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Au to mated Sys tem of Op er a tional Hydromonitoring
of Ukrai nian Wa ter Bodies
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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 pres ent-day state of the hy dro sphere of the land sur face is char ac ter ized by the in crease in the num -
ber of cat a strophic events such as floods (including seasonal ones), show ers, etc. [3, 8]. The vari a tions of
wa ter body re gime dur ing the event are char ac ter ized by high dynamics, and traditional hydrometric in stru -
ments at the gaging sta tions of Ukraine (for ex am ple, sta tion ary de vices of GR-38 and Valdai type, semi au -
to matic level me ters–re cord ers KSM-4, GR-116, USR, etc. [5, 16]) can not pro vide the op er a tional change
in the mea sure ment re gime and reduce the pe riod of ac qui si tion and pro cess ing of the data on the wa ter
body state un der such con di tions. To pre vent the consequences of hazardous phenomena, the per ma nent
op er a tional mon i tor ing of the water level is needed which makes it pos si ble to pre dict a pos si bil ity of the
flood for ma tion. 

Thus, the ex ist ing gen eral cli ma tic trends to wards the in crease in the num ber of ex treme con di tions of
wa ter ob jects set an urgent problem of mod ern iza tion of metrological sup port of hydrometric mea sure -
ments in Ukraine. 

This prob lem is of com plex na ture and needs a so lu tion of some in ter re lated prob lems. The range of
vari a tions of hy dro log i cal char ac ter is tics and the scale of wa ter body ar eas sub jected to ex treme events de -
fine a need in cre at ing a sys tem of the per ma nent mon i tor ing of the state with the large cov er age area. The
sys tem of per ma nent mon i tor ing re quires us ing au to matic hydrometric sen sors be ing able to form the mea -
sur ing sig nal suit able for trans mis sion to sig nif i cant dis tances and for the processing with the mod ern in for -
ma tion meth ods. The or ga ni za tion is needed of the most op er a tional and re li able tele com mu ni ca tion be -
tween hydrometric sta tions and the cen ter of ac qui si tion and pro cess ing of mea sure ment data as well as the
work ing out of the meth ods of test ing the mon i tor ing systems in order to make it pos si ble to carry out the
com par a tive anal y sis of ex ist ing and un der-development mea sur ing com plexes. 

The pres ent pa per de scribes the au to mated sys tem of wa ter body mon i tor ing in tended for the op er a -
tional de ter mi na tion of the water level and for the ad vanced flood warn ing of pop u la tion that en ables fore -
cast ing a strat egy of the pre ven tion of hazardous environmental and anthropogenic situations and pro vid ing 
environmental safety. 

The sys tem is based on hydrometric in stru ments adapted to the mea sure ments un der con di tions of high
dy nam ics of the wa ter ob ject. A key el e ment of the pro posed sys tem is the wa ter level me ter de fin ing the
ac cu racy and op er at ing speed of mea sure ments which de fine the cur rent as sess ment of wa ter body state, the 
con trol of wa ter level cor re spon dence to the stan dard, and the fore cast of po ten tial changes. 
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At present, level gages op er at ing at Ukrai nian hydrometric sta tions are in suf fi ciently ac cu rate, do not
have a pos si bil ity to trans mit the in for ma tion using communication fa cil i ties, and are not con nected with
each other. There fore, it was nec es sary to work out the wa ter level me ters with high me te o ro log i cal and ex -
ploi ta tion char ac ter is tics for the water bod ies which can op er ate in au to matic mode un der con di tions of
high dy nam ics of the wa ter ob ject and can trans mit the mea sure ment re sults using reliable and in ex pen sive
tele com mu ni ca tion fa cil i ties. 

The pre lim i nary in for ma tion for the pe riod of the sea sonal flood or ex traor di nary changes in hy dro log i -
cal con di tions de fine a need in fre quent mea sure ments (each 2–4 hours), and in receiving hourly or con tin u -
ous data on the wa ter level. As the wa ter level vari a tions in crease, the dif fer en ti ated re quire ments arise to
the op ti mum ac cu racy of wa ter level mea sure ments. The per mis si ble er ror of a level mea sure ment un der
con di tions of ex traor di nary events should not ex ceed 2–3 mm [5]. 

The worked out op to el ec tronic phase level gage (PLG) [9] con sist ing of the phase dif fer ence mea sure -
ment block (block 1) and dis tance com pu ta tion block (block 2; Fig. 1) is used as a level me ter in cluded into
the mon i tor ing sys tem and be ing able to mea sure the cur rent wa ter level with the de sired ac cu racy. Block 1
con tains the main gen er a tor 1, power am pli fier 2, ra di a tor 3, pho to elec tric de tec tor 5, tuned am pli fier 6, os -
cil la tor 7, mul ti pli ers 8 and 9, low-pass fil ters 10 and 11, and lim it ing am pli fi ers 12 and 13. Block 2 con sists 
of the time-gap gen er a tor 14, coun ter 15, scal ing gen er a tor 16, and microcontroller 17.      

The wa ter level mea sure ment us ing PLG is car ried out by means of mea sur ing the phase shift be tween
the sig nal ir ra di ated in the di rec tion of the wa ter sur face and the re flected sig nal re ceived by the pho to sen si -
tive de vice [13]. 

The cur rent value of the mea sured wa ter level S is com puted in the microcontroller 17 in ac cor dance
with the ba sic for mula of the phase method of dis tance mea sure ment [6]

S c f= ( / )( / ),Dj p2 2 (1)

where Dj  is the phase shift; f is the sig nal mod u la tion fre quency; c is the sonic speed in the air. 
The phase shift Dj  cor re spond ing to the cer tain level S is pre lim i nar ily com puted in microcontroller 17

for two time in ter vals us ing the ex pres sion

Dj p= -( / ) ,1 2t T (2)

where t is the du ra tion of the mea sur ing pulse; T is the du ra tion of the mea sur ing sig nal rep e ti tion pe riod. 
A prob lem of in creas ing the ac cu racy of the phase dif fer ence mea sure ment  was solved by means of in -

tro duc ing the con tour of au to matic am pli fi ca tion con trol in the ra di a tive chan nel that en ables, for ex am ple
[9], nar row ing the dy namic range of the in put sig nal of pho to elec tric de tec tor from 120 to 60 dB at the mea -
sure ment of a level within the range of 0.3–10.0 m and to re duce the sys tem atic er ror by three times. 

An ab so lute me te o ro log i cal ad van tage of PLG is a lin ear ity of the out put char ac ter is tic be cause, ac cord -
ing to (1), the value of the out put pa ram e ter (in this case, of phase shift) is pro por tional to the wa ter 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 op ti cal ra di a tion is used with the wave length of 0.63 mm with the power of 1 mW mod u lated 
with the fre quency of 10 mHz. 
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Fig. 1. The block di a gram of the phase level gage. Ex pla na tions are given in the text. 



The de vel op ment of PLG con struc tion is based on the solid-state model cre ated in the soft ware en vi ron -
ment of the Autodesk In ver tor 10 sys tem of three-dimensional con struc tion. The worked out level gage has
the fol low ing ma jor metrological char ac ter is tics: the range of mea sured lev els is 0.5–15 m; the er ror of
level mea sure ment is ±3 mm; the time of the mea sure ment with the ac cu racy of ±3 mm is 1.5 s. 

The op er a tional and re li able com mu ni ca tion be tween PLG at hydrometric sta tions and the cen ter of the
ac qui si tion and pro cess ing of the data is needed for the au to mated sys tem of wa ter level mon i tor ing. The
wire com mu ni ca tion sys tems have well-known short com ings: lim ited tech ni cal po ten tial in the in for ma tion 
re cep tion, high value of its de liv ery and tech ni cal sup port, etc. 

The ex ist ing cel lu lar ra dio net work of GSM stan dard that is re cently widely used  in the sys tems of re -
mote con trol and alarm is free of the men tioned short com ings [1, 4]. Be sides, the GSM net work is no ta ble
for the rather low cost of equip ment and net work sup port as a com mu ni ca tion sub sys tem within the struc -
ture of the sys tem of ac qui si tion and pro cess ing of the data. The re li abil ity pa ram e ters of the de liv ery of the
mes sage of an in for ma tion unit guar an teed by the cel lu lar op er a tor are rather high: the prob a bil ity of the
suc cess ful de liv ery is not less than 98%. In the GSM net work struc ture, there are the tools of the con fir ma -
tion of the de liv ery of the mea sure ment in for ma tion block  as well as of the de layed de liv ery in the case of
the tem po rary ab sence of com mu ni ca tion. This makes cel lu lar com mu ni ca tion pref er a ble to the other types
of com mu ni ca tion. 

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 re verse in for ma tional SMS mes sages about the changes in the wa ter level state can come not only to 
the cen ter of data ac qui si tion and pro cess ing but also to the GSM net work sub scrib ers who have sent an in -
quiry in the proper for mat. This al lows car ry ing out the op er a tional ac qui si tion of the data and reg u lat ing
the equip ment at the hydrometric sta tion. 

The Siemens SL-45 GSM mo dem of the cen ter of data ac qui si tion and pro cess ing that has an ag ile soft -
ware of the em bed ded microcontroller and is suit able for solv ing spe cific ap plied prob lems, is used as a ra -
dio sig nal re ceiver of the GSM net work. 

To or ga nize the con nec tion of the SL-45 GSM mo dem with the com puter, the match ing ca ble is used in -
clud ing the PROLIFFIC PC-2303HX in ter face micro chip car ry ing out the data trans la tion from the USB
port to the vir tual COM port of the com puter be ing avail able for the pro grams. 

To re cord, to pro cess, and to store the in for ma tion com ing from hydrometric sta tions in the form of the
da ta base, the Siemens Mo bile Con trol adapted soft ware en vi ron ment is used [10]. The ac tive win dow of
the pro gram in the Excel Microsoft Of fice for mat con tains the col umns of the da ta base, where the fol low -
ing main and ser vice data are stored:

—col umn A: the date and time of send ing the cur rent SMS mes sage;

—col umn B: the num ber of the mo dem of the cur rent hydrometric sta tion;

—col umn C: the reg is tra tion num ber of the cur rent hydrometric sta tion;

—col umn D: ba sic mea sure ment data on the wa ter level and the ser vice in for ma tion about the stor age
bat tery 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 feed ing of the sys tem is car ried out us ing the ac cu mu la tor 8 (12 V; 200 A/hour). The pa ram e ters of
the nor mal mode of en ergy con sump tion are the fol low ing: the con tin u ous feed ing of the microcontroller
and GSM mo dem; the hourly mea sure ment of the cur rent dis tance to the wa ter sur face; the de liv ery of pre -
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lim i nar ily formed data pack age us ing the cel lu lar com mu ni ca tion twice a day (08:00 and 20:00) us ing the
SMS mes sage to the address of the data ac qui si tion 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 SMS 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 con sider the al go rithm of the monitoring sys tem op er a tion. To mea sure the cur rent wa ter level at
the hydrometric sta tion, the com puter 11 of the cen ter of data ac qui si tion and pro cess ing  op er a tor 9 sends
the con trol mes sage *M1*TEXT to the phone num ber of GSM mo dem 5 of the mea sure ment sys tem of the
sta tion us ing the GSM mo dem 10 of GSM. When the con trol SMS mes sage of such for mat only is re ceived, 
the microcontroller 3 of the GSM tele com mu ni ca tion de vice of the sta tion sys tem ap plies the volt age to
PLG 1 dur ing the time pe riod t given in the text of the con trol mes sage us ing 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 fre quency of mea sure ments and the pro cess ing of their re sults are reg u lated by the sys tem op er a tion 
mode which can vary from hourly mea sure ments and for ma tion of data pack age dur ing sev eral hours (in
the nor mal mode) to the once-a-minute mea sure ment pe ri od ic ity and the accumulation of measurement
information (in the ac cel er ated mode). Be sides, the du ra tion of the pro cess of the re cep tion and trans mis -
sion of mea sure ment data al lows the op er a tion of the mon i tor ing sys tem  in the on line 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 

AU TO MATED SYS TEM OF OP ER A TIONAL HYDROMONITORING OF UKRAI NIAN... 353

Fig. 2. The struc tural scheme of wa ter level mon i tor ing sys tem: (1) PLG; (2) tran sis tor key; (3) microcontroller (ATMEGA-64); 
(4) ADC (MCP 3204/SL, 12 dig its); (5) GSM mo dem (SIM-300); (6) SIM card that allows obtaining the iden ti fi ca tion num -
ber in the GSM net work; (7) feed ing volt age sta bi lizer; (8) ac cu mu la tor; (9) GSM op er a tor; (10) GSM mo dem (SL45); (11)

cen ter of data ac qui si tion and pro cess ing.     



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 tech ni cal and ex ploi ta tion char ac ter is tics of the hydromonitoring sys tem were de ter mined as a 
re sult of the tests: the range of wa ter level mea sure ment is 0.5–15 m; the er ror of wa ter level mea sure ment
is ±3 mm; the time of the mea sure ment by one re cep tion is 1.5 s; the speed of the GSM com mu ni ca tion net -
work op er a tion  is 30–40 s; the prob a bil ity of an SMS mes sage de liv ery is 98%; the feed ing volt age is 12 V
(ac cu mu la tor); the tem per a ture range is 0–70°C. 

Thus, the use of op to el ec tronic phase level gage in the hydromonitoring sys tem en abled ob tain ing the
dig i tal data sig nal be ing suit able for the trans mis sion in cel lu lar com mu ni ca tion net works that in creased
the operability and re li abil ity of the sys tem as a whole and de fined the di rec tion of its con sid er able mod ern -
iza tion. 
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