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Abstract. The presented information and analytical system is designed to provide convenient management of the
processes of collecting, processing and analyzing air pollution data. The system is a web application built on the basis of
the R programming language using the Shiny web service and works with data from Vaisala monitoring stations. The
created service receives data from the monitoring stations on various air parameters such as wind speed, temperature,
and levels of pollutants such as PM2.5, CO, and NO2.The main functions of the web service include uploading data to a
dedicated server, processing data with the ability to round time ranges, interactive data visualization using graphs and
charts, building air quality charts, and presenting AQI, which can be used to classify pollution levels and generate
recommendations for different sensitivity groups of the population.The system allows users to download data from the
server in various formats or access the original data from the Vaisala server. In addition, users can convert data to
different units of measurement. The web service can be of interest to both household users and professionals in various
fields, including environmental researchers in Ukraine, governmental environmental control organizations, municipal
and public organizations interested in a clean environment. By improving the availability and analysis of air quality data,
this service contributes to the preservation of the environment and public health.

Anomauisn. I[Ipeocmasnena iHghpopmayiitHo-anaiimuuna CUucmema NPUHAYena OJisl 3pYUH020 YRPAGIIHHS NPOYecamu
360py, 00pobKU ma ananizy oanux npo 3aopyonents nogimps. Cucmema 1611 co6010 6e0-000amox, no6yO08anUll Ha
0cHo8i Mosu npozpamysanis R 3 euxopucmannsm ee6-cepsicy Shiny i npayioe 3 oanumu cmanyiti monimopunzy Vaisala.
Cmeopenutl cepgic ompumye 0ani 6i0 cmanyiti MOHIMOPUH2Y NPO Pi3HI napamempu NOGIMps, Maxi K WEUOKICMb 8impy,
memnepamypa ma pieni 3a6pyonioiouux pewosun, maxux sk PM25, CO ma NO2. Ocnosui gynryii eeb-cepsicy
BKIIOUAIOMb 3ABAHMAIICEHHA OAHUX HA BUOLNeHUll cepsep, 00pOoOKYy OaHUX 3 MONCIUBICMIO OKDYSIeHHS UYACOBUX
0ianasoHis, IHMepaKmusHy 8i3yanizayio OaHUx 3a 00nomo2or epagikie i diazpam, no6yoo8y diazpam AKocmi nOGIMps
ma npeocmasnenns AQl, 3a donomoeor skoeo mosicna knacugixysamu pieni 3a06pyOHeH A ma po3podOUmu pekomeHoayii
o0ns pisHUX yymaugux epyn uacenenus. Cucmema 0036074€ KOPUCTNYBAUAM 3A8AHMAICYBAMU OAHI 3 cepgepa 6 pPi3HUX
Gopmamax abo ompumysamu 0ocmyn 00 opucinanbrux oanux iz cepeepa Vaisala. Kpim mozo, xopucmyeaui modxcymo
KOH8epmygamu Oati 6 pi3Hi 00uHuYyi suMipiosants. Beb-cepsic modce 6ymu yikaguii Ak nOOYmMoeum KOpUCmy8adam, max
i npoghecionanam pizHux eanyseil, y momy YUCHi eKono2am YKpainu, opeanHam 0epicasHo20 eKONI02IYH020 KOHMPOIIO,
MYHIYUNATLHUM MA 2POMAOCOKUM Op2anizayism, 3ayikagienum y wucmomi 0osxinis. Iloxpawyiouu docmynuicmes ma
amaniz 0anux npo AKicms NOGIMPsl, Ys1 NOCIAYea CHPUSE 30epedtcerHio 008K MA 300P08 10 HACENEHHSL.

Keywords: air quality monitoring, Vaisala, Shiny, data analysis, environmental analytics, data visualization, AQI,
web application, pollution analysis.

Knrouoei cnosa: monimopune sxkocmi nogimps, Vaisala, Shiny, ananiz oanux, exonociuna ananimuka, 8i3yanizayis
danux, AQI, eeb-0odamox, ananiz 3a6pyoHenHs.

L. INTRODUCTION

The study of the processes of collecting, processing, analyzing and downloading data from environmental monitoring
stations used by environmental enterprises at the municipal level in Ukraine revealed that high-precision software and
hardware solutions from Vaisala are often used to implement these processes. It should be noted that the cloud services
where environmental data can be stored and which are supplied by the station manufacturer are paid and quite expensive
in the Ukrainian reality ($300 per station per year). The research revealed that the network gateways that transfer data to
Vaisala cloud services have the ability to reconfigure the direction of data transmission to any correctly configured server
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that has a domain name or an open static IP address. Accordingly, it is possible to refuse from the expensive Vaisala cloud
service and implement your own solution for accumulating and visualizing environmental data, which will be free for use
by all user groups and will support the expansion of functionality based on scientifically sound methods of environmental
data analysis. In addition, the implementation of a proprietary environmental data storage service will provide an
opportunity to collect heterogeneous data from stations of different levels of environmental monitoring (public, municipal,
state) in one system, which will allow researchers, household users and regulators to obtain complete information about
the state of air pollution in real time.

Il. LITERATURE ANALYSIS

2.1. Environmental monitoring in Ukraine and worldwide

Environmental monitoring of atmospheric air plays a pivotal role in preserving the natural environment and ensuring
public health worldwide. This process determines the degree of air pollution and serves as a tool for taking measures to
reduce its negative impact.

Environmental monitoring is a system for collecting and analyzing data on the state of atmospheric air and its impact on
the environment. In developed countries, this process becomes an integral part of sustainable development strategies,
assessing pollutant concentrations and meteorological conditions [1].

The effectiveness of environmental monitoring lies in its ability to provide objective data to identify pollution trends and
evaluate the effectiveness of measures to reduce negative impacts. This is crucial for determining emissions of harmful
substances, such as nitrogen and sulfur oxides.

For example, European Union countries employ a standardized approach to air quality monitoring [2], utilizing networks
of stations and remote sensing technologies for regular monitoring of pollutant concentrations. This allows them to react
effectively to changes in the atmospheric environment.

In the United States, the Air Quality System (AQS) program [3] monitors over a thousand stations, providing quality
data for air quality analysis. This is a significant example of integrating technology and public participation.

Environmental monitoring is crucial for developing environmental conservation strategies and policies [4]. The growing
demand for monitoring is associated with citizens' awareness of environmental issues and becomes an essential component
of environmental management systems.

Ukraine is actively developing its atmospheric air monitoring system [5], employing modern technologies. The state
monitoring system is based on international standards and considers regional contextual features [6], including historical
challenges such as Chernobyl and war.

In Ukraine, environmental monitoring of atmospheric air proves to be crucial in addressing environmental problems
caused by the war [7]. This monitoring allows timely detection of pollutants and their impact on the environment and human
health. Ukraine is gradually implementing modern technologies for objective data collection and developing environmental
management strategies.

Air quality monitoring in Ukraine is in a constant process of improvement, with plans for future utilization of modern
technologies such as satellite systems and remote sensing. This will contribute to obtaining accurate real-time data.

Environmental monitoring of the atmosphere in Ukraine is crucial for developing strategies for ecosystem preservation
and public health. Its results form the basis for effective measures to reduce the impact of anthropogenic factors on the
atmospheric environment.

Thus, environmental monitoring of the atmosphere in Ukraine identifies and addresses environmental challenges,
contributing to the conservation of natural resources and ensuring public health. Its role in addressing global environmental
issues is pivotal for sustainable development and the preservation of the planet for future generations.

2.2. General characteristics of the Air Quality Index

The Air Quality Index (AQI) [8] is a key tool for assessing the degree of atmospheric pollution and its impact on health
and ecosystems. It is determined through a numerical expression of contamination levels by various substances. AQI is used
in many countries, including Ukraine, where it facilitates air quality monitoring and management, informs the public, and
assists in developing strategies to reduce the impact of pollution on health and the environment. AQI is an internationally
recognized standard that simplifies the comparison of air quality on a global scale. This tool is a crucial element for making
informed decisions in the field of environmental protection and public health.

2.3. Analysis of existing systems for monitoring environmental parameters

The analysis of air quality monitoring systems reveals a variety of resources, including the European Environment
Agency (EEA) [9], AQICN [10], and Breezometer [11]. EEA offers a standardized approach and covers EU countries but is
geographically limited. AQICN, available to all users, has a user-friendly interface and considers more pollutants.
Breezometer provides accurate information on dust and pollen but is limited regionally. Each system has its advantages and
disadvantages, innovations, and limitations, which are crucial to consider when choosing an air quality monitoring solution.

AirNow [12] in the United States provides real-time air quality information using the AQI index, focusing on the entire
country. Clean Air Partners [13] is a network of 200 organizations offering historical air quality data. LondonAir [14] in
London uses interactive maps for real-time monitoring. In Hong Kong, AQHI [15] considers the impact of pollutants on
health. In Japan, Taiki Kankyo Map [16] and Soramame [17], in Germany, Luftdaten Berlin [18], and IQAir [19] worldwide
provide convenient tools for monitoring and comparing air quality in different regions of the world.

Eco City [20], a Ukrainian monitoring site, provides an interactive map with air quality sensors and detailed information.
The system covers indicators such as PM2.5, PM10, temperature, humidity, and others, presenting data in a convenient and
straightforward interface. The analysis of other environmental systems emphasizes the diversity of technologies and
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methods, indicating the need for further development and improvement for effective environmental monitoring worldwide.

111. OBJECT, SUBJECT, AND METHODS OF RESEARCH

3.1. Objective, object and subject of the research

The object of the research is the process of collecting, processing, analyzing and downloading data from Vaisala
environmental air monitoring stations.

The subject of the research is an information-analytical system for automated collection, processing and analysis of
data on the state of air pollution using environmental monitoring stations.

The purpose of the research is to analyze existing web-based air monitoring services and create a comprehensive
information and analytical system with the functions of collecting, processing and analyzing air pollution data, which will
allow environmental researchers in Ukraine, governmental environmental control organizations, municipal and public
organizations to make decisions aimed at maintaining a clean environment.

3.2. Choosing means and setting goals to achieve the purpose

Using the R programming language and the Shiny library to develop a web application for analyzing air pollution data
is a justified choice. Compared to other technologies such as Laravel, Python, Django, JavaScript, Node.js, Java, and
Spring, R and Shiny stand out for their specialization in statistical data analysis and interactive visualization interfaces.
Their ease of scalability, integration with the data ecosystem, and strong community support make them effective tools
for this project.

Considering the functionality of the Vaisala web application and the advantages of R and Shiny for creating an
information-analytical system, the technical task is as follows:

1. Develop a web application in the R programming language using Shiny for interactive collection, processing, and
analysis of data from Vaisala monitoring stations.

2. Provide the ability to convert data into different measurement units, process data, including rounding, with the
option to select a time interval (up to 20 minutes, 1 hour, 4 hours to a day, to a week, to a month, to a quarter, to a year).

3. Implement data visualization in the form of graphs and diagrams to display air quality parameters.

4. Enable data download in a convenient format, selection of one or all parameters, including formats such as csv,
xlIsx, txt, with rounding options.

5. Ensure interaction with researchers or system users who use the data to make decisions regarding ecology and air
quality.

3.3 Research methods

Theoretical: data collection and processing from the server of Vaisala environmental monitoring stations.

Experimental research is based on testing the efficiency of data transmission and storage, processing, data
visualization, calculation of AQI in real conditions, and downloading the processed data.

3.4. Basic architecture of the research tools used

The air quality monitoring system is based on a central server that ensures data storage and processing. The database,
also located on the server, is optimized for efficiently managing a large volume of information. The user interface is
created using the Shiny Web App, providing interactivity and convenient access to data analysis. The technical
architecture of the system utilizes advanced technologies to optimize data processing and analysis, ensuring the efficient
operation of the large-scale system.

The Vaisala Beacon Station BWS500, is a compact meteorological station with advanced technology. This versatile
station measures quality meteorological data and air quality data using an automatic weather station and an air quality
sensor. Using an open API, the data can be integrated into third-party systems. The option to choose different sensors is
provided based on user needs. The Vaisala Beacon Edge gateway ensures secure data transmission. The BWS500 is
available in various configurations and is easy to install.

Another development by Vaisala is the WXT530 and the AQT530 air quality sensor. WXT530 features a wide range
of measurements, providing accurate meteorological data for various applications. The station interacts with the Vaisala
Beacon Edge EGW501, ensuring secure data transmission. AQT530 measures the concentration of gases and particulate
matter in the atmospheric air using advanced technologies that ensure high measurement accuracy. Both devices can be
applied in various fields, including meteorological monitoring and air quality control.

The information-analytical system is based on data from Vaisala station sensors, which include various parameters of
atmospheric air. These data encompass wind speed, maximum wind speed, rainfall intensity, wind direction, rainfall
accumulation, PM10, air temperature, PM2.5, relative humidity, SO2, H2S, atmospheric pressure, NO2, PM1, and CO.
The system analyzes these parameters, taking into account air quality standards, and provides a user-friendly high-level
analysis. Sensor information is strategically vital for the system, providing key data for air quality monitoring and
management.

3.5 Scientific novelty and practical significance

The paper improves the model of an information-analytical system for collecting, processing and analyzing air
pollution data by implementing basic analytical algorithms based on the R programming language, which, unlike others,
makes it possible to use the free Shiny web service hosting platform during development and at the initial stages of
implementation, to apply built-in data analysis and statistics calculation functions, which reduces the time required to
visualize the result.

The created web service is a tool for researchers who use the collected data to analyze and make informed decisions.
By providing access to a wide range of ways to analyze air quality parameters, it can become the basis for scientific
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research and environmental impact assessment.

Public authorities can use the data analyzed by the service to make informed and environmentally friendly decisions.

The web service is also open for use and improvement by research organizations interested in air quality monitoring
and environmental research. The ability to share data and resources makes the system a valuable tool for expanding
knowledge in the field of ecology and computer engineering.

The air quality monitoring system plays a crucial role in the interaction with various elements of the ecosystem. Its
functioning is aimed at providing information support for research, management and decision-making in the field of
ecology, which makes it an important tool for sustainable development and environmental protection.

IV. RESULTS

4.1. Vaisala web application functionality

Observations CD A rovicatons- @
P rows > 17:09 T3950713 @ Active £ Device settings
@ TesoTiE s
@ vou034s N e
@ sensorhealth 0% ) Critica
i EEAAir quality I Airtemperature
9.4«

Good

Fig. 1 — The main page of the Vaisala app
Puc. 1 —T'osi0BHA cTopinka nporpamu Vaisala

The Vaisala web application is a tool for effective management and visualization of data from sensors such as AQT530
and WXT530. The user-friendly interface allows users to personalize the data display, choosing measurement units and
reviewing consolidated information for the last 24 hours.

8 Unizeerings 1l THS0T @ ene @ vaisrg

1 — the first figure demonstrates the view of the Vaisala app on the graphs tab; 2 — the second figure shows the tables
tab
Fig. 2 — View of two tabs of the Vaisala web application
Puc. 2 — Burusig 1Box BKJIaJA0K Be0d-10aaTKy Vaisala

Graphs and tables provide detailed information for analyzing changes over time. The application also allows users to
download data in CSV format for further analysis. While it is an normal intelligent tool, it may require additional tools
for air quality data analysis, which may cost more than the standard subscription plan.

4.2. Improved research architecture

The information-analytical system for air quality monitoring consists of two key components: the website and the
database. The website, developed using R and Shiny, provides users with an intuitive interface to interact with the data.
The website structure includes pages with tables, graphs, comparison of graphs, air quality diagrams, AQI index, and
measurement unit settings. The MySQL database ensures fast access to air quality data. The system components interact
to facilitate convenient analysis and visualization of data.

The information-analytical system offers a convenient and efficient tool for collecting, processing, and utilizing air
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quality data from Vaisala stations. The system's functionality includes automatic data collection, processing, and
visualization through graphs and diagrams. Users have access to data export in convenient formats and unit conversion.

The developed system caters to various users, including researchers, private organizations, government bodies, and
citizens, providing them access to reliable and understandable information. The system supports scientists in conducting
research and policymakers in making informed decisions.

In particular, the system enables cost-effective replacement of expensive subscriptions on the official Vaisala website,
reducing costs and enhancing analytical capabilities. The use of the web application is supported by its own server,
resulting in significant cost savings compared to using the official resource.

The developed information-analytical system is intended for effective air quality monitoring, reducing costs, and
improving analytical capabilities. This approach becomes more accessible to researchers, government authorities, and
non-governmental organizations, playing a key role in addressing environmental challenges and ensuring public health.

The system automatically downloads data for the entire time period, ensuring systematic updates. The automated data
processing process contributes to the accuracy and efficiency of the results. Innovative visualization tools facilitate data
analysis and understanding. The integration of web technologies provides universal access and optimizes data usage,
enhancing the functionality of the air quality monitoring system.

4.3. Description of the functionality of the information system web service

Sequence of Application Operation:

1. Data Collection and Transmission: The system initiates by collecting information from the official server where
data from Vaisala station sensors are uploaded. These raw measurements are transferred to the system's internal server,
enabling the processing and analysis of the collected data.

Vaisala api =

3aBaHTKEHHS NaHUX

3aBaHTa)XeHHs Ta BuganeHHsa gaHux 3 6

OB6epiTb HeoBXiAHI NapaMeTpy AN 3aBaHTAKEHHRA AaHNX:

Ceplitmit Homep:

Cemcop:
@ AQT530-T4240745

) WXT530-T3421081

Raraa: Yaca:

Parano: Yac po:

Ocraniit 3anuc 8 Bf]: 2023-12-08 23:59

iHOO HOMEPY Ta CEHCOPY, 05ePITL HeoBXiaHi
06paHy TaGNULO'. [INR O4WILLEHHS OAPa3y BCIX
HOMKY "OMMCTUTY BCI TABMMUI

Fig. 3 — The initial tab «Downloading data»
Puc. 3 — IIouaTkoBa BK/IaJKa «3aBAHTAKEHHS JAaHUX»

The appearance of the data download page from the Vaisala server is depicted in Figure 3.

2. Data Processing and Optimization: The data undergoes a comprehensive processing stage, including the ability to
round to established time ranges. This ensures high accuracy and adaptability of the information for a large volume of
data and its subsequent use.

3. Data Visualization and Presentation: One of the system's key features is its ability to visualize data in the form of
interactive graphs, diagrams, and the AQI index. This not only improves information perception but also allows for in-
depth analysis and trend identification.

4. Data Export: The system provides users with the ability to export data in a convenient format, facilitating further
use in other systems or programs.

5. Data Conversion: There is an option for unit conversion, making data usage easier in different contexts.

Therefore, the user first lands on the application page and navigates to the «Data Upload» tab, where they can manually
upload data if it has not been automatically loaded. Data is automatically updated every 10 minutes. In the upper-left
corner is the application name «Vaisala API». Below the name is the navigation menu with tabs: «Data Upload», «Data
Tables», «Graphs», «Graph Comparison», «Air Quality Diagrams», «AQIl», «Save Data to File», «Clear Data.

On the «Data Upload» tab to the right of the navigation menu are control elements for uploading data. Initially, the
user must select the station's serial number and then choose the sensor for the corresponding serial number. Below are
fields for entering the start and end date and time for the period for which data needs to be uploaded. Information about
the last record in the database for the selected serial number and sensor is displayed below. If the database is empty, a
corresponding message will be displayed. Further down, there are buttons «Upload», «Clear Selected Table», and «Clear
All Tables».
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BaBaHTa)XeHHA Ta BUaaneHHa gaHnx 3 64

OBepiTh HeoGxiaHi napam
Ceplish Homep:

® 72950713

© Tasone

© Voado0346

Concop:
® AQTS0-TA20TAS
© WXTE30.T3421081

Raras:
2021200

D 2

Aata po:
20231209

Ocrae sanwc B B 202312.09

mm Byab nacka, WTe, nae 3aBaH

AaHUX...

3H

Fig. 4 — Viewing the page while loading data
Puc. 4 — Ileperasa cTOpPiHKHU MiJ Yac 3aBaHTAKeHHS JaHUX
The «Upload» button initiates the verification of the data entered by the user. If the date or time is incorrectly input,
the user will receive a notification. Additionally, if the Vaisala server does not respond, the user will also be notified.
If everything is entered correctly, the data will begin to be uploaded to the database. The user cannot navigate or click
anything while the data is being uploaded. After the data is successfully uploaded, the user will receive a pop-up window
providing information about the upload results.

ssssss

Fig. 5 — Tab «Tables with data»
Puc. 5 — Bkiaaaka «Ta06auni 3 xanuMm»

The second tab, «Data Tables», consists of five tabs, each corresponding to a specific sensor. Each table displays all
the data from the database for the respective sensor.

The tables have the following functions:

— A field for searching data;

— Sorting data from largest to smallest and vice versa;

—Highlighting the necessary row;

—Displaying 10, 25, 50, or 100 values on a single page;

— Buttons for navigating through data pages.

In the bottom left corner of each table, the total amount of data is indicated, along with the range of values being
displayed.

Mpadpikun

OOOPITS BAPIANT OKPYTTIeHNR AAHIX AC: OGepiTh wacomwA InTepBan:

N\ et

Fig. 6 — Tab «Graphs»
Puc. 6 — Braaaka «I'padixm»
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The third tab, «Graphs» consists of five tabs for each sensor. On this tab, the data can be rounded to the required time
interval. The possible rounding options include: «No rounding», «20 minutes», «1 hour», «4 hours», «day», «week»,
«monthy, «quarter» or «year».

The second dropdown list allows displaying data for the selected time range. The possible display options include:
«All data», «Last hour», «Last 4 hours», «Last 12 hours», «Last day», «Last 3 days», «Last week», «Last month», «Last
quarter» or «Last year».

In each tab, a chart is generated with the corresponding parameters. The charts automatically update when changing
values in the dropdown lists. All charts are interactive, and each data point provides all the necessary information upon
hovering: date, time, and value.

Vaisala api —

3aBAHTANEHHR [AHUX

O6epiTb HeObXigHI NTapameTpy A5A NOPiBHAHHS rpadpikiB Ta HATUCHITE Ha KHOMKY:

4 3 v

et MoBynysaTu rpachikv Ha 1 nnowmki &

Cepintnin Homep: Cencop: Gepinmit Howep: Cencop:
R ® 12950713 ® AQT520-T4240745 © Tasso7i3 @ AQT520-T4240744
O Ta950716 ) WxTs20-T2421081 ® Ta0s0716 ) WXT530-T3940844

[Riarpamu akocTi

O Vo20346 V0440346
MapameTp AKWA HeOBXIGHO BIROGPAIHTH: NapameTp AkMA HeoBXIAHO BIAOBPATMTA:
Air pressure -
Macoaui iTepean: “acoswitikTepaan:
OcTaris AoGa -
YacoBuit HTBEPBAN ZL7A OKPYTeHHR JaHMX: HacoBWIA iHTBEPBAN ANA OKPYTEHHS MAHNX:

OKpymenHA 0 20 X8 -

3acTacyBaTH Ui NApaMeTPH 0 2 rpaciy

TMopissmn!

Air pressure

Fig. 7 — Tab «Graph comparison»
Puc. 7 — Bkaanka «IlopiBHsiHHS rpadikiB»

On the «Comparison of Graphs» tab, the user can create charts for two different sensors on one plane or side by side
on two planes. To do this, it is necessary to select the appropriate option in the top-left corner.

If the data is plotted on one plane, then all parameters and time intervals of the first sensor will be automatically set
for the second sensor. Next, the user selects the serial number and sensor for the first and second graphs, sets a parameter
from the dropdown list, and specifies time intervals.

Time intervals are the same as for regular charts. The parameter has options that are stored in the database for the
respective sensor. After clicking the «Compare!» button, charts will be generated below based on the specified parameters.

[Liarpamu sikocTi

OGepirs Bapiant no: Oepirs.

OxpyrIeNH 20 20 X8 - Ocrassn ao6a -

Air temperature

Alr pressure Q

«az B
flara 13 vac 081223, 16:40
At pressure 75714 wu prer -
|||| ||||||| = Hawnsaiie 00w e ||||

co

Relative humidity

Fig. 8 — Tab «Quality charts»
Puc. 8 — Bkaaaka «/liarpamu sikocTi»

The «Quality Charts» tab has two dropdown lists and five tabs for each sensor. On the bar charts, the columns are
colored with the corresponding color. All charts are interactive. Hovering over a column shows the date, time, parameter
value, and a brief analysis. Figure 8 demonstrates pressure analytics.
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Vaisala api

IHaEeKe AKocTi NoBiTpA
Obepito TWN cencopa: ©GepiTb 4acoBNA NPOMIKOK:

T3350713AQTS30 - Caifl BapiaHT AaTM Tavacy

OBepits
3abpyaHioBay4:

AQI - AoBpuii

200

3abpyaHioBau: PM2.5

Kowuentpauis: 3.3 Mkr/m*

PiseHb kaTeropii sabpyanetns: [oGpuit
IHAeKE sikoCTi nosiTpA: 13.74

PekomeHAaLil oAo 0XOPOHU 3A0pOB'A:

MosigomneHHs Npo 3nopoB'a ANA HaceneHHA. MOBITPA YucTe Ta
Oesneyre ANA AuXaHHA. BincyTHIA puank Ana 300pos A, Lie ineanbHun yac
N9 GKTMBHOCTEN Ha BIIKPUTOMY MOBITPI Ta NPOBITPIOBAHHS NPUMILLISHS.
Mosigomnenns ans oci6 3 rpynu pusuky. MoxHa HaconopkysaTuca
3BU4AHYMN AKTMBHOCTAMM 53 oBMexeHs.

Moxnusi Hacnigku ans sgopos's. BincyThi aGo MaioTs MiHiMansHii
BIINMB.

Fig. 9 — Tab «AQI»
Puc. 9 — Bkaagka «AQI»

The «AQI» tab contains a measurement diagram, which is a key tool for determining air quality. It assesses 5 pollution
parameters and displays the results in the form of color-coded classification. Users can quickly determine air quality from
«good» to «hazardous».

O3 (PPb) | O5 (PPb) | PM, 5 (Hgim?)| PM1o (ugim?) | CO (ppm) | SO, (pph) | NO; (ppb)  AQH

0-54
(8-hr)
55-70
(8-hr)

71-85

(8-hr)
86-105
(8-hr)
106-200
(8-hr)

Ciow — Chign (avg)

|0.0-12.0 | 0-54 0044 | 0-35

| (24-hr) | (24-r) (8-hr) (1-hr)

[12.1-35.4 | 55-154 4594 | 3675

| (24-hr) | (24-hr) (8-hr) (1-hr)
125164 |35.5-55.4 | 155-254 95124 | 76-185
(hr) | (24-hr) (24-hr) (8-hr) (1-hr)
165-204 |555-1504 | 255-354 125-154 | 186-304
(1-hr) | (24-hr) | (24-hr) (8-hr) (1-hr)
205404 |150.5-250.4 | 355424 155-30.4 | 305-604
(1-hr) | (24-r) | (24-hr) (8-hr) (24-hr)
405504 | 25053504 | 425504 30.5-40.4 | 605-804
(1-hr) | (24-hr) | (24-hr) (8-hr) (24-hr)
505-604 |3505-500.4 | 505-604 405-50.4 | B05-1004
(1-hr) | (24-hr) | (24-hr) (8-hr) (24-hr)

AQl
liow — Inign Category
| 0-63
0-50
(1-hr)
| 54100
51-100
| (1-hr)
| 101-360
| 101-150
| (1-hr)
| 361-649 |
| 151-200 | Unhealthy
| (1-hr) |
| 6601249 |
| 201-300 | Very unhealthy
| (1-hr) |
| 12501649
| 301-400
| (1-hr)
1 Hazardous
| 1650-2049
401-500
| (1-hr)

Fig. 10 — Categories of the air quality index
Puc. 10 — Karteropii ingexcy sikocTi noBiTps

The colors of the air quality diagram have the following meanings:
— Green: air quality is within the norm, good,;
—Yellow: air quality is satisfactory;
—Orange: air quality is unacceptable, harmful for vulnerable groups;
—Red: air quality is harmful,
—Purple: air quality is very harmful;
— Dark red: air quality is dangerous.
The user selects the type of sensor for analyzing the air in the dropdown list in the upper left corner of the diagram.
To the right is the second dropdown list where the user can choose the time period for analysis: «Last hour», «Last 4
hours», «Last 12 hours», «Last day», «Last 3 days», «Last week», «Last month».
If the user chooses «Custom date range», then fields for entering the start and end dates for air analysis will appear.
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_ Ihigh - Iﬂaw
Chigh - C!ow

applied for each pollutant.)

where:

On the AQI tab, the user can interact with the diagram, switching between parameters. The data are calculated
according to the formula depicted in Figure 11. The calculated data are analyzed based on the categories of the air quality
index, as shown in Figure 10.

The diagram displays the index values, and above it is the textual representation. To the right of the diagram are
buttons for switching between pollutants, and further to the right is a field for obtaining more detailed information about

I = the (Air Quality) index,
C' = the pollutant concentration,
C}ow= the concentration breakpoint that is s C',

Fig. 11 — Formula for calculating the air quality index
Puc. 11 — ®opmyaa Ans po3paxyHKy iHAeKcy SIKOCTi MOBITps

a specific pollutant and recommendations.

On the «Save data to file» tab, the user must select the necessary serial number, choose the required sensor parameters,
time intervals, and the file format for download. Then, the user can download data from the web application's database or
from the Vaisala server.

If the user chooses the option to download from the Vaisala server, additional input of the start and end date and time
for the download is required. After pressing the button to download the data, the user will be prompted to save them to

the desired directory.

Vaisala api
QKEHHR AaHNX

TaGnuui 3 AaHuMm

HanauwrTysaks

(C - Ciou') + Ilaw

Chigr = the concentration breakpoint that is = C,
I;,.,= the index breakpoint corresponding to Cioy,
Thign = the index breakpoint corresponding to Chig -

BaBaHTaxTe AaHi 3 B[] abo cepsepa

OBepiTs HeOBXIHi NAPaMETPH ANA 3ABIHTAKEHHS AaHIX:

Cepiismit Homep:

Cencop:

OBepiTs 38iH 33BaHTEXHMH ZaH
® B0

CepsepVaisala
NapaveTp s HeOGXIO 3aBaHTANMTH:

OBepirs wacosuit iTepsan:

Baigani =

OGepiTs acoswit iNTBepBan Rakx AnA
oxpyressis:

Heuae oxpymeras -

OGepits dopwar dakny:

Fig. 12

Temneparypa:
WsuakicTs BiTpy:
Tuek:

Onagu:

Byrnekucnuii ras C02:

IHwi rasm:

— The «Save data to file» tab
Puc. 12 — Bkaaaka «30epertu naniy gaiia».

HaﬂaLUTYBaHHﬂ ogunHUUb BVIMipIOBaHb

|-
uroa | oo

Ma m IOAMM PT.CT.
R o ramommanron
umnpa || u/MH ‘

umnpa | wmon |G

Fig. 13 — Tab «Settings»
Puc. 13 — Bkaaaka «HajnamryBaHHs»
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The last tab «Settings» provides the option to configure units of measurement for the necessary data.

The user can choose the required units of measurement for specific parameters. Afterward, all data, whether already
loaded into the database or to be loaded in the future, will be adjusted according to the selected units of measurement.

The described system represents a significant advancement in the field of air quality analysis and monitoring. It
enables users to receive the most comprehensible and accessible information for making informed decisions in the field
of ecology and environmental conservation.

V. CONCLUSIONS

The developed web application for collecting, processing, and analyzing data from Vaisala monitoring stations aligns
with the technical task and boasts a set of unique features that make it valuable for various purposes, including:

— The application enables the evaluation of air pollution levels in different locations and at different times. This is
crucial for decision-making regarding air quality improvement and public health protection.

— Users can explore the causes of air pollution, such as industrial activities, transportation, and other factors. This is
essential for devising measures to enhance air quality.

— The application allows the formulation of measures to improve air quality, such as reducing emissions of pollutants,
enhancing transportation infrastructure, and other initiatives.

The application possesses unique features that enhance its utility:

1. The application is a web-based tool, providing accessibility from any internet-connected device. Users can access
information about air pollution from anywhere.

2. Users can visualize data through interactive graphs and diagrams. This facilitates easy data analysis and trend
identification.

3. The application allows data analysis based on various parameters, including time, location, and other factors. This
provides users with a deeper understanding of the state of air pollution.

4. The application is designed to interact with various ecosystem elements, including air monitoring stations,
researchers, and authorities. This versatility allows the application to serve different purposes, from improving air quality
to safeguarding public health.

Additionally, the cost of the developed application is $2000. The official service for one station costs $1200 per year,
but the application enables cost savings by opting for a lower tariff of $300 per year, providing data through an API.
There is ongoing testing of the possibility of abandoning official services and manually reading data to one's server,
resulting in more substantial savings.

The total expenses for renting a private server and obtaining data for one station amount to $445 per year in this
scenario, which is $755 cheaper than the official service. Therefore, the project can pay off within three years, especially
with the use of only one station, and even quicker with manual data reading.

In conclusion, the developed web application is a crucial tool for improving the accessibility and utilization of air
quality data. The application encompasses unique features making it valuable for various purposes, including the
assessment of air pollution, detailed investigation of its causes, and the development of measures to enhance air quality.
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