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National & International 
Metrology Infrastructure 

as part of a 
Quality Infrastructure 

(Metrology Standards Testing Quality) 

1.  NML Stakeholder Workshop with Calibration Laboratories 
31 January 2013 
NML/ Philippines 

Dr.-Ing. Clemens Sanetra 
PTB Technical Cooperation 
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Global agreements for Free Trade 

ISO / IEC / 
CODEX / OIML 

ILAC 
IAF 

BIPM 
CIPM 

WTO 
FTA‘s 

Standardization Regulations 

Accreditation Metrological 
Traceability 

Free Trade 
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Why strengthening the  
National Metrology Infrastructure? 

Economic Development (non-regulated) 
Competitive products  

 - in national markets 
 - in international markets 

Protection (regulated) 
Conformity assessment in the fields of   

 - health 
 - security, safety 
 - environment 

Two important fields of application: 
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Company A 
manufactures 

desks and 
measures correctly 

Company B 
manufactures drawers 

and measures 
correctly 

Company C 
assembles the desks 

with the drawers 

Standardization	


Metrology	



Testing	


Quality	



Requirements for successful globalization ! 
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Company A 
manufactures 

bottles and labels, 
etc. 

Company B 
produces  
fresh milk 

Company C 
processes and 

packages the milk  

Standardization	


Metrology	



Testing	


Quality	



Requirements for successful globalization ! 
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Technical Quality Infrastructure 

Standardization = Definition of properties, dimensions, tolerances, etc. 

Metrology = Guarantee of exact and reliable measurements	



Certification = Conformity with requirements defined in standards	



Accreditation = Recognition of  technical competence	



Testing = Analysis of properties, ingredients, characteristics, etc.	



Quality Management = Reliable application of quality standards	
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Technical Quality Infrastructure 

Standardization = Definition of properties, dimensions, tolerances, etc. 

Metrology = Guarantee of exact and reliable measurements	



Certification = Conformity with requirements defined in standards	



Accreditation = Recognition of  technical competence	



Testing = Analysis of properties, ingredients, characteristics, etc.	



Quality Management = Reliable application of quality standards	



? ? 
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BIPM 

Intercomparison measurements	



KCDB 
- CMC 
-  

1 kg international prototype 

better 
accuracy 

smaller 
uncertainty 

BIPM = International Bureau of Weights and Measures, KCDB = Key Comparison Data Base, CMC = Calibration and Measurement Capability 

1 kg in lab. A 
= 

1 kg in lab. B 

How to assure, that 1 kg in company A in any country weighs exactly 
the same as 1 kg in company B in Germany ? 

Measuring instruments 

Company B 
Measuring instruments 

Company A 

Country A	

 Country B	



1 kg national standard B 

NMI	



Accredited 
calibration 
laboratories 

NMI	



Accredited 
calibration 
laboratories 

1 kg national standard A 
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Calibration certificates issued by DKD 
accredited calibration laboratories	



0	



20000	



40000	



60000	



80000	



100000	



120000	



1981	

 1983	

 1985	

 1987	

 1989	

 1991	

 1993	

 1995	

 1997	

 1999	



Calibrations for external customers	


Calibrations for internal purposes	



2138 2736 
7485 9003 11928 

19601 

27286 

50095 

78706 
89183 

117067 

aprox.190000 

2001	



Introduction of ISO 9000 in Germany	



Source: PTB	
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Metrological infrastructure in Germany 
- Hierarchy of calibrations - 	



Measuring instruments	



Internal calibration 
laboratories	



Industry 

PTB	



300 
calibration 

laboratories 
accredited  

by  
DKD 

tra
ce

ab
ili

ty
 

2000 Reference      
Standards 

200 000 

x 100 

20 000 000 

x 10 000 

Multiplication effect 

Working 
Standards 

Measuring 
instruments 

Source: PTB	
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National Institutes 

Seller measures 55 

Buyer measures 110 
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Processing 

Packaging	



Transport 

Farming 

Pr
oc

es
s	



Standardization ISO  CODEX	


PASC	



National Quality Infrastructure & Value Chain 

Product 
(???) 

Customer 

Product 
with 

Certificate 

ISO 9000	


HACCP	



Good Practices 

ISO 14000	



Certification 

Certificate 

- products 
- processes 

NQI Farm to Fork System 

? 

Regulatory 
Body	



Sanitary Surveillance  

Technical Regulation	


Accreditation	

ISO/IEC 17021, 

ISO Guide 65, etc 

IAF   ILAC	


APLAC, PAC	



ISO/IEC 
17025	



ISO/IEC 
17025	

Inspection	



Metrology BIPM	

tr
az

ea
bi

lit
y 

APMP	


- Calibration 
- Reference materials 

Testing 
Laboratories Intercomparisons 

Proficiency tests 
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Industry, Regulators, international commitments, etc 
 Users need reliable testing, calibration, certification, inspection, etc. results! 

International, regional and national QI scheme	



National  
Metrology Institute 

(NMI) 

National Accreditation 
Body 
(NAB)	



Certification 
 Bodies (CB)	



National  
Standards Body 

(NSB)	



Testing 
Laboratories (TL)	



National  
Institutes 

QI service  
providers 

Calibration 
Laboratories (CL)	

Inspection 

 Bodies (IB)	



Regional  
Organizations 

Regional  Metrology 
Organizations (RMO) 

AFRIMETS, APMP, COOMET, 
EURAMET, SIM 

Regional Accreditation 
Cooperations (RAC) 

APLAC, EA, IAAC, SADCA,  
PAC 

Regional  Standards 
Organizations (RSO) 

ARSO, CEN, COPANT, EASC, 
PASC, etc.,   

International  
Organizations 
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Metre Convention 
Convention du Mètre 

1875 

Conférence Générale des Poids et Mesures 
CGPM 

Comité International des Poids et Mesures 
CIPM 

Comités 
Consultatifs 

CC‘s 

National 
Metrology 
Institutes 

NMI’s 

Bureau International des Poids et Mesures 
BIPM 
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Comité International des Poids et Mesures	



Mutual Recognition ���
of National Measurement Standards ���

and of Calibration and Measurement Certificates 
Issued by National Metrology Institutes	



    Paris, 14 October 1999	



Abteilung 2-FINALMRA 

The Multilateral Recognition Agreement 
under the Metre Convention 
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CIPM - MRA:	



MRA Mutual recognition arrangement: 
In 1999 the CGPM implemented the MRA to achieve more transparency 
and equivalence between National Metrology Institutes. Its 
administrated by BIPM.  

The MRA is based on verified information about the participating NMI`s, 
documented in KCDB Key Comparison Data Base (www.bipm.org): 

Ap. A: Participating institutes 
Ap. B: Results of key comparisons and supplementary comparisons 
Ap. C: Best measurement capability, uncertainty 

    Information about implementation of quality system 
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BIPM Key Comparison DataBase - KCDB 
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Calibration and Measurement Capabilities - CMC’s 
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International intercomparisons for the CIPM-MRA  
and national PT schemes	



BIPM	


APMP 	

key comparisons	


EURAMET 	

key comparisons	


SIM 	

key comparisons	


Other regions	

 key comparisons	


CIPM	

key comparisons	


National 
Metrology 
Institutes 

NMI 

National 	

PT Schemes	


KCDB 
CMC‘s 
- 
- 

National 	

PT Schemes	


   Peru 
Philippines 
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International Recognition	



Accredited 
calibration 
laboratory 

Calibration 
Certificate 

tr
ac

ea
bi

lit
y 

SI 

National 
Metrology 

Institute 

Regional 
Metrology 

Organization 

BIPM KCDB 
-  CMC 
-  CMC 

Peer Reviev	


ISO/IEC 17025	



Metre 
Convention 

CIPM-MRA 

accreditation	



Accreditation 
Body 

ILAC 

- Scope 
-  MU 
- - 

ISO/IEC 17025	
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Metrological Infrastructures	



Measuring instruments	



Internal calibration 
laboratories	



Industry 

NMI 
PTB	



Calibration 
laboratories 

accredited by 
DKD	



tra
ce

ab
ili

ty
 

Measuring instruments 

Internal calibration 
laboratories 

Industry 

NMI	



Accredited 
calibration 
laboratories	



Primary 

Secondary 

3rd 

4th 

Physical definition 
of standards 

National 
Standards 

National 
Standards 

traceability 

Intercomparison measurements 
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Reliable and recognized laboratory infrastructure	



accreditation	



National Industry 
Needs reliable calibration and test results !!! 

National 
Metrology 

Institute 

Accredited 
testing 

laboratories	



National 
Accreditation 

Body 

Accredited 
calibration 

laboratories 

traceability	



traceability 

NAB 
Internationally 

recognized 

NMI 
Internationally 

recognized 

accreditation 

traceability 
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National Metrology 
Infrastructure	



needs reliable measurement results !!! 
Industry 

Internal calibration 
and testing laboratories 

SI 

KCDB 
CMCs 
… 

BIPM 

Legal 
Metrology 

National 
Accreditation 

Body 

ILAC 

Accredited 
calibration 
laboratories 

Accredited 
testing 

laboratories 

MiC laboratories 
- Traceable PT provider 
- Traceable RM provider 

Designate Institutes (DIs) NMI	
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National Metrology Strategy 

Key strategic elements	

 short 
2 – 3 y	



mid	


5 – 6 y	



long	


> 10 y	

 Final targets	



1.) National Metrology Policy 
a. Competent advisory board for NMI 
b. Modern metrology law + harmonized link laws 
c. Government support for NMI + metrology 

strategy implementation 
d.  Implementation of SI Units 

 National metrology (or quality) policy 
developed, regularly actualized, 
implemented and involved in the 
National Development Plan. 

2.) NMI + Designated Institutes (DI) 
a. Designation criteria & policy 
b.  Implementation & coordination 
c. Funding for DIs 

 DIs in all relevant areas existing and 
working according to NMI best practices. 

3.) NMI’s regional and int’l relations 
a. Active participation in APMP TCs 
b. Active participation in BIPM CCs 
c. Collaboration with other NMIs 

 NMI and DIs actively participating in all 
relevant CIPM-MRA activities. 

4.) NMI’s institution building 
a. Efficient administration and procedures 
b. Quality management system 
c. Funding for all NMI/DI tasks 
d.  Institutional corporate identity 
e. Strategic planning 

 NMI + DIs operating according to CIPM-
MRA best practices. 

 NMI + DIs offer efficient and customer 
oriented service.  

Vision:  
Mission: 
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National Metrology Strategy 
Key strategic elements	

 short 

2 – 3 y	


mid	



5 – 6 y	


long	



> 10 y	

 Final targets	


5.) NMI’s technical competence building 
a. Building, laboratories, installations, equipment 
b. Personnel, training, competence 
c. Standards, traceability, procedures 
d. Services (calibration, science, advising,..) 
e.  Intercomparisons, assessments, peer reviews 

 NMI + DIs have CMCs in all relevant areas 
achieved and maintained. 

 NMI + DIs can satisfy high level metrological 
demand. 

  Physical & chemical national standards are 
established + maintained by NMI + DIs. 

6.) NMI – Cal labs and MIC labs relation  
a. Metrology clubs 
b. National intercomparisons 
c. Promotion programs 

 Cal labs and MiC labs (secondary 
laboratories) satisfy routine calibrations / 
MiC dissemination and get traceability 
from NMI + DIs.  

7.) NMI – Regulators relation  
a. Legal Metrology 
b. Food safety 
c. Environmental protection  
d. Health assurance 

 Metrological traceability implemented in 
technical regulation enforcement. 

8.) NMI – NQI relation  
a. National Standards Body  
b. National Accreditation Body 
c. Value Chain approaches 

 Metrology is integrated part of a systemic 
operating National Quality Infrastructure. 

9.) NMI – Industry relation  
a. Demand survey, metrological mapping, .. 
b. Consulting services, .. 

 Metrological demand in traceability, 
knowledge, etc. from industry is 
satisfied.  

10.) Diffusion, Education, Marketing 
a. General awareness, .. (horizontal education) 
b. Train-the-Trainer, univ. curricula.. (vertical edu.) 
c. Metrology material, multiplication, alliances, .. 

 NMI recognized by all relevant sectors as 
national knowledge center for metrology.	
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 ⇒  National Quality Policy 

 ⇒  National Strategy QI (S-M-A) 10 – 20 years (short – mid – long term) 

 ⇒  Demand – Offer – Gap Analysis 

 ⇒  Masterplan (Actions, Actors, Contributions) 

 ⇒  Projects (Funding) 

 ⇒  Annual Plans & Ajustments 

 ⇒  Monitoring & Evaluation 

Conclusions (logic sequence): 


