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SUMMARY 

The paper proposes a structural diagram of an automated system for geodetic monitoring and 
control of spatial deformations of engineering objects. The developed system was practically 
implemented for monitoring of the engineering constructions of the Tereble-Rikska HPP in 
order to reveal and prevent potentially hazardous destructive processes. 
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Introduction 
 
Nowadays, the market offers a wide range of special geodetic and geotechnical equipment, designed to 
solve specific problems in geodetic monitoring: GNSS receivers, electronic total stations, 
meteorological sensors, inclinometers etc. The separate use of monitoring devices is not efficient 
without special software which is able integrate sensors and special equipment into the unified 
automated system; collect, process and interpret results of monitoring data (Mogil'nyy et al 2010). The 
separate functioning of each instrument in monitoring network is impractical since it can cause the 
need in involving of additional human and financial resources in order to collect and process 
monitoring observation in manual or semimanual mode. Obviously, in such case, the delays between 
measurements and processed results will increase, which is not suitable especially when monitoring 
results are time-critical and should be obtained in the near real time mode. 
 
Thus, the development and implementation of unified monitoring systems aimed at near-real time 
detection of deformation processes by collection, processing and analysis of measurements coming 
from different sensors, is still the challenging task for engineers and scientists (Tret'yak, Savchin, 
2013). 
 
Structure diagram of atomated system of geodetic monitoring 
 
According to the State construction regulation standards in construction: “Geodetic monitoring 
includes system of measurements, records of measurement results and analytical processing of 
obtained data”. The monitoring of complex engineering constructions, geodynamic polygons etc. is 
included to the R&D support and it is a part of complex monitoring of engineering objects.  
 
Geodetic monitoring is carried out by geodetic methods, devices and automated systems according to 
the observation program and terms of reference. The basis of organization structure of monitoring is to 
ensure the operational safety of engineering facility and safety of people by performing periodical 
(permanent) monitoring of changes of the construction site. 
 
The automated system of geodetic monitoring (ASGM) of engineering objects and constructions: 
performs geodetic measurements of control points in the automatic mode; process results of 
measurements and carry out the analysis of the derived deformations. 
 
AGSM consists of three parts: 
1) Instrumental; 2) Communication; 3) Software (see figure 1) 
The instrumental part includes: high-precise geodetic control network, consisting of benchmarks 
which are periodically monitored by special geodetic equipment such as: GNNS receivers, electronic 
total stations, reflectors, inclinometers, digital levels, meteorological sensors and other geotechnical 
sensors. 
 
Communication facilities – commutators, interfaces (BLUETOOTH, GPRS, DSL, CABLE, WLAN 
etc.) is used for real-time downloading of information from instrumental part of ASGM and its transfer 
to server for further processing and interpretation. 
 
Software – consists of following subsystems (see Fig 1): data collection, data processing, analysis and 
report (inform). The main purpose of software part of ASGM is to collect and perform combine 
processing of all available measurements in order to detect deformations. Also, this system 
automatically informs responsible persons when some of controlled parameters went out of established 
thresholds 
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Figure 1 Schematic view of the automated geodetic monitoring system. 
 
The data collection subsystem provides the collection, systematization and storage of measurements 
results from different geodetic and geotechnical instruments and sensors. This subsystem performs 
downloading the data from monitoring equipment to the server’s hard drive in a particular time 
periods defined by user (or in real time). The data transfer from monitoring equipment to server can be 
done as follow: via special cables, via radio channels (BLUETOOTH), via mobile network, via LAN 
connection. 
 
The data acquisition subsystem provides the acquisition, systematization and storage of measurements 
results from different geodetic and geotechnical instruments and sensors. This subsystem performs 
downloading the data from monitoring equipment to the server’s hard drive in a particular time 
periods defined by user (or in real time). The data transfer from monitoring equipment to server can be 
done via: special cables, radio channels (BLUETOOTH), mobile network, LAN connection. 
 
Data processing subsystem is realized via following software units: 

 Analysis and filtering – special unit that reject measurements containing gross errors and 
outliers. 

 Corrections for meteorological parameters – special subroutine that compute corrections to 
geodetic measurements for temperature, pressure and humidity of the atmosphere during the 
observation time. 

 Combined adjustment – unified application that performs combined adjustment of GNSS and 
electronic total station observation and provides the accuracy estimation after adjustment. 

Analysis and notification subsystem consist of following units: 
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 Computation of deformation on the monitoring objects based on previously processed 
geodetic and geotechnical measurements. 

 Notification (alarm) system – informs maintenance services of monitoring object when 
derived deformation overcomes established thresholds. 

 

Aprobation 
 
The ASGM was tested at the open-air laboratory “Geoterrace” in Lviv Politechnic National University 
from September 2017 till May 2018. The hardware part of ASGM consists of: server (mini PC 
raspberry PI model); robotic total station Leica TPS1000; meteorological station; 6 th reflectors 
divided located in the near zone (with distances to total station less than 300 meters) and far zone 
(with distances to total station more than 1 km). The meteorological station was developed and 
constructed in order to provide following meteoparameters: atmosphere pressure, temperature, relative 
humidity and temperature gradient near the total station. During the test period the total station 
performs measurements on monitoring prisms every 6 hours 6 times with two faces simultaneously 
with meteorological observations. The measurements were stored to the database on mini PC. The 
location of reflectors and total station with meteostation are shown in figure 2. The system showed 
stable performance and stability despite the weather condition during observation period were not 
favorable (mist, fog, rain etc.). 
 

 
Figure 2 The location of reflectors on the test site (top left – near side, bottom left – far side) and total 
station with meteostation (top right and bottom right). 
 
Developed ASGM after successful probation period was established on the Tereble-Rikska hydro 
power plant (see figure 3) and performs geodetic monitoring of the water pipeline from the October 
2018 till now. The observations are carried out on 4 reflector prisms located along pipeline and one 
prism located at entrance to the drossel tunnel. The two meteorological stations-gradientometers are 
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located near the total station and near the highest observation point (the maximum elevation between 
monitoring points is approximately 160 meters). Now, the frequency of observations is two times per 
day (every 12 hours), each prism is observed 3 times with two faces. At Summer 2021 the first 
permanent GNSS station was established on this object, as a first step to the following combined 
processing of the total station and GNSS measurements in automated mode. 
 

 
Figure 3 The location of reflectors on the Tereble-Rikska hydro power plant site (first two pictures 
from the left) and robotic total station (3 and 4 pictures from the left side). 
 
Conclusions 
 
The main advantages of developed ASGM system are: 

 Reduced expenses on hardware equipment due to optimization of ASGM. 
 The ability to integrate into ASGM equipment from different manufacturer. 
 Labor cost savings due to high system automation. Minimization of human interference in the 

system. 
 Improving the accuracy of the results of geodetic measurements due to filtering and gross 

errors rejection and introducing corrections for meteorological parameters. 
 Improving the accuracy of the detection of spatial deformations up to the level: 2mm (in 

horizontal) and 3 mm (in height) on the area of 2 km2 due to combined adjustment. 
 Ability of the “real-time” coordinates determination. 
 Reducing the data processing time due to posterior optimization of ASGM (Tret'yak et al., 

2014). 
 Ability to inform maintenance services of monitoring object when derived deformation 

overcomes established thresholds. 
 
References 

Mogil'nyy S.G., Sholomitskiy A.A., Prigarov V.A. (2010). Avtomatizirovannaya sistema 
geodezicheskogo monitoringa. Posledniye dostizheniya geodezii i virobnstva, (I) 19, 193 - 197. 

Tret'yak K.R., Savchin Í.R. (2013). Do nad_ynost_ aktivnyy monitoring ograzhdeniy. 
Geodeziya, kartografiya i aerofotos"yemka, 77, 122 - 126. 

Tret'yak K.R., Kranenbruk YU.V., Balan A.YU., Lompas O.V., Savchin I.R. (2014). 
Aposteriornaya optimizatsiya tochnosti i nadezhnosti dlya aktivnogo geodezicheskogo setochnogo 
monitoringa Dnestrovskoy GES. Geodeziya, kartografiya i aerofotos"yemka, 79, 5 - 14. 


