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Abstract

The main purpose of modern measuring instrument MI is to perform accurate and reliable measurements in order to
obtain complete and reliable measurement information. The MI must be of proper quality, which must be reliably assessed.
For technical means, traditional quality indicators have been established, some of which are common to MI. The metrologi-
cal characteristic is unique to a MI and can be considered one of the most important of MI indicators.

The quality of MI is characterized by a certain system of quality indicators. Depending on MI group, the system of
quality indicators can differ. The target indicators are specific for each type of product. These indicators require additional
analysis. The main metrological characteristics should be referred to the target indicators of MI. For some MI categories,
additional indicators can be established, and for others, they are excluded.

The methodology of evaluation of MI quality indicators and algorithm of its realization are offered. The digital multi-
meters as category of MI have been selected for practical comparative evaluation of MI quality indicators. The ten indicators
for this category of MI have been refined. Comparative expert evaluation of quality indicators of 12 multimeters was carried
out with the involvement of a group of 34 metrology experts. The weight of each of the 10 selected MI quality indicators

was determined. The results of expert evaluation of multimeter are presented.
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Introduction

The measuring instrument (MI) is a device used
for making measurements, alone or in conjunction with
one or more supplementary devices in accordance with
the International Vocabulary of Metrology (VIM, 3.1)
[1]. The main purpose of modern MI is to perform
accurate and reliable measurements in order to obtain
complete and reliable measurement information. The
MI must be of proper quality, which must be reliably
assessed [2].

The product quality, in particular MI, is the basis
of its competitiveness. For technical means, traditional
quality indicators have been established, some of which
are common to MI. Such indicators of the quality of
technical means include, in particular, manufacturabi-
lity, design, functionality, standardization and unifica-
tion, ergonomics, aesthetics, and efficiency. Quantita-
tive characterization of one or more product proper-
ties that make up its quality is traditionally called the
product quality indicator [2—5].

The metrological traceability is a property of the
measurement result, and the concept of measure-
ment uncertainty is used for it [6, 7]. If metrological
traceability is a requirement or an essential element
of assuring confidence in the reliability of measure-
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ment results, then special requirements are set for the
state of MI [8]. The metrological characteristic means
a characteristic that can influence the measurement
result, as defined in the international standard ISO
10012 [9]. The metrological characteristic is unique to
a MI and can be considered one of the most impor-
tant of MI indicators. MI, as a rule, can have several
metrological characteristics.

Research has been carried out on one of the quality
indicators of MI metrological reliability: the algorithm
for assessing the individual metrological reliability of
MI is considered in [10], and the system for ensuring
the metrological reliability of MI is considered in [11].
In the literature, there are no results of research of
other important MI quality indicators. Therefore, the
task of practical evaluation of the MI quality indicators
as a system of indicators remains relevant.

The problem statement, purpose and objectives of the
study

The purpose of the article is to highlight the re-
sults of practical evaluation of MI quality indicators,
in particular:

+ to study the basis for setting special MI quality
indicators;
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* to establish a methodology for evaluation MI
quality indicators;

* to conduct a practical evaluation of MI quality
indicators for one of MI categories in order to establish
the most preferable MIs.

The research and setting of quality indicators of mea-
suring instruments

The quality of MI is characterized by a certain
system of quality indicators, which are generally divi-
ded into functional, resource-saving, environmental,
etc. Functional MI indicators include indicators that
reflect consumer properties of products, include tech-
nical effect; reliability (durability); ergonomics, and
aesthetics. Depending on MI group, the system of
quality indicators can differ. The main groups of MI
indicators are considered in detail in [2].

In general, the system of MI indicators can be
based on the following basic principles:

* maximum use of quantitative characteristics
expressing certain indicators;

* the use of a qualitative characteristic only in
cases where an important MI characteristic cannot be
expressed numerically.

For specific items of the MI categories, the range
of quality indicators can be much less than considered
in [2].

THe target indicators are specific for each type of
product, therefore these indicators require additional
analysis. The main metrological characteristics should
be referred to the target indicators of MI.

In general, MI indicators can be the following
groups of metrological characteristics [1]:

1) for the indication of MI:

* indication interval (VIM 4.3);

* nominal indication interval (nominal interval)
(VIM 4.4);

* range of a nominal indication interval
(VIM 4.5);

2) for the measurement range and accuracy of MI:

*  measurand (VIM 2.3);

* measuring interval or measuring range
(VIM 4.7);

» accuracy class (VIM 4.25);

*  maximum permissible error (VIM 4.26);

3) for MI measurement conditions:

« rated operating conditions (VIM 4.9);

* limiting operation conditions (VIM 4.10);

4) for the sensitivity and selectivity of MI:

» sensitivity of a MI (VIM 4.12);

+ discrimination threshold (VIM 4.16);

* dead band (VIM 4.17);

» selectivity of a MI (VIM 4.12);

« resolution of a displaying device (VIM 4.15);

5) for the stability and transient characteristics
of MI:

» stability/instability of a MI (VIM 4.19);

* instrument drift (VIM 4.21);

+ step response time (VIM 4.23).

This list of MI indicators is long, but not exhaus-
tive. For some MI categories, additional indicators can
be established, and for others, they are excluded. This
may be due, in particular, to the designation of specific
categories of MI or the envisaged operating conditions
of the MI.

The algorithm for calculating the integrated MI
quality indicator is as follows:

* definition of the nomenclature of the MI qua-
lity indicators;

* definition of the nomenclature of the grouped
MI quality indicators;

* determination of the weight coefficients of the
MI quality indicators;

+ calculation of the grouped MI quality indica-
tors as weighted average of corresponding MI quality
indicators;

+ calculation of the integrated MI quality indica-
tor as the average of all grouped MI quality indicators.

The numerical value of the integrated MI quality
indicator QI is determined by the expression

QIIMI :iQIGMIi/M’ (1

where QI is i-th grouped MI quality indicator;
M is total number of the grouped MI quality indica-
tors.

The numerical value of the i-th grouped MI qua-
lity indicator QI,,, is determined by the expression

MI

MI
N

Ol = ZWjQIMlj/N’ (2)
j=1

where QIGM_/. is j-th MI quality indicator; w, is weight
of j-th MI quality indicator; N is total number of cor-
responding MI quality indicators.

The value of the weight of the j-th MI quality
indicator w. (range from 0 to 1), as well as the values
of the j-th MI quality indicator Q]M]j itself, are deter-
mined by the expert method.

In some cases, there is no need to group MI
quality indicators and then the numerical value of
the integrated MI quality indicator is determined by
the expression

0
Ol =2, w,0Ly, /Q, 3)
j=1
where Q is number of all MI quality indicators.

Results of research of quality indicators of measuring
instruments

The multimeters as category of MI were selected
for practical comparative evaluation of MI quality in-
dicators. The ten indicators (QI,,,— Ql,,,,,) for this
category of MI have been refined:

M1 is measuring range (by main value);

M2 is limit of permissible error (the main value);

M3 is normalized working conditions;

110
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Table 1
The evaluation results of the weight of MI quality indicators
Indicators M1 M2 M3 M4 M5 M6 M7 M8 M9 M10
w; 1.00 0.89 0.64 0.85 0.29 0.96 0.58 0.27 0.55 0.20

M4 is sensitivity or resolution (basic value);

MS5 is stability (instability) or drift (the main
value);

M6 is number of measured values and ranges;

M7 is automation of measurements;

MBS is presence of self-diagnosis;

M9 is availability of memorization of results;

M10 is availability of data transmission channels.

In this case, the integrated IM quality indicator
was determined by expression (3) for Q = 10.

Comparative expert evaluation of quality indi-
cators of 12 digital multimeters [12] was carried out
with the involvement of a group of 34 metrology
experts. Each metrology expert had at least 5 years
of metrological work experience. At the same time,
with the help of metrology experts, the weight of each
of the 10 selected MI quality indicators was deter-
mined.

The evaluation results of the weight of MI qua-
lity indicators are shown in Table 1 and in Fig. 1. On
the petal diagram of Fig. 1 red dashed line shows the
average value for all MI indicators. The value of the
weight of all MI indicators varies from 0.20 to 1.00.

The largest value is the indicator M1 — 1.00, and the
smallest — the indicator M10 — 0.20.

The group of 12 MIs was evaluated by 34 experts
on 10 MI quality indicators (M1 — M10) using a scale
from 1 to 9 scores. The results of the expert evaluation
of the selected MI are shown in Table 2 without ta-
king into account the weight of the selected MI qua-
lity indicators, and in Table 3 taking into account the
weight of the MI quality indicators.

The results of the expert evaluation of the selected
MI are shown in Fig. 2 with (solid line) and without
(dashed line) taking into account the weight of the
selected MI quality indicators. The result of the expert
evaluation the average scores for MI. The values of
the evaluation of indicators for MI are reduced by the
weight of the indicators as can be seen from Fig. 2.

The average scores of expert evaluations of MI
with and without taking into account the weight of
the MI indicators is given in Table 4. The difference
between these two expert evaluations is insignificant
and does not change the priorities obtained for the
selected 12 MIs. This difference varies from 0.82 (for
MI5) to 1.91 (for MI1) scores.

Evaluation of MI indicators

Fig. 1. The weights of Ml quality indicators
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Table 2

The results of the expert evaluation of the selected MI without taking into account the weight
of the selected MI quality indicators

MI1 MI2 MI3 MI4 MI5 MIé6
M1 8.71 7.97 6.91 7.26 6.79 4.76
M2 8.68 7.41 5.59 6.76 4.88 3.53
M3 4.18 4.74 247 3.29 3.24 4.24
M4 7.88 7.47 4.74 4.79 4.79 4.74
M5 2.44 2.26 2.00 1.97 1.71 1.41
M6 8.68 7.88 4.94 5.91 5.91 5.88
M7 5.59 3.41 3.03 2.56 2.53 5.24
M8 2.06 1.91 1.50 1.50 1.56 1.62
M9 7.82 2.79 2.82 2.85 291 2.44
M10 7.44 1.15 1.00 1.00 1.00 1.09

MI7 MIS MI9 MI10 MI11 MI12
M1 4.29 3.79 7.29 6.29 8.00 7.26
M2 3.35 3.50 6.82 6.68 7.79 5.62
M3 421 421 4.35 4.50 5.71 5.65
M4 4.62 4.76 5.12 7.06 6.91 491
M5 1.41 1.41 2.06 2.03 2.44 2.03
Mo6 6.41 3.88 6.24 6.47 7.62 6.38
M7 5.21 5.24 3.68 3.56 2.94 2.76
M8 1.65 1.88 1.59 2.32 1.97 1.88
M9 2.41 2.71 5.50 5.65 2.88 2.85
M10 1.09 1.47 2.56 2.15 1.12 1.12

Evaluation of Mls

MI4

MI7

Fig. 2. The results of the expert evaluation of the selected Ml
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Table 3

The results of the expert evaluation of the selected MI with taking into account the weight of the
selected MI quality indicators

MI1 MI2 MI3 MI4 MI5 MI6
M1 8.71 7.97 6.91 7.26 6.79 4.76
M2 7.72 6.60 4.97 6.02 4.35 3.14
M3 2.67 3.03 1.58 2.11 2.07 2.71
M4 6.70 6.35 4.03 4.08 4.08 4.03
M5 0.71 0.66 0.58 0.57 0.49 0.41
Me6 8.33 7.57 4.74 5.68 5.68 5.65
M7 3.24 1.98 1.76 1.48 1.47 3.04
M8 0.56 0.52 0.41 0.41 0.42 0.44
M9 4.30 1.54 1.55 1.57 1.60 1.34
M10 1.49 0.23 0.20 0.20 0.20 0.22
MI17 MI8 MI9 MI10 MI11 MI12
M1 4.29 3.79 7.29 6.29 8.00 7.26
M2 2.98 3.12 6.07 5.94 6.94 5.00
M3 2.69 2.69 2.79 2.88 3.65 3.61
M4 3.93 4.05 4.35 6.00 5.88 4.18
M5 0.41 0.41 0.60 0.59 0.71 0.59
Mo 6.16 3.73 5.99 6.21 7.31 6.13
M7 3.02 3.04 2.13 2.06 1.71 1.60
M8 0.44 0.51 0.43 0.63 0.53 0.51
M9 1.33 1.49 3.03 3.11 1.59 1.57
M10 0.22 0.29 0.51 0.43 0.22 0.22
Table 4
The results of the expert evaluation of the selected MI
Average scores MI1 MI2 MI3 MI4 MIS MIe
Without w, 6.35 4.70 3.50 3.79 3.53 3.49
With w, 4.44 3.64 2.67 2.94 2.71 2.57
Difference 1.91 1.06 0.83 0.85 0.82 0.92
Average scores MI7 MI8 MI9 MI10 MI11 MI12
Without w, 3.46 3.29 4.52 4.67 4.74 4.05
With w, 2.55 2.31 3.32 341 3.65 3.07
Difference 0.91 1.19 1.20 1.26 1.09 0.98
Score Evaluation of Mls
o -6,35
6,50 +
6,00 +
5,50 +
5,00 4,67 4,74
4,50 + 452
: 3,64 o
:’(S)g ; 3’50 g 3’53 3549 3’46 29Q 3 32 3’41
3’00 5 e E
S j 2,57 2,55
2,50 £ 2,31
2,00 +
1,50 +
1,00 +
0,50 +
0,00 +

MI1 MI2 MI3 MIl4 MI5 Mié6 MI7 MI8 MI9 MI10 MI11  MII2

Fig. 3. Histogram of average scores of expert evaluations for Ml
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Score
5,00

Evaluation of MIs (ranked)

4,50 +

4,00 +

3,50

3,00
2,50
2,00
1,50
1,00 +
0,50 +

0,00

MI1 MI11 MI2 MI10 MI9

MI12

Mi4 MIS MI3 Mil6 MI7 MI8

Fig. 4. Histogram of ranked average scores of expert evaluations for M|

Histogram of average scores of expert evaluations
for MI with (light column) and without (dark column)
taking into account the weight of the MI indicators is
given in Fig. 3. Histogram of ranked average scores of
expert evaluations for MI with taking into account the
weight of the MI indicators is given in Fig. 4.

The obtained expert evaluation shows the following
advantages of MI from the group of 12 MIs:

Summary

The proposed methodology for expert evaluation
of MI quality is used for practical evaluation of
quality indicators of multimeters as a category of MI.
A comparative expert evaluation of quality indicators
of digital multimeter was carried out with the
involvement of a group of 34 metrology experts. The
presented results of expert evaluation of multimeters

MIT>MITI>MI2>MI10>MI9>MI112>MI4>MI5>
MI3>MI6>MI7>MIS.

showed the full suitability of the proposed methodo-
logy.

IlopiBHAIbHE JOCJIPKEHHSI MapaMeTpiB AKOCTi 3aco0iB
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AHoTaris

OCHOBHOIO METOIO0 Cy4yacHOro 3acod0y BuMipioBaHb (3B) € mpoBeneHHS TOYHMX i HadillHUX BUMIpIOBaHb 3 METOIO
OTPUMAaHHSI TIOBHOI Ta JOCTOBIpHOI BUMiproBaibHOI iH(popmallii. 3B moBuHeH OyTM HajeXHOI SIKOCTi, 110 Ma€e OyTH IO-
ctoBipHO ouiHeHo. Illo cTocyeThcs TeXHIUHUX 3aco0iB, OyJM BCTAHOBJICHI TpaIMIUiiiHI MOKAa3HUKU SIKOCTi, JEsIKi 3 HUX
€ cnitbHUMM i 1 3B. MeTtposioriyHa xapakTepucTiKa € yHiKajabHoo 11 3B i Moxe BBaXaTucsl OOHUM i3 HalBaXKJIMBILLIMX
noka3HukiB 3B. 3B, gk mpaBuio, MOXe MaTu KiJibKa METPOJIOTIYHUX XapaKTEePUCTUK.

Sxictb 3B xapakTepu3yeThCsl MIEBHOIO CUCTEMOIO MOKA3HUKIB SKOCTi, SIKi 3arajoM TOAUISIOThCSI Ha (PYHKLIOHAIbHI,
LJTbOBI, pecypco3depiraiodi, eKoJoTiuHi Tomo. 3anexxHo Bin rpynmu 3B, crucTema MOKa3HMKIB SIKOCTI MOXe Bimpi3HATHCS.
1linboBi MOKa3HUKK € crelu@iyHUMU 1JIsi KOXHOTO BUAY MPOIYKIii, TOMY MOTPeOyIOTh I0AaTKOBOro aHajidy. OCHOBHi
METPOJIOTIYHI XapaKTEePUCTUKU CJIiI BIMHECTH IO LiTbOBMX IMOKa3HUKIB 3B. [Insa mesakux kateropiii 3B MoxyTh OyTH BcTa-
HOBJICHI JIOJATKOBI MOKAa3HMKM, a IS iHIIUX — BUKIoYeHi. Lle Moxe OyTu MoOB’s3aHO, 30KpeMa, i3 LiJIbOBUM IpHU3HAa-
YeHHSIM KOHKPETHHUX Karteropiit 3B abo mepembayeHMMHU ymoBaMu eKcrutyartarrii 3B.

HaBeneni pesysibTaTu BUBYEHHSI OCHOBM [IJII BCTAHOBJICHHSI CHELiaIbHMX TOKa3HUMKIB sikocTi 3B. 3ampornoHoBaHO
METOJIOJIOTII0 OILIIHKM TOKa3HMKIB sikocTi 3B Ta anroputm ii peamizamii. LludpoBi Myabtumerpu sk karteropiss 3B Oymm
oOpaHi ISl TTPpaKTUYHOI TMOPIBHSUIbHOI OLIHKU TOKa3HUKIB sikocti 3B. 3ampornoHoBaHo 10 MOKa3HUKIB SIKOCTI JUISI LI€ET
kareropii 3B. [TopiBHsUIBHY €eKCMEPTHY OLIIHKY MOKa3HUKIB SIKOCTi 12 MyJbTUMETpPIiB OyJIO MTPOBEAEHO i3 3aJly4CHHSIM TPy
3 34 excriepTiB-MeTpoJoriB. BogHovyac 3a J1OMOMOToI0 LMX €KCMEePTiB-METPOJIOriB OyJl0 BU3HAUEHO Bary KoxkHoro 3 10 o0-
paHux noka3HuKiB sikocti 3B. HaBeneHi pe3yabTaTé €KCHEPTHOI OL[IHKM IMOKA3HMKIB SIKOCTI MYJbTUMETPIB i BCTAHOBJICHI
HaWOUIbII TepeBaXxKHi Uil BUOOPY CIOXMBaya MYJbTUMETPU.

KmouoBi cioBa: 3acid BMMiplOBaHHSI; METPOJIOTiUHA XapaKTepPUCTUKA; MOKA3HUK SIKOCTi; €KCIepTHA OLliHKa; METpO-
JIOTiYHA TIPOCTEXYBAHICTh.
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AHHOTAIUSA

OCHOBHBIM Ha3HaYeHMEM COBpEMEHHOTO cpencTtBa uaMmepeHuit (CH) sBisieTcs MpoBeneHWE TOYHBIX M HAJEKHBIX
U3MEPEHUI C 1IeJIbI0 TTOJyYEHMS MOJHOM M JOCTOBEpHOU u3MepuTeabHoi uHbopmauuu. CHU 101KHO ObITh HaljleXallero
KavyecTBa, KOTOpOE HEOOXOMMMO Ha/eXKHO OLIEHUBATh. JIJI TEXHUUECKUX CPEICTB YCTAHOBJICHBI TPAIUIIMOHHBIC TTOKA3aTEIN
KayecTBa, HEKOTOpPble M3 HUX SBJIsoTcsS oomumu U mis CH. MeTrposornyeckue XapakTepUCTUKU YHMKaibHbI it CU
M MOTYT CUMTaThCsl OMHMMM M3 Hambosiee BakHBIX mokaszateneit CH.

KauecrBo CU xapaktepusyercsl omnpenejieHHONH CUCTeMOl Toka3aresieil kayecTBa. B 3aBucumocTu ot kateropuu CHU
cucTeMa TloKaszaTesleil KauecTBa MOXeT pa3nuyarbcsi. OCHOBHBIE METPOJOTMYECKUE XapaKTEPUCTUKM CIIEAYeT OTHECTH
K 1uejeBbIM rnokaszareinsim CH.

IIpennoxkeHa MeTOMONIOTUST SKCIIEPTHOI OlLleHKU MokasaTeseit kauectBa CU. LudpoBbie MyJIbTUMETPBl KaK KaTerOpHsi
CH BBIOpaHBI IIg IpakTUUeckoil cpaBHMTeIbHON oueHKn CU. Ilpemtoxensr 10 mokaszateneil misg 3Toit Kareropun CH.
ITpuBeneHbl pe3yJbTaThl CPaBHUTENIBHOM KCIIEPTHOMI OLIEHKU 12 MyJBTUMETPOB C MPUBJICUEHUEM TPYIIibl U3 34 3KCIEepPTOB-
METPOJIOTOB.

KimoueBbie ciioBa: CpeaCTBO UBMEPECHUS, METPOJIOTMYECKaA XapaKTCpUCTHUKA, TT0KA3aTCJIb Ka4y€CTBa, OKCIICPTHAA OLICHKA,
METpOJOrnyecKad IpocCaCKUBAEMOCTD.
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