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ABSTRACT 
 

This research is devoted to the development of innovative technology for automation of the quality 
management system of enterprise in Kazakhstan and its adaptation to the management system of enterprise. 
This paper deals with quality, as an important strategic tool in business. System effectiveness evaluation of 
quality management enterprises is of a great importance connected with the formation of rational decisions 
in the management of quality management systems including specificity of quality indicators, multi-level 
system, necessity to choose the optimal number of performance indicators and system status evaluation.  

The objective and relevance of this research is connected with the need to: 1) solve the problems of quality 
management in the digital economy, following from the relevant National programs of the Government of 
the Republic of Kazakhstan, which are important at this step of in-depth scientific research; 2) guarantee 
the competitiveness of domestic enterprises with high quality requirements for products and services; 3) 
improve the efficiency of automated quality management systems; 4) saving resources (human and timing) 
in data processing. 

The method and model of automated enterprise quality management and intelligent automated system of 
quality management of enterprise integrated with ruling MICS subsystems (Management Information and 
Control System) are offered allowing to automate QMS implementation and support processes and 
increasing the validity, efficiency and effectiveness of management decisions by automated a number of 
functions of decision makers and personnel. 

This project was supported by a grant from the Ministry of Education and Science of the Republic of 
Kazakhstan (Zhas Galym project No. AR 13268939 Research and development of digital technology to 
provide consistency in the media of normative documents of the quality management system). 

Keywords:   Quality Management System, Automated Business Processes, Quality Management, 
Efficiency Evaluation, Fuzzy Logic. 

 
1. INTRODUCTION  

Quality is an important strategic tools in 
business [1]. Goal of business process improvement 
is the transformation of the enterprise so as to meet 
the requirements of modern IT and management 
ideology in the aspect of process approach. 
Problems of evaluating the effectiveness of the 
company’s QMS are of great importance connected 
with the formation of rational decisions in the 
management of quality management systems 
including specificity of quality indicators, multi-
level system, necessity to choose the optimal 

number of performance indicators and system 
status evaluation [2,3]. 

Information technology helps to change 
the relationship between consumption and 
production, and their interaction requires the 
exchange of information in order to organize and 
manage both manufacturers and consumers [4].  

A monograph by B.S. Kubekov [5,6] has 
been studied as part of the ontological modeling of 
knowledge representation and management in the 
quality management system, where the 
methodology of modeling knowledge components 
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based on ontological engineering is presented, and 
new definitions are introduced. And as to this 
project, we introduced a methodology for modeling 
business processes from the detailed engineering of 
architecture to the marketing of business logic 
[7,8]. 

V.N. Burkov in management theory of 
organizational systems [9] discusses management 
models of organizational systems, as well as 
methods of solving management problems. The 
project [10] provides the basic mechanisms to 
manage organizational systems, provides samples 
for the design of integrated management 
mechanisms, as well as mathematical models of the 
theory to manage organizational systems and their 
applications. We also devote attention to the 
complexity of computing the solution of problems 
of optimal management in the models of 
functioning of active systems, study effective 
methods of decision-making, put management 
problems, using «parallelization» solution 
algorithms [11, 12]. Conceptual and 
methodological research in management systems 
are presented in [13]. 

The main objective for effective 
management is the stages of formation, 
implementation and use of an automated quality 
management system. The management system 
should provide access to the documentation of the 
enterprise, qualitative conclusion of the requested 
information for receiving managerial operations to 
solve the problems of the enterprise as of a certain 
moment. 

As to analysis reports of the literature over 
the past 20 years, we can say that today in the 
world, especially in Kazakhstan, a scientific 
direction is developing related to the problems of 
implementation and automation of quality 
management systems, technology analysis of 
business processes of various organizations. 

The reviewed works on the topic of 
research are of great theoretical and practical 
importance, the review of works showed that not all 
aspects of the studied area are covered. For 
example, there is no generally accepted 
standardized methodology for assessing the 
effectiveness and efficiency of the QMS, and many 
problems in this area of automation have not been 
solved. There are few products on the Kazakhstan 
software market that facilitate the systematic 
maintenance of the QMS of an enterprise. 
Therefore, there is a need for research and 
adaptation of automated quality management 

systems to improve enterprise operations and 
reduce labour and system operation costs. 

In this article, having analyzed the 
theoretical foundations, models and methods, 
information technology automated enterprise 
quality management systems, we propose a 
methodology for automated enterprise quality 
management system based on statistical 
management and intelligent information system. 
The main contributions of this article are as 
follows. Firstly, the proposed methodology is based 
on one of the effective methods in modern 
management theory fuzzy logic, which is based on 
fuzzy sets. Secondly, the software of the 
information system for automated management of 
enterprise quality management developed by the 
authors, oriented for use in QMS and made in the 
form of a web-application, is proposed. 

2. THE MAIN PART 
It is necessary to solve the problems of 

introducing and maintaining up-to-date modern 
management systems in an industrially developed 
country, where competition, knowledge-intensive, 
innovative and technologically sophisticated 
production is developed. 

The government has approved a Concept 
for the Development of Small and Medium-Sized 
Enterprises in Kazakhstan until 2030 [14]. One of 
the points of achievement of the goals and 
objectives of the concept is the automation and 
digitalisation of business reporting, as well as the 
reduction of permitting documents 

Currently, entering the digital age and the 
advancement of human life in every field affect the 
development of TQM through the diversification of 
Industry 4.0 techniques and applications [15,16].  

Quality management systems (QMS) are 
key to maintaining desired product quality and 
providing first-class services. QMS systems 
automate a wide range of business processes 
including product design, SOP development 
(standard operating procedures), management 
analysis, audits, training, claims management, 
corrective and preventive actions (CAPA – 
Corrective Action Preventive Action), etc. QMS 
users deal with huge amounts of data and various 
documents in their daily work. Handling such 
heterogeneous information manually can lead to 
human error and endanger products and consumers. 

The automation of enterprises requires a 
lot of time and investment. Even if the system is 
designed and compliant with ISO standards, it will 
not provide assessment and prompt processing of a 
large amount of information related to the 
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functioning of the organization. The information 
required is not communicated to a process on time 
for all intents and purposes, as a result, the 
decisions approved will largely not be fully 
adequate and are only addressed in an automated 
system [17]. 

The fact is critical important that quality 
management not only requires the use of 
automation tools, but is also as well adapted as 
possible for their application. The provisions of the 
ISO 9000 series are based on the modification of 
the information flows of the enterprise [18], which 
makes possible the development and application of 
a running, in a way standard software. 

Kazakhstan enterprises certify quality in 
their organizations as an important business 
strategy. And as information technology has 
developed, a problem arose in obsolescence of 
traditional methods of data management on 
conformity of quality management [19,20]. 

Today, intelligent methods based on neural 
network technologies and fuzzy logic are used to 
solve management problems.  [21-24]. 

Artificial neural networks, based on 
learning and generalization algorithms, allow in 
some cases to successfully predict time series, 
reduce the requirements for mathematical training 
of subject experts, but neural network models 
cannot be formally imagined, and it is not possible 
to provide the results of time series analysis. 
3. DISCUSSION 

Intelligent management systems have 
developed over the past few years [25]. The main 
direction of development of these systems is the use 
of fuzzy logic apparatus: fuzzy set, fuzzy modeling, 
etc. 

The fuzzy models of automated 
management systems are based on fuzzy logic 
controllers (FLC) used to develop various APCS 
(automated process control systems), control 
systems for complex dynamic systems, etc. The 
FLC is based on fuzzy logic models: fuzzy link 
models and inference rules. The following system 
of linguistic description is popular for the FLC 
based on a fuzzy production processor: translation 
into fuzzy values (fuzzy value), fuzzy logical link, 
composite inference rules and conversion operators 
into plain values (defuzzy value). The main step in 
designing an intelligent fuzzy controller is to create 
a “knowledge base” using representation methods 
and knowledge search. 

 
Business processes of an enterprise are 

divided into several subgroups according to the ST 

RK ISO 9001 standard: Main processes, 
Management (or managerial), Supporting (or 
otherwise auxiliary), and the number of processes 
depends on the specifics of the enterprise, as the 
standard does not define the exact number of 
processes, but is only a recommendatory  (Figure 
1). 

 

  

Figure 1 – Business processes of the enterprise 

 
The offered fuzzy model of production 

quality management gives an opportunity to predict 
indicators of quality of services provided by the 
enterprise using “Supporting processes” for further 
use and introduction into the model. 

Input and output variables of the two-level 
model are presented in Figure 2, where the output 
of the first level will be one of the inputs for the 
second level. 

 
Figure 2 – Two-level QMS assessment model 

 
Figure 3 shows the fuzzy inference 

algorithm using the first level. 
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Figure 3 – Fuzzy inference algorithm using the first 

level 

A level I output is an index of the 
correctness of business processes, the inputs are the 
variables i.e. the Index of inconsistencies 
(Inconsistencies) and the Index of the correctness of 
the description of business processes (Figure 3). 
Sector is divided into 3 areas for variables, these 
are Low, Average and High, defining their interval 
and membership functions. 

So let’s make a rule database (Table 1). 

Table 1 – I Rule database of the evaluation model 
Quality Management System Manual 

№ Inconsistencies Correctness 
of 
description 

The 
Process 

1 High High Low 

2 Average Average Average 

3 Low Low High 

4 High Low Average 

5 High Average Low 

6 Low Average High 

7 Average Low Average 

8 Average High Low 

 
We can use the fuzzy model surface 

viewer shown in Figure 4 to find out the adequacy 
of the model, and as input variables affect the 
output one. 

The test results of the created fuzzy 
inference model are presented in the Table (Table 
2). As the systemic error δ,% is not more than 5% 
to the original expert data, the developed model is 
considered adequate [p. 2.8, 118]. 
 

Table 2 – Test result of the Fuzzy Output Model Level 1 
№ Inconsi

stencies 
Correctness 

of description 
The 

Process 
, % 

1 1 1 0.85 4,1 
2 5 10.5 0.5 0,0 
3 9 20 0.090 0,1 
4 2 19 0.40 5,0 
5 8 2 0.44 2,9 
6 7 7 0.45 1,9 
7 4 15 0.35 1,7 
8 3 14 0.53 1,4 

 

 
Figure 4 – Matlab Fuzzy Model Surface View Window 

The rule database (a number of rules 

, after optimization 
= 30) is shown in Table 3. 
 

Table 3 – II Rule database of the evaluation model 
Quality Management System Manual 

№ Achievi
ng goals 

Degree 
of 

proper 
function
ing of 

processe
s 

Custo
mer 

satisfa
ction 
level 

Degree 
of 

impleme
ntation 

of 
correctiv
e/preven

tive 
actions 

Perf
orm
ance 
Asse
ssme

nt 

1 2 3 4 5 6 
1 Bad Low Not 

satisfa
ctory 

Low 1 

2 Well 
(Mediu

m) 

Low Not 
satisfa
ctory 

Low 1 

3 Perfect Low Not 
satisfa
ctory 

Low 2 

4 Bad Average Avera
ge 

Average 2 
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satisfa
ctory 

5 Well 
(Mediu

m) 

Average Avera
ge 

satisfa
ctory 

Average 3 

6 Perfect Average Avera
ge 

satisfa
ctory 

Average 4 

7 Bad High Satisf
actory 

High 3 

8 Well 
(Mediu

m) 

High Satisf
actory 

High 5 

9 Perfect High Satisf
actory 

High 5 

10 Bad Average Not 
satisfa
ctory 

Low 1 

11 Bad High Not 
satisfa
ctory 

Low 2 

12 Well 
(Mediu

m) 

Low Avera
ge 

satisfa
ctory 

Average 2 

13 Well 
(Mediu

m) 

High Avera
ge 

satisfa
ctory 

Average 4 

14 Perfect Low Satisf
actory 

High 3 

15 Perfect Average Satisf
actory 

High 5 

16 Bad Low Avera
ge 

satisfa
ctory 

Low 1 

17 Bad Low Satisf
actory 

Low 1 

18 Well 
(Mediu

m) 

Average Not 
satisfa
ctory 

Average 3 

19 Well 
(Mediu

m) 

Average Satisf
actory 

Average 4 

20 Perfect High Not 
satisfa
ctory 

High 4 

21 Perfect High Avera
ge 

High 5 

satisfa
ctory 

22 Bad Low Not 
satisfa
ctory 

Average 1 

23 Bad Low Not 
satisfa
ctory 

High 1 

24 Well 
(Mediu

m) 

Average Avera
ge 

satisfa
ctory 

Low 3 

25 Well 
(Mediu

m) 

Average Avera
ge 

satisfa
ctory 

High 4 

26 Perfect High Satisf
actory 

Low 4 

27 Perfect High Satisf
actory 

Average 5 

28 Bad High Not 
satisfa
ctory 

High 2 

29 Bad High Avera
ge 

satisfa
ctory 

High 2 

30 Bad High Satisf
actory 

Average 3 

 
We can use the Level II fuzzy model 

surface viewer, shown in Figure 5, and determine 
the adequacy of the model, as input variables of 
Level II affect the output variable Score (Figure 6). 

 

 

Figure 5 – II-Level Fuzzy Model Surface View Window 
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Figure 6 – II-Level Fuzzy Inference Rules View Window 

Table 3.14 shows the model test results 
showing the positive effects of II-level input 
variables on the output variable Score. 

The analysis of software for the 
automation of enterprise quality management 
systems, their advantages and disadvantages has 
established that they mainly automate document 
management. Among them we can single out 
Business Studio, which has some functionality for 
QMS.  However, this software cannot be used 
because of its tight connection to the server and 
integration only with Microsoft Visio and Word. 

Several problems can be highlighted which 
quality management professionals encounter when 
using such static management systems: 

1) Unproductive use of working time. 
Managers have to enter the same data several times, 
collect information from different sources and 
combine it into single reports. 

2) Lack of up-to-date information in real 
time. It takes time to distribute and update 
information across the organisation. Data is updated 
slowly in the system and the most recent changes in 
compliance data must be processed in order to give 
an accurate assessment of the situation. 

3) Limited access to accurate analysis. 
Enterprise management relies on managers to 
monitor what is going on in the enterprise. Since 
the managers themselves are not quality managers, 
they rely on the latter to analyse and present data 
that they can understand and read. It takes a lot of 
time to generate reports, thereby slowing down the 
feedback process. 

4) Preparing monthly reports for most 
businesses is a duplication of data. It takes time for 

managers to submit reports to managers when 
calculating the data. 

5) Communication with employees is 
inefficient. Creating communication with 
employees and training people is time consuming. 
Quality managers spend a lot of time on 
compliance issues without paying attention to other 
activities. 

6) Lack of databases of documented 
information and the resulting lack of an automated 
decision support system. Lack of prompt 
notification and response to deviations from targets. 

The proposed enterprise quality 
management system includes: the management 
entity (enterprise), personnel, production and 
business processes, auditors and enterprise 
performance indicators. QMS influences the 
performance indicators of the enterprise through the 
improvement of production and business processes 
and can be included in the indicators in the form of 
evaluated QMS performance indicators of the 
enterprise. The QMS process is carried out by the 
staff through documented information and periodic 
assessment of staff commitments, corrective and 
preventive actions, and their follow-up. This 
process is time-consuming and distracts the staff of 
the enterprise from their main work (Figure 7).  

 

 
Figure 7 – The Structural Diagram Of A Company's 

Automated Quality Management System 
 

Let's consider possible methods of 
enterprise QMS management automation and 
development of enterprise quality management 
automation system.  

1) Input data {X}(t) goes into a control 
object available for viewing by decision makers; 

2) The control object "Enterprise" has the 
following processes: Main processes, management 
processes, measurement and improvement 
processes, as well as auxiliary processes. Each of 
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the processes contains indicators to quantify the 
performance of the enterprise quality management.  

3) Here Z(t) is positive perturbation, which 
provides for the use of models "Calculation of 
assessed quality indicators of enterprise QMS" for 
the ranking of significant process indicators and 
calculation of enterprise QMS performance, and 
"Statistical manageability of enterprise QMS 
processes" for statistical manageability of the 
enterprise. Quantitative indicators obtained as a 
result of primary expert evaluations are used for 
further processing in computational models. 

Y(t) - determines the quality assessment 
parameters. Information about current values comes 
into , Control System by means of fuzzy-multiple 
model of intelligent management of production 
processes, Control System makes controlling 
influence U(t) on Control System, output result P(t) 
is an enterprise activity estimation. 

The algorithm for an automated quality 
management system is shown in figure 8. 

In contrast to the studied computer systems 
for collection and analysis of data on the quality of 
enterprise processes, on the basis of the study the 
following methodology for automated management 
of enterprise quality management system based on 
an intelligent automated system, which includes 
three modules (Figure 8), is proposed. 

 

 
Figure 8 - Algorithm of the automated quality 

management system 
 

1) Calculation of evaluation indicators of 
quantitative assessment of enterprise QM 
performance, which allows automating the process 

of making management decisions for the next stage 
of monitoring; 

2) Monitoring and visualization of 
manageability of the management process of an 
enterprise, based on its graphical representation in 
relation to its average, lower and upper limits, 
which allows statistically ensuring the 
manageability and stability of the enterprise; 

3) On the basis of the received 
information, fuzzy-multiple models of intelligent 
control of production processes are constructed, 
representing dependence of quality of processes 
from their characteristics using productive form of 
their representation. 

In recent years, the development of 
systems based on intelligent control has been 
observed. The main direction of development of 
these systems is the use of fuzzy logic: fuzzy sets, 
fuzzy modelling, etc. 

Figure 8 shows the window of the 
automated quality management software developed 
by the authors of the enterprise QMS “Progress 
Analysis”. 

 

 
Figure 9 – QMS Progress Analysis Window 

Figure 7 shows the window view to fill in 
the assessments of the company’s QMS indices 
developed by the intelligent automated quality 
management system of the enterprise. 

4. CONCLUSIONS AND FOLLOW-UP 
 
Effective data analysis is critical for 

upgrading and progressive improvement. Quality 
management technology provides data presentation 
in one place and facilitates data exchange and 
analysis. This can help to identify wasteful 
processes, quality defects or inefficient equipment 
in less time. 

Companies can improve quality processes 
in less time and take corrective actions with 
production management software. Overall result is 
better products and fewer customer complaints. 
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Using fuzzy logic theory for the analysis 
of quality management systems provides an 
opportunity to get fundamentally new models and 
methods for analyzing these systems.[26]  

 It is reasonable to use the production form 
of knowledge stored in QMS effectiveness 
assessment, which was confirmed in the 
development of a model of intelligent quality 
management of production processes using fuzzy 
logic apparatus [27]. 

The follow-up will focus on the 
development of the Implementing Models and 
Algorithms for Digital Transformation of 
Documentation Support for Quality Management 
System to detect Contradictions and Inconsistencies 
in Documentation Support of Quality Management 
System (QMS) of Kazakhstan Economy. This 
solution will eliminate the problems of processing 
high volumes of regulatory documents of the 
enterprise when accompanied in the automated 
QMS management system. The solution should be 
based on a reality model and be accompanied by 
the development of a formal language with 
approaches similar to the creation of well-known 
declarative programming languages. 

Objectives of subsequent research: 
1) analysis of theoretical foundations, 

models, methods and algorithms for detecting 
contradictions and inconsistencies in the arrays of 
normative documents and developing a 
methodological framework for ensuring the 
consistency and coherence of documents in the 
information space of the quality management 
system; 

2) creation of methodology of formalized 
description of quality management system 
normative documents on the basis of physical 
structure and object model of QMS documents; 

3) development of an architecture of 
integrated automated system for development, 
adoption and application of normative documents 
of the quality management system; 

4) development of algorithmic modeling 
apparatus with application of formalized record of 
QMS documents; 

5) development of a module to ensure 
consistency and coherence of documents of the 
integrated automated system of development, 
adoption and application of normative documents 
of the quality management system. 

The following scientific and practical 
results have been implemented and obtained in the 
course of the research carried out: 

1) Methodology of automated enterprise 
quality management based on intelligent 
information system, including a model for selecting 
and calculating the assessed indicators of 
quantitative assessment of enterprise QMS 
performance, continuous monitoring and 
visualization of QMS process manageability and 
building of fuzzy-multiple models of intelligent 
management of production processes is developed. 

2) Developed a rule base and model for 
intelligent automated quality management of 
production and business processes of the enterprise 
of Kazakhstan using the apparatus of fuzzy logic 
Mamdani. 

3) An automated enterprise quality 
management system has been developed, with a 
cloud-based version of the system increasing 
scalability, simplifying management and access to 
the software and data center. 
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