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The article considers the possibility and priority of using the Internet of Things,
especially its implementation in the surface water monitoring system. The feasibility of
developing a complex system of interactive monitoring of surface water using 10T technologies
has been substantiated, such a system will significantly improve water monitoring in real-time
and ensure the gradual implementation of new sensor capabilities, such as collecting data on
the deviation of parameters from the specified normative indicators of water quality in natural
reservoirs. An interactive system for intelligent monitoring of water quality in natural
reservoirs using Internet of Things technologies and tools has been developed, among others,
the Node MCU 1.0 Wi-Fi microcontroller based on the ESP8266 microcontroller was used, as
well as PH4502s analog sensor, the DHT-11 water and environmental temperature sensor, the
DFRobot water turbidity and signal conversion board V2. The results were displayed on a 2.2-
inch QVGA TFT LCD. The microcontroller unit (MCU) is connected to the sensors and
further processing is performed on the server unit. The choice of a cloud server was justified,
and the transfer of received data was transferred to the cloud using loT-based ThingSpeak
open-source software for water quality monitoring. The computer design environment
Autodesk was used to increase the efficiency of design, in particular, the arrangement of
elements, ensuring functionality, and ergonomics. The software and hardware of the device
were designed with open-source software Fritzing and Arduino (IDE). Based on the obtained
statistical data about the quality of water in natural reservoirs, a modern network of smart
devices was implemented, such a network is a monitoring and notification system, which
considers the linking of data to the time and place of positioning. Features of obtaining data on
the results of water quality monitoring in natural reservoirs in real time for consumers were
presented, with such monitoring, it is possible to predict and take the necessary measures to
prevent possible negative impacts.

Key words: surface water, smart system, turbidity, monitoring system, pH sensor,
ambient temperature, water quality.

Introduction

Environmental monitoring is one of the most important tools to assess the state of the environment.
The changes occurring in the ecosystem are recorded while being observed, and an analysis of their causes,
contagion, and anthropogenic influence is carried out based on the monitoring results.

Water monitoring is useful to deal with natural disasters or floods when the system can provide early
warning for evacuation, emergency planning, and more to nearby residents. Border areas are the least
protected in terms of preventing possible poisoning of natural water bodies. Also, in a period of armed
conflict, there is a threat of deliberate poisoning or pollution of the ecosystem. Therefore, it is necessary to
ensure the timely determination of changes in water quality indicators in real-time [5, 7, 12, 22].

Production environment control is carried out to study the impact of technogenic factors. The
following tasks have been identified:

- daily monitoring and water quality control;

- increased control after daily.

Daily quality control implies monitoring the main parameters of water quality in normal mode.
Enhanced control includes conducting analyses on a wider range of parameters and immediate use of
response measures [19, 20].
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As a rule, research is carried out as follows: water sampling is carried out, and then, based on the
current type of control, appropriate analyses are conducted on the content of various substances and
bacteria in the water. The data is processed, and based on the obtained results, a conclusion is drawn
regarding its quality [15-18, 21].

Processing can be carried out both in manual and automatic modes. While analyzing water
parameters, other sensors can be used, for example, sensors for analyzing the air around the water as well
as analysis of water vapor for the content of toxic substances [3, 12, 14, 23].

The actuality of the Research

The development of remote monitoring technologies ensures the gradual introduction of new sensor
capabilities. Modern developments of sensor networks are crucial for environmental implementation. The
Internet of Things (loT) allows connectivity between different devices with the ability to share and collect
data. 10T is also extending its capabilities to environmental issues in addition to automation, benefiting
from the perspectives of Industry 4.0 [1, 11].

Since water is one of the basic needs of human life, it is necessary to implement smart water quality
monitoring. About 40% of deaths in the world are caused by contaminated water. Therefore, it is necessary
to ensure the timely determination of changes in its quality indicators following current norms and
requirements.

A full assessment of water quality can be obtained only based on a comprehensive study. It includes
[13, 15]:

- a sanitary and topographic survey of the source of water supply and the surrounding area;

- determination of physical properties of water;

- determination of the chemical properties of water;

- determination of bacteriological contamination of water;

- biological analysis of water.

The following indicators are distinguished in water quality [10]:

- physical (temperature, turbidity, color, smell, taste);

- chemical (active pH reaction, oxidizability, total salt content, basic ions, soluble gases, biogenic
substances, trace elements, radioactive substances, specific pollutants);

- bacteriological.

Surface water monitoring is somewhat difficult due to the location of the city and the topography of
the area due to the urbanization and developed infrastructure around large cities. As an example, Fig. 1
shows the locations of water quality measurements in the city of Lviv [11, 23].
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Fig. 1. Water quality index in the city of L’viv

As we can see (see Fig. 1), not all key points of the city of Lviv can receive water indicators. That is
why the development of a smart surface water monitoring system using 10T technologies and an app on the
mobile device for recording data is quite relevant.
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Global environmental problems, such as atmospheric pollution, depletion of mineral resources, and
destruction of plants and animals, force us to search for alternative ways to monitor changes or control the
state of the environment and reduce negative impacts.

The solution to this problem is 10T, which can be widely used to forecast and monitor the state of the
environment [4]:

* Environmental monitoring sensors help measure temperature, humidity, air composition, radiation
level, as well as the content of harmful trace elements in water and soil.

» Technologies used in agriculture help farmers carry out sowing, tillage, fertilization, and plant
protection treatment, accounting for the heterogeneous composition of the soil according to various
indicators, which allows for reducing environmental risks and increasing the quality of products.

The following monitoring architecture system that uses loT technologies and devices is proposed for
surface water analysis (Fig. 2).
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Fig. 2. Surface water monitoring system

As a result of the analysis of the most common devices to test the quality of water in various water
resources has been established measured parameters of water quality include: dissolved oxygen, pH, ORP
(oxidation-reduction potential), conductivity, salinity, TDS (total dissolved solids), temperature, turbidity,
suspended solids and silt layer etc. However, the central part of the analysis of water samples carried out in
laboratory conditions. Turbidity, pH level, and temperature have been the most common indicators to
determine water quality [7].

Development of a system prototype

The proposed system uses pH and turbidity sensors, and the microcontroller unit as the main processing
and data transmission module ESP8266 Wi-Fi module (NodeMCU). The microcontroller is an important
part of the system designed to measure water quality because the ESP8266 Wi-Fi has low power
consumption and small overall size, which is quite an important and decisive criterion for usage in a smart
monitoring system. Sensors for water turbidity, pH, and ambient temperature have been used to obtain data
on water quality indicators. The NodeMCU has a built-in ADC that converts analog transducer signals into
digital format for further analysis [2, 6, 9, 13]. The structural diagram of the proposed smart surface water
monitoring system is shown in Fig. 3.
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Fig. 3. Structural diagram of the device

The analog encoder output is connected to the analog pins of the NodeMCU to receive an analog signal
from the encoder. In turn, the output of the other two sensors is connected directly to the digital contacts of
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the MCU unit. All sensor data is processed by the MCU and updated on the ThingSpeak server via an
ESP8266 Wi-Fi data transfer module (NodeMCU) on the central server.

Autodesk’s computer design environment has been used to increase the efficiency of the design, in
particular, the arrangement of elements, ensuring functionality and ergonomics (Fig. 4

Fig. 4. 3D prototype system model

A working model prototype was developed for the practical implementation of the tasks after designing
the elements of the surface water monitoring system, (Fig. 5).

Fig. 5. General view of the developed prototype

We adjusted all sensors, starting with the pH level sensor by coordinating the hardware and software
according to the developed connection scheme of the device elements. A TFT LCD is connected to show
the received quality data in real-time.

We calibrate the sensors regarding changes in the water pollution level, pH level, and ambient
temperature for proper adequacy of the received data. In the next stage, we adjust the received data (both
raw and processed) on the website using a cloud server for their pilot demonstration in the free ThingSpeak
service. We connect the mobile version of this ThingViewer environment and test the system as a whole.

We have developed a software interface for an interactive surface water monitoring system to display
received data (Fig. 6).
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Fig. 6. Thing Speak application interface
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We also connect the ThingViewer mobile application to improve informativeness and data display
on portable devices, (Fig.
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Fig. 7. ThingViewer mobile application interface

Conclusions

The possibility and priority of using the Internet of Things, especially in the water monitoring
system, have been discussed. It is important to monitor water in all wells due to rapid population growth
and decreasing water resources in high demand. Peculiarities of obtaining data on the results of water
guality monitoring in natural reservoirs in real time for consumers who will be able to predict and take the
necessary measures to prevent negative impact have been given.

The development of an automated system to determine water quality indicators in natural reservoirs
using Internet of Things (10T) devices will improve the real-time water monitoring system.

Hardware for the development of a smart system to measure water quality is presented, namely, the
device can be integrated into a more complex system for monitoring water quality in natural waters in the
future.

The choice for the ThingSpeak cloud server is justified, which, based on the obtained statistical data,
ensures the implementation of a system for monitoring water quality indicators in natural bodies of water.
They consider its connection to time and positioning.

The software implemented can send data on the specified water quality indicators in natural
reservoirs concerning the location of the device to the cloud server of the ThingSpeak environment and the
ThingViewer mobile application.
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. Kopnuiabos, A. 3no0unbkuii, Y. Mapikyna, B. Tom’ ok, P. Ilanuyak
Harionansamii yaiBepcuTeT JIbBiBChKa MOTITEXHIKA

IHTEPAKTUBHA CUCTEMA MOHITOPHUHI'Y IOBEPXHEBHUX BO/{
TEXHOJIOI'IAMM loT

© Kopnuawos /]., 3000uyvkuii A., Mapixyya Y., Tom 1ok B., llanyax P., 2022

Y crarti po3rasAacTbes MOKIUBICTHL Ta NpiopuTeTHICTH BUKOpHcTaHHA IHTepHeTy peueii,
0c00JIMBO iX peaiizalilo B cHCTeMi MOHITOPHHIY MOBepXHeBHX BoA. OOIPYHTOBAHO AOUINBHICTH
PO3pOOKH KOMIIJIEKCHOI CHMCTeMM iHTePAaKTHBHOIO0 MOHITOPHHIY NMOBEPXHEBHX BOJ TeXHOJOTISIMH
10T, o CyTTEBO MOKPAIMUTH CHCTEMY MOHITOPMHIY BOJ B Pe:KMMi peajibHOr0 4Yacy Ta 3a0e3Nne4yuTh
MOCTYNOBE BIPOBA/KEHHA HOBUX MOKJIUBOCTEl JaBaviB 32 10NMOMOI0I0 sIKMX Big0yBaTuMeThCs 30ip
JaHUX WIOAO BiAXWJIEHHSI NMapaMeTpiB BiA 3aJaHMX HOPMATHMBHHX INOKA3HUKIB fIKOCTI BOI B
NPUPOAHMUX BooiiMax. Po3p00/ieHO IHTEpAKTUBHY CHUCTEMY iHTEJEeKTYaJbHOI0 MOHITOPUHIY SIKOCTI
BOJIHM B NPHUPOJAHUX BOAOIMAX 3 BUKOPUCTAHHSIM TEXHOJOriH i 3aco0iB IHTepHeTy peueii, 30kpema
mikpoxonTpoJsiepa Node MCU 1.0 Wifi na 6a3i mikpokoutposnepa ESP8266, a Tako:x HU3KHU 1aBaviB
3okpema, anajgorosuii 1apay PH4502¢, naBau TemmepaTypu BOAM i HABKOJMIIHBLOIO cepegoBHMIINA
DHT-11, naBau xanamytHocti Boqu DFRobot Ta niatu neperBopenns curnaay V2. Bizyamizamiio
3a3HAYeHUX MNOKa3HUKIB peatizoBaHo depe3 22-mwoimoBuii QVGA TFT LCD-aucnueii.
Mikpoxontposepuuii 60k (MCU) 3'ennannii 3 1aBayamu i nogajbma o0podKa BUKOHYEThCSI HA
cepBepHoMy Ogoni. OOrpyHTOBaHO BMOIP XMAapHOrO cepBepa a TaKOK pealizoBaHO Iepegavy
OTPUMAHUX JAaHMUX B XMapy 3a JONOMOIOI0 IPOIrPaMHOro 3ade3ledYeHHs 3 BiIKPUTHM KOAOM
ThingSpeak na ocHoBi IoT nnsa MonitopuHry sxocti Boau. /iasi minBuieHHs eeKTHBHOCTI
NMPOeKTYBaHHsS, 30KpeMa KOMIIOHYBaHHSl  eJIeMeHTiB, 3a0e3nmeyeHHd  (QyHKOioHAdy Ta
€pProHOMiYHOCTI, 32CTOCOBAHO ceped0BMILE KOMII'IOTEPHOI0 NMPOEKTYBaHHSA Bij kommnaHii Autodesk.
CkopHuCTaBIINCh, TPOrPaMHUM 3afe3nevyeHHsIM 3 Binkputum komom Fritzing i Arduino (IDE)
po3po06JieHO0 MporpaMHy i anmapatHy 4YacTuHy mnpuctporo. Ha ocHOBi OTpMMaHMX CTATHCTHYHUX
JaHMX LIOAO0 3a[aHUX NOKA3ZHMKIB SIKOCTI BOIM B NPHPOIHUX BOAOIMAX peasi3oBaHO CYy4YaCHY
MepeKy PO3YMHHUX NPHCTPOIB i3 CHCTEMOI MOHITOPHMHIY i ONOBIlIeHHS, 10 BPaXOBY€ NPHUB’A3KY
JaHUX A0 4Yacy Ta Micus mno3umionyBanHs. HaBeaeHo 0c00JMBOCTI OTpUMAaHHA JAHUX IIOI0
pe3yJbTAaTiB MOHITOPMHIY SIKOCTi BOAM B NPHUPOIHUX BOAOIMAX B PeKHUMIi PeajJlbHOr0 4acy JIf
CIOKMBAYiB, W0 3MOXKYTh IHepel0ayuTH TAa BKUTH HeOOXiIHUX 3axoliB [ 3amol0iraHHs
HEraTUBHOIO BILIMBY.

Kuarwo4oBi cioBa: mnoBepxHeBi BOIHW, IHTEPaAaKTHBHA CHCTeMa, KaJaMYTHICThb, cHCTeMa
MOHITOPHHIY, 1aBa4 piBHA pH, TeMIiepaTypa HaBKOJIMIIHBOIO CepeI0BUILA, AKICTH BOAU
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