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SUBSYSTEM OF COLLECTION, STORAGE AND VISUALIZATION OF OPERATING
DATA OF THE DECISION SUPPORT SYSTEM FOR MICROGRID MANAGEMENT

The paper states that the introduction of various types of renewable energy sources into energy systems turns them into
complex cyber technical systems and come to growing complexity of interaction processes in such technical energy systems
increases the complexity of the management process. The complexity of management is especially increased when such an energy
system is operated as a microgrid because in this case, and effective management is possible only if the decision-maker will have
quality information support and be able to fully monitor all information flows. To ensure the efficient operation of the microgrid, it is
necessary to collect and use in the analysis process data on the current state of the power system, on the parameters of the
environment. The monitoring process must be performed in real-time. The difficulty of data collection is that the data comes from
different sources and at different time intervals. To ensure the data collection process, a functional and mathematical model is
proposed, which describes the process of pre-processing a large amount of collected data, their verification, and storage. Data
exchange and storage for the monitoring process are provided by the operational database, the logical scheme of which is also
proposed in this paper. For the successful formation of the solution, a large amount of controlled data and the results of forecasting
the production and consumption of electricity are proposed to be implemented as a subsystem of visualization. It is the combination
of operational monitoring of the current state of the power system with the decisions of intelligent decision support services through
the operational database that provides the decision-maker with a convenient visualized form of information about the current state
of the system and the optimal configuration of resource planning and use services plan.
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HIACUCTEMA 3b0OPY, 3BEPI'AHHA TA BI3YAJII3AIIL OMEPATUBHUX JJAHUX
CUCTEMMU HIATPUMKU ITPUMHATTSA PILNEHD AJ151 YITPABJIIHHSA MIKPOI'TL

Y crarTi BU3Ha4YeHo, Lo BIIPOBaKEHHS 40 EHEPIOCUCTEM PIZHOrO PoAy BIAHOBITIOBAHNX [XKEDES EHEPITI NEPETBOPIOIOTE
X Ha CKagHi KIOEPTEXHIYHI cucTeMamu, SKi MOTPEOYIOTL [HTEMPOBAHOIO IHTENEKTYaIbHOro yrpas/iiHHA. 3POCTaHHS CKAaAHOCTI
1poueciB B3aEMOANT Yy Takux TEXHIYHNX EHEDFETUYHUX CUCTEMax IMiABULLYE CKIGAHICTb MpoUecy yrpas/iHHsS Humyu. OcobsmBo
36I/IbLLIYETECS CKIGAHICTL YIIPaBIIIHHS, KO/IM TaKa €HEPreTUYHa CUCTEMA EKCIUTyaTyeTbCa SIK MIKPOIrpl4, OCKi/IbKU BOHA ¥ LIbOMY
BUNaAKy MAae nesHy aBTOHOMIIO ¥ QYHKLIOHYBAHHI, | JOCSITH €QPEKTUBHOIO yripaB/liHHS HE MOX/IMBO JIMILE, KO 0coba, Ka
NpMAMAaE pillieHHs GyAe Maty SKICHY [H@ODMALIVIHY MATPUMKY, Ta Matv 3MOry IOBHICTIO BIAC/TIAKOBYBATH BCI IHGOPMALiViHI MOTOKY.
Ana 3abe3rneqyeHHs] eQEKTUBHOrO QyHKLIOHYBAaHHS MIKPOrpla HEOOXIAHO 36Mpatv Ta BUKOPHCTOBYBATH y MPOLIECI aHa 3y AaHi rnpo
[IOTOYHMY CTaH EHEPrOCUCTEMY, [IPO 13PAMETPU OTOHYIOHOro CepeqoBuLya. [lpoLec MOHITOPUHIY HEOOXIAHO BUKOHYBaTU Y
peasibHoOMy Yaci. Lje 403BOJISE BIACTIAKOBYBATU PIBHOMO Pogy 3MIHH, Ta BYACHO HA HUX PearyBaty, 3MIHIOYH NapamMeTpu MIKporpiz.
CKaAHICTb 360py AaHnX MONISAra€e y TOMy, WO AaHI HAAXOAATE 3 PI3HUX [XKEPE/ Ta y Pi3HI 4acoBi iHTEpBam. /15 3a6e3rneqeHHs
npouyecy 360py AaHuX 3arporioHOBaHO QyHKLIOHA/IbHY Ta MaTteMatnyHy MOAESb, SKI OUCYIOTbL IPOLEC IMONEPEAHBOI 06pObKM
BE/IMKOro 06CAry 3i6paqmx Aamux, ix Bepu@ikauiio 1a 36epiraHHs. ObMiH fgaHumu Ta iX 36epiraHHs A/15 MPOLIECY MOHITOPUHIY
336€e31eYyeTHCS ONIEPATUBHOK 6a30t0 AaHuX, JIOMYHa CXEMA, SKOI TaKOXK 3arporioHOBaHa y Liv CTaTTi, [1s yCrmiluHoro ¢popMyBaHHs
DillIeHHSI BE/MKMI 0OCSI KOHTPO/ILOBaHUX AaHNX Ta PE3YJIbTaTy MPOrHO3YBaHHS BUPOOHNLTBA Ta CIIOXUBAHHS €/IeKTPUYHOI eHeprii
3ariporioHOBaHo peasnizyBatn K MgcucTemy Biyasizayli. Came MOEAHAHHS ONEPATUBHONO MOHITOPUHIY [1OTOYHOIO CTaHy
EHEProcuCTeMU 3 DILLIEHHSIMU IHTE/IEKTYA/IbHUX CIYKO CUCTEMU MIATPUMKU MPUIHATTS PillieHb YEDPE3 OrepaTusHy 6asy JarHmx
H3AaK0Ts 0CO6I, 1O NPMIMAE PILLIEHHS], V 3PYYHIV BI3yasi30BaHivi QopMi IHGOPMALIO PO rMOTOYHUY CTaH CUCTEMU Ta ONTUMA/IbHY
KOH@Irypauito niaHyBaHHs pecypCiB [ 1/1aH BUKOPUCTAHHS], KU ODIEHTYETLCS HA MIABULLEHHS PIBHS E/IEKTPUYHMUX MTOCTTYT.

Kito4oBi c10Ba:  BIAHOB/IIOBA/IBHI [XXEPENA EHEDPIT], MIKDOrpls, IH@OpMaLiiHa MgTPUMKE, MOHITOPUHI, 68338 AdHMX,
Bi3yasizayis.

Introduction

The global energy crisis, caused by russian invasion of Ukraine, requires the final abandonment of fossil
fuels and the rapid transition to renewable energy sources (RES) usage for electricity generation in the housing and
utility sector and industry for all sectors of the economy. Therefore, energy production, distribution, and
consumption require the development and creation of more innovative and energy efficient approaches. Replacing
traditional power generation with generation from RES also poses new challenges to electricity consumption and
distribution, and requires the implementation of Smart Grid technology, as well as the integrated management of
next-generation power grids. In turn, the modern development of Smart Grid technology turns it into a global
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concept of energy interconnection, allowing it to replace traditional approaches to the management of production,
distribution, and consumption of electricity with more efficient ones.

Thus, the new generation of Smart Grid is transformed into cyber technical systems with integrated
intelligent control. This transformation, in addition, allows to save electricity, avoid transportation losses, and
develop energy savings. Environmental friendliness and energy efficiency are often achieved by changing the
paradigm of "centralized» to the "decentralized" electricity production through the various RES usage, reversing the
logic of production and distribution of electricity, and the use of new software to perform functional energy
optimization. Along with this, there are many questions related to digitalization the processes that accompany the
electricity life cycle, from the moment of its production to storage, distribution, and consumption. The use of
integrated intelligent management throughout the energy life cycle can increase profits, and such a transformation is
aimed at more efficient use of available energy resources, especially renewable energy resources. In turn, the ability
to intelligently manage complex cyber technical systems with RES is the ability of decision support systems (DSS)
to collect data, convert it into information, store information, use the results of information processing for decision-
making and change the power system behavior. It allows saving expert knowledge gained on the basis of previous
experience. Conventionally, DSS tasks for Smart Grid energy management can be divided into those involving
decision-makers and those that are not controlled by such a person. The quality of the decision very often depends
on how fully the decision-maker receives information and can perceive it. In other words, the quality of
management decisions depends on the quality of information support of the decision-maker. Such information
support is formed by data collection, storage of data that provides monitoring, as well as the process of providing
information in a user-friendly form for decision-making.

Related works

The development of the Internet of Things (IoT) [1] and smart home technologies [2] is designed to
monitor and manage energy consumption in buildings. The combination of these technologies allows to monitor
energy consumption in different rooms or locations or give information on the current state of functioning of energy
sources. An example of successful energy management is monitoring and managing energy consumption via the
Internet. The solution proposed in [3] allows for a review of how people use, store, and manage energy. Once
connected to this system, any device becomes an intelligent space with a rich set of functions and capabilities for
energy consumption monitoring and control.

It should also be noted the advantages of monitoring systems that perform monitoring at the moment.
Because the observed objects are constantly changing or evolving, dynamic monitoring systems have the ability to
predict the failure of the object to be observed or to determine the probability of danger at the time of its operation
[4-5].

IoT technologies also facilitate the collection of information about the operation of solar panels or charging
stations and monitor the movement of the sun by using special trackers to monitor the sun [6], which increases the
amount of electricity generated by about 35-50% [7], as powered by solar panels behind the sun.

Analysis of the results of the previous study revealed that to increase the effectiveness of the decision,
information from the decision support system to the decision maker should come in the form of charts, graphs,
tables, etc., which visualize data for energy management. Consider a few software products that visualize real-time
monitoring data.

The first application was the Microgrid Digital Control Solution from Schneider Electric [7]. It is a desktop
software that allows viewing real-time data with a simulation function, where you can see where and where the data
comes from, as well as view weather conditions. Additionally, you can see the maximum voltage and energy
consumption percentage. In the interface of this software, it is possible to view in the form of graphs how much
energy is produced. Its feature is the ability to view individual network components and the percentage of their
energy.

The application "Grafana" was also considered [8]. The Grafana Dashboard collects information and
displays it in a convenient form for the user via the web interface. The Grafana software consists of a graph of time
series so that the operator can observe the evolution of the measured temperatures. The user can zoom in on the
graph, as well as select the time interval for visualization. In addition, the sensor illustrates the instantaneous value
of one temperature to get a first look at the value on the sensor. Another element that was considered relevant is the
table, which presents the indicators, namely the current, minimum, and maximum temperature for each sensor.

The third studied application is a modification of the MathLab software, more precisely its library.
Simscape Power Systems is a standard SIMULINK library. It consists of a database of electronic components, as
well as modeling and analysis tools for power systems. The library is also designed to develop and test control
systems in integration with power systems; this makes it suitable for microgrids modeling [9]. This library allows
performing a simulation, as a result of which the program displays visual indicators in the form of graphs depending
on the specified parameters.

Consider a full-featured application for real-time microgrid simulation ETAP Microgrid Management [10].
After enabling the simulation, you can view detailed indicators of individual devices in real-time, as if physical
devices are now connected. The application displays devices connected to the system and provide the ability to track
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their performance in real-time. The program can display information in the form of graphs. You can view the
performance of a separately connected device. It is possible to view a specific energy capacity in the form of a
graph, as well as individual indicators such as speed, temperature, voltage, humidity, etc. in the form of a bar chart
and a regular table. It is possible to view individual indicators in the form of a pie chart.

The functions of the information system, which is currently being developed but is attracting attention, are
also considered - it is Monash Microgrid [11]. This system allows you to visualize the microsystem as a 3D model.
More precisely, it visualizes real buildings on a Google map and depicts the system of connecting power and its
connection to buildings.

It would also like to consider the oldest but still popular visualization system - LabVIEW Visualization
[12]. The graphical interface is designed using LabVIEW software to visualize system parameters in real-time. As
an instance, you can visualize the values of direct current inverters, such as direct current voltage, solar panel power,
etc. Using this software, it is possible to make several modes of data visualization in real-time.

After analyzing the existing information technologies and software tools, it can be concluded that in order
to collect, store and visualize data in the DSS and to organize effective interaction of the decision-maker, the DSS
must provide real-time data visualization and support for several types of data visualization.

Purpose

Increasingly, engineers create smart microgrids with renewable energy sources - systems that can operate
separately from the centralized power grid. But such microgrids often have problems related to their internal
technological limitations of power supplies [13]. Because of this, it is usually impossible to determine how
efficiently energy is produced and how efficiently it is used without monitoring. In this regard, there is the problem
of how to perceive the collected data and control the energy of the end consumer. To solve this current problem the
tools and methods of data collection, storage and visualization are used, which in turn determines the relevance of
this study. Through operational monitoring of the current state of the microgrid system, intelligent DSS services can
provide users with a convenient visualized form of the optimal energy resource planning and improve the level of
electrical services [14].

The object of the study — to provide information support for the decision-making process in the energy
management of microgrids.

The subject of the study — information technology of data collection, storage, and visualization in the
energy management of microgrids.

The aim of the study is to develop information technology for data collection, storage, and visualization for
the DSS system in the energy management of microgrids. This information technology should be implemented in
the subsystem of collection, storage, and visualization of operating data of the DSS for microgrid management.

Proposed technique

In the study, we consider a typical small microgrid, which consists of a set of photovoltaic panels, wind
turbines, and a common energy storage bank, and also has a connection to the external power grid.

The process of decision support in the management of such a microgrid pre-includes the collection and
processing of data on weather data, the current state of the power system, determining the forecasted value of
electricity generation and consumption, and quality indicators, and consists of recommendations for the optimal
operating model. This process is divided into sub-processes that are implemented by the respective DSS subsystems.
Some of these subsystems have auxiliary functions of data visualization. Appropriate technical and software tools
for data collection, processing, and storage are required for the implementation of information collection and pre-
processing.

Data that enters the DSS can be input once by the authorized user when it's registering in the system, as
well as entered from external information sources online. In turn, operational data are divided into data coming from
the automated control system and characterizing the current technical condition of the object of observation - the
microgrid, and data collected from external information sources - data on forecast meteorological conditions. At the
preliminary stage, it is necessary to check the accuracy and integrity of data transmitted from the automated control
system, as well as from weather forecast websites. After the validation collected data are stored in the database. The
data obtained online are used in evaluating the list of alternatives to the modes of the microgrid operation, as well as
in calculating the criteria for choosing a solution regarding the microgrid operation mode. The decomposition of the
process of collecting and pre-processing information in the form of a diagram in the IDEFO notation is shown in
Figure 1. The components of this process are "Data Collection", "Data Validation", "Storage to Database" and "Data
Conversion".

All monitored data can be described as a set M,=M,, UM, .1t consists of two subsets:

- subset M »  that consists of parameters that are collected from external information sources (these data
are variable in time) and entered by the user;

- subset MP", that contains the calculated parameters.
Set of the parameters collected and entered by the user M, can be presented in the form:
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M,,={Mwo,Mres, Mg, MPl, M, .},

Model of collecting and

pre-processing information
Parsing

technology

Input data .
» DataCollection

Data Validation
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::: Processed data

-
[}

Storage to Database

Data Conversion

Manitoring
Subsystern

Fig. 1. Decomposition of the process of collecting and pre-processing information in IDEF( notation

where Mwo is a set of forecast weather conditions; My — a set of data on the available microgrid with RES
configuration; Mp; — a set of data on geographical location of microgrid with RES; M, — a set of data on the local
distribution networks to which it is planned to connect the microgrid; M., — a set of data that characterizes the
current technical condition of the microgrid (for example, the battery charge level).

Data M5, Mg, Mp; are entered once at user registration, data Mwo, Mg are collected from external sources
real-time, B they are the main factors that affect the microgrid current state and are crucial for the formation of
energy management decisions.

Model data collected from external sources (M ), can be presented as a set of weather forecast data that

are real-time collected. M is described by an ordered set of elements:

M,,={(t.E.T,V)},

where ¢ — time interval for which meteorological indicators are provided on the weather site (hours);

E — the level of insolation and precipitation in qualitative characteristics (clear; variable cloudiness; cloudy;
cloudy and precipitation);

T — temperature, (°C);

V — wind speed can also be represented by the range of values from initial to final (m/c).

The data flow diagram in the process of collecting, storing, and displaying information to the user is shown
in Fig.2.

External data
sources

User

Fig. 2. Data flow diagram

Data on the current state of the microgrid enters the operating base from various sources, such as sensors or
meters. At three-hour intervals, forecast weather data is recorded to provide forecasts of energy generation by
devices for the day, three days, or a week ahead. Data from microgrid devices are received every hour. These data
are visualized on the web interface and used for data warehouse filling. The data in the data warehouse should be
updated at midnight Greenwich Mean Time in order to minimize delays in the operation of the entire system.

Figure 3 shows a logical model of the operational database that stores current information.
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Fig. 3. Logical model of database

Information support of the decision-maker is provided through the subsystem of visualization of monitoring
results and analysis. The collected data, processed data and data from analysis process are displayed in an easy-to-
understand format in the form of diagrams, graphs and tables.

Thanks to the graphics module, which allows to build different types of graphics and configure them,

provides visual output, namely:

- construction of graphs with data updates every 5 minutes with data display: on the X axis time
(day, month, or week), on the B axis indicator of electricity use.

Archived data
storage
MySQL

F Sensors W

Webpage

I

Web templates

I

Modules and components
Iffooter.phﬁ:l

[ link.php )}~ ~

— 7"_\Navharphp/::

[ grafphp I

I_‘.sidebar.php' | { weather. php.\_!

—

Fig. 4. Architecture of data visualization subsystem
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- display tables with the ability to add and edit data with information about users, energy data, etc.;

- display of weather data as a separate widget.

The subsystem of data collection, storage and visualization allows to differentiate access rights of separate
groups of users:

- user — does not have full access to the system, namely it can view data and add them to the
database;

- administrator — has full access to the system and its settings, such as the user, as well as the ability
to add and remove users, delete information from the database. The use case diagram is shown in Figure 5.

The visualization subsystem performs the following functions:

- displays data coming from the database in the form of graphs, tables and charts;

- implements saving data in .png format;

- implements fast work of updating data in the system.

The visualization subsystem allows:

— personal data editing — allows to change or add personal data about the client or administrator;

— authorization — allows to authorize in the system for further work;

— registration — gives the client the opportunity to register in the system,;

— remote control for microgrid — allows to turn on or off a separate device in the microgrid;

— view microgrid energy data — the user can view all data in the microgrid;

— editing microgrid data — depending on the access rules, the user can edit the data in the microgrid.

%
i

Administrator

Web-application of collecting, storage and visualization mierogrid datﬂJ

Editing personal data —
Remote microgrid control ¥
' | wmysaL

View microgrid data
Editing microgrid data /

Fig. 5. Use Case Diagram

"Artifact”

N filo”
MySQL

Registration

The data visualization subsystem consists of components and modules, which are listed in table.

Table 1
Modules and components

Ne Modules and components Description

1 link.php All external links used in the web application

2 grafscript.php The module contains settings for graphs

3 navbar.php Navigation menu module

4 weather.php Configure the weather API used in the web application

5 footer.php Footer with contact information

6 include database.php Database connection module

7 config.php An application configuration component

The data enters the visualization subsystem from the database. Information is obtained from the
OpenWeatherMap API and devices, using the HTTP protocol. The visualization subsystem is created with the help
of modules that are interconnected and form full-fledged page templates, and are connected into a full-fledged data
visualization subsystem, which provides informational support to the decision-maker in DSS management of
microgrids.
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Results
Here is an example of working with the data visualization subsystem. After confirming all the data, the user
gets to the main administrative page (Fig. 6), where we can view the current weather indicators (Fig. 7).

Microgrid SSMEnergy
:::]
* gMH mr:ﬂm Hanpsmox
2 o ;
a26am ‘ 101 ~
Temnepatypa iy : nvh y 7
o Mopuew BiTpy = [ — i
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3 10 THCK
Big4ysaetsca 1.2 3 4 5 6 120 1050 .'m‘m.
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1.91 14 15 16 17 18 19 20 e
21 22 23 24 2526 27T
28 20 30 3
[J]
Fig.6. Main administrative page
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Fig 7. Weather indicators

Below the weather indicators on the same page, the user can view the archived information on the
performance of solar panels (fig. 8).

ApXiBHI NOKaZHUKK

Norousa

* :;:J"m f_:;’;”s'”" E:_‘;‘“‘ Noxsuin ~ flara Yac ®ssaA(Br) GssaB(Br) asaC(Br) :‘:’;:Jm :‘:;::;“ ::'{::Jm nf::)yxmcm f:::::';_e‘f::’:r_:m m""“w:w"
| \ | | \ | \ |

1 100 50 3 3 6122021 191829 230 220 240 380 370 350 220 1

2 80 60 4 3 6.12.2021 19.18:25 230 220 240 340 aso 310 218 Q 1

3 80 50 3 1 6122021 191739 220 230 240 350 340 380 222 0 1 0

4 40 40 2 2 6.12.2021 19.16:50 230 220 240 330 330 390 215 1 a o

5 710 30 2 3 6122021 199706 230 220 240 380 390 330 222 0 0

6 150 11 5 1 6.12.2021 19.16:18 230 220 240 350 315 310 230 o 1 ()

7 200 sa 3 2 6122021 199470 290 220 240 560 310 310 219 . 0 1

& 110 38 16 3 6.12.2021 19:17:23 230 220 240 380 370 350 220 1 1 1

Cropiwen: 1 4 Brepen OcTawwid 134

Fig 8. Table with archived data

Below from the presented table it is possible to view the voltage of the phases of solar panels in the form of
a bar plot, which is presented in Figure 9.

®azn CoHAYHNX NaHenew

s
200 n éa;;;
Fig 9. Bar plot of solar panel voltages
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Also, you can view information about the voltage of solar panels relative to their power, in the form of a
scatter plot (Fig.10).

Conauki naveni

NomyxwicTs, BT

Fig 10. Scatter plot of solar panel voltage relative to their power

Conclusions

The paper presents information technology for data collection, processing, storage, and visualization.
Information technology is implemented as a subsystem of the decision support system in the management of
microgrids with renewable energy sources.

Previous analysis of technologies and methods that support the collection, storage, and visualization of
monitoring data, confirmed the relevance of the study because in the decision-making process in microgrid
management to improve the quality of the decision is possible only by improving the information support of the
decision-maker.

Developed functional model of data collection and storage, the mathematical model of data monitoring,
allow to formalize these processes and provide effective monitoring of a large amount of heterogeneous data at
different time intervals.

An operational database has been developed to store the information received in the process of data
collection, forecasting of consumption, and production of electricity, in connection with the subsystem of data
visualization. The operational database stores information on the current state of the power system and short-term
forecast data.

The visualization subsystem outputs data in a user-friendly form. It is designed for different categories of
users and provides each user with information following his authority. This subsystem will be used as the
component of the decision support system in the management of microgrids with renewable energy sources.

The developed subsystem of the decision support system for microgrid management has an advantage over
existing data visualization systems for energy microgrids operation. It is that the use of the subsystem will provide
comprehensive information support for decision-making in the intelligent energy microgrids management with
renewable energy sources.
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