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The BIPM - Bureau international des poids et mesures
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The BIPM

THE VISION AND
MISSION OF THE BIPM

... is the intergovernmental organization established by the Metre
Convention in 1875, through which Member States act together on matters
related to measurement science and measurement standards
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Members and Associates (May 2023)

- 64 Member States* and

- 36 Associates of the CGPM

(States and Economies)

* The official term is "States Parties to the Metre Convention"; the term
"Member States" is its synonym and used for easy reference.

www.bipm.org



Members and Associates (May 2023)

Reconnaissance mutuelle

des étalons nationaux de mesure

et des certificats d’étalonnage et de mesurage
émis par les laboratoires nationaux de métrologie
Paris, le 14 octobre 1999

Supplément technique révisé en octobre 2003 (pages 17-20)

Mutual recognition

of national measurement standards

and of calibration and measurement certificates
issued by national metrology institutes

Paris, 14 October 1999

Technical vevised in October 2003 (pages 38-41)

Comité intemational des poids et mesures

Bureau Organisation
ntematicnal Intergouvernementale
des poids 62 13 Convention

et mesurss oumere

www.bipm.org

- 64 Member States* and

- 36 Associates of the CGPM

(States and Economies)

* The official term is "States Parties to the Metre Convention"; the term
"Member States" is its synonym and used for easy reference.

251 Institutes participating in the CIPM MRA

- 97 National Metrology Institutes + 3 Ministries
* 64 Member States

* 36 Associates
— 4 International organizations
(ESA, IAEA, JRC, WMO)
- plus 150 Designated Institutes




Members and Associates (May 2023)

- 64 Member States* and

Reconnaissance mutuelle = 36 Associates of the CGPM

des étalons nationaux de mesure .
et des certificats d’étalonnage et de mesurage (States and Economies)
émis par les laboratoires nationaux de métrologie
Paris, le 14 octobre 1999 o - . h .
Supplément technique révisé en octobre 2003 (pages 17-20) The official term is "States Parties to the Metre Convention"; the term

"Member States" is its synonym and used for easy reference.

251 Institutes participating in the CIPM MRA

CMC area

: Comparisons - 97 National Metrology Institutes + 3 Ministries
W General physics W Key comparisons
B fonizing Aedition = Suplementary comparisons * 64 Member States

* 36 Associates
— 4 International organizations
(ESA, IAEA, JRC, WMO)
- plus 150 Designated Institutes




The BIPM - main technical roles.

Travelling standards Coordinated Universal Time kilogram

Maintains travelling standards to Realizes and disseminates Coordinated Ensures metrological traceability of
compare fixed national references e.g., Universal Time (UTC) based on weighted mass measurements based on the

Josephson Junctions for the volt, averages of ~ 500 clocks from over 80 new definition of the kilogram in
Quantum Hall devices for the ohm, etc. national laboratories world-wide. terms of a physical constant.

Coordinate comparisons Unique world reference facilities

Organizes comparisons for Maintains unique world reference
physical and chemical facilities e.g., SIR (ionizing radiation and
quantities world-wide. isotopes), ozone spectrophotometers

www.bipm.org



Liaison and Coordination
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The Joint Statement "On the digital transformation in the international
scientific and quality infrastructure”

Digital Transformation
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A brief history of the SI

1972

1990

1960 I —— conventions  for
o ——| the mole was the volt and the
The name adopted by introduced - to ohmadopted
the 11" CGPM in 1960 provide a unit for
i hemist
for ‘the. system with 6 chemistry the candela—
base units. 1967 defined .
— reaenined as 1983 the International
+  kilogram monochromatic Temperature
o The second was radiation. Scale (ITS90) was
+  second
+  metre redefined — the the meterwas adopted
. amper'e atomic second redefined—rthe
. first fundamental
+  kelvin
constant.
+ candela
) ' ' '
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2018

The 26th CGPM
agreed to change
the definitions of

* kilogram

* ampere

* kelvin

* mole )
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The International System of Units (SI)

Prefixes Derived units

Yable:5: 1 prefixes Table 3. Coherent derived units in the Sl with special names and symbols
Factor Name Symbol Factor Name Symbol S coherent derived unit®
10' deca da 10" d Expressed Expressed
10 hecto h 107 ¢ intermsof  interms of
10’ kilo k 107 m Derived quantity Name Symbol other ST wnits  SI base units
10" mega M 10 u
10" giga G 10 n plane angle radian® rad 1@ mm
10" tera T 10" P L solid angle steradian srt 1@ m?/m?
10" peta P 10" f = frequency hertz @ Hz &1
10" exa E 0 a \ f:':,c i newton N mkgs™
"":] 2ty z 10 l #opio x SySte me pressure, stress pascal Pa N/m? m kg s?
10* yotta Y 107 yocto ¥ i y energy, work, joule N Nm mikg &2
international amountofheat
) orr power, radiant flux watt W Is m kg s~
d un lte S ridenan electric charge, coulomb C sA
amount of electricity
electric potential difference, volt \' WA m kg s™ AT
po
- - electromotive force
. y 2 142
Base units International capacitance farad P o e st A
electric resistance ohm 0 VIA m kg s AT
system of electric conductance siemens S AV m” kg™ st A7
magnetic flux weber Wb Vs m kg s? AT
i i magnetic flux density tesla T Wh/m® kgs? AT
able 1. ase units g y m% .
inductance henry H Wh/A kg sT AT
Celsius temperature degree Celsius®  °C K
. . luminous fl lumen 1 ed s ed
Base quantity SI base unit i:mimmu I:x I‘: Im/m? med
activ iq;drcfcrmd dmw becquerel Bg s
aradionuclide
Name Symbol Name Symbol absorbed dose, gray Gy kg m' 57
specific energy (imparted),
kerma
length I x, 1, ete. metre m dose equivalent, sievert Sv kg 5~
mass m kilogram kg ambiont doso equiveloat,
- . . ) h - directional dose equivalent,
|||11».._durul|nn 1 second s The 9t edltlon of the SI personal dase equivalent
electric current 1i ampere A catalytic activity katal kat <™ mol
thermodynamic temperature r kelvin K Brochure IS avaﬂable from
amount of substance n mole mol
luminous intensity 1, candela cd t h e
BIPM website.
www.bipm.org 11




27" meeting of the
General Conference of Weights and Measures (CGPM) in November 2022

Resolution 2

S — ] _ “On the global digital transformation and International
Communication and liaison with International Organizations | . -— System Of Ul]its”

Promoting Metrolgy 10 external communities

Encourages

the CIPM to undertake the development and promotion of an SI
Digital Framework, that will include the following features:

* a globally accepted digital representation of the SI, compatible
with, and useable within. digital data exchange standards and
protocols. whilst maintaining compatibility with existing non-
digital solutions,

« facilitating use of digital certificates in the existing robust
infrastructure for the world-wide recognition and acceptance of
calibration and measurement capabilities.

« the adoption of the FAIR principles (Findable, Accessible,
Interoperable, and Reusable) for digital metrological data and
metadata, ensuring that other communities recognize the
crifical importance of metrological traceability for
measurement data, the latter being an established requisite for
building trust.

https://www.bipm.org/en/committees/cg/cgpm

www.bipm.org 12


https://www.bipm.org/en/committees/cg/cgpm

the Sl Digital Framework

Being developed by the CIPM with three layers:

1. Sl core representation, defined by CIPM: Metadata models and exchange format implementations for basic data elements
comprising values, units and uncertainty of a quantity based on the BIPM S| Brochure.

2. Services, implemented by the NMls, BIPM and related organizations: Open data formats and software tools and services that build
upon the Sl core representation. Such services enable data to be ready for analysis, improve data quality and reliability, facilitate life-cycle
analysis, communicate that data is fit for purpose, and improve data transparency.

3. Applications, developed and deployed in the broader metrology community and in research disciplines that rely upon the SI: Tools
and services can be utilized in domain-specific applications, including sophisticated analysis and Al/ML methods, and, through layering on
the Sl core representation, assure reliability and traceability.

Applications Layer
SI Digital

Service Layer
Framework Y

IS I

| Core

“Transforming the International System of Units for a Digital World”

www.bipm.org Approved Oct 2020 - CIPM/109-17 13



The CIPM Vision for

“Transforming the International System of Units for a Digital World”

Vision for Sl Digital Framework
* the network of tools, services, and applications that instantiate the Digital Sl

e assures that measurements are FAIR, machine-readable, machine-actionable, and support digital
metrological traceability.

The Sl Digital Framework is coordinated by CIPM and consists broadly of three layers:

S| core representation and core data services

defined by CIPM and implemented by the BIPM: Metadata models and digital references for measurement data
elements, including values, units, types of quantities, uncertainty, and metrological traceability.

Data services
provided by the NMls and related organizations: Open data formats, software tools, and services that build upon
the Sl core representation and core data services. Such services enable data to be ready for analysis, improve

data quality and reliability, facilitate life-cycle analysis, communicate that data is fit for purpose, and improve
data transparency.

Applications
developed and deployed in the broader metrology community and in research disciplines that rely upon the Sl:
Tools and services can be utilized in domain-specific applications, including sophisticated analysis and Al/ML
methods, and, through layering on the Sl core representation, assure reliability and metrological traceability.

Decision CIPM/112-12 (2023)



The Sl Digital Framework provides a fully digital representation of the Sl

* Provide the globally accepted anchor of trust for metrology in the digital era
 Facilitate the use of digital certificates and the adoption of the FAIR principles

15



The Sl Digital Framework provides a fully digital representation of the Sl

* Provide the globally accepted anchor of trust for metrology in the digital era
 Facilitate the use of digital certificates and the adoption of the FAIR principles

Derived units

SI BASE UNITS mm’fwal S| DERIVED UNITS WITH SPECIAL NAMES AND SYMBOLS
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The Sl Digital Framework provides a fully digital representation of the Sl

* Provide the globally accepted anchor of trust for metrology in the digital era
 Facilitate the use of digital certificates and the adoption of the FAIR principles

erived units
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The Sl Digital Framework provides a fully digital representation of the Sl

* Provide the globally accepted anchor of trust for metrology in the digital era
 Facilitate the use of digital certificates and the adoption of the FAIR principles
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The Sl Digital Framework provides a fully digital representation of the Sl

* Provide the globally accepted anchor of trust for metrology in the digital era
 Facilitate the use of digital certificates and the adoption of the FAIR principles
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The Sl Digital Framework provides a fully digital representation of the Sl

What are digital references?
» A persistent identifier (Pl or PID) is a long-lasting reference to a document, file, web page, or other

object.
» ....you can plug it into a web browser and be taken to the identified source.
Barcodes QR codes
771234 " 567003
eg DOls eg ORCID iDs
Citation S M Judge et al 2023 Metrologia 60 012001 Olav Werhahn () https://orcid.org/0000-0002-2317-3436
DOI 10.1088/1681-7575/aca67a Chingis Kuanbayev (%) _https://orcid.org/0009-0004-0902-417X

™ 7

10.1088/1681-7575/acab7a 0009-0004-0902-417X




The Sl Digital Framework provides a fully digital representation of the SI

* To provide the globally accepted anchor of trust for metrology in the digital era
 Facilitate the use of digital certificates and the adoption of the FAIR principles

Digital access to BIPM databases

« Key Comparison Database
+ UTC database

BIPM digital service

» S| Reference Point

www.bipm.org

21



The Sl Digital Framework provides a fully digital representation of the SI

* To provide the globally accepted anchor of trust for metrology in the digital era
 Facilitate the use of digital certificates and the adoption of the FAIR principles

Digital access to BIPM databases BIPM digital references

Available for beta testing
Units

» UTC database *  Prefixes

« Key Comparison Database

Defining constants

BIPM digital service *  Quantities - used in the SI Brochure
. C Decisions
+ Sl Reference Point . CMCs
Measurement service categories
« for Physics (exc Rl)




The Sl Digital Framework provides a fully digital representation of the SI

* To provide the globally accepted anchor of trust for metrology in the digital era
 Facilitate the use of digital certificates and the adoption of the FAIR principles

Digital access to BIPM databases

« Key Comparison Database
+ UTC database

BIPM digital service

» S| Reference Point

digital references

(v1.0) Available for beta testing
Units
Prefixes
Defining constants
Quantities - used in the SI Brochure
Decisions
CMCs
Measurement service categories
« for Physics (exc Rl)

(v2.0) Under development
c Measurement service categories
* for Rl and chemistry
NMIs/Dls
Quantities — used in the KCDB
Fundamental constants

23



The Sl Digital Framework provides a fully digital representation of the SI

* To provide the globally accepted anchor of trust for metrology in the digital era
 Facilitate the use of digital certificates and the adoption of the FAIR principles

Digital access to BIPM databases

« Key Comparison Database
+ UTC database

BIPM digital service

» S| Reference Point

External digital references
LN O]

+ ORCID

* InChl

Under development
* Unit interoperability service

digital references

(v1.0) Available for beta testing
Units
Prefixes
Defining constants
Quantities - used in the SI Brochure
Decisions
CMCs
Measurement service categories
« for Physics (exc Rl)

(v2.0) Under development
c Measurement service categories
* for Rl and chemistry
NMIs/Dls
Quantities — used in the KCDB
Fundamental constants

24



BIPM

il



Motivation

e prepare existing documents for L3+

and -executable content

\ [ L5: machine- ]E :
 provide trusted knowledge bases to : controliable contentJ;
] L4: machine- : ]
: interpretable content r ] ;

describe metrological information

[ L3: machine-readable J

L2: machine-readable ] :
advanced semantic

document
approaches
[ L1: digital document ] contentis
completely
discovered

[ LO: analog document

08/03/2024 26


https://www.din.de/resource/blob/801106/0251eb1280a9a97e53285d42d3bf1fea/whitepaper-idis-en-data.pdf

S v

Building blocks of the semantic web.

o

) - expressdataand rules
op . - reason about content

add|t|0n Of formal loglc to the Web - describe and express complex properties
) - remain decidable
) - build on accepted tools

. t t th . t t d d - use (hidden) annotations in XML

In egra Ion wi exIs Ing Standards - describe meaning and relations with RDF
) - identify concepts globally using a URI

capture domain specific knowledge

[ava”able CO“eCUOnS Of |nform a‘Uon] ontologies define concepts and relations

interrelate concepts between ontologies

08/03/2024 27



The principal pillars

* Sl units

* S| prefixes

* Defining constants
* Selected quantities

* Decisions concerning the SI

Information encoded in knowledge graphs (serialized as TTL / JSON-LD)

Usable by both humans and machines.

08/03/2024 28



Iprefixes Idecisions

/kcdb-sc
[T-box]

/api-docs
[swagger-ui]

/bodies

~

OWL ontology

Web API

Web frontend

J

08/03/2024
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Unit Equation: N = kg m /52

Turtle Syntax: Implied Graph (excerpt):
units:newton a si:SISpecialNamedUnit;
si:hasDefiningResolution cgpm:CGPM9-Res7 ; | Lc8rm:CGPM3I-Res7 si:MeasurementUnit
si:hasSymbol "N"""xsd:string; si:hasDefiningResolution rdfs:subClassOf
si:hasUnitTypeAsString "Named S| derived unit"@en, T T =" '
"Unité Sl dérivée ayant un nom spécial"@fr; si:hasSymbol . I (g
si:inBaseSIUnits [ a si:UnitProduct; units:newton > si:SISpecialNamedUnit !
si:hasLeftUnitTerm units:kilogram; . ) :
si:hasRightUnitTerm [ a si:UnitProduct; S"'sumtomyw—l B , si:CompoundUnit
si:hasLeftUnitTerm units:metre;; quantities:FORC SHinBasesunts - x
si:hasRightUnitTerm [ a si:UnitPower; _ si:UnitProduct === ==—===="= : rdfs:subClassOf
si:hasNumericExponent "-2"Axsd:short ; sihastefiTerm == _J70 el Tem b —m = — ;
si:hasUnitBase units:second ] ] ] ; units:kilogram si:UnitProduct I
si:isUnitOfQtyKind quantities:FORC;; si:hasLeftTerm A/\ihhasRightTerm I
si:prefixRestriction false ; units:metre si:UnitPower - .!
skos:prefLabel "newton"@en,
"newton"@fr. si:hasBase /\ si:hasExponent

08/03/2024 units:second |30 -2



How 1o link data 1o unitse

“The second is the

duration of 9 192 631
770 periods of the
4 ” fere radiati
W h at I S n S ? 51 :PrefixedUnit ”é""\“e"-"- nc@'a adiation i
& E'I“ %E\% corresponding to the
A 3 T transition between the
rdf:ltype \i; =S| two hyperfine levels of
EANO| E I
skos :Concept tab:Table . NG, & the ground state of the
— =1 :nanosecond D%!'m{‘& caesium 133 atom

A T ”
rdf: type ’7r'dfs: subClasso (1967) 14
| /
 TimeDd i 3 ixes: !
webtai :TimeDifferenceDataset s1:hasprefix FrEAEE !
webtal:hasunit ,’
sithasBaseunit—»| units:second
webtai:describesCapabilityof webtai :Laboratory
i:hassymbol—»| "ns"
n .
——————————tab:hasFields—» tab:Field
51 0 isUni tofotyki nd—»| quantities:TIME
tab: hasData—nh tab:Data
08/03/2024 kos: prefLabel— nanosecond 31




Links and thanks

 https://si-digital-framework.org/ : the root URI and web endpoint

 https://github.com/TheBIPM/SI Digital Framework : public github
repository where files and documentation are available, and issues can be
raised.

e Current version : 1.0beta, comments and feedback welcome.

Thanks to
Janet Miles (BIPM), A. Ben Abdallah (web dev), S.
Chalk (UNF), G. Dudle (METAS, now OST), M. Gruber
(PTB), J.-L. Hippolyte (NPL), F. Meynadier (BIPM)

08/03/2024 32
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Quick Start: CMC Identifiers

Quick start on CMC identifiers Quick start for CMC identifiers

Published on the
KCDB Help page. QUICK START: CMC IDENTIFIERS

USE Cases

1. Inits Recommendation JCRB/46-1', the Joint Committee of Regional Metrology
Organizations and the BIPM (JCRB) recommends the use by NMIs and DIs of
CMC identifiers, for example in quality management documentation and in This calibration service is underpinned by the CMC
calibration certificates (digital or otherwise). AFRIMETS-EM-KE-00000MUX-1:

2. The BIPM has established a new digital service that allows a permanent link to
be provided to the corresponding CMC.

EXAMPLE

Your CMC IDENTIFIER

The identifier is automatically attributed as soon as a CMC is declared on the KCDB web
platform, and is displayed in the KCDB along with the CMC when the CMC is
published.

The CMC identifier is composed as follows, according to document CIPM MRA-G-13:

RMO-Area-A2-1D-V

bipm.

where # CMCs - Calibration and Measurement Capabilities in the context of the CIPM MRA: Guidelines for their
« RMO acronym of the Regional Metrology Organization reviess, acceptance and makienance (2022); CIPM MRA-G-13,

through which the CMC was submitted o et AU e/ MR G- 13 908
e Area acronym of the metrology area
e A2 ISO 3166-1 2-letter country code (or BIPM code for an
international organization participating in the CIPM MRA)
« ID 8-character alphanumeric code
-V 1-character alphanumeric version value (from 1 to Z).
PERMANENT LINK
To access a web address please use the following link including your CMC identifier:
https://si-digital-framework.org/kcdb-cmc/"CMC identifier”
(where "CMC identifier" is replaced by your CMC identifier).
To return machine-readable (JSON or XML) code (for example in a digital certificate),
use:
2023-08-18 212 .

172 2023-08-18

www.bipm.org




The Sl Digital Framework — next steps

* To provide the globally accepted anchor of trust for metrology in the digital era
 Facilitate the use of digital certificates and the adoption of the FAIR principles

BIPM online databases digital references

Available for beta testing

Units
» UTC database Prefixes

Defining constants
BIPM digital service Quantities - used in the SI Brochure
Decisions
CMCs
Measurement service categories
« for Physics (exc Rl)

« Key Comparison Database

» S| Reference Point

External digital references

Under development

LN O] . Measurement service categories

. ORCID * for Rl and chemistry
NMIs/Dls

* InChl Quantities — used in the KCDB

Under development Fundamental constants
* Unit interoperability service
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The Sl Digital Framework — actions by the Consultative Committees

The Sl-digital framework provides the basis for new Digital Transformation actions in
the CCs. Examples:

CCTF
CCRI
CCL/CCTF

ccav

www.bipm.org

demonstration API to allow UTC labs to access Time Dept database directly
digital comparison report formats

database for wavelength and frequency standards for the Mise en Pratique of
the meter and the second with APl access

FAIR data workshop

UTC-UTC(AOS)

)

UTC-UTC(AOS) /n:

1
0
-1
2
3
4
5
6
7
8
5

9580 59600 59620 59640 59660 59680 59700 59720
Modified Julian Date

36



At the BIPM we are -

* supporting open data practices by providing digital
reference points and machine-accessible data,

* providing the anchor of trust for metrology data.

Le
Systeme

international

d’unités - \ / DB
The | ( :
International )

System of
Units Accurat-e results
for patient care

¢SIIVORR



The development of the Sl Digital ot
Framework has been a collaborative effort. CO pATA

Many thanks to:

. A
INTERNATIONAL UNION OF
PURE AND APPUED CHEMISTRY

NMI Partners (PTB, NIST, NPL, METAS)

Ql partners collaborating on the SI Reference Point

\geference

Bureau
International des
f Poids et

é Mesures

SI_




