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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].

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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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]:
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where Fk 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 D1  = 0.64, 
D2  = 0.36.

To assess the quality of the classification procedure, 
the Frobenius norm is used, which is equal to 0 for  
a correct classification:
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where Iij corresponds to the unit matrix of an ideal 

classification:
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In accordance with (2) and Table 1, we obtain 
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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 
Dem
1 0 28= . ,  Dem

2 0 059= . .  The Frobenius norm of the 
reference matrix is Gem = 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 R3 1 2=  .  

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 
variance of verification and reference data by rows of a 
stochastic matrix is suggested, namely D D D1 1 1= + ,в em  
D D D2 2 2= + .в em   

Then, considering the formula for the ordinal 
variance (1), we obtain the probabilities of cor-

Table 1
Results of verification of the procedure for visual observation of the roughness level of treated surfaces

Table 2
Reference ratio, accounting for the uncertainty of the reference instrument

                      Categories to which the level of surface is assigned
                                                     according to visual observation,
Categories to         
which the level of surface treatment                           (  j =1.2)     
is assigned according to the reference
instrument and classification scale                (i =1.2)

Semi-clear
(  j =1)

Rough
(  j =2)

Sum

Semi-clear (i =1) 80(P11 = 0.8) 20(P12 = 0.2) 100

Rough (i =2) 10(P21 = 0.1) 90(P22 = 0.9) 100

Sum 90 110 200

                                               Categories according to reference measurement instrument,
True categories                                                                                             (i =1.2)     
according to their definition, (l =1.2) i =1 i =2

l =1 0.925 0.075

l =2 0.015 0.985
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rectly assigning the roughness level of the treated 
surfaces to certain categories by verifying the clas-
sification procedure based on visual observation: 
P Dв в
11 12 10 5 0 25 4( ) . . / ;= ± −  P Dв в

22 21 20 5 0 25 4( ) . . / .= ± −   

According to the data in Table 1 and Table 2, 
we obtain P11  = 0.64; P12  = 0.36; P22  = 0.88; P21  = 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 P11 
and P22 have decreased in comparison with Table 1, 
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.

Table 3
Matrix of stochastic classification under metrological traceability

                        
Categories, to which the level of surface treatment is assigned

True categories                                               
according to visual observation

according to their                                                                    
(  j =1.2) 

    
definition                                   (i =1.2)

Semi-clear
(  j =1)

Rough
(  j =2)

Semi-clear (i =1) P11 = 0.64 P12 = 0.36

Rough (i =2) P21 = 0.12 P22 = 0.88
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Анотація
Номінальні властивості відображаються за номінальними шкалами, які є прийнятим за домовленістю 

рядом категорій номінальної властивості, який можна подати назвами категорій, числами або символами, що  
є ідентифікаторами положення категорій у ряду, з яким порівнюються конкретні прояви номінальної властивості.

Хоча й номінальні шкали є менш інформативними, ніж шкали вищого порядку, вони можуть забезпечити 
швидке оцінювання досліджуваної властивості та необхідну інтерпретацію для прийняття рішень. Крім того, при 
проведенні досліджень із метою прийняття рішень про стан об’єкта за його властивостями виникає необхідність  
в опрацюванні даних, отриманих за шкалами квазіпорядку, за умов їхньої метрологічної простежуваності.

Якщо кінцевим результатом застосування номінальної шкали є отримання однієї або декількох категорій 
шкали, до яких можна віднести досліджувану номінальну властивість, то така процедура є процедурою класифікації. 
Показником достовірності класифікації може бути ймовірність правильного віднесення до певного класу 
еквівалентності, яку можна визначити за верифікацією процедури класифікації, використовуючи еталони, що 
відповідають категоріям шкали, або за еталонною процедурою.

Розглянуто верифікацію класифікації за спостереженням проявів номінальної властивості, у рамках якої 
використовується еталонна процедура, заснована на вимірюванні цих проявів із подальшим використанням 
встановленої шкали класифікації. Результатом верифікації є відповідність категорій номінальних властивостей, до 
яких віднесені їхні прояви за спостереженням, категоріям, встановленим за еталонною процедурою.

Для встановлення метрологічної простежуваності необхідно скласти матрицю відповідності категорій, 
закріплених за еталонною процедурою, істинним категоріям за їхнім визначенням. У роботі запропоновано метод 
урахування неідеальності еталонної процедури, застосовуючи об’єднання порядкових дисперсій матриць верифікації, 
та еталонного відношення за рядками з подальшою оцінкою умовних ймовірностей, що характеризують достовірність 
класифікації.

Ключові слова: метрологічна узгодженість; порядкові властивості; номінальні властивості; невизначеність; 
показники достовірності.


