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RESEARCH OF INFORMATION FLOWS IN THE CONTROL OF
INTELLIGENT POWER SYSTEM REGIMES

The purpose of this work is to solve the problem of optimizing the management of maintenance and repair
equipment at large enterprises. In a unified management system, the operational collection, consolidation and
transfer of indicators about the state of all numerous power equipment allows solving and sometimes avoiding
many problems. It is about reducing the time for repair work (equipment downtime), offloading personnel,
optimizing logistics chains, and reducing material costs. The general problems of creating intelligent energy
systems from the point of view of information and telecommunication technologies have been studied. A way to
process information flows in the monitoring and management of intelligent energy systems modes is proposed,
which involves combining information and mathematical technologies and the use of international data standards.
The approach to the development of a new information and technological infrastructure of intelligent energy
systems is considered. After conducting the analysis, the optimal system is seen as a multi-level control system for
intelligent electric power systems. The technology combines intelligent tools for situation analysis and software
systems for mode modeling and control. The use of IT infrastructure allows to create a single information space
that includes data and knowledge, as well as a set of mathematical models and methods for solving the problems
of the electric power industry in the conditions of active adaptive management. In the conclusions, a detailed
classification of the types of information about mode parameters is provided and the relationship between the
quality of mode information and the application of various mathematical models is determined.

Keywords: information flows, intelligent power systems (IPS), Smart Grid, management, monitoring,
information and technological infrastructure, power system modes, power transmission and distribution, signals,
mathematical model, dispatch control.

Introduction

Operational management of electricity infrastructure is crucial. Energy companies face the need to
introduce new standards of operation and maintenance to continuously improve the relationship between security
of energy supply and costs. Management of electricity consumption regimes is an integral condition for ensuring
the sustainable operation of modern industrial enterprises. Given the steady increase in the cost of energy,
including electricity, which increases the cost of production, management of electricity consumption regimes
seems to be one of the most effective ways to save energy costs at the enterprise, increase profitability and gain
additional competitive advantage. These measures are aimed at ensuring the possibility of building electricity
balances of electricity supply companies and, ultimately, creating conditions for building a common electricity
balance of Ukraine. In network companies, there is a low information security, which is associated both with the
insufficiency of electricity metering tools and their unacceptable error. Also, one of the key tasks in the energy
sector is the management of maintenance and repair of equipment. This is due to the huge number of pieces of
equipment that are distributed over a large area and that require constant maintenance and repair. Consolidation
of information on the state of equipment in a single management system with the ability to quickly provide it to
different consumers on the ground can reduce downtime, reduce the cost of spare parts and materials, optimize
logistics and relieve staff.

Today in the modern world the direction called Smart Grid (intelligent power systems or intelligent electric
networks) is actively developing. These are electric power systems using new technologies both in electric power
equipment and in the field of information support economic indicators. In Ukraine, although a little late, work is
also underway in this area. The attention of specialists is focused primarily on improving the technological
infrastructure of energy, without which the introduction of modern information technologies is impossible. At the
same time, it is necessary to develop a methodology and new information and telecommunication technologies
that should become the basis of "smart" energy systems. Currently, an approach to the processing of information
flows in the monitoring and management of intelligent energy systems is proposed, which involves the integration
of information and mathematical technologies and the use of international data standards.

Smart grid creation issues

Smart Grid includes all the main traditional components of power systems: generation, transmission and
conversion systems, as well as consumers, but those that have a qualitatively new level of technology and are
characterized by close interconnection. In fact, the Smart Grid concept provides for the development of power
systems in three main areas:
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- infrastructure improvement;

- informatization of an electric network (imposing of a digital layer on an electric network);

- modernization of business processes, which makes a "smart" network profitable.

Smart Grid should increase the reliability and efficiency of electricity generation through the use of modern
highly intelligent control and management tools, integration of renewable energy sources, as well as distributed
energy generation and storage, large-scale monitoring and control of modes using new tools and technologies.

General problems of creation of intelligent energy systems (IES) from the point of view of information and
telecommunication technologies are synthesized: 1 — the need to develop information and communication
technologies that would create qualitatively new systems for monitoring and managing energy systems; 2 — limited
range of proposals in this segment from information technology (IT) suppliers: solutions from foreign developers
are quite expensive, high-quality domestic developments are insufficient or they are simply absent.

At the present stage of intellectualization of electric power systems (EPS) the most important issues are the
development of automated control system (DACS) IT infrastructure, which will ensure the construction of a
multilevel management system taking into account the reliability, efficiency and effectiveness of the EPS. In
addition, the implementation of new systems for collecting, transmitting and processing the flow of information
requires the development of technologies and methods for modeling the processes and events under study in the
management of IES. Therefore, it is possible to consider the issue of solving the following tasks relevant: 1)
collection, transmission and processing of data streams; 2) development of new generation software packages
(distributed, exchanging information or using common information resources); 3) development of intelligent
components to support decision-making in mode control.

It infrastructure of the IES

For the creation and further development of IES, it is proposed on the basis of experience to identify the
following main components of IT infrastructure: intelligent infrastructure, information infrastructure, calculation
infrastructure, telecommunication infrastructure.

The telecommunication infrastructure is built on the basic generally accepted principles, taking into account
the needs of computer and information security. As part of the intellectual infrastructure includes intelligent
components (for example, intelligent components of decision support in regime management). The information
infrastructure includes technologies and tools for data description, storage and processing. The calculation
infrastructure integrates software packages (for example, for modeling and control of IES modes). The same
infrastructure may include automated energy management systems.

Elements of the IT infrastructure of dispatch management are:

- information collection and transmission system (ICTS);

-dispatching and technological control communication network;

-supervisory control and data acquisition (SCADA);

-object-oriented data model (CIM);

-information display system;

-electricity generation and transmission management system (EMS);

-electricity and power market management system (MMYS);

-power transmission and distribution management system (DMS).

Approach to the processing of information flows in the monitoring and management of IES regimes

Information flow means a set of measured regime variables in a certain period of time [1]. In the monitoring
and automated control of IES modes, first of all, the analysis and processing of information flows is necessary.
Recently, power systems have been provided with means of measuring complex PMU values, which allows
together with the information received from SCADA (telemetry parameters of the EPS mode , condition of means
and systems of dispatching control), to measure complexes of nodal loading and complexes of currents in branches
incident to this knot [2]. Given the fact that one of the most important stages of management of EPS regimes is
operational and emergency management, when processing information flows, it is advisable to use CEP and CIM
models.

The CEP (Complex Event Processing) model [3] proposes to use for real-time processing of many events
from different sources (event streams) in order to detect global events based on one or more event streams or to
detect a number of events over time.

The CIM (Common Information Model), based on the ODM data format, allows you to create models of
any complexity, which can then be converted to any known energy data format or to any new data format using
optional modules. ODM (Open Model for Exchanging Power System Simulation Data) — it is an open model for
data exchange when modeling power systems. ODM, in turn, is an international open data exchange standard for
modeling and computing power systems that supports dynamic computing. CIM and ODM maodels, in general, are
used in an open integration environment to solve energy problems [4].

34 ISSN 2308-7382 (Online)



ISSN 1813-5420 (Print). Enepeemuxa: ekonomixa, mexmnonozii, ekonozia. 2023. No 2

From all the above we can conclude that there is a need for real-time processing of large amounts of
information of different quality and the formation of such information flows that would provide the necessary
accuracy of solving regime problems. The scheme of the process of processing information flows in the monitoring
and control of regimes in the IES is shown in Fig.1.
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Fig. 1.General scheme of information flow processing in monitoring and control of IES modes
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Two-level technology to support decision-making in the management of regimes in IES

Figure 2 shows the two-level information technology, according to which:

-at the upper (first) level a qualitative analysis of the situation (which arose in the IES) will be performed
using intelligent technologies;

-at the lower (second) level with the use of adaptive software packages are performed numerical
calculations for situations that occur after the results of qualitative analysis.

Fig. 2.Two-level information technology for decision support in regime management in IES

As technologies of intellectual support of decision-making at the stage of qualitative analysis the use of
technologies of ontological, cognitive and step-by-step modeling is offered first of all. In the future, intelligent
technologies can be supplemented with technologies of artificial neural networks, fuzzy sets, wavelet analysis,
genetic algorithms, depending on the properties of information flows.
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Varieties of information, its classification and mathematical models for its description
The information at the mode parameters is divided into [1] into four groups: determined, probable, fuzzy
and interval — for various use of mathematical models in the conditions of active-adaptive control of EPS (Fig.3).
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Fig. 3.Classification of mechanical models

Determined information is based on natural causal relationships and is due to the numerically unambiguous
task of the types of equipment, its composition and nominal parameters. Probable information describes the
stochastic nature of changes in the parameters of the mode, a set of network elements that correspond to this mode.
Fuzzy information is when the values of the mode parameters are described by the functions of belonging to a
fuzzy subset of their change. Interval information is typical for cases when only the probable range of changes of
mode parameters is known, which is created by their minimum or maximum possible values

As an example, the technology of improving the quality of information flows, which is based on the theory
of fuzzy sets (Fig.4).
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Fig. 4. Technology to improve the quality of information flows

The quality of the measured information is determined by the quality criterion. For this purpose all
information base is presented in the form of four sets:

A, —set of valid values;

A — set that corresponds to the full amount of information;

Alll — set that corresponds to an incomplete amount of information;

Ay — set of inaccurate values.

To determine the completeness and reliability of information that provides the required accuracy of solving
control problems, introduced a threshold level o for fuzzy areas, the quantitative value of which corresponds to
the optimal parameters of information quality:
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The proposed quality criterion allows to classify information and apply those mathematical models that
give the greatest accuracy of its description.

Conclusion

The paper considers the approach to the development of a new IT infrastructure of IES, which includes a
single information space and, as a consequence, the creation of prerequisites for a multi-level management system
of intelligent power systems. Possibility to expand the class of models used in solving power problems, due to the
CEP and CIM models. The two-level information technology for decision support in IES mode management is
analyzed, which integrates intelligent technologies and software complexes for modeling and mode control. The
classification of types of information about the parameters of the modes is indicated and the expediency of using
various mathematical models depending on the quality of the mode information is revealed.

References

1. Gurina L.A. Technology for improving the quality of information flows for controlling modes in
electrical networks // Information and Mathematical Technologies in Science and Management: Proceedings of
the XVI Baikal All-Russian. conferences. Irkutsk: ISEM SORAN, 2011. Part I1l. pp. 103-109.

2. Gamm A., Grishin Y, Kolosok I. Reducing the risk of blackouts trough improved EPS state estimation
based on the SCADA and PMU data // Liberalization and Modernization of Power Systems: Risk Assessment and
Optimization for Asset Management: Proc. of the Int. Workshop. Irkutsk, Russia, 14-18 Aug. 2006. P. 167-173.

3. Kobets B.B., Volkova 1.0O. Innovative development of the electric power industry based on the Smart
Grid concept. M.: IATs Energiya, 2010. 208 p.

4. Massel L.V., Bakhvalov K.S. Open integration environment InterPSS as the basis of Smart Grid IT
infrastructure // Bulletin of ISTU. 2012. No. 7 (67). pp. 6-10.

A. B. BOJIOIIKO?!, n-p Texn. Hayx, mpo¢., ORCID 0000-0002-6867-2060
T.E. IKEPS, acnipantka, ORCID 0000-0002-9519-2951
"Hauionanbnuii Texuiununii ynisepcurer Ykpainu

«KuiBcbkmii noJtitexniuamuii incrutyT iMeHi Iropst Cikopcbhkoro»

JOCJIJKEHHS IHOOPMALIMHUX IMMOTOKIB B YIIPABJIIHHI PEXKUMAMM
IHTEJEKTYAJIBHUX EHEPIT'OCUCTEM.

Memorw Oanoi pobomu € eupiwienHs npobremu Onmumizayii KepyeawHs — mexo0ciye08y8aAHHAM I
DEMOHMHUM 00NAOHAHHAM HA 8eIUKUX nionpuemcmaax. Ilpoeedeno 0ocniodicen s 3a2anbHux npoodiem cmeopeHHs.
IHMeNeKMYaNbHUX eHepPeeMUYHUX CUCHEeM 3 MOYKU 30pY IHOOPMAYIIHO-MereKOMYHIKAYIUHUX MeXHON02Ill.
Posensainymo nioxio 0o pospobku HO80I IHGOPMAYIIHO-MEXHON02IUHOI THPpaAcmpyKmypu IHmMeneKmyaibHux
enepeemuunux cucmem. Ilicis nposedenna ananizy ONMUMaibHOK0 CUCMEMOI0 8bauaemvcs came bazamopisnesa
cucmema Kepy8aHHs  iHMENEKMYAIbHUMU — eleKmpoeHepeemudnumu  cucmemamu. Texnonoziss 06 ’eonye
iHmenexmyanoHi IHCmpymenmu OJisk AHAI3Y CUMyayii ma npoepamui cucmemu 0as MOOeN08AHH MAa KOHMPOIO
peocumis. Buxopucmanmns IT-ingppacmpyxmypu 0036015€ cmeopumu €Ounutl iHopmayiunuti npocmip, wjo
BKAIOUAEC OaHi Ma 3HAHHA, A MAKOXNC HAOIp MamemMamuyuux mooeneil i memooie 01 SupiueHHs 3a0ay
e/1eKMpOeHepP2emuKy 8 YM08AxX aKMUGHO20 A0ANMUBHO20 YNPAGNIHHA. Y GUCHOGKAX HABOOUMbCSA PO3NUCAHA
Kracugikayis munie ingopmayii npo napamempu pexncumis ma 00YMoSIIOEMbCsL B3AEMO38' 30K MIdC AKICMIO
PedACUMHOT iHopmayii ma 3acmocy8anHs pisHOMAHIMHUX MAMEMATMUYHUX MOOEEl.

Karouosi cioBa: ingpopmayiiini nomoxu, inmenexmyanvhi enekmpoenepzemuuni cucmemu (IEC), Smart

Grid, xepysauns, ingpopmayitino-mexnonoziuna ingpacmpykmypa.
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