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Abstract—Presented are the results of working out an extensive hydromonitoring system for water
bodies based on the use of the optoelectronic phase level gage (as a water level meter) and cellular
network (to transmit the digital data signal to the data acquisition and processing center). The “Riven’”
telecommunication device converting information using the SMS-protocol is worked out for the con-
nection of the phase level gage with the acquisition and processing center using the GSM system.
Developed are the structure and algorithm of the hydromonitoring system. Produced is the level gage
prototype for the hydrometric station. The hydromonitoring system is intended for the advanced flood
warning of population and for providing environmental safety.

DOI: 10.3103/S1068373914050082

The present-day state of the hydrosphere of the land surface is characterized by the increase in the num-
ber of catastrophic events such as floods (including seasonal ones), showers, etc. [3, 8]. The variations of
water body regime during the event are characterized by high dynamics, and traditional hydrometric instru-
ments at the gaging stations of Ukraine (for example, stationary devices of GR-38 and Valdai type, semiau-
tomatic level meters—recorders KSM-4, GR-116, USR, etc. [5, 16]) can not provide the operational change
in the measurement regime and reduce the period of acquisition and processing of the data on the water
body state under such conditions. To prevent the consequences of hazardous phenomena, the permanent
operational monitoring of the water level is needed which makes it possible to predict a possibility of the
flood formation.

Thus, the existing general climatic trends towards the increase in the number of extreme conditions of
water objects set an urgent problem of modernization of metrological support of hydrometric measure-
ments in Ukraine.

This problem is of complex nature and needs a solution of some interrelated problems. The range of
variations of hydrological characteristics and the scale of water body areas subjected to extreme events de-
fine a need in creating a system of the permanent monitoring of the state with the large coverage area. The
system of permanent monitoring requires using automatic hydrometric sensors being able to form the mea-
suring signal suitable for transmission to significant distances and for the processing with the modern infor-
mation methods. The organization is needed of the most operational and reliable telecommunication be-
tween hydrometric stations and the center of acquisition and processing of measurement data as well as the
working out of the methods of testing the monitoring systems in order to make it possible to carry out the
comparative analysis of existing and under-development measuring complexes.

The present paper describes the automated system of water body monitoring intended for the opera-
tional determination of the water level and for the advanced flood warning of population that enables fore-
casting a strategy of the prevention of hazardous environmental and anthropogenic situations and providing
environmental safety.

The system is based on hydrometric instruments adapted to the measurements under conditions of high
dynamics of the water object. A key element of the proposed system is the water level meter defining the
accuracy and operating speed of measurements which define the current assessment of water body state, the
control of water level correspondence to the standard, and the forecast of potential changes.
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Fig. 1. The block diagram of the phase level gage. Explanations are given in the text.

At present, level gages operating at Ukrainian hydrometric stations are insufficiently accurate, do not
have a possibility to transmit the information using communication facilities, and are not connected with
each other. Therefore, it was necessary to work out the water level meters with high meteorological and ex-
ploitation characteristics for the water bodies which can operate in automatic mode under conditions of
high dynamics of the water object and can transmit the measurement results using reliable and inexpensive
telecommunication facilities.

The preliminary information for the period of the seasonal flood or extraordinary changes in hydrologi-
cal conditions define a need in frequent measurements (each 2—4 hours), and in receiving hourly or continu-
ous data on the water level. As the water level variations increase, the differentiated requirements arise to
the optimum accuracy of water level measurements. The permissible error of a level measurement under
conditions of extraordinary events should not exceed 2—3 mm [5].

The worked out optoelectronic phase level gage (PLG) [9] consisting of the phase difference measure-
ment block (block 1) and distance computation block (block 2; Fig. 1) is used as a level meter included into
the monitoring system and being able to measure the current water level with the desired accuracy. Block 1
contains the main generator /, power amplifier 2, radiator 3, photoelectric detector 5, tuned amplifier 6, os-
cillator 7, multipliers 8 and 9, low-pass filters /0 and 7/, and limiting amplifiers /2 and /3. Block 2 consists
of the time-gap generator /4, counter /5, scaling generator /6, and microcontroller /7.

The water level measurement using PLG is carried out by means of measuring the phase shift between
the signal irradiated in the direction of the water surface and the reflected signal received by the photosensi-
tive device [13].

The current value of the measured water level S is computed in the microcontroller /7 in accordance
with the basic formula of the phase method of distance measurement [6]

S = (Ag/2m)(c/2]), (1)
where Ag is the phase shift; fis the signal modulation frequency; c¢ is the sonic speed in the air.

The phase shift Ap corresponding to the certain level S is preliminarily computed in microcontroller /7
for two time intervals using the expression

Ag = (1 - ¢/T)2x, 2)

where 7 is the duration of the measuring pulse; 7 is the duration of the measuring signal repetition period.

A problem of increasing the accuracy of the phase difference measurement was solved by means of in-
troducing the contour of automatic amplification control in the radiative channel that enables, for example
[9], narrowing the dynamic range of the input signal of photoelectric detector from 120 to 60 dB at the mea-
surement of a level within the range of 0.3—10.0 m and to reduce the systematic error by three times.

An absolute meteorological advantage of PLG is a linearity of the output characteristic because, accord-
ing to (1), the value of the output parameter (in this case, of phase shift) is proportional to the water level
value.

It is known [4] that the coefficient of reflection of the optical radiation by the water surface varies from
2-8% at the normal radiation fall to 25-30% at the grazing angle of the sounding radiation being
insufficient for the optical location measurements. To increase the reflectance of the water surface, the float
with the cat’s eye lining is used providing the reflection coefficient of 80-60% at the angle of incidence of
0°-20°, respectively.

In PLG, the optical radiation is used with the wavelength of 0.63 pm with the power of 1 mW modulated
with the frequency of 10 mHz.
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The development of PLG construction is based on the solid-state model created in the software environ-
ment of the Autodesk Invertor 10 system of three-dimensional construction. The worked out level gage has
the following major metrological characteristics: the range of measured levels is 0.5-15 m; the error of
level measurement is £3 mm; the time of the measurement with the accuracy of £3 mm is 1.5 s.

The operational and reliable communication between PLG at hydrometric stations and the center of the
acquisition and processing of the data is needed for the automated system of water level monitoring. The
wire communication systems have well-known shortcomings: limited technical potential in the information
reception, high value of its delivery and technical support, etc.

The existing cellular radio network of GSM standard that is recently widely used in the systems of re-
mote control and alarm is free of the mentioned shortcomings [1, 4]. Besides, the GSM network is notable
for the rather low cost of equipment and network support as a communication subsystem within the struc-
ture of the system of acquisition and processing of the data. The reliability parameters of the delivery of the
message of an information unit guaranteed by the cellular operator are rather high: the probability of the
successful delivery is not less than 98%. In the GSM network structure, there are the tools of the confirma-
tion of the delivery of the measurement information block as well as of the delayed delivery in the case of
the temporary absence of communication. This makes cellular communication preferable to the other types
of communication.

To realize a function of telecommunication between the equipment of hydrometric control station and
the center of acquisition and processing of the data using the cellular GSM communication, the “Riven’ ”’
(“Level”) block was worked out which transmits the information signal of PLG [12]. The basic elements of
“Riven’ ” block are the ATMEGA-64 microcontroller and SIM-300 GSM modem. The most reliable and
clear SMS technology was chosen for the data and service information exchange.

The management of PLG operation algorithm with the subsequent transmission of the measurement
data is carried out via the GSM network using SMS messages that programm the “Riven’ ” for organizing
an algorithm of the measurement of the current value of the water level at the hydrometric station. A format
of a SMS message is simultaneously a password that rules out the emergency operation of equipment in the
case of the reception of random SMS messages. The text of SMS messages is sorted and processed in the
software environment of the computer in the center of acquisition and processing of the data on the water
object.

The reverse informational SMS messages about the changes in the water level state can come not only to
the center of data acquisition and processing but also to the GSM network subscribers who have sent an in-
quiry in the proper format. This allows carrying out the operational acquisition of the data and regulating
the equipment at the hydrometric station.

The Siemens SL-45 GSM modem of the center of data acquisition and processing that has an agile soft-

ware of the embedded microcontroller and is suitable for solving specific applied problems, is used as a ra-
dio signal receiver of the GSM network.

To organize the connection of the SL-45 GSM modem with the computer, the matching cable is used in-
cluding the PROLIFFIC PC-2303HX interface microchip carrying out the data translation from the USB
port to the virtual COM port of the computer being available for the programs.

To record, to process, and to store the information coming from hydrometric stations in the form of the
database, the Siemens Mobile Control adapted software environment is used [10]. The active window of
the program in the Excel Microsoft Office format contains the columns of the database, where the follow-
ing main and service data are stored:

—column A4: the date and time of sending the current SMS message;

—column B: the number of the modem of the current hydrometric station;

—column C: the registration number of the current hydrometric station;

—column D: basic measurement data on the water level and the service information about the storage
battery state.

The structure and algorithm were worked out of the operation of the automated system of environmental
control and operation monitoring of the water level of water bodies consisting of the laser controllable level
gage, “Riven’” GSM device, and power unit [10]. PLG and “Riven’ ” are installed at the hydrometric obser-
vational station.

The feeding of the system is carried out using the accumulator 8 (12 V; 200 A/hour). The parameters of
the normal mode of energy consumption are the following: the continuous feeding of the microcontroller
and GSM modem; the hourly measurement of the current distance to the water surface; the delivery of pre-

RUSSIAN METEOROLOGY AND HYDROLOGY Vol. 39 No.5 2014
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Fig. 2. The structural scheme of water level monitoring system: (/) PLG; (2) transistor key; (3) microcontroller (ATMEGA-64);
(4) ADC (MCP 3204/SL, 12 digits); (5) GSM modem (SIM-300); (6) SIM card that allows obtaining the identification num-
ber in the GSM network; (7) feeding voltage stabilizer; (§) accumulator; (9) GSM operator; (/0) GSM modem (SL45); (/1)
center of data acquisition and processing.

liminarily formed data package using the cellular communication twice a day (08:00 and 20:00) using the
SMS message to the address of the data acquisition center.

In the normal (non-accelerated) measurement mode, the hydromonitoring system consumes the power
of 0.22 W/hour (or 158.4 W during a month) from the constant-current source. The significant capacity of
the accumulator of 200 A/hour (1680 W) is needed for the energy supply of the system in the mode of
more frequent measurements during the flood period (up to one month) and for the subsequent operation in
the normal mode. The algorithm of the system operation stipulates the measurement of the current water
level during the flood period every 10 minutes and the transmission of the SM'S message with the accumu-
lated information every half an hour. The averaged energy consumption of the system increases from 0.2 to
1.0 W/hour (or 720 W) during a month. Thus, the power accumulated in the accumulator provides the
unattended operation of the system during six months including five months in the normal mode and one
month in the accelerated mode during the flood period. The structural scheme of the monitoring system is
presented in Fig. 2.

Let us consider the algorithm of the monitoring system operation. To measure the current water level at
the hydrometric station, the computer // of the center of data acquisition and processing operator 9 sends
the control message *M1*TEXT to the phone number of GSM modem 5 of the measurement system of the
station using the GSM modem /0 of GSM. When the control SMS message of such format only is received,
the microcontroller 3 of the GSM telecommunication device of the station system applies the voltage to
PLG ! during the time period ¢ given in the text of the control message using key 2.

When the measurement time needed to complete the transition processes in the PLG scheme is out, the
measurement of the PLG signal output level is carried out using ADC 4. The current value of the water
level computed by microcontroller 3 and converted into the GSM format is sent to the number of a GSM
network subscriber who has sent a command for carrying out the measurement.

The frequency of measurements and the processing of their results are regulated by the system operation
mode which can vary from hourly measurements and formation of data package during several hours (in
the normal mode) to the once-a-minute measurement periodicity and the accumulation of measurement
information (in the accelerated mode). Besides, the duration of the process of the reception and transmis-
sion of measurement data allows the operation of the monitoring system in the online mode.

The exploitation characteristics of hydrometric equipment under conditions of open-air operation or in
non-heated premises are mainly limited by seasonal temperature variations. In winter, reliable measure-
ments are impossible due to the water freezing, because the access to the water surface is blocked for level
meters with any operation principle. Hence, the lower limit of the temperature range of the monitoring
system use is 0°C. The power unit accumulator capacity is also notable for the significant dependence on

RUSSIAN METEOROLOGY AND HYDROLOGY Vol. 39 No. 5 2014
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Fig. 3. A photo of the prototype of hydrometric station equipment.

temperature, and this capacity decreases by 20% of the rating on average at negative temperatures that
provokes the reduction of the period of unattended operation of the system. The upper limit of the
temperature range is defined by the conditions of the use of the element base of PLG and GSM device and
amounts to 70°C.

Using this structural scheme, the prototype was worked out and produced of the level-measuring
equipment for the hydrometric station consisting of the PLG, “Riven’ ” GSM telecommunication device,
and power source (Fig. 3). An advantage of the worked out monitoring system is operation in the automatic
mode and the transmission of measurement results using the GSM connection to the information center that
provides the reception of the reliable data using telecommunication tools in the online mode and enables
carrying out the operational data acquisition and permanent monitoring of the water level. The prototype
was put to laboratory and field tests under normal climatic conditions in accordance with the worked out
method [14]. Not only technical characteristics of PLG were measured but also the time and reliability of
measurement data transmission determined by the “Riven’ ” GSM telecommunication device.

The basic technical and exploitation characteristics of the hydromonitoring system were determined as a
result of the tests: the range of water level measurement is 0.5—15 m; the error of water level measurement
is £3 mm; the time of the measurement by one reception is 1.5 s; the speed of the GSM communication net-
work operation is 3040 s; the probability of an SMS message delivery is 98%; the feeding voltage is 12 V
(accumulator); the temperature range is 0—70°C.

Thus, the use of optoelectronic phase level gage in the hydromonitoring system enabled obtaining the
digital data signal being suitable for the transmission in cellular communication networks that increased
the operability and reliability of the system as a whole and defined the direction of its considerable modern-
ization.
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