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Two goals of MRA

/

=to provide an objective
foundation for the mutual
recognition of measurement
and calibration certificates
issued by National Metrology
Institutes (NMI) according to
the MRA,

\

to established the degree of
equivalence of national
measurement standards
maintained by NMIs.

improve the lab's knowledge
about their biases



to provide an objective foundation for the mutual
recognition

= To agree on the criteria for checking the data consistency or for
confirmation of the quoted uncertainties (CMC) ,
= xZ2criteria is usually used in key comparisons n (x. - X )2

y© = Z uz(xi)

= En criteria is usually used in supplementary comparisons

X; - xw‘

)l

= QOthers

= To organize the key comparisons or supplementary comparisons and
analyze the data received



Results of data consistency checking

=  If the data are consistent / e If the data are inconsistent
equivalent the quantitative
measure — DoEs - can be o
established \
checking the
/ experiments and the largest
gzge':?sm;z d repeat consistent subset
MRA approach " g vei P (LCS) can be
based on KCRV € analysis determined
concept

Other approaches.

Estimation of the labs

biases are considered other models for

below data analysis and
DoEs interpretation
can be proposed



E(X)= X

MRA approach to DoEs estimation.
KCRYV is a best estimate of the measurand.

Bayesian inference

The model
The prior
Data

The posterior

X =X




MRA approach to DoEs estimation.

= X ;- the best estimate = Aof- the best estimate of the
of the measurand meéasurand based on the

obtained in th i-th lab igtf)c;rmatlon received from all

di - xi - xref

- Difference of two estimates of the same measurand which should not
exceed the associated expanded uncertainty

<Uld)= kJu?(x)- ux,)

xi - xref



Other interpretations of the DoEs.
Bayesian inference for the lab’s bias (general case) .

The model Xl_ = X+ BZ_

Bayes theorem
p(,b,....Dy | x5 .., x )0 Iy, Dy, ..,by | Xy X ) P(, by .., DY)

Joint prior distribution of the measurand and the biases

p(y,by,....0y) 0 p(b)--- p(by)
The likelihood
[(Y,0p5-- 3Dy | X sx0) = 10,0y | X))+ 1(p, Dy [ xy)
The posterior distribution on the measurand
PV X5 xy) = I p(»,by,...,by | x,...,x)db,---d b,
The posterior distribution on the biases

p(b, | x,...,xy) = I p(»,b,,....by | x,...,x,)d ydb,---db,_,db,, ---db,



Other interpretations of the DoEs.
Bayesian inference for the lab’s bias (normal case) .

= The model X, = X+t B,
p(x) 01
= The prior ( ) . i 0 0
b,,..., Ug | = exp[]- i
P\O, B |-! /—2]_[ " pD 2“31D

= Data
X, U0 x, [ N(X+ Bl.,af)

= The posterior

X, yy Ui ) expB (x—x b,)’ (b E

plx)

p(x,bl,..., :



Bayesian inference for the lab’s bias

= The best estimate of the measurand
-1

2 . Xi 2 ZN 1
X :u(x )z ! u(xw):H : 2%
w Ve (ugta ) (Ul 0 ?)
" and the labs biases
~ 1’
bi Bi (X - X ) A
nt0; b xx-x,=d
[ .
2 ~ 2 2
0%+ u u?(x,) u(’~0i+u(xref) if 0, << uy
Up 2, u2
2([;): 2 Ui Bi
u i uBz 0_2+ ulzgi



degrees of equivalence / a.u.

40

Example.

= The artificial example data
x; L N(O,ubz,l.)+ N(O,Ul.z)

0,20, wu,,=1lo, [=1..,0
MRA approach

—

30

20

10

-10F

20¢

-30

2 4 6 8 10
laboratories

measurand / a.u.

20F

-30

10k

40

301

20}

10}

8 10

4 6
laboratories \

Laboratories’ biases estimates

bias / a.u.
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Summary

an analysis of key comparison data has been proposed for the
situation where detailed uncertainty information is available.
The applied model and the way the information is accounted for

are based on Bayesian analysis.

estimates of the laboratories biases can result with significantly
reduced uncertainties as compared with the assessment of the
particular laboratory

simple formulae were given for the case of Gaussian PDFs
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