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Abstract

The article exposes description of features of the combined approach application to the evaluation
of measurement results uncertainty. The aim of this work is the justification and development of new
science-driven approaches to achieve maximum efficacy of measurements on the criteria "accuracy/costs"
at the stated level of confidence.

It provides theoretical base for correctness of combined approach to assess measurement results
uncertainty. There is proposition to conventionally divide measurement process into fragments — combining
objects, each from shall be considered as individual element for evaluation. It is well known that combining
objects can be formed by grouping individual components (resources) of the measurement process either via
separate stages of the measurement process.

Correctness of such approach is based on the application of "resource" and "process" approaches
as regards identification of the factors that affect the measurement results uncertainty. This article provides
recommendations on selection of model or empiric approach for evaluating of particular contributions
from combining objects of different types into total uncertainty of the final measurement result. In order to
improve the validity of empiric approach of the criteria of sufficiency of measurement method uncertainty
examination was formulated. It is recommended to evaluate the total uncertainty of the final measurement
result by complexation of evaluations of particular total uncertainty of the results for all fragments according
to the uncertainties distribution law.

It is determined two typical cases of effective application of the combined approach to evaluation
of measurement results uncertainty: method of direct measurements and method of indirect measurements.
This article considers features of effective application of the combined approach for both situations providing
corresponding examples. Special attention is paid to the application of the combined approach to assessing
the test results uncertainty. As distinct from the measurement process realized under normal conditions,
testing process includes additional external influence factors that are determined by test conditions.
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Oco0eHHOCTH IPUMEHEHUSI KOMOMHHUPOBAHHOIO MOAX01a
K OLICHUBAHMIO HEONPeEAeJJEHHOCTH Pe3yJdbTATOB H3MepPeHUu

I1.C. Cepenxos', B.JI. I'ypesuy’, T.K. Toaouko’

1 . . .
benopycckuil hayuonanbwiti mexuudeckuil yHusepcumen
np-m Hezasucumocmu, 65, . Munck 220013, Berapyco

?Benopyccuii 20cyO0apcmeentbiii uHCIMUmym Mempono2uu
Cmaposunencxuti mpaxm, 93, e. Munck 220053, benapyco

Tocmynuna 20.01.2020
Ipunama k nevamu 28.02.2020

PaccmoTtpensl ocodenHocTH 3(p(hEeKTHBHOTO TPUMEHEHHSI KOMOMHUPOBAHHOIO MOJX0/1a K OLIEHUBAHUIO
HEONpeAeaEHHOCTH pe3yIbTaToB U3MepeHuid. Llenpio qanHoN paboThl SBISUIOCH 00OCHOBAaHUE M Pa3BUTHE
HOBBIX HAYKOEMKHX MOJXOJ0B MO AOCTHKECHUIO MaKCUMAaJIbHOU 3()(HEKTUBHOCTH M3MEPEHUH 0 KPUTEPHUIO
«TOYHOCTB/TPYAOEMKOCTB» NPH 3aJaHHOU CTETICHH JOBEPUSI.

TeopeTrnueckn 000CHOBaHa KOPPEKTHOCTH KOMOMHUPOBAHHOTO MOIX0/1a K OLICHUBAHUIO HEOTPEICIEH-
HOCTH pe3yNbTaToB u3MepeHuid. [Ipeanoxeno npouecc U3MEpeHHs YCIOBHO ACTUTH HA (YparMeHThl — 00b-
€KTbl KOMOMHUPOBaHMS, KaKABIM U3 KOTOPBIX CIEAYET PACCMAaTPUBATh KAK CAMOCTOSITEIILHBIN JIEMEHT OLle-
HUBaHUA. Y CTaHOBJICHO, YTO OOBEKTHl KOMOMHUPOBAHUS MOTYT OBITH C()OPMHPOBAHBI IMMyTEM IPyNIIUPOBa-
HUS 100 OT/ENBHBIX KOMIIOHEHTOB (PEcypcoB) mporecca U3MEpEeHHUH, MO0 OTAEeIbHBIX 3TAoB Mpolecca
M3MEpEHNH.

KoppekTHocTh Takoro mojaxoaa o0OCHOBaHA MPUMEHEHHEM «PECYpPCHOTO» M «IIPOLECCHOT0» MOAXO-
JIOB K WACHTH()UKALUY BIMSIONINX Ha HEONPEACAEHHOCTh pe3yibTaTa u3Mepenuil. [IpuBeaensr pekomenaa-
UM 110 BBIOOPY MOJEIBHOTO WIIM SMIIMPUYECKOTO MOAXO0B JUIsSl OLICHUBAHMS YAaCTHBIX BKJIaJ0B OOBEKTOB
KOMOMHHMPOBaHUsSI Pa3IMYHOIO THIA B CYMMAapHYIO HEONpPEeAEIEHHOCTh KOHEYHOTO Pe3yibTaTa W3MEPEHHH.
J1y1s OBBILIEHUS TOCTOBEPHOCTH AMIIUPUYECKOTO TTOAX0a chopMyIMpoBaH KPUTEPUH AOCTATOYHOCTH UC-
CJIe/IOBaHMs HEOIPEEeNEHHOCTH MeToAa n3MepeHnid. OLleHuBaHUE CyMMAapHOW HEONPEAEIEHHOCTH KOHEY-
HOr0 pe3yJbTaTa U3MEPEHUN PEKOMEHJOBAHO NMPOU3BOJUTH MYTEM KOMITJIEKCUPOBAHMS OLIEHOK YaCTHBIX
CyMMapHBIX HEOIpeeNEHHOCTEH pe3yabTaTOB BCeX (parMEHTOB IO 3aKOHY paclpoCTpaHEHUs Heolpee-
NEHHOCTEH.

Brienens! ABa THIHYHBIX ciiydast 3 (EKTUBHOTO MIPUMEHEHUS! KOMOMHUPOBAHHOTO MOIX0/1a K OLICHHU-
BaHUIO HEOIPEJIENEHHOCTH PE3yIbTaTOB U3MEPEHUI: METOT IPSAMBIX U3MEPEHUIN U METO]I KOCBEHHBIX HU3Me-
pennii. PaccmoTpensl ocobeHHOCTH 3G PEKTUBHOTO NPUMEHEHHUsI KOMOMHUPOBAHHOTO MOAX0Aa ANl 00enx
CUTyalMi Ha KOHKPETHBIX mpuMepax. Ocoboe BHUMaHHE YAEICHO NPUMEHEHHIO KOMOMHUPOBAHHOTO TIOA-
X0Jla JUIs OLICHWBaHUS HEONPEAEIEHHOCTH Pe3ysIbTaTOB UCHBITaHUM. B oTnnune ot npouecca usmepenuii,
peanu3yeMoro B HOPMaJbHBIX YCIOBHUSIX, B MPOLIECC MCIBITAHUI BOBJICUCHBI TOMOJHHUTENbHBIC (PaKTOPBI
BHEIIHMX BO3/IEHCTBUI, ONpeeaEHHbIE YCIOBUSIMHU UCTIBITAHUN.

KuiroueBnle cjioBa: HEOPEIeIEHHOCTD Pe3yJibTaTa U3MEPEHHUH, KOMOMHUPOBAHHBIH ITOAX0]1 K OLICHUBAHHIO.
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Introduction

A widespread recognition of uncertainty concept
in metrology has initiated the development of new
science-driven approaches, methods and means to
achieve maximum efficacy of measurements (tests),
for example, as for criteria "accuracy/labor intensity"
at the stated level of confidence.

Until recently the main method for evaluation
of measurement results uncertainty was considered
as model approach, stated in GUM'. Herewith this
approach validity in fact is not guaranteed due to
several reasons [1].

Technical reports of EUROLAB and other
metrological organizations in last several years
emphasize the use of empiric approach to evaluate
the measurement results uncertainty as an alternative
against the strict mathematic modeling [2—7]. The
main argument for empiric approaches — considerable
improvement of the efficacy of examination of the
measurement process accuracy. Empiric approach
is based on a quite trivial idea: full uncertainty
evaluation can be reached in parallel with carrying
out procedures that are mandatory for accredited
laboratories, for example, for measurement method
validation by intra- and interlaboratory examinations
of method accuracy characteristics and quality control
through laboratory participation in qualification
check programs. As for empiric approach dis-
advantages we shall mention impossibility of the
analysis of influence factors contributions into
overall uncertainty of the measurement result, that
does not allow to correct and improve the method.

The methodological base for empiric approach
are standards™*. From legitimacy point of view, this
approach has the same high status as the model one.

From efficacy point of view, the most rational is
combined approach to estimating the measurement
results uncertainty that envisages the participation
of elementary as well as complex factors (grouped
data) in the final integrated model [2—7]. Measuring

'ISO/IEC  Guide  98-3:2008, of
measurement — Part 3: Guide to the expression of
uncertainty in measurement (GUM:1995).

’ISO 5725-1:1994/Cor 1:1998, Accuracy (trueness
and precision) of measurement methods and results —
Part 1: General principles and definitions.

3ISO/TS 21748:2010, Guidance for the wuse of
repeatability, reproducibility and trueness estimates in
measurement uncertainty estimation.

Uncertainty

laboratories on the base of their experience prefer
combined approach [2]. However, despite of obvious
advantages, combined approach is rarely used in the
measuring laboratories practice. The aim of this article
is to provide scientific and methodical justification
for combined approach correctness and analysis of
its application possibilities in metrological practice.

Theoretical base for combined approach

Taking into account obvious equivalency
of the empiric and model approaches it is logic
to suppose their possible combination within a single
measurement method.

The key aspect of the combined approach to
estimating overall measurement result uncertainty
is grouping of individual components of the
measurement process (Figure la) or measurement
process individual stages (Figure 10).

=N
7

a

Y+U, P
>

X1

X2 X3 X4 xSYUP
0,0,0. 0
b

Figure 1 — Process of measurement of physical quantity
Y as the total of "fragments": a — of involved quantities
X}, ..., X5; b —operations x,, ..., Xs

Identification and grouping of individual
measurement process components as a variety of
input quantities x;, realize so-called "resource"
approach to the evaluation of the overall uncertainty
u.(Y) (Figure 1a).

Metrological practice knows a whole set of
methods and ways that simplify the search and
identification of included quantities x; (Figure 1a):

—components of the overall measurement
uncertainty in classic error theory: 1) instrumental,
2) methodical, 3) subjective,  4) measurement
conditions;4

‘roct 8.010-2013, National system of measurement
units  ensurance (GSI). Measurement methods.
General.
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—main significant factors that determine the
precision of the measurement method according
to ISO 5725-3: 1) operator, 2)used equipment,
3) equipment calibration, 4) environment conditions,
5) time between measurements;’

— best metrological practices realized as cause-
and-effect diagrams where sources of measurement
result uncertainties are attributed to different
parts of the measurement system, for example,
S.W.LP.E. (standard, workpiece, instrument,
personnel-procedure, environment), P.I.S.M.O.E.A.
(part, instrument, standard, method, operator,
environment, assumptions) [8].

Identification and grouping of the measurement
process individual stages as a variety of input
quantities x; realize so-called "process" approach
to the evaluation of the total uncertainty u,(Y)
(Figure 1b). The "process" approach for revealing
factors as sources of uncertainty in the model
of measurement task can be rationally applied
in cases of complex measurement methods from
the point of view of the quantity and expressiveness
of process stages.

Complex methods are those, for example, like
measurement methods in analytical chemistry, that
suppose the presence of such typical, relatively
individual stages as reference materials preparation,
measuring equipment calibration, sample preparation
and carrying out measurements [5—7].

Theoretical base for combined approach is
linked to the second consequence of central limit
theorem of the probability theory and mathematic
statistics relating to complexation of random
quantities dispersions.

The interpretation of this consequence in relation
to the measurement process is provided in GUM': the
total uncertainty u,.(Y) of the measurement result Y,
obtained by complexation of constituents — standard
uncertainties u(x;) of the factors x; (i=1, ..., N),
involved in measurement process, according to the
measurement model f'is expressed as:

N
\/chuz(xi), (1)
i=l

N

u (Y)= \/Z(df/dxi)zuz(x[) =

i=1

where c; = (df/dx,) — sensitivity factor u(x;).

’ISO 5725-3:1994, Accuracy (trueness and precision)
of measurement methods and results — Part 3: Intermediate
measures of the precision of a standard measurement
method.

Note. Quantities x;, are random, normally
distributed and not inter-correlated.

Let’s suppose that measurement process for
the quantity Y (see Figure la) includes five not
inter-correlated influence factors x,, x,, x5, X4, Xs.
According to the second consequence formula (1)
is valid, where N=15. It is obvious, that we can
consider as mathematically correct the following
expression (1):

u, (Y) :\/C(1+2+3)2 ”(1+2+3)2 teuy + 052”52 > (2
where u,,.5, is the intermediate total uncertainty
of the measurement result Y, evaluated, for example,
using empiric approach according to the results of
measuring method validation via its intra-laboratory
examination in accordance with the standard’.
At that, as the result of measuring experiment we
have determined standard deviation in intermediate
conditions of precision Sg(;5.5, from three varying
factors: measuring instrument — x,, operator — x,,
time — x;. It can be stipulated that u,,,,3) = Sg(112+3)-

Standard uncertainties u, and us for condition
factors (x,) and sample (x5) correspondingly in the
Formula (2) are assessed using the model approach.
At that, standard uncertainty u,, for example,
is evaluated by type B on the base of a priori
laboratory knowledge, and standard uncertainty u;
is assessed by type A by realization of one-factor
experiment according to the GUM' approach.

The combined approach essence can be
formulated as follows: during the process of evaluating
the uncertainty of the result, the measurement
process is conventionally divided into fragments,
each of them is considered as individual object
of evaluation. To determine the total uncertainty
of each fragment result, model or empiric approach
can be applied. Assessment of the total result
uncertainty for entire measurement process u,.(Y)
is performed by complexation of assessments
of individual total uncertainties of measurement
results from all fragments according to the "law of
uncertainties distribution" from the GUM approach'.

Fields of combined approach rational
application

It is obvious that the combined approach due
to limits of theoretical, material, technical and
economical nature, has specific rational fields
of preferred application.
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From our point of view, we can determine
at least two typical cases of effective application
of the combined approach to measurement
results uncertainty evaluation: method of direct
measurements and method of indirect measurements.

Case 1. Using a combined approach for the direct
measurement method

Using of combined approach for the direct
measurement method in most cases is not rational.
As a rule, model of direct measurement according
to GUM! is as follows:

Y=Y,,+C +C+...+Cy,

where Y,,,— measurement instrument indication;
C,—corrections for input quantities influence;
i=1,...,N.

Uncertainty of the results of direct measurements
can be evaluated by model or by empiric approaches.
Here we shall exclude situations where combined
approach is the rational one:

—measurements that involve variety of
consecutive operations, for example, in the field
of analytic chemistry;

— measurements within the test framework.

Tests have a special place here. As distinct
from measurement process realized under normal
conditions, testingprocessincludesadditional external
factors determined by test conditions. Accordingly,
test results uncertainty will be determined taking into
account two main groups of standard uncertainty
sources: 1) attributed to the measurement process
under normal conditions; 2) attributed to additional
factors of external influences. The last are reproduced
and controlled (measured) within the framework
of the measurement process. Therefore, we can see
obvious availability of objective conditions for the
combined approach application.

Let’s consider features of combined approach
application in such cases using an example.

Laboratory participates in inter-laboratory
examinations within the framework of validation
of the method of measurements of the UHF-
signals power for UHF-equipment testing. During
examinations, the laboratory used an instrument
for measuring the absorbed power E4417A with a
power sensor E9300A (manufacturer — "Keysinght
Technologies Microwave Products (M) Snd Bhd",
Malaysia). Measurements where performed in
coaxial transmission line at the frequency 50 MHz
at the points 1 mW and 10 mW, as well as within

frequency range from 10 MHz to 18 GHz at the point
1 mW. Reference value was realized using a reference
power calibrator F1130 and a thermistor bridge
1806A (manufacturer — "Tegam", USA). Multimeter
3458 A (manufacturer — "Agilent Technologies Inc.",
USA) was used as measuring block.

According to the results of the measurements
carried out under strictly approved conditions,
the laboratory received participation certificate
from  provider, where method accuracy
characteristics are stated. According to EUROLAB
recommendations [2] the laboratory accepted the
model of the total method uncertainty assessment:

U, = Spys

A3)

where Sy, —the value of the standard deviation of
inter-laboratory method reproducibility. And now
this laboratory should have the full right to use this
assessment in routine tests assigning this to the results
of one-time measurements carried out. However, in
this case, this solution is not correct, because the
uncertainty of the measurement results depends on
the factor "mistuning in measuring line", the value
of what is determined via reflection factors of UHF-
signal source and absorbed power meter.

Difference between the reflection coefficients of
UHV-signal source applied during inter-laboratory
examinations (power calibrator F1130 with
measuring bridge 1806A) and the UHF-signal source
used for routine measurements will be considered as
an additional factor implying on the measurement
result uncertainty [10—12].

L. e., in cases where conditions or objects under
measurement in fact differ from those applied in
inter-laboratory validation, additional examinations
of measurement results uncertainty are required.
For such cases, it is reasonable to use the standard3,
that, according to the expanded statistical model
of the measurement result, recommends revealing
additional influencing factors by applying expert
method. These factors should be evaluated and unified
with the standard deviation of the inter-laboratory
reproducibility Sg,,. For this purpose, the standard’
recommends to use, instead of the model (3),
expanded model of uncertainty assessment:

2 3
SRW+zciui ,
i=1

where c,u; — contributions of additional influence
factors, i =1, ..., N, that were not included in inter-
laboratory comparisons process.
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Examples of additional effects that were not
taken into account in inter-laboratory comparisons
but can significantly imply on the uncertainty of the
results achieved by the laboratory using standardized
method, can be like sampling and preparation
conditions, measurement conditions and so on.

Assessments of standard uncertainties of the
factors due to additional effects, as a rule, are
determined using a model approach (by type 4 or B)
or an empiric approach (by the method of intra-
laboratory examinations [3]).

Case 2. Using a combined approach for indirect
measurements

It is just the case where in order to assess the
measurement results uncertainty it is reasonable to
apply combined approach.

Algorithm for combined approach application
is considered on the example of a method of
measurement of the valid value of the direct current
rate 10 A using multimeter 34401 A (manufacturer —
"Hewlett Packard", Germany). As the top multimeter
limit for the current is 3 A, measurement method

supposes using measuring shunt B3 (manufacturer —
"Excelsiorwerk Rudolf Kiesewetter Messtechnik
mbH", Germany) with nominal electrical resistance
10 mOhm. According to multimeter indications in
measuring mode for direct current voltage and data
on the valid value of the shunt resistance (provided
in the calibration certificate for the shunt of type B3)
by indirect method we examined the direct current
rate. Measurement conditions were normal.

The model of indirect measurement of the direct
current rate is as follows:

“

SH

where [ — valid value for the direct current rate, A;
U —valid value of the voltage measured, V; Rg;—
valid value of the shut resistance, Ohm.

To evaluate the uncertainty of the result of the
measurement of direct current rate / we propose to
use two-level algorithm to resolve this task taking
into account hierarchic structure of the indirect
measurement model (Figure 2).

= U/RSH
1 2 U :
M e (l) = J (z=-uw) + (—RT - u(RSH))
SH SH
(ISO/IEC Guide 98-3:2008)
U= RSH = RSH calib + Amethod + Aoperator + Accn‘uiiticn‘l:
=my+By te (ISO/IEC Guide 98-3:2008)
(ISO 5725-
1:1994/Cor
1:1998)
MLI [ () = Ml1.2 u(Rsy) =
= 'bg + S}%WU = JH(RSH caliv)® + U(Qmethoa)” + u(Boperator)® + u(Bcondition)’
(EUROLAB (ISO/TEC Guide 98-3:2008)
Technical Report
Ne 1/2007)

Figure 2 — Two-level algorithm for evaluating the uncertainty of the result of indirect measurement for direct current
I using a combined approach. First level: M1 — model of the result of indirect measurement for direct current / and its
uncertainty u (/). Second level: M1.1 — model of the result of direct measurements of the voltage U and its uncertainty
u(U); M1.2 — model of the valid value of the shunt R, resistance and its uncertainty u(Rg;)
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Firstlevel of the task of evaluating the uncertainty
u,(I) for the results of indirect measurements of /
supposes model approach application. This selection
is due to availability of the measurement model /,
which has the status of a physical law. It shall
be noted, that the proposed two-level algorithm
for estimating the uncertainty of indirect
measurements results, allows for the first level
of the task, not to include into measurement
model (4) factors affecting the direct measurement
results U and Rg;. They will be taken into account at
the second level of solving the assessment task.

Model for evaluating the overall measurement
result uncertainty (model M1 on the Figure 2) is
formed according to the algorithm "8 steps" GUM".

(=] -
u,(I)= P

2

U
+ _T‘M(RSH) . (5)

SH

2

SH

This formula leaves as unknown standard
uncertainties #(U) and u(Rg;,), that are obviously
represent complex assessment of the uncertainty
of the results of direct measurements of the values
Uand Rg,.

Second level of the task of estimating the
uncertainty of the result of indirect measurements
of the valid value of the direct current rate / supposes
self-sustained resolving of the tasks of estimating
the uncertainties u(U) and u(Rg;) of the results
of direct measurements of quantities U and Rg,,
included in the Formula (5).

Task I (model M1.1, Figure 2). Assessment of
the uncertainty u(U) of the results of measurements
by direct method as for direct current voltage value U.

Laboratory has already performed validation of
the direct current voltage U method of measurement.
Validation method is an intra-laboratory examination
of the method accuracy characteristics (bias and
precision) according to the standards ISO 5725 series
(Accuracy (trueness and precision) of measurement
methods and results, Part 1 — Part6). Thus, to
estimate the total uncertainty u(U), it is reasonable
to apply an empiric approach, where the assessment
model is as follows [3]:

u(U)= B + Sy,

where b, — assessment characterizing uncertainty
fraction associated with the bias of the results
of direct measurement of the direct current
voltage [3]; Skw, — standard deviation of the results

(6)

of method examination under conditions of intra-
laboratory reproducibility, assessed according
to the standard’.

Evaluation of the constituent b (6). In this
example, b, was evaluated at the point 100 mV
on the basis of experimental data obtained during
intra-laboratory method examinations using, as
standard, multimeter 3458A (manufacturer "Agilent
Technologies Inc.", USA). Value of b, was expressed

as follows [3]:
SW/ ?
n b

where A, —average deviation
measurement results from the
standard value minus correction; U, — assessment
of the standard value uncertainty (obtained from
the calibration certificate of the standard
multimeter 3458A); S,,, — standard deviation of the
repeated measurement’s results 7, determined within
the framework of the method validation according
to the standard’.

Note. A, can be considered as an analogue
of non-excluded systematic constituent of the
measurement error, that is assessed as follows:

2 2
b, = \/Ast + Uref +

of  repeated
corresponding

A,=A-A

corr?

where A —method bias determined within the
framework of validation method, A_,, —method
correction significant for the stated level of
confidence probability. In theory, A, = 0.

Evaluation of the constituent Srwy, (6). Criteria
for the correctness of the Srkw; assessment is its
representativeness, i.e. the value of Sgw;, must
include influence effects from all significantly
implying factors in laboratory that a priori are not
known if full.

At the first stage, in order to examine and assess
Srwy, we recommend to accept the base statistic
model of the direct measurements result U (M1.1 on
the Figure 2) according to the standard’: o

U=my+B,+e,

where m, — overall average value of the measurement
result (expectancy); B, — aboratory bias constituent;
e —bias constituent, arising at each measurement
under repeatability conditions.

Summand B, is a fixed complex of influencing
factors-corrections: different operators — B, diffe-
rent measuring instruments — B,, different measure-
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ment time — B, repeated calibration (validation) the framework of method validation in strict
of measuring instruments — B,. Variation of these accordance with hierarchical plan (Figure 3), that
factors forms conditions for intra-laboratory takes into account laboratory factors (B,—B,),
method repeatability. According to the results method standard deviation value Sg _p, under
of a measurement experiment carried out within repeatability conditions was obtained.

Srwy

(0]

D1| D2

PVE2 ELP) B2 BIE? PlE2 PIED FlY FE?

Figure 3 — Basic and corrected (expanded) plan of measuring experiment for examination the precision of the method
of measuring of direct current voltage U in the laboratory (L) according to ISO 5725-3:1994. Variety factors: / — measuring
instrument; O — operator; D — date of measurements; K — measuring instruments calibration; P — sample. Main plan —
light background; expanded plan — light and grey background

It is reasonable to carry out the analysis of the In the last case, statistical measurement model (7)
correctness of the results of a measuring experiment  shall be revised. For this, it is necessary to organize
using the method of dispersion analysis (software the second stage of examinations. It is reasonable to
package STATISTICA can be applied) [13, 14]. take as a base an expanded statistical measurement
During this analysis, the following can be determined: ~ model according to the standard®:

— Required dispersion of measurement results
Sres, -8, associated with conditions of intra- U=my +B, + Z(Cixl-)era ®)
laboratory reproducibility (B,—B,);

— Residual dispersion S.” associated with factors
not taken into account in the model (7) (summand e). ~ presents additional factors reveled during detailed

Decision on the representativeness of the examination of the direct measurement method U.

where, in addition to (7) the summand Z(Cixi)

obtained value Sk, -5,4) is supposed to be accepted As the most rational ways of revealing all
taking into account the criteria of fullness and non- influencing factors x; in (8) we can recommend
redundancy: methods  for  constructing  cause-and-effect

—If  Srw-By»>S, — accepted statistical diagrams according to the methods S.W.I.P.E.,

measurement model (7) is adequate, assessment P.I.S.M.O.E.A.[8]. Next, taking into account new
Sr(B,-B4) 1s representative and can be used in revealed factors c;x; we shall implement changes into
model (6) for the assessment of the uncertainty u(U)  the hierarchic plan of the measurement experiment
as summand Srw,,. Further method examination is  and realize it at the points according to the new plan

inappropriate. positions. Figure 3 provides an example of correction
—If Sr@p,-B»<S, — statistical measurement of the plan of validation experiment due to revealing

model (7) is non-adequate, assessment Sg(s,-84)isnot  of an additional influence factor B5— P (sample).

representative, i. e., it does not reflect contributions Dispersion analysis of the results of cumulative

of all significant factors of the laboratory and thus measurement experiment (factors B1—B5) will allow
can not be used in model (6) for the assessment to determine the corrected values Sp g, _ps) and S,.

of the uncertainty u(U) as summand Sgw,,. Additional For the final decision on representativeness
examinations of the direct measurement process U  of the estimate Sgp;_ps) We shall apply the criteria
are required. of fullness and non-redundancy once again. If the
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expanded statistical measurement model (8) is still
not correct, in order to reveal additional influence
factors we can recommend more complex searching
methods, for example, functional modeling of the
measurement process according to the methodology
IDEFO [9].

Finally, verified according to representativeness
condition assessment §, 51_ps) Can be used in
Formula (6) as a summand Sgw;. Assessment of
the uncertainty u(U) for direct current voltage
measurements U, obtained from Formula (6)
according to method validation results, can be
considered as correct.

Task 2 (model M1.2, Figure 2). Assessment
of the uncertainty u(Rg;) of the valid value of the
shunt resistance Rg;.

To evaluate u(Rg;) it is reasonable to use model
approach. To create an adequate measurement
model, the laboratory realized an approach based
on the application of cause-and-effect diagrams.
For identification of included quantities x; the
laboratory used classification of the constituents of
the total measurement uncertainty from the classical
error theory®: 1) instrumental, 2)methodological,
3) subjective, 4) measurement conditions. Further
expert analysis of these constituents allowed to state
the following:

— possible methodological A,,,,,,, and subjecti-
Ve A a0 factors, that influence the shunt accuracy,
are negligible;

— among the factors of measurement conditions
A onaition POtentially significant factor "temperature"
is identified. However, taking into account the
fact, that routine measurements will be carried out
under normal conditions, the factor "temperature"
is recognized as only slightly influencing shunt
accuracy characteristics.

As the result, the final measurement model is as
follows:

Ry = Ry catins

where Rg; .., — valid value of the shunt resistance
Rg;; obtained from calibration certificate. Hence,
correct model of uncertainty of the resistance value
reproduced by the shunt according to GUM' is as
follows:

u(Rgpr) = u(Repy carip) s

where the value u(Rg; ..;») 1S also obtained from the
calibration certificate (by type B).

After obtaining reliable uncertainty estimates
for direct measurements results u(U) and u(Rgy)
it is necessary to return to the first stage of the
resolution of the task of the evaluating the indirect
measurements results uncertainty (model M1,
Figure 2). Values u(U) and u(Rg;) are substituted
in the Formula (5), that then gives assessment of
u.(I) looked for. Therefore, the task is solved with
maximum level of rationality and correctness.

Conclusion

Thusitcanbestipulated, thata correct estimation
of the measurements results uncertainty by a
specific method can be carried out using a combined
approach, efficacy and universality of which is
described in this article. Any measurement process
can be conventionally divided into fragments —
combination objects (resource components of the
measurement process or its individual operations),
each from shall be considered as individual
evaluation element. In order to assess intermediate
total uncertainty of each object of combining, we
can equivalently select a model approach or an
empiric approach. This selection is mainly based
on efficacy of solving the problem. To improve
empiric approach validity the sufficiency criteria of
the measurement method uncertainty examination
is recommended. Evaluation of the total uncertainty
of the final measurement result should be done
by complexation of assessments of individual
total uncertainties of the results of all fragments
according to the "law of errors distribution" of the
GUM approach.
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