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ABSTRACT

In this article, in the application of geo-information technologies for Smart Grid, in the design
and determination of route schedules for energy companies located in geographical and
population-friendly places, choosing the most optimal option for construction, the rational use
and status of centralized energy sources in the design of new energy supply systems by
companies, it is very useful to gather enough information about them. The development of web
portals, navigation systems and mobile phone applications on the Internet has paved the way
for ordinary citizens. This article describes the application of geo-information technologies to
problems aimed at improving their functions for the Smart grid implemented in the geographic
information system.

Keywords: GIS geographic information system, Smart grid, Engineering network, database,
information technologies.

INTRODUCTION
The integration of existing systems into general national, international and global information
structures is one of the distinguishing features of the process of introducing geoinformation
technologies today. Satellite imagery data is used in countries for government decision-making,
civil defense operations, law enforcement, energy supply, and geographic information systems
(GIS) in general. Nowadays, with the growth of the world's population, the increasing demand
for energy and the need to increase agricultural production, the proper management of the
world's energy and agricultural resources is becoming increasingly important. For this, first of
all, it is necessary to obtain reliable information about the types of these resources, as well as
their quality, quantity and location. Satellite imagery and GIS will always be an important
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factor in improving existing systems for agricultural and resource data collection and mapping
[1].

It 1s being conducted by many researchers to collect data and perform statistical analysis on
energy supply sources and energy consumers around the world. As a result, geoinformation
technologies are rapidly developing and spreading. Satellite images are a source of information
for solving problems in various fields, such as cartography, urban planning, forestry and
agriculture, water management, oil and gas production and monitoring the condition of
transport infrastructures, energy supply. is actively used as Environmental assessment,
prospecting and forecasting of mineral deposits, areas for renewable resources, etc. in the
application of geospatial technologies in the Smart grid. GIS and geoportals are used to make
management decisions in data analysis. Fig. 1. shows the structure of the gis.
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Fig.1. GIS structure
A smart grid is defined as a two-way flow of electricity and information between many
interconnected elements to create a decentralized and intelligent network (Generation
Transmission-Distribution) [2]. Due to the complex, distributed and unpredictable nature of the
smart grid, the control system is moving from a centralized to a decentralized, autonomous,
flexible and robust structure. Fig. 2. shows the structure of the smart grid.
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Fig.2. Smart grid structure
Today's advanced technologies, innovative products and services enable environmentally
friendly, reliable and efficient energy transmission, cheap, real-time resource management and
monitoring, and network security. Efficient communication requires energy storage facilities
and self-healing technologies. To support the Smart Grid, the entire electricity grid and
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stakeholders, including distributed energy resources, distribution system operators,
transmission system operators, consumers and the market structure are continuously
connected and supported. In addition to conventional power plants, distributed energy
resources in the next generation of smart grids will lead to an environmentally friendly and
sustainable power generation solution. Synchrophase based WAMS (Wide Area Monitoring
System) is emerging as a game changer at the transmission level, making the network smarter.
Complex power grids can be monitored in real time over larger areas. Grid self-repair, smart
energy management, smart monitors and smart automation devices or smart node control,
integration with EVs, simplifying energy storage technology and other functions are part of the
smart distribution system. The role of consumers in the smart grid has changed dramatically
[3-4].

I. Smart Grid Features

The prospects of sustainable development of modern civilization depend on how effectively
society uses energy as an alternative source of energy. In this regard, the development of energy
efficiency and energy-saving technologies is important. It has an untapped energy saving
potential and as an integral part of the energy sector, it should be at the forefront of reversing
this trend, which can be an important factor in limiting the country's economic growth. Energy
has always been a part of history to some extent, but in recent years it is clear that its role has
become increasingly important. It is known that the world's population is constantly increasing,
at the same time energy consumption per capita is also increasing, all of this is related to the
continuous reduction of fuel reserves, which are the main source of energy [5]. Among energy
experts, there is an intelligent active-adaptive network concept for Smart Grid, which can be
characterized by the following characteristics:

1. Saturation of the network with active elements that allow changing topological parameters;
2. A large number of sensors that measure the current operating parameters to assess the state
of the network in different power system operating modes;

3. Data collection and processing system (software and hardware systems), as well as active
network elements and means of managing electrical facilities of consumers;

4. Existence of the necessary executive bodies and mechanisms for changing the topological
parameters of the network in real time and interacting with neighboring energy facilities;

5. Means of automatic assessment of the current situation and network activity forecasting;

6. Management system and high speed of information exchange.

In fact, a certain narrowing of the term reduces it to the automation and optimization of the
operation of secondary energy transport, apparently reflecting the problems of the current
energy complex or perhaps corporate interests, but in any case solving them. Problems give
clear results. Automation and optimization of transport infrastructure is a very important and
urgent task considering the current state of affairs: from 10% to 14% of network losses during
transportation to the final consumer (according to various estimates). At the same time, we are
approaching the end of capital funds (by 2020, everything created during the economic boom of
the 1960s and 1980s will be destroyed en masse), and we will solve this problem not by recovery,
but by regeneration. is chosen as a modern solution [6-7].
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As mentioned above, the general understanding of how to implement this concept is related to
the development of the technological foundation and the information systems that are part of
1t. Automation and informatization in industry did not begin with the introduction of the topic
of Smart Grid. The new concept simply strengthened its position, because its implementation
involves hundreds of times the flow of data, which implies more effective data management
technologies.

When the smart grid is turned on, the electrical system adapts to new conditions without
human intervention. If the circuit limit is approached, the smart grid can automatically restore
itself to overcome the overload condition. The solution to the problem can be “self-healing” by
replacing the problem areas to reduce network interruptions. As electricity demand increases
during the hottest days of the year, power companies must maintain large energy reserves. A
smart grid makes maximum use of available resources[8].

A smart grid equipped with thousands of sensors and operators that better understand system
performance predicts rather than responds to prevent emergencies. A smart grid gives
operators the ability to predict failures before they happen. The corresponding action can be
automated. Even in today's sophisticated SCADA and distribution control systems, switching
is often done by operators based on their own interpretation of the situation. Table 1 provides
a list of available communication technologies for the smart grid [9].

Table.1. Analysis of smart grid network technologies.

Medium Technology Standart Application
DSL ADSL, VDSL NAN
) PLC PON,WDN,SONE T/SDH WAN
Wired
Optical Fiber IEE P1901.2, IEE1901 HAN, NAN, WAN
Ethernet IEE 802.3,IEC61850 HAN, SAS
WiMAX IEEE 802.16 NAN, WAN
WLAN IEEE 802.11z HAN, NAN, V2G
Wireless WPAN Bluetooth, ZigBee V2G.HAN
Cellular 2G.2.5G,3G,4G V26, NAN,WAN, Smart
meter

In addition, consumers began to participate in energy demand management through the smart
metering system and intelligent grid ICT market mechanism. Various communication
technologies are used through two main means: wired and wireless. Ethernet, power grid
connection-PLC, fiber optic and wireless communication satellite, WiMAX, mobile
communication and z-wave are examples of communication methods. In the evolution of smart
grid architecture, several standards have been proposed, including IEC 61970/61968CIM, IEC
61850, IEC 62351, IEC 62325, and others [10-11].

Before the Smart Grid era, everyone recognized the importance of using GIS in the energy
sector, including the energy sector, to automate business processes in the smart grid. GIS in
the energy industry has long been recognized as an infrastructure technology, and all IT
consultants consider it an essential technology for building enterprise I'T architecture for energy
companies. Due to the geographical distribution, the electricity industry enterprises are mainly
spatially connected, which accounts for about 90% of the data used by the electricity grid
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companies due to the nature of the main assets: transmission and distribution networks, as
well as all related infrastructures [12-15].

Continuous service level for context-specific modular services (measurement data download,
relational transformation and data sequence normalization), as well as for forecasts and
Iintensity maps designed with interoperability and robustness in mind Manages the
computation of GIS-compatible data.

II. Application of geoinformation system in smart grid

GIS for the smart grid is not a super system with a big red button, it is not seen as a solution
for all possible problems. It just replaces and automates everything. Rather, it is a
comprehensive integrated IT solution based on web services and standardized intersystem
interfaces (CIM model). If the task of creating a super system is based on any of them, the
practice of technological convergence of systems is rarely justified. For example, technology
systems often include geographic images and associated functionality, but this approach does
not always best reflect the overall functionality. Back to the role of geographic information
systems (GIS) technology with the above considerations in mind. It is assumed that an
enterprise GIS asset management system (focused on technical certification) and network
topology modeling should be used to determine the current state of the engineering network.
Enterprises need to retrieve spatial location and network topology information from GIS and
return it using transactional mechanisms and clear rules. The changes were determined by
their logic of operation and the nature of the business processes being served: operational
switching, equipment shutdown, replacement, etc. When a single database (MB) is used as a
source of engineering information at all stages of the life cycle (L.C) - design, construction and
operation, this is called a single version of the truth (SVOT) in Western practice. Fig. 3.
illustrates a GIS-based database model.

4 N

Basic GIS stations

Smart grid network

Digital cartographic basic of the actual

\ Smart grid j / Registration of users of public \
Ly organizations that are members of the

[ — Smart Grid network
Regional Information Analysis Center [~ I

T Creatin and updating new users

Smart grid center

Fig.3. GIS management system for smart grid.

GIS-based solutions for the energy industry are sold by several major retailers and many
independent companies. Energy systems around the world are being forced to “go digital”,
which means fundamental changes in internal architecture and management. Although some
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countries still do not have a single energy system that requires global changes, the growing
inefficiency of electricity is becoming a factor that hinders economic development. Digitization
1s the current trend to improve efficiency in industry, including energy. Industry 4.0 is a key
component of the digital architecture of the Fourth Industrial Revolution. Digital energy is
becoming a component of the digital economy as part of the program to digitize all fuel and
energy sectors, including electricity, oil and gas, and coal [15-18].

and displays

Geoinformation technologies. A computer system that collects,

geospatial data and can be used to display information about events, occurrences, activities, or

manages,

details, as well as their location. GIS is a bridge between geography, computer science and
information technology theory, cartography and new computing approaches. Short-term
forecasts and flattened maps create PostGIS-compatible spatial data. PostGIS is a spatial
database extension for PostgreSQL that supports geographic objects and allows location
queries. In addition, the properties of these spatial types allow for improved operators and
indices. Fig. 4. shows the general structure of Gis [19].

\

Creating a database of Network model Integration of GIS and Povide BIS  services
assets network design tools and  business  user
o including network information
o creating a model development: o develop and
technology chain to o input  automation customize the
create and maintain tools: integration of design o inteorate GIS
an up-to-datc assct j o business rules and :3 tools in  GIS. :3 scniccs aiid  dat
database model quality control Continuous with othier business
development; procedures; integration of design s Hid sl
¢ public input; ¢ development  and and operational aioplications -
¢ updating the adjustment and of processes based on vanious  Eanetional
database using; various  types  of data from GIS and —
field quality control traces. accounting and

business systems.

\ procedures. j

Fig.4.The life cycle of corporate GIS implementation.

Providing access to geospatial information via the Internet (organizing data storage, creating
services with GIS analysis functions for users of internal and external web networks). It allows
the user to organize access to information on a specific topic (spatial images, vector maps,
attribute data) for a specific area from the internal network and the Internet. Table 2
summarizes the currently available GIS software [20-28].
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Table.2.Using GIS Software on a Smart Grid

Soft
Type of work ortware Key features
products
- Automated air triangulation for all types of frames taken from
digital and analog cameras
- Aerial or satellite imagery, quality control.
Photogrammetric . - Build high-resolution digital height models based on editing
. INPHO line from . . ..
processing of ) - Create color-synthesized mosaic overlays using images from
Trimble INPHO

remote data

different satellites

Vectorization of terrestrial objects through stereo pairs of
aerial photographs and space images

Geometric and radiometric correction

Thematic
processing of
remote data

ENVI line from
ITT VIS

Interactive decoding and classification

Interactive spectral and spatial image enhancement
Calibration and atmospheric correction

Obtain vector data for export to GIS

GIS analysis and
mapping

ArcGIS Desktop
Line (ESRI Inc.)

Create and edit spatial data based on an object-oriented
approach

Creation and design of maps

Spatial and statistical analysis of geodata

Map analysis, visual reporting

Provide access to
geographic
information via
the Internet

ArcGIS Server
Line (ESRI Inc.)

Centralized management of all spatial data and mapping
services
Create web applications with desktop GIS function

GIS is typically used as the basis for a critical document that contains a detailed description of
an enterprise's IT infrastructure and IT architecture. Their formation, with their unique
methods and scientific approaches, has become an important area of IT management and is an
important component of the strategic enterprise management process.

There are no standards or clear rules governing how to use the GIS component in an enterprise's
IT architecture. If the best practices in the field of utilities (energy companies and utilities) are
generalized, GIS should play the role of infrastructure technology that provides basic support
for business processes, spatially distributed asset management, and technical certification
system. Supporting network topology and providing useful tools for creating and editing it is an
important task when describing distribution networks whose configuration changes frequently
due to, for example, operational switching. DMS class systems support the network model and
generally provide a very convenient and conventionally understandable interface for working
with data based on schematic views; however, they have some drawbacks. A schematic
representation (basic, single line, full line, cable routing diagrams, etc.) is usually done out of
scale and does not have full coordinate information. When used for network modeling in
dispatching and maintenance tasks, they rarely cause problems. However, when it comes to the
corporate approach and the added benefits of synergy through the sharing of different data and
systems, geographic coordinate systems and precise spatial association of data with the region
may be the only natural way to achieve this. In fact, in cooperation with property data (land
cadastre), engineering network data, and even external data, for example, information about
transitions to other engineering networks, meteorological data, etc. how to analyze and display,
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uses a single coordinate system and spatial analysis. GIS can effectively solve such tasks, which
1s why they were created in the first place.

CONCLUSIONS

Due to complex natural phenomena and energy technology, the concept of Smart Grid is
developing rapidly. The proliferation of smart grids requires developers to work with large
amounts of data on many aspects to ensure the reliable, resilient, and secure operation of the
power grid. In this context, the general energy sector and the prospects for the use of GIS
technologies in enterprises will benefit from an introduction to the materials, key concepts and
technological trends in this study. It is a field manager, engineer, site supervisor, I'T service
representative, etc., and GIS technology will be useful for various specialized industrial
applications. By sharing spatial data with everyone in your workplace, you can improve
company performance and efficiency, and improve customer service for a critical resource like
electricity. Due to their decentralized nature and operational robustness, the applications
presented in this study are among the leading technologies. On the other hand, ICT transforms
the traditional “power grid” into a “smarter” grid by enabling device integration, information
exchange, data interaction, and two-way communication. A platform based on standard
communication protocols and applications is an important criterion for connecting to a smart
grid in this context.
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