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SUMMARY

Monitoring usually means observing the environment, which is a dynamic system that is
constantly changing for the purpose of its control, study and forecast. This dynamic system
changes due to natural influences (movements of lithospheric plates, changes in weather, etc.)
and man-made (movement of large masses of soil, change of river channels). Scientists are
trying to predict such changes, they are developing a priori models. In this way, you can
calculate the permissible deformations in advance and prevent disasters and destruction. In
order to test a priori models, it is necessary to perform measurements. In science, many
methods are distinguished: geophysical, ground-penetrating radar, electromagnetic. In this
article, geodetic methods of operational monitoring will be considered. The difference
between operational monitoring is that it is possible to establish data on movement, its speed
and direction in a short time. In 2017, we carried out operational monitoring using the
geodesic method using an electronic tacheometer at the Lviv landfill. Perhaps such an
approach saved the lives of rescuers, because according to our measurements, search
operations for missing people were stopped several times.

In general, geodetic methods of monitoring are divided into three groups:

axial (one-dimensional), when the points are determined relative to a given line or axis in the
horizon or vertical,

plan (two-dimensional), when the points are observed along two coordinates in the horizontal
plane;

spatial (three-dimensional), when they find the complete shift of points in space along three
coordinates.

In this article, we offer a method of operational geodynamic monitoring using geodetic
devices of the receiver of satellite signals, GNSS technology, and electronic total station -
TPS technology.
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Introduction

Monitoring usually means observing the environment, which is a dynamic system that is constantly
changing for the purpose of its control, study and forecast. This dynamic system changes due to
natural influences (movements of lithospheric plates, changes in weather, etc.) and man-made
(movement of large masses of soil, change of river channels). Scientists are trying to predict such
changes, they are developing a priori models. In this way, you can calculate the permissible
deformations in advance and prevent disasters and destruction. In order to test a priori models, it is
necessary to perform measurements. In science, many methods are distinguished: geophysical,
ground-penetrating radar, electromagnetic. In this article, geodetic methods of operational monitoring
will be considered. The difference between operational monitoring is that it is possible to establish
data on movement, its speed and direction in a short time. In 2017, we carried out operational
monitoring using the geodesic method using an electronic tacheometer at the Lviv landfill. Perhaps
such an approach saved the lives of rescuers, because according to our measurements, search
operations for missing people were stopped several times. Later, such a study was implemented in the
article (Vivat et al., 2020).
In general, geodetic methods of monitoring are divided into three groups:

- axial (one-dimensional), when the points are determined relative to a given line or axis in the
horizon or vertical;

- plan (two-dimensional), when the points are observed along two coordinates in the horizontal
plane;

- spatial (three-dimensional), when they find the complete shift of points in space along three
coordinates.
One or another method is chosen depending on the type and activity of deformations, the direction
and speed of movement. The implementation of geodesic methods requires certain equipment. The
advanced method is the spatial one, which with the help of satellite signal receivers with an accuracy
of several millimeters can ensure the determination of deformations with reference to the center of
mass of the Earth. Such methods are used in places where it is impossible to fix anchor points. We
have researched and tested such a method during geodynamic monitoring at the Dniester PSP (Vivat
et al., 2022). In this paper, we have proposed and tested a method of increasing the accuracy of
determining spatial vectors by performing simultaneous observations by two receivers in real time.
Also, in the work (Vivat et al., 2021), the possibility of increasing the accuracy of determining vectors
in real time to the accuracy of static observations was investigated. The use of such a method will
reduce the cost of observation and will allow studying the dynamics of deformations.
In recent years, surveyors have also begun using microelectromechanical systems (MEMS) sensors..
MEMS are microscopic integrated devices, which are a combination of electronics, electrical and
mechanical elements. In the work (Vivat et al., 2021) the accuracy in the dynamic and static mode of
the Bwsensing NB-WM 410 with MEMS sensoris investigated. Using the special system with the
Leica 1205 total station, it was found that the accuracy of the inclinometer 0.01° could be used in
some tasks of geodetic monitoring at constant measurement temperatures. Power and data
transmission via WIFI channel is configured, which allows automating the measurement process. The
special data from devices is transmitted to the server, recorded in a table, and displayed on graphs. In
the future, it is planned to develop software that will report the danger if the permissible limit is
exceeded.
As for electronic total station technology, there are many applications of automatic monitoring
systems in Ukraine, as in the world. For example, (Zayats et al., 2021) describes an automatic
monitoring system using an electronic total station Leica TCA 2003. In this article, we offer a method
of operational geodynamic monitoring using geodetic devices of the receiver of satellite signals,
GNSS technology, and electronic total station - TPS technology.

XVI International Scientific Conference “Monitoring of Geological Processes
and Ecological Condition of the Environment”

15-18 November 2022, Kyiv, Ukraine




Monitoring’2022 EAGE

Methods of investigation

This system of operational monitoring has been implemented by us in the city of Lviv. Studies to
determine the slope shift were performed according to the agreement in the period from 15.09.21 to
31.08.22. We used a GNSS receiver Stonex S900a in RTK mode and an electronic total station Leica
TCR1205R1000. The main metrological characteristics of the equipment are presented in table 1.

Table 1Used geodetic equipment

Characteristic GNSS TPS
Device S900a TCR1205R1000
Producer Stonex Leica
STD of coordinate determination:

- planning position 8 mm + 0.5 ppm -

- vertical position 15 mm + 0.5 ppm -
STD measurement:

- distance - 2 mm+ 2 ppm

- angle - 5"

The reason for the installation of the system was a crack in the sidewalk (Fig. 1). The builders
removed a large amount of soil and mounted a retaining wall. We have developed special points and
laid 14 of them along the road on the top of the slope (Fig. 2). 10 reflective stamps are fixed on the
retaining wall.
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Figure 2 The point for monitoring developed by us

To ensure efficiency, we have proposed a coordinate method with determination of total station
coordinates using the reverse serif method. It is also proposed to preserve the connection of the state
and local coordinate systems through the definition of the direction angle of the main direction. For
operational monitoring, the transition to the local system is important, as it makes it possible to
immediately determine the deformations in the main planes based on the differences in local
coordinates. Such a transition is shown in Figure 3. According to formulas 1, having the coordinates
of the origin of the coordinate systems, and the angle of reversal, it is possible to perform direct and
inverse transition. This makes it possible to use two deformation detection technologies, GNSS and
TPS, at the same time. In order to reduce the influence of nave projection distortion, the Moscow
State Coordinate System (MSK-46) was selected. Such systems were created for each oblast of
Ukraine.

X, =(Ys — Yo, ) -Sina ¢ +(Xs — Xo, )-COSey s +X,

: 1)
Y, =(Ys, — Yo, ) COSex s —(Xs — X, )-sina s +Y,,

Xs = 5522130 m,
Ys = 306980 m,
XL= 1000 m,
YL= 500 m.
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Since the area of works is wooded, only two points PO1 and PO2 were determined by the GNSS
method. Next, a polygonometric course was laid at points PO1-PO5 with a closure to the 7N mark.
This made it possible to balance the course and obtain the errors of determining the points of the
basis. Later, during the year, with the planned schedule, we performed 15 cycles of observations from
the ST point using the TPS method of all points in one complete reception. The coordinates of the ST
point were determined by the reverse serif method each time with control. To minimize the error of
the inverted serif geometry, the position of the ST point was chosen based on the research (Litynskyi
et al., 2019). Fig. 4 shows the graphs of the movement of rappers along the road in the local system
for the entire observation period in the vertical plane and along the Y, direction.
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Figure 4 The graphs of the movement in the vertical plane and along the Y, direction

Recommendations and conclusions. The method of operative geodetic monitoring using GNSS and
TPS technology is proposed. Thanks to the proposed method, it was possible to establish the non-
uniformity of the landslide and take measures to prevent its growth.
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