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Metrology - the science of
measurement and its
applications



Length

meter m

Mass kilogram kg

Time second H

Electric Current ampere A

Temperature Kelvin K

Light intensity candela cd B f
Amount of substance mole
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metrology




Modern understanding

Industrial
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Scientific
metrology

Legal
metrology
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European view

Publication of the European
Association of National
Metrology Institute (EURAMET)

“Metrology in short”
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Modern concepts

 Measurement uncertainty
* Traceability of measurement
« Comparability of measurement

International Vocabulary of Metrology —
Basic and General Concepts and Associated
Terms (VIM)

http://www.bipm.org/en/publications/quides/vim.html




Metrological infrastructure

National
metrology
institute

Calibration
laboratories

Field (workshop)
measurements

Much more complex in reality!
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National metrology institute

Core functions:

* Maintaining and developing measurement
standards

* Disseminating S| units to laboratories and
other users

*Participating in international comparisons
*Ensuring traceability arrangements with other national metrology institutes
*Maintaining quality management system

Participating in the Mutual Recognition Arrangement of the International
Committee of Weights and Measures (CIPM MRA)



CIPM MRA
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CIPM Mutual Recognition Arrangement

CIPM MRA documents | SHKEDB | Kev Comparisons | Calibration and Measurement Capabilities of NMIs | Participation in the CIPM MRA | Use of the CIPM MRA logo | JCRB | Symposium to celebrate the ten-vear
anniversary of the CIPM MRA |

m

At a meeting held in Paris on 14 October 1999, the directors of the national metrology institutes (MMIs) of thirty-eight Member States of the BIPM and representatives of two international
organizations signed a Mutual Recognition Arrangement (CIPM MRA) for national measurement standards and for calibration and measurement certificates issued by NMIs. A number of other institutes
have signed since then.

This Mutual Recognition Arrangement is a response to a growing need for an open, transparent and comprehensive scheme to give users reliable guantitative information on the comparability of national
metrology services and to provide the technical basis for wider agreements negotiated for international trade, commerce and regulatory affairs.

The CIPM MRA has now been signed by the representatives of 78 institutes - from
48 Member States, 27 Associates of the CGPM, and 3 international organizations -
and covers a further 133 institutes designated by the signatory bodies.

Click here for the full list of participants.

CIPM MRA documents

SHKEDEB: The BIFM key comparison database, containing Appendices A, B, C and D of the CIPM MRA

Key Comparisons: CIPM and RMO key and supplementary comparisons (Appendix B)

Calibration and Measurement Capabilities of NMIs: CMCs (Appendix C)

Participation in the CIPM MRA

Use of the CIPM MRA logo

JCRB: Joint Committee of the Regional Metrology Organizations and the BIPM (role, composition, documents and membership)
Symposium to celebrate the ten-year anniversary of the CIPM MRA: 3-9 October 2009
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CIPM MRA

« Key and supplementary comparisons

http://kcdb.bipm.org/appendixB/KCDB Ap
B search.asp

« Calibration and measurement capabilities

http://kcdb.bipm.org/appendixC/default.as
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Key comparisons

Source: BIPM



alibration and measurement
capabilities

http://kedb.bipm.org/appendixC/AUV/BR/AUV_BR. pdf
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Callbration and Measurement Capabliiies

Acoustics, Ultrasound and Vibration, Brazil, INMETRO (Instituto Nacional de Metrologia, Normalizagao e GQualidade Industrialy

Meazsurament
Calbration or Measuremant Service Maasurand Lavel or RanBB Conditio ﬂaﬂnﬂﬁwﬂﬂﬂt Expanﬂ“ Uncartal "1"
Varlable
Is the Ml
Quantity 'ﬂsﬂfﬁ",:::tt o W:‘:g}"'::gfm "u‘;mm "ﬂm:"‘ Units paramstor | specineations | vawe |unis c‘:::{:f" c;:;::;ﬂ:s u::g::::;s Comments ';:“n':_l":
redative one? Identifiar
c“?"ﬂ%‘;ﬁ[g::‘” Accelerometer ['ﬁgr;;gf_f;r;] cimis?) Frequency | 10Hzto S0 Hz 1 % 2 s5% Yes SEI_:E:IE?I' 5340
c"[a"n%egﬁzgé':‘” Acoelerometer [';hgr;;gf_f;r;] Frequency | 50Hzto1kHz as % z 55% Yes SEI_:E:IE?I' 5340
c";_?fgﬁ[;':‘” Acoelerometer [';hzr;;z:f;r;] Frequency | 1KHztoSkHz 1 % z 55% Yes SEI;;’;?I' 5340
c"[a"n%egﬁcgz"” Acoglerometer [';ngr;;gf_f;r;] cymis®y | Frequency | SkHztotokHz | 15 % 2 5% Yas Sronal | sas
e R v | ey | [ s | x| 2 | e | e || e
W'Eanf:gﬁ:;:m m:;’::'_e_l':g'; . ['nsgr;::zs;r;] wiimis?) Frequency | 1KHZio 5 KHE 1 % 2 5% Yes SEI:::;T B340
W'[lanffgﬁfgzm m:aﬁll_e_l';g'; " ['ﬁgr;;gf_f;r;] wiimis’) Frequency | SkHzto10kHz | 15 % z 5% Yes il JREP
c"?"ﬂ%;ﬁ[g;‘” Acoelerometer ['CSD?I_:;‘::;] cHmis?) Frequency | 10HztoS0Hz 15 % 2 s5% Yes SEI;EE?I' 342
c";_?fgﬁ[;':‘” Acoelerometer ['CSD?I_ :::;i] cHmis?) Frequency | 50Hzto1kHZ 1 % 2 s5% Yes SEI;;’;?I' 342
c";,?;ﬁ[;ﬁ'n Acnalerometer [LSD?I_:::;; cHmis’) Frequancy 1kHz 1o 5 kHz 15 % 2 5% Yes SEI;EI:IET B342
c"?‘&gﬁ[i"” Acsslerometer ['ci_or:g::;] chmis) Frequency | 5kHzto 10 kHz 2 % 2 o5 yas SE:;‘;;?" 342

The BIPM key companison database, Movember 2001 i




Metrological research

EU example: http://www.euramet.org/index.php?id=993

= NVRP

European Metrology Research Programme
B Programme of EUR AMET

« Grand challenges for multi-discipline
metrology (health, energy, environment, new
technologies)

*Grand challenges on fundamental metrology

* Focused single-discipline and applied
metrology



Services to the industry

The example of German metrology institute PTB

{- EURAMET: European Ass... * | [ ] Commercial Services: Na... * [ PB Physikalisch-Technische ...

<« C N | % httpy//www.ptb.de/en/wegweiser/industriekunden/_index.htm

Thematic tours Homepage | Deutsche Version

Calibration | Standards | Traceability | Accreditation | Joint projects | Technology transfer |
Standardization

PTB as the partner of industry

Are you coming from industry? Then have a look at our
"1 Publications large Internet chapters for industrial customers:
| B Jobs/Training
® Services
* PTB — Partner of medium-sized businesses

® Technology transfer

If you want to start with some general information about
what PTB is doing for industry, vou can compose your
personal tour from the following links:

® Approvals

Contact e Joint projects with industry
.
.

Links
Saarch Technology transfer
Cooperation in standardization

® Imprint

Additional information:

Chapter "Services"
Contact persons in the field "Metrology for economy”
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Training and knowledge transfer

The example of National Physical Laboratory UK
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Search for site

Enter search term here

Be Amazed

Posters

New Media

History of NPL

Online Barograph
Protons for Breakfast

Units of
Measurements

What is the Time?

Water Rocket
Challenge

Physics Handbook

Science: [So what?
Sn svervthinnl
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[ Educate + Explore : Natio...

‘www.npl.co.uk/educate-explore/ >

2 Educate + Explore: ...

'-\lﬂE Physikalisch-Technische ...

The UK's National Measurement Institute

Home > Educate + Explore

m

Educate + Explore

Find out more about the interesting things we do; from measuring time to building water rockets - including information on our
educational resources.

For more information, please contact Andrew Hanson

History of NPL
The National Physical Laboratory was founded in 1900 to promote links between science and commerce.
More O

Online Barograph
The NFL online barograph has been recording the pressure in Teddington, UK, since 1st January 1998.
More ©

NPL interactive and new media
See MPL's interactive media assets from our YouTube, ITunes and Flickr presences.
More O

Protons for Breakfast
A 6-week course for people interested in science and its impact on our lives.
More ©

Virtual Physical Laboratory (VPLab)

The Virtual Physical Laboratory (WVPLab) software contains over 180 interactive experiments for use by teachers and by pupils
individually.

More O

Measurement Units
Qutline of Measurement Units information including SI units.
More ©

The NPL Academy
The NPFL Academy gives GCSE students a real taster for work at the UK's leading measurement research laboratory.
More O a0
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National metrology institutes

The backbone of the national metrology
infrastructure

Differ in size and functions
Differ in measurement capabilities

In some countries — a complex structure
(distributed or decentralised systems)

In some countries — autonomous
institutes, in others — integrated within
research organisations
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