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METROLOGY 
as a science of measurements 

Definition: Metrology is the science of measurement and examination, and their 
applications VIM 2.2 
NOTE: Metrology includes all theoretical and practical aspects of measurement and 
examination, whatever the measurement uncertainty or examination reliability, and 
field of application may be.

Measurement is a process of experimentally obtaining one or more values that can 
reasonably be attributed to a quantity together with any other available relevant 
information VIM 2.1
NOTE Measurement presupposes a description of the quantity commensurate with the 
intended use of a measurement result, a measurement procedure, and a 
calibrated measuring system operating according to the specified measurement 
procedure, including the measurement conditions.

VIM - International Vocabulary of Metrology
JCGM-WG2:VIM-2023-01 International vocabulary of metrology – Basic and general 
concepts and associated terms (VIM)

https://www.ceinorme.it/vim/1.19.php
https://www.ceinorme.it/vim/1.1.php
https://www.ceinorme.it/vim/2.9.php
https://www.ceinorme.it/vim/2.6.php
https://www.ceinorme.it/vim/3.2.php
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METROLOGY 
as a science of measurements 
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Measurement is…

Quantitative Comparison

…of an unknown quantity
 

with a standard quantity
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MAIN ACTIVITIES OF METROLOGY

 The definition of internationally accepted units of measurement

 The realisation of units of measurement by scientific methods

 The establishment of (metrological) traceability chains by disseminating and 
documenting the value and accuracy of a measurement 

 Traceability implies the calculation of an associated measurement uncertainty 

These activities may be included in fundamental (scientific) or applied (practical, 
industrial, legal)
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RESULTS OF METROLOGY

 Generates systems and frameworks for quantification and 
through these underpins consistency and assurance in all 
measurement 

 Gives a quantified level of confidence in the measurement 
through an uncertainty statement

 Provides a measurement infrastructure which is stable over 
time, comparable between locations, and coherent, allowing 
measurements of different properties using different methods 
to be combined

 Removes barriers to trade, improves efficiency and 
competitiveness, enables technological development, 
encourages global agreement and collaboration
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RESULTS OF METROLOGY

Coherent

Comparable

Stable

• Special property of SI units
• Allows use across 

disciplines without scaling 
• Requires full measurement 

understanding
• Allows comparison across 

locations
• Requires agreement on 

methods & measurands
• Requires external 

comparison
• Essential property of 

measurement locally
• Allows comparison over 

time
• Requires validated methods 

& ongoing QA/QC
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IONIZING RADIATION METROLOGY 
Why An International Measurement System?

To ensure the safety of patients and radiation workers, and to protect the 
environment world-wide – (BIPM statement)

Accuracy & Safety
 Precise measurement is critical in medicine, nuclear safety, and environmental 

monitoring.
 Protects patients, workers, and the public from under- or overexposure.

Global Consistency
 Ensures uniform use of units like sievert (Sv), gray (Gy), and becquerel (Bq).
 Enables reliable comparison and collaboration across countries.

Traceability & Trust
 Measurements are traceable to international standards (e.g., BIPM).
 Supports hospitals, labs, and regulators in maintaining quality and compliance.

Enabling Cooperation
 Essential for global research, emergency response, and radiation protection 

programs.
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ENSURING MEASUREMENT QUALITY

 Measurements use properly validated methods and 
equipment, appropriately documented 

 Scientists are appropriately trained to make the 
measurements

 Measurements are governed by well-defined quality control 
and quality assurance procedures

 There is regular independent assessment of performance

 The measurements made are fit for their intended purpose 
with a clear statement of measurement uncertainty (or 
measurement confidence if your stakeholders prefer)
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INTERNATIONAL METROLOGY SYSTEM-
Components of global system

International System of Units (SI)
 Standardized units for ionizing radiation: Becquerel (Bq) ,Gray (Gy), Sievert (Sv)

Metrological Traceability
 Measurements are traceable to international standards, ensuring accuracy and consistency globally.

Primary and Secondary Standards
 Primary Standards: Directly linked to national or international reference standards (e.g., BIPM).
 Secondary Standards: Calibrated against primary standards and used in laboratories and industries.

CIPM MRA (Mutual Recognition Arrangement)
 Facilitates global recognition of calibration certificates and measurement standards, ensuring consistent 

traceability of measurements worldwide.
 Strengthens cooperation between national metrology institutes (NMIs).

International Cooperation & Organizations
 BIPM (International Bureau of Weights and Measures): Oversees the global measurement system, 

ensuring consistency and traceability.
 IAEA (International Atomic Energy Agency): Provides guidelines and support for radiation safety and 

dosimetry.
 ICRU (International Commission on Radiation Units and Measurements): Develops recommendations on 

radiation quantities and units.
 SSDL Network: Secondary Standard Dosimetry Laboratories that provide calibration services and ensure 

national standards align with international ones.
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INTERNATIONAL MEASUREMENT SYSTEM-
participants of CIPM MRA

Regional metrology organizations (RMOs):
Associations of regional metrology institutes that:
 Coordinate Regional Metrology Activities
 Organize Comparisons
 Support Quality System Reviews
 Capacity Building & Technical Support
 Act as a bridge between global (BIPM) and 

national efforts

259 institutes : 98 NMIs, 4 international 
organizations and 157 designated 
institutes.
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CIPM MRA 
 What is CIPM and MRA?

CIPM (International Committee for Weights and Measures):

 Established under the Metre Convention (1875)

 Oversees global metrology standards

 Operates under BIPM

MRA (Mutual recognition agreement):

Drawn up by the International Committee of Weights 
and Measures (CIPM), under the authority given to it 
in the Metre Convention, for signature by directors 
of the national metrology institutes (NMIs) of 
Member States of the Convention. 
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METRE CONVENTION

 The Convention of the Metre (Convention du Mètre) is a treaty that 
created the International Bureau of Weights and Measures

 Enables the BIPM acts in matters of world metrology to meet the 
demand for improved measurement standards and the need to demonstrate 
equivalence between national measurement standards. 

 The Convention was signed in Paris in 1875 by representatives of 
seventeen nations. 

 The Metre Convention established a permanent organizational 
structure for member governments to act in common accord on all matters 
relating to units of measurement. 

 The Convention, modified slightly in 1921, remains the basis of 
international agreement on units of measurement. 
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The Bureau International des 
Poids et Mesures (BIPM)

The BIPM is...

 the international organization established by the Metre Convention, through 
which Member States act together on matters related to measurement science 
and measurement standards

 the home of the International System of Units (SI) and the international 
reference time scale (UTC).
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THE TASK OF BIPM

The task of the BIPM is to ensure world-wide uniformity of 
measurements and their traceability to the International System of 

Units (SI).

By the authority of the Convention of the Metre, a diplomatic treaty:
 Operates through a series of Consultative Committees
 Carries out measurement-related research.
 Organizes and takes part in, and, international comparisons of national 

measurement standards,
 Carries out calibrations for Member States

BIPM moto: Working together to promote and advance the 
global comparability of measurements
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CIPM MRA-
mission

Framework for the international recognition of:
• National measurement standards
• Calibration and measurement certificates issued by (NMIs)

To show equivalence, NMIs and DIs must:

 Compare national standards

 Implement ISO/IEC 17025 standard

 Have their service peer reviewed

The outcome is approved list of services (Calibration 

and Measurement capabilities). Approved CMCs and 

supporting technical data are publicly available from 

the CIPM MRA database (the KCDB).

The BIPM maintains the Key Comparison Database.
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CIPM MRA-
contents

Appendix A: List of national metrology institutes that are signatories to the arrangement
Appendix B:
For each key comparison the following are included:

 individual values for each institute, together with their declared uncertainties;
 the key comparison reference value with its associated uncertainty;
 for each institute, the deviation from the key comparison reference value and the 

uncertainty in that deviation (at a 95 % level of confidence), i.e. its degree of 
equivalence;

 the degrees of equivalence between the standards of each of the participating 
institutes.

Appendix C: Quantities for which calibration and measurement certificates are recognized 
by institutes participating in part two of the agreement. The quantities, ranges and 
calibration and measurement capabilities expressed as an uncertainty (normally at a 95 % 
level of confidence) are listed for each participating institute.
Appendix D: List of key comparisons
Appendix E: Terms of reference of the Joint Committee of the Regional Metrology 
Organizations and the BIPM (JCRB)
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PARTICIPATING IN CIPM MRA -
Requirements

Core requirements for NMIs & DIs:
Requirement Description

Signatory to the CIPM MRA Must formally sign or be designated under a signatory 
NMI.

QMS Implementation Maintain a Quality Management System in line with 
ISO/IEC 17025 or ISO 17034.

CMC Declarations Submit and maintain Calibration and Measurement 
Capabilities (CMCs).

Participation in Comparisons Actively take part in key and supplementary 
comparisons to support CMCs.

Peer Review Undergo regular technical peer reviews through 
RMOs.

RMO Membership Participate in a Regional Metrology Organization 
(RMO) for coordination and review.
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MEASUREMENT COMPARISONS in the CIPM MRA –
Categories

There are 3 basic categories of measurement comparisons:
 Key comparions (CIPM, RMO)
 Supplementary (CIPM, RMO)
 Pilot studies (RMO)
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MEASUREMENT COMPARISONS IN THE CIPM MRA
different approaches to organizing ILCs

in IAEA/WHO network of SSDLs or the 

performance in dosimetry of radiotherapy 

centers). 

Bilateral intercomparisons

Multi-lateral comparisons 
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MEASUREMENT COMPARISONS
in EURAMET

EURAMET GUIDE No. 4

• Provides EURAMET-specific guidance for planning, initiating, and 
conducting interlaboratory comparisons.

• Harmonize criteria among different Technical Committees (TCs) 
within EURAMET.

CONTENT:

1. Introduction: Scope of the guide
2. Types of comparisons
3. Roles and responsibilities
4. Initiation of a comparison
5. Conducting of a comparison
6. Reporting

The current version of the Guide (2.0) refers to the requirements described in the new CIPM MRA-G-11 document. In addition, the concept of 
hybrid comparisons has been introduced in the Guide in line with the JCRB resolution 40/1. 
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TYPES OF COMPARISONS
Key comparisons

Purpose:
 Demonstrate the international equivalence of national measurement standards.
 Form the technical foundation for Calibration and Measurement Capabilities 

(CMCs).

Type Organized By Participants Scope Output

CIPM KCs
Consultative 
Committees 

(CCs) of CIPM

Leading NMIs 
from all world 

regions

Global – highest 
level of 

metrology

KCDB entries, 
Degrees of 

Equivalence 
(DoE), KCRV

RMO KCs

Regional 
Metrology 

Organizations 
(RMOs)

RMOs' member 
NMIs and 

Designated 
Institutes, 1
PSDL to link 

KCRV

Regional – 
support CMCs, 
complement 

CIPM KCs

KCDB entries, 
support for CMC 

reviews

Note:
Key comparisons can be extended by subsequent ones
Degrees of equivalence from both types  have equal status
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TYPES OF COMPARISONS
Supplementary comparisons

Purpose:
 Address measurement needs not covered by Key Comparisons.
 Validate capabilities in specialized, emerging, or region-specific fields
 Often involve specialized or less commonly used measurement standards.
 Support Calibration and Measurement Capabilities (CMCs) in specific areas.

Type Organized By Participants Scope Output

CIPM 
Supplementary

Consultative 
Committees (CCs) 
of CIPM

Leading NMIs 
with specific 
technical needs

International, 
specialized fields 
or pilot studies

KCDB entries, 
support for 
future KCs

RMO 
Supplementary

Regional 
Metrology 
Organizations 
(RMOs)

RMOs' member 
NMIs and DIs

Regional, focused 
on specific 
applications or 
capabilities

KCDB entries, 
support for 
regional CMCs
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TYPES OF COMPARISONS
Pilot studies

Purpose:
 Explore new or evolving measurement areas where formal Key or Supplementary 

Comparisons don’t yet exist.
 Test and refine measurement techniques, protocols, and collaboration approaches.
 Less formal but still follow structured protocols and data analysis.
 Results may or may not be published in the KCDB depending on scope and intent.

Type Organized By Participants Scope Output

Pilot Comparisons
Consultative 
Committees (CCs), 
RMOs, or NMIs

Selected NMIs or 
expert labs

Emerging areas, 
feasibility studies, 
method 
development

Internal reports, 
technical 
groundwork, 
possible future 
KC/SC

Note: In very special cases in which participation in the previous categories is not possible for an NMI or a DI seeking 
to support their Calibration Measurement Capabilities (CMC), the routine calibration services provided by NMIs or DIs 
that have appropriate CMCs registered in the KCDB could be used. This kind of comparisons are also known as Hybrid 
Comparisons.
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TYPES OF COMPARISONS 
Owerview   

Type Level Objective(s)

Key comparison (KC)

CC • Generate KCRV
• Support CMC claims

RMO • Link to KCRV
• Support CMC claims

Supplementary Comparison 
(SC)

CC
RMO

• Meet specific needs not covered by a KC  
• Support CMC claims 

Pilot study (PS)

CC
RMO

• Testing new methods or instruments 
• Training / benchmarking for NMIs
• May be used as additional information for 

supporting CMC claims 

Hybrid Comparison (HC)
RMO • support CMC claims when a KC or SC is not 

available 
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Results of an intercomparison-
Degrees of equivalence  (DoE)

The Degree of Equivalence expresses how closely a measurement result from a 
laboratory agrees with the Key Comparison Reference Value (KCRV).
DoE Includes:
 Deviation from the KCRV
 Expanded uncertainty of the deviation (computed at 95% confidence level) 

Relative degrees of equivalence for radiation quality N-100

Example: Supplementary comparison for photon radiation in terms of H*(10) under the 
framework of the EURAMET DOSEtrace project

EURAMET project No. 1467
BIPM KCDB: EURAMET.RI(I)-S18

Relative degrees of equivalence for radiation quality S-Cs
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Results of an intercomparison-
Degrees of equivalence  (DoE)

BIPM KCDB: EURAMET.RI(I)-S11

Relative degrees of equivalence for radiation quality N-60

EURAMET supplementary comparison of ambient dose equivalent H*(10) in 137Cs and 
ISO Narrow Beam Series N-60 x-ray beams at low dose rates
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ELIGIBILITY CRITERIA

Participation in CC comparisons is decided by the CIPM MRA rules.
• In general, participation is restricted to NMIs and DIs from countries being 

signatories to the CIPM MRA.

Participation in EURAMET intercomparisons:
Participant Type Eligibility Conditions

National Metrology Institutes (NMIs) Recognized signatories of the CIPM MRA; must maintain or develop 
national standards.

Designated Institutes (DIs) Formally designated by their national authority for specific 
measurement areas.

Accredited Laboratories May be allowed in pilot or supplementary comparisons for training 
or regional needs.

Guest or Observer Labs Permitted under special approval, often for technical training or 
method validation.

Special approval
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ROLES AND RESPONSIBILITES

Role Responsibilities

Technical Committees 
(TCs)

Identify needs for comparisons, discuss relevance and priorities, and decide 
on comparisons to be carried out.

TC Chair Coordinate and oversee the comparison process, ensure alignment with 
EURAMET policies, and report progress to the Board of Directors.

Pilot Laboratory Coordinate the comparison, draft the technical protocol, manage 
logistics, collate results, and prepare the final report.

Link Laboratories Serve as a bridge between EURAMET and Consultative Committee 
comparisons, ensuring proper linkage of results.

Support Group
Assist the pilot laboratory, especially in comparisons with a high number of 
participants, and help prepare less experienced laboratories for future 
coordination roles.

Participants Perform measurements as per the protocol, ensure technical competence, 
and accept publication of results, even if unsatisfactory.

EURAMET Secretariat Maintain and update the EURAMET project database, review participant 
eligibility, and support coordination efforts.
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ROLES AND RESPONSIBILITES 
of a pilot

Task Activities

Project 
management

• Schedule circulation of standards and other activities
• Monitor progress
• Take actions to make schedule

Technicalwork

• Prepare the materials
• Draft ILC protocol
• Registration
• Periodic status reports to BIPM/EURAMET
• Collect results from participants
• Prepare Draft A and Draft B reports

Communication
• Keep participants informed
• Keep BIPM and/or EURAMET informed
• Keep KCWG informed

Note: 
In order to release the pilot laboratory from workload, in particular in the case of 
comparisons with a high number of participants, one or several participants may support 
the pilot laboratory. (support group)
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INITIATING & RUNNING A COMPARISON

Proposal of comparison

Discussion and approval by TC

Drafting the technical protocol

Measurements

Registration in 
KCDB

Registration as 
EURAMET project
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Draft A report

Draft B report

Final report in 
KCDB

Completion of 
EURAMET project

KC/SC:
• -Final report is on KCDB only
• -Link from EURAMET project webpage to KCDB

PS
• -Final report is on EURAMET project website
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REPORTING
EURAMET GUIDE No. 4
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QUALITY MANAGEMENT SERVICE IN ACCORDANCE WITH ISO/IEC 17025

Requirements for establishing confidence - 2 
possiblities :

1. Assesment by an accreditation body fulfilling 
the requirements of ISO/IEC 17025 while
accreditation body shall be a signatory to the 
ILAC MRA or

2. Assesment without third-party accreditation.
A QMS without third-party assessment is 

usually referred to as a self-declared QMS.

G-TCQ-PRC-001 version 4.0

Review process and procedure

Initial QMS 
presentation 

(TC-Q)

Annual 
reporting

QMS re-
evaluation
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CMC CLAIMS

 CMC claims submitted by institutes participating in the MRA are validated 
through an extensive peer review process. This process includes the approval of 
a reviewed quality system (accredited or peer reviewed) which conforms to
appropriate internationally recognized standards, usually
ISO/IEC 17025 and ISO 17034 (ex. ISO Guide 34) for the production and

certification of reference materials. 

 In context of the CIPM MRA calibration and measurement capabilities underpin
 ISO/IEC 17025:2017 General requirements for the competence of testing 

and calibration laboratories
 ISO 17034:2016 General requirements for the competence of reference 

material producers
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CMC DECLARATION PROCESS



9/13/2025 35

SUBMISSION OF CMCs

 Supported by KC/SC results 
 Validated by other RMO and by peer review visits
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CIPM MRA Logo and Statement

“CIPM MRA statement” 

This certificate is consistent with the capabilities that are included in Appendix C of 
the CIPM MRA drawn up by the CIPM. Under the CIPM MRA, all participating 
institutes recognize the validity of each other’s calibration and measurement 
certificates for the quantities, ranges and measurement uncertainties specified in 
Appendix C (for details see http://www.bipm.org). 
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Conclusions on CIPM MRA importance

CIPM MRA is a secure technical foundation for wider agreements related to 
international trade, commerce and regulatory affairs.

 Harmonizes worldwide recognition of the realisations of the SI units and 
measurement standards.

 Ensures the mutual confidence through peer reviewed systems (quality and 
CMCs), underpinned by measurement comparisons.

 Reliable route for metrological traceability.



9/13/2025 38

CCRI Policy on Support of Calibration and Measurement 
Capabilities (CMCs)

Comparison 
results

ISO/IEC 
17025

Publications, 
other supporting 

evience

Submit claim 
for peer 

reviews by 
RMOs

https://www.bipm.org/kcdb/comparison/quick-search

Compliance to CCRI Guidance Documents:
Institutes must follow CCRI's guidance documents, such as:

• CCRI-D-01: CMC Declaration Rules
• CCRI-G-02: Interpretation of CMC Entries
• CCRI-G-03: Implications and Impacts of the CIPM MRA
• CCRI-G-04: CMC Review Checklist
• CCRI-S2-G-01: Guidance on Applying the MMM

https://www.bipm.org/kcdb/comparison/quick-search
https://www.bipm.org/kcdb/comparison/quick-search
https://www.bipm.org/kcdb/comparison/quick-search
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REFERENCE DOCUMENTS

• Measurement comparisons in CIPM MRA (CIPM MRA-G-11)
• EURAMET Guide 4 on Comparisons (G-GNP-GUI-004)
• Eligibility criteria for participation in EURAMET TC-projects (G-GNP-POL-006)
• Guidelines for TC-projects (G-OPS-GUI-002)
• EURAMET project forms-Registration of agreed and starting projects (G-OPS-FRM-

009)-Progress and final report (G-OPS-FRM-010)
• Participation in EURAMET comparison: Participation form to be signed by 

participants (G-OPS-FRM-012)
• JCGM-WG2:VIM-2023-01 International vocabulary of metrology – Basic and 

general concepts and associated terms (VIM)

All documents are available on EURAMET website 
CIPM MRA-G-11 is available on BIPM website
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The project (22NRM01 TraMeXI) has received funding from the European Partnership on Metrology, co-financed from the 
European Union’s Horizon Europe Research and Innovation Programme and by the Participating States.

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily 
reflect those of the European Union or EURAMET. Neither the European Union nor the granting authority can be held responsible

for them.

https://tramexi.com/

Thank you for your attention!

 These are guidelines, they change – Always check for latest version

 Some flexibility is allowed
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