
Highlights in the work of the BIPM during 2017

Dr Martin Milton
BIPM Director

18 October 2017



2

BIPM highlights of 2017

01 – Introduction to the BIPM

02 – Liaison work

03 – Laboratory work
• Physical, Time, Ionising Radiation and Chemistry departments

05 – Coordination work
• BIPM Capacity Building & Knowledge Transfer Programme
• Review of the CIPM MRA and the KCDB 2.0

04 – Finance and Operations
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The objectives of the BIPM

To represent the worldwide
measurement community aiming
to maximise its uptake and impact

To be the coordinator of the 
worldwide measurement system 
ensuring it gives comparable and 
internationally‐accepted 
measurement results

To be a centre for scientific and 
technical collaboration between 
Member States providing 
capabilities for international 
measurement comparisons on a 
shared‐cost basis.

Fulfilling our mission and objectives is underpinned by our
work in:
• capacity building, which aims to achieve a global balance between
the metrology capabilities in Member States.

• knowledge transfer, which ensures that our work has the greatest
impact.
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Member States and Associates

The Republic of Slovenia, which has been an
Associate since 2003, became aMember State on
23 March 2016 The Democratic Socialist Republic of

Sri Lanka became an Associate of the
CGPM (once again) on 17 August 2016

Ethiopia has completed negotiations with the BIPM
to become an Associate of the CGPM. The Associate
status will began on 1st January 2018.

As of today, there are:

‐ 58 Member States

‐ 41 Associates States and 
Economies

+ Ethiopia on 1st January 2018
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BIPM Staff – changes during 2017

We have 71 staff 
from 21 countries. 

Dr Steven Judge, has been appointed as the
Director of the BIPM Ionizing Radiation
Department from 15 August 2017.

Dr Patrizia Tavella, has been appointed as
the Director of the BIPM Time Department
from 1 November 2017.
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02 – Liaison work

Representation of the worldwide measurement 
community 
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7 nationalities and we speak 9 languages 

JCRB

JCGM

JCTLM

Promotion of the world‐wide comparability of measurement

BIPM works to foster cooperation 
with international organizations 
and promotes the world‐wide 
comparability of measurement.

DCMAS Network

7 nationalities and 
9 languages 
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Liaison work: working together on QI

It relies on

• metrology
• standardization
• accreditation
• conformity assessment, and
• market surveillance” (in regulated areas)

Definition adopted in June 2017
by DCMAS Network (BIPM IAF, IEC, ILAC, ISO, ITC, ITU, OIML, UNECE and UNIDO) + the World Bank.

“The system comprising
the organizations (public and private) 

together with the policies, relevant legal and regulatory framework, and practices needed 
to support and enhance the quality, safety and environmental soundness of goods, services and processes.

The quality infrastructure is required for the effective operation of domestic markets, and its international
recognition is important to enable access to foreign markets. It is a critical element in promoting and
sustaining economic development, as well as environmental and social wellbeing.
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International Regulatory Co‐operation 
and International Organisations

Case Studies of rule‐making 
practices in IOs (2014‐2016)

Future OECD case studies (2017‐2019)

BIPM, WTO, ASTM International.

An OECD partnership between 50 International Organizations aims

to foster collective action among IOs and their constituency to 
promote quality, effectiveness and impact of international 
rules. 
This builds greater confidence for domestic regulators and 
legislators in international rules and helps support greater 
uptake of good quality international instruments in national 
legislation



10

UNIDO‐BIPM‐OIML joint publication

• A new brochure highlights the contribution of metrology to the implementation
of the 2030 Agenda for Sustainable Development

• Jointly developed by the UNIDO, the BIPM and the OIML.
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Customs Convention on 
the temporary importation of scientific equipment
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BIPM Workshop: The Quantum Revolution in Metrology

Themes for the workshop
• Single photon measurements, radiometry with entangled sources,

superconducting particle detectors

• Quantum standards for mass, pressure, vacuum, temperature,
acoustics and vibration.

• Highly entangled systems for metrology, entangled optical clocks

• Advances in quantum electrical standards, single electron transistors
and demonstrations of the quantum metrology triangle

• Beyond quantummetrology

• 135 participants from 20 countries attended the two‐day event

• 23 speakers animated five information packed sessions

• 56 posters were presented in two sessions
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03 – Laboratory work

Providing capabilities for international measurement 
comparisons 
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CCM Pilot Study of future realizations of the kilogram

A pilot comparison of mass calibrations based on methods that will be used to 
realize the kilogram after its redefinition.

Participants:
Kibble balances

— LNE, France
— NIST , United States America
— NRC, Canada

28Si spheres from the Avogadro coordination project
— PTB, Germany
— NMIJ AIST, Japan

• The results are in good agreement for both sets of standards. 
— Four of the five participants agree within one standard deviation
— The fifth agrees at the level of k = 2. 

• The uncertainty of the weighted mean is 10 µg for both sets. 
• The weighted mean agrees with the IPK well within the uncertainty.
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Status of the BIPM Kibble balance (aka watt balance)

Progress and achievements

• fully operational in vacuum (and air) with 1 kg mass standard and bifilar coil.
• new suspension & mass loading device
• improved alignment
• noise reduction on force measurement
• completion of 2 PJVS systems
• two papers published, one submitted

Present status and outlook

• day‐to‐day repeatability of several parts in 107

• type B uncertainty of a few parts in 107

• expected uncertainty 1 x 10‐7 end 2017 and < 3 x 10‐8 end 2019 
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Electricity: Overview of the comparison programme

Knowledge transfer comparison

Calibrations of electrical standards for:  Austria, Belgium, Bulgaria, Greece, 
Hungary, India, Iran, Malaysia,  New Zealand, Poland, Portugal, Romania, Saudi 
Arabia, Serbia, Singapore, Slovenia, Thailand.

• CCEM‐comparison of capacitance (CCEM‐K4), pilot BIPM, METAS (Switzerland),
NIM (China), NIST (USA), NMIA (Australia), NPL (UK), PTB (Germany), VNIIM
(Russia)

• Pilot comparison of ac Josephson voltage standards with PTB, in preparation for
a future BIPM comparison

• On‐site comparisons of

• quantum Hall resistance standards (BIPM.EM‐K12) with CMI (Czech Rep.)

• Zener voltage calibrations (BIPM.EM‐K11) with NMISA (South Africa)

• resistance calibrations (BIPM.EM‐K13) with NMISA (South Africa)
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Time: Improving the uncertainty of [UTC‐UTC(k)]

Two major changes will be introduced in November 2017
• the pivot for GNSS time links is an “auxiliary time scale” instead of a single

NMI (PTB),

• correlations are introduced.

A new algorithm for the calculation of the uncertainties of 
[UTC‐UTC(k)] has been developed.
It correctly takes into account correlations in the uncertainty 
propagation. Its implementation is planned by November 
2017.

UTC

• Strongly depend on the time link uncertainties

• All the time links connect each contributing laboratory to PTB,
which plays a central role. The uncertainty of PTB is underestimated
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Time: Improvement of TWSTFT uncertainty

Highlights

• Pilot study launched end 2016 with the participation of TL, NICT,
KRISS, NTSC, NIM, PTB, LNE‐SYRTE, VNIIFTRI, INRIM, METAS, AOS,
RISE and NIST

• SDRs proved to significantly reduce the noise of time transfer over
short distances, less over long ones

Reduction of diurnal noise in UTC time comparisons 
through software‐defined radio receiver modems in TW stations.

Comparison LNE‐PTB
Time Deviation

Gain factor improvement of 3.7

• Most TW stations have already implemented the technique;

• Next step is the implementation of the SDR in time transfer for UTC
computation



19www.bipm.org

Visiting scientists from:
• NIST, United States America
• NPL, United Kingdom
• NIM, China
• RISE, Sweden
• KRISS, Korea

Chemistry: Greenhouse Gas Standard Comparisons

CO2 in air at atmospheric levels (CCQM‐K120)

• Increase confidence in measurements of GHG, ensuring data can be
effectively used for decisions on how to tackle climate change

• 46 standards from 16 NMIs/DIs

• Development of unique Primary Reference Standard for CO2 at BIPM

Calibration methods developed and 
published for novel CO2 isotope ratio laser 
based analysers
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Chemistry: Comparisons of Organic Primary Calibrators

Calibrators for Diabetes diagnostics (CCQM‐K115)

• first peptide purity key comparison on, human C–
peptide

• 11 NMIs have participated

• 70 peptide impurities identified and quantified

Comparisons with qNMR (CCQM‐K55 series)

To develop international guidelines developed under an
IUPAC project chaired by the BIPM with active
participation from eleven NMIs and two international
organizations.

Primary calibrator comparisons 
supporting SI traceable reference 

measurement systems

Visiting scientists support from:
• NIM, China
• INMETRO, Brazil
• NMIJ AIST, Japan
• LGC, United Kingdom
• NIBSC, United Kingdom
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Chemistry: Capacity Building projects

Metrology for Safe Food and Feed
 Enables NMIs to provide mycotoxin calibrant

and matrix reference materials and proficiency
test materials to support mycotoxin testing
laboratories within their countries.

Metrology for clean air project
 Allows NMIs to strengthen their gas

standard capabilities and further develop
their national metrology infrastructure in
support of their air quality and emissions
measurement communities.

Financial Support from:
• NIM, China
• NPL, United Kingdom
• PTB, Germany
• TÜBİTAK UME, Turkey
• NMISA, South Africa
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• Accelerators are replacing radioactive sources for
radiotherapy (there are 11000 accelerators compared to
2000 60Co facilities).

• The new partnership with the CEA’s DOSEO facility
enables BIPM to provide comparisons to underpin
dosimetry primary standards at NMIs.

Ionizing Radiation: Effective cancer therapy

Primary standard (BIPM) 
(uncertainty 0.3‐0.6%)

NMIs (uncertainty 0.6%)

Hospitals 
(uncertainty 1.5%)

Patients 
(uncertainty needed: better than 5%)

• BIPM staff have characterized the beam (intensity profile, energy,
stability) & developed a protocol for comparisons – a comparison
with KRISS is starting and a comparison with METAS is next.

Avoiding under‐ or over‐treatment in external
beam radiotherapy
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Ionizing Radiation: Radiotherapy dosimetry (Gy)

• A new absorbed dose to water standard has been developed for
medium‐energy x‐rays.

• An innovative new primary BIPM standard for medium energy X‐ray
therapy has reduced the measurement uncertainty from 3% to 0.7%.

• The new standard is very stable, easier to implement than calorimetry.

• The first comparison using the standard has been carried out with the
PTB.

Significant improvement in the traceability chain for patient dosimetry in
radiotherapy using medium energy X‐rays

The KCRV is taken to be the 
BIPM determination.
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Ionizing Radiation: Radioactivity (Bq)

SIRTI was taken to NRC (Canada) for a comparison 
exercise for 11C (used for medical imaging) and is 
currently en route to ANSTO (Australia)

• High precision 
ionization 
chambers (SIR)

• Established 
1973

• High precision 
scintillation 
detector

• Established 
2009

• Demand for 
medical 
applications

• Scoping studies 
completed

• Demand for 
medical 
applications, 
environmental, 
decommissioning, 
nuclear forensics

• Work to start 2018

• Demand for 
environmental 
and 
decommissioning 
applications

• Work to start in 
2018+

Long lived gamma 
emitters

Short lived 
gamma 
emitters

Beta 
emitters

Alpha 
emitters

Low activity 
samples
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04 – Finance and operations



26www.bipm.org

The BIPM's work involves hosting international meetings

New partnership with the 
Centre international d’études pédagogiques (CIEP) 
in Sèvres
• fully equipped meeting rooms, and 

• overnight accommodation for 90 students.

No of participants

Cost (k euro)
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05 – Coordination work

Ensuring that measurement results are comparable and 
internationally‐accepted
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Joint Committee for Traceability in Laboratory Medicine

Database of higher‐order reference materials, 
measurement methods/procedures and services

• 15 national and regional bodies/NMIs
• 28 stakeholders
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Highlights – in more detail in the following talks
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50th Anniversaries

The second
The SI unit of time which had been based on the 
ephemeris second since 1960 was re‐defined.

On 13 October 1967, the General Conference on 
Weights and Measures (CGPM) took the 
decision 

"The second is the duration of 
9 192 631 770 periods 
of the radiation corresponding to the 
transition between the two hyperfine 
levels of the ground state of the caesium
133 atom"

Resolution 1 of the 13th CGPM (1967)).

50 years of quantum metrology
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50th Anniversaries

50 years since the definition of the second

The SI unit of time which had been based on the 
ephemeris second since 1960 was re‐defined.

On 13 October 1967, the General Conference on 
Weights and Measures (CGPM) took the 
decision 

"The second is the duration of  9 192 631 770 
periods of the radiation corresponding to the 
transition between the two hyperfine levels of 
the ground state of the caesium 133 atom"

Resolution 1 of the 13th CGPM (1967).

50 years of quantum metrology
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Marie Curie ‐ 150th Anniversary 

 The radium primary standard was
kept at the BIPM from 1913 to 1993. 

 The strong links between
Marie Curie and the BIPM initiated
the future of radionuclide
measurements at the BIPM. 
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Thank you


