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GNSS (Global Navigation Satellite Systems) technology for determining coordinates has significant
advantages over other geodetic methods. This is globality, all-weather, automation. The main
disadvantage of GNSS is the dependence on the openness of the horizon for the visibility of satellites.
The improvement of GNSS is, for example, the "Tilt" technology (Luo at. al., 2018) - tilt sensors that
bring the inclined receiver to a vertical line with an error of 2 - 5 cm depending on the angle of
inclination. AGNSS technology is the transmission of corrections through a satellite channel when
communication with the base station is lost." The new "IMU" technology is short-term positioning in
space without satellites. Technology "PPP" (Mulic at. al, 2013) - increasing the accuracy of autonomous
position determination by introducing corrections to disturbing factors (orbit, atmosphere, additional
reflection). The most accurate way to determine the position on the earth's surface using the GNSS
method is the static method with an error of 1-2 mm. The RTK "Real Time Kinematic" method is very
relevant today and is often used by surveyors, it provides high accuracy, quality and speed of coordinate
determination. Today, GNSS technologies are more actively used by geodetic production and have
practically replaced electronic tacheometry in topographic surveying. In our opinion, the "Tilt"
technology can increase the accuracy of shooting points when the horizon is significantly closed for
GNSS topographic surveying in RTK mode. The instruction on topographic surveying regulates the
error for the largest scale of 5 cm. Increasing the number of satellites and satellite constellations should
increase the accuracy and reliability of determining the coordinates in the RTK mode. In 2011, we
conducted a similar study at the landfill in Berezhany (Vivat, 2011). In the future, technologies will
probably be developed that will increase the accuracy of determining coordinates in difficult conditions
with a closed horizon. Therefore, such studies are relevant. In 2022, we proposed a synchronous RTK
method (Vivat at. al., 2021, 2022) using two rover receivers to compensate for systematic errors.
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Introduction

GNSS (Global Navigation Satellite Systems) technology for determining coordinates has significant
advantages over other geodetic methods. This is globality, all-weather, automation. The main
disadvantage of GNSS is the dependence on the openness of the horizon for the visibility of satellites.
The improvement of GNSS is, for example, the "Tilt" technology (Luo at. al., 2018) - tilt sensors that
bring the inclined receiver to a vertical line with an error of 2 - 5 cm depending on the angle of
inclination. A GNSS technology is the transmission of corrections through a satellite channel when
communication with the base station is lost." The new "IMU" technology is short-term positioning in
space without satellites. Technology "PPP" (Mulic at. al., 2013) - increasing the accuracy of
autonomous position determination by introducing corrections to disturbing factors (orbit, atmosphere,
additional reflection). The most accurate way to determine the position on the earth's surface using the
GNSS method is the static method with an error of 1-2 mm.

The RTK "Real Time Kinematic" method is very relevant today and is often used by surveyors, it
provides high accuracy, quality and speed of coordinate determination. Today, GNSS technologies are
more actively used by geodetic production and have practically replaced electronic tacheometry in
topographic surveying. In our opinion, the "Tilt" technology can increase the accuracy of shooting
points when the horizon is significantly closed for GNSS topographic surveying in RTK mode. The
instruction on topographic surveying regulates the error for the largest scale of 5 cm. Increasing the
number of satellites and satellite constellations should increase the accuracy and reliability of
determining the coordinates in the RTK mode. In 2011, we conducted a similar study at the landfill in
Berezhany (Vivat at. al., 2011). In the future, technologies will probably be developed that will increase
the accuracy of determining coordinates in difficult conditions with a closed horizon. Therefore, such
studies are relevant. In 2022, we proposed a synchronous RTK method (Vivat at. al., 2021, 2022) using
two rover receivers to compensate for systematic errors.

Methods of investigation

It is assumed to be divided into the following stages:

1. Research of the National networks of base stations,

2. Investigation of the accuracy of determining the GNSS coordinates by the RTK method
depending on the distance to the base station,

3. Research on the dependence of the accuracy of determining coordinates on the type of
communication,

4. Research of the tilt sensor error,

5. Research on the polygon to check the quality of the GNSS method in RTK mode.

1. Investigation of National networks of base stations

In Ukraine, the potential of active GNSS networks is being developed by the forces of the Ukrainian
state and private business. In total, the network was created by six companies, two state and four
privates. The entire network has 407 stations, which, according to the recommendations of the
International Geodetic Service, is quite enough for the territory of Ukraine with an area of 603,000 km?.
According to these recommendations, the network must be created using equilateral triangles with a
side length of 70 km. That is, one triangle will serve an area of 2000 km. The Geoterrace network is
being created at Lviv Polytechnic National University. Unlike other active GNSS networks, Geoterrace
is created evenly. Also, every month they calculate the coordinates of the base stations and determine
their time series. Since the Institute of Geodesy is developing a network of Geoterrace base stations, the
Geoterrace network was thickened with six mobile base stations for our research. Therefore, we were
able to determine the coordinates in the RTK mode at different base distances from 0.2 to 51 km. Fig.
1 shows the investigated receivers at points with forced centering of the Dniester PSP and the laboratory
of the Institute of Geodesy. Table 1 presents the main technical characteristics of the investigated
equipment.

International Conference of Young Professionals “GeoTerrace-2022”
3-5 October 2022, Lviv, Ukraine



GT?rrcc?c:e EAGE

Conference

a b
Figure 1 The investigated receivers at the site of the geodynamic test site of the Dniester PSP (a) and
at the laboratory site of the Institute of Geodesy (b)

Table 1 Devices for research

Characlierlstlc S900a S700a
Device
Producer Stonex Stonex
Production year 2019 2019
STD RTK:
planning position 8 mm + 0.5 ppm 8 mm + 1 ppm
high position 15 mm + 0.5 ppm 15 mm + 1 ppm

2. Investigation of the accuracy of determining the GNSS coordinates by the RTK method depending
on the distance to the base station

To research the accuracy of determining the GNSS coordinates by the method in RTK mode, we used
a metrological approach - comparison with a standard and calculation of absolute errors, as the
difference between the investigated value and the standard. The coordinates of points determined from
long-term static observations with a standard deviation of 1-2 mm are taken as a standard. In fig. 2a
dashed line shows the absolute errors of the plan and elevation position of a sample of twelve points
determined on different lengths of base vectors at different times. In fig. 2b shows the absolute errors
of the plan and elevation position of one point, determined at different lengths of base vectors and at
different times. The solid line in these figures shows the approximation of measurements by a linear
function and an exponent function.
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Figure 2 Absolute errors of the coordinates determined by the GNSS method in RTK mode on
different lengths of base vectors

3. Research on the dependence of the accuracy of determining coordinates on the type of
communication

The main essence of the RTK mode comes from its name - determination of coordinates in real time.
Corrections from base stations are transmitted through various communication channels, mainly via the
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Internet (NTRIP) and radio communication (VHF). In the investigated devices, it is possible to use the
Internet from three channels and one VHF. We investigated the following channels: 1 — Internet via the
internal GSM modem of the receiver (G), 2 — Internet via the GSM modem of the controller (C), 3 —
Internet via WIFI (W). In fig. 3 shows the difference of coordinates from the standard determined using
different types of internet.
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Figure 3 The differences in the coordinates of the control points are determined in RTK mode using
different communication from the SULP station at a distance of 0.2 km

4. Research of the tilt sensor error

In fig. 4 shows the sequence of RTK GNSS inclination sensor research of the S900a receiver. The
coordinates of point "P", determined when the device is in a vertical position, are taken as the standard.
Next, the device was tilted along the cardinal directions from north to south by 30° and 60° and the
coordinates were recorded. The last point was determined when the device was in a vertical position.
In fig. 5 shows the deviation of each tilted determination of coordinates from the control vertical
position.

Figure 4 The sequence of the study of the inclination sensor RTK GNSS receiver S900a
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Figure 5 Deviation when tilting at different angles from the vertical position of the receiver, a — plan,
b — elevation

5. Research on the polygon to check the quality of the GNSS method in RTK mode

To testing the accuracy of the RTK mode in conditions of closed horizon, it is important to know the
coordinates of the reference points determined by the technology, which is not affected by the visibility
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of satellites. We laid such a training ground in Lviv and determined the coordinates using the static
GNSS method and an electronic total station with an error of 2-3 mm. At the link (Network, 2019) you
can access the reference coordinates and check the GNSS RTK receiver.

aT2

Figure 6 Polygon for testing the quality of coordinate determination in RTK mode
Recommendations and conclusions

In Ukraine, there are six networks of base stations in the amount of 407 units, which is quite enough for
the territory of 603,000 km? The problem is the inconsistency of the networks at the level of 5-10
centimetres. Position accuracy studies in RTK mode confirmed the manufacturer's regression equation.
To increase the accuracy, it is necessary to reduce the distance to the base station, or install your own
temporary station. The influence of the method of obtaining corrections, depending on the connection
with rover receivers, was not detected, although the smallest difference is when using the internal GSM
modem of the receiver. Reductions to the vertical are determined by the S900a receiver inclination
sensor according to the technical characteristics, which do not exceed 30 mm in plan and elevation
positions. The points in the experiment were fixed and their coordinates determined by a combination
of static GNSS and TPS technologies. A user access resource to control coordinates has been created.
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Control geodetic network of Lviv region [Electronic resource] —https://goo.gl/maps/HYqSJELoCMR2.
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