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Abstract: The work shows that inadequate and
untimely hydrological forecasting of the level of
flood development leads to significant annual eco-
nomic damage and loss of life. The latter requires
constant control and monitoring of the state of water
bodies, which is possible with modern automated
control and monitoring systems. The analysis
showed that the information and measurement sys-
tems (AIMS) for flood control, which are operated
in Ukraine, their quantity, cost and technical char-
acteristics do not provide the information necessary
for predicting the development of floods.

Analysis of trends in the development of systems
for automated control and monitoring of the state of
water bodies showed that modern foreign systems
that are at the stage of development or testing are
based on the use of microcontrollers, "smart" con-
verters of physical quantities, modern communica-
tion systems and Internet of Things technology, as
well as the use of smartphones with a Raspberry Pi
camera for determining the water level in rivers.

The development with the use of the industrial
Internet of Things of the basic version of the geoin-
formation system for control and monitoring of the
state of water bodies GIS-Dniester is given. The
structure, components and functions of GIS-Dnie-
ster are considered. The tasks of organizing hard-
ware and software for parameterizing and diagnos-
ing "smart" converters, establishing a communica-
tion environment for industrial communication, de-
veloping algorithms for collecting, processing and
transmitting data, studying the characteristics of
measuring signals are being solved. The results of
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the study of the echo profiles of the XPS10 ultra-
sonic level sensor with “smart” -converters Multi-
ranger 100, as well as the procedure for working
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with the GIS-Dniester are presented. The use of the
developed GIS-Dniester has shown its effectiveness
and reliability in operation.

Keywords: geo-information system, industrial
10T, monitoring, flood control, microcontroller.

INTRODUCTION

Monitoring the state of water bodies is one
of the main tasks of the modern development of
the state. This is due to the fact that insufficient
and untimely hydrological forecasting of the
level of development of floods (floods), floods,
mudflows, as well as the lack of a modern, full-
fledged and integral protective complex lead to
annual losses in the agricultural, industrial and
social sectors of the economy, as well as human
casualties.

There is practically no territory of the state
where the negative impact of floods is not felt
from time to time. Over the past 25 years, sig-
nificant floods that led to emergencies were ob-
served in 1995, 1997, 1998, 2001, 2008, 2019,
2020. As a result of the flooding of territories,
for example, in the Ivano-Frankivsk region in
2000-2008, economic facilities and the popula-
tion of the region were damaged in the total
amount of more than 520 million. UAH.

At the same time, an increase in the accuracy
of hydrological forecasting of both the level of
flood development and the quality of work on
accounting for land surface waters is possible if
modern automated control and monitoring sys-
tems are available not only for the river water
level, but also for other hydrological parame-
ters. Hydrological posts should be equipped
with such systems, which are developed on the
basis of modern hardware and software. Today
in Ukraine there is a significant number of dif-
ferent systems for monitoring the state of rivers,
which are equipped with hydrological posts.
Most of the systems have been developed by
foreign firms on an element base, which are
now outdated, and some of the systems are in-
operable. Also known are some innovative de-
velopments of Ukrainian companies in the field
of automation of systems for collecting infor-
mation on the state of water bodies. At the same
time, there is no information on the efficiency
of operation of these systems, and the main de-
velopment trends and requirements for modern
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control and monitoring systems for the state of
water bodies have not been identified.

THE AIM OF THE STUDY

The purpose of the research is to determine
the main trends in the development of systems
for automated control and monitoring of the
state of water bodies and the requirements for
their structure and the development of a geoin-
formation system (GIS) for monitoring the state
of river waters based on modern hardware and
software, industrial Internet of things technol-
ogy and research of one of the main sensors of
the system. — XPS10 ultrasonic level sensor.

RESULTS OF THE RESEARCH

Modern GIS are located at hydrological
posts and automatically transmit a set of pa-
rameters characterizing the hydrological char-
acteristics of a water body (water level, water
and ambient temperature, air humidity, atmos-
pheric pressure, river flow velocity, chemical
indicators, etc.). In this case, information
about the specified parameters can be trans-
mitted continuously or at regular intervals.

In [1], the existing methods and systems for
forecasting the level of flood waters used and
developed both in Ukraine and abroad are con-
sidered and analyzed. Automated control
methods are considered, which are subdivided
into direct (level sensors, automated measur-
ing stations), as well as remote measurement
methods, namely: space (satellite survey sys-
tems); airborne (airplanes, helicopters) and
constitute a significant part of remote sensing
data of types of surveys, methods of obtaining
data using measuring systems in conditions of
physical contact with the surveyed object.

It is concluded that the insufficient level of
predictability of floods, floods and flooding,
as well as the lack of a modern integral com-
plex of protective measures lead to significant
annual damage in the agricultural, industrial
and social sectors of the economy, deteriora-
tion of the ecological state of the environment,
which is also confirmed in [2, 3]. Mathemati-
cal modeling of the flood process and methods
of forecasting them based on statistical data
are considered in [4]. The proposed models
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take into account, as one of the components,
the soil moisture of the studied river basin.

An analysis of the existing AIMS for flood
water control is given in [5]. The AIMS in
Ukraine, which are in working order, at the
stages of development or implementation, in-
clude: "TISA", "Prykarpattya”, a computer
system with autonomous sensors, "AKSON",
a precipitation gauge and an integrated system
of nationwide flood monitoring. A brief de-
scription of these systems is given and the
main disadvantages of these systems are
noted: high economic costs for the develop-
ment and implementation of these systems and
technical means (AIIS "Tisa" — 225 thousand
Euro, 3 gauging station AlIS "Prykarpattya” —
500 thousand UAH., AKSON — 600 thousand
UAH, an integrated system of nationwide
flood monitoring — 14 million 680 thousand
UAH). Inadequate financing from the state
does not allow the creation of a sufficient
number of AIIS, gauging stations in order to
warn about the occurrence of flood waters.

In [6], information is provided on the for-
eign experience of using remote hydrological
posts, as well as a brief historical excursion to
the development of automated observation
systems in Ukraine. The control and infor-
mation system developed by Satellite + LLC
for automatic gauging stations of the BPV se-
ries, consisting of a water level sensor, a com-
munication channel, a recording device and a
power source, is considered in detail. The sys-
tem uses a set of batteries and information
transmission via the GPRS channel of one of
the GSM operators. The presence of batteries
indicates that information is transmitted dis-
cretely, after a certain period of time. How-
ever, the work [6] does not indicate the fre-
quency of information transmission. While the
rapid development of floods requires continu-
ous information about changes in the level of
water bodies.

The work [7] presents the results of the de-
velopment and operation of automated tech-
nical complexes: an automated hydrometeoro-
logical station — AGMS - (manufacturer -
Tekhpribor LLC, Lviv, Ukraine) and an auto-
matic system for hydrometeorological moni-
toring — Vaisala HydroMet ™ MAWS100 —
(manufacturer — Vaisala Oyj ", Finland). It is
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indicated that their introduction significantly
improves the efficiency of the forecasting or-
ganizations of the hydrometeorological ser-
vice, and in the case of the formation of rapid
floods in mountain annual basins, it is a neces-
sary condition and guarantee of increasing the
lead time and confirming hydrological fore-
casts and warnings.

In [8], a system for controlling the level of
flood waters is proposed, the basis of which is
an ultrasonic sensor for measuring the level
and other sensors. The collection and trans-
mission of information is carried out using the
Arduino Uno and a wireless sensor network
based on LoRa technology. The results of test-
ing the proposed system are presented.

The use of the early warning systems for
floods in the Indian Himalayas (The Early
Warning Systems — EWS) is given in [9]. The
flood monitoring system and EWS consists of
base stations and a control center. The base
station consists of a measurement module and
a processing module that performs a localized
forecast of the water level and transmits the
predicted results and measured data to the con-
trol center. The Control Center uses a hybrid
system of Adaptive Neuro-Fuzzy Inference
System (ANFIS) and supervised machine
learning, as well as a Linear Multiple Regres-
sion (LMR) model to predict water level. This
hybrid system demonstrated high accuracy of
93.53% for daily forecasts and 99.91% for in-
itial forecasts.

A prototype of a flood warning and moni-
toring system is described in [10]. Structur-
ally, the system consists of three main blocks:
a telemetry data collection unit; collecting data
from sensors located on the river bank; data
analysis and processing unit. It also includes
the development of algorithms for processing
data obtained from sensors, with the issuance
of appropriate warnings to the public and con-
trol messages for spillways. The system also
contains an information dissemination unit,
which is used to alert the population about the
level of flood risk. The system uses ESP32 de-
velopment boards to collect data from sensors
of precipitation, flow and water level in the
river, which are integrated into an 10T moni-
toring system to transfer raw data using 4G de-
vices connected to an ESP microcontroller.
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End users are also offered an Android app to
track flood risk situations in real time. The
above experimental results demonstrate the re-
liability of flood forecasting.

The use of the Internet of Things for moni-
toring the behavior of the state of the river, in-
cluding the development of the IWT hardware
(RiverCore), is discussed in [11]. A descrip-
tion of the developed web-based data collec-
tion platform integrated with 10T technologies
for data transmission over 3G cellular net-
works is given. The developed architecture
uses the Message Queuing Telemetry
Transport (MQTT) protocol along with en-
cryption and security mechanisms to send data
packets in real time to the server, and stores
the received data in a non-relational database.
From there, the data can be accessed and dis-
played using a variety of query settings and
graphical representations, which allows it to
be used in the future in the flood analysis and
forecasting system.

Flood Prediction Using Sensor Integrated
based on Internet of Thing and Radio Fre-
quency to Solve Environmental Issue
(FREST]I) is described in [12]. The need to de-
velop such a system for Indonesia is due to the
fact that in 2015-16 there were 500 floods due
to which in 2015 115 people died and 317,683
people were displaced from flooded areas, and
in 2016 75 people died and 105,301 people
were displaced. The early flood detection
function of FRESTI is achieved with built-in
rain sensor, water flow, river slope and water
level sensors. The measured parameters will
allow assessing potential flooding and issue
early warnings. FRESTI is equipped with a si-
ren that responds to the receipt of data trans-
mitted using radio frequencies. As a warning
signal, these sirens will be located near the vil-
lage. With the use of IWT, data from FRESTI
on the state of the river in real time via the In-
ternet can be obtained by interested people liv-
ing in the flood zone.

In [13], it is proposed to use modern
smartphones with built-in cameras, position-
ing sensors and powerful processors as meas-
uring instruments for measuring the water
level during floods. With the use of volun-
teered geographic information (VGI), the hy-
drological network of water meters can be
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highly compressed in space and time, even for
watersheds that are currently not monitored.
These are shallow streams and rivers that also
need to be monitored to better understand what
drives flood development and improve the re-
liability of their forecasting. Stationary low-
cost solutions based on Raspberry Pi imaging
systems are universal for continuous monitor-
ing of hydrological parameters. The two com-
plementary systems, the smartphone and the
Raspberry Pi camera, use the same automatic
water level detection methodology. The accu-
racy of water level measurement ranges from
a few millimeters to several centimeters.

An expert system for forecasting floods
based on web services, including a knowledge
base with the ability to read data from sensors,
such as precipitation, river flow, in real time,
is considered in [14]. Its use will facilitate the
monitoring of various influential factors that
contribute to an increase in the level of flood
waters in flood areas and, as a result, will al-
low decision-makers to take measures to pre-
vent the occurrence of emergencies.

Based on the review of modern trends in the
development of systems for automated control
and monitoring of the state of water bodies, the
following conclusions can be drawn:

- a number of existing systems for monitor-
ing and forecasting the level of flood waters
that are operated in Ukraine, such as TISA,
Prykarpattya, AKSON, etc., physical proper-
ties of soils;

- domestic developments that use self-con-
tained power sources do not allow continuous
monitoring of the state of water bodies, which
is especially important during floods;

- modern foreign systems under development

or testing are based on the use of microcontrol-
lers Arduino Uno, ESP, etc. to collect data from
sensors, which are increasingly used as "smart"
-converters of physical quantities. At the same
time, microcontrollers are integrated with loT
technologies for data transmission via 3G and
4G cellular networks, allowing interested per-
sons living in the area of possible flooding to
track changes in the water level in the river via
the Internet;
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- to predict the water level based on the pro-
cessing of the received data from the sensors,
a hybrid system of the ANFIS model and the
LMR model is used, which makes it possible
to increase the accuracy of forecasting the de-
velopment of floods;

- the use of a smartphone and a Raspberry Pi
camera, which use the same methodology for
automatically determining the water level, will
expand the water level control zone in streams
and small rivers, and take into account their in-
fluence on the formation of the general level of
flood waters.

Considering the above, a basic version of the
geoinformation system for monitoring the state
of water bodies "GIS-Dniester" was proposed
on the basis of hardware and software from Sie-
mens and “"smart" converters - an ultrasonic
level sensor XPS10 [15] together with "smart"
converters Multiranger 100 [16].

Purpose and composition
of "GIS-Dniester™

The developed system is designed for re-
mote monitoring of the main meteorological
parameters of the Dniester River waters and the
environment at controlled points and transfer of
measurement and visual data for their subse-
quent processing, visualization, documentation
and long-term storage.

The system allows organizing local and cen-
tral dispatching points and operates in real time.

The automated system includes the follow-
ing components:

- server workstation based on IBM-PC;

- industrial and RZ-routers of the GSM
standard for wireless industrial communication;

- programmable logic controller (PLC) SI-
MATIC S7-1200 "Siemens";

- signal modules SM for processing and dig-
itizing output signals from sensors;

- communication equipment (power sup-
plies, switches, connectors, cables, etc.);

- sensors of basic meteorological parame-
ters;

- top-level software — SCADA-system (su-
pervisory control and data collection system).

The system is designed as a single hardware
and software complex with a distributed archi-
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tecture and is optimized for working with re-
mote monitoring objects and local and central
dispatch centers. GIS-Dniester is capable of
performing any tasks related to collection, pri-
mary processing, transfer and storage of con-
trolled parameters.

The hardware part of the system is based on
the products of world manufacturers in the field
of industrial automation and communications.
The main control functions are implemented on
the hardware and software of the Siemens con-
cern.

The system is compatible with sensors with
unified measurement signals from a wide range
of manufacturers.

The communication network is implemented
on the basis of VPN (Virtual Private Network)
of the mobile operator “Kyivstar” of the GSM
standard, provides access to technological
equipment practically throughout the entire ter-
ritory of Ukraine and protection from unauthor-
ized access.

Application software has been developed for
the controller and workstation, which adapts to
the hardware configuration of a specific object.
The dispatcher's dialogue with the system is im-
plemented in the form of mnemonic diagrams
(interface pages) in the SCADA system (Super-
visory Control And Data Acquisition). Pro-
vided the functions of visualization, archiving,
warning signaling of controlled parameters go-
ing beyond the permissible limits and docu-
mentation of monitoring parameters.

In the extended version of GIS-Dniester, it is
possible to control additional parameters (water
turbidity, flow rate, etc.).

Structurally, the main devices of the system
are made according to a modular principle and
are placed in a mounting container (Fig. 1),
which does not include sensors and the dis-
patcher's workstation. The system is designed
for continuous operation.

In the process of integrating “smart” con-
verters into GIS-Dniester, it is necessary to
solve the problems of organizing hardware and
software for parameterizing and diagnosing
“smart” converters, establishing a communica-
tion environment for industrial communication,
developing algorithms for collecting, pro-
cessing and transmitting data, studying the
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characteristics of measuring signals, also re-
search of information processes in such systems
[17, 18]. The study of the echo profiles of ultra-
sonic signals from the XPS10 transducer was
carried out on the basis of the DELPHIN PLUS
V1.5 instrumentations [19].

Fig. 2 shows the results of the parameteriza-
tion of the ultrasonic "smart™ level transducers
Multiranger 100 with the XPS10 sensor.

In Fig. 3 — 5 the results of the investigation
of the echo profiles of the XPS10 ultrasonic
level sensor with the Multiranger 100 “smart”
transducer are unknown. The XPS10 sensor is
installed in a special container and mounted on
the bridge over the Dniester river in Galich over
the middle of the river bed. The distance from
the sensor to the water surface was 10 m.

At the output of the “smart”-converter Mul-
tiranger 100, a unified current signal (4...20
mA) is generated, fed to the PLC S7-1200
[20], where it is digitized, normalized and
scaled for further use as part of GIS-Dniester.

Analysis of the echo profiles of the XPS10
ultrasonic level sensor showed that the reliabil-
ity of the correct reception of the signal re-
flected from the water surface depends on many
factors (water and air temperature, humidity,
the presence of various kinds of electromag-
netic interference and building structures).

The system implements the ability to re-

Fig. 1. Exterior view of the mounting container
GIS-Dniester
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motely read the echo profiles of the XPS10 ul-
trasonic level sensor, which made it possible
to analyze a large number of echo profiles un-
der various environmental conditions, and
therefore select the optimal parameters and
operating modes for the XPS10 ultrasonic
level sensor and the Multiranger 100 "smart"
transducer.

As a result of the research, the functionality
of the GIS-Dniester was expanded, including
by blocking individual components of the echo
profiles that arise due to structural obstacles
when measuring the water level, which made it
possible to increase the accuracy of the results.

The hardware configuration of the S7-1200
PLC was carried out in the TIA Portal V14
software environment in the "run-time" mode
(see Fig. 5), which includes:

- Project tree — project tree "Ga-
lich_1 PLC Sensor 060421 1";

- hardware PLC S7-1200 (PLC_1, Al
4x13BIT_1, Al 4x13BIT_1)

- hardware catalog - hardware catalog.

In Fig. 6 shows a fragment of the applica-
tion in the FBD (Functinal Block Diagram)
language, which implements the algorithm for
processing the initial measuring signal from
the MultiRanger 100 level transducer in the
TIA Portal V14 software environment in the
"run-time" mode. The program includes the
following program instructions for processing
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Fig. 2. Parameterization results of the ultrasonic
"smart" level transducers Multiranger
100 with XPS10 sensor
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Fig. 3. Echo profile of the XPS10 ultrasonic
level sensor (correctly defined echo pro-
file of the reflected signal with a L level
of 9 dB)

Fig. 4. Echo profile of the XPS10 ultrasonic
level sensor (correctly defined echo pro-
file of the reflected signal with level L.:
17 dB)

Fig. 5. Echo profile of the XPS10 ultrasonic
level sensor (the echo profile of the re-
flected signal with a L level of 9 dB is in-
correctly determined)
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Fig. 6. Hardware configuration of the S7-1200
PLC in the TIA Portal V14 software en-
vironment in the "run-time" mode
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Fig. 7. Fragment of an application in the FBD
language that implements the signal pro-
cessing algorithm from the MultiRanger
100 level transducer in the "run-time"

mode
| I B

Fig. 8. Procedure for parameterizing the com-
munication connection between the local
monitoring station and the server
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and calculating the absolute value of the water
level in the Dniester River:

- NORM_X — normalizing function, con-
verts the digitized value of the measured dis-
tance signal from the level sensor in the plane
of the monitored object within (0-27648 rela-
tive units) into a floating point value within
(0.0...1.0);

- SCALE_X — scaling function, converts
the normalized value of the measured signal
into the absolute value of the monitored pa-
rameter (distance from the level sensor of the
plane of the monitored object), taking into ac-
count the measuring range of the XPS10 level
sensor and the MultiRanger 100 transmitter
within (0...10 m);

- ADD - function of linear correction of the
absolute value of the controlled parameter;

- SUB — subtraction function, which converts
the measured distance to the controlled object
into a level (the level of the Dniester river in
Galich_1).

Fig. 7 shows the procedure for parameteriz-
ing the communication connection between the
local monitoring station and the server.

In Fig. 8 shows a fragment of an application
in the FBD language that implements the pro-
cess of transferring data from a local monitor-
ing station to a dispatch server.

A dispatcher's workstation is installed in the
central control room, which provides monitor-
ing of remote objects.

After activation of the corresponding object of
control (for example, Galich_1), the window of
the main page of GIS-Dniester is displayed on
the screen (Fig. 9).

The main part of the main interface page
contains the following components:

- afield of archives in the form of trends in the
main meteorological parameters of the Dnie-
ster River waters and the environment with
scales of the corresponding color and time
scale;

- buttons for switching to other pages of the
interface;

- current monitoring parameters;

- archive monitoring parameters;

- scales of current parameters;

- tools for managing the field of archives;

- system time;
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Fig. 9. Fragment of an application program that
implements the process of transferring
data from a local monitoring station to a
dispatch server

Fig. 10. Monitoring system main page window
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Fig. 11. Tabular archive of the main meteoro-
logical GIS-Dniester

- marker of archive parameters (movable ver-
tical white line).

Other pages of the monitoring system inter-
face contain information in accordance with
the monitored parameter:

- air humidity (blue trend - from 0 to 100%);

- air temperature (red trend — from -30 to
+50° C);
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- water temperature (dark red trend — from -10
to +30° C);
- water level (blue trend — from 0 to 12 m).

To go to the previous values of the ar-
chives, you must activate the "pause"” button
)

Further, the dispatcher can use the move-
ment tools to view and scale to refine the ar-
chived parameters at appropriate time inter-
vals.

To go to the main page of the GIS-Dniester
interface, you must activate the navigation

button ',
To go to the tabular archive, use the "table"”

button "™ | The tabular archive window
(Fig. 10) is intended for archiving tabular val-
ues with a selected time interval. The window
interface allows viewing the archives of mete-
orological parameters. The first column dis-
plays the record number, the second — the date
and time of the recording, all the rest — the cor-
responding archive parameters. To view the
previous values of tabular archives, you must

activate the "pause" button and use the

"scroll" tool to go to the required date and time.

In addition, the developed GIS-Dniester is
equipped with a HIKVISION DS-2CD2010F-I
video camera, which is installed on the support
of an old bridge in the city of Galich, allows for
visual control of the level of the Dniester River
through a video surveillance subsystem
(Fig.11, 12).

CONCLUSIONS

Automated systems for monitoring and
control of water bodies that are in working
condition, at the stages of development or im-
plementation, do not provide hydrometeoro-
logical monitoring of the state of water bodies
in Ukraine due to their small number, high cost
and technical characteristics that do not corre-
spond to the modern level. Inadequate funding
from the state does not allow the creation of a
sufficient number of modern monitoring sys-
tems, reduces the effectiveness of the forecast-
ing organizations of the hydrometeorological
service to prevent emergencies caused by the
development of floods.
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Modern trends in the development of sys-
tems for automated control and monitoring of
the state of water bodies are aimed at the use
of "smart" -converters of physical quantities,
microcontrollers such as Arduino Uno, ESP,
etc., which are integrated with IoT technolo-
gies for data transmission through wireless
sensor networks based on LoRa technology
and cellular 3G and 4G networks; modern
smartphones with built-in cameras, position-
ing sensors and powerful processors, with a
Raspberry Pi camera allow automatic water
level detection. The use of IWT technologies
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Fig. 12. Visual control over the level of the Dnie-
ster river through a video surveillance
subsystem dated 06.15.2021

will allow interested persons living in the zone
of possible flooding to monitor changes in the
level of water bodies via the Internet and make
appropriate decisions.

The proposed structure of GIS-Dniester
based on industrial ICT with the use of modern
hardware and software and "smart"-converters
and a video camera, which made it possible to
provide visual control over the level of the
Dniester River. The purpose of GIS-Dniester,
the main components and the principle of its op-
eration are considered. Due to modularity and
unification, the basic GIS — Dniester can be ex-
panded or modernized and supplemented with
other types of sensors.

The results of the study of the echo profiles
of the XPS10 ultrasonic level sensor with Mul-
tiranger 100 "smart" converters, which made it
possible to increase the accuracy of water level
measurement, were considered, the hardware
configuration of the S7-1200 PLC in the TIA
Portal V14 software environment was carried
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out in the "run-time™ mode and the fragment ap-
plications in the FBD (Functinal Block Dia-
gram) language, which implements the algo-
rithm for processing the original measuring sig-
nal from the MultiRanger 100 level transducer.
The use of the developed GIS-Dnister has
shown its efficiency and reliability in operation.
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TeHnaeHU UM Pa3BUTHSI CHCTEM MOHUTOPUHIA
COCTOSIHMS BOAHBIX 00bEKTOB U pa3padoTka
I'NC-{necTp Ha 6a3e npombiniienHoro UBT

Jleonuo 3amuxoseckuii, Enena 3amuxoeckas,
Huxonai Hukonaiiuyx, Uean Jlesuykuii

AnHoTanus. B pabore moka3aHo, 4To HeocTa-
TOYHOE U HECBOEBPEMEHHOE TI'MIPOJIOIMYECKOE
MIPOTHO3UPOBAHNE YPOBHS PA3BUTUS HABOJHEHUH
MPUBOIUT K €XKErOAHBIM 3HAYUTEIbHbBIN IKOHOMU-
yecKkuil ymepd u yenmoBedeckue xepTsel. [locmen-
Hee TpeOyeT MOCTOSHHOTO KOHTPOJII M MOHHUTO-
pUHra COCTOSIHHSI BOJHBIX OOBEKTOB, UYTO BO3-
MO>KHO ITPY HAJIMYUHU COBPEMEHHBIX aBTOMAaTHU3HUPO-
BaHHBIX CHCTEM KOHTPOJIS M1 MOHUTOpHHTa. [IpoBe-
JICHHBII aHaJIH3 MToKa3all, YTO HH(OPMAIMOHHO-U3-
MmeputensHble cucteMbl (AUMC) koHTpOIs naBos-
KOBBIX BOJI, OKCIITyaTUPYEMBIX B YKpauHe, UX KO-
JIUYECTBO, CTOMMOCTb M TEXHHYECKHE XapaKTepH-
CTHKH He 00€CIIeYnBalOT MOJIy4YeHHUs HEOOXOMMOM
IUIsl IPOrHO3UPOBAHUS PAa3BUTHsI HABOJHEHWH WH-
(dhopmaruu.
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AHanu3 TEHACHUIMH Pa3BUTHS CHUCTEM aBTOMa-
THU3WPOBAHHOTO KOHTPOJS U MOHUTOPHUHTA COCTOSA-
HUS BOJHBIX OOBEKTOB MOKA3all, YTO COBPEMEHHBIC
3apyOeKHBIE CUCTEMBI, KOTOPbIE HAXO/ATCS Ha CTa-
AW pa3pabOTKK WM arpoOanid OCHOBAHHBIC Ha
WCTIONTB30BAaHUN  MHUKPOKOHTPOJIJIEPOB, «Smarty-
npeoOpas3oBaTeny (QU3MYECKUX BEIUYMH, COBpE-
MEHHBIX CUCTEM CBS3H M TeXHOJNOruu MHTEpHET Be-
I1ei, a Tak)Ke UCITOIF30BaHIH CMapT(OHOB C Kame-
poti Raspberry Pi mist onpenenenust ypoBHS BOIBI B
peKax.

[IpuBoguTcst pa3zpaboTka C HCIIOIB30BaHUEM
MIPOMBIIUICHHOT0 IHTEpHET Bemiel 6a30BOro Bapu-
aHTa reoMH()OPMAIIMOHHON CHUCTEMBI KOHTPOJS H
MOHUTOPHHIA COCTOSIHUS BOAHBIX 00BbekTOB ['HC-
Huectp. PaccmarpuBaroTcsi CTpyKTypa, KOMIIO-
HeHThl U pyHKmu ['UC-/uectp. Pemarorcs 3agaun
[0 OpraHM3allu{d  amMapaTHo  MPOrPaMMHBIX
CPEICTB ISl TapaMeTPUPOBAHHUS W JIHATHOCTHKHU
«smart»-ripeoOpazoBaTeny, HATAKUBAHHE KOMMY-
HUKALIMOHHOM Cpelbl IIPOMBIIUIEHHON CBA3M, pas-
paboTku anroputMoB cbopa, 0O6pabOTKH U Tepe-
JTa9d TaHHBIX, MCCIIETOBAHUS XapaKTEPUCTUK H3Me-
PUTCIIbHBIX CUTHAJIOB. IIPUBOJATCA PE3YJIbTATHI UC-
CIICZIOBAHUS 3XO-TIPOQHIICH YIbTPa3BYKOBOI'O CEH-
copa ypoBHsa XPS10 co «smart» — mpeoOpas3oBa-
tenu Multiranger 100, a Taxke mporenypa paboThl
¢ ['UC-/Inectp. Hcnonb3oBanue pa3paboTaHHON
I'MC-Inectp mokazano ee 3¢GGEeKTUBHOCTh U
HaJIe)KHOCTH B padore.
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