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Abstract

The measurement/classification procedure of object properties, such as quality indicators, is used for determination of
object quality category. According to measurement uncertainty, the fuzzy classification scale is constructed. In accordance
with this scale, fuzzy classification results are obtained. The use of fuzzy averaging for multiple measurements of individual
quality indicators are proposed. The fuzzy logic operators that can be used in the construction of group quality indicators
are considered and recommendations for their application are given. As an example of application of the proposed method,

the definition of water quality categories on its biochemical properties is used.
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1. Introduction

The paper is dedicated to solving the problem
of assessing the quality indicators of objects on scales
defined by several ordered categories [1] taking into
account measurement uncertainties [2]. As an example,
the procedure of determining a category of water
quality by individual or group indicators was chosen.
Thus, according to the content of harmful substances,
for example, “nitrate content NH, in surface waters
mg/dm?®”, the following categories of water quality are
defined [3]: T, — “Class I — very clean” (less than 0.1),
T, — “Class II — clean” (0.10—-0.30), 7, — “Class I1I —
contaminated” (0.31-1.0), 7, — “Class IV — dirty”
(1.01-2.50). In accordance with these classes and
categories, the application of individual quality
indicators solves the problem of assigning water quality
to the appropriate verbal category for one component
that affects water quality. At the same time the defined
scale with a certain linguistic variable is used. When
using group indicators of water quality, the problem
of assigning water quality to the appropriate verbal
category by several components is solved. However, the
components of measurement uncertainty that underlie
the classification and the ambiguity of the expert
information that may be used in the classification are not
taken into account. Thus, the following components of
uncertainty can be identified: instrumental uncertainty
due to the uncertainty of measuring the property
reflected by the quality indicator; semantic uncertainty
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arising from discrepancies in the boundaries of the
categories given in different sources.

When measuring the properties that characterize
the biochemical composition of water, the measurement
uncertainty is significant and averages 20—30%. Then
the decision to assign water quality to a certain
category is made on a scale with a fuzzy linguistic
variable, and the uncertainty of the measurement/
classification procedure is reflected in the scope of
degrees of belonging of measurement results to different
categories of the classification scale [2, 3].

2. The method of data processing according to mea-
surement/classification of individual quality indicators

In accordance with the method [4], taking into
account the measurement uncertainty, the following
term set of the linguistic variable “content NH, in
surface waters mg/dm3” is formed:

L, for 0<x<0.06
(0.14—-x) /0.08 for 0.06 < x<0.14

0 in other cases

HTINHI =

(x—0.06)/0.08, for 0.06 < x<0.14
1, for 0.14 < x<0.18
(0.42—-x)/0.24 for 0.18 < x <0.42 (1)

0 in other cases

MTZNHI =
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(x—0.18)/0.24, for 0.18 < x < 0.42
1, for 0.42<x<0.6
(1.4-x)/08 for 0.6 <x<1.4

0 in other cases

Hy, NH; =

(x—-0.06) /0.8, for 0.6 <x<1.4
1, for 1.4<x<3.5
0 in other cases

The result of the measurement/classification
procedure is determined by the cross section of the
measurement result with the term set (1). Thus, if
the content is 12 mg/dm?, the fuzzy result of the
measurement/classification procedure is determined
by the cross section with the terms 7, and T, and is
respectively 7, | 0.25; T, | 0.75.

When determining water quality classes and ca-
tegories for individual indicators, multiple measu-
rements are performed, arithmetic mean values for
each indicator are separately compared with the
classification scale, the worst values (maximum or
minimum) are also compared with the scale, and then
the final decision on a certain water quality indicator
is made. When using scales with fuzzy linguistic va-
riable, a more universal approach is proposed, which
provides information on the average values of quality
indicators. To do this, individual measurement results
are classified on a scale with fuzzy linguistic variable,
and then combined using the fuzzy averaging opera-
tor [5]. Arithmetic mean (AM) for each category T,
of measurement results is:

HLNHI =

1 n
ba(T)==3W(T) VT eM, ®)

where n is the number of measurements, u(7)) is the
degree of belonging of a single measurement result to
the category 7, p,, (T,) is the degree of belonging of
the result of multiple measurements to the category
T, M is the set of categories of the scale with fuzzy
linguistic variable.

For example, we can use the results of NH,
measurements obtained for the Southern Bug River
(Table 1).

According to formula (2) for the data of Table 1
we obtain:

W (1) =044, p,, (7;)=0.56.

While the outcome of the measurement/classi-
fication procedure is as follows: 7, | 0.44; T, | 0.56.

3. The methods of data processing according to the
measurement/classification of group quality indicators

When constructing group indicators of water
quality, indicator scales of the various components
in water content is used, which are related to the
procedure of their measurement. Thus, the mea-
surement of biochemical oxygen demand (BOD) is
performed according to the method [6]. According to
this method, the linguistic characteristics of the term
sets of the scale “BOD in surface waters mg/dm?3” are
as follows: T, — “ClassI — very clean” (less than 1.0),
T, — “ClassIl — clean” (1.0-2.1), T, — “ClassIII—
contaminated” (2.2—7.0), T, — “Class IV — dirty”
(7.1-12.0). According to the relative measurement
error of BOD set as the confidence interval with a
probability P = 0.95 of 30% (1—10 mg/dm?®) and 25%
(10—100 mg/dm?), a scale for fuzzy linguistic variable
was constructed:

1, for 0<x<0.7
u, BOD = (1.3—x)/0.6 for 0.7<x<1.3
0 in other cases
(x=0.7)/0.6, for 0.7<x<1.3
1, for 1.3<x<1.47
u, BOD =
2 (2.73-x)/1.26 for 1.47<x<2.73 (3)
0 in other cases
(x—1.47)/1.26, for 1.47 < x <2.73
1, for 2.73<x<4.9
p,. BOD =
3 (8.9—-x)/4.0 for 49<x<8.9
0 in other cases
(x—4.9)/4.0, for 49<x<89
Hy, BOD =11, for 8.9 <x<15.0
0 in other cases

Table 1
The results of measurements and classification of NH, content for the Southern Bug River
+ | Measurement result 0.27 0.40 0.33 0.38 0.20 0.31
NH,
mg L T, 0.63; T,]0.08; T,]0.38; T,10.17; T,10.92; T,]0.46;
e | Classificationresult | 257 71002 | 7062 | 7.0083 | T.0.08 T,]0.54
Table 2
Results of measurements and classification of BOD
BOD Measurement result 3.4 1.52 3.92 32 35 2.8
mg
. 7,1 0.96;
dm’ Classification result T,|1 Tz| 0.04 T, 1 T|1 T,|1 T, 1
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The results of the measurement/classification
procedure for the indicator of BOD are determined by
the cross section of the measurement results of Table 2
with the term set (3).

Using fuzzy averaging operator, the outcome of
the procedure of repeated measurement/classifica-
tion of the BOD indicator is obtained: 7,(clean)|0.16;
T, (contaminated)|0.84.

That is, when submitting a measurement classified
by individual results, information about the availability
of the result corresponding to the lower category is
retained.

When constructing group indicators of water
quality, it is necessary to combine individual indicators.
According to the theory of fuzzy decision-making,
associations are performed on the basis of unified
data using a common scale of decision-making [7,
8]. For this case, these are the conditions of verbal
and metric unification. When constructing a unified
scale, the boundaries of individual terms are divided
into the normalizing value — the end of the range.
Then, the unified scales for the above two indicators
are as follows: for NH; T, — “Class I — very clean”
(less than 0.04), 7, — “Class II — clean” (0.12), T,—
“Class III — contaminated” (0.4), 7, — “IV class —
dirty” (1); for BOD T, — “Class I — very clean” (less
than 0.083), 7, — “Class Il — clean” (0.183), T, —
“Class III — contaminated” (0.58), 7, — “Class IV —
dirty” (1). It is obvious that metric unification is not
carried out.

Since only the conditions of verbal unification
are met, the paper proposes the use of fuzzy union
operators, based only on verbal unification with the
presentation of the original data in a classified form.

The analysis of literature sources has demonstrated
that, when combining two or more indicators by
category T, (i :1,7/[), the following operators can be
used:

— S-norm “algebraic sum”, which for indicators
A and B is equal to

Has(T) =1, (T + 0 (1) — 1y, (1) - uyp (T));

~ averaging operator Ky () =~ 3, (7))
Jj=1

where n is the number of indicators that combine.

— Fuzzy — logical sum, which for indicators A
and B is equal to

HF(A+B)(7;) =Wy (1) / A=p, () - uyp ().

For the example shown in Table 1, 2 the results
of the association are:

— S-norm “algebraic sum”:

T (clean)|0.36; T, (contaminated)|0.64;

— averaging: T)(clean)|0.3; T, (contaminated)|0.7;

— Fuzzy — logical sum:

T (clean)|0.25; T, (contaminated)|0.75.

According to the analysis of the results of modeling
the combination of indicators using the above operators,
the following conclusions and recommendations were
obtained:

— the S-norm “algebraic sum” operator has the
greatest variance and the greatest sensitivity to the
upper or lower categories;

— the Fuzzy — logical sum operator has the lowest
variance and the lowest sensitivity to the upper or
lower categories;

— the results of aggregating by the averaging
operator are between the S-norm “algebraic sum” and
Fuzzy — logical sum;

— the S-norm “algebraic sum” operator can be
recommended for the construction of group indicators
if it is important to take into account the dispersal
of the result of the classification by individual indi-
cators;

— Fuzzy — logical sum operator can be recom-
mended for the construction of group indicators if the
purpose is to assign the result of the classification to
certain categories of individual indicators;

— the averaging operator can be used for any
number of indicators and retains the property of unit
separation and can therefore be recommended for
group indicators as the most universal.

4. Conclusions

Given the measurement uncertainty, the scale of
the measurement/classification procedure is a scale
with fuzzy linguistic variable, the categories of which
correspond to the term set of fuzzy linguistic variable,
and the membership functions of individual terms
correspond to the characteristics of measurement
uncertainty at the boundaries between the terms.

When processing the results of multiple
measurements, individual measurement results are
classified and then combined by fuzzy averaging.
In this case, the combined function of belonging to
the classification result retains data on the degree of
belonging to the upper or lower categories.

The operators of fuzzy logic that can be used
in the construction of group quality indicators are
considered and recommendations for their application
are given.
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AnoTauis

Y po6oTi po3MISIHYTO MPOLEAYPY BUMiprOBaHHsI/Ki1acudikailii B1acTUBOCTE 00’ €KTIB, 110 € MOKAa3HUKAMM SIKOCTI, sIKa
BUKOPHCTOBYEThCS IS BUBHAUYEHHSI KaTeropii SIKOCTi 00’ekra. BiamoBimHO M0 pO3IJISHYTOI Mpoleaypu OyIyeThCS IIKaa
3 METPUYHUM HOCIEM 3a Jiaria30HOM BUMipIOBaJbHOI BJIACTMBOCTI, Ha SIKiil HAHECEHO T'paHUlIi, 1110 BiAIOBiJAIOTh KaTEropisam
SIKOCTI 00’€KTa 3a IIi€l0 BJIACTUBICTIO. BimmoBimHO Mo IMX KjaciB i Kareropiii mpu 3acTOCyBaHHI OAMHMYHMX TMOKA3HUKIB
SIKOCTi BUpILIYEThCS 3alaya BiTHECEHHSI SIKOCTi BOAM NO BiAMOBIAHOI BEepOAJIbHOI KaTeropii 3a OAHUM KOMITOHEHTOM.
[Ipu ypaxyBaHHi HEBM3HAYEHOCTI BMMipIOBaHHs IIKajla CTA€ HEUYIiTKOMO i 3arajibHa TepM-MHOXMWHA IIKaJIU BiIMOBiIa€
kareropisim kiacudikaiiii. [TokazaHo, 1m0 pesyabraT kjacudikallil BKJIIOYA€ HalMEHYBaHHS KaTeropiii 3 MO3HAYEHHSM
CTYMNEHSI MPUHAJIEXXHOCTI 10 1i€l Kareropii. Yepes Te, 110 BHACTIIOK ypaXyBaHHSI HEBUM3HAYEHOCTI (DYHKIIiT MPUHAJIEKHOCTI
OKPEeMUX KaTeropiil Imepepi3aloThCsl, TO XapaKTepHCTHKOI HEBM3HAUYEHOCTI IPOLEAYpH BMMIiprOBaHHS/Kiacudikailii crae
po3Max kiaacuiKoBaHUX JaHUX 3a CYCIAHIMU KaTEropisMu.

[1pu moOymoOBi rPyMOBKUX MOKA3HUKIB HEOOXiMHE 00’ €THAHHS OMMHUYHUX IMOKA3HUKIB, IO IMiIISATaIN 6araTopasoBUM
BUMIipIOBaHHSM. 3TiIHO 3 TEOPI€I0 MPUMHSITTS HEYITKUX pillleHb 00’€IHaHHS IPOBOASITH HA OCHOBI YHi(hiKOBAaHUX JaHUX
i3 BUKOPUCTAHHSIM 3arajbHOI IIKAIW MPUHHATTS pilieHsb. [1si ompaiioBaHHsT 6araTropa3oBUX BUMIpIOBaHb 3a TPOIELYPOIO
BHUMipIOBaHHS/KJIacudikallii 3aliporiOHOBaHO MeTOH i3 KiracudiKalliero KOXHOTO pe3yIbTaTy BUMipIOBaHHS i ITONATBIIAM
BUKOPUCTAaHHSIM OIEepaTopa HEUITKOTO ycepeAHeHHs. AK MpUKIan 3aCTOCYBaHHSI 3allPOTIOHOBAHOTO METOMY BUKOPHUCTAHO
BU3HAUEHHS KaTeropiii sIKOCTi Boau 3a ii OioXiMiYHMMM BiIacTUBOCTSIMMU. [IpoBeneHO MOJETIOBaHHS IMOOYIOBU TPYITOBUX
MOKa3HUKIB SIKOCTI 3a YMOB BepOajibHOI yHiiKallii 3 BUKOPUCTAHHSIM HACTYITHUX OIEpaTOpiB HEUIiTKOI JIOTiKM: S-HopMa
“anredpaiuHa cyma”, omepaTrop HEYiTKoro ycepenHeHHs, Fuzzy — noriuHa cyma. [lpoBeneHO MOpiBHSIHHS Ta po3poObJieHi
pekoMeHaalii 3 iX BUKOPUCTAHHSI.

Kniouosi caoBa: mpoiienypa BuUMiploBaHHsI/Kaacudikallil; HeBU3HAYEHICTh BUMipIOBaHHsI HEYIiTKOI IIKaIW; HEYiTKi
MOKA3HUKU SIKOCTi; TPYMNOBi MOKAa3HUKU SIKOCTI.

MeTtoabl 00padOTKH JAHHBIX, MOJYYEHHBIX
no mpoueaype udMepeHHs/Kaaccupukamum
nokKasareJjieii KauecTBa 00bEKTOB

O.10. loga, PHO. Josrantok, H.A. Apemuyk

HayuoHarnbHbIl mexHuveckuli yHugepcumem YkpauHbl “Kuesckuli nonumexHu4eckul uHcmumym umeHu Meopsi Cukopckozo”,
np. Mobedwi, 37, 03056, Kues, YkpauHa
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AHHOTaIMS

B pabote paccMoTpeHa Tporeaypa M3MepeHUs/KiIacCu(UKauyu CBOMCTB OOBEKTOB, SIBIISIOIIMXCS ITOKa3aTeJITMU
KayecTBa, MCIOJb3yeMasl [UIsl OIIpeneeHus] KaTeropuu KadectBa oObekTa. CoOMIacHO IIpOLEaype CTPOMUTCS IIKaia
C METPUYECKUM HOCHUTEJIEM TT0 JMara3oHy M3MEPUTEIBHOTO CBOMCTBA, HA KOTOPOM HaHECEHBI TPAHMIIBI, COOTBETCTBYIOIINE
KaTeropusiM KauecTBa 00beKTa 10 3TOMY CBOMCTBY. Ilpu ydyere HeompeneaeHHOCTA M3MEPEHUsI IKala CTAHOBUTCS HEYEeTKOM
U 00I1Iee TePM-MHOXECTBO IIKAJIbl COOTBETCTBYET KaTeropusM Kiaccudukammu. [TokazaHo, 4To pe3yabTaT KiacCu@UKaun
BKJIIOYAaeT B ce0sl HaMMEHOBaHMWE KaTeropuil ¢ yKa3aHMeM CTeleHU MPUHAIEXXHOCTH K 3Toil KaTeropuu. ITokazaHo, 4TO
XapaKTEPUCTUKOM HEOIPENeICHHOCTU TTPOLEIyphl M3MEePEeHUs/KIacCu(PUKaIUM CTAHOBUTCSI pa3Max KJIacCH(UIIMPOBAHHBIX
JMAHHBIX [0 COCETHUM KaTeTOPHSIM.
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Jns 0O6pabOTKM MHOTOKPATHBIX W3MEPEeHWN IO TMpolieAype W3MepeHUs/KiaccudUKaluu TPEToXeH METON
kiaccuUKaLUKU KaXI0ro pe3yibraTa U3MEpEeHHUsl C TOCIIENYIOIIMM HMCIOIb30BaHUEM OTEepaToOpoOB HEUETKOTO YCPETHEHUSI.
B xauectBe mpumepa TpUMeHEHUs TPeIJIaraéMoOro MeTo/a MCIOIb30BaHO OTpeNeeHre KAaTeropuii KauyecTBa BOMBI MO ee
OMOXMMHWYECKUM CBONCTBaM.

KioueBbie c10Ba: mpolenypa u3MepeHus/KiiacCu(UKali; HeOoNpeaeJeHHOCTh N3MEPEHUS HEUSTKOM IIKaIbl; HeYeTKIE
mokasaTe/ KauecTBa; IPYIMoBbIe MOKa3aTeJau KayecTna.
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