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Introduction

Determination of uncertainties related to the standard ISO 5130
(Measurements of sound pressure level emitted by stationary road vehicles
near the exhaust systems)

Analysis based on the use of the ISO 5725 approach

Uncertainties estimated on different conditions :
- run-to-run (with several operators)
- day-to-day (Atmospheric condition)
- Site-to-site (surface condition)
- vehicle to vehicle
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European regulation (directive 1999/101/CE and the regulation 51 rev02)
presents two acoustical tests :

« Adynamic test which is subject to limit
o A stationary test

The stationary test is also used by national authorities to control vehicle
In use:

e Spot test by police
* Periodical test by technical inspection facilities
The stationary test is based on the international standard 1SO 5130

French regulation allows a 5 dB divergence between type approval and
In use test values
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Measuring procedure

Reference value (type approval test)
- 80 dB(A) at 3000 rpm |

Vibration tachymeter 7
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Microphone with analyser
or sound meter (IEC 60651)

Microphone position
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Measuring procedure
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Structure of the study

surface 1

< Operator 1 - 3 tests
Operator 2 - 3 tests

Atmos cdt 1

Vehicle 1

Atmos cdt 2

Atmos cdt 3

surface 2

surface 3

Vehicle 2

The arborescence can be different
from

vehicle to vehicle
or

surface to surface
or

meteorological condition to meteorological
condition
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Estimation of the uncertainty of measurement

eDefinition
GUM approach
|SO 5725 approach

‘g Copyright UTAC



Definition (1)

e Estimation of the range which contains the true value (VIM 1984)

 Parameter, associated with the result of a measurement that
characterizes the dispersion of the value that could reasonably be
attributed to the measurement (VIM 3.9 1993)
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Definition (3)

 Coverage interval : GUM 2.3.5 "interval that may be expected to
encompass a large fraction of the distribution of values that could
reasonably be attributed to the measurand.

[y —ku,(y),y +ku,(y)]
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Two approaches

* "GUM approach”
» "ISO 5725 approach”

These two approaches are complementary and are not exclusive. In
both cases variances estimates are calculated. Furthermore it's

possible to use the two approaches together.
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GUM approach (1)

e The model Y:f(xl,X21"'1Xn)

Y is determined from n other quantities

 Representation of a process of measurement

* First-order Taylor series approximation

2
»( of
N2 ok ) O ZZ > ax ax e

=1 j=i+l
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GUM approach (2)

* Itis necessary to find the functional relationship f
* Not exhaustive
» suited for metrology/calibration rather than tests laboratories

 Ascending approach
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ISO 5725 approach (1)

o Accuracy of measurement method.

— Precision

— Trueness
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ISO 5725 approach (2)

e Precision : the closeness of agreement between independent test
results obtained under stipulated conditions.

— Repeatability : precision under repeatability
conditions, expressed by a standard deviation.

— Reproducibility : precision under reproducibility
conditions expressed by a standard deviation.

 Trueness: the closeness of agreement between the average value
from a large series of test results and an accepted reference value.

— The measure of trueness is expressed in terms of
bias
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ISO 5725 approach (4)

 Model of analysis of variance:

Yij:m+Li+8ij

where

~

jih test result from laboratory i,

general mean,

— 3

. : : 2
i laboratory effect i, i=1 to p, with variance O

2

i residue on the jt result from laboratoryi,j=1ton, O
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ISO 5725 approach (5)

Effects Sum of square Degree Mean square Expected
of
freedom
Laboratory | i=pj=n p-1 e L no} +o?
2. 2.(Vi-y)° =B (V. -y)? /p-1 LT
i=1 j=1 i=1 j=1
Residual I=p j=n NE—P | i=p f=n 52
o \2 — —
22—V =W (vi; =¥ /op-p |
i=1 j=1 i=1 j=1
Total i=p j=n ~ np-1
ZZ(yi,j -y’ =T
i=1 j=1

T=B+W
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ISO 5725 approach (6)

e Precision evaluation

— Repeatability standard deviation: I, =0,
— Reproducibility standard deviation : Oy = \/JEZ + JLZ

= Variance components estimation
— 2 2 2
S =S, S, —\/sg +s

® Trueness evaluation :

— 0 =m-— where jis the reference value when it
exists.

— Estimatedby : o =m—u
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ISO 5725 approach (7)

e Our model is more complicated
yijklm =Hu+ Vi + ACj (Vi) + TSk (ACj (Vi )) + O| (TSk (ACj (Vi ))) + 8ijklm

Yikm  represents the value of the studied characteristic of the mt repetition for the
I operator of k" test surface of j" atmospheric condition of it" vehicle,

U

V the effect due to ith vehicle, presumed distributed according to a
| Laplace-Gauss distribution with mean 0 and variance 02,

AC. (V) effect due to the j" atmospheric condition of it" vehicle, presumed
I 12 distributed according to a Laplace-Gauss distribution with mean 0 and
variance Gio

TS (AC j (V) O%e
O,(TS((AC;(V)))) o5

€. residue of the m® repetition for the I operator of ki test
‘g”m surface jth atmosphzeric condition of it" vehicle,with mean 0

and variance O, Capyright UTAC



ISO 5725 approach (8)

e Estimation of the variance components

S =S, Sﬁ(3):\/5$+sé+5$s+sic
S1’|(1):\/Sr2-l_so2 SR:\/SE+S§)+§S+S§\C+S§/
Si (2) :\/Sf+Sé+S?S
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ISO 5725 approach (9)

the combined standard uncertainty u_.(y) comes from the values of

precision:
« in conditions of repeatability, u.(y) =s
e in conditions of intermediate precision, u.(y) =s
- in conditions of reproducibility u.(y) =sg
e the expanded uncertainty. U=kxu_(y)
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ISO 5725 approach (10)

Sationary
studied characteristic Noise

(in dB(A))
Standard deviation of repeatability, with constegtticle, 0.3
atmospheric condition, test surface and operator )
Limit of repeatability, with constant vehicle, atepheric 0.8
condition, test surface and operator '
Expanded uncertainty in conditions of repeatability, with
constant vehicle, atmospheric condition, test surface and 0.6

oper ator

Intermediate standard deviation of precision, withstant
vehicle, atmospheric condition and test surfacegtesrer the 0.4
operator

Intermediate limit of precision, with constant velbi
atmospheric condition and test surface, whatevepfierator
Expanded uncertainty in conditions of intermediate
precision, with constant vehicle, atmospheric condition and [0.8
test surfaces, whatever the operator

Intermediate standard deviation of precision, withstant
vehicle and atmospheric condition , whatever teegarface an¢l0.5
the operator

Intermediate limit of precision, with constant velhiand
atmospheric condition, whatever the test surfackthe operato
Expanded uncertainty in conditions of intermediate
precision, with constant vehicle and condition atmospheric, |[1.1
whatever thetest surface and the operator

Intermediate standard deviation of precision, withstant
vehicle, whatever the atmospheric condition, tis¢ $arface and 0.5
the operator

Intermediate limit of precision, with constant vebki whatever
the atmospheric condition, the test surface anapeeator
Expanded uncertainty in conditions of intermediate
precision, with constant vehicle, whatever the atmospheric 11
condition, the test surface and the operator

Standard deviation of reproducibility, whatever tiedicle, the
atmospheric condition, the test surface and theabpe

Limit of reproducibility, whatever the vehicle, tie¢émospheric
condition, the test surface and the operator

Expanded uncertainty in conditions of reproducibility,
whatever the vehicle, atmospheric condition, thetest surface [2.0
and the operator

11

1.0

2.8
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ISO 5725 approach (11)

e Better suited for test laboratories

—use of the data which are available

—use of the precision value issued from
iInterlaboratories test

 Descending approach
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Thank you for attention



Standardization works

* [ISO/TC 69/SC 6

— WG 1 Accuracy of measurement methods and
results

— WG 5 Limits of determination

— WG 7 Statistical methods to support
measurement uncertainty evaluation.

« JCGM/WG1
— WG1 Measurement uncertainty (VIM GUM)

‘g Copyright UTAC



Bibliography

* [1] Application de la norme ISO/CEI 17025 Politiqgue COFRAC : I'estimation des incertitudes de
mesure dans les laboratoires, 2002

 [2] NFX 07-001, Vocabulaire International des termes fondamentaux et généraux de Métrologie,

1994

* [3] NF ENV 13005 Normes fondamentales- Guide pour I'expression de l'incertitude de mesure,
AFNOR 1999

* [4] NF ISO 5725, partie 1 a 6 Exactitude (justesse et fidélit€) des résultats et méthodes de mesure
AFNOR 1994

 [5] FD X 07-021 Aide a la démarche pour I'estimation et 'utilisation de I'incertitude des mesures et
des résultats d’essai, AFNOR, 1999

 [6] EURACHEM Quantifying uncertainty in analytical measurement, March 1995

 [7]1SO/DTS 21748 Guide to the use of repeatability, reproducibility and trueness estimates in
measurement uncertainty estimation, 2004

* [8] C. Perruchet, M. Priel : Estimer l'incertitude / Mesures-Essais. AFNOR, 2000

 [9] FD X 07-022 Métrologie et applications de la statistique « utilisation de I'incertitude de mesure
AFNOR, 2003

* [10] Shayle R. Searle, George Casella, Charles E. McCulloch : Variance components. WILEY-
INTERSCIENCE PUBLICATION

* [11] Geert Verbeke, Geert Molenberghs : Linear Mixed Models for Longitudinal Data. SPRINGER

‘g Copyright UTAC



Experimental results
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Measurand, Error, Uncertainty

uncertainty

(observed value) Measurand’s values
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ISO 5725 approach (3)

Repeatability of
the standard
measurement
method of labo 1

Bias of the
standard
measuremept
method

Repeatability of
the standard
measurement
methed of labo 2

Reproducibility
e of the standard
measurement
method
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