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Beforewe start:

Youcanget this presentationafter the seminat
(about 150pages

Will be madeavailableon coomet.net

But of courseyou may take your own notes.
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Beforewe start:

Thereis a hugeinterestin this seminat

We expectedabout 15 partipants (from COOMET TC 2),
but now there are almost 100participants X

I
Why?

Isthere somemagicin there?
Am |doinganythingwrong?
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Someintroductory remarks

What is the reasonfor this seminar?

Therewasinterestof the membersof/ h h a9 ¢ ¢ / metrologyd S 3 | f
becausene dealwith conformity assessmenin legalmetrology,
l. e. typeapproval verification and market surveillance
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Someintroductory remarks

What do we do normally?

Theclassicabpproachisto check,whetherameasuredvalueis within
the MaximumPermissibleerrors (MPEgivenby legislation

MPE +MPE
[ [ . [ , Measurement
! / ! : \ ! scale
Valueof a Indicatedvalue

measuremenstandard from the deviceundertest
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But inprinciple we know this canbe wrong!!!

~ -

HereOIML G 1©€omesin!

We needto dealwith measurementuncertaintied

ﬁ

But the knowledgewithin the auditorium may be totally different!

~ -

Most of the colleaguean legalmetrology
R 2 yodalwith measurementuncertaintieson adaily basis
Sothe intention isto hold this seminar
on amore obasicleveld H
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What couldyou otake homed | thisiserhidar?

A Overviewabout OIML G 19
A Somebasicinformation about measurementuncertainty

A Someinformation about calculatingthe risk to make
awrong decisionin conformity assessment

A Someinformation about usefulcommercialand free software
to calculatemeasurementuncertainties
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1. Somebackgroundinformation on OIML G19

GUIDE OIMLG 19

Edition 2017 (E)

The role of measurement uncertainty in conformity
assessment decisions in legal metrology
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Responsibilityof OIML TC 3/SC 5
This publicatiorg reference OIML G 19, edition 2017 ¢E)
wasdevelopedby
TC 3: Metrological Control
E SC 5: Conformity Assessment
ProjectGroup2: Task for a Guide

& 9 E LINBfarkert&ny in measuremerin
legal metrologyapplicationsb €
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TC 3/SC 5: Conformity assessment

BIML Contact

Mr. Paul Dixon

Secretariat

UNITED STATES
Dr. Charles D. Ehrlich

Participating members (27)
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Fromthe chaptera 1copeand objectivesi

It is assumed thathe reader has at least a general familiarity with

the concepts presented in th&uide to the Expression of Uncertainty in
Measurement[1] (hereafter denotedoy GUM), and possibly also with the
concepts in its Supplements [2][3][4][5].

It is anticipatedhat this Guide will eventually become an OIML »
Document as such, its contents wileed tobe incorporated, as ! G)l
appropriate, in OIML Recommendations and Documents. » .-
Howevey thisinitial versionis presented as an OIML Guide

in order to give OIML Technical Committees, Subcommittees (
and Project Groups additionaine to consider the contents

and how they can be incorporated intthe Recommendationsnd

Documentsfor which they are responsible.
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Fromthe chaptera 1copeand objectivesi

The main objective of this OIML Guidéagrovide guidanceX
how to take measurement uncertainty into account in conformity
assessment in legal metrology,

that is, when determiningvhether an entity (product, process
system, persomr body) meets relevant standards fulfils

specifiedrequirements P Asﬁ;

ASS FAIL
A particular focus ion conformity assessment of measuring |
Instruments(or systems), especially when using measured L
values, obtainediuring the testing or verificatiorof the >

measuringnstruments or systemsysthe basisfor making pasdalil
decisiondin legal metrology(Not for prepackages!)
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Fromthe chaptera 1copeand objectivesi

The proposals include providing and referencing informatioman to
FaasSaa 0KS biriodedusconformityNIRcEsidnS. €

Suchrisks arise unavoidablfrom the measurement uncertainty
associated with the measured values obtained during testing \Tl‘(}\ ({
verificationof a measuringnstrument orsystem. )‘? ‘lSl“

Thatis, measurement uncertainty in a test resMlt Cole slconcern

In conformity assessment by inspection sinice is not accounted for

It can lead to incorrect estimates of the consequenadsentity error and
iIncrease the risk of making incorrect decisions,

suchas failing a conforming entity or passingrenconforming entity
whenthe test result is close to a tolerance limit.
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Fromthe chaptera H

ax L aad

aoxlLal &

JCGM 200:2012

International vocabulary of
metrology - Basic and general
concepts and associated terms
(Vim)

3rd edition

2008 version with minor corrections

Vocabulaire international de
metrologie — Concepts,
fondamentaux et généraux et
termes associés (VIM)

3% édition

Version 2008 avec corrections mineures

©JCGM 2012

QML V' 1 Ediion 2013 [E/F)

VOCABULARY OIMLV 1

Edition 2013 (E/F)

International vocabulary of terms in legal metrology

(VIML)

Vocobuiake iemalicnal des fermes de mérclogle legak:
ML

iR ORGANISATION INTERNATIONALE
DE METROLOGIE LEGALE

INTERNATIONAL ORGAMIZATION
AL OF LEGAL METROLOGY

¢ SnNdéfnitionsd

aD] ad

QAL G 1100 Edition 2008 (E)

Guipe OIML G 1-100
Edifion 2008 (E)

Correced version 2010

Evaluation of measurement data - Guide to the
expression of uncertainty in measurement

Evaluation des données de mesure — Guide pour
V'expression de l'incertitude de mesure

ORGANISATION INTERNATIONALE
DE METROLOGE LEGALE

INTERMATIONAL ORGANIZATION
OF LEGAL METROLOGY

» Everythingcanbe downloadedfree of chargefrom the OIMLwebpage
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Fromthe chaptera dntroductiona

Measured(indicated valueand measuremenuncertainty

Probability density
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Measured quantity value
0.20
0.15}
In caseof
Standard » repeated
0.10} | measurement ]
uncertainty: measurements
0.8%
0.05 Expanded
measurement
uncertainty:
1.6%
0.00 : :
240 245 250 255 260
STC power (W)
OIML Guide No. 19 16



Fromthe chaptera dntroductiona

oCalibratior == conventionalusdofShe conceptof measuremenuncertainty

1
Measured quantity value
0.20 :
1
= 0.15} |
< 1
1T 1
= I Standard
= o.10} L \ Mmeasurement
= : uncertainty:
& ; 0.8%
1
0.05 : Expanded
N . measurement
: - uncertainty:
. O
0.00 J 1 \— 1.6%

240 245 250 : 255 260
STC power (W)

— Measurementstandard(givingtraceability)
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Important: Probability is neverzero

[
Méeéasured quantity value
0.20 :
I
= o0.15} |
S I
o=t 1
= I Standard
2 0.10} L |\ Mmeasurement
= o uncertainty:
= : 0.8%
I
0.05 Expanded
N\ . measurement
: - uncertainty:
. O
0.00 ! : M | \— I 1.6%
240 250 : 255 260
STC power (W)
Measurementstandard(givingtraceability)
Internet, Online, P April 2021 OIML Guide No. 19
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Important: Probability is neverzero
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Measurementuncertainty in caseof verification:

-MPE* +MPE

MLasured quantity vhilue
0.20
= 0.15}
[~
=
=
S 0.10}
=2
S
.
0.05
0.00 L :
240 2 250 255 260
STC powe )
*MPE = Maximunpermissibleerror Measurementstandard(usedfor verification

Internet, Online, P April 2021 OIML Guide No. 19 20



ot (Gome

Questionsarise

A Isameasuringnstrumentundertest really conform?
A Whatsituationis acceptabl® Whatis non-acceptabl@

A Whatisthe riskfor passinghe test, whenit is
non-conform?

A Whatisthe riskfor failingthe test, whenit is
conform?
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Risks Examplel =smallrisk
-MPE +MPE

Measured quantity value

0.20

=

‘s 0.15}

=

3

= dard .
= ! remen
_§ 0.10 tainty
&= Y%

0.05 Expanded
easurement
ncertainty:

1.6%

0.00 -

240 250 25

STC power (W)
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Risks Example2 =higherrisk

-MPE +MPE

Measured quantity value

0.20

0.15}

0.10 }

Probability density

0.00
240

STC power (W)

Mean valuewithin the MPEs==) Instrumerg consideredio be conform!
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Risks Example3 =bigrisk =approx 50%
-MPE +MPE

Measured quantity value

Standard
measurement
uncertainty:
0.8%

Expanded
measurement
uncertainty:
1.6%

250
STC power (W)

25 260

Conformor not conform? ¢ K | thelgéestion!

Internet, Online, P April 2021 OIML Guide No. 19 24
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Risks Exampled =verybigrisk = >50%
-MPE +MPE

Meagsured quantity value

Theareaunderthe curve
ISsomehowproportional
to the riski

Standard
measurement
uncertainty:
0.8%

Expanded
measurement
uncertainty:
1.69%

250 25 260
STC power (W)

Mean valueoutsidethe MPEs==) Instrumergconsideredto be non-conform!

Internet, Online, P April 2021 OIML Guide No. 19 25
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Riskcalculationy o L y & i§deddeyfre v

-MPE +MPE
Measured quantity value
0.20
g o.15 Ain
g. Standard
§ o.10f P e
g 0.8%
Aout 2
s W e 0
unoe%:tty /
0.00 ' - 1 1
240 250 25
STC power (W)
Definition:
Riskof a conforminstrument beingnon-conform Risk = Aot T A2
resp.of a conforminstrumentfailingthe test: Ar Ay + A,

_ A
Atotal

Internet, Online, P April 2021 OIML Guide No. 19 26




RiskcalculationY

-MPE

Meagured quantity value

Standard
easurement

uncertainty:
0.8%

Expanded
measurement
uncertainty:
1.6%

0.0
240

Riskof a non-conforminstrument beingconform
resp.of a nonconforminstrumentpassinghe test:

Internet, Online, P April 2021

250
STC power (W)

OIML Guide No. 19
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o Ly &i8 iedzeroyii

+MPE

An
Aout,l + Abut,z + An
_ An
Atotal

Risk =

27



Riskcalculation

Duringthe revision of the ISO/IEC 1702¢
standardin 2017, the followinghew
requirementto include decision rules

In test reportswas added:

7.8.6 Reporting statements of conformity

7.8.6.1 When a statement of conformity to a
specification or standard is provided, the
laboratory shall document the decision rule

employed, taking into account the level of risk
(such as false accept and false reject and statistical
assumptions) associated with the decision rule
employed, and apply the decision rule.

NOTE Where the decision rule is prescribed by the
customer, regulations or normative documents, a further
consideration of the level of risk is not necessary.

7.8.6.2 The laboratory shall report on the
statement of conformity, such that the statement
clearly identifies:

a) to which results the statement of conformity
applies;

b) which specifications, standards or parts
thereof are met or not met:

c) the decision rule applied (unless it is inherent
in the requested specification or standard).

NOTE For further information, see
ISO/IEC Guide 98-4.
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And a very practicalguestion:

Howbig shouldthe measuremenuncertaintyof your
measurementtandard(e. g.usedfor verification be
comparedwith the maximumpermissiblearror?

1/3 or 1/4 or 1/5 or 1/10 orX &K

Theuncertainty of the measurementstandard
— . L
hasanimpacton the risk!

== \We will comebackto this topic alittle bit later!)
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Annex A: Erroand measurementuncertainty

The concept of measurement uncertainty can be described as a meafsure
howg St f (K SO bhtheldzSurands believed to be known

' Measured quantity value
0.20
£ 015
[~
3 /
> Standard No ctrue valuea
3 010 )\ measurement - . . .
§ 1\ uncertainty: N thIS dlagl’am
& '\ 0.8%
0.05 Expanded
| measurement
\ uncertainty:
1.6%
0.00 : s : :
240 245 250 255 260

STC power (W)

ltisy 20 LI2aairoftsS (G2 1y2¢ Kreasuran8dkiownl KS
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Annex A: Erroand measurementuncertainty

Whenmaking decisions in legal metrolo@bout whether
measuring systemare performingaccording to specified
requirements, if the GUM approach is to be followedecomes
necessary to make such decisions oprababilistic basis

—

Testing or verifying in this context means

=> thatadecision is being madabout

=> whetherthe measuring system under test

=>|s providing indicated values of a quantitpeing measured
=>thatared0 St ASOSR G2 0SS WwWOf 2a,S Sy 2dz3
=> agdetermined byusing measuremerdtandards,

=> forthe regulatory purpose at hand.
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Annex A: Erroand measurementuncertainty

Using the GUM approach, tludjective of verificationthen becomes
to determinethe degree of belie{level of confidence)

thatthe Wi NHzS Q @I f dfSndigatfonQi KS WS NNEZ NJ
lieswithin the maximum permissible errors

whentaking measurementancertainty @ ¥ 0 KS WSNNERNJ 2 F
Into account.
-MPE* +MPE

MLasured quantity vilue
0.20

Probability density

0.05

0.00
240

260

*MPE = Maximum permissible error Measurement standard (used for verification)
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Frequentquestion:
HowcandY S I & dzZNB Y Sahd S NNE
GYSI AadzZNBYSyY (i dzy OS Ndrsideying &
measurement inthe context ofconformity assessment?

agaSlk adzNE Y &griformity aa Sl a dzNB Y S

errora assessment  uncertaintya
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Time for
a break
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Question®

Remark®
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~ HowcandY' S| & dzZNB Y Sahd S NNEZ
AYSFadz2NBYSyYy G dzy OS Ndorsideying &
measurement inthe context ofverification?

Conformity assessmeim legal metrology typically involves
comparing

the measurederror of indicationof a measuring instrument @ystem
to an MPE that ispecified ina legal regulation

Theerror of indicationis typically calculated in legal metrology
as thedifference
betweenthe indicated valueanda value as given by a measurement standard

—
Measurementuncertainty!

Internet, Online, P April 2021 OIML Guide No. 19 35



Measurement Error: Example for Standard Weight

M true O
calibrated 7 Y calibrated
probability density Standard Weight
that a measured
value of the mass of
the standard weight ; (exists but unknowable in principle; believed to be equal to zero)
corresponds to the
‘true’ value of the I ‘True’ Value of Measurement Error of the Measured (Calibrated) Standard Weight =
mass of the standard i
. ; M - M
We|ght calibrated true
A
probability density
function (PDF)
: standard measurement uncertainty  (Uejiprated
I AR | > -
| I | possible
0 1 unit M1:rue M caiibrated quantity values
of mass (M)
True’ Value of Measured
Mass of ,
(Calibrated)
Standard
Weight Value of Mass
'8 of Standard
(exists but
unknowable in .
principle) Flgure A1
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Error of Indication: Example for Weighing Instrument (Under Test)

Standard Weight
M

true

(exists but unknowable in principle)

@)

M

calibrated / u calibrated

1T

“True’ Value of Error of Indication = M -M, . :
— | ru -
- =1
|
|
probability density :
that a measured Measured Value of Error of : —
value corresponds to Indication = I Weighing Instrument
the ‘true’ value Best Estimate of ‘True’ Value of | (Under Test)

Error of Indication = '
) - =
: M‘ ) Mcalibrated :
|
|

(PDF) \ (PDF)
|
|
|
|

I /\/ y l | - . .
possible quantity
0 1 unit M e M Caiibrated M values of mass (M)

‘True’ Value Measured Indicated Value of

of Mass of (calibrated) IVIa_ss of Ste_mdard

Standard Value of Mass Weight as given by

Weight of Standard Weighing
Instrument

Weight

(exists but
unknowable €.0. = 650 kg m
in principle)

Internet, Online, P April 2021 OIML Guide No. 19
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Error of Indication: Example for Weighing Instrument (Under Test)

' O
probability density Standardl\:’\felght

that a measured true M
value of the error of

indication \—H—/
corresponds to the
‘true’ value of the
error of indication @

calibrated ’ u calibrated

A Weighing Instrument
Measured Value of Error of (Under Test)
Indication =
Best Estimate of ‘True’ Value of
Error of Indication =
<& .

IVII‘M

calibrated

(PDF) \

standard measurement
/ ] uncertainty (ug)

1 | » 1 possible quantity
MPE 0 E MPE values of error of
7 (=bestestimate!) indication (E,)
This PDF is obtained by combining (sometimes called
convolving) the two PDFs in Figure A2

Figure A3
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HowcandY S| & dzZNB Y Saghd S NNI
AYSI adzZNBYS Y () dzy OS Ndfbrisiﬂeyfri@ =
measurement inthe context ofverification?

In fact, it makes sense to talk about the
uncertainty of a measurecerror of indication

Themeasurement uncertaintyassociated with theneasurement
standard($ used when performing the verification test

mustbe taken into account

when making probabilistic) conformity assessment decisigns
sincethey contribute to thestandard measuremenincertainty of the
error of indication (=).
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4 Basiaonsiderations

Theerror of indicationis operationallytaken to be

the differencebetweenthe indicated value Yi) of the measuring
Instrument orsystem obtained when measuring theeasurand
andthe value (Ys) of the samemeasurand

as determinedvhen using a measuremergtandard:

Standard Weight <2
M M

Ey =11 — Ys 7
/ e
N ()
m eg = 650 kg Weighing Instrument
(Under Test)
f
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4 Basiacconsiderations

Using Error of Indication (E;) and
Maximum Permissible Error (MPE)

for making a Conformity Decision
(Not Explicitly Incorporating Measurement Uncertainty)

Efass

NON-CONFORMANCE ZONE CONFORMANCE ZONE NON-CONFORMANCE ZONE
(Instrument Fails Test) (Instrument Passes Test) (Instrument Fails Test)
. . R » error of indication
MPE_ 0 @Pa E
¥~ canbe obtainedfrom one measurement

or asthe averageof severaimeasurements
Internet, Online, P April 2021 OIML Guide No. 19 41
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For more complicated measurement standards (or systeWasan be
determined through use dW Y S | a4 dzINVI2 RSiatielates the value of the
measurando values X0  iBpht qantitesA Y | YSI| adzZNB Y Sy (i
(that is, Ysdepends on, or is a functiof) (of, the valuesX):

4 Basiaonsiderations

YS — f(leXg,

e

)
M

u

calibrated ’ calibrated

\

Xu)

S

e. g.air density(buoyancy)
air temperature,
air pressure |

Standard Weight

f

during calibrationof the weight

Internet, Online, ™ April 2021
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5 Conformitytesting decisionsthat explicitly
Incorporatesmeasurementuncertainty

Rather than being able to definitively state
that a measuring instrumenieets specifiedVIPE requirementand
sopasses a particular conformity test

only a degree of belief

(or probability, expressed as a level afonfidencg
canbe statedthat the measuringnstrument conforms
for each MPE requirement.
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5 Conformitytesting decisionsthat explicitly
Incorporate measurementuncertainty

for the purposes ofnaking conformitydecisions such as when

Clause 5 focuses on tleplicit use of measurementincertainty
measurementsare performed in alaboratory environment. '

g

Clause deals with measurements performedtside a laboratory
environment

Internet, Online, P April 2021 OIML Guide No. 19 44
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N

1ISO 17025
ISO/IEC 17028tatesthat

G 5.6.2] testing laboratorieshall have and shall apply
procedures for estimating uncertainty of measurementt

and, further

& 5x.6.3]When estimatinghe uncertainty of measurement,

all uncertainty componentavhich areof importancein the given
situationshall be taken into accourtising appropriate methodsf
analysig @

Internet, Online, P April 2021 OIML Guide No. 19
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Example 2 balancesdifferent resolution,
samemeasurementstandard

0.4kg o= 0,02kg d= 0,02kg|
s de 0,

probability density probability density
that a measured that a measured
value corresponds to value corresponds to
the ‘true’ value i the ‘true’ value

|
I

0 1 unit

OOMET

Internet, Online, P April 2021 OIML Guide No. 19
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m) Different measurementuncertaintied

probability density
that a measured
value corresponds to
the ‘true’ value
-MPE +MPE
A
(PDF)
| |
I I
0 1 unit E

OOMET

probability density
that a measured

the ‘true’ value

A

value corresponds to

-MPE

+MPE

=) Different risksto makea wrong decisior

Internet, Online, P April 2021
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Howto calculatemeasurementuncertainty?

aD! ad T tothednipfeSionof

6 1955 wtn minor corections Uncertaintyin Measurement
Evaluation of mea ment -
data — Guide to the exp
f uncertainty in mea ment
'on des données de mesure —
(pression de I'inceartii de

» ¥ Downloadablefree of chargefrom:

https://www.bipm.org/utils/common
documentgjcgmJCGM_100 2008 E.pdf

First edition September 2008
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How to calculatemeasurementuncertainty?

OIML G 19, Chapter 8.2alculatingneasurementuncertainty

- =
S steps

(but of courseone canalsotake directlythe GUM!)

Internet, Online, P April 2021 OIML Guide No. 19 49
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Stepm YDegsxribethe Instrumentunder Test (uT)
with the whole measuringsystenu

m
of tests?

SI Units

Secondary standards
Working standards

Process instruments

Variation of indication due to air buoyancy

15,00

Resolutlon Positions of load for test of eccentricity E o o o
A -
3 L 4 A,
e |
£ [kg/m?]
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Stepm YDegsxribethe Instrumentunder Test (uT)
with the whole measuringsystent

EF = ],- —m =) e.g.SeeEURAMET cgl&hapter6.2

J refy

(§ = Errorof indication I; =Indication m,; = referencevalueof masg

Internet, Online, P April 2021 OIML Guide No. 19 40
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StepH Mdemtify all the different kinds of tests,
which are necessaryg

Positions of load for test of eccentricity

D
Forexample z : ; %“F
< L
li=1, + SZdHL + cS'Imp +ol. .. —1,— 5]dig0 + ... (cgl8chapter7.1.1)
M, 5= My + om_+omg +om,+om___+0om  (cgl8chapter7.1.2)

==) in this seminarwe R 2 VG&Hiito further details
If you are interestedinto the details pleasereadcgl8or somethingelsd

Internet, Online, ™ April 2021 OIML Guide No. 19 52
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Stepo YCalculate the associated
measurement uncertaintieg

> (B)=d2 [12+d3 12+ (S, )+ 2y (3T oo )12

): u2(5mc)+ u2(5mB)+ u2(5mD)+ uz(cgmconv)

Internet, Online, P April 2021 OIML Guide No. 19
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Stepn YCalculate a standard measuremeunhcertainty
of the Error of Indicatioia

w?(E)=u*(f)+u*(m_4) = Variance

l Takethe squareroot!

u(EJ)

Internet, Online, P April 2021 OIML Guide No. 19 54
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Stepp YCaloulate aexpanded measurement uncertainty
of the Error of Indicatiom

U(E)=kulE)

The coverage factor k should be chosen such that the expanded
uncertainty corresponds to a coverage probability of 95,45 %.

‘ Fine, butwhat canwe do with this result?

Internet, Online, P April 2021 OIML Guide No. 19 55



Error of Indication: Example for Weighing Instrument (Under Test)

probability density
that a measured
value of the error of
indication
corresponds to the
‘true’ value of the
error of indication

Standard Weight )

M true M

T
)

calibrated ’ u calibrated

Weighing Instrument
(Under Test)

A
Measured Value of Error of
Indication =
Best Estimate of ‘True’ Value of
Error of Indication =
- >
MI B IV]calihrate-d
(PDF)
N
standard measurement
i uncertainty (ug)
\
| | -
MPE 0
Probqbility . 5 1z )2
Density | [(x;p,0°) = ——+ e 2\ ¢
Function o\ 2T L_
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=) Now we cancalculateour risk!

-MPE +MPE

Measured quantity value

0.10} "

£ o0.15} Ain

—

S

= Standard
= measureme
a

0.00 -
240 260

STC power (W)

=) \We conlyaneedto calculatethe areasunderthe curve
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Probability 1 NPT
: " (e 2y — 5 (=E)?
.IT, L, O == - e 2 a
Density f(z; ) o

Function
; integration

|=

Distribution N | c
Function F(z;p,0%) = o /Dce

g

(52

dt

b
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fxip,0?) =

1

o\ 2T

1 _ P

; integration

OOME

.. ProbabilityDensityFunction

0,4
03
0,2
0,1

0

Distribution Function

11

F(x;p,0%) =

g

1

27

T b
[ e
.

0,9
0,8
0,7
0,6
0,5
0,4
0,3
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.. ProbabilityDensityFunction

-MPE +MPE
| A
1 170 —1 " »
j(ra Iy 0'2) - \/? ’ e_E(Tﬁ)Z 0,2
7 T 01 Aout,2
; integration
Distribution Function
e -MPE +MPE
0,9 g AOUt,l + Ah
1 x e s
F(x;p,0%) = / e~ 257 gt 06
OV 2T J—oo o
N —l g Aout,l

# Numericalintegrationnecessary
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1 3: —py . . .
F(z;p,0%) = / e~ 205" gt ‘ Numericalintegrationnecessarly

o\ 2T

ProbabilityDensityFunction

ProbabilityDensityFunction

0,5 0,5

-MPE +MPE
0,4 Ain 0,4
0,2 02 f(X)
0.1 Aout,z 04
X

# Simplya sumof rectangle$
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Co ~ o s W =

WWWMNMNMNMMNM—‘—‘—‘—‘—IA—IA—IAKD
P = O W 20~ U B W PR D W0~ g W D

A
IJ:

-MPE =
+MPE =
dt =

10
0,1
9,7

10,2

0,025

x-values: f(x,o,u):

9,500
9,525
9,550
9,575
9,600
9,625
9,650
9,675
9,700
9,725
9,750
9,775
9,300
9,825
9,850
9,875
9,900
9,925
9,950
9,975

10,000

10,025

10,050

10,075

10,100

1,4867E-05
5,0295E-05
0,00015984
0,00047719
0,0013383
0,00352596
0,00872683
0,02029048
0,04431848
0,09093563
0,175283
0,31739652
0,53990967
0,86277319
1,29517596
1,32649085
2,41970725
3,01137432
3,52065327
3,36668117
3,0894228
3,36668117
3,52065327
3,01137432
2,41970725

f(x,o,u) * dt:

3,7168E-07
1,2574E-06
3,9959E-06

1,193E-05
3,3458E-05
8,8149E-05
0,00021817
0,00050726
0,00110796
0,00227339
0,00438208
0,00793491
0,01348774
0,02156933

0,0323794
0,04566227
0,06049268
0,07528436
0,08801633
0,09666703
0,09973557
0,09666703
0,08801633
0,07528436
0,06045268

Flx,o,u):

3,7168E-07
1,62906E-06
5,62499E-06
1,75547E-05
5,10122E-05
0,000139161
0,000357332
0,000864594
0,001972556
0,004245947
0,008628022
0,016562935
0,030060676
0,051630006
0,084009405
0,129671676
0,190164357
0,265448715
0,353465047
0,450132076
0,549867646
0,646534676
0,734551007
0,809835365
0,870328046

45

35

2,5

15

0,5

1,2

0,3

0,6

04

0,2

G

H

Probability Density Function

-MPE +MPE
f(x)

——— ;
BERE8RB82RREBR8RBRBRERBBRE KR8
T S A R S A B B S = A M S S S R B Al N
o o My Oy Oy v o O O O O O O ©C O O O QO
L = I = I I B B B R B = B |

Distribution Function

-MPE +MPE

FQA

RREBLBLRENEBREASSEARAamIT Il
M ™ T M M M oy T S O O O O O O C o O o
Lo IR B B D B R B B ]
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o\ 27

1 I L— 1o
F(z;p,0%) = / e~ (55 g

——

Integrationfor 3 intervalsof the example
1. from —oc to -MPE = 0,00:9%2, ,

2. from -MPEto +MPE

0,9834%,/0,001972

0,981864= A

3. from +MPHo +oc = 1,00000@ 0,983437

0,016563= A, ,
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Riskcalculationy o L y & i§deddeyfre v

-MPE +MPE
Measured quantity value
0.20
%‘ 0.15 Ain
g. Standard
£ o0} P W
g 0.8%
Aout 2
s m5;‘§3E’n‘?2m
uncerthinty: /
0.00 : - | 1
240 250 25
STC power (W)
. . . ) Ao + A)
Riskof a conforminstrument beingnon-conform Risk = ut,1 ut,2
resp.of aconforminstrumentfailingthe test: Ar Ay + A,

_ A
Atotal
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Probability Density Function
-MPE +MPE
A

0,4

1 I L— 1o
F(z;p,0%) = / e~ (55 g 03
o

o\ 27

in

0,2

Aout,Z

0,1

——

Integrationfor 3 intervalsof the example
1. from —oc to -MPE = 0.0039%2, ,

2. from -MPEto +MPE

0.9834%/0.001972 = 0.981864= A,

3. from +MPEBo +oc = 1.00000@ 0.983437 = 0.016563= A,

+ Ao 0.018536
Risk = Aout,l Abut,z — ut _ — 1.85 %
Aout,l + A)ut,z + An Atotal 1-000000
Internet, Online, P April 2021 OIML Guide No. 19
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Now you are ableto calculaterisks
In conformity assessment
usingmeasurementuncertaintied
(in principle!)
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NON-CONFORMANCE ZONE CONFORMANCE ZON NON-CONFORMANCE ZONE
(Instrument Fails Test) (Instrument Passes Tes) (Instrument Fails Test)

} f } » error of indication

MPE . 0 E MPE, E Fail

" Probability Density Function

-MPE A*""'PE Riskof a conforminstrument beingnon-conform:

0,4
in

03

0,2

Aout,l + Abut,z _ Aout

A i = = = 1.85%
0,1 out,2 RlSk - . 0
. Aout,l + Abut,Z + An Atotal
§| Pass
Fail
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Questionsarise

A Isameasuringnstrumentundertest confornt? K\
A Whatis acceptabl@ Whatis non-acceptablé® ?
s

A Whatisthe riskfor passinghe test, whenit is
non-conform?

A Whatisthe riskfor failingthe test, whenit is o
conform? ﬂ
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@ Chapter 5.3 BLOME

oRiskstand oDecisionrulesaassociated
with conformity decisions

Threefundamentaltypesof risks
1) risk offalse acceptancef a test,
2) risk offalse rejectionof a test result, and

3) sharedrisk.
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1) Riskof falseacceptance

A Themeasuringnstrumentis

Probability Density Function H
MPE  +MPE consideredo be conform.

A Butthereis someareaoutsidethe
MPEaunderthe curve

A Theriskistakenby the evaluator.

A Possibladecisionrule:
oAcceptanceif riskis lower than 5%

Internet, Online, P April 2021 OIML Guide No. 19 71



2) Riskof falserejection:

A Themeasuringnstrumentis
Probability Density Function T _
ee Y eE consideredo be non-conform.

A Butthereis someareabetweenthe
MPEaunderthe curve

A Theriskistakenby the manufacturer
or seller.

A Nodecisionrule for a given testhat
Incorporatesboth risksof false
acceptancend risk of falseejection!
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3) Sharedrisk:

OOMET

A Noadvantageor disadvantagefor the partiesinvolved

A Precondition sufficient smalluncertainty of the error of indication

probability density
that the measured
value of the error
of indication
corresponds to the
‘true’ value of the
error of indication

A

b

good |

ad
>

-

T

.

\\\\
.

Meansalso:
Sufficientsmalluncertainty
of the measurementstandard

—__ =

Commonpracticé

— » error of indication

Internet, Online, P April 2021
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3) Sharedrisk:

» Commonpractice

Chapter 6:
Conformitytesting decisions thatlo not
explicitly incorporate measurementuncertainty

Measurements outside a lab:
No need to calculate measurement uncertainfgr every measurement,
if
there isalways an underlying understandirthat the level ofuncertainty
In the measurement resultias been assurednd that the method of
assurances well documented

Internet, Online, P April 2021 OIML Guide No. 19 74
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A B C D F G H J
T u= 10
2| o= 0,1 Probability Density Function
3 [-MPE= g’? _I[-:I';‘]n',l'?."l:I: ] / ! - -I.'J'f 45
4 | +MPE = 10,2 e . -MPE +MPE
5 dt= 0,025
6 3
7 | x-values: f(x,o,u): f(x,o,u) * dt:  F(x,o,u): 3 A Essential
8 9,500 1,4867E-05 3,7168E-07  3,7168E-07 23 > ﬂ
. parametei!!
9 9,525 5,0295E-05 1,2574E-06 1,62906E-06
10 9,550 0,00015984 3,9959E-06 5,62499E-06 15
11 9,575 0,00047719  1,193E-05 1,75547E-05 1
12 9,600 0,0013383 3,3458E-05 5,10122E-05 05
Bl Aswe needsomeunderlying EESCEEEISSEEEEEEEEEEEEEY
: roersRadrren2gg22g998¢9S
> understanding
E f S HaWea closerlook! Distribution Function
19 9,775 0,31739652 0,00793491 0,016562935 1.2
-MPE +MPE
20 9,800 0,53990967 0,01349774 0,030060676 .
21 9,825 0,86277319 0,02156933 0,051630006
22 9,850 1,29517596  0,0323794 0,084009405 0s
23 9,875 1,82649085 0,04566227 0,129671676
24 9,900 2,41970725 0,06049268 0,190164357 0,6
25 9,925 3,01137432 0,07528436 0,265448715
26 9,950 3,52065327 0,08801633 0,353465047 04
27 9,975 3,86668117 0,09666703 0,450132076
28 10,000 3,9894228 0,09973557 0,549867646 02
29 10,025 3,86668117 0,09666703 0,646534676 5
30 10,050 3,52065327 0,08801633 0,734551007 2R gBeLER82848392284848828
31 10,075 3,01137432 0,07528436 0,809835365 T oo g 03332233883
10,100 2,41970725 0,06049268 0,870328046




@

What, if the standardmeasurement
uncertainty increase®

—L "L ~TL "L "L

Risk in ¥

1,85
10,55
21,90
32,25
45,15

A smallincreaseof ~ leads
to a big changeof the risk!
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005°0T
ost'ot
oov'ot
0sg'0T
00g'0T
0sz'ot
00z'0T
0sT'oT
00T'0T
050°0T
000°0T
056'6
006'6
058'6
008'6
05.'6
004'6
059'6
009'6
0556
0056

0.15 kg

+MPE

Risk: 10.55 %

Probability Density Function

-MPE

3

00507
0st'0T
oor 0T
0SE'0T
00€0T
052'0T
00201
0ST0T
00107
05007
000'0T
056'6
0066
058'6
008’6
054’6
004’6
059'6
009'6
05956
005’6

0.1 kg

+MPE

Risk: 1.85 ¢

Probability Density Function
-MPE

45
4
35
3
2,5
2
1,5
1
0,5
0

~d

0.33 kg

A

00S'0T
0S¥'0T
00¥'0T
0S€'0T
00€'0T
0S¢'0T

+MPE

002'0T
0ST'0T
00T'0T
0S0'0T
000°0T

Probability Density Function
Risk: 45.15 %

0S6'6
006'6
0S8'6
008°6
0S.'6
00.°6

-MPE

4,5

059'6
009'6
055'6
00S'6

+MPE

Risk: 21.90 %

Probability Density Function
-MPE

3,5
2,5
15

4,5

00S'0T
0st'0T
00¥'0T
0S€'0T
00€'0T
0S¢'0T
00z'0T
0ST'0T
00T'0T
0S0°0T
000°0T
0S6°'6
006'6
0S8'6
008°6
0S.'6
00L'6
059'6
009'6
0SS'6
00S'6

77
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m=) Ourconformityassessmenprocedureshouldresultin
anarrow probability densityfunction!
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Measurementuncertainty of the measurementstandardasintegral part

Probability Density Function

45 -MPE +MPE
4 Standardneasurement
35 uncertainty
3 w?(E)=u?(L)+u’(m,)
2,5 ]
2
1> Contributionof the
1 measuremenstandard
0,5 .
0 u(m,)
o o o 9o o O o o 9 O O O O o O o O O o O O
ANBORRBRANE8IIIARARILI ~_
g G v O O O O O O O O O O O O O O O O O O
N 4 4 4 4 A A A A A -

Shouldbe csmallenougha H
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Practicalguestion:

Howbigshould
the measuremenuncertaintyof your
measurementtandard(e. g.usedfor verification be
compareadwith the maximumpermissiblesrror?

1/3 or 1/4 or 1/5 or 1/10 orX ®K
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Measurementuncertainty of the measurementstandardasintegral part

Probability Density Function

4,5 -MPE +MPE
4 Standardneasurement
3,5 uncertainty
3 w?(E)=u?(L)+u*(m,)
2,5
2
15 Contributionof the
1 measuremenstandard
0,5 ;
0 I S u”(m, )
L T T T e O o N e T e O I = e T s B s O = T T N s T W A s TR T | g [
o O R e O O O W A e s S S WL S B A A
g v v O O O O O O O © O O O O O O O O O O
N 4 A A4 A A 4 A A A -

m=) \Whatshouldthe ratio be between™ and MPE?
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=

a)

Non-automatic weighinginstrument: Measurementstandard

Practicalexample
Verification of a balance

A Commerciabalance A 10 kgweight
A Maximumload= 15 kg A accordingto OIML R111
A verificationvalue= 5 g @=maximumpermissibleerror A Whatclas®
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OIML R111:
t\t"\f Table@l permissible errors for weights (= ﬁm@
' %‘:ﬁl’gfl ClassE, | ClassE, | Class F, | Class F, | Class M, |Class M, ,| Class M, |Class M, ,| Class M,
' 10 kg 5.0 16 50 160 500 1 600 5000

10 kg

Internet, Online, P April 2021

Discrepancy

B

Howto calculatethe standardmeasurementuncertainty
from the maximumpermissibleerror for the weight?

OIML Guide No. 19

Maximumpermissibleerror 4=m) Standardneasuremenuncertainty
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Physikalisch-
Technische
Bundesanstalt

R

ichtlinie Richtlinie zur Kalibrierung
DKD-R 7-2 nichtselbsttétiger Waagen

Ausgabe 01/2018

hitps:ffdoi.org/10.7795/550.20150928

Ubersetzung des EURAMET Calibration Guide No. 18 Version 4.0 (11/2015)

https://www.ptb.de/cms/en/metrologicalservices/dkd/publications.html

OOME

Chapter 7.1.2:

Calculationof the
standardmeasurementuncertainty
of the referenceweight

m_g = my +om_+ omg + oy +om___+om .
'

10 kg

Correction
conventional
weighing
value

v

Buoyancy

v

Drift

v
Convection

effect (nT)
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Practicalexample

m_. =my +om_+omg +omy, +om___+om .
1. My = nominalvalue(in this example= 10kg)
2. Incaseof R111: wu(sm )=Tol/3 @lg.500 mgor M,-weight)

3. 1 (6my )= (01p,/ p. +mpe/(4m /N3 (p, = 1.2 kg/fy p. = 8000 kg/fy
mpe= 5 g inthis examplg

4. u(om, )=D/3  (if thereis no information aboutdrift => D =mpe)

5. u(om_ Y=am_ /<3 (onlyrelevantfor classF, or highet
Thisvaluecanbe takenfrom atablein DKDBR 7.2))
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Practicalexample

Am_ __ inmg:
AT inK
min | 20 15 10 7 5 3 2 1
kg
50 | 113,23 | 87,06 | 60,23 | 4365 | 3227 | 20,47 | 14,30 | 7,79
20 | 4923 | 38,00 | 2643 | 1925 | 14,30 | 9,14 | 642 | 3,53
10 | 2643 | 2047 | 1430 | 1045 [ 779 | 501 | 353 | 196
5 1430 | 11,10 | 7,79 | 572 [ 428 | 276 | 19 | 1,09
2 642 | 501 | 353 | 261 1,96 | 127 | 091 | 0,51
1 353 | 276 | 1,96 | 145 | 109 | 072 | 051 | 0,29
0,5 1,96 | 1,54 | 109 | 081 | 061 [ 040 | 029 | 0,17
0,2 001 [ 072 | 051 | 038 [ 029 | 019 | 0,14 | 0,08
0,1 051 [ 040 | 029 | 022 [ 047 | 011 | 0,08 [ 0,05
005 [ 029 | 023 | 0,17 | 012 | 009 | 006 | 0,05 | 0,03
0,02 | 014 | 011 | 008 | 0,06 | 005 | 003 | 002 | 0,01
0,01 | 008 | 006 | 005 | 003 | 003 | 002 | 001 | 0,01

NT=Temperaturedifferencebetweenthe temperatureof the weightand

the ambientair (positivedifference= positivevaluesandviceversg

Internet, Online, ™ April 2021

OIML Guide No. 19

85



OOMET

Practicalexample

z’[2(}/nref ) — uz (&nc)+ Hz (&nB)—'_ uz (&ﬂD)+ z/(Z(é.f/ncom-') ’

u(on,) = TO]/\/E Tol= >0 M9
= 288,68 mg
) _ ho 0= 1,2 kg/m3
U (én?B ) ~ (O’lpo/pc + mpe/(4mN ))/\/g :hg:c = 8000 kg/23
mpe = 0,005 kg
m_N = 10 kg

= 8,0829E-0'3no unit! = relative measure => needs to be multiplied with 10

u(om,))=D//3 D = mpe = 0,005 kg
= 2886,75mg

Estimate: from Table:
)=Am /\/g DT=5K Dm_conv = 7,79 mg

conv conv

u(on
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2’[2 (mref ) — uz (&nc ) T Hz (&nB ) T uz (&ﬂD ) T uz (5mconv) ’

4 4 4 4

Practicalexample

u= 288,68 0,00080829 2886,75 7,79
mg kg mg mg
u= 0,28867513 0,80829038 2,8867513% 0,00779
g g g g
un2 = 0,08333333 0,65333333 8,33333333 6,0684E-0!
sum uh2 = 9,07006068
u_mref = 3,019

mm) Result Thestandardmeasuremenuncertaintyfor the
referenceweightis relativelyhighcomparedwith the MPEof 5 ¢!

Reasonhighestimatefor the drift! (without drift u_mref= 0.86 g)
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What, if the standardmeasurement
uncertainty increase®

Assumption

Foramoment we neglectthe uncertainty of the indication!
Thestandardmeasurementuncertaintyis dominated by the
measuremenuncertaintyof the measurementstandardused
for the conformityassessmert

- =

Whatis the contribution of the reference
weightto the risk?

=0

u?(E)=u/I)+u’(m,)

i (ml_efj) = u*(om_ )+’ (my )+ (m,,) )+ (Sm,)
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Practicalexample

Probability Density Function

140 -MPE +MPE
120 Risk = 10.64 %
100 only from the
80 referenceweight
60 —  =measurement
40 standard!
20 _
5 |—MPH

R L - N With the assumption
QNN NNNANNNSS S SS9 3835 SS9 S o

g882293883g¢2-s8 - Nouncertaintycontribution
from indication
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Choiceof referenceweight in terms of risk:

OIML R111: Starting
%"* Table 1 Maximum permissible errors for weights (+ 8 in mg) pOInt

A P g g
%‘:{:ﬁfl ClassE, | Class E, | Class F, | Class F, | Class M, |Class M, ,| Class M, |Class M, ,| Class M,

: J 10 kg 5.0 16 50 160 500 1 600 5000

10k9  4om_ ) 3.00g 3.00g 3.00g 3.00¢ 3.014 314 ¢ 416 g
Risk: 10.53% 10.53% 10.53% 10|53% 1D.64% 12.16%
_Higherquality = equalrisk Lowerquality=higherrisk

==) Contributionof the drift dominant!

Sofar only a simplified approachhasbeentaken!
(Dueto all thoseestimatestakenby DKD 7.2
in combinationOIML R111)
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Finally the try to draw arealistic picture:

Probability Density Function

4,5 -MPE +MPE
4 Standardneasurement
3,5 uncertainty
3 w?(E)=u*(L)+u*(m,)
2,5
2 U077, 1,
1,5 =Assumptior
1
0,5 Contributionof the
0 « > measuremenstandard
oW o W o WO WO WO WO WO WSO W g [ I
L = R == = = = T == s A B O s B Ay 5
e e e =R = = = = =R = R = =R = = U‘-(I?? )
e B B B B B B B I I refj
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Finally the try to draw arealistic picture:

z’[2(}/nref ) — uz (&nc)+ Hz (&nB)—'_ uz (&ﬂD)+ z/(Z(é.f/ncom-') ’

4

4

4

4

|
u= 288,64 0,000§0829  2886,7¢ 7,79
mg | kg mg mg
u= 0,2886751% 0,80929038 2,88675135  0,0077¢
g | o g g
U2 = 0,08333333 0,69833333 8,33333338 6,0684E-0!
sumur2 = | 9,07006068 |
u_mref = 3,019 I

Internet, Online, P April 2021

Buoyancyeffectsshouldbe more investigated

m) Assumption
decreasedy 10%with everybetter class

(starting with M1)
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Finally the try to draw arealistic picture:

z’[2(}/nref ) — uz (&nc)+ Hz (&nB)—'_ uz (&ﬂD)+ z/(Z(é.f/ncom-') ’

4 4 4 4

|
u= 288,64 0,00080829  288p,7¢ 7,79
mg kg | mg mg
u= 0,2886751% 0,8082903% 2,886]5135  0,0077¢
g g | ¢ g
U2 = 0,08333333 0,65333333 8,33333338 6,0684E-0!
sumur2 = | 9,07006068 |
u_mref = 3,019 I

/

Drift shouldalsobe investigated
m) ASsumption
samemagnitudeasbuoyancy
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Contribution of referenceweight to risk:

| OIML R111: Starting
@ Table 1 Maximum permissible errors for weights (x dm in mg) pOInt
‘_ ﬂ I\E:]rll:;lfl Class E, | Class E, | Class F, Class M, |Class M, ,| Class M, (Class M, ,| Class M,
10 kg 5.0 16 50 500 1600 5000
10 kg
ugn_ ) 0.69g 0.80g 0.91¢g 1.03d 3.01 g 3.14 g 4.16 g
u(Z ) 3.01g 3.01g 3.01g 3.01g 3.01g 3.01g 3.01 g
uf ) 3.09g 3.11g 3.14¢g 3.18¢ 4.26 g 4.35 g 5.13 g
Risk: 11.57% 11.81% 12.)16% 1263% 25.32% 26.31%
MPE: 57 5¢ 57 5¢ 57
ugn. ) of MPE: 13.8% 16.0% 18 0.6% 60.2% 62.8%
‘ Choiceof the right standardfor eachconformity assessmentask!
OIML Guide No. 19 94
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But be aware of the location of the error of indication Ej !

Probability Density Function

Probability Density Function

+MPE

140 -MPE

+MPE

/\

120

100

40

20

-MPE

140

120

100

cCc
[ 4
CcC

12.63 %

=) Risk

X with the same @ood) referenceweight!

95
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KOoMET

Conclusiomo. 1:

ClassicahpproacH
E =Y — Y

/ e

N ©,

Riskbased
approacH

Standard Weight <2

M M

m e g . - 650 kg Weighing Instrument
(Under Test)

‘ We haveto measurethe Errorof IndicationE,
I. e.we haveto applya measuremenstandardandto
readthe indicationfrom the measuringnstrument
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Conclusiomo. 2:

: Riskbased
ClassicahpproacH
approacH
Probability Density Function
-MPE +MPE 140 -MPE +MPE
120 \
100
80
60
40
20
0 —
8228388238858 S88358888232¢2 ¢z 2888558384858 88§288¢838z
s oo oo oo oo e e || OGOOooooo00000anocgococoocoooo
L B I B I B IR I I I I I ) L I I I I I I R I I I I

Theerror of indication shouldbe within the
interval between cMPEand +MPE inboth cases
to decidethe measuringinstrumentis conform.
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Conclusiomo. 3:

Riskbased

approacH

Probability Density Function

140 -MPE +MPE
120 \
40

20

mmmmmmmmmmmmmmmmmmmmmmmm
NN NNN NN HSSJS 5533855885

mmmmmmmmmmmmmmmmmmmmmmmm
-

‘ We haveto calculatethe standarduncertainty
of the Errorof Indicationg,
asthe sgarerootof the sumof the varianceof the uncertainties
of indicationandthe measurementstandard
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Conclusiomo. 4:

Riskbased

approacH

Probability Density Function

1o ‘MPE  +MPE
120 \

5

‘ By applyingintegration in respectto the MPEs,
we cancalculatethe areaunderthe Probability DensityFunction

to determinethe areasinsideandoutsidethe MPES

andthereforethe risk.

Internet, Online, P April 2021
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Conclusiomo. 5:

Riskbased

approacH

1

o\ 2T .

F(x;p,0%) =

x L
/ e 2(5)" - Numer
e

.. Probability Density Function

-MPE

04
03
0,2

01
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+MPE

A.

ical integration necessary!

=

.. Probability Density Function

0.4
03
SR
0,1

]

e B

AX

- Simply a sum of rectangles!
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Conclusiomo. 6:

Riskbased

approacH

Probability Density Function

o ‘MPE  +MPE

Thereis a riskof a conforminstrument beingnon-conform =) Risk:AOUt
resp.of a conforminstrumentfailingthe test: Aotal
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Conclusiomo. 7:

Riskbased

approacH

Probability Density Function

140 -MPE +MPE

Thereis a riskof a non-conforminstrument beingconform l Risk An

resp.of a nonconforminstrumentpassinghe test: - otal
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KOoMET

Conclusiomo. 8:

Riskbased
approacH

Uncertainty :
of the Uncertainty

of the
measurement

standard

indication

‘ We haveto balancethe uncertainty of the measurement
standardwith the uncertainty of the indicationandthe

given MPEg0 makesoundconformity assessmentlecisions
for exampleuncertaintyof the meas standard= 1/5of MPE.
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Finalconclusion IC
Riskbased
approacH

mm) \Vhateverwe do in conformity assessmentwe
haveto believeandwe O I &0 %sure,
Thereisarisk X
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Time for
a break
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KOoMEr

Software:

(DiscLAIMERY]

| haveno contractwith any of the manufacturersof the products,
which will be introduced!

| R A Rgétédiny of the commercialsoftware free of charge
or any gifts etc.

All the information is just my personal,independentopinion!
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OOMET
Articlesfrom the internet:

2004 Measurement Science Conference Anaheim, CA

A Comprehensive Comparison of Uncertainty Analysis Tools

Suzanne Castrup
Integrated Sciences Group
14608 Casitas Canyon Rd.

Bakerstield. CA 93306
661-872-1683
scastrup@isgmax.com

ABSTRACT
In recent years. compliance with ISO/IEC 17025, as well as other testing and calibration standards. has elevated the
importance of estimating and reporting measurement uncertainty. ISO/TAG4/WG3 (the GUM) and ANSI/NCSL Z540-
2-1997 [1] (the U.S. version of the GUM) provide guidelines for conducting an uncertainty analysis. Unfortunately, the
implementation of these guidelines can be a daunting task. especially if one is not conversant in the necessary
mathematical and statistical concepts. Consequently. testing and calibration personnel must often find off-the-shelf
tools that meet their analysis requirements.

This paper presents a review and comparison of a number of software applications, both commercial and freeware, that
have been developed in the past several years. Methodology. functionality, user-friendliness, documentation, technical
support and other key criteria are addressed. Recommended guidelines for selecting an uncertainty analysis tool are also
provided.
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Articlesfrom the internet:

Accred Qual Assur (2005) 10: 373-381 ,
DOI 10.1007/500769-005-0005-8 PRACTITIONER’S REPORT

A ML Jurado A software package comparison for
uncertainty measurement estimation
according to GUM

Received: 21 March 2005 Abstract Six commercial programs  two well-documented case studies.

Accepted: 9 June 2003 devoted to the estimation of Several screen captures were
Published online: 2 September 2005 measurement uncertainty were considered for illustration.

© Springer-Verlag 2005 compared for feasibility in order to be

J. M. Jurado (5) - A. Alcézar applied in routine chemical analysis. ~ Keywords Measurement
Department of Analytical Chemistry, The main features of each program uncertainty - GUM approach -
University of Seville, Spain, were discussed. They were applied to  Monte-Carlo simulation

e-mail: jmjurado@us.es
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Articlesfrom the internet:

© & https:;//www.isobudgets.com/8-free-uncertainty-calculator-software-you-can-download-now/ B - w

'|SObUdget5 Home Uncertainty Training Calculators Blog Downloads About Contact Q

8 Free Uncertainty Calculator Software You Can

Download Now

6 by Richard Hogan

# Home > 1SOBudgets blog by Rick Hogan > 8 Free Uncertainty Calculator Software ...

8 MEASUREMENT
UNCERTAINTY

CALCULATORS

YOU CAN DOWNLOAD FOR FREE
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@

A @Riskpalisade(USA)
www.palisade.com

Commerciakoftware:

A Crystal BallOracle (USA)
www.oracle.com/applications/crystalball

A GUMsim quodataGmbH (Germany)
www.quodata.de

Internet, Online, ™ April 2021 OIML Guide No. 19

111



ot (Gome

Commerciaksoftware:
A GUMworkbench MetrodataGmbH (Germany)

www.metrodata.de

A QMSysGUM Standard Qualisyst_td. Bulgaria
http://www.qsyst.com/qualisyst_en.htm

A Uncertainty SidekickPro, IntegratedSciencesroup (USA)
WWWw.isgmax.com

A Uncertainty Toolbox QuameteqUSA)
www.gimtonline.com
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@Risk:

Overview

@RISK (pronounced “at risk”) is an add-in to Microsoft Excel that lets you 1395 Pounds/ear
analyze risk Lﬂ Monte Carlo simulation. @RISK shows you virtually all
possible outcomes for any situation—and tells you how likely they are to 2096 Pounds /3/6 ars
occur. This means you can judge which risks to take on and which ones

to avoid—critical insight in today’s uncertain world. 2694 Pounds/ S'ears
& Works with Microsoft Excel Identify Factors Causing Risk
and Protect Yourself with

™ Avoid Pitfalls and Uncover Contingency Planning

Opportunities with Risk

Analysis & Communicate Risk To Others =) Not specialized

for measurement

¥ Plan Better Strategies uncertainty!
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Getting Started 5 - Statistics and Graphs - Read-Only

Rishi Prabhakar (RP

File Home Insert Draw Page Layout Formulas Data Review View Developer Hel @ 2 Share {7 Comments
IW i % /\ 5 E B  Iterations 5000 Iﬁqﬁ @ @] (al | ﬁ @# @ E E
il i ~4 Jx == S alll, all °
@RISK | Distribution Output  Fit Time Series Correlation Function Model Semngs Simulate = Explore Reports Optimize Data Utilities = Preferences Examples Resources
Define Simulation Results Tools Application A
E35 ¥ Je =@RiskOutput(D35)+E34-E31 v
A B G D E F|G m @RISK - Output: E35 == =M PRy, w X =
: RSP Unit cost of Sedans s 18,000 —
7 Unit cost of Coupes $ 22,500 S Pl’Oﬁt Statistics ~ s functions
8 Insert Statistics Sales price per Sedan S 21,000 ) )
9 Functions Sales price per Coupe $ 26,000 0.80 13.40 1 _ [ directly into the spreads
10 Sedan units purchased 3,000 [ 5.0% 90.09 5.0% Ce E35 * in data set. The functions
11 Coupe units purchased 2,000 1.24 Minimum -$11,635,187.25 >st data.
12 Demand for Sedans (full price) 2,500 Maximum $16,688,270.70
13 Demand for Coupes (full price) 1,500 : Il and click Function > Sii
14 Discount needed to sell leftover Sedans 15% 1.0 4 Mean $7,715,572.85  put (or Input) as the Dat¢
15 Discount needed to sell leftover Coupes 25% | | 90% CI + $90,736.99
16 y A 5 =
= % TR - 08 Mode $8,997,709.39 ' lyes these simulation sta
18 Increase in Franchise Fee (Y=1/N=0) 0 _7 ? Median $8,094,723.47
19 Additional Cost $ 5,000,000 =} Std Dev $3,809,973.31  €@n (21).
5 [ =06
2(1) Actual impact of franchise fee increase $ 1,250.000.00 T,q' % Skewness -0.5329 d simulated percentiles
e Calculations P2 Kurkosts 3:2023 measure of spread in a
0.4 8 3
ii (s;edans SOE % ggg ? Values 000 lentile functions can be s
opes 20 ? f Errors 0
25 Leftover Sedans to be discounted 500 P :
26 Leftover Coupes to be discounted 500 P 0.2 Filtered 0 the Output is less that thi
27 Left X $797,633.61
28 Outputs o as arguments in other fu
29 Total Sedan cost $ 54,000,000 0.0 L?& £ 2.0% e gre%ler than the mean
30 Total Coupe cost S 45,000,000 w0 =} ] (<] 0 (=] n g RightX $13,404,973.38
31 Total Cost (incl. F hise Fee increase) $ 100,250,000 a : ! . S Right P 95.0%
Values in Millions ($) 9 i
32 Total Sedan Revenue $ 61,425,000 ( DIE 249 E07 22072
33 Total Coupe Revenue $ 48,750,000 -
34 Total Revenue $ 110,175,000 @ A |V A | | F] % @ [& Close
35 Profit [s 9.925.000 e ==
36 9%
37 ] n v
5. Statistics and Graphs @ ol 1]
Ready [E® H ] PAS Palisade
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Examplefor a Monte Carlo Simulation:

Usuallymanymillion of
probabilisticevents

Equallydistributed numberd
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PR AT R
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" . -9 . - .
” . K )
. . r
R A
=g WS
$ e .-'4 F 3L
3 A oty 20
% .o i*N .9
. o, "0,
" s 0 ¢
“ £ J
Ta v

x-coordinate

Yellowarea= No. pointsinside

No. all points
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oL OOMET

Monte Carlo Simulatiorfor MeasurementUncertainty:.

y = (%, %) =Xy %,
L
U(y) =7

. A Result
0 X, %\

: J\ Xu X

b Normaldistributed numberd
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Crystal Ball:

Oracle Crystal Ball Product

Unparalleled Insight
into the Critical Factors
Affecting Risk

Oracle Crystal Ball is for strategic planners, financial
analysts, engineers, scientists, entrepreneurs, CPAs,
marketing managers, venture capitalists, consultants,
Six Sigma professionals, and anyone else who uses
spreadsheets to forecast uncertain results.

Request a demo

10,000 Trals Frequency View
- L0
o8 / | 700
'
"’/r, S
006 | } oo
/ ]
>°“/ .m§ | Wsvatesy
= 3 llsmms
s / | W svategy
B om Ji |
v
o3 £ | ! 200
o // | 10
v
oo °
000 &
90

Understand variation in key performance indicators and
risk-reward tradeoffs.

Price: 995 USD

» Not specializedor measuremenuncertainty
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UsingMonte Carlo Simulation.
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GUMsIm

GUMsim — Software for determination of measurement uncertainty

An ideal tool to help implement measurement uncertainty acc. to GUM and GUM S1

Deviations from the true value (measurement uncertainty) always accompany
measurements carried out in the context of the evaluation or calibration of
measurement instruments or procedures. Quality control requires that this
uncertainty is quantified.

Based on the current Guide to the Expression of Uncertainty in Measurement
(GUM) and the GUM supplement 1, GUMsIm® is built upon advanced computational
algorithms that allow more efficient determination of measurement uncertainty in
compliance with ISO/IEC 17025.

GUMsim’s advantages at a glance: | ! e e o
J Deibuienang  Coen R 909 000 0P erins CEmama Wi (U0 B0 MUt e
L L Tyl -
+ Fully developed statistical tool with excellent Y o e =N Ly 1 e Py
price/perfomance ratio s s 0 »!
+ Utilize the Monte-Carlo method for evaluation of :'“' Comshurte Beiansiaimst 3602 '
N — ok Erman e 198 H
measurement uncertainty Vinam e s s [ '
* Easy to use, intuitive interface i
* Fast computation time esdern .
L
* Comprehensive and expert technical & e
. . . Pnom a]
statistical support service " _J k
‘ IHUHHIHL
o hcabi R s
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iy GUMsim
" @

| S

New Open MU Model Save MCM

gd- B X- @

Report Language Font Symbols

Model | Type Adata input | Correlation matrix | GUM Result | MCM Result | Summary

Info

MCM settings:
Seed:

Title:
Measurement of activity

Description:

| own seed

sample having a known activity concentration.

Model:

Ax =Ag*mg/my "Ry /Rg

Editing is possible

{Quantity

As

s

Description: IUnkn'l"

Runs: (100000 | | | Adaptive simulation

Details: \
Type: ’:Rewsult

Coverage Probability:

Internet, Online, P April 2021
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Unit:

Tolerance & 0.05
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The unknown radon (222Rn) activity concentration in a water sample is determined by liquid-scintillation counting against a radon-in-water standard }7'

i
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GUMsIm
Results according to GUM (JCGM 100:2008)
ResultAx
Value Comb.std-unc. uEnxc?I;‘a::z(t’y Cov. factor Cov. prob.
0.4299 Bg/g 0.0083 Bg/g 0.0163 Bg/g 1.9600 0.95

Uncertainty budget
Parameter Value  Comb.std-unc Sensitivi ENCa sy Index [%]

: : Y contribution Y
As 0.1368 Bg/g 0.0018 Bg/g 3.1429  0.0057 Bg/g 4605
ms 5.0192 g 0.0050 g 0.0857 0.0004 g 26
mx 5.0571 g 0.0010 g -0.0850 -850181e6 g 1
Rx 652.6000 6.4157 0.0007 0.0042 -539
Rs 206.0883 3.7930 -0.0021 -0.0079 5906

==) https://www.youtube.com/watch?v=sbuuW1zqto8&list=PL50652C362E298AC7
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GUMworkbench

- GUM Workbench - 504_ge.smu

Datei Bearbeiten Ansicht Diagramm Optionen Extras Hilfe
O "'| E?l El l Modelll Beobachtung | Korrelation | Budget‘ | etrtes | Diagramm | ? |
Allgemein Modellglelchung Grofen - Daten | Partielle Ableitung I
Gleichung: G T8 | f[]... | Jmbenennen | Relhenfulgel Experten |
Iy =lc + Slp + 6l + &l - L * (o, * ot + oL * At,, + ug) - Oly
Grofe Einheit Definition I
L mm Lange des zu kalibrierenden Endmalies L4
I mm Lénge des ReferenzendmaBes bei der Bezugstemperatur t, = 20 °C gema
8l mm Léangendnderung des Referenzendmales seit seiner letzten Kalibrierung i
il mm beobachtete Langendifferenz zwischen dem unbekannten Endmal und
8l mm Korrektion hinsichtlich einer Nichtlinearitdt und eines Offset des Langenl
L mm nominelle Linge der Endmale -

# https://www.youtube.com/watch?v=emU5egkTk
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GUMworkbench

B GUM Workbench - S04_ge.smu

Datei Bearbeiten Ansicht Bild Diagramm Optionen Extras Hilfe
0O "'| B‘l El | Modelll Beobachtung | Korrelation | Budget ‘ Letztes | Diagramm | ? |
Allgemein | Modellgleichung Qrﬁﬂen“:‘ Daten | Partielle Ableitung I
| ILﬁnge des Referenzendmalies bei der Bezugstemperatur t, = 20 °C gemab seinem Kalibrierschein
X
.|5 Typ: ITyp B ;I
5|D Verteilung: | Normal ;I
8l
Wert: [50,00002 mm
5l
I L Erweiterte Messunsicherheit: I30e-6 mm
" Erweiterungsfaktor: IZ
ot
oL
Al
uta" Beschreibung | Bild1 |
t
T Referenznormal: Im Kalibrierschein wird die Linge des Referenzendmales zusammen mit der
5 v beigeordneten erweiterten MeBunsicherheit fur einen Endmalsatz mit 50,000 02 mm £30 nm

(Erweiterungsfaktor k = 2) angegeben.
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GUMworkbench

OOME

B GUM Workbench - S04_ge.smu o)==
Datei Bearbeiten Ansicht Diagramm Optionen Hilfe
0 "'| B‘l El | Modell | Beobachtungl Korrelation | Budget ‘ Letztes | Diagramm | ? |
al
|beobachtete Léangendifferenz zwischen dem unbekannten Endmal und dem Referenzendmal
Becbachtung: Methode:
Nr. [Beobachtung IDirek‘t
1 -100e-6 Einheit:
2 906 = Importfrom MS Excel| gay=mm
3 -85e-6 - .
: possible [-94.00:10% mm
4 |95e6 Standardabweichung
5 -100e-§| d. Einzelbeobachtung:

[6.510% mm

Standardabweichung
des Mittelwerts:

Ieﬂf.?S'lﬂ'G mm
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GUMworkbench

B GUM Workbench - 504_ge.smu E=0|ESH X3
Datei Bearbeiten Ansicht Bild Diagramm Optionen Extras Hilfe

DH E‘l El l Mudelll Beobachtungl Kurrelationl Budget‘ _E'.:"_Eil :—l il
i

|Léinge des zu kalibrierenden Endmalkes

Messunsicherheits-Budget:

GroBe Wert Standardmess- Verteilung Sensitivitdts- ~ Unsicherheits-  Index *
unsicherheit koeffizient beitrag L3
I 50.0000200 mm 15.0°10* mm MNormal 1.0 1510%mm 193 %
3l 0.0 mm 12.2°10* mm Dreieck 1.0 12710 mm 128 %
3l -94.00°10F mm 47510 mm MNormal 1.0 4710 mm 19%
Iy 49.9999260 mm 34.2°10° mm
Achtung: Einige Sensivitatskoeffizienten sind null oder unguiltig!
—Ergebnis: )
Wert: Erw. Messunsicherheit: Erweiterungsfaktor:  Uberdeckung:
[49.999926 mm £(68:10 mm | 200 |95% (t-Tabelle 95.45% |
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GUMworkbench

Metrodata] Datenverarbeitung
GmbH | fir MeBtechnik und

Qualitatssicherung

Availablain:
Price list - English
GUM Workbench can be ordered from Firma Metrodata GmbH. - French

. - Spanish

The price list is valid from March £ 2019 excl. VAT incl. 19% VAT P

- German
Full Version, 1 User
GUM Workbench Standard Version 1.4 1700.00 EUR  2023.00 EUR
GUM Workbench Professional Version 2.4 2700.00 EUR  3213.00 EUR

Network licenses

Version 1.4 for 5 separate users 6500.00 EUR  7735.00 EUR
Version 2.4 for 5 separate users 10600.00 EUR 12614.00 EUR
Version 2.4 with 2 shared licenses 5300.00 EUR  6307.00 EUR
Version 2.4 additional shared license 2200.00 EUR  2618.00 EUR

Prices for network licenses for more than 5 users on request

Internet, Online, P April 2021 OIML Guide No. 19 125



OOMET
QMSys

¢ GUM Enterprise is the ultimate software tool for precise and accurate analysis of the
measurement uncertainty for all types of measurements. It uses three methods to calculate the
measurement uncertainty - GUM method for linear models (uncertainty propagation), GUM
method for nonlinear models (nonlinear sensitivity analysis, calculation of sensitivity indices of
higher order) and Monte-Carlo method.

# GUM Professional is a cost-effective professional software that offers fast and reliable analysis
of measurement uncertainty for linear and nonlinear models of the measurement process
according to GUM Uncertainty Framework and validation of the results using the Monte Carlo
method. )

¢ GUM Standard offers the classical calculation of the measurement uncertainty for linear and
quasi-linear models of the measurement process according to GUM Uncertainty Framework.

¢ GUM Educational has a limited functionality (1 output quantity, maximum 10 input quantities
and maximum 50 measurements for Type A) and can be freely used for educational purposes,
seminars and workshops.

Single-User Versions and Portable Versions on USB Memory Stick

. Numberof Liccnses 12 = 35 610  >10
GUM Enterprise 1200.00€ 1140.00€ 1080.00€ 1020.00 €
TS R B A
ey ety et
con oo R oSlandards o T S e
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F Model Edit Funchions  Help . 5 _‘:‘. M E ﬁ - 1;:’: Y "{ % ‘%‘ M Bf -i ? -
MName: [caihratinn of a dial gauge in accordance with DIN 878
Method: W] GUF [ INL | [¥]Monte-Carlo [v] Adaptive Tolerance: 1,05 (v | Trials [ cycle |10 000 v | Trials: |x10% { Minimum trials: 219,8x10% )
Main datz — (HNEN v| w0t B Ax x, Q@

Description

b = In + Ol + 6lv + dlo

Model Oby = In" (ot - &) " (tm - to) + (v * (an + o) - (L * an + L"ax + Le * ag))” ot + Ls"as"ots
o || lo = Bloo + Bl
Observation
Quantity {20) I# Mame |Influence of standard
I Type Tvpe B V| LUnit |mm N = Uncert. unit pm b Factor 10E-3]
_ Lhcertant',l' estimate Probabiit’?’ distribution W 2;2?5 o >-<: 9?,?25 %o
Distribution [Mormal v e
g o dl, y |
Budget Value 0|rnm :
ﬁIG ! \.\
GUF an Stand. deviation | 0,00026 | mm / \
Manta-Kark an Coverage probability 95,45 % / "-\
b Coverage Factor 2,00 '
ko \'\_
iy ‘-\
E o | wap a-,a+,p Y
',
LE ] tmport from MS Excel N,
/ .
ag l | b
5t | . - S~ .
Ls _ [ Refresh al ] -0,52x10° 0.0 D.52x10°?
ag
dts [ v| 0% B =2 £ =z ax B lEIR.
Bleo
oy
| -
=
o
)
[—
o
=
=2
o
[}
>
@
=
(=4 C:\QGUM Enterprise 48\Examples\EA 4-02\WDI_2618-1-2.gmf
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QMSys

= Importfrom MS Excel

possiblé
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