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The paper proposes and implements a method for monitoring the stability of base stations in GNSS
networks by processing the results of a combined network solution on the monitoring object in real time
and also with the possibility of post-processing. Base stations, the coordinates of which are monitored,
receive differential corrections from the network solution of the GNSS network segment or other GNSS
networks from which the mentioned station is excluded to avoid backlash. At this moment, the base
station actually operates in two modes simultaneously, as a base station and as a rover receiver. The
results of the type of solution obtained and the determination of the spatial position of the mentioned
rover are transmitted externally in a standard NMEA protocol. Subsequently, the obtained results are
processed externally by the software of GNSS network operators for independent evaluation of the
results. The processing consists in comparing coordinate time series of data. As an option for external
software for processing, the use of the T4D Control software complex from Trimble is proposed. This
software contains convenient tools for processing coordinate-time data series in real time and during
post-processing. According to the above algorithm, a monitoring system for several GNSS stations of
the Geoterrace network of Lviv Polytechnic National University was practically built. This approach
allows GNSS network operators to bypass certain limitations, significantly expand and improve the
control of the stability of the spatial position of the base GNSS stations of the networks. The developed
method also allows accumulating the obtained coordinate-time data for post-processing using third-
party algorithms and other software.
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Introduction

The quality, efficiency and productivity of the network of permanently operating reference GNSS
stations depend not only on the accuracy of the determined coordinates of the base stations, but
also on their constant and continuous monitoring (Vivat at al., 2022). Over time, real changes in
the spatial coordinates of GNSS stations are quite possible due to local displacements and
deformations of the antenna mount, shifts and subsidence of the installation site itself (Nguyen
at al., 2021), personnel errors during maintenance and/or changes to the base station equipment.
Also, vandalism, accidents, etc. should not be ruled out. Untimely response to such events will
directly harm the quality of the base station and the network as a whole. Of course, networks that
generate network solutions contain control of the consistency of the coordinates of base stations,
which has certain set threshold values (Wang at al., 2021), if exceeded, the station will be
excluded from processing. However, if the real antenna displacements do not exceed the set
threshold values, the control system will not react, which will cause slowdowns and distortions
of the solutions.

Networks that do not monitor the consistency of coordinates between base stations will not react
to real changes in coordinates in any way, continuing to provide the user with distorted
information. Additional risks are temporary displacements of base station antennas due to
vibrations, temperature fluctuations, etc. Such non-trend displacements may be imperceptible
even for software analysis accumulated static satellite observation data and may be interpreted,
for example, as changes in current observation conditions or even as technical problems with
base station equipment. Such an approach to continuous control of base station coordinates has
also been successfully applied in Ukraine for studying recent crustal deformations based on
GNSS network data (Tretyak, Brusak, & Babchenko, 2024). Therefore, the development and
implementation of methods for monitoring the stability of GNSS base stations (Vivat at al., 2021)
is a current and urgent task.

Monitoring Implementation Method

The proposed scheme below for the practical implementation of monitoring for the stability of
the position of base stations is based on the following principles: 1) avoid the installation
(implementation) of additional hardware, communication lines, and the involvement of resources
from third-party systems, 2) the network of reference permanent GNSS stations operates
continuously - implement monitoring also continuously in real time and for post processing.

The key idea of implementing the monitoring method taking into account the above principles is
to activate the hardware capability of the receivers of the GNSS base stations of the Geoterrace
network Trimble R9s (and many others) to simultaneously operate in two modes, in base station
mode and in rover mode. This allows, without stopping the network operation for its main
purpose, to simultaneously perform constant coordination of each base station of the network
from the network solution of a certain network cluster or from another network in general, which
is more reliable compared to the solution from a single base station. Thus, it becomes possible to
continuously receive current coordinates of the network base stations and perform real-time
monitoring, as well as accumulate data for subsequent processing. In practice, this capability is
implemented through receiving messages in NMEA format, the receipt of which is configured
directly on the receivers. The received type of solution and coordinates from NMEA messages
are used for further processing of coordinate-time series. It is worth emphasizing that network
clusters for the implementation of this approach are created in the network to provide network
solutions for a specific base station on a permanent basis, therefore, it can be stated that the
number of stations planned to be monitored will be equal to the number of required clusters. This
requires additional hardware and software resources - to generate a network solution, it is
necessary to synchronize observations for a certain epoch from all stations of the cluster. In the
case of using a solution from another GNSS network, even with a different datum (Pleterski at
al., 2022), the creation of the aforementioned clusters is not required.
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Figure 1 and Figure 2 shows the configuration of the input/output data streams on the GNSS base
station receiver for implementing the proposed monitoring method. Figure 2: Stream 1 — data is
sent to the Geoterrace network server, stream 2 — sending the stream in NMEA format to the T4D
Control software suite for processing, in fact — for monitoring. Stream 3 — receiving a network
solution from a network segment or from another network in RTCM format. The network solution
is generated taking into account the current coordinates of the receiver, which are also transmitted
to the network server in the NMEA stream. That is why Stream 3, as can be seen in the Figure 2,
has a bidirectional data exchange.
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Figure 1. Monitoring Implementation Scheme
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Figure 2. Configuration of streams on the GNSS receiver for monitoring
Results

As a result of the hardware and software setup, the proposed monitoring method was practically
implemented. Appropriate settings in the Trimble 4D Control program allow you to conveniently view
monitoring results using a Web browser. A few examples are given below. This is also quite possible
to implement in other software.
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Figure 3. Displaying the monitoring result, displacement base station
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Figure 4. Displaying the monitoring result, scatter plots of results on the base station

Another important result of implementing the described monitoring method is the ability to
accumulate data for processing in other programs for a more in-depth study and comparison of the
obtained coordinate-time series with other data from other sources (Sahaidak at al., 2020). Of
course, studying data of one event, which were obtained from different sources, requires
synchronization in time. To implement this requirement, it is convenient to accumulate data in
convenient formats ORG (data) and TMT (time stamps). Example, row data from data file and from
timestamp file (NMEA message):

$GNGGA,081441.00,4930.47094216,N,02313.05301617,E,1,30,0.5,296.777,M,38.568 M,,*77
$GNGGA,081442.00,4930.47094232,N,02313.05301752,E,1,30,0.5,296.785,M,38.568 M,,*7F
$GNGGA,081443.00,4930.47093919,N,02313.05301855,E,1,30,0.5,296.779,M,38.568,M,,*70
$GNGGA,081444.00,4930.47092910,N,02313.05300268,E,1,30,0.5,296.725,M,38.568,M,,*73 etc.

Relevant data from a timestamp file (GPS Time [sec]; File Offset [bytes from start]; Length [bytes]):

1439885698.988;252;84
1439885700.008;336;84
1439885700.988:;420;84
1439885701.987;504;84 etc.

Conclusions

The presented implementation of the method of monitoring basic reference stations in the GNSS
network significantly increases the reliability of the GNSS network and does not require significant
costs. Also, this monitoring method allows you to accumulate important data for further processing
in order to improve the algorithms of the network of permanently operating reference GNSS
stations.
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