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APPLICATION OF USER INTERFACE FUZZY LOGIC TOOLBOX
FOR QUALITY CONTROL OF PRODUCTS AND SERVICES

Abstract. In this work, the solution for the quality control of products and services is illustrated for the first time on
examples of wine production and the provision of educational services in the university by creating a heuristic analyzer
based on the Fuzzy Logic Toolbox interface of the Matlab program. There were also considered the problems of
constructing quality control models with fuzzy logic for solving problems arising in cases when it is not possible to use
classical statistical methods. The factors influencing the quality of products, in particular wine, and services on the
example of providing education are analyzed, the possibility of using the fuzzy logic apparatus for determining the
weight contribution of factors that ensure maximum quality is proved. Computer simulation using the Mamdani
algorithm is performed, which consists of fuzzification with the definition of ranges of change of input values for each
example, assigning the distribution functions for each input parameter; calculation of the rules, based on the adequacy
of the model; defuzzification with the transition from linguistic terms to quantitative evaluation; graphical construction
of the response surface using a centroid method with determination of the center of gravity of the response surface. The
modeling has confirmed that the creation of a heuristic analyzer for determining the quality of wine and the quality of
education is appropriate and necessary for preventing the production of substandard products and the provision of

substandard services.
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Introduction

Currently, there is an active scientific search for
methods to improve the quality of products and services
to ensure a high competitive level due to the European
integration of Ukraine. The very actual remains the
scientific and applied task of improving the quality of
products and services, by identifying the weakest stage
of production or service delivery, the impact on which
will improve the quality and the competitive level.

In most cases, for objects of qualimetry, the input
parameters have one unit of measure, and the output
parameter is different. Under such conditions it is
impossible to carry out the mathematical operations and
determine the share of influence of the factor on the
final result. In addition, products and services can be
attributed to poorly formalized ones, and ones that are
affected by inaccuracy, ambiguity, ambiguity, non-
stationarity, uncertainty, etc. In this case, it is advisable
to use fuzzy logic, which by means of fuzzification
allows you to move from numbers to linguistic terms,
make up rules, and then, thanks to defuzzification,
return to numbers.

The subject of fuzzy logic is the study of
judgments in conditions of fuzziness, which are similar
to judgments in the usual sense, as well as their
application in computer systems [1-3]. Serious
development theory received in the works of the
scientist Jerry M. Mendel, who gave a definition for the
basic algorithms of fuzzy logic. This was reflected in his
works [4-6].

Currently, there are many algorithms for fuzzy
logic. Most commonly used are the following: the
algorithms Mamdani [7], Tsukamoto [8], Sugeno [9],
Larsen [10]. In work [6] models were chosen for
linguistic variables in the fuzzy logical derivation of
Mamdani and its advantage over other methods in
assessing quality was proved. The basic analytical

relations describing the functioning of this algorithm are
presented in the works [11,12].

Further literary analysis shows an increased
interest in using the mathematical apparatus of fuzzy
logic in the industry and the socioeconomic sphere. The
paper [13] presents a new system identification
methodology for industrial systems. The efficacy of the
proposed approach is demonstrated through the
experimental trails from a compressor in an industrial
gas turbine system. So in [14] the solution of the
problem of classification of defects of metallic pipes of
oil and gas pipelines with the help of the algorithm of
fuzzy logic inference Mamdani and fuzzy knowledge
base Sugeno is presented. In [15] a method for
increasing the accuracy of detecting defects in metal
products was proposed, and the possibility of using the
apparatus of the theory of fuzzy sets to determine such
parameters of an eddy current transducer was proved,
which would make it possible to minimize the risk of
making an error in determining the defect. In the work
[16] solution for the control of parameters accuracy of
technological process of manufacturing kefir and
increase of its quality by creating the heuristic analyzer
is considered. In the work [17] the examples of use of
the fuzzy-logic device in the business, medical
diagnostics, in various control and ecology and
environmental protection spheres has been considered.
The paper [18] aims to establish a non-linear regression
model based on Mamdani fuzzy inference system and
the data used in this operation is collected with
pollutants. The resultant air quality index is then
measured.

The described above analysis sets the goal to
consider the practical implementation of the use of the
fuzzy-logic device in terms of quality control of products
and services by modeling a heuristic analyzer using the
Fuzzy Logic Toolbox user interface in a software
environment MATLAB.
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Fuzzy logic inference
using the Mamdani algorithm

False logical conclusion based on Mamdani's
algorithm is performed by fuzzy knowledge base:

szl( ,ilxi:aiip’Wip)’y:Ti’j:L_m: (D

where the values of the input and output variables are
given by fuzzy sets.
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where U(ﬂ ) — operation with s-norms (t-norms), that

is calculated from the set of implementations of logical
operations OR (AND). The most commonly used are the
following implementations: for OR operation — finding
the maximum and for operation AND — finding the

minimum. The result is this fuzzy sets ;/, the

appropriate input vector X :
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The peculiarity of this fuzzy set (5) is that the its
universal term is the term set of the output variable y. For
the transition from the fuzzy set given on the universal set
of fuzzy terms {7, 1>,..., T,,} to the fuzzy set on the

interval | )_/)_/| the following steps should be taken:

1) “cut” function of membership m, (y) at the

level m, (x°);
2) aggregate the resulting fuzzy sets:

y=agg, ;. (Emin(wj (X). () /y) (6)

The exact output value y corresponding to the
input vector X~ is determined by the defuzzification of
the fuzzy set ;/ .

This algorithm at this time received the greatest
practical application in the problems of fuzzy modeling.
A distinctive principle of this model from others is that
its rules of inference on the right side contain fuzzy
values (membership functions). When using the
maximum as an aggregation operator and a minimum as
an implication operator, the procedure for obtaining a
fuzzy output value is a composition of max-min.

Formation of the rules base for the system of fuzzy
inference is carried out in the form of an ordered
coordinated list of fuzzy production rules in the form
"[F A THEN B", where the antecedents of the fuzzy
rules kernels are constructed with the help of logical "I"
links, and the consequent kernels of the rules of fuzzy
production are simple.

The fuzzification of the input variables is carried
out in the manner described above, just as in the general
case of constructing a fuzzy inference system.

Aggregation of the subconditions of fuzzy products
rules is carried out with the help of the classical fuzzy logic
operation "AND" of two elementary statements 4, B: T'(4 N
B) = min{T (A4); T (B)}. Activation of subcontracting
rules of fuzzy products is carried out by the method of
min-activation p(y) = min{c; u(x)}, where w(x) and ¢ —
are, respectively, the membership functions of terms of
linguistic variables and the degree of truth of fuzzy
sentences forming the corresponding consequent of the
kernels of fuzzy product rules.

Accumulation of subcontracting rules of fuzzy
products is performed using the classic for fuzzy logic
max-combining the membership functions

V x € XuABx = max{udx; uBx}.
The defuzzification is carried out by the method of
the center of gravity and the center of the area:

y= jjy-u;(y)dy / EM;(Y)W ™)

The most commonly used method of
defuzzification is the center of gravity. However,
applying this method, it is necessary to remember that
the range of clear values of output variables will always
be the interval at which it is defined. This defect is
deprived of the second most frequently used method of
dephasing - the center of maxima. When using the
method of the center of maxima, one should take into
account the fact that the result of dephasing is not
sensitive to the rules contribution, that have small
degree of fulfillment and that depends only on the rules,
the degree of fulfillment of which is maximal.

Building a heuristic analyzer of the fuzzy
knowledge base of Mamdani to determine
the factors most influencing the quality
of products and services

To build a heuristic analyzer, we use the interface
of the fuzzy logic system of the MATLAB computer
program and in it the Mamdani knowledge system in it.
Calculations and construction of fuzzy logic diagrams
are performed using the same application.

1. Construction of a heuristic analyzer for
quality control of wine

The main parameters affecting the quality of the
wine are the observance of the technology in production
and the quality of raw materials used for production.
Thus, the model must have two inputs and one output.
As the first entry, we choose compliance with
technology, and as the second input - the quality of raw
materials. As the initial value, we choose the quality of
the products (Fig. 1).
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Fig. 3. Specifying a technology compliance parameter window
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We assign membership functions for the selected
output variable - product quality. In Range, we set the
range in which the function changes (from 1 to 100%).
Specify the type of membership function in the Type
column: for three membership functions, namely, the
unquality (range from 0 to 50%), suitable for use (range
from 50 to 70%) and quality products (range from 70 to
100%) choose the distribution (trimf) trapezoidal

distribution law (Fig. 4). We set the rules for which the
model will operate. In the "rules" window we will make
rules that characterize each of the parameters (Fig. 5).
Since the system has two inputs (each coded as 00,
01, 10), so the maximum output states 3*2=6 different
output combinations, but there are critical conditions
that clearly classify the quality of products, as
appropriate rules to reduce the number to five.

) ) plot points: 181
FIS Variahles : : : lldembershlp Ifunl:lu:rn plutsl , : ,
unquality =atisfactory quality
‘XX i i
the compliance with product quality
tis technology
the quality of the ™ 7
raw material
1 1 1 1 1 1 1 1 i
o 1 20 i} 4 c0 a0 0 a0 &0 100
output wariable "product quality™
Current Variable Current Membership Function (click on MF to select)
Name product quality Name quality
Type :
Type output trimf ~
Params
fange [70 25]100]
[0 100]
Displey donoe [0 100] Help Close

Fig. 4. The task window of the parameters of the output parameter is the quality of the wine

1. If (compliance with.. 3 poor) or (quality o*the raw is bad) then { product quality is unguality} (1) ~
2. If (compliance with.. 8 good) and (guality o” the raw is bad) then (product guality iz unguality} (1}

3. If (compliance with.. s good) and (quality o” the raw is good) then (, product quality is satisfactory} (1)

4, If icompliance with..is exellent) and (Quility o' the riw iz good) then (product quality “is quality) (1}

5. If (complidrcs with iz poor) and (qualty of ihe raw 1 is good) then { product quality . is unguality) (1)

W
| ) ] and Then
compliance with quality of the
the technology raw material product quality
poor ~ bad ~ unguality ~
good good satisfactory
exellant nocne quality
none none
W W W

|:| not |:| not |:| not
— Connection Weight:

2 or

® and 1 Delete rule Change rule | 2z | ==
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Fig. 5. Window rules editor

Some of them:

1. If the technology is "bad", and the quality of raw
materials is "unsatisfactory", then the quality of the
product is "poor".

2. If the technology is "good" and the quality of
the raw materials is "unsatisfactory", the quality of the
product is "poor".

3. If the technology is "good" and the quality of
the raw material is "qualitative", then the quality of the
product is "suitable for use".

From Fig. 6,a it is evident that fifty percent
compliance with technology and the same quality of raw
materials provide twenty-five percent of the product
quality.
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Full compliance with the technological regime and  quality (Fig.6, b). Graphic representation of values of
the use of quality raw materials give only 84.6% of

variables and response surface are shown in Fig. 7.
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Fig. 6. Window of values of variables:
a —at 50% compliance with the input parameters; b — at 100% compliance with the input parameters
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Fig. 7. The surface of the fuzzy model response
in the control of wine quality

2. Building a heuristic analyzer for monitoring

the quality of educational services

The main indicators of quality (IQ) educational
services was chosen "Quality of entry", "Quality of the

learning process"
education".

The output value will be the
quality of education (Fig. 8). We
assign membership functions for
the selected input variables. Each
variable has three terms "low",
"medium" and "high" quality.

We describe the fuzzy
variable "Quality of entry". In
Range we will set the range in
which the function changes, from
100 to 200 points (according to
the rules of admission to
institutions of higher education).

We set the type of the
membership function in the Type

and "Quality of the results of

column: for three membership functions, namely low
quality (range from 100 to 140 points), average quality
(range from 110 to 190 points) and high quality (range
from 160 to 200 points) choose a triangular form
(Fig. 9, a).

We describe a fuzzy variable "Quality of the
learning process". According to the European scale
ECTS we will assume that the minimum rating that
characterizes the quality of training is the assessment of
E (60 points), and the maximum - A (100 points).
Therefore, at the Range point we will set the range in
which the function changes, from 60 to 100 points
(since the quantitative assessment of the student's
learning outcomes is the average score of the exam
session). In the Type box, select the Gaussian
distribution (Fig. 9, b).

Similarly, we define the membership functions for
the selected input variable - the quality of the results of
education (Fig. 9, ¢).

We assign membership functions for the selected
output variable - the quality of education. In the Range
setting we set the range of the change of the triangular
membership function - from 1 to 100%. (Fig. 10).

quality of entry

quality of the learning process

O

o
2|

quality of the results of education

Rule

(mamdani}

quality of education

Fig. 8. Window task input and output parameters

for quality control educational services

122




ISSN 2522-9052

CyuacHi iHdopmaniiini cucremu. 2019. T. 3, Ne 4

low

average

120 12 " 150 [ 17 180

input variable "quality of entry"
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get the response surface (Fig. 11, a-c), which shows
three different combinations of input parameters from
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Fig. 9. Window task parameters
for the quality of educational services:

a — membership function for the input parameter

"Quality of entry";

b — membership function for the input parameter

"Quality of the learning process";
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Fig. 11. The surface of the fuzzy model response
in controlling the quality of educational services:
a — the dependence of the quality of education
on the quality of admission and the quality of education;
b — the dependence of the quality of education
on the quality of the entry and quality of the result;
¢ — the dependence of the quality of education
on the quality of the learning process and the quality
of the result of education
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Using the graphical user interface, we managed to
build a fuzzy logic system that solves the tasks of
monitoring and evaluating the quality of both products
and services.

In the first case, this system made it possible to
determine the impact on the quality of production of
compliance with the production technology and the
quality of raw materials in the production of wine.

In the second case, the system slows the influence
of the quality of all stages of student training on the
resulting quality of education.

The obtained simulation results (Fig. 7, 11)
illustrate the adequacy of the fuzzy system for both
cases considered, allow us to determine the optimal
conditions for achieving the desired result.

It should be noted that for both examples, the
criterion of optimality is one hundred percent quality of
products and services, which from the very beginning is
a difficult task.

However, it is this quality that is both a criterion
for economically profitable production and a consumer
of consumer health.

In our cases, this phenomenon is illustrated in the
following way: with one hundred percent observance of
all input parameters, the value of the output parameter

does not reach the given maximum. This can be
explained by taking into account the various risks that
affect the system.

A better variant of the resulting quality can be
achieved by choosing another method of
defuzzification, but the fuzzy model becomes richer and
inferior to adequacy.

Conclusions

1. The proposed approach, based on fuzzy logic,
provides an opportunity to take into account the
parameters of influence on the technological process to
determine the optimal relationships between them. At
the same time, its use is correct for quality control of
both products and services. Thus, it is possible to solve
the problem of quality control of products and the
quality of service provision precisely thanks to the
fuzzy-logic apparatus.

2. Using the graphical user interface of a built-in
fuzzy logic system allows you to set what should be the
input parameters in order to provide high quality output.

3. The proposed heuristic analyzer serves as an
advisor for a technological engineer or specialist in the
field of service provision and can be used in any field of
the national economy.
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3acTocyBaHHs IPU3HAYEHOr0 1/ KopuctyBayda intepdeiicy Fuzzy Logic Toolbox
JJIs1 KOHTPOJIIO IKOCTi MPOXYKIii Ta MocJIyr

I. B. I'puropenko, T. B. JIpoznosa, C. M. I'puropenko, O. €. TBepurHukoBa

AHoTanisi. B poOoTi Buepie npoultocTpoBaHO pillleHHs 3aJadi KOHTPOJIO SIKOCTI NPOIYKLIi Ta IMOCIYr Ha NPHUKIanax
BHUPOOHMIITBA BUHA 1 HAJaHHS OCBITHIX rmociyr y BH3 3a nomoMororo cTBOpeHHs! €BpUCTHYHOrO aHaiizaTopa Ha 0a3i iHtepdeiicy
cucremu HediTkoi soriku Fuzzy Logic Toolbox mporpamu Matlab. PosrisiHyro nutanHs no0yq0BH MoJieIeil KOHTPOIIIO SKOCTI 3
HEYITKOIO JIOTIKOIO JUIsl BUPILIIEHHS 3aBaHb, 1[0 BUHUKAIOTh Y BUIAKaX, KOJIM HEMAae MOXIIMBOCTI BUKOPUCTOBYBATH KJIACHYHI
cratuctuuHi Meroxu. IIpoaHanizoBaHo (hakTopu, IO BIUIMBAIOTh HA SKICTh MPOAYKIi, 30KpeMa BHHA, 1 MOCIYr Ha IPUKIa
HaJaHHSA OCBITH, JIOBEJEHAa MOMJIMBICTH 3acCTOCYBaHHs amnapary fuzzy logic st BU3HAa4YeHHS BaroBoro BHeCKy (akropis, ski
3a0e31e4yloTh MaKCUMaJIbHy sIKicTb. IIpoBeZieHO KOMIT'FOTEpHE MOJIEIIOBaHHS 3a ajropuTMoM Mamdani, sikuii ckiagaeTses 3
¢asudikamii 3 BU3HAYSHHSM Jlialla30HIB 3MiHM BXITHUX BEJIWYWH JUII KOKHOTO IPHKIANy, 3aBIaHHAM (QYHKIIH pO3NOAiTY IUIs
KOXXHOTO BXIJHOTO TapamMerpa; OOYMCIEHHS IPaBWII, BUXOASYM 3 aJeKBaTHOCTI Mozeni; nedassudikamii 3 mepexomoMm Bif
JIHIBICTUYHUX TEPMIB JI0 KiIbKICHOI OLIIHKH; TpadiuyHOro nody10BH MOBEPXHI BIAI'YKY, BUKOPUCTOBYIOUHN LIEHTPOIHOIO METO 3
BU3HAUCHHAM LIGHTPY Bark MOBEPXHI BIATYKy. MOZAENIOBaHHS MiATBEPWIIO, 110 CTBOPEHHS €BPUCTHYHOIO aHalizaTopa Julst
BH3HAYECHHSI SIKOCTI BUHA 1 IKOCTi OCBITH JOLLIBHO 1 HEOOXiHO JJIs TOTO, 100 HE JOITYCTHTH BUPOOHUIITBO HESIKICHOI MPOIYKII{
1 HaJlaHHS HESKICHUX MTOCIYT.

Kar4dosi ciaoBa: HeuiTka jorika; eBpUCTUYHHMIT aHami3aTOp; azudikauis; nedaszudikamnis; KOHTPOIb SKOCTI.

IIpumenenue nojab3oBaTebckoro uaTepdeiica Fuzzy Logic Toolbox
JJISI KOHTPOJISI KAaYeCTBA MPOAYKIUH U YCIyT

H. B. I'puropenko, T. B. JIpoznosa, C. H. I'puropenko, E. E. TsepuTHnkoBa

AHHoTanus. B pabore BrepBble NPOMIUIIOCTPHPOBAHO PEIICHHS 33/1aull KOHTPOJsSI KauecTBa MPOAYKLMH U YCIYr Ha
IpyMepax MPOU3BOJCTBA BUHA M IPEJOCTaBICHHUA 00pa30BATENBbHBIX YCIYr B By3aX IIOCPEICTBOM CO3JaHHUS 3BPUCTHYECKOIO
aHanu3aropa Ha 6aze unrepdeiica cucrems! Heuerkoi oruku Fuzzy Logic Toolbox nporpammsl Matlab. PaccmoTpeHs! Bonpocst
MOCTPOCHHSL MOJIeTIell KOHTPOJsI KauecTBa C HEYETKOW JIOTMKOM I PEelleHMs 3a/ad, BOSHHUKAIOIIMX B CIydasx, KOrja HeT
BO3MOJKHOCTH HCIIOIb30BaTh KJIACCHYECKUE CTaTHCTUUecKHe MeTonbl. [Ipoananu3upoBaHbl (GakTopsl, BIMSIOLIME HA Ka4€CTBO
NPOAYKIMY, B YAaCTHOCTH BMHA, M YCIYI Ha IPUMEpe IPENOCTaBICHUS OOpa30BaHUsA, JI0Ka3aHa BO3MOXKHOCTb IPHUMEHEHHS
annapara fuzzy logic 1 onpezeneHns BECOBOrO BKIaaa (DakTopoB, KOTOphlE 00ECHEUMBAIOT MAKCUMAJbHOE KadyecTBO.
ITpoBeneHO KOMIIBIOTEPHOE MOJEIMpOBaHUE 1O Meroay Mamdani, koTopblii cocrout u3 (azzudukamu ¢ onpeneneHueM
JIMaNa30HOB M3MEHEHVS BXOMHBIX BEJIMYMH JUIS KaXIOro IpuMepa, 3axadeid QyHKIUH pacipeneseHus Uil KaXI0ro BXOJHOTO
HapaMeTpa; BBIYMCICHUS IPABIII, MCXOIS M3 aJeKBAaTHOCTH Mojend; xedassuduxanuu ¢ mepexonoM OT JIHHIBUCTUYECKUX
TEPMOB K KOJIMYECTBEHHOH OLCHKE; I'Pa)MUEecKOro IOCTPOCHHS IOBEPXHOCTH OTKIIMKA, MCIIONb3YS LEHTPOMIHOIO METOA C
ONpE/IENICHUEM LEHTpA TSHKECTH IIOBEPXHOCTH OTKIMKA. MOJIENUpOBaHUE IOATBEPAMIO, YTO CO3JAHHME 3IBPUCTHUECKOIO
aHaAIM3aTopa JJIs ONpeJieieHUs KayecTBa BMHA M KadyecTBa 00pa30BaHMs LEJIecOO0pa3sHO M HEOOXOAUMMO I TOro, YTOoObl He
JIOITYCTHUTB IIPOM3BOJICTBO HEKAYECTBEHHOMN MPONYKIMH H IIPEIOCTABICHHS HEKAYE€CTBEHHBIX YCIIYT.

KaroudeBble cJiioBa: HeyeTKas JIOTMKA; 3BPUCTUUECKMI aHanum3arop; (aszsudukanus; neda3suduxanus; KOHTPOIb
KayecTna.
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