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Abstract

Floods and overflow forecasting is a live issué&Jkraine today. There is offerébe system of monitoring and forecas
of water levels in rivers to solve this issue. Twanputer system enables automated acquis@fanformation about weath
conditions and forecasts a future river level. Thmputer system is based on the method of matheahatiodels making using
genetic algorithms. The use of genetic algoritiness for making mathematical models enableaik to choose the optin
structure for an adequate model and to reducefiignily the number of calculations when the models aratiéel The syste
is implemented for monitoring and foretiag of water levels in rivers of the Precarpathiagion. Implementation of
automated system will reduce flood damage and iuwgpedficiency of flood situations management.
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Introduction Analysis of works

The floods take the first place among the natural  For early prevention and protection of territories
disasters on the Earth by frequency and the ocdupiffom emergencies caused by floods and overflovis it
area. required a complete automated flood protectionesgst

Thus, the negative impact of floods and overflowsvhich would include a regular meteorological
experiences 27% of the territory of Ukraine (165°km observations and forecasting of flood situationsalat
occupied by nearly a third part of the state's petfpn  levels. The results of the system’s operation would
[1]. The territories mostly influenced by the fleodoth enable to develop a specific action plan for the
in Ukraine and Europe are mountainous regions hed tprevention and protection of population, territerie
foothills of the Carpathians and the forming ofoflts in  against losses caused by the negative effect ofi$lo
these areas differs significantly from the plartdsavy An important step in the study of floods and
precipitation and snowmelt (natural factors), dedton overflows is their forecasting. Flood forecastingl w
of natural drains, plowing of slopes and deforéstat reduce risks of population and damages.
(anthropogenic factors) often cause the hydroldgica  The successful flood forecasting requires proper
disasters in the Carpathian regions. hydrometeorological support that will result iniadle

Over the past 15 years, intensive floods thatbservations. Effective forecasting of river flopds
occurred in 1995, 1997, 1998, 2001, 2008 and thadfl especially in mountainous area, is possible in aHse
in 2010 led to emergency situations. As a resuk, t modern  automatic ~ measuring  equipping  of
population of the flooded areas and Ukraine's esgno meteorological stations, the use of distance telcigies
suffered significant losses. Thus, the averageebssof information acquisition, the use of advancedwsafe
from floods in 1995-1998 amounted to 899.3 milliormodeling systems for hydrological parameters
UAH, 1999-2007 — over 1,500 million UAH, in 2008 —forecasting.

about 6,000 million UAH [1]. Particularly disastu Mathematical modeling is the basis for flood
flood was in Precarpathian and Transcarpathiaronsgi forecasting. An important step of it is the chowfea
in 2008. modeling method because it determines the accuracy

and the time spent to obtain the flood forecast.

The Ukrainian Meteorology Centre is able to
forecast floods only 1-1.5 months before they stre
hydrological forecasts are usually formed only fire t
period of the greatest flood risks (in March andiBp
in all the other periods floods are unlikely. Theason
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At the state level, The State Committee of Ukrainéorecast of natural hydrometeorological phenomerth a
for Water Management is engaged with issues of watthe lack of modern holistic set of protective measu
management and land reclamation. One of the pyiorit The aim of the paper is the development of
tasks of the Committee is to ensure the proteatibn automated computer system for monitoring and
citizens, centers of population, industrial fagkt and forecasting of the Dniester River level. It shofbdus
agricultural land from the harmful effects of watés on the effective control of floods and reductiorflobd
minimize losses caused by it and to make safedivirdamages caused by the negative effect of floods and
conditions of the population. overflows by the right decision making based on the

This Committee develops and implements severatsults of monitoring and forecasting.
national target programs of flood protection. Dgrin The computer system for monitoring and
their generation and implementation there are ohellu forecasting will perform automatic accumulation of
the flood forecasting systems, namely [2]: weather information of the river and transfer ibrfr

“The program of a comprehensive flood control irobservation points to the automated controller’s
the Tysa River Basin in the Transcarpathian region operation point. Here the database of the weather
2002-2006 and the Forecast till 2015” (it is appbby investigation will be formed and a specialized wafte
the Cabinet of Ministers of Ukraine of 24.10.200Imodule will forecast the water conditions of theeri
No 1388) provides the improvement of automatebased on these data.
measurement information system "Tysa". The The computer system for monitoring and
automated measurement information system (AMISprecasting the river level will solve the follovgriasks:
"Tysa" is intended for efficient forecasting of did remote monitoring of meteoconditions and water
hydrographs in rivers basin using special matherahti level in a river;
and information software; acquisition of accurate analysis and evaluation of water runoff;
prognostic information about the flood parameteard a forecasting of river conditions based on the
its automatic transfer to the appropriate floodwimg observations;
services and flood prevention units; issuing flood control.
recommendations for decision making regarding
accident-free floods admission. The structure ofI8M The main part
"Tysa" in the Transcarpathian region includes 44  The developed computer system for monitoring
automated hydrologic stations, the communicatioand forecasting of Dniester River level integrates
system and analytical control point located in Unogl. subsystem of acquisition and processing of infoionat
The system is linked to the same system of Hungady on weather conditions and river level and a sulesyst
enables to predict rainfall in the basin of thedysing of analysis and forecasting of water level basedhen
the radar, located in Hungary. The levels and floivs received data. The subsystems are connected into a
water in the Tysa river and its tributaries arelioe- single computer network via communication chantels
tracked by the system; on this basis there is &@ted ensure timely exchange of data between them.
development of floods [3]. The system of monitoring and forecasting of the

“The State Task Program of the Integrated Floo®niester River has a four hierarchical structurg.(E).
Protection in the basins of the Dniester, Prut 8ivdt” The first and second levels of it cover the sulesysbf
(approved by the Cabinet of Ministers of Ukraine ofneasuring and gathering the monitoring data on legat
27.12.2008 No 1151). The purpose of this Program nditions and water level. The third and the fourt
forming in the basins of the Dniester, Prut ané{Sine levels are combined into a subsystem of analysis an
complex of hydraulic and other structures to prbtedorecasting of river level.
centres of population, agricultural lands and indals The lowest level of the system contains a set of
facilities from the catastrophic floods, minimizeweather station sensors OREGON LW 301 and a level
damages and make conditions for life activities ofensor KROHNE BM 70 A, which are placed directly at
population. the chosen observation points in a certain areds Th

In 2009 the State Committee of Ukraine for Watelevel provides acquisition and transferring of
Management developed the automated measuremérfbrmation on the values of the measured weather
information system (AMIS) "Prykarpattya". The AMIS parameters: air temperature, air humidity, windespe
"Prykarpattya” includes meteorological observatioms and its direction, barometric pressure and rainfall
the basins of the Dniester, Prut and Siret in seveamount to a higher level [5]. In addition the syste
regions: Chernivtsi, Ivano-Frankivsk, Lviv, Vinnids measures the water level in the Dniester usingythme
Ternopil, Khmelnytskyi and Odesa. The main purposg].
of the system is the forecasting of floodings The second level of the system is formed by
development, automated monitoring of rainfalls, evat single-board mini-computers (controllers) that parf
levels in rivers, the real time transmission ofocal control of equipment at observation pointeey
information to the central and regional centers gbrovide a verification mode of sensors and make the
information processing to alert the population andotice in case of their failure. Equipment at thasel
respond to development of floodings [4]. also receives information about the magnitude ef th

The main problems of activities of thesemeasured parameters of meteo conditions and water
committees are the limited opportunities for earlyevel in rivers, processes this information anddseinto

the next level.
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Figure 1 — Block diagram of a computer system

The third level includes an automated operating  The level sensor KROHNE BM 70 A is used for
point (AOP) of a controller with a personal computemeasuring the water level of the Dniester Riverain
and specialized software. AOP of a controller igomputer system of monitoring and forecasting aofewa
designed for processing, analyzing and storing tHevel in the river.
received information about current weather andrrive The level sensor KROHNE BM 70 A (Fig. 2)
conditions in the database. At this level thereraegle generates and emits radio signal using antenna. The
calculations of forecasted water level of the rigarthe radio signal, which is reflected from the waterface,
basis of the weather information. The use of speciaomes back after some timedepending on the speed
software of a controller's AOP, based on the metbbd of light. Thus, the measured distance to the sarfac
empirical models with genetic algorithms [7, 8]abtes , , ct
to monitor distantly and forecast the ecologicatestof detérmined by the following dependencét=3,

the object. _ _ _wherec is for the speed of light [6].

Some of the information on the controller's AOP is Since the level sensor KROHNE BM 70 A defines
sent in the form of accounting documentation to thSnIy the distance to the water surface, it is nemesto
hydro-meteorological centre for analysis and deoisi ;56 the following formula for determining the water

making. , _ level of the river:
The level sensor KROHNE BM 70 A is mainly

used for continuous and non-contact level measureme He=hp+hp - @)
of liquids, pastes, slurries, liquefied gases anthes where h, is a basic level of water in the river, th; is
bulk materials in metal devices an_d storage f@jtas indices of the level sensor corresponding Ho, m;
well as in concrete bunkers, even in the worst itmms . -

[6]. The sensor KROHNE BM 70 A determineshm is current indices of the level sensor, m.
accurately the distance to the surface of the studi Determination of water level in the river is
environment and is able to transmit a signal to thgchematically shown in Fig. 3.

remote recording devices, controllers, automated

management systems.
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Figure 4 — Wiring of the water level sensor

Transmitted KROHNE to the Raspberry Pi computer
signal
To determine the weather parameters in the certain
1 R OB area there are used meteorological sensors OREGON
Figure 2 — Level Sensor KROHNEBM 70 A LW301 [5]. Up the Dniester River there are several
observation points with active weather stations
b t 4 OREGON LW301.
i h, — Wireless weather station sensors OREGON
LW301 measure temperature, humidity, wind speed and
direction, barometric pressure, rainfall and senesé
data to the signal receiver WH200 (Fig. 5). Thege i
allowed connection up to 8 temperature and humidity
h, sensors. The allowable distance of the wirelessmsn
from the receiver is 100 m. The contact occurshim t
internal interface of the weather station OREGON
LW301 [5].
v v The weather station OREGON LW301 has the
# L 7 possibility to transmit the data on weather coodsiin
Figure 3 — Measurement of water level in the river  the Internet. The data received from the wirelesssrs
by the sensor is read out by the WH200 receiver and transferoetthe
Internet connection module by a USB cable. Theeabl
In order to determine the current water level i@ thlength is up to 5 m because there may be signal
river there is recorded a baselihg using the measuring distortion when the cable length is greater.

staff under the normal weather conditions for teetain Then the Internet connection module is connected
area. The level sensor KROHNE BM 70 A isvia Ethgrnet cable to the Raspberry_ Pi mini-compute
determined by the distance to the baseling, —Thus, Apcordmg to the _standard the maximum cable length
without repeaters is 100 m.
when we know the current value bf, the water level An important feature of a computer system of
of the river can be calculated by the formula (1). monitoring and forecasting is a timely opportunity
The level sensor KROHNE BM 70 A is mountedreceive the information on weather conditions. @he
on a road bridge over the Dniester River in Nyzhniyhe solutions to this problem is the transfer ofadda
village of Tlumach district. The sensor must be nted mobile connection from observation points to the
close to the middle of the bridge, because atiihlﬂt it System_ In a Computer System of monitoring and
is pOSSibIe to obtain reliable data on the wateell®f forecasting the transfer of data is impiementedaby
the river. According to the technical characterstof GSM modem and special software module that reads
the level sensor KROHNE BM 70 A, the measuremerjyt the data from the sensors and transmits the
range is 40 meters. Optionally, one can use amsit®  information via modem to the receiving stations.
cord of antenna [6]. Consequently, having gathered information from
For remote signal transmission of the river levejhe sensors, a single board Raspberry Pi compereiss
the sensor KROHNE BM 70 A is connected to a minithe data to the Internet via the connected USB GSM
computer based on the Raspberry Pi board (Fign4d. GPRS modem with a SIM card of a chosen mobile
computer system there is used a digital interfacgperator. The measured data are stored on the web
RS-485, which is Compatible with the SEeNnsSOkerver (Www_Osanywhereweather_com)_
KROHNE BM 70 A. This interface allows us to Every registered user who knows the weather
perform two-way connection. The computer sends &ation parameters and has chosen an appropriege ar
request and a level gauge KROHNE BM 70 A transmitgn the map can have a remote access to weather data
in response information on water level. Using ad®@ from the smartphone or PC with the help of this
can configure any level gauge KROHNE BM 70 Aconnection diagram. In order to get the informationa

(required converter RS-485/RS-232) using the so#wasmartphone we need to download the appropriate
PC-CAT. The maximum length of the connecting cablgoftware — Anywhere weather [5].

with the amplifier is 2 km.

-
-
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Figure 6 — Location of sensors for data acquisition

There is showed a diagram of location of The information obtained from observation points
information gathering sensors on the map in theseho is supplied to the controller's AOP (Fig. 6), whetrés
area (the Dniester River, village Nyzhniv, Tlumaclkprocessed and stored in a database. The weather
district of lvano-Frankivsk region) (Fig. 6). Taginnto information obtained from multiple observation psin
account the fact that the flood wave in most casés averaged at the controller's AOP. Since the @ens
moves much slower than the atmospheric frontneasures the distance of the current water levés i
meteorological sensors are placed in observatiomso determined at the controller's AOP with the helpthud
upstream to interpolate the downstream water levels software application according to the formula (1).
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Figure 7 — The scheme of the data movement

Visualization of results is shown on the screerthef the water level depending on weather conditions.

controller's AOP in the form of graphs of valuesanbe Due to the mentioned requirements to the software
of weather conditions, facilitating the analysisthe of the computer system of monitoring and forecastih
received information. water level in a river there is developed a spizsdl

There is implemented the forecasting of watesoftware module that manages the process of obtaini
levels at the controller's AOP with regard to wesath the forecast of the Dniester River level in accoma
conditions. Automated operating points of a comdrol with the data on weather conditions gathered from
and a weather centre are united into the Ethersiagu sensors. The software for monitoring and forecgstih
the appropriate interface equipment and software. the Dniester River level is shown as an application

There is designed a computerized system fanodule that is installed and allows one to contha
monitoring and forecasting of the Dniester Rivehjiakh  entire computer system. Fig. 7 shows the interaaid
is deployed as a controller's AOP based on a sB@l the program blocks that provide a phased process of
attached to the LAN Ethernet in order to implemtiiet  forecasting the water level in the Dniester River.
offered method. The basis of the controller's AGRhe An information base of computer system is the
software that processes the data received from thdormation database about the water level of the
sensors according to the designed algorithm arnelctef Dniester River and weather conditions. The datalmse
the results of such processing on the display acree  generated automatically and saves the current alata

In order to ensure effective automation of dataveather parameters — temperature, humidity, pressur
acquisition on water regime of the river and weatheainfall, wind direction, and water level data. Shalata
conditions, efficient obtaining, storing and anahggthe are input parameters for calculation the predicteter
collected information, to determine the currentestaf level in the Dniester River [9]. The current infation
the river and to obtain reliable forecasts it iguieed a and the database archive in the proper format and
special software of a computer system that musimount come to an AOP for processing and foreaastin
integrate all the stages of research, analysis aadcording to the algorithms and reproduction in the
forecasting of the river regime. These data wilbh® form of graphs, tables and text information. Matlab
obtain reliable information about the current andnodule performs calculations of the forecasted wate
projected state of the river and make the apprtgprialevel in the river according to the developed
decisions for emergency situations caused by floods mathematical software. The calculations are stoned

For efficient computer system operation ofthe database. In the future, they will be considdo
monitoring and forecasting of water levels in theerit  planning of preventive measures and decision matking
was necessary to develop specialized software thatevent emergencies related to floods.
would give an opportunity to solve the following Therefore, the computer system of monitoring and
problems: forecasting of water levels at the programme level

a) to take automatically water level sensors anidicludes the following stages:
weather stations readings. At the same time the A sensor’s interrogator asks within a certain perio
interrogator code should not depend on the type of time (the time is specified in the program sejti
sensors (to provide an abstraction); (from one second up to one year)) for the measuneme

b) to work with a relational database (to storeesults of the sensors. The obtained measureméat da
incoming data from sensors on weather conditiorts amre deserialized (converted from text data intcec)j
water level, and the results of calculations of thand stored in the database in the form of sortedrds
forecasted water level); with dates of observation (Fig. 8). When you rue th

c) to use the existing Matlab code, which is basehain stream of application the results of measunésne
on the developed mathematical model for forecastimgye scanned from a database and saved in computer

= Resuts -3 Messages
Id  MensurationTime Temperature  Humidity Pressure  Waterlevel FRainFal WindPower  WindDirection

01 20130602 135326570 O 30 760 25 13 4 7

Figure 8 — Recording of the measurement data in théatabase
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memory. A software module starts the Matlab-shetl a [Electronic source]: Flood protection, State AgenéyWater
performs calculations according to the develope@esources of Ukraine. The official website. Avaigalfitom:
method, bringing the calculation of the forecasteder ~ Nttp:/www.scwm.gov.ua/index.php.

level. The result of the forecasted water level is  [2] Zamihovskyi, LM, Klapoushchak, Olanalysis of

- - hods and systems for monitoring and forecasting the level
recorded in the database and displayed on the Acgﬁlood waters, Oil and Gas Power Engineering, no. 2 (15),

monitor. pp. 99-105.
. [3] Basin management of water resources of the Tysa
Conclusions River. [Electronic source]: State Agency of Water Resesr

of  Ukraine.  Official  website.  Available  from:
There is offered a structure of a computer systehitp://www.vodhosp/uzhgorod.ua/aivs_tisa.html.
of monitoring and forecasting of water levels ire th [4] Klapoushchak, OlModern equipment, materials and
rivers of the Precarpathian region and there iwigeni ~ téchnologies for —non-destructive testing and  technical
its technical implementation using the system oficies  diagnostics of machine-building and oil industry equipment.

; . [5] OREGON LW 301 [Electronic source]. Available
and associated software, which allows one to gather from: http://www.oregoninstruments.com/LW301-Oregon

process information about weather conditions anwa gjentific- Anywhere-Weather-Kit.data.
level on the particular territory. [6] Radar level gauge KROHNE BM 70 A/P. Manual on
Hardware implementation of computer systenhstallation and maintenance [Electronic sourceifable
enables us to remotely perform data acquisitioth@n from:http://krohne.com/fileadmin/Picture_Gallery/KRSE_
observation areas. companies/Russia/Manuals/BM_70_manual_rus.pdf.
There is developed a specialized software of a [7] Horbiychuk, MI, A method of constructing
computer system of monitoring and forecasting ofewa Mathematical models of complex processes based on genetic

level in rivers, which allows forecasting the charaf ,aAl%icf)irgglnﬁlte[ITIiggg\'ceHZO()rﬂ)ycr?cL:lz pl\éll,sos_gt;fnarovych, MA,
water level, depending on the derived parameters of [8] Horbiychuk, M, A method of mathematical models

weather and't'ons', synthesis of varying processes with nonmultiple frequencies
.Th? introduction _Of an automated _system OfText], Horbiychuk, MI, Shufnarovych, MA, Scientfi
monitoring and forecasting of water levels in theers  Bulletin of Ivano-Frankivsk National Technical Uniséy of
of the Precarpathian region will reduce the danfem®@ Oil and Gas 2010, no.1 (23), pp. 105-112.
floodings and improve the management efficiency of  [9] Horbiychuk, MI, A method of forecasting of water
freshet situations that will help to prevent emeres.  level in the Dnister River depending on weather conditions
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Komn’'toTepHa cuctema MOHITOPUHIY Ta NPOrHO3yBaHHSA PiBHSA BOAM Y pikax

M. T opﬁiﬁqyk*l, M. Ilch]mapoeuu2

1 . . . . . . . . i
leano-Dpankiscokuil HayionantbHull MexHivnull yHisepcumem nagmu i 2azy;,
eyn. Kapnamcoka, 15, m. Isano-@panxiecvk, 76019, Vrpaina

2 . . . . I )
1sano-Dpankiecvkuii HaYiOHANLHUL MEOUYHUL YHIgepcument,
eyn. Ianuyvka, 2, m. Isano-@Ppankiecvk, 16018, Vkpaina

Ha cporomHi akTyalbHUM NHTaHHSIM 3aJIMIIA€THCS INPOTHO3YBAaHHS MOBEHEH Ta MaBOAKIB Ha TepUTOPii
VYkpainu. [y BUPIMICHHS [OTO MUTAHHS 3alPOIMOHOBAHO CUCTEMY MOHITOPUHTY Ta MPOTHO3YBaHHs PiBHS BOIU Y
piui. Kowmm'rorepHa cuctema pae 3MOry aBTOMAaTH30BaHO 30MpaTd AaHi HPO IMOTOAHI YMOBH Ta BHKOHYBAaTH
MPOTHO3YBaHHS TOAAJBIIOrO PiBHS PiKH. B OCHOBY KOMIT IOTEPHOI CUCTEMH MOKIIAJICHO CIICIialli30BaHe MPOrpaMHE
3a0e3MeueHHs], MO0 TIPYHTYEThCS HA METOMAI MOOYJOBHM MaTeMaTHYHHX MOJENCH 3a JIONOMOrOK TeHETUYHHX
aNropuT™MiB. BukopucranHs ifieil TCHETUYHUX ATOPUTMIB 10 MOOYIOBH MaTeMaTHYHUX MOJCICH Jae MOXKIUBICT
HE TiJIbKW BHOPATH ONTUMAIbHY 32 CTPYKTYPOIO aJeKBaTHY MOJIENb, ajle i 3HAYHO 3MEHIIUTH KUTbKICTh O0YHCIICHD
y BUNAAKy mnepedopy Mozeneii. Cuctema peasrizoBaHa JJii MOHITOPHHTY Ta TPOTHO3YBaHHS PiBHS BOIU B piKax
IIpukapnartsa. BripoBamkeHHSI aBTOMAaTH30BAaHOI CHCTEMH NTaCTh MOXMJIMBICTh 3MEHIIWTH 30WTKH BiJ MOBEHEH Ta
MiABUIIATHA €()EKTUBHICTD YIPAaBIiHHS AaBOJIKOBHMH CUTYAIliSIMH.

Kio4oBi ciioBa: asmomamuzoeana cucmema, 2eHemudHull aieopumm, 0aeay pigHs 600U, MemeoCmaHyis,
NpO2HO3Y8AHHS NOGEHEI].
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