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Abstract

The data processing specific features of supplementary bilateral comparisons are considered. Recommendations are given
for checking the stability of the travelling standard, as well as the procedure for processing data for two types of comparisons
of the measurement standards: comparisons of the measurement standards that haven’t been included in the list of key
comparisons and those that take the unit size from the participants in key comparisons. As an example, comparisons of
Koesters interferometers for measuring the gage blocks in the range from 0.1 to 100 mm are considered. It is shown that the
obtained discrepancy of the measurement results confirmed a good degree of equivalence of the installations being compared.
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Introduction

As is it known [1], supplementary comparisons
of the national measurement standards are carried out
in order to confirm the Calibration and Measurement
Capabilities (CMC) of National Metrological Institutes
(NMI). When evaluating these supplementary
comparisons, it is advisable to distinguish two types
of comparisons [1]:

1) comparisons of the measurement standards that
have not been included in the list of key comparisons;

2) comparisons of the measurement standards
that take the size of the unit from participants in key
comparisons.

In metrological practice, situations are often
encountered where supplementary comparisons
are bilateral. Such comparisons are allowed by
Recommendation [1], but have their own specific
features, the consideration of which is the purpose of
this article.

Main part
1. Checking the stability of the travelling standard

When carrying out both types of comparisons, the
necessary condition is the stability of the travelling
standard (TS).

To check the stability of the TS, the pilot
laboratory determines the arithmetic mean values of
two groups of multiple measurements of the value X
reproduced by the TS at the beginning and at the end

© HHIL «Inctutyr merpoJorii», 2020

of comparisons: X, X_, and standard uncertainties
of type A of these values u,(X,), u,(X,). Student’s

test is applied to the obtained results [2]:

e

|Xvsb _Xvs
t= — —
\/ui(Xsb)Jru/zx(Xse)

<1, (Vo) )]

where ¢,(v,,) is the Student’s coefficient for a given
level of significance and the effective number of degrees
of freedom v, determined by the Satterthwaite
formula [3]:

[} (X)) +uz (X T

= S = 2
TRy () *

n, —1 n,—1

with unequal variances in groups, and according to
the formula:

Vo =, +n,—2 3)

with equal variances in groups. In formulas (2) and (3)
n,and n_ — the number of measurements in groups at
the beginning and end of comparisons.

The equality of variances in groups is determined by
the Fisher criterion [4]:

@)Y @
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Uy ()_(51) = max[u, ()_(sb);uA ()_(se )],
Uy (ng) =minfu, (X);u, (X )]

are the larger and smaller standard uncertainties of type A
from the comparisons determined at the beginning
and at the end; y, — a critical point from the Fisher
table for numbers of degrees of freedom v, =n, —1,
v, =n_—1, and a given significance level a.

Example 1. Between June 2009 and August
2009 supplementary international comparisons were
carried out according to the COOMET 265/UA/02

where

Project — “Comparisons of high-accuracy gage block
interferometers” [5]. As TS, quartz and steel gage
blocks (GB) with a nominal size of 100 mm were used.
In order to determine the stability of TS, the pilot
laboratory (NSC “Institute of Metrology”) made ten
measurements of the deviations of the central length
of each GB from the nominal size at the beginning A,
and at the end A, of comparisons. The arithmetic mean
of these deviations A and their standard uncertainties
of type A uA(Z) are presented in Table 1.

Table 1

TS measurement results at the beginning and end of comparisons

Deviation of the central length at the beginning Deviation of the central length, at the end of
Parameter of comparisons, A, , um comparisons A, pm
Quartz GB Steel GB Quartz GB Steel GB
A 1.4367 0.05174 1.4392 0.05218
u,(A) 0.0033 0.0004 0.0047 0.0005

Let us verify the equality of variances according
to the Fisher criterion (4):
V<,

where y, is the critical point from the Fisher table for
the number of degrees of freedom v, =v,=n-1=9

and a given significance level a. For the data in
Table 1, values y and v, for different significance
levels o are given in Table 2.

Table 2 shows that the variance values at the
beginning and end of comparisons can be considered
equal for all significance levels.

Table 2
Determination of equality of variances of GB at the beginning and end of comparisons
Critical values v,
Gage blocks Values
o=0.1 o=0.05 0=0.01
Steel GB No0.423 1.111
2.44 3.18 5.35
Quartz GB No.11 2.028

Table 2 shows that the variance values at the
beginning and end of comparisons can be considered
equal for all significance levels.

Using the Student test, we find:
|Zb _Ze

— — S ta (Veﬂ' )!
Nur (A) +ui (A,) '

=

where the effective number of degrees of freedom is

vV, =n+n,—-2=18.

ef

For the data in Table 1, values 7 and 7,(v,)

for different significance levels

Table 3.

o are given in

Table 3 shows that both gage blocks can be
considered stable for any significance level.

Table 3
The stability of GB determination
1
Gage blocks Values ¢ Values 1,(18)
o=0.1 o=0.05 o=0.01
Steel GB No.423 0.682
1.734 2.101 2.878
Quartz GB No.11 0.433

28 Ukrainian Metrological Journal, 2020, No 2, 27-32
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2. Data processing of the supplementary bilateral
comparisons of the first type

With this type of comparisons, it is not necessary
to know the real value reproduced by TS. What is
important, is that this value should be stable. Unlike
CIPM key comparisons, the degree of equivalence of
the measurement standards is not established for this
type of comparisons; only the consistency of data from
different NMIs is determined, which is an objective
confirmation of the declared uncertainties.

Each NMI participating in supplementary
comparisons represents the result of measuring X, by TS
and the corresponding combined standard uncertainty
u(xj.). Baseczl on these data, the value of the Pearson
criterion X is calculated:

1N (xj _)_Cref)2 2 _
X —;—uz(xj) < Yoos(m=1), (5)

where m is the number of participants in comparisons;
x,,; is the reference value of supplementary comparisons,
calculated by the formula:

Ty =t (6)

x> (m—1) is critical value for the significance level o
and the number of degrees of freedom m—1, taken
from the Table [6]. For bilateral comparisons, expres-
sions (5) and (6) take the following form:

X2 _ (x, _J_Cref)z + (x, _)_Cref)z _
u’ (%) u’ (x,)
_ (x, —)_cref)zu2 (x,)+(x, —)?re/.)zuz(xl)

”2(x1 )uz(xz)

. ()

X X

- uz(x1)+u2(x2) _ x]uz(x2)+x2u2(x]) ®)
L ) (y)
uz(xl) uz(xz)

When inequality (5) is fulfilled, the data of
different NMIs can be recognized as consistent,
which is an objective confirmation of the declared
uncertainties.

If criterion (5) is not met, in accordance with
[1], it is necessary to identify inconsistent data. For
this purpose, the NMI is determined that provides
the maximum criterion £ :

|x. —-X
ref
max E, = .

\ : )
T 2 (x,y)

where

(10)

is the variance of the reference value (6).

Further, the data of this NMI are tempo-
rarily excluded from consideration, and the
procedure described above is repeated. Successive
data exclusion is repeated until condition (5)
is satisfied.

It should be noted that in case of bilateral
comparisons, it is impossible to identify inconsistent
data, because at the same time, each of their NMIs
provides the same E criterion value:

g, el (11)

n2 = > >

2\/” (x1)+” (xz)

However, in this case, it becomes possible to
evaluate the fulfillment of the E criterion:

E

nl

E<1, (12)

n

confirming the consistency of the results of
comparisons.

Example 2. The results of comparisons of
COOMET 265/UA/02 [5] of high-accuracy gage
block interferometers (Koesters interferometers)
belonging to the NSC “Institute of Metrology”
(Ukraine) and South Kazakhstan branch of the
RSE “Kazakhstan Institute of Metrology” (Kazakh-

stan) are deviations of the measurement results

of TS wvalues from the nominal value and
and the values y2(1) for different significance levels their combined standard uncertainties u (A)
o are given in Table 4. (Table 5).
Table 4
Values ¥ (1) for different significance levels a
o 0.01 0.025 0.05 0.1
$2 (1) 6.635 5.024 3.841 2.706
Ykpaiucokuii memponoeiunuii ucyprnan, 2020, Ne 2, 27-32 29
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Table 5

Comparison data of Koesters interferometers [5]

NSC “Institute of Metrology” RSE “Kazakhstan If}stltute of
Metrology
Gage blocks
A,, um u,(A)), pm A,, pm u,(A,), pm
Steel GB No.423 0.05218 0.007 0.06169 0.0177
Quartz GB No.11 1.4392 0.006 1.4315 0.0172

We find by the formula (8):

~0.0522-0.00177° +0.062-0.007°

X . = =0.053466 um;
ot 0.00177> +0.007> "
2 2
v _ 1439 0.001722+1.43220.006 1438365,
@ 0.00172> +0.006

Hence, by the formula (7) we have:

= 2.2 = 2.2
2 (xl_xref) u (x2)+(x2_xref) u (xl)

Xst =

u’ (o’ (x;)

(%, — )_Cref )2 u’ (%) + (x, = )_Cref )2 u? (x,)

=0.25;

=0.18.

2 _
Xqu_

Since the obtained values ° are significantly less
than y’(1) indicated in Table 4 for all significance
levels, the NMI data were recognized as consistent,
which was an objective confirmation of the uncertainties
declared by them.

In addition, the values of the E, criterion were
determined by the formula (11):

0.05218-0.06169)
= =0.25;

Enst ) 5 . >
24/0.007° +0.177

o |1.4392-1.4315]
" 240.006% +0.01722

Since the criterion (12) was fulfilled for both GBs,
the comparisons were considered consistent.

=0.21.

3. Data processing of the supplementary bilateral
comparisons of the second type

When performing supplementary comparisons
of this type, it is necessary to know the real value
being reproduced by TS X, and its uncertainty u(xmf),
which are determined by a reference laboratory that
is a participant in key comparisons in this type of
measurement. Supplementary comparisons of this
type are carried out strictly in order to confirm CMC,
therefore, in this case, the measurement procedure
for comparisons and the calibration procedure are
identical.

When evaluating data for this type of comparisons,
it is important to take into account the correlations

u’ (x)u’ (x,)

of the measurement results arising from taking the
size of the unit [I]. Each NMI participating in
COOMET supplementary comparisons represents the
measurement result x, and the corresponding combined
standard uncertainty u(xj), as well as the uncertainty
budget.

Based on this data, to check the consistency of
these comparisons, the £, criterion value for each NMI
is calculated:

|xj T Xr

= , (13)
2\/142 (x;)+ u? (x,,r) —2cov(x;,x,,)

where cov(x;,x,,) is the covariance of the measurement
results and the reference value of the supplementary
comparisons, due to the taking of the unit size from
the reference laboratory. To calculate covariance, it
is necessary to analyze the uncertainty budget of the
participant in comparisons and the reference laboratory
and identify those components that are common and
unchanged ;] (x;):
cov(x;,x,,.) =1 (x,). (14)

Since, as a rule, the common component for
all laboratories is the reference value X, its variance
uz(xref) is equal to the covariance cov(x;,x,,)-

In this case, expression (12) takes the form:

|x_. — X
E, = ’ (15)

2 () - ()
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If condition (12) is satisfied for the obtained value
E"j, then this confirms the declared uncertainties of the
j-th NMI. Those NMIs for which inequality (14) is
not satisfied should analyze the reasons for the loss of
their results. As a result of the analysis, the following
can be established:

* the measurement result is an error, and the
NMI decides to exclude its result. In this case, the
declared uncertainties are not confirmed in the course
of these supplementary comparisons, and to confirm
them, participation in other similar supplementary
comparisons is necessary;

* evaluation of NMI uncertainty is underestimated,
which requires identification and presentation of
reasons for understating to the pilot laboratory and
other participants in comparisons; participants in the
comparisons agree with the explanations presented,
after which the initially declared uncertainty is
increased so that condition (12) is satisfied.

Example 3. Table 6 shows the values and combined
standard uncertainties of steel GB, taken from its
calibration certificate, which participated as a travelling
standard in COOMET 265/UA/02 comparisons
of Koesters interferometers [5].

Table 6

TS characteristics and comparison results

NSC “Institute of Metrology”

SKB of the RSE “Kazakhstan
Institute of Metrology”

Gage blocks / ., mm

re;

u(l,, ), wm

l

> m U (A;), mm [, mm U (Ay), m

1

Steel GB No.423 100.00000018 0.004

100.00005218

0.007 100.00005218 0.007

Substituting the values given in Table 6 into
expression (15), we obtain:

E = [ ~0.835:
nl 2 > - Y ’
2\' u (xz) —u (xref)
X, =X .
E | — =0.919.

Y2 -,

Since the obtained values E <1, this confirms
the declared uncertainties of each NMI.

Conclusions

1. To check the stability of the traveling standard,
the pilot laboratory determines the arithmetic mean
values of two groups of multiple measurements of
the reproducible TS at the beginning and at the end of
comparisons and the standard uncertainties of type A
of these values, and according to these data it should
check the equality of variances in the groups using the

Fisher criterion and the insignificance of the bias of
arithmetic mean groups using the Student’s test.

2. When processing the data of supplementary
bilateral comparisons of the first type, it is not
necessary to know the real value reproduced by
the TS. In this case, using the Pearson criterion, it is
necessary to determine the degree of consistency of
the NMI data, which is an objective confirmation of
the declared uncertainties. In bilateral comparisons,
it is impossible to identify inconsistent data, because
in addition, each of their NMIs provides the same
E_criterion value. In this case, the fulfillment of
the E, criterion is an additional confirmation of the
consistency of these NMIs.

3. When processing data of supplementary bilateral
comparisons of the second type, it is necessary to
know the real value reproduced by the TS and its
uncertainty. When evaluating the data for this type of
comparisons, it is important to take into account the
correlations of the measurement results arising from
taking the size of the unit.
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Anoranisa

JlocnigKeHo aJlroputM oOpoOKM JaHUX JOAATKOBUX 3BipeHb. HaBenmeHo pekoMeHpalii 3 mepeBipKu cTaOiIbHOCTI eTa-
JIOHa, 110 TPAaHCIIOPTYEThCS, HAa OCHOBI KputepiiB PDimepa ta CrblogeHTa. PO3MISIHYTO MOPSIIOK OOPOOKU HaHMX JJIS TBOX
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Data processing specific features of supplementary bilateral comparisons

TUIIIB 3BipEHb €TaJOHIB: 3BipEHHS €TaJOHIB, sIKi HE OyJM BHECEHIi 10 CIUCKY KJIIOYOBMX 3BipEHb, i 3BIpEHHS €TaJOHIB, SIKi
3aMo3UYyIOTh PO3Mip OIAMHMII B YYACHUKIB KJIIOUYOBUX 3BipeHb.

I1pu 06poO1i naHKUX O10AATKOBMX JBOCTOPOHHIX 3BipE€Hb MEPILIOro TUMY HE € HEOOXiAHUM 3HAHHS AiACHOTO 3HAYEHHS,
BiITBOPEHOrO €TaJIOHOM, 110 TpaHCHOPTYEThcs. [Ipu 1iboMy HeoOXigHO 3a nonomoror kputepito [lipcoHa BU3HAYUTH CTY-
MMiHb Y3TrOIKEHOCTI TaHMUX HALliOHAJbHUX METPOJIOTIUHUX iHCTUTYTIB, 110 € 00’€KTUBHUM MiITBEPIKEHHSIM KajliOpyBaJIbHUX
i BUMiproBaIbHUX MOXIUBOCTell. [lokazaHo, 1110 MpU JBOCTOPOHHIX 3BipEHHSIX BUSBJICHHS HEY3TOJKEHUX JaHUX MPOBECTU
HeMOXJIMBO. OIHaK y LbOMY BUIANKY BUKOHAHHSI KpUTEpilo E € MOMaTKOBMM IIATBEPIKEHHAM Y3TOIKEHOCTI JTaHUX Ha-
LIIOHAJIBHUX METPOJIOTIYHUX iHCTUTYTIB.

IIpu 0OpoOLI JaHUX TOAATKOBUX JABOCTOPOHHIX 3BipeHb APYroro TUIy HEOOXiIHO 3HATU MAiiicHEe 3HAYEHHS BEJIUYMHMU,
BIITBOPEHOI €TAJIOHOM, 1110 TPAHCIIOPTYETHCS, Ta ii HEBU3HAYEHICTh. [Ipu OLliHIOBaHHI JaHUX VISl ILOTO TUITY 3BipeHb MPO-
BOJIUTHCSI OOJIIK KOPEJISILiii pe3yJbTaTiB BUMipIOBaHb, 110 BUHMKAIOTh BHACIIIOK 3allO3WYEHHS PO3MIpy OJMHMUILI.

Sk mpuKiam po3rISTHYTO OBOCTOPOHHI 3BipeHHs iHTepdepoMeTpiB Kecrepca miss BUMipioBaHHS KiHIIEBUX Mip TOB-
XKUHU B aianazoHi 0,1—100 MM, 110 103BOJWIM MiATBEPAUTU KaliOpyBajbHi Ta BUMipIOBalbHI MOXJMBOCTI HalliOHAJIbHUX
METPOJIOTIYHUX iHCTUTYTIB. PimeHHsT mpoBecTtu 3BipeHHsT NpuiiHATO Ha 3acimanHi TK 1.5 “Hosxkuna i kyr” KOOMET.
[TinotHoto opranizaiieto 3BipeHb 6yB HHIL “IHcTuTyT MeTposorii” (YkpaiHa), IpyruM y4yacHUKOM 3BipeHb BuUcTynaB Ka-
3axcraHcbkuit PAIT IMTK® “KaszluMerp”.

OtpumaHi pe3yabTaTu T03BOJMIN 3pOOMTH BUCHOBOK IPO Y3TOJXKEHICTh JaHUX HALliOHAJbHUX METPOJOTIYHUX iHCTH-
TYTiB, 1O MiATBEPAUIO 3asiBJ€Hi HUMU HEBM3HAUYEHOCTiI BUMiplOBaHb.

KmouoBi cioBa: n1om1aTKoBi IBOCTOPOHHI 3BipeHHSI; HEBM3HAUYEHICTh BUMiploBaHb; iHTepdepomerp Kecrepca; KiHlieBa
Mipa HOBXWHU.
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AnHOTATAS

PaccmoTpeHbl 0COOEHHOCTH 00pabOTKU JaHHBIX JOMOJHUTEIbHbBIX ABYCTOPOHHUX civyeHuil. [IpuBeneHbl peKoMeHaa-
LY TI0 TIPOBEPKe CTAOMIBLHOCTU TPAHCIIOPTUPYEMOTO ITAJIOHA, a TakXkKe MOPSI0K 00pabOTKU JaHHBIX IS ABYX TUTIOB CITH-
YEHUI 3TAJIOHOB: CIIMYEHUS 3TAJOHOB, KOTOPbIe HEe ObLIM BHECEHBI B CIIMCOK KJIIOUEBBIX CAMYECHUN, U CIMYEHUS] STAIOHOB,
KOTOPbIE 3aMMCTBYIOT pa3Mep eIMHUIIBI Y YYACTHUKOB KIIIOUEBBIX CIMYeHU. B kauecTBe mprmMepa pacCMOTPEHBI CIMYSHUS
uHTepdepomerpoB Kectepca st u3MepeHUs KOHIIEBBIX Mep IIuHbI B nuana3zoHe 0,1—100 mm. [TokazaHo, 4yTo mosyyeHHOe
pacxXoxXIeHue pe3ybTaToB M3MEPEHU MOATBEPAMIIO XOPOIIYIO CTEeNEeHb SKBUBAJIEHTHOCTU CIMYAEMBIX 3TaJOHOB.

KintoueBbie cioBa: N1OTMOTHUTEIbHBIE ABYCTOPOHHUE CAWYEHMS; HEOIpPeNeIeHHOCTh U3MepeHuit; nurepdepomerp Kec-
Tepca; KOHIIEBash Mepa IJIMHEIL.
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