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INTRODUCTIONINTRODUCTION
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What is CMC ?
What does external world know about CMCs ?

About 35 000 000 results just   in 0.06 seconds
Looks impressive !
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What is CMC ?
What does external world know about CMCs ?

Less results in moreLess results in more     
time.

But still impressive !
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What is CMC ?

What does external world know about CMCs ?

Just some 63 000 
results. 

www.bipm.org
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What is CMC ?
What does CMC stand for ?
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What is CMC ?
What does CMC stand for ?

Acronym CMC is under 
category “Science & 

Medicine”
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BIPM’s Web-Site – Reference Source
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BIPM’s Web-Site – Reference Source
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Guidance Documents
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Guidance Documents

Contents of EURAMET Guide 8

1. General policy 

2. Drawing up CMC Excel files 

3. CMC review criteria 

4. CMC review process 

5. Impact of comparison results on CMCs 

Appendix 1: Questionnaire for the Review 

of EURAMET CMCs

Appendix 2: Intra regional review processAppendix 2: Intra-regional review process 
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DEFINITIONSDEFINITIONS
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CMC - Definitions

A CMC is a calibration and measurement capability available to
customers under normal conditions:customers under normal conditions:

(a) as published in the BIPM key comparison database 
(KCDB) f th CIPM MRA(KCDB) of the CIPM MRA; or

(b) as described in the laboratory’s scope of accreditation
granted by a signatory to the ILAC Arrangement. "g y g y g

Where the term NMI is used it is intended to include
Designated Institutes (DIs) within the framework of the CIPMDesignated Institutes (DIs) within the framework of the CIPM
MRA.”
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CMC - Definitions

The meanings of the terms Calibration and MeasurementThe meanings of the terms Calibration and Measurement
Capability, CMC, (as used in the CIPM MRA), and Best
Measurement Capability, BMC, (as used historically in connectionp y ( y
with the uncertainties stated in the scope of an accredited
laboratory) are identical. The terms BMC and CMC should be
interpreted similarly and consistently in the current areas of
application.
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CMC - Definitions

Under a CMC, the measurement or calibration should be:

• performed according to a documented procedure and
have an established uncertainty budget under the
management system of the NMI or the accredited
laboratory;

f d l b i (i l di d d• performed on a regular basis (including on demand or
scheduled for convenience at specific times in the
year); and available to all clients.y )
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CMC - Definitions

The ability of some NMIs to offer “special” calibrations, with
ti ll l t i ti hi h t “ d lexceptionally low uncertainties which are not “under normal

conditions,” and which are usually offered only to a small sub-set of
the NMI's clients for research or for reasons of national policy isthe NMI s clients for research or for reasons of national policy, is
acknowledged.

These calibrations are not within the CIPM MRA, cannot bear
the equivalence statement drawn up by the JCRB, and cannot bear
the logo of the CIPM MRA.
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CMC - Definitions

Normally there are four ways in which a complete statement of
uncertainty may be expressed (range, equation, fixed value and a
matrix).

Examples: 0.4 to 0.8 µg
Q[0 2 0 5 L] L in mQ[0.2, 0.5 L], L in m
0.2 dB or 1.0%
Matrix 5.1Matrix 5.1
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CMC - Definitions

Uncertainties should always comply with the Guide to the
Expression of Uncertainty in Measurement (GUM) and should
include the components listed in the relevant key comparison
protocols of the CIPM Consultative Committees. These can be
found in the reports of comparisons published in the CIPM MRA
KCDB as a key or supplementary comparison.

Is not it better to state that an estimation of uncertaintyIs not it better to state that an estimation of uncertainty
should always comply with the GUM ?
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CMC - Definitions

The NMI CMCs which are published in the KCDB provide a
unique, peer reviewed traceability route to the SI or, where
thi i t ibl t d t t d fthis is not possible, to agreed - upon stated references or
appropriate higher order standards.

Assessors of accredited laboratories are encouraged always to
consult the KCDB (http://kcdb.bipm.org) when reviewing the
uncertainty statement and budget of a laboratory in order to
ensure that the claimed uncertainties are consistent with those of
the NMI through which the laboratory claims traceabilitythe NMI through which the laboratory claims traceability.
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DRAWING UP CMCDRAWING UP CMCs
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Drawing up CMCs

Two different cases:

New CMCs: CMCs files from a institute that has not previously

submitted CMCs in a particular areasubmitted CMCs in a particular area

Modified CMCs: CMCs files than imply the modification or

expansion of already approved
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Drawing up CMCs

All necessary information on JCRB web-site:

“Instructions for drawing up CMC excel files”:Instructions for drawing up CMC excel files :

• Basic Excel template
• Excel template with uncertainty matrices and closely related 

CMCs
• Excel template for CMCs in chemistryp y
• Instructions for closely related CMCs
• Additional instructions for CMCs files in EM
• Instructions for uncertainty matrices in CMC files• Instructions for uncertainty matrices in CMC files
• International rules for filling in the CMC tables for ionizing 

radiation
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Drawing up CMCs

CMC Table consists of three different parts:

• “White” part

• “Blue” part• Blue  part

• “Yellow” part
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Drawing up CMCs

CMC Table - “White” part

Quantity: Mass

I t t A t f t

Instrument Type or Method: 
Comparison in Air

Instrument or Artefact: 
Mass standards
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Drawing up CMCs

CMC Table - “White” part
Confidence Level: 95 %

Minimum 
value: 1 Units: mg

Maximum

Units: µg

Coverage Factor: 2
No

Maximum
value: 

100
Value: 0.4 to 0.8

Coverage Factor: 2

CIPM MRA Workshop
Skopje, Macedonia, 27-29 April 2011 26



Drawing up CMCs

CMC Table - “White” part

Any specific comments y p
related to the service: 

Uncertainty scales with 
measureand level. The 

volume of the mass 
standards is known
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Drawing up CMCs

CMC Table - “White” part
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Drawing up CMCs

CMC Table - “Blue” part

List of Comparisons: 
EUROMET Project No 441

Standard used as a 
reference in 
calibration: 

Stainless steel mass

Source of traceability: 
NPL, PTB, etc.
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Drawing up CMCs

CMC Table - “Yellow” part

NMI Service Identifier:
Code of the service Each laboratory can choose how to identifyCode of the service y y

its internal service identifiers. The NMI
internal service identifiers are often given
by a simple number (for instance “10“).
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Drawing up CMCs

CMC Table - “Yellow” part

Cells used 
during review 
process

Service Category:
P d b WG d thCode from the 

Classification of Services
Prepared by WG under the
relevant CC. Approved by the
relevant CC.
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Drawing up CMCs

CMC Table - “White” part

Class: 
End 

Instrument Type or Method: 
Mechanical Comparison to gauge 
block

standards
Instrument or Artefact: 
Length bar (long gauge 
blok): central length L
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Drawing up CMCs

CMC Table - “White” part
Confidence Level: 95 %

Minimum 
value: 

400
Units: mm

Maximum

Units: mm

Coverage Factor: 2
NoParameter: 

horizontal
400 Maximum

value: 
1000

Value: Q[56,0.4 L], L in mm

Coverage Factor: 2

Parameter: 
Orientation
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Drawing up CMCs

CMC Table - “White” part

Any specific comments y p
related to the service: 
According to ISO 3650
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Drawing up CMCs

CMC Table - “Blue” part

List of Comparisons: 
None

Standard used as a 
reference in calibration: 
reference gauge blocks

Source of traceability: 
PTB
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Drawing up CMCs - Traceability

A National Metrology Institute gy
(NMI) or other Designated Institute 
(DI) publishing Calibration and 
Measurement Capabilities (CMCs)Measurement Capabilities (CMCs) 
in the BIPM Key Comparison
Database (KCDB) has two choices 
f t bli hi it t bilitfor establishing its traceability
route to the SI:

CIPM 2009-04
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Drawing up CMCs - Traceability

• via a primary realization or representation of the unit of
measurement concerned, in which case traceability must be
declared to its own demonstrable realization of the SI;

• via another NMI or DI having relevant CMCs with
appropriate uncertainty published in the KCDB or through
calibration and measurement services offered by thecalibration and measurement services offered by the
BIPM, in which case traceability must be declared through
the laboratory providing the service.
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Drawing up CMCs - Traceability
SI Definitions

Options for Traceability
NMI, DI Primary 

St d d
Primary 

St d d
Primary 

St d dOptions for Traceability of another 
country

Standard Standard Standard

National 
Standards

NMI or 
DI

Primary 
Standard

Secondary 
Standard

Lower level
Standard

Accredited 
Calibration Reference 

Standard
Reference 
Standard

Reference 
Standard

Reference 
Standard

Traceable measurements in industry, testing labs, analytical labs, etc. 

Laboratory
Standard Standard Standard Standard
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Drawing up CMCs - Traceability

For auxiliary influence quantities, not part of the main
t bilit th t th SI f ti l d d ithtraceability path to the SI for a particular measurand and with
uncertainties that can be shown to make only a minor
contribution to the total combined uncertainty of the CMC ancontribution to the total combined uncertainty of the CMC, an
NMI or other DI is free to use measurement services provided
by laboratories accredited by a signatory to the ILACby laboratories accredited by a signatory to the ILAC
Arrangement.
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Example of Traceability

U= 1000 nm 

U= 50 000 nm 

U=5 •10-11 x L

U= 0 005 nmU= 0,005 nm 
for L=100 mm U= 30 nm 

for L=100 mm U= 100 nm 
for L=100 mm

U= 50 000 nm 
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Drawing up CMCs

CMC Table - “White” part
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Drawing up CMCs

CMC Table - “Yellow” part

Service Category:
Code from the 

P d b WG d thClassification of Services Prepared by WG under the
relevant CC. Approved by the
relevant CC.
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Drawing up CMCs

Examples of  “Service Categories”

MASS and
RELATED 

LENGTH

QUANTITIES
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Drawing up CMCs

Examples of  “Service Categories”

MASS and RELATED QUANTITIES
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Drawing up CMCs

Examples of  “Service Categories”

MASS and RELATED QUANTITIES
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Drawing up CMCs

Examples of  “Service Categories”
LENGTH
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Drawing up CMCs

Rules for formatting:

All words in EnglishAll words in English

Decimal ceparator: period “. “, not comma “,”

Format of all cells: “Center” and “Wrap text”

Default font : “Arial 10”, not “Times New Roman”

Italics should be used for quantities: for instance L for length

Avoid abbreviations: “relative” instead of “rel.”

Do not use the semicolon ";" inside a cell
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Drawing up CMCs

Rules for formatting:

Superscripts and subscripts can be used but not for numbers (m/s²)Superscripts and subscripts can be used, but not for numbers (m/s²)

Use as often as possible the scientific notation "YE-XX“

Do not use "±" in the uncertainty column

Use the ISO standard presentation for value ranges

“10-20 Hz” should be written as “10 Hz to 20 Hz”

The level of confidence should be written as a percentage (such as 

"95%") and not as the number "0.95“.
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Drawing up CMCs

Rules for formatting:
Multiple entries in a single cell must be separated vertically into 
separate cells and cells must not be merged vertically. This holds 
specially when the description of one CMC is valid for different 
measurand ranges and/or includes several parameters
with their specifications. In these cases:

- use only one measurand range per CMC and repeat all 
other relevant information;

- place each parameter and specification in its own cell.
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Drawing up CMCs

Modifications to already published CMCs

Go to the web-site: www.bipm.org\JCRB

guest2001
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Drawing up CMCs

Modifications to already published CMCs

Get Published CMCs
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Drawing up CMCs

Modifications to already published CMCs

Modifications must be made clearly visible by the use of theModifications must be made clearly visible by the use of the
following color code:

b ld d h f i b b ha. bold red characters for corrections to be brought to a
published CMC and for presenting a new CMC not yet
publishedp

b. highlighting with a light pink background a CMC that
should be deleted the words “to be deleted from theshould be deleted, the words to be deleted from the
KCDB” should also be placed in the “comments” column
of the CMC.
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INTRA d INTER RMO CMCINTRA and INTER RMO CMC 
REVIEW PROCESS
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Flowchart of the CMC Review
NMI / DI

Draws up CMCsDraws up CMCs
For its services

Forward new

or revised CMCs

Intra RMO 
Review 
PTC Chair

Forward new

or revised CMCs

Questions,
comments
concerns

Process

CMC Workig Group 
or 

TC Contact Persons 
TC ti

or revised CMCs

Submitting
NMI / DI

concerns

TC meeting

TC Chair

Answers,
Modified
CMSs

Reviewed
CMC sets
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Flowchart of the CMC Review

Questions TC Chair

Inter RMO

Submission
to Inter-RMO

reviewSubmitting RMO

Questions,
comments
concerns

TC Chair

Inter-RMO
review

Submitting
NMI / DI

RMO
CMC WG

Answers,
difi d

Inter RMO 
Review

Final
approval

modified
CMCs

Review 
Process

Publication
in App. C
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INTER ABORATORYINTERLABORATORY 
COMPARISONS AS A SUPPORT 

FOR CMCFOR CMCs
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Comparisons in the CIPM MRA

Regional 
Comparison

Regional 
Comparison

BIPM
• CIPM key pp

CIPM key 
Comparison

BIPM
y

• RMO key
• Supplementary

Regional 
Comparison

Regional 
Comparison

ppp y

Comparison Comparison

• Highest level of accuracy, usually close to the “misse en practique” of the units (primary 
methods)

• Participation is limited to members of the Consultative Committees

• Reference value is determined by consensus among the participants
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Comparisons in the CIPM MRA

Regional 
Comparison

Regional 
Comparison

BIPMBIPM
• CIPM key p p

CIPM key 
comparison

BIPMBIPM
y

• RMO key
• Supplementary

Regional 
Comparison

Regional 
Comparison

ppp y

Comparison Comparison

• Follow the same protocol of the CIPM Key ComparisonsFollow the same protocol of the CIPM Key Comparisons

• The reference value is linked to the CIPM KC through the NMIs that 
participate in both comparisons (at least two NMIs)
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Comparisons in the CIPM MRA

Key Comparison

Comparison on the key subject within specific metrologyComparison on the key subject within specific metrology
subject field, typically concerned with the primary realization of
standards.

Supplementary Comparison

Comparison for supporting any specific CMC entry apart of theComparison for supporting any specific CMC entry, apart of the 
primary realization of standard.

Cover areas not covered by the Key Comparisons (e.g., lower 
accuracy measurements, different techniques)
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Comparisons in the CIPM MRA

COMPARISON CODES
See “nomenclature” on the BIPM web site

XXXXX . YY. Z - KN
Number by subject 
(1,2,3,...)

See “nomenclature” on the BIPM web-site

RMO CC BIPM

K (key),            

S (supplementary)

RMO, CCs or BIPM Spesific Metrology 
Area 

Metrology Area (AUV, 
EM, M, vs.)
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Comparisons in the CIPM MRA

Examples of Comparison Codes

CCAUV.A-K3

Comparison on calibration of LS2p microphones in the frequency range
f 20 t 31500 Hfrom 20 to 31500 Hz

EUROMET.M.F-K1

Comparison on calibration of force transducers in the range from 5 kN to
10 kN
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Comparisons in the CIPM MRA

COMPARISON STEPS

Determination of participants and a pilotDetermination of participants and a pilot 

Preparation of technical protocol

Measurement stageg

Reporting of the measurement results by participants

Checking the results by pilot for consistency 

Preparation of Draft A of comparison report and discussion 

Preparation of Draft B of comparison report and discussion

Approval of the comparison report by related Consultative Committee 

Publication of comparison report
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Comparisons in the CIPM MRA

Definitions

Xi Participant’s Result

Ui Expanded Uncertainty declared by Participant

Xref Key Comparison Reference Value (KCRV)

Uref Uncertainty of Key Comparison Reference Value 

Di=Xi-X f Degree of equivalence with respect to KCRVDi=Xi-Xref Degree of equivalence with respect to KCRV

UDi Uncertainty of Degree of equivalence

Dij=Xi-Xj Mutual Degree of Equivalence

UDij Uncertainty of Mutual Degree of equivalence
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Comparison Results for CMC Support 
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Comparison Results for CMC Support 
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Comparison Results for CMC Support 
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Comparison Results for CMC Support 
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Comparison Results for CMC Support 
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Comparison Results for CMC Support 
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Comparison Results for CMC Support 
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Comparison Results for CMC Support 
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Comparison Results for CMC Support 

Degrees of Equivalence
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Comparison Results for CMC Support 

Example of Comparison Final Report
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Comparison Results for CMC Support 

It must be ensured that CMC claims made by an NMI are consistent with
the results obtained in key and supplementary comparisons.

A measurement of a key comparison is considered to be discrepant when
the degree of equivalence represented by the difference di = xi - xKCRV and
the expanded uncertainty U(di) = k·u(di) do not fulfil the condition |di| < U(di).
The NMI making the CMC claim has primary and principal responsibility,
i.e., it must check the comparison results against its CMC claims and statei.e., it must check the comparison results against its CMC claims and state
whether or not these claims are supported by the comparison results. If not,
it must take appropriate measures to remove this inconsistency.

Statement from EURAMET Guide 8

CIPM MRA Workshop
Skopje, Macedonia, 27-29 April 2011 74



Comparison Results for CMC Support 

What Kind of Comparisons Are Acceptable ?

CC Key ComparisonsCC Key Comparisons
RMO Key Comparisons
Supplementary Comparisons
Bil t l C iBilateral Comparisons

Requirements:
• Technical protocol clearly specifies measurand, method, range, 

etc.
• Comparison is officially registered• Comparison is officially registered
• Results are publicly available
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PRACTICA EXAMP ESPRACTICAL EXAMPLES
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Practical Examples

Parameters and Specifications

WRONG
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Practical Examples

Parameters and Specifications

CORRECT
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Practical Examples

Different measurand range

WRONGWRONG
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Practical Examples

Different measurand range

CORFRECT

CIPM MRA Workshop
Skopje, Macedonia, 27-29 April 2011 80



Frequently Asked Questions
• When NMI/DI has to submit CMCs ?

Theoretically at any time. Some TCs have installed aTheoretically at any time. Some TCs have installed a
Working Group for CMC review and set a fixed date for
submission.

• Can I submit CMCs when just Draft A of the comparison
is circulated ?

Yes. But approval of CMCs will be delayed until Draft B
is circulated.is circulated.
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Frequently Asked Questions
• Are results of comparison the only technical evidence

supporting CMCs ?
No According to the text of CIPM MRA D 04:No. According to the text of CIPM MRA-D-04:

“…the range and uncertainty of the CMCs submitted be consistent 
with information from some or all of the following sources:with information from some or all of the following sources:

• Results of key and supplementary comparisons
• Documented results of past CC, RMO or other comparisons p , p

(including bilateral)
• Knowledge of technical activities by other NMIs, including 

publications
• On-site peer-assessment reports
• Active participation in RMO projects
• Other available knowledge and experience
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Frequently Asked Questions

• How long does CMC review process last ?

Hard to estimate. In general, one year time scale is a
realistic estimation.

• Who uses CMCs ?

Th ti ll ll t th ldTheoretically all customers over the world.

CIPM MRA Workshop
Skopje, Macedonia, 27-29 April 2011 83



References
• Calibration and Measurement Capabilities Capabilities in

the context of the CIPM MRA, CIPM MRA-D-04, ver.2,
October 2010, BIPMOctober 2010, BIPM

• EURAMET Procedures and Review Criteria for CMCs,
EURAMET Guide 8 EURAMET e V 2008EURAMET Guide 8, EURAMET e.V., 2008

• Calibration and Measurement Capabilities, A paper by
the joint BIPM/ILAC working group, CIPM 2007-11,
November 2007, BIPM

• Traceability in the CIPM MRA, October 2010, BIPM

CIPM MRA Workshop
Skopje, Macedonia, 27-29 April 2011 84


