kueck
	Stefan.Kueck@ptb.de
Armin.Sperling@ptb.de
johannes.ledig@ptb.de


Schedule
The participating laboratories were asked to specify a preferred timetable slot for their own measurements of the luminance meter – the timetable given in table 2 has been drawn up taking these preferences into account. Each laboratory has six weeks that include customs clearance, calibration and transportation to the following participant. With its confirmation to participate, each laboratory is obliged to perform the measurements in the allocated period and to allow enough time in advance for transportation so that the following participant receives them in time. If a laboratory has technical problems to perform the measurements or customs clearance takes too long, the laboratory has to contact the pilot laboratory as soon as possible and, according to whatever it decides, it might eventually be obliged to send the standards directly to the next participant before completing the measurements or even without doing any measurements. 
Table 2. Schedule of the comparison.
	RMO
	Laboratory
	Date

	GULFMET
	SASO-NMCC (Pilot) First measurement
	30 June 2025 + 3 months

	EURAMET
	BEV, Austria
	30 August 2025 + 2 months 

	EURAMET
	GUM, Poland
	30 January 2026 + 2 months

	COOMET
	UzNIM, Uzbekistan
	30 March 2026 + 2 months

	APMP
	NIMT, Thailand 
	30 May 2026 + 2 months

	APMP
	CSIR-NPLI, India
	30 June 2026 + 2 months

	APMP
	NMIA, Australia
	30 August 2026 + 2 months

	APMP
	MSL, New Zealand
	30 October 2026 + 2 months

	APMP
	SCL, Hong Kong
	30 December 2026 + 2 months

	EURAMET
	PTB, Germany
	30 February 2027 + 2 months

	GULFMET
	SASO-NMCC (Pilot) Final measurement
	30 April 2027 + 2 months

	
	Pre-Draft A by Pilot
	15 August 2027 

	
	Draft A distribution by Pilot
	30 October 2027

	
	Draft B submission by Pilot
	30 December 2027


-By their declared intention to participate in this supplementary comparison, the laboratories accept the general instructions and the technical protocol written down in this document and commit themselves to follow strictly the procedures of this protocol as well as the version of the "Measurement Comparisons in the CIPM MRA”, “EURAMET Guide on Comparisons" and “CCPR-G7” in effect at the time of the initiation of the Supplementary Comparison.
-Once the protocol and list of participants have been approved, no change to the protocol or list of participants may be made without prior agreement of all participants. 
-Exclusion of a participant's results from the report may occur if the results are not available in time to prepare the draft report.
Reception, transportation, insurance, costs
A hard plastic case containing the traveling artefact; luminance meter and cables, is used for the transportation of the artefacts (Figure 1). Upon reception of the package, each laboratory has to check that the content is complete and that there is no apparent damage on the box or any of the standards. The reception has to be confirmed immediately to the pilot with a copy to the former participant (sender), preferably using the form of Appendix A.
The organization costs will be covered by the pilot laboratory, which include the standards themselves, the cases and packaging, and the shipping costs to the next laboratory. The pilot laboratory has no insurance for any loss or damage of the standards during the circulation.
[image: LMT L1009]
Figure 1 – Photograph of the artefact
Once the measurements have been completed, the package shall be sent to the following participant. Please cover them with this product before packing them for transportation or when stocked for more than three days.
Each participating laboratory shall cover the costs of shipping and transport insurance against loss or damage. The package should be shipped with a reliable parcel service of its choice. Once the measurements have been completed, please inform the pilot laboratory and the following participant when the package leaves your installations indicating all pertinent information. If, at any point during circulation, the package is damaged, it shall be repaired by the laboratory before shipping it again. In the case that a laboratory or its shipping agent damages one or more artefacts, they may be required by the pilot to replace the artefacts at their own cost (or from the insurance).
For shipment, the package is accompanied by an ATA carnet. The carnet shall always be shipped with the package, never inside the box, but apart. Please be certain, that when receiving the package, you also receive the carnet! For shipment inside the EU the ATA carnet may be shipped inside the box.
Artefacts
Description of artefacts
The package contains luminance meter unit with cables and accessories in a case. The details are given in table 3. The travelling standard is packed in a transport case of size (70 x 40 x 25) cm3 and a total weight of 6 kg. The transport case can easily be opened for customs inspection.
Table 3. List of artefacts.
	Artefact
	Model
	Serial
	Manufacturer

	Luminance meter 
	L1009
	12b426
	LMT


Measuring instructions
Handling the artefact
The artefacts should only be handled by authorized persons and stored in such a way as to prevent damage. The condition of the artefacts before measurement should be registered in the form provided in appendix B. 
Measurements may only be performed using equipment normally used to offer the relevant CMC service. In case of multiple CMC services in this area, only the service/equipment with the smallest uncertainty should be used, unless the pilot and other participants agree to allow additional instruments to be used; in which case, only the results of the instrument/service with the smallest uncertainty may contribute to the SCRV.  After the measurements, ensure that the content of the package is complete before shipment. Always use the original packaging.
Measurement instructions
· The participants should perform the measurement using the facilities and procedures which are used for their calibration services, while meeting the conditions of measurement specified by this technical protocol.
· Before using the meter, they should be inspected for damage or contamination. Any damage should be documented and communicated to the pilot using the form in APPENDIX B: INSPECTION REPORT ON RECEIPT OF TRANSFER ARTEFACT. 
· Luminance meter should be mounted and aligned so that the optical beam is centred on the sensitive surface, using, if needed, the tool provided, at normal incidence.
· After alignment and before starting the measurements, sufficient time should be allowed to let the meter reach thermal equilibrium. 
· The luminance nominal levels for the measurements are 1.0 cd/m2, 10 cd/m2, 100 cd/m2, 1000 cd/m2 and 1100 cd/m2 at 1◦ and 20’ respectively. That’s to cover the main ranges of the used artifact, as well as essential calibrations under this service, 1.99 cd/m2, 19.99 cd/m2, 199.9 cd/m2, 1999 cd/m2 and 19999 cd/m2.
When you change a FOV setting (from 1 degree to 20 arc minutes), it is recommended to change the setting as per the following table:
	Nominal level
	FOV setting
	Range setting

	1.0 cd/m2
	1◦
	1

	10.0 cd/m2
	20’
	2

	1.0 cd/m2
	1◦
	2

	10.0 cd/m2
	20’
	3

	etc.
	..
	..



· Traceability
Luminance measurements should be traceable to the latest realisation of the relevant units as set out in the current “Mise en Pratique”. Temperature measurements should be made using the International Temperature Scale of 1990 (ITS-90).
Measurand
The measurand is the correction factor at different luminance levels at three selected FOVs. The measurements should be performed in suitable laboratory accommodation maintained at a temperature as close as possible to 23.0 ◦C (± 1◦C). The exact temperature of the laboratory during the time of the measurements must be reported. In case if the temperature of the lab is much higher or lower, the temperature coefficient of the meter may be considered in the participant report.
Each independent measurement may consist of more than one set of measurements, the exact number should be that normally used by the participating laboratory to obtain the appropriate accuracy as limited by the noise characteristics of their specific measurement facility. The exact number of measurements used should be stated in the measurement report but only the mean or final declared value of the set is required to be included.
The required measurand to be submitted to the pilot laboratory is the correction factor. This factor is calculated from the average of all measurements for each luminance level and FOV angle.
Correction factor that can be measured using the following formula:

Where, Lind is the measured luminance value, Lref is the reference luminance value.
Selected FOVs are: 1◦ and 20’ at each luminance level. Dark signal should be recorded and corrected for.
Range: Manual (the first three calibration points corresponding to the first three ranges of the device and last two points corresponding to the fourth range; that is to make the participant values better comparable)
Operation mode: power cable used during measurements.
Preferred distance*: around 800 mm (depends on the luminance level and FOV at the calibration point).
CCT of reference luminance source: 2856 ± 30 K.
*PS: If a different distance/size of source is used, there should be some allowance in the uncertainty budget for this difference – such as source mismatch effect or internal reflections effect.
Regarding the details of the FOV and range settings, please refer to the recommended instructions (table) by the end of section 5.2.

Measurement uncertainty
The uncertainty of measurement shall be estimated according to the ISO Guide to the Expression of Uncertainty in Measurement. The participating laboratories are encouraged to use their usual model for the uncertainty calculation.
All measurement uncertainties shall be stated as standard uncertainties of the individual components and the whole uncertainty budget with combined and expanded uncertainties (k=2) should be provided, see appendix C. The corresponding effective degree of freedom should be stated by the participants. Additionally, in the report of the measurement technique (Appendix D) the participant should list any relevant CMC claims for the service(s) related to the comparison.
Reporting of results
Results and standard uncertainties as reported by participants
As soon as possible after measurements have been completed, the results should be communicated to the pilot laboratory within six weeks at the latest.
The measurement report forms in appendix C of this document will be sent by e-mail (Word document) to all participating laboratories. It would be appreciated if the report forms (in particular the results sheet) could be completed by computer and sent back electronically to the pilot. In any case, the signed report must also be sent in paper form by mail or electronically as a scanned pdf document. In case of any differences, the signed forms are considered to be the definitive version.
The report on the calibrations must contain a comprehensive uncertainty budget, comprising all the contributions to the total uncertainty. The uncertainty of measurements shall be estimated according to the ISO Guide to the Expression of Uncertainty in Measurements.
The report on the calibrations must include a description of the participants’ measurement facility or a reference to a published work of the facility. It would be useful for a schematic diagram of the facility to be included.
It is recommendable that the report could be completed by computer and sent back electronically to the coordinator. In case of any differences, the paper forms are considered to be the definitive version.
When reporting the results of the comparison, each participant should also report the identifier, range and uncertainty of any existing CMC related to the comparison. This will be used by the pilot when checking whether or not CMC claims are supported by the comparison results.
In the case that the measurement uncertainty reported by a participant in a comparison is significantly higher than the relevant CMC claim, this should be explained at the time of submitting the results (e.g. air conditioning failure at time of measurements, damage on artefacts affecting measurements).
Following receipt of all measurement reports from the participating laboratories, the pilot laboratory will analyse the results and prepare within 2-3 months a first draft A.1 report on the comparison. This will be circulated to the participants for comments, additions and corrections. 
Analysis of results
1.1 Calculation of the SCRV
The Comparison Reference Value (SCRV) for each measurement point xSCRV will be calculated using the weighted mean from the participating labs as per the following equation:

where xI and ui are the measured value and standard uncertainty reported by the participant i, and p represents the number of participants. 
The standard uncertainty associated with the weighted mean is calculated as:

In order to mitigate the impact of the outlier value on the computed comparison reference value, or xSCRV, a chi-square test was employed to assess the consistency of the data, as follows:

A consistency check is deemed unsuccessful if: 


Where P is the probability and χ2() is the inverse of the chi-square cumulative distribution function for a probability of 0.05, with a degree of freedom denoted by v (95% confidence level).
- In this instance, the evaluation excludes the institution with the highest  value, and new reference values, reference standard uncertainties, and chi-squared values are computed without the excluded laboratory.
- U(xref ) was allowed as the expanded uncertainty and xSCRV was approved as the comparison reference value if the consistency check was successful.
- Throughout the comparison, the pilot will evaluate any drift in the traveling standard, based on its initial and final measurements.
- In the final analysis of the comparison results, drift—if detected—will be considered as an extra term in the uncertainty analysis.
1.2 Evaluation of participants performance (En value)
The supplementary comparison reference value (SCRV) is calculated as the weighted mean of the participant results. The check for consistency of the comparison results with their associated uncertainties will be made using En values, along the lines of the WG-MRA-KC-report-template and CCPR G2: Guidelines of report preparation. If necessary, artefact instability, correlations between institutes, and the necessity for linking to another comparison will be taken into account.
	

	


xlab: Participant laboratory measurement result
xref: Pilot laboratory measurement result
Ulab: Participant laboratory measurement uncertainty
Uref: Pilot laboratory measurement uncertainty
The laboratory measurement results will be utilized according to the criteria of En value which is given below.
If │En│≤ 1 then it is successful
If │En│> 1 then it is unsuccessful
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[bookmark: _Toc314578443]Appendix A – Reception of Standards
	To:
	Dr. Khaled M. Ahmed
Mr. Mohammad D. AlMelfi
Saudi Standards, Metrology and Quality Organization of The Kingdom of Saudi Arabia (SASO)
Riyadh - Al Muhammadiyah - in front of King Saud University, Al Imam Saud Ibn Abdul Aziz Rd
Riyadh 11471, P.O. Box 3437, KINGDOM of SAUDI ARABIA
Fax. +966112076484
e-mail: k.abdelftah@saso.gov.sa , e-mail: m.melfi@saso.gov.sa

	From:
	NMI: 		………………………………		Name:	………………………………
Signature:	………………………………		Date:	………………………………




We confirm having received the artefact for the GULFMET.PR-S3 comparison on the date given above.
After a visual inspection:
|_|	There are no apparent damages; their precise state will be reported in the form provided in Annex B/C once inspected in the laboratory along with the measurement results.

|_|	We have detected severe damages putting the measurement results at risk. Please indicate the damages, specifying every detail and, if possible, include photos. If it is necessary use additional sheets to report it.

Appendix B – Conditions of ARTEFACTS (in case if any damage noticed)
	To:
	Dr. Khaled M. Ahmed
Mr. Mohammad D. AlMelfi
Saudi Standards, Metrology and Quality Organization of The Kingdom of Saudi Arabia (SASO)
Riyadh - Al Muhammadiyah - in front of King Saud University, Al Imam Saud Ibn Abdul Aziz Rd
Riyadh 11471, P.O. Box 3437, KINGDOM of SAUDI ARABIA
Fax. +966112076484
e-mail: k.abdelftah@saso.gov.sa , e-mail: m.melfi@saso.gov.sa

	From:
	NMI: 		………………………………		Name:	………………………………
Signature:	………………………………		Date:	………………………………



Comments:


Appendix C – Results Report Form
	To:
	Dr. Khaled M. Ahmed
Mr. Mohammad D. AlMelfi
Saudi Standards, Metrology and Quality Organization of The Kingdom of Saudi Arabia (SASO)
Riyadh - Al Muhammadiyah - in front of King Saud University, Al Imam Saud Ibn Abdul Aziz Rd
Riyadh 11471, P.O. Box 3437, KINGDOM of SAUDI ARABIA
Fax. +966112076484
e-mail: k.abdelftah@saso.gov.sa , e-mail: m.melfi@saso.gov.sa

	From:
	NMI: 		………………………………		Name:	………………………………
Signature:	………………………………		Date:	………………………………


Travelling Standard
Model No:
Serial No:
	Quantity
	Nominal value of luminance level
cd/m2
	FOV
	Measured Value 
	Uncertainty (k=2)

	Correction Factor
(luminance responsivity)
	1
	1◦
	
	

	
	
	20’
	
	

	
	10
	1◦
	
	

	
	
	20’
	
	

	
	
100
	1◦
	
	

	
	
	20’
	
	

	
	1000
	1◦
	
	

	
	
	20’
	
	

	
	1100
	1◦
	
	

	
	
	20’
	
	



UNCERTAINTY BUDGET
Luminance measurement uncertainty budget*
Model function: 	 


Nominal Luminance Value: 1.0 cd/m2 at 1◦
	Source
	Expected Value
xi
	Standard Uncertainty
u(xi)
	Distribution Function
	Sensitivity Coefficient
ci
	Uncertainty contribution
u(yi)

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	Measured Value
	
	Combined Uncertainty
	

	
	
	Expanded Uncertainty (k=2)
	



Nominal Luminance Value: 10 cd/m2 at 20’
	Definition
	Expected Value
xi
	Standard Uncertainty
u(xi)
	Distribution Function
	Sensitivity Coefficient
ci
	Uncertainty contribution
u(yi)

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	Measured Value
	
	Combined Uncertainty
	

	
	
	Expanded Uncertainty (k=2)
	




Nominal Luminance Value: 100 cd/m2 at 1◦
	Definition
	Expected Value
xi
	Standard Uncertainty
u(xi)
	Distribution Function
	Sensitivity Coefficient
ci
	Uncertainty contribution
u(yi)

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	Measured Value
	
	Combined Uncertainty
	

	
	
	Expanded Uncertainty (k=2)
	



Nominal Luminance Value: 1000 cd/m2 at 20’
	Definition
	Expected Value
xi
	Standard Uncertainty
u(xi)
	Distribution Function
	Sensitivity Coefficient
ci
	Uncertainty contribution
u(yi)

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	Measured Value
	
	Combined Uncertainty
	

	
	
	Expanded Uncertainty (k=2)
	


*Uncertainty budgets for all measurement conditions are expected to be provided in the report of each participant



Appendix D – Description of the measurement instrument
	To:
	Dr. Khaled M. Ahmed
Mr. Mohammad D. AlMelfi
Saudi Standards, Metrology and Quality Organization of The Kingdom of Saudi Arabia (SASO)
Riyadh - Al Muhammadiyah - in front of King Saud University, Al Imam Saud Ibn Abdul Aziz Rd
Riyadh 11471, P.O. Box 3437, KINGDOM of SAUDI ARABIA
Fax. +966112076484
e-mail: k.abdelftah@saso.gov.sa , e-mail: m.melfi@saso.gov.sa

	From:
	NMI: 		………………………………		Name:	………………………………
Signature:	………………………………		Date:	………………………………


Make and type of instrument(s)	
	
	
	
	
Traceability path:	
	
	
	
	
Description of measuring technique (including any corrections):	
	
	
	
	
	
	
Temperature during measurements:	
	
	
Relevant 95 % CMC uncertainty claim for the service(s) related to this comparison topic (if existing) and identifier of the CMC	
	
	
If the reported uncertainty is significantly higher than that of the related CMC, explanation for the increased uncertainty	
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