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1984 VIM1 O34T BIPM, ISO, IEC, OIML (4%H#%)

1993 VIM2 K ONGUMD 34T (1995 : FIRK DET IERK) IUPAC, IUPAP, IFCCHNEE (THE#R)

1997 JCGMERE : TSO/TAGA— JCOM~D kA JCOMBIEESD

1998 JCOMBIEE &

1999 CIPM-MRA ZE4BEtE : A — MLERHDOY &

2004 VIM3JR BHR4E - [|IfF (WG2)

2005 [ bt R OINE JCMBEES ILACIEZUINER

2006 GUM - Suppl. 1 JREMHRE - BEIfF (W61) JCOMBEZEE @

2007 VIM3D %47 (ISO/IEC Guide 99) JCOMBIEZE B &
GUM/Suppl. IFRERT ILACIERZ A (8#HAR)

2008 GUMAEDISO/IEC Guide 98-3& L TOFAT JCMBIEZEER2®
GUM/Supplement1 (Guide 98-3/Suppl. 1) DFEAT

2009 ISO/IEC Guide 98-1MD3&4T (GUMBHEDHEAT) JCOMBEEES

2010 VIM3ET IERR D %47 (ISO/IEC Guide 99) JCOMBIEZEE£®

2011 GUM/Supplement 2(Guide 98-3/Suppl. 2) DFELT JCMBEZER S

2012 ISO/IEC Guide 98-4M3&4T (GEAMEEM~DEM) JCOMBEEZE SO

2013 GUM 20428 AWorkshop (BIPMZE/E, NPLIZISUNTCREfE) JCOMBIEE LD

2014 GUMERET R (WG1) DYERR = = A > REIY - 2015.4. 3 JCOMBEZEE LD

2015 WGl K& O'WG2HE BN @ RE L =G6UM2 & NVIMAIZ f] 1 T : | JCOMBRZEES®
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Documents under the JCGM

[olc] S D L[ ISO/IEC Guide 98-3:2008 Evaluation of measurement data — Guide to the expression of uncertainty in measurement ,
GUM 1995, with minor modifications

0
N

GUM(Draft Revision) Guide to uncertainty in measurement (Revision)
JCGM 110 Examples of uncertainty evaluation

e{c]\ SDERP D[S ISO/IEC Guide 98-3:2008/  Evaluation of measurement data — Supplement 1 to the “Guide to the expression of
Suppl.1 uncertainty in measurement” — Propagation of distributions using a Monte Carlo method

{[o{c]\ N LPAPLENES ISO/IEC Guide 98-3:2008/  Evaluation of measurement data — Supplement 2 to the “Guide to the expression of
Suppl.2 uncertainty in measurement” — Extension to any number of output quantities

JCGM 103 ISO/IEC Guide 98-3:2008/  Evaluation of measurement data — Supplement 3 to the “Guide to the expression of
Suppl.3 uncertainty in measurement” — Developing and using measurement models

[o{c] YN LER ISO/IEC Guide 98-1,2009 Evaluation of measurement data — An introduction to the “Guide to the expression of
uncertainty in measurement” and related documents

JCGM 105 ISO/IEC Guide 98-2 Evaluation of measurement data — Concepts, principles and methods for the evaluation of
measurement uncertainty

[o[c]\ B[P LkP AR |SO/IEC Guide 98-4 Evaluation of measurement data — The role of measurement uncertainty in conformity
assessment

JCGM 107 ISO/IEC Guide 98-5 Evaluation of measurement data — Applications of the least-squares method

JCGM 108 ISO/IEC Guide 98-3:2008/  Evaluation of measurement data — Supplement 4 to the “Guide to the expression of

Suppl.4 uncertainty in measurement” — Bayesian methods

[o{c]\ L1 Lk AR |SO/IEC Guide 99:2007 International vocabulary of metrology — Basic and general concepts and associated terms

(Vim)
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JCGM 100:2008. Guide to the expression of uncertainty in measurement, GUM 1995, with minor modifications

Current version of the GUM. A revision of this document is in progress (see above). Freely available in electronic (PDF) form
from the websites of the BIPM and OIML, and published in paper and PDF forms by ISO under the name “ISO/IEC Guide 98-
3:2008".

JCGM 101:2008. Evaluation of measurement data — Supplement 1 to the “Guide to the expression of uncertainty in
measurement” — Propagation of distributions using a Monte Carlo method

General method for uncertainty evaluation, of particular interest for measurement models with a high level of complexity,
or to evaluate a coverage interval for a non-linear model or in case of non-gaussian input quantities. In these cases the
method, being more general than that described in the GUM, gives more reliable evaluations. Freely available in electronic
(PDF) form from the websites of the BIPM and OIML, and published in paper and PDF forms by ISO under the name “ISO/IEC
Guide 98-3:2008/Suppl 1:2008".

JCGM 102:2011. Evaluation of measurement data — Supplement 2 to the “Guide to the expression of uncertainty in
measurement” — Extension to any number of output quantities

Generalization of the GUM and of its Supplement 1 to the case of multivariate output quantities. Freely available in
electronic (PDF) form from the website of the BIPM and OIML, and published in paper and PDF forms by ISO under the
name “ISO/IEC Guide 98-3:2008/Suppl 2:2011".

JCGM 104:2009. Evaluation of measurement data — An introduction to the “Guide to the expression of uncertainty in
measurement” and related documents

Introductory document extensively hyperlinked to the other JCGM documents. Freely available in electronic (PDF) form
from the websites of the BIPM and OIML, and published in paper and PDF forms by ISO under the name “ISO/IEC Guide 98-
1:2009”.

JCGM 106:2012. Evaluation of measurement data — The role of measurement uncertainty in conformity assessment

Guidance document to calculate acceptance limits necessary to assess the conformity of an item to a specification. Freely
available in electronic (PDF) form from the websites of the BIPM and OIML, and published in paper and PDF forms by ISO
under the name “ISO/IEC Guide 98-4:2012". 7
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JCGM 100. Guide to uncertainty in measurement (Revision : Suspended)
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JCGM 110. Examples of uncertainty evaluation

The first committee drafts (CDs) have been circulated to the JCGM member organizations (MOs) and the NMls
at the end of the year 2014. More than 1000 comments were received and the feedback on CD JCGM 100:201x was
largely negative. The working group is working on responses to the criticisms received and elaborating a strategy for
the development of a revised GUM.

The idea of a separate examples document was welcomed but of course its content will need to be modified
according to changes that will occur to JCGM 100:201x. More examples should be developed and suggestions
from the JCGM MOs and the CIPM Consultative Committees are welcome.

JCGM 103. Evaluation of measurement data — Supplement 3 to the “Guide to the expression of uncertainty in
measurement” — Developing and using measurement models

This Supplement provides guidance on defining the measurand, and on developing and using a measurement
model. Different types of models with examples from many different fields are considered. The treatment of e.g.
systematic errors, time-dependent effects and correlations is described. This third supplement to the GUM is
approximately half way to completion. Its content should answer part of the criticism received on JCGM 100:201x.

JCGM 105. Evaluation of measurement data — Concepts, principles and methods for the evaluation of
measurement uncertainty

This document provides an introduction to the fundamental concepts and principles underlying the GUM and
related documents, using a Bayesian viewpoint.

JCGM 107 — Evaluation of measurement data — Applications of the least-squares method

JCGM 108 — Evaluation of measurement data — Supplement 4 to the “Guide to the expression of uncertainty in
measurement” — Bayesian methods.
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Revision of the 'Guide to the Expression of Uncertainty in Measurement’

Walter Bich', Maurice G Cox2, René Dybkaer3, Clemens Elster*, W Tyler Estler®, Brynn
Hibbert®,

Hidetaka Imai’, Willem Kool8, Carine Michotte?, Lars Nielsen'0, Leslie Pendrill’!, Steve
Sidney'?,

Adriaan M H van der Veen'3 and Wolfgang Woger?

Published 5 October 2012 - 2012 BIPM & IOP Publishing Ltd *
Metrologia, Volume 49, Number 6

* JCGM 100:201X:CDD i<
- Workshop on MU at the BIPM (June, 2015)

=>Negative actions

=Suspension (—srlT)
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JCGM 20157 Plenary Meeting/ R & =18
JCGM took the following decisions: 2015.12.2

Decision 1 : The JCGM endorsed the timetable proposed by WG1 for its
progress towards revision of the GUM. It recommended delaying any
decision on a “new perspective” for presentation of the GUM series of
documents until after greater engagement has been carried out with
Jsé%kl\e/lhgcl%ers. It encouraged WG1 to proceed with the preparation of CD

Decision 2 . The JCGM supports the proposal for the development of a
guidance document with the working title “Statistical Models and Data
Analysis for Inter-Laboratory and Inter-Method Studies”, noting that its
scope should not duplicate existing content in 1ISO13528 and other
standards used for proficiency testing.

Decision 3 : The JCGM requests WG2 to propose a revised “modified
work programme” for circulation by the end of 2016.

Decision 4 : The JCGM requests WG1 and WG2 to submit their annual

reports in writing at the end of 2016. The next meeting of the JCGM wiill
be held in May 2017.

12
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JCGM 2016 D ;

- JCGM 100:201X % TNCGM 110:201X DR & 3 X > kIt
=http://www.bipm.org/wg/AllowedDocuments.jsp?wg=JCGM-WG1

+ JCGM 103:Modelling DiRE

* ILC: Interlaboratory ComparisonBIiE X E DIRE | Z D DEHFEIT

» Time table (Roadmap) D FEEE

- JCGM 110:Examples D HREE

*WG2 DEEDRE : 2E (6A - 12A)
* VIM3 D Annotated X ED#RE (1ZIFTTHK : VIMAIIKILZ B 3)
BIPMA&— L ~—< F (Upload)
=http://jcgm.bipm.org/vim/en/index.html

- VIMAIZEIT TOE) =

* JCGM Plenary Meeting DB : 2005 F LUF LB F12 A ICFHE
SEIF1I8MAB EICHEEZ FE CRENF2017%F5 B1SHDOFE)
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Joint Committee for Guides in Metrology
(JCGM) WG1 — The “GUM”

* At the end of 2014 | circulated two documents from JCGM WG 1 to the
JCGM Member Organizations and to the National Metrology Institutes for
comment. These were: JCGM 100:201X CD, Guide to uncertainty in
measurement, and JCGM 110:201X CD, Examples of uncertainty evaluation
among. A large number of specific comments were received along with
several letters expressing general views.

* WG 1 has worked hard to assimilate these comments. The views
expressed on JCGM 110:201X CD were such that a radical reworking, or
even a completely new version, will be needed. The aim of the WG will be
to prepare a document that will gain better acceptance among its
envisaged readership, which includes the JCGM Member Organizations as
well as the National Metrology Institutes. In contrast, there was support
for JCGM 110:201X CD which will be corrected according to the comments
received and re-circulated among the JCGM Member Organizations for
final approval.

* The detailed responses prepared by JCGM-WGL1 to all of the comments are
now available, and can be accessed from the BIPM website:

=http://www.bipm.org/wg/AllowedDocuments.jsp?wg=JCGM-WG1 y
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GUMESE : ItGMEZES

JCGM-WG1(GUM)BEE D IR IK

+ 2014F R IZHR/R E 4172JCGM 100(CD) & TNICGM 100(CD)ICBE L TlE. #

D NHEFEHAS B (Suspension) Z & & L7=, [2015F68 &K U108 D

WG1EEZE DL

- GUM2IZ 1Al T DRoadmap (Timetable) #1ER L. HMEESITIRE,

* GUM®DSuppl. 3& 3 B ModellingD XXEER % BT 5 (JCGM 103)

- [B]BF (ZILC(Inter-Laboratory Comparison)|CEEd 2 X EZ % frE (ISOD
TS%= 87 L. Key-comparison*>Proficiency Testing|ZXf4L93 %) : BEfF
DI1SO 13528*°1S0 17043 & DEE = HET 5 XL  ILACER
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Roadmap for the revision of GUM (Tentative,2017

O | Dwabon horioore  [anz20  [Ra1.2015 [Wan2.2015  [Maf12016  [Anz.20%6 [Waf1 2017 [Aef2.2007  [Waf1.2018 |Af2.20%8  [Aaf1.2019  |Ma22018  [Waf1.2020  Jna2.200  [Wa1 2021 [Aaiz.2021 _|Ha
J|F[u|A|u|J|J|ﬁ]s|o MRnEON M[J}J|A1S|0|N|D|J|F[M]A]H]J.I.I-A‘S-OI-N[I}}J|F|I.||A|I.||J}J|A1S|G|N|D.J]F[H|A]M-JII.I-A‘S_0|N[D}J|FrI.||A|I.||J|J|A1S|G]H-ID'.I-F'M_A-M-J'J|A]S|0|N|D{J|F[M|A|M|J|.I]AIIS_0-N-DIIJ
|1 208days i | i I | | I I | | | | | | I
18 | 206days v Wy COGUMZ
L 51 days -lFinaIisinu COGUM2
20 | 0 days ._Sunaienq‘.llrycosum
2 0days nquiry CD
2| 2days BIPM Workshop MU
B 89 days Review of comments
24 | 0days Suspension of CD GUM2
5 | 69 days GUM - New perspective
EREEE e Ttchnical papers
27 | 691days e Stakeholder engagement
28 | 404days _fhWraHm of new perspective
A | 0 days Golno go new perspective
ERESE i Implementation new perspective
T 933 days — JCGM 111
12| S4ldays Preparation CD JCGM 114
|33 | 130days
|34 | 130days
3| 130days 2nd enquiry JCGM 111
% | Oduys 4 Publication JCGM 111
37 1104 days v y JCGM 103
% | eladays Preparation CD.JCGM 103
EREELES O C0 Enquiry JCGM 103
a0 | 170 days Review of enquiry
A | 130days e 2nd enquiry JCGM 103
@2 | oays 4 Publication
43 .WWf — ILC Document
ICRET O S L document
45 0 days GoMo go ILC document
45 | 147days New document on ILC
47 | 252 days Preparation of CDon ILC
8 | 130 days
a3 | 10days
50| 130days [ 1. 2nd enquiry
5| odays & Publication
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IITGUM & FIGUMZEDELE: (1)
“requentist (FA) & Bayesian (BA)

- 9w T 315K
FA : BRI D9 %
BA : FEREZERH (pdf)

- [FERDAF (FarLER)
FA : SSRRESR
BA : SERIMER

*{EFEDIE: FA: BERE(K) = BA(SHEER (I8)
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EX21EZ:Modelling - 530E& T [E] EEE

* Modelling(JCGM 103:Supplement 3)

BIEET IV 0 KE < HIF T, Bottom-up & Top-down®D — D

D7+

Bottom-up : M. tF. EYFa L (HHWEIINHD
Het) 2B L CHENRE~NDEEZND-OI2F
HNnb,

Top-down : B BB IFH = A BAEILLE D o157z A
EHEDEZIZMEERD OB/ T 5LEBAFNELNHEBI
N5,

* SNERFEILLER © Inter-Laboratory Comparison (ILC)
Key Comparison Data BaseZE D /5 7%5m & &
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* CD JCGM 100:201X

JCGM 100:2008 DX ET R DimE, |WITIRD NE 2z RFT

* JCGM 108: Law of Propagation of unce
mIEDERZRIFTT %, FFICBayesH
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* JCGM 103: Modelling
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BEETILDOEANEZ R L.GUMAIED Supplement 3

&9 D,

* ILC: Inter-Laboratory Comparison
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JCGM 104 JCGM 103
Intro Doc. Modelling
\/—- \/_-

Concepts, methods

and principles

| endprincples

JCGM 110

Examples of GUM
\/_-

Guide to the expression of Uncertainty in Measurement
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GUMAE
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Suppl.1

7

Least Square
Method

JCGM
108

Bayesian
Method

7

JCGM
102

Suppl.2

JCGM
106

Conformity

Assessment

7

7
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JCGM 103
Developing and using measurement models

Foreword,” Introduction

1 Scope

2 Normative references

3 Terms and definitions

4 Conventions and notation

5 Basic principles 5.1 General 5.2 Defining the measurand

6 Types of measurement models 6.1 Preamble 6.2 Domain of validity of a measurement model 6.3
Univariate explicit measurement model 6.4 Multivariate explicit measurement model 6.5 Univariate implicit
measurement model 6.6 Multivariate, implicit, measurement model 6.7 Measurement models involving complex
quantities 6.8 Linear and non-linear measurement models 6.9 Theoretical, empirical and hybrid measurement
models 6.10 Observation models

7 Building a measurement model 7.1 Overview 7.2 Modelling the measurement principle 7.3 Modelling
systematic effects 7.4 Evaluating uncertainty directly in terms of the output quantity 7.5 Assessing the
completeness of the measurement model 7.6 Calibration models 7.7 Multi-stage measurement models 7.8
Effect of choice of model 7.9 Experimentally-assessed effects 7.10 Adequacy of the measurement model

8 Representation and use of measurement models 8.1 General 8.2 Numerical reliability of formula evaluation
8.2.1 General  8.2.2 Reasons for loss of numerical accuracy 8.3 Evaluating sensitivity coefficients

9 Modelling of drift, ageing and other time-dependent effects

10 Modelling of dynamic measurements by linear time-invariant (LTI) systems 10.1 General  10.2 Continuous-
time models  10.3 Discrete-time models

Annexes
Adequacy of the linearization of a measurement model

B Representation of polynomials and polynomial splines B.1 Polynomials B.2 Polynomial splines C The complex step
method for evaluating sensitivity coefficients
28



Measurement Models

* Types of measurement models
Y=fF X1+ X2,* + + +Xn) ,
h (Y, X1, + =+, Xn) =0

+ Univariate,/ Multivariate
* Linear,/ Nonlinear
- Theoretical / Empirical (Experimental) ,Hybrid

* Building a measurement model
- BEFET IV - BETET L - EERT

* Representation and use of measurement models

- BEFRRIFE - Rk - [EE®

29



Bottom-up & Top-down

* Bottom-up
- NEN S EZRDTEDME
- ERTEDFEOESWL
- FHEDOEEL
=Uncertainty Budget (/N> = v F3K)

* Top-down : ILC (GRERFTAILLEREE) .
ISONZDER (TCe9: izt AEDER)
- FE—RIEXSRE (measurand)
- B35 AR
- [A)—EEEPF D B B HIEH
A—NXIXELD D RTERE
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New perspective

This project is aimed at redefining the relationships between the JCGM 100 series of documents
to improve their accessibility. The original document (JCGM 100:2008) is no longer viewed as
the principal document, but rather as one part of a larger suite of documents dealing with

aspects related to the expression and evaluation of measurement uncertainty.

JCGM 111

This project aims at developing a document that deals with the application of the law of
propagation of uncertainty for a single (scalar) measurand. In comparison with the current
JCGM 100, it will establish a better connection to the Bayesian attitude of the JCGM 100 series
of documents and better stipulate the conditions of applicability of the law of propagation of
uncertainty. After completion, JCGM 100 will coexist for an undetermined period of time with

JCGM 111.

31



AR PIACH b DI (F)
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- ILC (GABRPRREILLER) BaESE DIERK
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NIST Unce

NIST Uncertainty Machine

User's manual available here
Instructions :

s Select the number of input quantities.
* Change the quantity names and update them if necessary.

s For each input quantity choose its distribution and its parameters.
Choose the number of realizations.

L
L]
* Choose and set the correlations if necessary.
* Run the computation.

Random number generator seed: _

Number of input quantities:
Names of mmput quantities:

x0

'Update guantity names

)] Gaussian (Mean, StdDev)

Number of realizations of the output quantity:

1000000

Definition of output quantity (R expression):

%[

B Symmetrical coverage intervals
B Correlations

Run the computation

Write the definition of the output quantity in a valid R expression.

Drop configuration file here or click
to upload

achine

https://uncertainty.
nist.gov/
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VIMBEE : ItGMEZES

JCGM-WG2(VIM) B E D IRIK

*VIM3IZEG L TlE. UNER144ZE (12X L T $950ZZ D F R A 1ERK L.
IFIFZTICIHEWRR TH D, ZD—EBIEBIPMD 7 = v 7 _EITA
FzINTW3B, (Annotations)

*VIMAIZBE L Tld. I X TDQuantitydH /L B,

Ordinal Quantities/Properties (JEFRE=Z) &k
Nominal/Qualitative Properties (Z&RE) %EBHIT % 5t
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IREVIMDIWE E S NT-DH 7

* HEHZEEEFHEZOEL

* FFI DB R TANHL—

* ZEEE & ERDO AT —

SEFTLRZDEA :
International Vocabulary of Metrology

=>E BBz 8 L TOEREE
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\/ ‘ =] jJ PE= R - :E
JCGM-WG2(VIM) D R & * Dr. Charles Ehrlich (NIST)

- VIM3DERXEDERIFITIRT (VIM3D 14455+ D 5058
(E2E/ I — T AU DOHRE L CHENICED )

CVIMADESBEDEZ A EDHT-, FIZIFRXEAEH)
*VIMAIZER Y AL R ZI S FTEF - 2016 FF (T E = 1ERL

NF 1 EEN?
+ 2018 F R EX CICVIMADREZIRRFE | 1 FEN?
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VIMADIEREIE (FX)

Part 0: Common Concepts

Part 1: Quantities (ZE DK IFVIM3IZZEHL)
1.1 Quantities and units
1.2 Measurement
1.3 Device for measurement
1.4 Properties of measuring device
1.5 Measurement standards (Etalons)

Part 2: Ordinal Quantities/Properties (= REXI/C)

Part 3: Nominal/Qualitative Properties (& & REXII)
(Part2 & OfPart3ldPartl & V) BRE X/ S WL & 18F)
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VIM4ADER7E

* Quality/Property (B2) XtIo

Quantity(£) & RRDO P NHA[EED ?

- B dDstandards (Reference) & & ?

- B D Metrological Traceability & (& ?

- BOREDI SFHImERITE L ?
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ILACH b DIR T~ <7|<>_ , _
B A S RS E
* Terms related to

Conformity Assessment . Proposal
* Conformity Assessment : B 1454

- Accreditation : E8E
» Certification . F0;

- Test (Testing) : 5%

* Inspection - N

(Key Comparison : EE;ELER)

Reference:

ISO/IEC 17000:2004 : Conformity assessment-- Vocabulary and
general principles

EINAHEE

(L]




» conformity assessment:

demonstration that specified requirements relating to a product, process, system, person
or body are fulfilled. conformity assessment involves a set of processes that show a product,
service or system meets the requirements of a standard

3.3.1 conformity assessment (from JCGM 106)

activity to determine whether specified requirements relating to a product, process,
system, person or body are fulfilled [Adapted from ISO/IEC 17000:2004 2.1]

e accreditation

third-party attestation related to a conformity assessment body conveying formal
demonstration of its competence to carry out specific conformity assessment tasks

e certification

_certification can be a useful tool to add credibility, by demonstrating that your product or
service meets the expectations of your customers. for some industries, certification is a legal or
contractual requirement.

* testing

determination of one or more characteristics of an object of conformity assessment,
according to a procedure

NOTE “Testing” typically applies to materials, products or processes,
* inspection

examination of a product design, product, process or installation and determination of its
conformity with specific requirements or, on the basis of professional judgement, with general
requirements

NOTE Inspection of a process may include inspection of persons, facilities, technology and
methodology.
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ICGMEBI DS DFE

* JCGM Plenary Meeting
- S 1318 BB TRfE (2005FELIEIZ. BE128 ICBIE)
=>X[0](32017%F 5 B15HD F7E
* JCGM-WG1(GUM)
- GUMLIZ EEFE. LM IZICGM 103(Modelling){E Bk |2 EE A
(AT L TILC : ABEPELEBEEXEDOREX A <)
- T DHEGUMREZREL TIA Y FERD S
% JCGM-WG2(VIM)
- VIM3DERXE%#RE (1ZITTT)
- VIMAZ DFRE : EXF/0 (k) ISR E (property) XTIt
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JICGM2017%

WG1,WG2

* WG 1 (GUM)

DF

r——

N

-5H9H~5H12H. BIPM

- 11828H~12H1H.

* WG 2 (VIM)

?

- 5H16H~5H19H. BIPM
- 12H4H~12A8H. BIPM

* Plenary Meeting

2017F5H15H. BIPM

. JCGM Plenary,
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5

b bk
R

FHZ 5 ICGMDO=EFENMA | GUME UNVIMDIRIR & 53k 58]
fEX LSS, Vol.65,N0.2,52-60(2015), — % HEA - HAS
Tk

=2

 IREYE 2 XKD &MEIM L E

EMI. BEYE

CERI(—fiZ BA &

- JICGM7Z &£

AR 42—

ENALE

) (2 dD17) -

IhiR = —=

Y& s AT ST

+

R ZEZGUMME AVIM D

maER . 5715, 1-14(20155F78).

=https://www.nmij.jp/~imco/cgi-
bin/event/index.php?lang=j&id=20161221220408

VTR FEREN  EERNR SR
HEREHE T h-M -V . 2016512 A
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