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Quality Infrastructure of the Future
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The Metre Convention and the Sl gg,ﬁ,l\s/!

Diplomatic Treaty S|gned In 1875
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'~ 65 000 laboratories are accredited along
ISO/IEC 17025 requestlng traceablllty to the Sl
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102 Member, Associated States and Economies
* 97.6 % of the World’s GDP participate
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Worldwide Quality Infrastructure CIPM

(as required in standards)

Definition of units National Metrology Institute
National Standards Body [l

Accreditation body standards

. Calibration certificate
v

: L ' required for laboratory
: » S : National Accreditation accreditation
. ' ' Body Accreditations

Quality Systems Certification Inspection Testing Calibration :
and Standards for a body standards . laboratory laboratory .
Competitive Edge E standards standards

body standards

!

Certification

Calibration
Laboratories

Inspection Testing

Laboratories

Bodies

Bodies

Standards required Certification Inspection Calibration
for certification certificate certificate
hd
ENTERPRISES

Source: World Bank, 2007, Quality Systems and Standards for a Competitive Edge, Washington D.C. Standards
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Worldwide Quality Infrastructure CIPM
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Certification Inspection Testing Calibration
Bodies Bodies ‘_| Laboratories Laboratories
Standards required Certification Inspection Calibration
v for certification certificate certificate
ENTERPRISES
S I 3 Source: World Bank, 2007, Quality Systems and Standards for a Competitive Edge, Washington D.C. Standards
International Conference for Weights and Measures CIPM Task Group on the Digital SI



Worldwide Quality Infrastructure

complex processes:
-> Fully digitalized

National Accreditation . @ ® science councu
3 WorldWIde agreed Body Accreditations
metadata format for all RN cotoation + T Taertont T Testng | Calibration |
body standards body standards laboratory laboratory
measurement data standards standards
S v v - v« + <
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* Quality Infrastructure

* Industry & Health
» Science

Accreditation body standards

Definition of units

(as required in standards)
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R’ CO DAT.

National Metrology Institute

COMMITTE

NTERNATIONA

E ON DATA

Certification

Inspection

Testing

Calibration

95' ’ Bodies Bodies ‘_‘ Laboratories “‘ Laboratories
+ Standards required Certification Inspection Calibration
i for certification certificate certificate

ENTERPRISES

Source: World Bank, 2007, Quality Systems and Standards for a Competitive Edge, Washington D.C. Standards
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The Grand Vision: S| Digital Framework CIPM

Digital Sl

The International System of Units (SI), provided by the BIPM S| Brochure, provides a coherent foundation for
the representation and exchange of measurement data, enabling interoperability and reproducibility in all

scientific and technological domains. The long-term aim of the TG “Digital SI” initiative is to
establish a framework that meets FAIR principles (respecting business and privacy
constraints) and allows all aspects of the international measurement system —
measurement results, uncertainties, traceability and provenance — to be accessed
and interpreted digitally, enabling machine-to-machine communication and

analysis. With this respect the SI, existing for more than one century — might be considered as an exemplar
of interoperability principles for data. The envisioned framework encompasses foundational (core) models for
S| based data representation, digital services and tools, and data stewardship and management activities,

providing Sl data and information that is transparent to (authorized) users and machines.

BIPM
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... machine-to-machine communication ... %.@I\S/!

From level 3 on all digital formats will need

interoperable unit and quantity representations revels

LeVEI 4 Machine-
controllable

_ content
Machine-
a The content of a
interpretable standard is be amended

automatically and
Level 3 content adopted by gutomated
Information models decision-making
describing and explaining processes.
</> Machine- the content and Digital standards
XML the relationships between are based on a system
Level 2 readable and itemns of information of artificial general
-executable Self-learning analysis intelligence with
j S content together with cognitive capabilities.
5 deg rees Of automatic validation Digital standards
.. . . Machine- Content completely and optimization adapt constantly
d | g Ital |Zat|0 n Level 1 readable (semantically) discovered Value-adding services to the current state
Semantic search possible e.g. of the art of technical
for S m art document and selective access conformity check, and regulatory i
St d d Digita| Structured on content level question answering, framework conditions.
an ar S document format
document ioi
(ISO/IEC) Software processing with SI Dlgltal Framework
Digital representation high manual workload . .
(machine-actionable)
International Conference for Weights and Measures CIPM Task Group on the Digital Sl
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The Grand Vision: Sl Digital Framework  CIPM

Digital Sl

The International System of Units (Sl), provided by the BIPM SI Brochure, provides a coherent foundation for
the representation and exchange of measurement data, enabling interoperability and reproducibility in all

scientific and technological domains. The long-term aim of the TG “Digital SI” initiative is to
establish a framework that meets FAIR principles (respecting business and privacy
constraints) and allows all aspects of the international measurement system —

measurement results, uncertainties, traceability and provenance — to be accessed
and interpreted digitally, enabling machine-to-machine communication and

analysis. With this respect the Sl, existing for more than one century — might be considered as 2z
of interoperability principles for data. The envisioned framework encompasses foundational (cd
Sl based data representation, digital services and tools, and data stewardship and management
providing Sl data and information that is transparent to (authorized) users and machines.

International Task Group “Digital-SI” of the CIPM: November 2019

International Expert Group for technical support and expertise
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CIPM Task Group & Expert Group “Digital SI” CIPM

Digital Sl

’ Héctor Laiz (Argentina) Joachlm Ullrich (Germany)

Diego Coppa (INTI) 5 Daniel Hutzschenreuter (PTB)
-y ";;} > \‘« N

‘ Alan Steele (Canada)

Ryan White (NRC) ey N
Ismael Castelazo (Mexico) - (\ Romain Coulon (BIPM) __Wynand Louw (South Africa)

- \ ‘55\«‘”%\)’:57‘ e S [ U X l\w\: : ;‘f} :
Francisco Flamenco (CENAM) %J\ﬁ BIPM support: Andy Henson, | Pavel Neyezhmakov (Ukraine)

L ——
\‘.

Martyn Sené (United Kingdom) BN Janet Miles, Johanne Flament,

4 Celine Fellag and many more Ch -Sth g (KRISS |
Alistair Forbes (NPL) : =l an

BIa|r HaII MSL
| James Olthoff (USA) T
Robert Hanisch (NIST) o
Stuart Chalk (UNF) | &

Ynin Duan (China)

Thomas Liew (Singapore)

Kazumoto Hosaka (NMIJ |

== — v‘-(E:::‘:%}—*:?‘f;é,-r?;;: _<"‘é-; Unterstiitzt von Bing
= —— —— Australian Bureau of Statistics, GeoNames, Microsoft, Navinfo, TomTom, Wikipedia
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The Grand Vision: Sl Digital Framework gg!,ﬁll\s/!

Long-term goal

» World-wide agreed, uniform, unambiguous, authoritative and dependable
\ data exchange framework based on the International System of Units (SI)

Wy Coordination with all international Ql and science stakeholders
lhellnternational:
- . \
Systemlof Units
amentally better

A B
World Metrology Day

First international workshop on

the SI Digital Framework in 2021

Eﬁnw

785 Participants,
Metrology . .
in the Digital Era ¢ 1287 Registrations
¢ 33 Talks The International System of
*  Representative from Units in FAIR digital dato
> International QI
> Science and industry
‘.ur:e:r‘;oiono os ATTN Sl > NMIS and RMOS

20 May 2022

orldmetrologyday.org

[y
Fhama ™ OIML
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The Grand Vision: Sl Digital Framework %,ﬁ,l\s/!

Long-term goal

World-wide agreed, uniform, unambiguous, authoritative and dependable
data exchange framework based on the International System of Units (SI)

Coordination with all international QI and science stakeholders

30 March 2022

First international workshop on

the SI Digital Framework in 2021 Joint Statement of Intent

On the digital transformation in the international scientific and quality
infrastructure

IIES.IK‘MI

World Metrology Day

Joint Statement of Intent ——

Metrology
in the Digital Era

ap|
o sharing data at local, national, regional, and international scales;

with international organizations
of the quality infrastructure 2022

- the scientific communi nyh a5 made sign -ﬁ art progre mmishing reliable
including the FAIR principles

- the isations of the ional quality i

have a critical role work‘mg together té

ic development;

Units (sn pl

d m

effecting such a hensive digital ion for logy and
ensuring its benefits are fully realised will require the active participation of a wide
range of stakeholders; particularly other members of the International Quality System;

We the undersigned undertake le uppo ort in a way appropriate to each organisation
th of the SII]gllaImeewn rk as part

20 May 2022 ;

www.worldmetrologyday.org |

Bureau
In!ernohonol des -
Poids et S ’
4 Mesures

International Conference for Weights and Measures

e
of a wider digital i ollh i ific and quality
infrastructure.

CIPM Task Group on the Digital SI
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Nt
Joint Statement of Inte

Sergio Mujica (CIPM President)

!
(ISO Secretary-General)

Etty Feller

Philippe Metzlg;EEo)
(IEC Secretary-Genera

Mathieu Denis
(|SC Science DII"-)

Frahk Hartig
(IMEKO President)

Barend Mons
(CODATA President)

Roman Schwartz
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(CIML President)

Recognising that

Yovermnmen, NS, ingys; stry, academig, and ciyjf Society haye bee rkrng lov.rard
cumprehen Sive dj igital lransfomratinn for Many years a nd, in ¢ doing, 5 mcreasmgly
o estab/ishing Systems g Collect, Agregate ly 'S€ g, d nterpreg tdlgltald ‘ata;
o introducin Networkey Sensor Systems fard ctenuﬂc Ustria)
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foundg 'ations for digita) datg interchan & and map, agem, L inchygj the Fap Plincipleg
for data m, anagemem and stewardsh:p
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Measyrg Ements e, Caded foy T intery. at naltrade Many factunng hum,
onm

man heaith 4 and safety
Protectipy of the BNvirg, T, globg) Climatg g Studieg and sg; cientific research.
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Will requjre & the cregy, ion ang adoption of a fujl digitaf Teprase, Chtation of the 5 i, duding
bust y, nambiguuus. chine-actiq, Onable dglt ! repr, es Nationg of units of
measuremem and of measuremem Tesults g, and yn, Certaintie,
TOgress g n gi ubal ch (e ges Such as thig "equires the pamc:panon of ang Critica)
hmkmg from uniitias:

Slccessfy) ulfy efTetm ing sy COMprehen, ensive digitaf lransfunnaliun for
SNsuring jtg nefits arg f Ily ealised iy r EQuire the active
fange of st k h lders: Particyjy, arly other Members of
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Joint Statement of Intent CIPM

We the undersigned undertake to
support in a way appropriate to
each organisation the development,
implementation, and promotion of

the Sl Digital Framework as part of a
wider digital transformation of the
international scientific and quality
infrastructure.

https://www.bipm.org/en/-/2022-03-30-digital-statement

International Conference for Weights and Measures CIPM Task Group on the Digital SI
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The Grand Vision: Sl Digital Framework %,ﬁ,l\s/!

Metrology
in the Digital Era

20 May 2022 |

www.worldmetrologyday.org |

Long-term goal

World-wide agreed, uniform, unambiguous, authoritative and dependable
data exchange framework based on the International System of Units (SI)

Coordination with all international QI and science stakeholders

First international workshop on e et
the SI Digital Framework in 2021 ors Reson

On the global digital transformation and the International System of Units

The Genaral Conferance on Waights and Mazsuras (CGPA), at its 27th mesting,
considering

- ﬂ:atgmunmmis,mdmtq academia, and civil society have been working toward a
ion for many years, and, in so doing, are:

~  astablishing systems to collect, azzresats, analyse and interpret digital data,
- inboducing networked semsor systems for diverse scientific and industrial

with international organizations e i ot o o
. . —  the essential role of the Intemational System of Units (SI) in providing confidence in the
of the quality infrastructure 2022 ﬁjgmﬁmi st

- mainfaining and building confidence in the accuracy and global comparability of
measurements il eqie the ceation of a ﬁxlldjmlmpmaenhhmoﬁhesl,mdndmg

. . ID‘)“S", . =d m“'

Metre Convention Resolution - i s
Orgmton e Smcarzon (50, bmitoe) Bl EC),
for governmental support 2022 ﬁmﬁzmﬁiwfémﬁ

welcomes
—the racent effurts to articulate zuiding principles for a digital transformation in metrology,

~ the establishment of 3 fexible and inclusive govemance structure supporting the
1 and impl ion of that

International Conference for Weights and Measures

CIPM Task Group on the Digital SI



Metre Convention Resolution %.@M

Draft Resolution B

26™ General Conference on Weights On the global digital transformation and

and Measures November 2018 aq the International System of Units

<
ZSI?

‘/ o | e
3 O
N W

S | 27th General Conference on Weights
and Measures November 2022

."

| Revised definition of the S|

%

International Conference for Weights and Measures CIPM Task Group on the Digital Sl
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CIPM

Metre Convention Resolution Digital S
On the global digital transformation and the _
International System of Units Draft Resolution B
The General Conference on Weights and Measures On the global digital transformation and

(CGPM), at its 27th meeting,

[...]

che International System of Units

AW

(‘ :
Invites =

h
National Metrology Institutes, Regional Metrology E‘,

Organizations and other stakeholders to maintain -
and, where possible, increase their existing level of 27th General Conference on Welghts

commitment and collaboration with the CIPM to and Measures November 2022
continue the development, promotion and
implementation of the Sl Digital Framework,

International Conference for Weights and Measures CIPM Task Group on the Digital Sl
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S| Digital
Framework

value, unit, kind of

guantity, uncertainty

e
i
i

L ] -
oseme | Mise en pratique

SI Brochure — 9th edition (2019) — Appendix 2

international
d’unités rems
The
International
System of
Units

S| Brochure €

Sl-defining
Constants Avﬁ

Ve

Applications Layer

Service Layer

lSI-Core'

International Conference for Weights and Measures

CIPM Task Group on the Digital Sl
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SI-Core: Basic Ideas %.ﬁ.l\s/!

Essential Metrological Information (M-Layer*)

e N \
Kind of Quantity temperature temperature
J J
N A
Number 293.25 20.1
J L J
N \
Kelvin Degree Celsius
J J
N A
ratio scale interval scale
J J

* B.D. Hall and M. Kuster: Metrological support for quantities and units in digital systems. Measurement: Sensors, 18:100102, 2021

International Conference for Weights and Measures CIPM Task Group on the Digital Sl
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value,

S| Digital
Framework

unit, kind of

guantity, uncertainty

Le
Systeme

SI Brochure — 9th edition (2019) — Appendix 2

Mise en pratique

international
d’unités rems
The
International
System of
Units

Sl-defining
Constants Avﬁ
s

S| Brochure €.

various data,

Applications Layer

Service Layer

services and tools

o

o

+. KCDB

» Key Comparison

*CMCs

SlI, VIM, GUM
Thesauri,
Ontologies, etc.

unit conversion

Digital 0 || | Research -
Calibration | *o."_ ||| Data 10010
Certificates — || Formats
Interfaces of -1 _@
measuring sensors ¢

in networks A | e

International Confere

nce for Weights and Measures

21
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BIPM Data Plane: Findable & Accessible g}giﬁ,l\s/!

l Applications Layer |

Service Layer

' S| Core I

l R ¥ Human-readable references (PDF/HTML)
BIPM core SI Brochure CODATA fundamental
+ constants (from NIST)
references i
International Conference for Weights and Measures CIPM Task Group on the Digital Sl
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BIPM Data Plane: Findable & Accessible

BIPM mpusitnw .................................................................................................................................
and portal services , , i
{ léf\:l)gs J [ K'é(s:DSBCs ] { JCTLM uUTC New services New services
J
~
BIPM digital MeP database: MeP database: MeP database: MeP database:
references CCL/CCTF ITS-90
>
Human Machine- and human-readable (APVHTML)
. A . .- d' ---------------------------------------
Sl Human-readable references (PDF/HTML)
BIPM core SI Brochure CODATA fundamental
refarences + MeP constants (from NIST)

International Conference for Weights and Measures
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BIPM Data Plane & Interoperability Plane CIPM

Others

KCDB: KCDB:
KCs, SCs JCTLM - New semcesJ [ New services ]

Others

BIPM early activities

CCU WG:

Core Metrological Terms

BIPM digital MeP database: MeP database
references CCL/CCTF ITS-90

MeP database: ] [MeP
!

Users

Human
-—— - - encoding T

Machine- 4

BIPM core Sl Brochure
references +MeP

Community-driven
systems

Community/BIPM
interfaces

BIPM digital
references

Human
-== encoding

BIPM core

references

End-user services End-user services Others
Unit representation Quantity representation
Others
systems systems

Uni " " Rules for using units in
nit mapping service .
digital systems

Unique Sl reference Metrology- Metrology- Metrology-
e-Vim specific specific specific
brochure” ontology (CCL) ontology (CCT) ontology...
Machine- and human-readable (API/HTML)

International Conference for Weights and Measures
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BIPM Data Plane & Interoperability Plane CIPM

e i R S

ILAC, ISO, IEC, OIML,
CIPM, IMEKO, ISC, CODATA g

+IEC IUPAP IUPAC, .

creatlng a jomt Forum in 2023'

BIPM digital Uniqu 5|“fe
references point (the “Digit 'S
brochure”)

HHHHH

——————————————————————————————————————————————

International Conference for Weights and Measures CIPM Task Group on the Digital Sl



Ongoing Joint Efforts: Outreach

“Stop squandering data: make units of measurement
machine-readable”

e Comment in Nature, May 10 2022

i i
Intheage of bigdata it :
unambiguous exchang®

even EM
in Coulon gimon COX+ St
n

eremy Fr€ / , Blair Ha%

reuter , Chu==>2=——

* Highlighted in Nature News Feed on May 11

—> Spreading the word and encouraging others to
join the effort is important to the mission!

Liaison with CODATA DRUM

International Conference for Weights and Measures
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u-Shik kang., SU

merson Francisco

s rHall . Richard. Harts!
Susanne ===
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Thank You %EM

The International System of ('\O Y
Units in FAIR digital data | |

The International Prof. Dr. Joachim Ullrict Q&I \

System of Units (SI) B D o8 )

in FAIR digital data.

International Conference for Weights and Measures CIPM Task Group on the Digital Sl
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Digital Sl
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