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Quality Infrastructure of the Future

What will cities look like?

How will the supply work?

What measurements and metrology will be needed?

What Quality Infrastructure will be needed:  

→ How can we guarantee high-quality and reliability  

in complex interlinked digital systems?

by 2050  about 50 % to 80 % of the population live in cities

Smart Building

Smart Factories

Smart Mobility 

Smart Health

Source: https://pixabay.com/de/photos/stadt-panorama-smartphone-steuerung-3213676/
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Quality Infrastructure of the Future

Smart Health

Energy GridsElectricity

Heating

Cooling

Green Gas

BatteriesCharging 

Pole

Smart Building

Smart Factories

Smart Mobility 

Water

5G … 6G…

Measurement Data

Artificial 

Intelligence

Usually expressed in units of the SI! 
Source: https://pixabay.com/de/photos/stadt-panorama-smartphone-steuerung-3213676/
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The Metre Convention and the SI

Diplomatic Treaty signed in 1875

102 Member, Associated States and Economies

• 97.6 % of the World’s GDP participate

• Scientific basis for Quality Infrastructure

~ 65 000 laboratories are accredited along 

ISO/IEC 17025 requesting traceability to the SI

• metrology• standardization

• accreditation
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Worldwide Quality Infrastructure
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Worldwide Quality Infrastructure

complex processes:

→ Fully digitalized

… a worldwide agreed 

metadata format for all 

measurement data 
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Worldwide Quality Infrastructure

complex processes:

→ Fully digitalized

… a worldwide agreed 

metadata format for all 

measurement data 

• Quality Infrastructure

• Industry & Health 

• Science Grand Vision: SI Digital Framework
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The Grand Vision: SI Digital Framework

The International System of Units (SI), 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 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 
SI based data representation, digital services and tools, and data stewardship and management activities, 
providing SI data and information that is transparent to (authorized) users and machines.

and 
analysis.

machine-to-machine communication
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5 degrees of 

digitalization 

for Smart 

Standards 

(ISO/IEC)
SI Digital Framework
(machine-actionable)

From level 3 on all digital formats will need 
interoperable unit and quantity representations

machine-to-machine communication…                                                                …



10

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

CIPM
Digital SI

10

The Grand Vision: SI Digital Framework

The International System of Units (SI), 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 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 
SI based data representation, digital services and tools, and data stewardship and management activities, 
providing SI 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

and 
analysis.

machine-to-machine communication
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CIPM Task Group & Expert Group “Digital SI”

Martyn Sené (United Kingdom)

Alistair Forbes (NPL)

Joachim Ullrich (Germany)

Daniel Hutzschenreuter (PTB)

James Olthoff (USA)

Robert Hanisch (NIST)

Stuart Chalk (UNF)

Francisco Flamenco (CENAM)

Ismael Castelazo (Mexico)

Héctor Laiz (Argentina)

Diego Coppa (INTI)

Kazumoto Hosaka (NMIJ)

Blair Hall (MSL)

Yuning Duan (China)

CIPM Task Group members Expert Group members

Thomas Liew (Singapore)

Alan Steele (Canada)

Ryan White (NRC)

Fedor Bulygin (Russia)

Pavel Neyezhmakov (Ukraine)

Wynand Louw (South Africa)

BIPM support: Andy Henson, 

Janet Miles, Johanne Flament, 

Celine Fellag and many more

Martin Milton (BIPM)

Susanne Picard (BIPM)

Romain Coulon (BIPM)

Chu-Shik Kang (KRISS)
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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

Long-term goal

The Grand Vision: SI Digital Framework

785 Participants, 

1287 Registrations

33 Talks

Representative from

➢ International QI 

➢ Science and industry

➢ NMIs and RMOs

First international workshop on 
the SI Digital Framework in 2021
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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

Long-term goal

The Grand Vision: SI Digital Framework

First international workshop on 
the SI Digital Framework in 2021

Joint Statement of Intent

with international organizations 
of the quality infrastructure 2022
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https://www.bipm.org/en/-/2022-03-30-digital-statement

Wynand Louw 
(CIPM President)

Mathieu Denis 
(ISC Science Dir.)

Barend Mons 
(CODATA President)

Sergio Mujica
(ISO Secretary-General)

Frank Härtig
(IMEKO President)

Roman Schwartz 
(CIML President)

Philippe Metzger
(IEC Secretary-General & CEO)

Etty Feller
(ILAC Chair)

Joint Statement of Intent
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https://www.bipm.org/en/-/2022-03-30-digital-statement

CIPM ISC CODATAISO

IMEKO OIMLIEC ILAC

We the undersigned undertake to 
support in a way appropriate to 
each organisation the development, 
implementation, and promotion of 
the SI Digital Framework as part of a 
wider digital transformation of the 
international scientific and quality 
infrastructure.

Joint Statement of Intent
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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

Long-term goal

The Grand Vision: SI Digital Framework

First international workshop on 
the SI Digital Framework in 2021

Joint Statement of Intent

with international organizations 
of the quality infrastructure 2022

Metre Convention Resolution

for governmental support  2022
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Metre Convention Resolution

Revised definition of the SI

26th General Conference on Weights

and Measures November 2018

Draft Resolution B

On the global digital transformation and

the International System of Units

27th General Conference on Weights

and Measures November 2022
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Metre Convention Resolution

Draft Resolution B

On the global digital transformation and

the International System of Units

27th General Conference on Weights

and Measures November 2022

On the global digital transformation and the 

International System of Units

The General Conference on Weights and Measures 

(CGPM), at its 27th meeting,

[…]

Invites

National Metrology Institutes, Regional Metrology 

Organizations and other stakeholders to maintain 

and, where possible, increase their existing level of 

commitment and collaboration with the CIPM to 

continue the development, promotion and 

implementation of the SI Digital Framework,
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Sustainable framework for the SI in a digital world

value, unit, kind of 

quantity, uncertainty

SI Brochure

SI-defining 

Constants

SI-Core

The Grand Vision: SI Digital Framework
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SI-Core

Essential Metrological Information (M-Layer*)

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

Kind of Quantity

Number

Unit of Measure

Scale

‘Extended Unit’

temperature

293.25

Kelvin

ratio scale

temperature

20.1

Degree Celsius

interval scale

:  Basic Ideas
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various data, 

services and tools

Sustainable framework for the SI in a digital world

Aligned applicationsvalue, unit, kind of 

quantity, uncertainty

SI Brochure
• Key Comparison

• CMCs
unit conversion

SI-defining 

Constants

Digital 

Calibration 

Certificates

10100

10010

01

All following FAIR principles (Findable, Accessible, Interoperable, Reusable)

Research 

Data 

Formats

10100

10010

01

Interfaces of 

measuring sensors 

in networks

SI, VIM, GUM 

Thesauri, 

Ontologies, etc.

SI-Core

The Grand Vision: SI Digital Framework
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BIPM Data Plane: Findable & Accessible
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BIPM Data Plane: Findable & Accessible
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BIPM Data Plane & Interoperability Plane

CCU WG: 

Core Metrological Terms

BIPM early activities
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BIPM Data Plane & Interoperability Plane

ILAC, ISO, IEC, OIML,

CIPM, IMEKO, ISC, CODATA 
+ IEC, IUPAP, IUPAC, ….

… a QI joint FAIR effort!

… creating a joint Forum in 2023!
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Ongoing Joint Efforts: Outreach

Liaison with CODATA DRUM

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

• Comment in Nature, May 10 2022

• Highlighted in Nature News Feed on May 11

→ Spreading the word and encouraging others to 
join the effort is important to the mission! 
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Thank You

Q&A
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