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Abstract

The purpose of this paper is to develop a new method for calculating the reference value of key comparisons (KCRV)
to address the issue of unaccounted systematic uncertainty (Dark uncertainty) of comparison participants, as well as of a
highly outdated approach when evaluating the systematic component of the uncertainty. Both of these issues negatively
affect the accuracy of calculating the KCRV using the “weighted mean adjusted by threshold value” recommended in the
rules for conducting key comparisons.

The paper presents a resulting developed algorithm for calculating the KCRYV, which allows to significantly reduce the
impact of “Dark uncertainty” on the calculation accuracy, as well as the effects of the outdated approach when evaluating
the systematic component of the uncertainty. This was made possible by using a new method for calculating the weighted
mean of the difference between measurement results and KCRYV (calculated using the method currently used), a new approach
to calculating the difference from KCRYV, and by the development of a new formula for calculating the weighted mean.

In addition, special attention and relevance is paid to the modelling of comparisons.
The developed comparison models allowed one to assess the effectiveness of the calculation method in comparison

with the available one.
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Introduction

Increasing the accuracy of KCRV calculation is
the most relevant task for modern metrology. This is
because the degree of equivalence (DoE) of the leading
national metrological laboratories is determined during
international key comparisons of physical quantities,
and is calculated as the difference between the results
of measurements of a physical quantity in a laborato-
ry and the KCRYV itself, which is calculated based on
the measurement results of all national metrological
laboratories participating in a comparison.

The calculation of DoE has an impact on the
publication of CMCs [1] that determine calibration
capabilities of national metrological laboratories, which
are at the top of the metrological hierarchy in those
types of measurements where these laboratories are the
main ones, as well as they determine the metrological
level of these measurements worldwide. The uncertain-
ties declared in the CMCs shall not be lower than DoE
of a laboratory [2], being determined in the published
comparison reports, based on which the CMCs are
published.
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Currently, the KCRYV is calculated in accordance
with the recommendations of the CIPM Consultative
Committees [3]. The value of KCRYV in key compari-
sons with the number of participants N is calculated as
the weighted mean adjusted by threshold value:
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where x is the result of measurements of a physical
quantity of a key comparison participant (i); u, y (x) is
uncertainties of x, after adjustment by threshold value.

The adjustment is performed as follows.

The average value of the declared uncertainties of
all comparison participants is calculated. The declared
uncertainties that are not less than the average remain
unchanged. The others are changed to the average value.

For comparisons, formula (1) is used, where there
is only one artifact for measurements performed by all
participants.
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If each participant uses his artifact [4] and mea-
sures it with the result x, and the pilot laboratory mea-
sures all artifacts with the result X, then the relative

difference is determined as:
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Uy (4) is determined according to recommendations [4].
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The unilateral DoE is defined as:
Di = Ai - AKCRV' )

Development of a new method for calculating the KCRV

To significantly reduce the impact of “Dark un-
certainty” in the standard uncertainties declared by
the participants of comparisons, as well as the im-
pact of a highly outdated approach to the evalua-
tion of the systematic component of the uncertain-
ty, special attention is paid to the use of such a pa-
rameter as the power difference of the measurement

results x, from x,.,.

Based on it, a new algorithm for calculating the
KCRYV was developed:
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For key comparisons where each participant uses
their artifact and measures only it with the result x,
and the pilot laboratory measures all artifacts with the

result X,
N 2
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Method for analysing the KCRV calculation algorithms
based on key comparison modelling

The models were developed in stages.

Stage 1. The true value of a physical quantity was
assigned to a virtual artifact, for example, the lumi-
nous flux of a precision lamp @ frue = 1000 Lm, or
2000 Lm.

Stage 2. The number of comparison participants
was assigned, and so randomly was the uncertainty
value of each participant in the range that is typical
for this measurement type for previously conducted
key comparisons.

Table 1
Results of comparison modelling and analysed KCRV calculation methods
D true, Im 1000 u, % D true, Im 1000 u, %

1 1005 0.35 1 1001 0.35
2 998.3 0.5 2 998.3 0.5
3 997 0.15 3 997 0.15
4 997 0.2 4 997 0.2
5 1003.2 0.4 5 1002.2 0.3
6 1003 0.5 6 1002 0.3
7 997.5 0.25 7 997.5 0.25
8 993.4 0.5 8 993.4 0.5

Average 999.3 Average 998.55

Weighted mean adjusted by threshold Weighted mean adjusted b

valu%: ! ' 999.604 thre%hold value ! ' 998.970

New method 999.925 New method 999.399

D true, Im 1000 u, % D true, Im 2000 u, %

1 995 0.35 1 1995 0.7
2 1001.7 0.5 2 1998 0.2
3 1003 0.15 3 2003 0.4
4 1003 0.2 4 2001 0.2
5 996.8 0.4 5 2005 0.3
6 997 0.5 6 1993 0.4
7 1002.5 0.25 7 1996 0.3
8 1006.6 0.5

Average 1000.7 Average 1998.714

Weighted mean adjusted by threshold 1000.395 Weighted mean adjusted by 1999.348

value threshold value

New method 1000.107 New method 1999.991
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Table 2
Results of comparison modelling and analysed KCRV calculation methods
D true, Im 1000 u, % D true, Im 1000 u, %
1 993 0.7 1 998.3 0.3
2 1002.5 0.4 2 1005.3 0.5
3 1008.4 0.6 3 1002.8 0.3
4 995.6 0.5 4 996.1 0.5
5 994.7 0.5 5 999.3 0.2
Average 998.84 Average 1000.36
Weighted mean adjusted b Weighted mean adjusted b
thre%hold value ! ' 998.964 thre%hold value ! ' 1000.279
New method 999.127 New method 1000.210
D true, Im 1000 u, % D true, Im 1000 u, %
1 1005 0.35 1 1005 0.35
2 998.3 0.5 2 998.3 0.5
3 994 0.35 3 994 0.35
4 991 0.4 4 991 0.4
5 1007.2 0.35 5 1007.2 0.35
6 1003 0.5
7 990 0.5
8 993.4 0.5
Average 997.7375 Average 999.1
Weighted mean adjusted Weighted mean adjusted
by til;lreshold valueJ 997.966 by t%lreshold valueJ 999.256
New method 998.241 New method 999.457
D true, Im 1000 u, % D true, Im 1000 u, %
1 991 0.4 1 997 0.2
2 1007.2 0.35 2 1002.2 0.3
3 1003 0.5 3 1002 0.3
4 990 0.5 4 997.5 0.25
5 993.4 0.5 5 993.4 0.5
Average 996.92 Average 998.42
Weighted mean adjusted b Weighted mean adjusted b
thre%hold value ! ' 997.107 thre%hold value ! ' 999.125
New method 997.349 New method 999.843

Stage 3. In the ranges around @ frue, Lm % u,
Lm, the value of the measurement result of each com-
parison participant was randomly assigned.

The KCRYV was calculated in three ways: 1. Ave-
rage value. 2. Weighted mean adjusted by threshold
value. 3. A new method (5) was developed.

Tables 1—2 show the results of the comparison mo-
delling and the analysis of KCRV calculation methods.

Conclusions

Modern KCRYV calculation algorithms were ana-
lysed.

A new KCRV calculation algorithm was deve-
loped, which significantly reduces the impact of “Dark

uncertainty” and outdated approach to the uncertainty
evaluation.

A methodology for analysing the calculation algo-
rithms based on key comparison modelling was deve-
loped. 10 comparison models were developed, some of
which accounted for the challenges related to “Dark
uncertainty”, as well as a highly outdated approach to
evaluating the systematic component of the uncertainty.

Using the developed models, the methods for in
key comparisons were studied, and a new method was
developed. The results indicate the improved accuracy
of KCRYV calculation using the new method.

It is planned to further develop computer pro-
grams for generating the comparison models.
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Hosuit metoa po3paxynky KCRV ta meromuka
BaJIiZauil aJropuTMiB PO3pPaxXyHKy
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AHoTaris

MeTolo 1i€i poOOTU € po3podKa HOBOIO METOAY PO3pPaXyHKY €TaJJOHHOTo 3HayeHHs KJitoyoBux 3BipeHb (KCRV)
IJIS BUPpINIEHHST TpoOJieMU HeBpaXoBaHOI cucTeMaTudHOi HeBu3HadyeHocTi (Dark uncertainty) y4yacHUKIB 3BipeHb,
a TakoxX IMpoOJeMU 3aHaJATO KOHCEPBATUBHOIO MiJXOAY JO OLIiHIOBAaHHS CHUCTEMaTHM4YHOI CKJIaJOBOI HEBU3HAYEHOCTI.
OOuIBi 1i MpoOJeMK HETaTUBHO BILUIMBAIOTh Ha TOUHOCTI obuncimoBaHHsI KCRV mMeTonoM cepenHbO3BaXkKeHOTO 3HAUYCHH S
3a HEBM3HAUYEHICTIO KOXHOIO yJYacHHMKa 3BipeHb, KOPETOBAHWM 3a IMOPOTOBUM 3HAYEHHSIM, SIKUI € pPEeKOMEHIOBaAaHUM
y MpaBuUJjax MPOBEACHHS KJIIOYOBUX 3BipEeHb.

HaseneHo pesynbratu po3poOku ajaroputMmy pospaxyHKy KCRYV, sgkuit n1o3BoJisie 3HauHO 3HU3UTHU BIUIUB “Dark
uncertainty”, a TakoX 3aHaJITO KOHCEPBATMBHOIO MiJXOAY JO OLIiHIOBAHHS CUCTEMAaTUMUYHOI CKJIaJOBOI HEBM3HAYEHOCTI
Ha TOYHICTh po3paxyHKYy. lle cTajo MOXIMBUM 3aBOSKM BUKOPUCTAHHIO HOBOTO ITiAXOMY IO PO3PaxyHKY BiIMiHHOCTI
Big KCRYV, a takox po3po0ii HOBOI (popMyJu po3paxyHKy CepeaHbO3BaXKEHOro 3HAYEHHS.

Takox 0cOOJMBY yBary Ta aKTYaJIbHICTh BUKJIUKA€E MOJETIOBaHHS 3BipeHb. CTBOpPEHHS YHCIEHHUX MoOAeJeil Ha
OCHOBI BipTyaJibHO 3aJIJaHOTO CITPaBXHbOTO 3HAYEHHS (Pi3UYHUX BEJIUUYUH apTedaKkTiB, AKi 3BUYailHO BUKOPUCTOBYIOThCS
B KOHCYJbTaTUBHUX KOMIiTe€TaX Ta B perioHaJbHUX OpraHisalisgx 3a BUJaMU BUMIipIOBaHb, Ha OCHOBi BipTyaJibHO 3a-
MIaHUX 3HAYeHb 3asIBJIEHOI HEBM3HAUYEHOCTi Ta Pe3yjbTaTiB BUMMiplOBaHb KOXHOTO BipTyaJbHOIO YYaCHUKA KJIOUYOBUX
3BipeHb, TAKMM YMHOM, 11100 BOHU BiJIOBigaln peaJbHUM 3HAYCHHSIM HEBM3HAUCHOCTI Ta pe3yabTaTaM yXKe IPOBEICHUX
KJIIOYOBUX 3BipeHb, a TaKOX iX METOMOJIOTii Bimbopy Mojeseil, 103BOJsI€ MPOBOAUTHU aHalli3 aJiTOPUTMiB PO3PaxXyHKY
i TTOPiBHIOBAaTU METOM, SIKM HMHI BUKOPUCTOBYETHCSI, 3 HOBUMU PO3POOJIEHUMU METOHAAMU.

Po3pobaeHi Mozeti 3BipeHb 103BOJIMIN OLLIHUTU €(eKTUBHICTh METOJY PO3PAXyHKY B MOPiBHSIHHI 3 iCHYIOUUM METOJIOM.

Kmouosi cioBa: KCRV; kimouoBi 3BipeHHsT; MoneatoBaHHs; Dark uncertainty; anroputm pospaxyHky; DoE; cranmaptHa
HEeBU3HAYECHICTb.
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