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Abstract

The CIPM Mutual Recognition Arrangement of National Standards, Calibration and Measurement Certificates issued to
National Metrology Institutes (NMIs) defines the status of key comparisons as a priority tool for implementation of quality
management systems in NMIs and the determination of the competence of a particular NMI based on its calibration and
measurement capabilities in accordance with the unified database of key comparisons — KCDB.

The general approach for evaluating the key comparisons results is presented in the International Committee for Weights
and Measures procedures, as well as in the various articles. The question of the development and practical application of
alternative methods for processing data of international comparisons is of the particular interest. It will allow to expand the
methodological basis for confirming the calibration and measurement capabilities provided by the NMIs and published in KCDB.

The paper considers the alternative approach for processing the international comparisons results, which based on
preference aggregation method. It allows to determine reference value for evaluation the comparison data on the basis of
ranking the obtained uncertainty intervals presented by National Metrology Institutes. Processing of COOMET.EM-K6.a Key
Comparison data by the preference aggregation method is presented. The results are compared with the general approach

and the considered method.
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1. Introduction

International comparisons (ICs) of the national
measurement standards play a specific role in metrolo-
gical practice. Importance of ICs is increased with the
growth of requirements to the quality level of metrolo-
gical services provided by National Metrology Institutes
(NMlIs) and calibration laboratories. IC means organiza-
tion, carrying out and evaluation comparison data of tra-
velling standard according to predetermined conditions [1].

Key Comparisons (KCs) and Supplementary Com-
parisons (SCs) are distinguished depending on the ob-
jectives of IC, requirements to preparation, carrying out
the procedure and presentation of the results [2]. NMIs’
national measurement standards, which have the highest
technical competence and experience in the appropriate
type of measurements, participate in KCs and SCs of
the International Committee for Weights and Measures
(CIPM) and Regional Metrology Organizations (RMOs).

The CIPM Mutual Recognition Arrangement
(MRA) for the mutual recognition of national measu-
rement standards and for recognition of the validity
of calibration and measurement certificates issued by
the NMIs [1] defines the status of KC as a priority
instrument for: implementing quality management sys-
tems in NMIs and determining the competence of a
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specific NMI on the basis of data on its calibration
and measurement capabilities (CMCs) [3] according
to a uniform Key Comparison Database — KCDB [4].

In [5] a general approach is presented for the eva-
luation of the KC results, and in [6] the clarifications
to the general approach of determining the largest con-
sistent subset are given. The evaluation of the RMOs’
comparison results is carried out according to the es-
tablished procedures, but only the Euro-Asian Coope-
ration of National Metrological Institutions (COOMET)
has special guidelines for processing data as KC [7] and
SC [8]. These guidelines can be conventionally called
traditional methods of processing KC results.

Of particular interest is the development and prac-
tical application of alternative methods for processing
KC data, which will expand the methodological basis
for confirmation of CMCs provided by NMIs and pub-
lished in the KCDB.

2. Processing the international comparisons data
based on preference aggregation method

The IC procedure of the national measurement
standards can be represented as five main stages, which
are shown on Fig. 1.

10 Ukrainian Metrological Journal, 2019, No 2, 10-15



0. Velychko, 1. Karpenko

m Xnom Xi, U(xi) Xrefy u(xref)
Organization Sending travelling Carrying out Analy; is of .
. Y v measurements | previous v Formation of
comparisons by »  standard to NMI > > . > !
. .. by NMI comparisons data the final report
pilot laboratory participants .. .
participants by pilot laboratory

Fig. 1. The main stages of the comparisons procedure

A pilot laboratory (PL) is selected for the orga-
nization and carrying out of IC. The PL provides and
researches the travelling standard and organizes its
sending to all m NMI participants of IC in accordance
with approved schedule. The NMIs participated in the
KC independently from each other carry out research
of the travelling standard, which is characterized by
a nominal value of x . Based on carried out meas-
urements, the IC NMI participants provide estimation
of nominal value x, and their corresponding standard
uncertainties #(x,). The measurand results are sent to
the PL, which defines the reference value x . and its
uncertainty u(x_ ).

Among the various tasks of planning and perfor-
ming comparisons, there is a task of developing com-
mon agreed approaches and algorithms for evaluating
the results of this procedure. The main task for dif-
ferent types of comparisons is to establish a reference
value x .. The reference value is the best estimation of
measured value obtained from all NMI participants.

In [9] the problem of establishing reference value
of IC in terms of the preference aggregation problem
is considered. It involves finding the consensus ranking
B for the preference profile A consisting of m rankings
of n alternatives.

According to [9, 10], there was defined the proce-
dure for transformation uncertainty intervals obtained

by m NMI participants into rankings. Uncertainty in-
tervals /. obtained by each NMI are presented as an
algebraic combination of their intervals and called as
the range of actual values (RAV) U of the measured
value:

U =Ulmut): w1 = U1

The RAV is divided into n-1 equal intervals. In this
case, n values of the measurand 4 = {a,, a,, ..., a } will
be corresponded to boundaries of the division intervals.
These boundaries will serve as alternatives in determi-
ning of the consensus ranking. The preference profile
A consists of m rankings describing the NMI partici-
pants’ uncertainty intervals.

Each i-th ranking has the following properties:

a, > a '1f a e u(x) A a, ¢ u(x,);
a,~ a, if a, a, e ulx) v a, a, & u(x,);
a, < q, if a ¢ u(x) A a, € u(x,).

The measurement results provided by NMlIs are rep-
resented by a ranking of the measured value. Equivalent
values will be more preferable, which belong to NMI
participant uncertainty interval. And other values of 4 in
this ranking will be less preferable and equivalent to each
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Fig. 2. The main stages of processing IC data using the PAM
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other. In this case, each ranking involves a single symbol
of strict order “>" and also n-1 symbols of equivalence
“~” [10].

According to [10] uncertainty intervals u(x,) provi-
ded by the NMI participants are turned into rankings of
measured value. Then obtained rankings and preference
profile are used as initial data for finding the consen-
sus ranking according to Kemeny rule, which allows to
obtain the reference value x_, of measured value [11].

Consensus ranking 3 defines the only unique con-
sensus ranking B that provides the best compromise
between rankings. For example, 3 can be found by
minimizing the Kemeny distance between the profile
and finding the consensus ranking [12]. As soon as a
consensus ranking B is found, a value ranked first in it
can be selected as the reference value x_ of measurand.

The standard uncertainty of obtained reference
value is defined as the smallest of two values: the
maximum lower bound #;(X;) < X,; and the mini-
mum upper bound u,(x;) =X, of the uncertainty
intervals, which were declared by the NMI participants.

The main stages of processing 1C data using the pre-
ference aggregation method (PAM) has been described in
[13] and are shown on Fig. 2: forming RAV; constructing
the preference profile; forming the profile matrix; finding
the consensus ranking according to the Kemeny rule; de-
termining a unique consensus ranking; finding the refe-
rence value; forming the largest consistent subset (LCS);
finding the uncertainty for the reference value of IC.

Received reference value and its uncertainty using the
PAM, equivalence degrees of the national measurement
standards can be obtained for NMI participants of IC.

3. Processing of COOMET.EM-K6.a key comparisons
results by the PAM

In [14] the COOMET KC results of AC/DC
voltage standards (COOMET.EM-K6.a) were re-

viewed, which were carried out from 2013 to 2014.
KC results were obtained by the traditional approach.
These comparisons were organized by SE “Ukrmetr-
teststandard” — UMTS (Ukraine). The main com-
parisons purpose was to link the results of COOMET.
EM-K6.a with the results of the KC CCEM-K6.a. The
COOMET.EM-K6.a KC measured results of the NMI
participants are shown in the Table 1.

Using PAM, the data in Table 1 were processed at
various values n = {4, 5, 6, 7, 8, 9, 10} (at frequency of
1 kHz). The maximum capacity of the LCS has been
achieved for n = 6. Thus, RAV was divided into n—1 = 5
equal divisions. The boundaries of intervals corresponded
to the five values of the measured quantity a, = 28.4,
a, =188, a, =92, a, = 04, a, = -10.0, a, = -19.6.

Ranking for the NMIs had a form:

Aia,>a ~a,~a,~ a,~ ag;

1" %
Aa,>a ~a,~a,~a,~ ag;
Aia,~a,>a ~a,~ a,~ ag;
A.a,~a,~a,~a,~a,~ a;
A.a, > a ~a,~a,~ a,~ a,.

Final consensus ranking was
B, = lad > a, ~a,> a,~ a ~ a.

The first place in it, strictly preferred by others,
took the value a,, so it was chosen as the reference value
x_ .= —0.4 with a corresponding uncertainty U(x ;) = 3.00
at frequency of 1 kHz.

The AD-DC voltage transfer differences (0) and
theirs expanded uncertainties U reported by the NMI
participants at frequencies of 20 Hz, 1 kHz, 20 kHz,
100 kHz, and 1 MHz are shown in Table 2.

The difference of the estimation reference values
X » which were obtained using the traditional approach
and the PAM, are shown in Fig. 3. As it can be seen in
Fig. 3, a high level of coincidence results of evaluation
reference values x ;. has been achieved.

Table 1
The COOMET.EM-K6.a KC measured results for NMI participants
20 Hz 1 kHz 20 kHz 100 kHz 1 MHz
NMI X, Ulx) X, Ulx,) X, Ulx,) X, Ulx,) X, Ulx,)
VNIIM (Russia) 3.7 8.3 -0.8 2.5 -1.5 2.8 -5.0 4.0 -57 28.2
UMTS (Ukraine) -8.0 10.4 0.3 4.4 -1.6 4.4 -10.0 8.4 -71 40
SMS (Azerbaijan) 22.0 18.0 7.4 14.2 12.0 22.0 | -25.0 | 25.6 — -
BelGIM (Belarus) — — 4.4 24.0 10.0 29.0 19.0 | 139.0 — —
INM (Romania) 3.8 3.0 1.5 3.0 -3.1 3.0 -12.8 12.0 -21 22
Table 2
The COOMET.EM-K6.a KC results of the NMI participants using the traditional approach and the PAM
) 20 Hz 1 kHz 20 kHz 100 kHz 1 MHz
Processing methods
ref ref xrcf ref 'xrcf ref 'xrcf ref xrcf ref
Traditional approach 3.22 5.38 0.30 348 | -1.98 | 3.69 | -6.81 | 6.14 |-40.38 | 31.83
PAM 3.50 6.40 0.40 3.00 | -1.60 | 3.00 | -8.80 | 4.40 |-41.00| 29.42
Difference of results 0.28 1.02 0.10 0.48 0.38 3.69 | -1.99 1.74 0.62 2.41
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Fig. 4. Results of processing COOMET.EM-K6.a KC data using the PAM at frequency of 1 kHz

The results of processing NMI data for the project
COOMET.EM-K6.a using of PAM at frequency 1 kHz
are shown in Fig. 4. The solid line is indicated the
reference value x__ obtained by PAM, and the dashed

ref

lines are its uncertainty boundary u(x_).

4. Conclusion

The preference aggregation method can be applied
for processing IC data of the national measurement

standards in addition to the traditional method. The
preference aggregation method implements the trans-
formation of the uncertainty intervals provided by NMI
participants into rankings of measured values.

The COOMET.EM-K6.a Key Comparisons data
were processed using the preference aggregation me-
thod. The use of this method showed that the refe-
rence values determined by the PAM and the associ-
ated uncertainties are very close to the values obtained
by traditional method.
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ANbTEPHATHBHMI METO OLIHIOBAHHA JAHUX
MDKHAPOAHMX 3BipeHb

O.M. Benunuko, |.O. KapneHko

Al “YkpmempmecmcmaHdapm”, 8yn. MemponoeiyHa, 4, 03143, Kuis, YkpaiHa
velychko@ukrcsm.kiev.ua
i.a.karpenko86@gmail.com

AHoTauis

Yroma CIPM mpo B3aemMHe BU3HAHHSI HalliOHAJTbHMX €TAJIOHIB, cepTH(IKaTiB KajiOpyBaHHs i BuMipioBaHb (Mutual
Recognition Arrangement, MRA), sKi BUAalOThCsI HalliOHAJIbHUM MeTpoJjioriuHuM iHctutytam (HMI), BusHauae craryc
KJIIOYOBMX 3BipeHb SIK MPIOPUTETHUN IHCTPYMEHT ISl BIPOBAIKEHHSI CUCTEeM yIpaBiiHHS sKicTio B HMI Tta Bu3HaueHHs
komrieteHTHocTi meBHoro HMI Ha mincraBi jaHMX Mpo #Moro KajliopyBajibHi Ta BUMipIOBaJIbHI MOXJIMBOCTI BiIMOBIIHO 10
€IMHOI 0a3u maHuX KIo4yoBuX 3BipeHb — KCDB.

YV npouenypax MixHapogHOro KOMITeTy 3 Mip Ta Bar, a TaKOX y CTAaTTSIX Pi3HUX aBTOPIB IMOJAHO 3arajJibHUM ITiaXid
IO OLIIHIOBaHHSI Pe3yJIbTaTiB KJIIOYOBMX 3BipeHb. [IeBHY I1iKaBiCTh BUKIMKAE TMUTAHHS PO3POOJIEHHS i MPAKTUYHOIO 3a-
CTOCYBaHHSI aJIbTEPHATUBHUX METOIIB OOPOOJIEHHS NaHUX MiKHApOIHUX 3BipeHb, 11O N03BOJUTH PO3LIUPUTUA METOAUYHY
6a3y s miaTBepmkeHHs1 Haganux HMI i ony6aikoBanux y KCDB ix kaniOpyBajibHUX Ta BUMipIOBaJbHUX MOKJIMBOCTEN.

VY crarTi po3risSHYTO aJlbTEPHATUBHUI METOJ OOpOOJIEHHS NaHUX MiXHAPOJHMX 3BipeHb HalliOHAJbHUX €TaJOHIB Ha
OCHOBI METO/y arperyBaHHs repeBar. MeTon 103BOJISIE BU3HAUUTU OMNOpPHE 3HAYEHHS 3BipeHb Ha TiACTaBi paHXXyBaHHS
OTPUMAaHMX iHTEpBaJliB HEBU3HAYEHOCTi, HaZaHUX yYaCHUKaMM 3BipeHb. HamaHo pe3ysbTat OOpOOKM HaHUX KIIOYOBUX
3BipeHb COOMET.EM-K6.a. 3ailicHeHO MOpPiBHAHHSI OTPUMMAaHUX PE3YyJbTaTiB 3a 3arajbHUM IiIXOAOM i PO3IIISHYTUM
MeTonoM. BukopucTaHHs MeTOmy arperyBaHHsI TiepeBar 1mokKasajio, 10 BU3HAYeHi HUM OIOpPHi 3HAUEHHS i MTOB’sI3aHi 3 HUM
HEBM3HAUYEHOCTI TyXe OJM3bKi 10 3HaYeHb, OTPUMAHUX KOOPAMHATOPAMU 3BipeHb NIPY BUKOPUCTAHHI TPAAMIIITHOTO METOLY.

KinrouoBi cioBa: KJ1104OBi 3BipeHHSsI; OMIOpHE 3HAYEHHs; paHXKyBaHHS; HEBU3HAYEHICTh; HALliIOHAIbHUI METPOJIOTiYHUI
IHCTHUTYT.

AJIbTepHaTHBHblﬁ METOA OLNCHUBAHUA NAHHbIX
MEKAYHAPOIHDBIX CAMYEHUN

O.H. Benunuko, N.A. KapneHko

I'T1 “YkpmempmecmcmaHOGapm”, yn. Memponoeaudeckasi, 4, 03143, Kues, YkpauHa
velychko@ukrcsm.kiev.ua
i.a.karpenko86@gmail.com

AHHOTAIMSA

Cornamenue CIPM o B3auMHOM TPU3HAHWU HaLMOHAJIbHBIX 3TAJOHOB, CEPTU(MUKATOB KAJIMOPOBKU U U3MEPEHUIA
(Mutual Recognition Arrangement, MRA), KoTopble BbIAAIOTCS HALlMOHAJIbHBIM MeTposiormuyeckuM uHctutrytam (HMU),
ONpeAesieT CTaTyC KJIIYEBBIX CIMYEHUI KaK MPUOPUTETHBIM MHCTPYMEHT ISl BHEAPEHUSI CHUCTEM YIpaBJICHUS Kauye-
crBoMm B HMUW u onpeneneHusi komnetreHTHOCTU omnpeneieHHoro HMUW Ha ocHOBaHMM JaHHBIX O €r0 KaJMOPOBOYHBIX
U U3MEPUTEIbHBIX BO3MOXHOCTSIX B COOTBETCTBUMM C €AMHON 0a30ii AaHHBIX KioueBbix ciumdyeHuii — KCDB.

B mpouenypax MexnyHapomHOTO KOMHUTETa IO MEpaM M BecaM, a TaKKe B CTAThSIX Pa3IMYHBIX aBTOPOB MPEICTaBICH
OOIIMI TONXOMA K OLIEHKE Pe3yJIbTaTOB KJIOYEBBIX caMdyeHuil. OnpeneseHHbIi MHTEpeC MPEeACTaBIsieT BOMPOC pa3paboTKU
M1 TIPAKTUYECKOTO TPUMEHEHUST aJIbTePHATUBHBIX METOIOB OOPaOOTKM MAHHBIX MEXIYHApOIHBIX CIWYCHUI, UTO ITO3BO-
JIUT paclIMPUTh METOAMYECKYyIo 0asy mjist moaTBepxkaeHus npenoctaBieHHbIX HMMWM u onyonukoBanHbix B KCDB nx
KaJTMOPOBOYHBIX U M3MEPUTEIBHBIX BO3MOXHOCTEI.

PaccmotpeH anbrepHaTUBHBIN MeTOA 0O0paOOTKM JaHHBIX MEXIYHApPOIHbBIX CIMYEHUI HAlIMOHAJIbHBIX 3TAJOHOB Ha
OCHOBE METOJa arperMpoBaHus MPENNnoYTeHUH. MeTon MO3BOJISIET ONPEAeINTh OTIOPHOE 3HAUECHUE CAMYCHUI Ha OCHOBAaHUM
PaHXUPOBaHUS TOJYYEHHBIX MHTEPBAJIOB HEOIpPENeIeHHOCTH, MPEICTaBICHHbIX YYaCTHUKAMU ciauveHuii. [lpeacraBieHbl
pe3yibTaTthl 00pabOTKM JaHHBIX KJIIOYEBBIX caumdyeHuii mo npoekty COOMET.EM-K6.a.

KioueBbie cioBa: KJI04YeBble CIMYEHUsI; OMOPHOE 3HAYeHME; paHXXKMPOBAHUE; HEONPEAeJeHHOCTb, HallMOHAJIbHBII
METPOJIOTMUECKUIA UHCTUTYT.

14 Ukrainian Metrological Journal, 2019, No 2, 10-15



0. Velychko, 1. Karpenko

References

1.

Bureau International des Poids et Mesures. Mutual
Recognition of National Measurement Standards
and of Calibration and Measurement Certificates
issued by National Metrology Institutes. 1999.
30 p.

CIPM MRA-D-05. Measurement comparisons
in the context of the CIPM MRA. 2016. 29 p.
Available at: http://www.bipm.org/en/cipm-mra/
cipm-mra-documents/

CIPM MRA-D-04. Calibration and Measurement
Capabilities in the context of the CIPM MRA.
Oct. 2013. Available at: http://www.bipm.org/en/
cipm-mra/cipm-mra-documents/

The BIPM key comparison database (KCDB).
Available at: http://kcdb.bipm.org/

Cox M.G. The evaluation of key comparison
data. Metrologia, 2002, vol. 39, pp. 589—595. doi:
10.1088,/0026—1394,/39/6/10

Cox M.G. The evaluation of key comparison
data: determining the largest consistent subset.
Metrologia, 2007, vol. 44(3), pp. 187—200. doi:
10.1088/0026—1394/44/3/005

COOMET R/GM/14:2016. Guidelines on
COOMET key comparison evaluation. Availa-
ble at: http://www.coomet.org/DB/isapi/cmt_
docs/2016/5/2BMD10.pdf

COOMET R/GM/19:2016. Guidelines on
COOMET supplementary comparison evaluation.
Available at: http://www.coomet.org/DB/isapi/
cmt_docs/2016/5/21XQGO.pdf

10.

11.

12.

13.

14.

Muravyov S.V., Marinushkina I.A. Largest con-
sistent subsets in interlaboratory comparisons:
preference aggregation approach. Joint Interna-
tional IMEKO TCI+TC7+TC13 Symposium. Jena,
Germany, 2011, pp. 287—290.

Muravyov S.V., Marinushkina I.A., Garif D.D.
Numerical experimental investigation of com-
parison data evaluation method using preference
aggregation. Acta IMEKO, 2017, vol. 6(1), pp.
20—26. doi: http://dx.doi.org/10.21014/acta_ime-
ko.v6i1.408

Muravyov S.V. Ordinal measurement, prefe-
rence aggregation and interlaboratory compari-
sons. Measurement: Journal of the International
Measurement Confederation, 2013, vol. 46(8), pp.
2927—-2935. https://doi.org/10.1016/j.measure-
ment.2013.04.044

Muravyov S.V. Aggregation of preferences as a
method of solving problems in metrology and
measurement technique. Measurement Techniques,
2014, vol. 57(2), pp. 132—138. doi: 10.1007/
s11018—014—0419-y

Muravyov S.V., Marinushkina I.A. Processing
Data from Interlaboratory Comparisons by the
Method of Preference Aggregation. Measurement
Techniques, 2017, vol. 58(12), pp. 1285—1291.
Velychko O., Darmenko Yu. Final Report on
COOMET Key Comparison of AC/DC voltage
transfer references (COOMET.EM-K6.a). Metro-
logia, 2016, vol. 53(1A), 01011. doi: 10.1088/0026—
1394/53/1A/01011

Ykpaiucokuii memponoeiunuii ucyprnan, 2019, Ne 2, 10-15 15



