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SPECIFICS OF DATABASE STRUCTURE FOR STORING DIFFERENT TYPES OF
INFORMATION IN INTEGRATED MONITORING SYSTEMS

Modern integrated monitoring systems of territories and objects, such as countries, regions, cities, districts,
enterprises, or even natural resources, deal with a vast amount of diverse information. Indicators characterizing the state of
these objects may differ fundamentally and have distinct components, specifics of data processing, and storage. This diversity
poses a challenge for standardizing data under a single template, as it requires accommodating the peculiarities of each
indicator. The creation of a unified database structure for such systems is a complex and extremely important aspect that can
significantly enhance monitoring efficiency and productivity.

This paper discusses the peculiarities of developing a database structure for complex monitoring systems of
ecological, economic, energy, and social parameters of territories, where comprehensive analysis requires consideration of data
from different fields, emphasizing the importance of creating a flexible database structure that can be easily modified.

Avertical data storage principle is proposed for preserving heterogeneous information, which eliminates the problem
of information redundancy and facilitates the development of a universal database structure. The proposed structure remains
unchanged when adding new parameters, allowing various experts to work with the system and analyze the environmental
state using different indicators, without requiring database restructuring or changes to the software modules utilizing it.

A database structure for storing calculations and formulas employing the vertical data storage principle is developed
and presented, aiming to increase data processing speed and reduce time spent on programming new mathematical tools and
analysis.

The described database structure is successfully utilized in a comprehensive eco-energetic-economic monitoring
system.

Keywords: database design, database structure, integrated monitoring, environment, public health.

CJIITYEHKO BOJIOJUMMUP, ITOJIAT'YHIKO JIFOBOB, KPVIII OJIBI'A, PYAUK BOJIOJUMUP

Harionansanit TexHiuamii yHiBepcnTeT YKpainu « KnuiBcekuii mosmitexHignmit iHCTHTYT iM. Iropst CikopchKkoro»

OCOBJINBOCTI CTPYKTYPH BA3HM JTAHUX 1JI 35EPEXKEHHS PI3SHOTHUITHOI THOOPMAIIIL B
CUCTEMAX KOMINUVIEKCHOI'O MOHITOPUHI'Y

Y yiti po6omi poszaassHymo ocob6augocmi po3po6ku cmpykmypu 6a3u daHux 04151 Cucmem KOMN/AeKCHO20 MOHIMOPUH2Y eKO1021YHUX,
EeKOHOMIYHUX, eHep2emUu4HUX ma coyianbHUX napamempie mepumopii, de 8 KOMN/JAEKCHOMY aHA/I3l HeO6XIOHO 8paxogyeamu OaHi 3 pi3HUX
2asy3ell ma € 8axcAUBUM CMBOPEHHS! 2HYUKOI cmpyKkmypu 6a3u 0aHUX, Wo 1e2K0 MO*CHA Modugdikysamu. 3anponoHo8aHo 0151 36epextceHHs
pisHomunHoi iHgopmayii 3acmocogysamu 6epmMuKAAbHUL NpUHYyun po3mawly8awHs OaHuX, wjo 00380.1uU8 npubpamu npobaemy
Hadauwkogocmi iHgpopmayii ma pospobumu yHigepcanabHy cmpykmypy 6a3u daHuX. 3anponoHo8aHa cmpykmypa He 3MIHIOEMbCS npu
dodaHHi HOB8UX hapamempis, MoOMy pi3Hi eKkcnepmu MoXCyms npayrosamu 3 CUCMeMO0 ma aHaizyeamu CmaH HaA8KOAUWHbLO20 cepedosuuya
3a pi3HUMU NOKA3HUKAMU, a 3MIHA HaGopy napamempie He suMazae pecmpykmypu3ayii 6a3u 0aHUX ma 3MiHU Npo2pamHux mModyis, wo ii
sukopucmosye. Po3po6sieHo ma npedcmaseHo cmpykmypy 6as3u 0aHux 0451 36epexceHMsl po3paxyHkie ma ¢opmy/, wo 3acmocosye
8epMUKAAbHUL NPUHYUN pO3MAULy8aHHs 0aHUX, Ye 00380151€ 36Labwumu weudkicms 06pobKu daHux ma 3MeHWUmu 3ampamu 4acy Ha
npozpamysaHHsi HO8020 MAMeMAMU4HO20 anapamy ma aHaizy. OnucaHa cmpykmypa 6asu 0aHux ycniuwlHo 8UKOPUCIMOBYEMbCS 8 cucmeMmi
KOMN/EKCHO20 eK0-eHep20-eKOHOMIYHO20 MOHIMOPUH2Y.

Karouosi crosa: cmpykmypa 6a3u 0aHux, KOMNAeKCHUL MOHIMOpPUHe, 008KIAAS, 300p08’s1 HaceAeHHs.

Formulation of the problem

One of the important challenges of today is ensuring sustainable development of the country, high quality of
life, and population health. Therefore, specialists from Igor Sikorsky Kyiv Polytechnic Institute have developed a
Complex Eco-Energy-Economic Monitoring (CEEEM) System [1] for effective decision-making. The CEEEM
system allows monitoring of regions, districts, and cities by experts of various profiles, namely: ecologists, energy
experts, economists, medical professionals, lawyers, and analysts. Such a set of experts covers all important aspects
of the ecological, economic, and social development of the population [2]. Experts can utilize diverse information to
conduct object monitoring and provide recommendations for improvement, including information from other spheres.
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For example, to calculate damages from excessive emissions, economists use information on emissions of pollutants
into the atmosphere, discharges into water bodies, and waste disposal, while for assessing health risks to the
population, medical professionals use data on the state of drinking water and soil, presence of harmful substances in
the atmosphere, and so on.

Therefore, comprehensive monitoring requires investigation of objects based on various parameters, resulting
in database structures (DBs) in such systems being quite cumbersome, hence the issue of optimizing the DB structure
of such systems is relevant.

Analysis of the latest research

The structure of a database can significantly impact the range of tasks an automated system is capable of
addressing. Typically, automated systems have a narrow focus, and thus the database is designed to accurately describe
the subject area. For instance, in [3], a database for modeling river flow is described; in [4], the HydroServer platform
is presented, containing sets of spatial-temporal hydrological data; [5] details a database for solid waste management;
[6] outlines the structure of an open database concerning global coal and metal mining; [7] describes a database set
for working on open rock masses, including databases for air quality, waste management, map operations, and land
use; [8] illustrates the database structure for assessing the impact of chemical substances on humans and the
environment; [9] discusses the database structure linking pollution levels to children's respiratory illnesses; and [10]
presents a database containing information on diseases, climate, and ecological remote sensing data for monitoring
animal and human health. All of these are optimized for specific tasks and subject areas. In cases where information
from various fields is required, a set of databases is created, each responsible for one area, which are then combined
through queries.

However, for comprehensive territory analysis, i.e., one that encompasses all monitoring subsystems [11],
task-specific optimization would lead to a large number of specialized tables, and processing them would result in
breaking down the complex system into subsystems.

The purpose of this work is to investigate different data layout principles and develop a unified database
structure that allows storing heterogeneous specialized information without the need to restructure the database in the
CEEEM system.

The data layout principle for preserving different types of information

The proper structure of a database enables the elimination of data redundancy. To achieve this goal, data is
partitioned into numerous thematic tables, ensuring each fact is referenced only once.

According to the concept of software flexibility, the database should be designed to accommodate
information from various experts without requiring restructuring when expanding the set of formulas or calculation
parameters. Realizing such a concept necessitates the provision of a universal structure for primary tables.

Typically, horizontal data layout is employed, where tables consist of a set of fields corresponding to all
possible characteristics of real-world objects (the term «horizontal data layout» denotes that all attribute values for a
single object are contained within one tuple, which represents one horizontal row in the table). For example, to store
data regarding the macro-component composition of groundwater, a table may include approximately the following
fields: object code, observation point number, odor, color, carbonates, hydrocarbonates, chlorides, sulfates, nitrites,
nitrates, hardness, magnesium, calcium, iron, ammonium, sodium, polyphosphates, fluorides [12]. This list of
characteristics may vary depending on the need for a more or less detailed examination of water composition.

Having a separate field for each characteristic facilitates data entry and processing. However, if the set of
characteristics needs to be expanded, such a data model requires a change in the table structure. Conversely, a
reduction in the parameter set leads to empty cells, resulting in suboptimal memory utilization. It is evident that such
an approach is ideal for a narrow domain and processing homogeneous information but is not suitable for
comprehensive multifaceted analysis.

If the database is intended to store different types of information, it is necessary to apply the vertical data
layout principle (the term «vertical data layout» means that all indicator values for one object are contained within
one column of the table, i.e., vertically). The principle of constructing such a structure can be described by the
following formula:

Tobject + Tobject indicators + Tindicators = Tfull description» (])

where  T,pject — a table for storing general information about the object, regardless of its type;

Tobject indicators — @ table containing a list of values only for those indicators that are important for a specific
object;

Tingicators — @ table containing a list of ALL possible indicators, essentially serving as a reference for
indicators;

Trui gescription — @ Virtual table that does not physically exist, representing the complete description of the
object without redundant data, which can be obtained by selecting data from the three tables.

In the CEEEMS system, this principle is implemented in the part of the database that stores measurement
results, calculation results, and formulas.
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The database structure for storing measurement results
For the given data in the database, tables have been created: «POI Objects» (containing general information
about monitoring objects on the map), «Elements» (listing pollutants and parameters of the investigated environment),
«Emissions on the map» (containing information about measurement results at specific points on the map), and
«Environment» (listing components of the surrounding environment). The picture (Fig. 1) presents the corresponding
fragment of the database.

= poi =~ emissions_on_map = elements

PK | Id H PK | id PK | code
id_of_user 1S idPoi name

PK | Type idElement short_name
owner_type = idEnvironment measure
Coord_Lat ValueAvg rigid
Coord_Lng ValueMax voc
Description idPolygon hydrocarbon
Name_Object Year formula

_ Month cas

environment day

PK | id H Measure
name
AttachEnv

Fig. 1. Scheme of a part of the database for saving measurements

According to the approach described above: T,pjecr = «POI Objects», Tingicators = «Elementsy, a
Tobject indicators = «Emissions on the map».

Table 1 presents a fragment of the «POI Objects» table. The fragment contains information about two objects
of different types, belonging to different monitoring subsystems. The Pump belongs to the water environment
monitoring subsystem, while «<SSAVEDNIPRO 1376» represents an air quality monitoring station, specifically the
SaveEcoSensor 3.0, and belongs to the atmospheric air monitoring subsystem.

Table 1
A fragment of the table «POI Objects»
ID Object type Latitude Longitude Address Name
1417 | Pump 50.3659652205212 | 30.4567515850067 | Akademika Pump on Akademika
Hlushkova Ave., 39 | Hlushkova Ave., 39
1147 | Place of 50.421359 30.514859 Vododymyro- SAVEDNIPRO 137
information Lybidska Str., 25 6
collection

The CEEEMS receives data on atmospheric air pollution from the SaveEcobot web system according to two
indicators: fine dust fraction 2.5 (PM2.5) and fine dust fraction 10 (PM10).

Table 2 presents a fragment of the «Emissions on the map» table, which contains air quality indicators at
point SAVEDNIPRO 1376.

Table 2
A fragment of the table «Emissions on the map» with air quality indicators
ID POI Object Indicator | Environment | Value | Year | Month | Day Unit
1 SAVEDNIPRO 1376 PM2.5 Air 18,6 2021 11 5 /m’
- ug/m
2 SAVEDNIPRO 1376 PM10 Air 32,5 2021 11 5 ug/ m’

The structure of the table is also suitable for storing information on the contamination of drinking water from
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pumps according to the following indicators: turbidity, color, total hardness, manganese, total iron, ammonium, smell
at 20°, taste and aftertaste.
Table 3 presents a fragment of the table «Emissions on the map» with data on the quality of water in the
pumping station on Akademika Hlushkova Ave., 39. Table 4 presents a fragment of the table «Emissions on the map»
with data on soil indicators.

Table 3
A fragment of the table «Emissions on the map» with data on water quality
ID POI Object Indicator Environment | Value | Year | Month | Day Unit
1 | Pump on Turbidity Drinking water 2021 | 06 25 mg / am’
Akademika
Hlushkova Ave., 39
2 | Pump on Coloration Drinking water | 17.8 2021 | 06 25 Degree
Akademika
Hlushkova Ave., 39
3 | Pumpon Total hardness Drinking water 2021 | 06 25 mg / dm’
Akademika
Hlushkova Ave., 39
4 | Pump on Manganese Drinking water | 0.011 | 2021 | 06 25 mg / dm’
Akademika
Hlushkova Ave., 39
5 | Pumpon Total iron Drinking water | 0.15 2021 | 06 25 mg / dm’
Akademika
Hlushkova Ave., 39
6 | Pumpon Ammonium Drinking water | 0.07 2021 | 06 25 mg / dm’
Akademika
Hlushkova Ave., 39
7 | Pump on Smell at 20° Drinking water 2021 | 06 25 Point
Akademika
Hlushkova Ave., 39
8 | Pumpon Taste and Drinking water 2021 | 06 25
Akademika aftertaste
Hlushkova Ave., 39
Table 4
A fragment of the table «Emissions on the map» with data on soil indicators
ID POI Object Indicator Environment | Value | Year | Month | Day | Unit
1 | Kyiv region Reaction of the soil | Soil 5.6 2021 | 06 17 pH
solution
2 | Kyiv region Humus Soil 2.1 2021 | 06 17 %
3 Kyiv region Moving phosphorus | Soil 101 2021 | 06 17 mg/kg
compounds
4 | Kyiv region Moving potassium | Soil 81 2021 | 06 17 mg/kg
compounds

In the «Emissions on map» table, the «Indicator» column is filled from the «Elements» table, a fragment of
which is presented in Table 5.

Table 5
A fragment of the table «Elements»
ID Name Unit Solubility | Formula
1 | fine dust PM2.5 ug/md | -
2 | fine dust PM10 ug/md | -
3 | Turbidity mg/dm? | -
4 | Coloration Degree | -
5 | Total hardness mg/dm3 | -
6 | Manganese mg/dm3 | + MnO
7 | Total iron mg/dm3 | -
8 | Ammonium mg/dm3 | + NH,
9 | Smell at 20° Point
10 | Taste and aftertaste
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Medical statistics and energy indicators are stored in the same format. As seen, the number of indicators
characterizing the monitoring object does not affect the database structure. Therefore, various experts can work with
the system and analyze the state of the environment using different indicators, and changing the set of parameters does
not require restructuring the database or changing the software modules that use it.

The database structure for storing calculation results and formulas.

Following a similar principle, a part of the database is organized to store information about calculation results
and the formulas themselves. It includes the following tables: «Formulas», «Formula compoundy», «Calculation
results» and «Parameter’s valuey». The picture (Fig. 2) shows a fragment of the database intended for storing formulas
and calculation results.

= calculation_result = parameters_value = formulas
PK | calculation_number H—& PK | calculation_number —H PK | id_of_formula
date_of_calculation < PK | id_of_parameter name_of_formula
PK | id_of_formula B parameter_value description_of_formula
result = formula_compound PK | id_of_expert
PK | id_of_expert PK | id_of _formula L measurement_of_formula
—< PK | id_of_parameter type

Fig. 2. Scheme of a part of the database for storing calculation results and formulas

According to the approach described above: for the part of the database intended for storing formulas Ty ject
= «Formulas», Tingicators = «Formula parameters», a Topject ingicators = «Formula compoundy; for the part of the
database intended for saving calculation results: Typjece = «Formulas», Tingicators = «Formula parametersy», a
Tobject indicators = «Formula compound».

The «Formula compound» table (Table 7) is intended for assembling the set of parameters necessary to
compute a value according to a formula. The «Formulas» table (Table 6) contains a list of formulas available in the
program for conducting calculations. Since a formula can be a parameter itself, the «Formula parameters» table is
essentially the same as the «Formulasy table, but the value of the «Type» field determines whether this entry is a
regular parameter or a formula itself. For example, the soil pollution coefficient C; is determined by the formula:

%
Tsp X Apy X I

2)

where  C; — soil pollution coefficient,
V, — volume of pollutant,

T, — thickness of soil layer,

Ay, — the area of polluted land,

I. — correction index for pollution cleanup costs depending on the depth of substance penetration.

Almost all formula parameters are common parameters that are measured, not calculated, but the volume of
the pollutant Vp is itself a formula:

Vp = —, (3)

where M), —mass of pollutant,

D,, —relative density of the pollutant.

Taking formulas (2) and (3) into account, the «Formulas» table will look like Table 6, and the «Formula
compoundy table will look like Table 7.

It can be concluded that the presented database structure allows for storing information about formulas related
to any environmental monitoring subsystem. This means that without changing the structure, a system using such a
database can provide mathematical tools for any expert working in the monitoring field.
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Table 6
Formulas
1D Parameter or formula name Description | Unit Type
1 Soil pollution coefficient C, formula
2 Volume of pollutant Vp m formula
3 Thickness of the soil layer T, m parameter
4 Area of polluted land Apl m? parameter
5 Correction index for pollution cleanup costs I, parameter
6 Mass of pollutant M ) t parameter
7 Relative density of the pollutant Dp t/m parameter
Table 7
Formula compound
Formula ID Parameter ID
1 2
1 3
1 4
1 5
2 6
2 7
Table 8
A fragment of the table «Calculation results» with data on energy indicators
1D POI Object Formula Result Description Date
1 Preschool educational ECV. y 48941.04 Electricity consumption volumes 16.03.2021
institution «Berehynia»
2 Preschool educational EOE 48941.04 Expenditure on electricity 16.03.2021
institution «Berehynia»
3 Preschool educational HECV 662.055 Heat energy consumption volumes 16.03.2021
institution «Berehyniay
4 Preschool educational EOHEON 662.055 Expenditure on heat energy for own 16.03.2021
institution «Berehynia» needs
5 Preschool educational WCV_y 874.78 Water consumption volumes 16.03.2021
institution «Berehyniay
6 Preschool educational EOW 874.78 Expenditure on water 16.03.2021
institution «Berehynia»
7 Preschool educational ECV _ay 4078.42 Average yearly electricity consumption | 16.03.2021
institution «Berehynia» volumes
8 Preschool educational WCV _ay 72.89834 Average yearly water consumption 16.03.2021
institution «Berehyniay volumes
9 Preschool educational EOE ay 4078.42 Average yearly expenditure on 16.03.2021
institution «Berehyniay electricity
10 Preschool educational EOW _ay 72.89834 Average yearly expenditure on water 16.03.2021
institution «Berehynia»
11 Preschool educational ECV_am 2358.09 Average monthly electricity 16.03.2021
institution «Berehynia» consumption volumes
12 Preschool educational WCV__am | 42.15601 Average monthly water consumption 16.03.2021
institution «Berehynia» volumes
13 Preschool educational EOE_am 2358.09 Average monthly expenditure on 16.03.2021
institution «Berehynia» electricity
14 Preschool educational EOW_am 42.15601 Average monthly expenditure on water | 16.03.2021
institution «Berehynia»
15 Preschool educational HECV _ay 55.17125 Average yearly heat energy 16.03.2021
institution «Berehynia» consumption volumes
16 Preschool educational HECV_am | 32.0841 Average monthly heat energy 16.03.2021
institution «Berehynia» consumption volumes
17 Preschool educational EOHE ay 32.0841 Average monthly expenditure on heat 16.03.2021
institution «Berehynia» energy
18 Preschool educational EOHE am | 55.17125 Average yearly expenditure on heat 16.03.2021
institution «Berehynia» energy
BicHuk XMeAbHUYbKO20 HAYioHabHO20 yHisepcumemy, Ne2, 2024 (333) 289




Technical sciences ISSN 2307-5732

Similarly, another part of the database, intended for storing calculation results (Table 8), is organized in the
same way. These results can subsequently be used for analyzing the state of the territory.

Such organization of formulas allows for changing the formula and parameter set with minimal impact on
the program code.

Conclusions

The proposed application of the vertical data arrangement principle, described by formula (1), has addressed
the issue of data redundancy and facilitated the development of a universal database structure.

The proposed database structure for storing diverse information remains unchanged when adding new
parameters. Therefore, different experts can work with the system and analyze the environmental status using various
indicators. Additionally, modifying the parameter set does not necessitate restructuring the database or changing the
software modules that utilize it.

The suggested structure of the database for storing calculations and formulas employs the vertical data
arrangement principle, enhancing data processing speed and reducing the time required for programming new
mathematical apparatus and analysis, in contrast to the traditional approach to database design.

The proposed database structure enables comprehensive analysis of the territory's status without dealing with
numerous narrowly focused tables. It is successfully utilized in a complex eco-energy-economic monitoring system.
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