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Abstract

To achieve metrological conformity, the procedure of classification of objects, based on observations of ordinal and
nominal properties, provides for verification of the classified data performing reference measurements followed by further
consideration of their uncertainties. The result of the verification is the compliance of the categories of nominal and
ordinal properties, to which their manifestations are attributed according to observations, with the categories established
by the reference procedure. To account for the uncertainty of the reference procedure, a matrix of the reference relation
is composed, which characterizes the correspondence of the categories established by the reference procedure to the true
categories according to their definition. To obtain the classification reliability indicators, it is suggested to combine the
ordinal variances of the verification matrices and the reference ratio followed by the estimation of conditional probabilities

characterizing the classification reliability.
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1. Introduction

Modern methods of data processing include
information that is presented not only in a numerical
way, but, to a large extent, using categorized variables,
which is according to their individual properties have
been attributed to a specific group or category in
ordinal or nominal scales [1].

If a relation of order is established between
the categories of the scale, the resulting scale is
a quasi-order (or pre-order) scale. Such a scale is
an intermediate scale between nominal and ordinal
scales. Although nominal scales are less informative
than higher-order ones, they can provide a quick
assessment of the property under consideration and
all the necessary interpretation for decision-making. In
addition, when conducting research to make decisions
about the state of the object according to its properties;
when determining the quality of products according to
the established categories; when constructing control
charts of technological processes based on qualita-
tive data, there is a need to process the obtained
data on quasi-order scales, if they are consistent in
a metrological way [2—5].

If the goal of the used procedure of experimental
informatics is to attribute an object to a certain category
according to its properties, then such a procedure is
called classification [6].
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To assess the reliability of the classification, it
is necessary to have physical measurement standards
that would reproduce the categories of properties
according to their definition. Metrological confor-
mity of classification results in the presence of such
standards can be achieved by calibration or verifica-
tion. In most cases, calibration is used as a training
procedure for operators. It is carried out before the
classification of technical systems, which a priori
allows obtaining classification reliability indicators
that account for the uncertainty of measurement
standards. Verification is used to check the
obtained classification results. It is necessary
to combine the classification reliability indi-
cators, obtained during verification, with the
uncertainty characteristics of measurement stan-
dards.

The paper considers the verification of classifi-
cation according to observation of manifestations of
nominal properties, for which a reference procedure
is used based on the measurement of these manifesta-
tions followed by using the established classifica-
tion scale. The result of the verification is the
compliance of the categories of nominal properties,
to which their observational manifestations are
attributed, with the categories established by the
reference procedure.
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Table 1

Results of verification of the procedure for visual observation of the roughness level of treated surfaces

Categories to which the level of surface is assigned
according to visual observation,
Categories to
which the level of surface treatment (j=1.2) Semi-clear Rough Sum
is assigned according to the reference (j=D (j=2)
instrument and classification scale (i=1.2)
Semi-clear (i =1) 80(P,, =0.8) 20(P,=10.2) 100
Rough (i =2) 10(P,, = 0.1) 90(P,, = 0.9) 100
Sum 90 110 200

2. Verification of classification by observing the mani-
festations of nominal properties using the reference
procedure

Visual and tactile observation of the roughness
level of treated surfaces implies a selective check when
the same points of the treated surfaces are subject
to repeated measurements and classification, with
the categories being determined by the indicators of
the reference instrument and the classification scale
(Table 1).

The stochastic matrix in Table 1 allows calculating
the classification quality indicators.

The variance of the stochastic matrix is estimated
by rows using the formula of the variance measure for
the ordinal scale [7, 8]:

4 m—1
D= LEA-F), (1)

where F, is the cumulative relative frequency for the
k-th level. The value of D is normalized in the range
from 0 to 1.

According to (1) and Table 1 we obtain D, =0.64,
D, =0.36.

To assess the quality of the classification procedure,
the Frobenius norm is used, which is equal to 0 for
a correct classification:

In accordance with (2) and Table 1, we obtain
G=%(Pé+Pfl)=0.10.

Verification of the classification procedure was
carried out, only if the categories, defined by the
reference instrument, corresponded to the true ones
according to their definition.

However, if we analyse a metric classification
based on the results of measuring the level of rough-
ness [5, 8], we can obtain a real matrix of the refe-
rence relation, which becomes ambiguous due to the
measurement uncertainty of the reference instrument
(Table 2).

The variance of the reference matrix by rows is
D" =0.28, D;" =0.059. The Frobenius norm of the
reference matrix is G =0.0029.

Thus, the variance of the matrix of reference data
is much smaller than the variance of the matrix of
experimental data to be verified, which should be so.

To determine the reliability of the classification
procedure under metrological conformity, one can use
the composition of ambiguous relations obtained from
the data in Table 1 and Table 2, namely R, =R oR,.

However, it should be noted that the convolution
of the matrices provides only approximate accounting
for the uncertainty of the measurement standards used
in verification. Therefore, a method to account for the
uncertainty of measurement standards using the total

1 m m
G= —ZZ(P,, -1 i )2’ ©)) variance of verification and reference data by rows of a
2m i=1 j=1 . .. 6 em
S . _ stochastic matrix is suggested, namely Dy = D, + D",
where [, corresponds to the unit matrix of an ideal DS =D,+Dy".
] ) 1 0 Then, considering the formula for the ordinal
classification: [ = o 1l variance (1), we obtain the probabilities of cor-
Table 2
Reference ratio, accounting for the uncertainty of the reference instrument
Categories according to reference measurement instrument,
True categories (=12 ;=1 ;o
according to their definition, (/ =1.2)
=1 0.925 0.075
=2 0.015 0.985
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Table 3
Matrix of stochastic classification under metrological traceability
Categories, to which the level of surface treatment is assigned
according to visual observation
True categories (j=12) Semi-clear Rough
according to their (j=1) (j=2)
definition (i=12) J J
Semi-clear (i =1) P, =0.64 P ,=0.36
Rough (i =2) P, =0.12 P, =0.88

rectly assigning the roughness level of the treated
surfaces to certain categories by verifying the clas-
sification procedure based on visual observation:

Pl =0.5%,J025-D] /4; By, =0.5+,/0.25-D} /4.

According to the data in Table 1 and Table 2,
we obtain P, =0.64; P,=0.36; P,,=0.88; P, =0.12.

Then the stochastic matrix of the verification
results accounting for the uncertainty of measurement
standards takes the form of Table 3.

The probabilities of a correct classification of P,
and P,, have decreased in comparison with Tablel,
provided that the uncertainty of the measurement
standards used in verification is accounted for. Thus,
a method for assessing the reliability of the classification
procedure under metrological conformity is suggested.

3. Conclusion

If the result of applying a nominal scale is to obtain
one or more categories of the scale, to which the nominal
property under consideration can be attributed, then
such a procedure is called a classification procedure.
An indicator of the reliability of the classification may
be the probability of correct assigning to a certain
category, which can be determined by verifying the
classification procedure using measurement standards
corresponding to the categories of the scale or by using
the reference procedure.

The paper considers the verification of
classification by observing the manifestations of
nominal properties, using the reference procedure based
on the measurement of these manifestations followed
by using the established classification scale that ensures
metrological conformity of the classification procedure.
The result of the verification is the compliance of

the categories of nominal properties, to which their
observational manifestations are attributed, with the
categories established by the reference procedure.

To obtain the characteristics of the reliability of
the classification, a stochastic classification matrix is
composed, the components of which are the conditional
probabilities of assigning the manifestations of the
nominal property to a certain category, while these
manifestations were assigned to the same or another
category according to the reference procedure. The
diagonals of the matrix correspond to the probability
of correct assignment of the nominal property to
a certain category.

To establish metrological conformity, it is necessary
to compose a matrix of correspondence between the
categories established by the reference procedure and
true categories according to their definition. For an
ideal reference procedure, a full correspondence is
established, which is represented by the units in the
diagonal of the correspondence matrix.

In case of imperfections of the reference procedure,
to account for the uncertainty of the classifica-
tion results according to the reference procedure,
a matrix of the reference relation is composed, the
components of which are the conditional probabili-
ties of conformity of the categories established by the
reference procedure to the true categories according
to their definition.

The paper suggests a method that allows
accounting for imperfections of the reference procedure
by combining the ordinal variances of the verification
matrices and reference ratio by rows, followed by the
estimation of conditional probabilities characterizing
the reliability of the classification under metrologi-
cal conformity.
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MertpoJoriyda y3romKeHicTh Kjaacugikanii 00’€KTiB
3a BJACTHUBOCTSMH, IO BiIOOpaKaloThCA NMOPSAIKOBUMH
Ta HOMIHAJIbHMMH IIKAJAMHU
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AnHoTauis

HowmiHnanbHi BnacTMBOCTI BimoOpaxaloTbCsl 3a HOMIHAJbHUMMU IIKaJaMU, $Ki € MPUUHSTUM 3a JTOMOBJIEHICTIO
pSIIOM KaTeropili HOMiHAJIbHOI BJIACTMBOCTI, KWl MOXHa IMOAATU Ha3BaMU Kareropiii, uynciamu abo CUMBOJAMU, IO
€ imeHTUdIKaTOpaMM TOJOXEHHSI KaTeropiit y psiay, 3 SKUM MOPiBHIOIOTbCS KOHKPETHi MPOsIBU HOMiHAJIbHOI BJIACTUBOCTI.

Xoua i1 HOMiHaAJbHI IIKaIW € MEHII iH(GOPMATUBHUMU, HiX IIKaIWd BUILOTO MOPSIKY, BOHU MOXYThb 3a0€3MEUUTH
LIBUIIKE OIiHIOBaHHS MOCIIXXYBaHOI BJIACTUBOCTI Ta HEOOXiNHY iHTeprpeTalilo Uil TpUUHATTS pileHb. Kpim Toro, npu
MPOBEIEeHHI TOCIIKEeHb i3 METOI0 NMPUIHATTS pillleHb MPO CTaH 00’€KTa 3a MOro BJIACTUBOCTSIMU BUHUKAE HEOOXiAHICTh
B ONpAllOBAHHI TaHUX, OTPMMAHUX 3a HIKAJaMU KBa3iMoOpsAKy, 32 YMOB iXHbOI METPOJIOTIYHOI MPOCTEKYBAHOCTI.

SIKIIO KiHLIEBUM pPE3yJIbTaTOM 3aCTOCYBaHHSI HOMiHaJIbHOI ILIKAdW € OTPUMaHHSI OMAHi€l abo MEKiIbKOX KaTeropiit
LIKaJIn, 10 SIKMX MOXHa BiIHECTH IOC/iIXKyBaHy HOMiHaJIbHY BJIACTUBICTb, TO TakKa Ipolieaypa € MPoLeayporo Kiacudikarrii.
ITokazHukoM gOCTOBipHOCTI Kiacugikalii Moxe OyTu WMOBIPHICTb MNpPaBUJIBHOIO BiIHECEHHS /O TEBHOTO KJacy
€KBiBaJICHTHOCTI, SIKy MOXHa BU3HAYUTH 3a BepudiKalli€lo mpouenypu Kiacudikailii, BAKOPUCTOBYIOUN €TaJOHH, IO
BiIMOBIAAIOTH KaTEropisM IIKajau, abo 3a €TaJOHHOIO MPOLEAYPOIO.

PosrnsinyTo Bepu@ikamiro kimacugikaliii 3a crocTepeXeHHSIM TPOsSIBiB HOMiHaJbHOI BJIACTHMBOCTi, Y paMKax SIKOI
BUKOPUCTOBYEThCSI €TaJOHHA MpOLeAypa, 3aCHOBaHAa Ha BMMIpIOBaHHI LMUX MPOSIBIB i3 MOAAJIBIIMM BUKOPUCTAHHSM
BCTAHOBJIEHOI IKanu Kiacudikaiiii. Pe3yabraTroM Bepudikallii € BiIMoBimHICTh KaTeropiii HOMiHaJIBHUX BJIACTMBOCTEH, MO
SIKUX BiTHECEHi iXHi MPOSIBM 3a CIIOCTEPEXEHHSIM, KaTeropisiM, BCTAHOBJIICHUM 3a €TaJIOHHOIO IPOLEIYPOIO.

JIyist BCTAHOBJIEHHSI METPOJIOTIYHOI MPOCTEXYBAHOCTI HEOOXiZHO CKJIACTM MAaTPUIIO BiIMOBIIHOCTI KaTeropii,
3aKpiMUVIEHUX 32 €TaJJOHHOIO MPOLIEAYpPOl0, iICTUHHUM KaTeropisiM 3a iXHiM BU3HAYEHHSIM. Y pOOOTi 3alIPOMOHOBAHO METO[
ypaxyBaHHsI HeiZleaJIbHOCTi €TaJIOHHOI MPOLIeAYPH, 3aCTOCOBYIOUM 00’€THAHHS MOPSIAKOBUX NUCTEPCiii MaTpullb Bepudbikallii,
Ta €TaJJOHHOTO BiTHOIIEHHS 3a PSIIKAMM 3 TIOATBIIOI0 OI[IHKOI YMOBHUX WMOBIpHOCTEH, 110 XapaKTepu3yIOTh JOCTOBIPHICTh
KJacudikarrii.

KarouoBi cioBa: MeTposioriyHa y3roKeHiCTh; MOPSIAKOBI BJIACTMBOCTI; HOMiHaJIbHiI BJIACTMBOCTi; HEBU3HAUEHICTb;
MOKA3HUKU JOCTOBIPHOCTI.
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