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Abstract. The article analyzes and defines the main trends in the development
of decision support systems. It is shown that the most urgent is the development
of decision-making systems based on data mining for the development and op-
eration of technical systems and technological processes. In order to increase
the efficiency of the micro-arc oxidation process, the developed structure of the
decision support system in the process of obtaining oxide coatings is presented.
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1 Introduction

The term decision support system (DSS) appeared in the early 1970s [1-2] for man-
agement problems based on flexible emergency decisions. Decision support systems
are a class of information systems, within which the experience and informal knowl-
edge of the decision maker is combined with the use of mathematical apparatus, com-
puter technologies and, at present, data mining.

According to [3], decision support systems have the following main characteristics:

— use both data and models;

— help managers make decisions when analyzing complex problems that have a
weakly structured or unstructured description of problems;

— are able to support (but do not completely replace) the process of developing lead-
ing decisions;

— are aimed at increasing the efficiency of the decision-making process.

Below are the distinctive features of the so-called "ideal" decision support system

[3]:

— the possibility of using by decision-makers at various hierarchical levels;
— the ability to support decisions performed in a given sequence;
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— support of the following stages of the decision-making process: intellectual analy-
sis of tasks, development of alternative solutions, selection of the optimal solution;

— the ability to function and make decisions on the analysis of low-structured data;

— the ability to adapt both for use by one decision-maker and a group of people;

— the possibility of implementing various methods of decision-making;

— improving the efficiency of the decision-making process;

— the ability to quickly adapt to changing parameters both inside the analyzed system
and outside it.

Figure 1 shows that DSS research consists of three groups of research areas:

— development of specialized DSS ("A" in Figure 1). In the period 1970-2000 about
500 DSSs have been developed and published for various applications (indicated
by "B");

— development of the DSS theory ("F" - "I"), as well as the theory of design, imple-
mentation and evaluation of "C", "D" and "E", the study of related disciplines "J".
The first group of research areas, labeled "F" - "I", is based on the strongly influ-
enced DSS architecture [4], while the second group of research areas, labeled "C" -
"E" is influenced by development [5];

— development of DSS for various fields of application, designated "A" and "B".

The trend towards the prevalence of Internet-based decision support systems has
been clearly visible since the late 1990s. Modern systems of web recommendations
are characterized by the following main trends: the use of complex methods of multi-
criteria decision-making; application of technologies of virtual and augmented reality;
expansion of the cognitive functions implemented in decision support systems; in-
creasing the list of opportunities for decision-makers [6-7].

DSS are widely used in various fields of application such as telecommunications,
banking, trade, large construction, development and operation of complex technical
systems, etc.

The task of developing intelligent systems as applied to technological production
processes is urgent [8-11].

2 Materials and methods

To improve the performance of decision support systems, data mining based on data
manning is used.

"Data manning - automated analysis of massive data sets" - data mining - auto-
mated analysis of an array of data sets [8]. The development of automated informa-
tion collection tools and data mining methods is progressing at a rapid pace.

"Information - information (messages, data), regardless of the form of their presen-
tation." Data have the property of integrity, which consists in accuracy and complete-
ness.
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Fig. 1. Generalized block diagram of decision support systems and related disciplines.

Data mining allows you to automatically organize the search for data in large data
warehouses, to identify and establish relationships and patterns. Data mining is based
on the use of complex models and algorithms, including those performing data seg-
mentation, forecasting upcoming events with a certain probability. Data mining algo-
rithms automatically search for and identify patterns and trends in large data ware-

houses. Data mining has the following basic properties [9]:

— focus on large data sets and databases;
— prediction of likely outcomes;

— automatic discovery of patterns;
— creation of actionable information.




Data mining can provide solutions to problems that cannot be analyzed through
regular and reporting techniques and queries.
Data mining systems are applied in three main areas:

— as tools for carrying out unique scientific research, development of intelligent
technologies;

— as tools in research and development work in the development of technical sys-
tems;

— as a mass product for business application.

In order to increase the efficiency of the technological process for the synthesis of
protective oxide coatings, it is important to create an intelligent system that makes it
possible to reduce the technology development time by at least 2 times due to the
automated selection of optimal technological modes, development of a methodology
for the synthesis of oxide coatings with specified properties. Further, an intelligent
decision-making system in the process of synthesizing protective oxide coatings by
the method of micro-arc oxidation (MAO) is considered.

3 Results

The specified intelligent system consists of three main parts: hardware, information
support subsystem, software (Figure 2).

Intelligent automated system of controlled synthesis
of MAO coatings

Information support

Knowledge
bases

Knowledge bank

Hardware Databases

Software

Intelligent application
|Microcontroller software | of controlled synthesis
(IACS)

| Server software |

Software
for supporting studies
of the MAO process
(client software)

Software for controlling
and adjusting the hardware

Fig. 2. Intelligent decision-making system in the process of micro-arc oxidation.

The basis of the information support subsystem is a knowledge bank (Figure 3),
which contains a set of the following knowledge bases and databases:



— knowledge base of the properties of oxide coatings obtained by the method of mi-
cro-arc oxidation;

— knowledge base of the modes of the MAO process;

— knowledge base of models of the relationship between the properties of the result-
ing coatings, depending on technological modes;

— knowledge base of principles and methods for measuring parameters of oxide coat-
ings, as well as technological modes;

— knowledge base of measuring instruments, their technical and metrological charac-
teristics;

— knowledge base about the mechanism of surface modification by micro-arc oxida-
tion;

— knowledge base of the requirements for the properties of oxide coatings, depending
on their field of application (medical purpose, instrumentation, mechanical engi-
neering, etc.).
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Fig. 3. Subsystem of information support of the decision support system.

The software controls, configures, calibrates the hardware, and also includes an in-
telligent application for coatings' synthesis; client software to support the implementa-
tion of the MAO process. The software of the microcontroller, which controls the
hardware part of the research support system; server software that configures the sys-
tem were developed. In order to implement the methods proposed by the authors for
the controlled synthesis of MAO coatings, an intelligent application has been created
[12]. Research support for the MAO process is carried out using software that proc-
esses experimental data, calculates errors in measurement results, displays data in a
form convenient for users to perceive (tables, graphs).

The hardware is a computer-controlled automated system for the synthesis of oxide
coatings. In turn, the automated system consists of a process current source, a power



supply unit, a measuring part, a microprocessor module, and a galvanic cell located in
a protective enclosure (Figure 4).

The measuring part includes channels for real-time measurement of technological
parameters (electric voltage, current, temperature, brightness of micro-discharges) of
the micro-arc oxidation process and parameters of the synthesized oxide coating
(thickness, porosity, etc.).
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Fig. 4. The hardware of the decision- making system in the process of protective oxide
coatings synthesis.

4 Discussion

The microprocessor module generates control signals both for the measuring channels
and for the process current source. The microprocessor module includes digital signal
synthesizer, galvanic isolation unit, a microcontroller (consists of an analog-to-digital,
ADC and digital-to-analog converter, DAC), an 8-channel multiplexer and a UART
port; USB-UART interface converter based on FT232RL microcircuit.

Thus, the automated measuring module as part of the decision support system, con-
trolled by software, makes it possible to establish the relationship between the pa-
rameters of the micro-arc oxidation process and the properties of oxide coatings, to
select the technological modes that ensure the synthesis of oxide coatings with the
given properties.



5 Conclusion

An original structure of an intelligent system for controlled synthesis of MAO coat-
ings, including a decision support system based on data mining received in real time
from the output of the hardware was developed. In turn, the hardware part consists of
the following elements: a technological current source (includes a power module and
a switch); power supply for low-voltage electronics; measurement and control mod-
ules, USB-oscilloscope and galvanic cell.

The decision support system programmatically implements unique models of the
interconnection of influencing factors and parameters of synthesized coatings, meth-
ods for choosing the optimal technological modes proposed by the authors. The pro-
posed system made it possible to reduce the technology development time by at least
2 times, to minimize to 0.5% the relative error in measuring the electrophysical pa-
rameters of MAO coatings, which contributes to an increase in the efficiency of the
micro-arc oxidation technological process.

6 Acknowledgments

The reported study was funded by RFBR according to the research project Ne 19-08-
00425.

References

1. Simon, H.A.: Administrative behavior. A study of decision-making processes in adminis-
trative organizations. 3rd ed. London The Free Press. Collier Macmillan Publishers (1976).

2. Simon, H.A.: Applying information technology to organizational. Public Administration
Review, 268-278 (1973).

3. Turban, E.: Decision support and expert systems Managerment support systems. Engle-
woodClifts, N.J., Prentice Hall (1995).

4. Sprague, R.H., Carlson, E.D.: Building Effective Decision Support Systems. Englewood
Cliffs, N.J., Prentice Hall (1982).

5. Keen, P.G.W., Scott-Morton, M.S.: Decision Support Systems: An Organizational Per-
spective. Reading, MA, Addison-Wesley (1978).

6. Bhargava, H.K., Power, D.J., Sun, D.: Progress in Web-based decision support technolo-
gies. Decision Support Systems 43(4), 1083-1095 (2017).

7. Schwiegelsohn, U.: Perspectives on grid computing. Future Generation Computer Systems
26, 1104-1115 (2010).

8. Han, J., Kamber, M., Pei, J.: Data Mining: Concepts and Techniques. University of Illinois
at Urbana-Champaign & Simon Fraser University (2011).

9. What Is Data Mining? http://docs.oracle.com/cd/B28359 01/datamine.111/b28129
/process.htm, last accessed 2020/12/24.

10. Pecherskaya, E.A., Golubkov, P.E., Fimin, A.V., Zinchenko, T.O., Pechersky, A.V.,

Shepeleva, J.V.: Intelligent System for Active Dielectrics Parameters Research. Procedia
Computer Science 132, 1163-1170 (2018).



11. Borikov, V.: Virtual electrolyte conductivity analyzer for microplasma oxidation process
control. In: 17th Symposium IMEKO TC4 - Measurement of Electrical Quantities, 15th
International Workshop on ADC Modelling and Testing, and 3rd Symposium IMEKO
TC19 - Environmental Measurements, 54-58 (2010).

12. Golubkov, P., Pecherskaya, E., Karpanin, O., Safronov, M., Shepeleva, J.V., Bibarsova,
A.: Intelligent automated system of controlled synthesis of MAO-coatings. In: Conference
of Open Innovation Association, FRUCT, no. 8711874, 96-103 (2019).



