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Metrology is a part of our lives from birth

Safe food Best regulation

Safe treatment
Technical evidence
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Safe traveling
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weighing of baby

Climate change

Innovation

Without metrology, you can’t discover, design, manufacture, process, test, maintain, prove, buy or operate almost anything safely and reliably.
From precision machined parts on engines down to tiny structures on micro and nano components, all require an accurate measurement that is

recognized around the world.
From filling your car with petrol to having an X-ray at a hospital, your life is surrounded by measurements.
Good measurement helps countries remain competitive, trade throughout the world and improve quality of life of their citizens.

www.bipm.org



The role of Metrology
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Metrology is the “science and application of measurements”

An effective metrology system is characterized by the ability to properly calibrate measuring
instrument with measurement uncertainties that are fit for purpose, against an appropriate reference
via national standards (or CRMs).

Essential factors for effective metrology systems are:

e traceability to SI, where possible or not yet possible, or internationally
agreed reference materials or procedures

* regulated measurements and measuring instruments (in selected cases)

* confidence in testing and measurement results via certification,
standardization, accreditation and calibration
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Fit for purpose
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Metrology is essential for...

Metrology influences, drives and underpins much of
what we do and experience in our everyday lives.

INDUSTRY & TRADE QUALITY of LIFE SCIENCE & INNOVATION

1

Bureau

[ International des ...all rely on metrology

T Poids et
} Mesures



Measurements must be...

Stable

¢+ Long-term trends can be used for decision making

Comparable

¢ Results from different laboratories can be brought together

Coherent

¢ Results from different methods can be brought together

To meet the needs of the economy, society and citizens
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Metrology

Scientific or fundamental metrology

. . . + Scientific or fundamental metrology concerns the establishment of
Applled or industrial metrology measurement units, unit systems, the development of new measurement Legal metrOIOgv
methods, realization of measurement units and the transfer of traceability from
these standards to users in society.

Applied or industrial metrology concerns the application of measurement science * Legal metrology concerns regulatory requirements of measurements and
to manufacturing and other processes and their use in society, ensuring the Base units Consultative Committees Comparisons measuring instruments for the protection of health, public safety, the
suitability of measurement instruments, their calibration and quality control of c environment, enabling taxation, protection of consumers and fair trade.
measurements. ° CCAUV
Ka m(K) CCEM
@ @ ccL
™M . |
CCPR . U
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MUC) WCs) CCRi - J
Science ﬂ/ \J ° ccr ! 2 science
Innovation - CCTF Health
Advanced manufacturing & process industries Safety
‘Complex service industries Environment
There are also many derived units! Calibration & Measurement Capabilities in the
‘ Quality and Competition ‘ See the Sl brochure for recommended units. KCDB ‘ Legislation and Regulation ‘
Trade Security
National well being National well being
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In practice...

Scientific |
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Define the National needs in metrology

‘ ...Where to focus recourses

Time & Frequency Flow

Metrology L cngth

BIPM/OIML

National

metrology
institute

Calibration
laboratories

comparison

www.bipm.org
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Options for NMls providing traceable services

Traceability to the SI
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Recognition through accreditation

Country A

National
accreditation
body

ISO/IEC 17025
ISO 17034

ILAC-CIPM document on
accreditation of NMIS

www.bipm.org
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Country B
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L Calibration laboratories 1 Testing laboratories 1 <
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Recognition through Metre Convention

National National

metrology accreditation
institute body

ISO/IEC 17025
I1SO 17034

Calibration W‘ ISO/IEC 17025
laboratories J‘

ISO/IEC 17025

E Calibration laboratories ]{ Testing laboratories ] <
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Conclusion: Key challenges for the NMls in the region

Establishing and maintaining an NMI that:

¢  Operates a quality management system ISO/IEC 17025
— and if relevant for reference materials ISO 17034

¢  Has national standards (primary realization or not as appropriate) for the highest priority national needs with the

right balance of benefit verses cost.
— Very low uncertainties are very expensive
— Not realistic to provide every possible capability
— Must be aligned the staff ability (evolve as needs change)

¢  Participates in accreditation and/or Metre Convention (CIPM MRA) to demonstrate capability and ensure
international acceptability

¢+ Disseminates Sl traceability via the national standards to customers via calibration services and/or reference
materials

¢  Provides advice to stakeholders/ customers related to the calibration services and other measurement challenges

¢  Provides advice to stakeholders/ customers on where to obtain internationally accepted traceable services when
not provided by the NMI

Bureau
International des
T Poids et
} Mesures



Capacity
Building &
Knowledge
Transfer

At the international level...

Bureau
International des
T Poids et

{ Mesures

17



Joint BIPM, OIML, ILAC and ISO declaration on measurement traceability

INTREXATIONAL
ORGANIZATION M
STARIARIGZA TION

JOINT
BIPM, OIML, ILAC AND ISO
DECLARATION ON
METROLOGICAL TRACEABILITY

9th November 2011

Michaet Kishme Stepien Patorsy Peser Unger
Diirector of the BIFM BIML Director TLAC Choir

50 :‘( General
Mt Rk el M'fw 4

The BIPM, OIML, ILAC, and ISO endorse the following recommendations:
in order to be able to rely on their international acceptability, calibrations should be performed

. in National Metrology Institutes who should normally be signatories to the CIPM MRA
and have CMCs published in the relevant areas of the KCDB or

. in laboratories accredited by accreditation bodies which are signatories to the ILAC
Arrangement;

measurement uncertainty should follow the principles established in the GUM;
the results of the measurements made in accredited laboratories should be traceable to the SI;

NMils providing traceability for accredited laboratories should normally be signatories to the
CIPM MRA and have CMCs published in the relevant areas of the KCDB;

within the OIML’s MAA, accreditation should be provided by bodies which are signatories to
the ILAC Arrangement and the above policies on traceability to the Sl should be followed;

The above principles should be used whenever there is a need to demonstrate metrological
traceability for international acceptability.

www.bipm.org

(http://www.bipm.org/utils/common/pdf/BIPM-OIML-ILAC-ISO joint declaration 2011.pdf)
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Joint BIPM, OIML, ILAC and ISO declaration on measurement traceability

JOINT
BIPM, OIML, ILAC AND ISO
DECLARATION ON
METROLOGICAL TRACEABILITY

9th November 2011

Michoe! Kihe Supien Patorsy Peter Unger Re
Diirector of the BIFM BIML Director TLAC Choir IS0 See General
Mk Rl Sl /9;\,@7«/

Use of this Declaration

These principles underpin a world measurement system which provides
a robust, internationally accepted framework within which users can
have confidence in the validity and acceptability of measurements
results. BIPM, OIML, ILAC and ISO strongly urge legislators and
regulators to refer to the Arrangements described earlier in this
Declaration and also to accept measurement results made within this
system, thereby helping avoid technical barriers to trade. We also invite
interested parties to endorse these principles and to make use of them
in their own work.

www.bipm.org

BIPM, OIML, ILAC and ISO meet annually at senior level in a ‘Quadripartite’ informal
discussion on issues of common interest

(http://www.bipm.org/utils/common/pdf/BIPM-OIML-ILAC-ISO joint declaration 2011.pdf)
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OIML — Legal Metrology OIMLD 1

Art. 12: Traceability of measurement results

In the interests of free trade and the avoidance of issues that might be perceived by other countries or the WTO
as technical barriers to trade, national requirements for traceability should be written carefully. Ideally,
traceability should always be specified as conforming to the Sl system, through realizations of the appropriate
units and quantities at the NMI or at other countries’ NMls, rather than specifically to the NMI.

To establish whether foreign national standards meet the necessary requirements for traceability, reference may
be made of the CIPM MRA. Under the CIPM MRA information is available in the KCDB, which is the publicly
available database operated by the BIPM for that purpose. Inclusion in the KCDB provides a presumption of
compliance with regard to traceability requirements. Where traceability cannot be established via the KCDB the
CMA should establish the appropriate mechanism so that regulators have access to appropriate advice on
whether alternative solutions are acceptable. Normally such advice would be provided by the NMI.

Bureau
International des
T Poids et
{ Mesures

20



OIML — Legal Metrology OIMLD 1

e Considerations for a Law on Metrology

Element no. 3

The Government shall designate the institute or institutes in charge of

- keeping and maintaining the national measurement standards and providing
traceability to the International System of Units(Sl),

- carrying out and/or coordinating the research work in metrology, and

- carrying out and/or coordinating certain tasks in legal metrology.
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Metrology and documentary standards

NMiIs (and designated institutes) use and require within the CIPM MRA:
* [ISO/IEC 17025: ‘General requirements for the competence of testing and
calibration laboratories’ as their underpinning quality standard

* and, if involved in reference materials, ISO 17034: ‘General requirements for the
competence of reference material producers’

e As do tens of thousands of calibration and testing laboratories worldwide

NMlIs (and designated institutes) Provide
e Experts to national standards body

 Experts to regional and international standards body technical committees and WGs

Bureau
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Documentary standards - measurement

ISO/IEC Documentary standards

* Use the International System of
Units (SI)

* Require testing and calibration
laboratories to be competent

 Embody measurement traceability

e ..and thus measurement
uncertainty
* Use of the VIM
* Use of the GUM

www.bipm.org
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Metrology and documentary standards

NMis (and designated institutes) Use and require within the CIPM MRA:

* |ISO/IEC 17025: ‘General requirements for the competence of testing and
calibration laboratories’ as their underpinning quality standard

* and, if involved in reference materials, ISO Guide 34: ‘General requirements
for the competence of reference material producers’

* As do tens of thousands of calibration and testing laboratories
worldwide

NMlIs (and designated institutes) Provide
e Experts to national standards body
e Experts to regional and international standards body technical committees and WGs

www.bipm.org 24



Documentary standards - measurement
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Metrology and Accreditation

All laboratories, including NMIs must demonstrate their competence for international
and national acceptability, at NMI level that is review via the CIPM MRA

About half of the NMI community also choose to be accredited

Beyond the NMls, the main generic assurance is via accreditation by a accreditation
body that participates in ILAC (usually via a regional arrangement)

* Some 55 000 calibration and testing laboratories worldwide choose accreditation

NMlIs provide technical experts to the accreditation bodies to help review top level
calibration labs and other NMls.

* And of course other metrology organisations provide experts, especially for more
routine accreditations

www.bipm.org
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Accreditation — ILAC policy on metrological traceability of measurement
results (ILAC P10)

 |LAC P10:01/2013 ILAC Policy on Traceability of Measurement Results
This document describes the ILAC policy on metrological traceability of
measurement results.

ILAC POLICY FOR TRACEABILITY COVERED BY THE ILAC ARRANGEMENT
IN CALIBRATION

The general requirement for traceability in ISO/IEC 17025:2005 is:

5.6.1 All equipment used for tests and/or calibrations, including equipment for
subsidiary measurements (e.qg. for environmental conditions) having a significant effect
on the accuracy or validity of the result of the test, calibration or sampling shall be
calibrated before being put into service.

www.bipm.org 27
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ILAC P10

5.6.2.1.1 For calibration laboratories, the programme for calibration of
equipment shall be designed and operated so as to ensure that calibrations and
measurements made by the laboratory are traceable to the International
System of Units (S1) (Systéme international d'unités).

Clause 5.6.2.1.1in ISO/IEC 17025:2005 further states that “When using
external calibration services, traceability of measurement shall be assured by
the use of calibration services from laboratories that can demonstrate
competence, measurement capability and traceability”.

Bureau
[ International des
Poids et
T { Mesures 28



ILAC P10

Clause 5.6.2.1.1in ISO/IEC 17025:2005 further states that “When using external
calibration services, traceability of measurement shall be assured by the use of
calibration services from laboratories that can demonstrate competence, measurement
capability and traceability”. For equipment and reference standards that must be
calibrated, the ILAC policy is that they shall be calibrated by:
1. An NMI participating in the CIPM MRA
2. Accredited lab covered by the ILAC Arrangement or by Regional Arrangements
recognised by ILAC
3. Other possibilities:
a) NMI outside the CIPM MRA
b) Other lab

www.bipm.org 29



Metrology, Accreditation and Standards

Takeaway message......

At national level the relationship between the NMI, the national standards body and
the national accreditation body* is important....

If it isn’t good....

FIX IT!

*Recalling that in some countries its not a single accreditation body, and there may be many standards developers too

www.bipm.org
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Impact routes (ll) Trade and development

There are two crucial elements for developing countries to increase trade and
trade (national and international) move up the ‘value chain’:

To be able to jump over regulatory hurdles to gain market access

To produce goods (and sometimes services) at a quality/price point attractive
to the market

Effective manufacturing and conformity assessment depends on the quality
infrastructure (metrology, international standards, accreditation)

www.bipm.org 31



The SI
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The Joint Committee on Traceability in Laboratory Medicine (JCTLM) was created to meet the need for a
worldwide platform to promote and give guidance on internationally recognized and accepted equivalence of
measurements in laboratory medicine and traceability to appropriate measurement standards. These are
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Knowledge
Transfer

World Metrology Day joint BIPM and OIML initiative

The international metrology community which works to ensure that accurate
measurements can be made across the world endeavors to raise awareness each
World Metrology Day through a poster campaign and web site.
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World Metrology Day 2017 - “Measurements for transport”

Metrology ED,l 7 The needs for new and improved means of transport are clear, it is also important that

they meet increasing requirements for economy and environmental performance. Some
of the most demanding that are underpinned by the work of national metrology
institutes include:

Measurements for transport

accurate and rapid weighing of shipping containers to ensure the safe
loading of container ships

characterisation of low friction surfaces and aerodynamic shapes of aircraft
to minimize fuel consumption

valid measurements of the chemical composition of vehicle emissions to
support regulators and city authorities in controlling pollution levels

Bureau X World Metrology Day
Tlm’eor;::"z)'nal dos @ "\M 20 May | E

+ Mesures

www.bipm.org 36



World Metrology Day 2017 - “Measurements for transport”

Safety of Life at Sea (SOLAS) convention requires verification of container
weights before loaded containers may be placed aboard ships.

3

Accurate weighing of shipping containers required for:
* Reducing the number of accidents of container ships
e Securing the cargo

* Application of tax legislation of different countries

* Reducing transportation costs

* Meeting regulatory requirements

www.bipm.org



World Metrology Day 2017 - “Measurements for transport”

Less fuel = lower emissions and cost Aerodynamics is the utmost Minimizing the aerodynamic drag of the
important factor in Formula train remains a key issue for high-speed
One car performance trains

www.bipm.org
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World Metrology Day 2017 - “Measurements for transport”

‘ &\ Valid measurements of the chemical composition of vehicle emissions to
\ support regulators and city authorities in controlling pollution levels

The air pollutant emissions from transport
are a significant contribution to the overall
state of air quality in the world

Tough requirements change the
technology of vehicles

O*&-'0

www.bipm.org
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World Metrology Day posters
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Conclusions

¢+ Metrology is a integrated task with scientific, legal, industrial ... aspects.

¢+ The world economy, society and citizens depend on the international “quality
infrastructure” which depends on metrology.

¢+ Metrology provides:
— Measurements that are stable ... comparable ... and coherent.
¢ The true challenge is to provide measurement standards “for all people for all times”.

¢+ The use of defining constants provides one aspect of this — there are many others.

¢+ Redefinition of Sl ensures that role of metrology remained A : Q
reliable at science and technology advanced. B= SI =

Y
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Thank you

Andy.henson@bipm.org
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