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Abstract

This article analyzes the procedures for improving quality management using the example of solving problems of com-
pliance with product quality requirements at industrial enterprises. The quality of the products largely depends on the
use of modern methods and tools of quality management, as well as on improving the competence of personnel in the
field of quality systems. In this regard, it is proposed to apply the corporate knowledge of the enterprise, including
models and algorithms of artificial intelligence. Corporate knowledge is formed on the basis of the formation and pro-
cessing of documentation, interviewing qualified specialists and intellectual data analysis on the implementation of
business processes. During the research, an ontology of quality management was developed, decision-making rules
were created and the results of improving the quality management system using a neuro-fuzzy network were predicted.
The use of these artificial intelligence tools will make it possible to form a unified terminology to ensure an unambigu-
ous perception of information by all participants in the process and the use of a knowledge base to support decision-
making. It is proposed to use quality management tools to improve the efficiency of decisions made by intelligent tools,
i.e. production rules and neural networks.
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Introduction

The procedures for managing quality assurance and improvement processes are part of the
management system for the entire organization and are determined by the requirements of ISO in-
ternational standards: the 9000 series in the field of quality management [1] and risk analysis [2], as
well as the recommendations of the ISO 14000 series of standards, focused on improving the envi-
ronmental performance of the enterprise [3]. The directions of the organization's development are
determined by the policy in the field of occupational safety and health management, quality man-
agement, and HR (Human Resources) management. According to the general theory of systems, the
elements of the quality management system, HR management system, occupational safety, and
health management should interact with each other in order to achieve the goals of the organiza-
tion [4].

The quality management problems sometimes turn out to be so complex that the problem of de-
cision-making exceeds the psychophysiological capabilities of a person, and a need for intellectual
support for decision-making arises [5]. It is also relevant to create a single informational space for
exchanging views and experience between various actors - specialists in different subject areas in-
volved in the management process. As a result of the work, collaboration with key departments of
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the enterprise will obtained, the correct organization of which has the most significant impact on the
quality of the finished product.

1 Ontological analysis of the quality management system

The main goal of intelligent decision support is to improve the quality of decisions made
through closer cooperation and knowledge exchange between managers of interacting business pro-
cesses based on ontology. The use of decision support systems (DSS) increases the efficiency of
decision-making, improves their quality through analytical methods for the formation and selection
of alternatives and the use of formalized expert knowledge, as well as significantly reduces the risk
of making erroneous decisions.

Ontology is the knowledge formally presented on the basis of conceptualization, under which a
description of a set of objects and concepts, knowledge, and connections between them is assumed
[6]. An important function of the ontology is also to increase the efficiency of information retrieval
of relevant decisions in quality management systems on the example of the enterprise Timber LLC.

The structure of the ontology consists of the axioms of the hierarchy of classes (a set of T-
axioms), axioms describing the relations of association, axioms imposed on properties (a set of A-
axioms), Axioms of a conceptual scheme (a set of T-axioms), show descriptions of class taxono-
mies, generalization relations, representative examples of classes. Axioms explaining specific situa-
tions of the subject area and rules characterizing causal relations (a set of A-axioms), reproduce the
rules formulated in ontology defining.

The ontology was developed using the Protégé editor and the Ontology Web Language (OWL).
The ontology shows such subsystems of enterprise activity as organizational management, quality
management, decision support, as well as methods and tools for product quality control.

One of the possible areas of ontology application is information search with using the following
types of queries: implementation of queries for information retrieval in OWL based on the logical
ontology model and implementation of queries in the SPARQL query language. Ontology creates a
single information space in order to manage quality, the parties exchanging knowledge could cur-
rently understand each other. For a detailed look at the production system made use the ontological
analysis, which formalizes the field of knowledge and the relationship between concepts. This al-
lows to have a common understanding of the structure and provides the ability to reuse knowledge
in the subject area. The main advantage of using ontologies in organizational management is a ho-
listic approach to managed processes. At the same time, the following are achieved: consistency
(ontology represents a holistic view of the subject area), uniformity (material presented in a single
form is much better perceived), complexity (ontology construction allows you to restore the missing
logical connections).

Decision support in strategic enterprise management based on knowledge engineering [7]. The
results of ontological analysis are supposed to be used to describe problem situations containing
signs of deviation from the required quality, find the best solutions for improving quality, and select
corrective measures in order to reduce risk.

2 Neuro-fuzzy modeling

In improving quality management processes, it is necessary to take into account the uncertainty
of the quality assessment, manifested in the deviation of the quality of the product from the speci-
fied parameters. The causes of general deviations are: moral wear, physical and moral aging of
products (that is, the loss of the original properties of products during its operation and storage) [8].
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For forecasting, an adaptive neuro-fuzzy network Adaptive Neuro-Fuzzy Inference System
(ANFIS) is synthesized, which implements a forecasting method using experimental data. The
fuzzy inference system is developed using the MATLAB software system.

The experimental study consisted in collecting, evaluating and analyzing the main factors of the
internal environment during 2019, 2020 and 2021, which characterize the process of organizational
management of a manufacturing enterprise. The factors characterizing the processes of quality
management, risk management and personnel management are presented in figure 1, shows that,
unlike the values of quality management and personnel management factors, the values of risk
management factors decrease every year due to the identification of dangerous and harmful produc-
tion factors and the corresponding risks associated with production processes. The scale was
brought to the form 0-1, each value in this range, where 0 is a low value and 1 is a high value. The
less risk management, the better, and the higher the quality indicator, the better. The data can be
obtained by expert means, the expert obtains the knowledge of a certain value by evaluating the in-
dicator.

The problem of assessing the generalized quality indicator of the manufactured sawn timber is
solved using a fuzzy inference system (FIS) based on the Takagi-Sugeno-Kang fuzzy inference al-
gorithm [9].
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Figure 1 — Changes in the values of factors affecting quality management

The proposed assessment of the effectiveness of the functioning of the quality management sys-
tem belongs to the class of forecasting problems, which are solved using methods of neuro-fuzzy
modeling.

At the initial stage of creating a FIS, an analysis and selection of factors that have the greatest
impact on the quality indicator of finished lumber were carried out. The choice of the most influen-
tial factors was carried out on the basis of the method of expert assessments [10, 11]. The FIS for
assessing the generalized quality indicator of the manufactured sawn timber was proposed to be con-
sidered as a two-level hierarchical system, the lower level of which is represented by three fuzzy in-
ference subsystems that solve the problems of HR management, quality management and occupa-
tional safety and health management, ecology, industrial and fire safety. The upper level of the creat-
ed FIS directly solves the problem of assessing the generalized indicator of the quality of sawn tim-
ber based on the output data of the lower level subsystems, including quality indicators: X; — cus-
tomer satisfaction in terms of quality indicators; X, — assessment of incoming raw materials; X3 — the
specific weight of rejected products; X4 — the state of industrial injuries and occupational diseases;
Xs — financing of activities to improve labor conditions and safety; X¢ — delivery time management,
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X7 — professional level of the enterprise HR; Xg — motivation, and remuneration; Xy — the degree of
information support for work with people.

At the top level of the hierarchical fuzzy inference system, three factors are presented to assess
the effectiveness of the functioning of the quality management system: Quality Management (QM),
Risk Management (RM), Personnel Management (PM); the output variable is Effectiveness (Effect).

On the basis of expert knowledge within the framework of the proposed hierarchical model of
FIS, a base of fuzzy production rules in the form of conditional statements of the “IF-THEN” type,
representing a fuzzy implication, was developed [12]:

IF PM is A;;AND QM is A;; AND RM is A;3THEN Effect is B;,
where A;;, B; are linguistic values identified using a fuzzy method through the corresponding mem-
bership functions A (x;) u uB(y) for variables.

Examples of rules for FIS can be presented in the table 1.

When developing point scales, the gradation of the scale is determined depending on the nature
of the task, the quality of experts, the necessary accuracy of the results and the possibility of a verbal
description of the characteristics of quality levels. The example shows the above scale with four
quality levels. A group of experts was involved in the work, among the employees of the enterprise,
which is involved in the organizational management of technological processes. Four qualitative val-
ues were used on the scale: low, medium, high and very high.

In Table 1, on the left, seens the ontology of organizational management, where in the decision
support system class there is a subclass of the rule, and on the right side, the rules themselves are
shown contained there.

Table 1 — Examples of rules for FIS

Organization management ontology Rules
Active antalogy = | Entities = | Classes X—[ Object properties = If (PM s 1OW) and (QM is low) and (RM is hlgh)
then Effect is low
%% 0. = Asserted ~
ve e e If (PM is middle) and (QM is middle) and (RM middle)
----- ® Accident then Effect is middle
| == @ Attribute
- < @ Criterion
v @ Decision_Support_System If (PM is high) and (QM is middle) and (RM is high)
: @ case N .
.. < @ Decision then Effect is high
----- L Decisinn_MakFr )
@ Knowieage Bass 2o If (PM is very high) and (QM is high) and (RM is low)
o o Rule then Effect is high
- Defect
- < @ Effectiveness
: EC;‘TSE;:? If (PM is middle) and (QM is high) and (RM is low)
- - @ Method then Effect is high
| = @® Model
-« @ Modeling
v <@ Organization_Management (PM is low) and (QM is middle) and (RM is high)
b ® Data_Base 7
.‘ L ] EIect?rnnic_nncument_Management then EffeCt 18 ]OW
b ® workflow
T e rocess (PM is low) and (QM is low) and (RM is high)
¥ @ Quaity_management then Effect is middle

: @ Quality assessment
w-- < @ Quality_Control

- : Sﬂzl:ngfgﬂinmm (PMis middle) gnd (QM is middle) and (RM middle)
..... @ Standard then Effect is middle
@

A model describing the impact of concepts on work efficiency enterprises was built through peer
review. Values and the mutual influence of factors was assessed on an ordered scale with four lin-
guistic meanings - from the value (influence) "very high" to the value (influence) "low ". The indica-
tors are evaluated on a 100-point scale, and if a group of experts evaluates the level of the indicator
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from O to 24, then the indicator is classified as a low value, if from 25 to 49, then the indicator is
classified as an average value, if from 50 to 74, then as a high value and very high knowledge in the
case of an indicator value of more than 75.

A FIS is a process of obtaining fuzzy conclusions about the required quality management based
on fuzzy conditions or prerequisites, which present as information about the current state of the ob-
ject [13]. The process of fuzzy inference itself is an algorithm for obtaining fuzzy conclusions based
on fuzzy premises using the basic operations of fuzzy logic.

3 Results

Fuzzy neural set allows you to determine the quality using the theory of fuzzy sets. At the same
time, neural networks are being trained.

Thus, as a result of the study, a model was proposed for the interaction of departments that have
the greatest influence on the process of high-quality lumber production, implemented within the
framework of a systematic approach and based on the use of triads. Within the framework of the
considered task, the problem of predicting the effectiveness of the lumber production process in the
aspect of the interconnected management «Personnel Management (PM)» - «Quality Management
(QM)» - «Risk Management (RM)» is investigated. Figure 2 shows interaction PM and RM.

The prediction method was implemented using an ANFIS based on previous data.
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Figure 2 — Visualization of the fuzzy inference surface of the model under consideration for the PM and RM

And as a result of data analysis, there is rule-based forecasting, which indicates that risk reduc-
tion measures in production are closely related to the enterprise personnel and the overall effect of
the enterprise, expressed in product development, gives a high value. Among the factors influencing
the quality of products, there may be the following personnel management factors: professional se-
lection of employees of certain professions, the degree of information and technical support for em-
ployees, the degree of team cohesion and the absence of internal conflicts, the style of work of enter-
prise managers with personnel, employee satisfaction with the existing system of corporate organiza-
tion. In turn, this entails changes in product quality through customer satisfaction in terms of quality
indicators and delivery times, assessment of incoming raw materials and materials, turnover of work-
ing capital, the proportion of defective products and profitability of sales.

As a result of the of the data analysis, forecasts of the rules for the effectiveness of quality im-
provement were made based on possible changes in risk management and personnel management.
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Conclusion

In the context of the need to use modern quality management tools, new tools are offered. Thus,
in the course of the research, an ontology of quality management was developed, decision-making
rules were created and the forecasting of the results of improving the quality management system
using was carried out. The use of these artificial intelligence tools will allow the use of a common
terminology by all participants in the process to ensure unambiguous perception of information; ap-
ply precedents of problem situations to develop decision-making rules; create a knowledge base in
the DSS. The use of such models and methods of artificial intelligence as ontological analysis and
neuro-fuzzy modeling allows employees of the enterprise to carry out activities to improve product
quality indicators using intelligent decision support. Recommendations should be concentrated in the
analysis of several methods belonging to business processes to identify strengths on the example of
production enterprises.
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YnquueHMe CUctTeMbl MeHeOXXMeHTa Ka4decTBa
MPOMbILWIIEeHHbIX npe,qnpvaMFl Ha OCHOBE UCNOoJib30BaHUA
KopnopaTuBHbIX 3HaHUM
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AHHOTaUuA

AHAU3UPYIOTCS MPOIEAYPHl COBEPIICHCTBOBAHIS YIIPABICHUS Ka4eCTBOM Ha MPHMeEpe pelieHus mpodieM colirome-
HUS TpeOOBAaHMI K KaueCTBY MPOMYKIIMM Ha MPOMBIIUICHHBIX MPEANPHATHAX. KauecTBO BHITycKaeMO# MPOAYKITUH BO
MHOT'OM 3aBUCHUT OT MCIIOJIb30BaHUsI COBPEMEHHBIX METO/IOB U MHCTPYMEHTOB YIIPaBJICHUs KAUECTBOM, @ TAKKE IOBbI-
IICHUST KOMIIETEHTHOCTH TIEPCOHAaNa B 00JIACTH CHUCTEM KadecTBa. [Ipeiaraercs MpUMEHATh KOPIIOPATHBHBIC 3HAHUS
MPEIIPHUATHSA, B TOM YUCIIC MOJICIH W aJTOPUTMBI ICKYCCTBEHHOTO HHTEIUIeKTa. KopropaTuBHBIC 3HAHUS (POPMHUPYIOT-
csl Ha OCHOBE (POPMHPOBaHUS U 00pabOTKH JTOKYMEHTAIINH, ONPOCa KBATU(PHIIMPOBAHHBIX CIICIIUAIMCTOB H MHTEIUICK-
TyaJIbHOTO aHaju3a JaHHBIX O pealu3aluu Ou3Hec-TpolieccoB. PazpaboTana OHTONOTHSI yIpaBlIeHUs Ka4e€CTBOM, CO-
3/1aHbI [IpaBUJIa MIPUHATHS PEUICHUN M CIIPOTHO3UPOBAHBI PE3YJIbTAThl COBEPIICHCTBOBAHUSI CUCTEMBI YIIpaBIIEHUs Ka-
YECTBOM C HCIOJIb30BAHUEM HEUpO-HEUETKOM ceTH. Mcronb30BaHne 3TUX WHCTPYMEHTOB MCKYCCTBEHHOI'O MHTEJUIEKTa
MO3BOJIUT C(HOPMHUPOBATH SIUHYIO TEPMHUHOJIOTHIO ISl OOECTICUeHUsT OJTHO3HAYHOTO BOCTPUATHS MH(OPMAIIMHA BCEMHU
YYaCTHUKAMHM ITPOIIECCa M MCIIOIb30BAHMS 0a3bl 3HAHWH ISl MOAAEPIKKU MPUHATHS perieHuit. [Ipenmaraercss MCTIONb-
30BaHHE WHCTPYMEHTOB YIPABIECHUS KA9€CTBOM JUIsI TIOBBIIICHHS () (HEKTHBHOCTH MTPUHUMAEMBIX PEIICHUH — MPOIyK-
LMOHHBIX MTPaBUJI U HEHPOHHBIX ceTel.

Knroueswie cnosa: noddepoicka npunsamus peuleHutl, ynpasienue Kauecmeom, OHMONI0Us, CUCeMA HeUEémKO20 6ble0-
0a, Helupo-HeuémKoe MOOeIUPOBAHIUe.
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pelieHnil 1 yrnpaBieHus npoekTamu. lequel@mail.ru. P<

Cupomuna Anena Anexceeena, 1997 r. poxnenus. B 2021 roay oxoHuyumna
YduMcKHii TOCYZapCTBEHHBIH aBHAIMOHHBIH TEXHWYECKHUH YHHBEPCHTET 110 CICIHAIBHOCTH
yIpaBjeHWEe Ka4deCTBOM. 3aMeCTHUTENIb HadaJbHUKAa OTAENa OXpaHbl TpyJda, OKOJOIHWH,
MIPOMBIIINICHHON ¥ 1oskapHO# 6e3zonacHocti OO0 «Mug Tumbep». Tema uccienoBanust — cucrema
MEHE/KMEHTA KauecTBa JieconepepadaThIBAIONIET0 NPeANPUsTHS. sirotinaalenushk@mail.ru.

THocmynuna 6 pedaxyuro 08.09.2022, nocne peyensuposanus 22.02.2023. [Ipunsama k nyoauxayuu 3.04.2023.
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