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DEVELOPMENT OF GNSS MEASUREMENT MODELS  

WITH THE USE OF BASE STATIONS AND RADIO MODULES 
 

Global navigation satellite systems (GNSS) historically been known as one of the newest technologies since the 
1970s. GNSS originally developed for military purposes in the USA (GPS – Global Position System). There are several 
satellite systems in the world. Satelites, International Research Base Stations, regional/national and local base stations 
form a permanent geodetic frame. Research on the size and shape of the Earth-planet, climate, sea, urban planning. In 
geodesy, a network of global positioning base stations makes it possible to asses the movements of continents, land plates 
at international level. GNSS is an important technology in navigation, logistics, economics, land surveying and other 
“geo” sectors.  

GNSS equipment/receivers and their manufacturers are applying new designs and electronics. Initially GNSS 
instruments used with single frequency signal reception, later expanding the number of GNSS signal channels to two 
frequencies. Such technological improvements nowadays improve the certainty, reliability and accuracy – the overall 
quality – of GNSS measurements. The GNSS base station enables the surveyors, other user’s GNSS receiver to 
determine coordinates with an accuracy of two centimeters in real time (RTK) and with an accuracy of five millimetres 
using the accumulated post-processing data. 

Various types of factors hamper GNSS measurements. The GNSS signal (radio wave) travels in airspace, in urban 
environments and is a physical parameter. Any obstacle – tree, building walls, and atmospheric effect – makes GNSS 
measurements less accurate. The GNSS signal must be strong and free from attenuation and suppression effects. 

This study develops GNSS models that show the comparison, certainty and reliability of GNSS measurements using 
different types of GNSS techniques. Evaluation of Latvian Global Positioning Reference Station Network – LatPos 
system measurements against a corresponding RTK solution method using Latvian Global Positioning Network geodetic 
point (G2 class). 
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Introduction 
GNSS – Global Navigation Satellite system is a 

satellite navigation system that allows users to determine 
their precise location. GNSS systems are used for many 
things, like navigation, mapping, surveying, and tracking. 
Consumers for everything from turn can use GNSS 
systems  by – turn directions to real time tracking of loved 
ones. Businesses, Agricultures can also use GNSS systems 
to manage their fleet vehicles, keep track of their assets, 
and figure out the best way to make deliveries. The 
benefits of GNSS technology are vast and continue to 
grow as the technology evolves. GNSS systems are more 
accurate than ever before, and new applications are being 
developed all the time. GNSS is changing the way we live 
and work, and the benefits are just beginning to be realized 
[Angrisano A., Gaglione S., 2013]. 

The beginnings of satellite navigation systems can be 
traced back to the 20th century in the 70’s years. It was 
originally used to provide navigation for the United States 

Navy. Before the satellite navigation system, there were 
radio navigation systems whose transmitters were located 
on the surface of the Earth. However, these systems did 
not provide accuracy.  The first global navigation satellite 
system TRANSIT began to be created in the 20th century. 
Initially, it consisted of 5–7 satellites, which were located 
1100 km high in circular orbits above the Earth’s surface. 
Althought the TRANSIT navigation system considered 
global, however, because the system consisted of a small 
number of satellites, it did not provide continuous 
positioning. To ensure continuous global positioning, the 
required number of satellites was calculated – 21, in case 
one failed, so a 24 – satellite constellation was developed. 

The Global Navigation Satellite System, or GNSS, is a 
piece of technology that has changed a lot over time. 
GNSS allows users to determine their precise location 
using satellite signals. GNSS systems were first made for 
the military, but now they are used for a wide range of 
civilian tasks like navigation, surveying, and keeping track 
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of time. GNSS systems are constantly evolving and 
becoming more accurate. GNSS is an essential technology 
with a bright future. It is always changing and getting 
better, which makes it more useful for a wide range of 
tasks. 

In 1973, a new global navigation satellite system, 
NAVSTAR, was launched, later renamed the Global 
Positioning System (GPS). NAVSTAR builds on the 
TRANSIT experience. Global Positioning System is 
defined as a radio navigation system based on artificial 
earth satellites. The first artificial earth satellite for the 
Global Positioning System was placed in orbit in 1978. 
Initially, the development of the Global Positioning 
System was limited, but since the system was transferred 
to civilian users, the Global Positioning System has started 
to develop more rapidly. The Global Positioning System 
became fully operational at the end of 1995, when 24 
artificial earth satellites were launched into orbits around 
the Earth's surface. 

The USA geodetic organisations convinced the USA 
President, that the Global Positioning System could be 
used to rapidly improve geodetic productivity. The USA 
Government gave its approval and the Global Positioning 
System began to be used in civil applications worldwide. 
Over time, the development of the Global Positioning 
System has led to the discovery of various methods to 
improve the measurement and processing of the data 
produced by the system. In order to obtain increasingly 
accurate measurements, geodesists discovered new 
methods and principles to improve the accuracy of 
measurements. In parallel with the development of the 
system, Global Positioning System receivers were also 
developed. Several companies, such as Trimble, Leica, 
etc., which still manufacture various equipment and 
systems today, have been involved in the development of 
new surveying systems during the 20th century. In the 
1980s, various Global Positioning System receivers and 
various data processing software. 

Today, there are several global navigation satellite 
systems, operational of which are the USA Global 
Positioning System and the Russian GLONASS global 
navigation satellite system. The European Union will also 
in the near future fully implement the GALILEO global 
navigation satellite system, which, unlike the above-
mentioned systems that are under military control, will be 
under civilian control (Fig. 1). 

Although the designers of global navigation satellite 
systems are different, but the basic principle and 
architecture of each system is the same. Each system 
consists of a number of satellites arranged in orbital 
planes. The simultaneous operation of all satellite systems 
ensures that at least four different satellites can be 
observed at any one time and place throughout the world. 
All the most popular GNSS systems provide standard as 
well as precision navigation signals.  

 
Fig. 1. GNSS System  

[Source: Understanding Different Satellite, 2022] 
 

Alongside the development of GNSS, various ideas 
have been developed to obtain measurements with higher 
accuracy. A key solution to improving the accuracy of 
geodetic measurements is the establishment of base station 
networks. Measurements made using GNSS base station 
networks provide an accuracy of up to two centimetres. A 
base station network is established by locating base stations 
at points with precise coordinates to centimeter accuracy. 
The base station network shall continuously accumulate 
data and the system shall calculate any cumulative 
systematic error corrections [Base definition…]. 

In general, the historical development of global 
navigation satellite systems has been influenced by the 
development of various related technologies and the desire 
of users to obtain more accurate information from satellite 
systems. Over time, the research and development of the 
systems have made important contributions, both in terms 
of identifying the main factors affecting the accuracy of 
the data obtained and in terms of discovering technologies 
capable of preventing errors caused by various factors. 

In the measurement process using a GNSS receiver it 
is also important to know how the satellites will be 
available during the measurement. A GNSS receiver is 
capable of receiving signals from satellites that are in the 
sky and at least 10° to 15° from the horizon. 

Over time, the use of global navigation systems has 
also developed in geodesy and surveying, enabling measu-
rements to made with different receivers, with benefits for 
geodetic surveying and networking, map-making and 
topographic surveying. 

 
Materials and Methods 
The development of satellite systems today promotes 

both the creation of new technologies and strengthens the 
development of existing inventions. Most of the technolo-
gies developed for space exploration are also used in 
various areas of life today. From the first industries where 
various space technologies were applied, until today these 
technologies are used both in the production of vehicles 
and in mobile communication devices, as well as in 

70



Геодезія та геодинаміка 

various medical inventions and various high technologies. 
The application of space technologies in the civil sector 
also provides opportunities for research and monitoring of 
rural and forest areas, as well as creating flood control 
systems [Žagars, J., u.c., 2014]. 

In order to carry out the measurements and collect the 
data, it is important to carry out preparatory work to identify 
the points at which the measurements will be possible and 
to clarify the status of the points. In order to investigate the 
sites and their availability, it is initially necessary to select a 
specific area where the measurements will carry out. 

The measurement process will include measurements in 
the territory of the City of Bauska and Bauska Municipality 
(Fig. 2), taking measurements at points of the National 
Geodetic Network. The Bauska region only chosen because 
the LatPos base station “Bauska 1” is located in the centre 
of Bauska, which is essential for the LatPos base station to 
be able to measure at a similar radius as from a GNSS 
receiver with a radio module solution. The assessment of 
the National Geodetic Network points in the vicinity of 
Bauska Municipality concluded that the location of the 
points is adequate to compare the LatPos base station and 
individual base station capabilities. 

The GNSS receiver STONEX with radio module 
function will be used in the study, whose manufacturer 
states that measurements can be made within a radius of 5 
kilometres from the base station. This factor will be taken 
into account in order to successfully select suitable points 
from the National Geodetic Network database. 

In order to test the capability of the GNSS receiver with 
radio module to measure at different distances, control 
measurements were performe during the development of the 
GNSS measurement model parameters. 

The control measurements were carried out by 
installing a GNSS receiver with radio module function in 
the open field and taking measurements up to a distance of 
5 kilometres from the base station, keeping track of the 
possibility to measure points at different distances from 
the base. During the measurements, it confirmed that the 
GNSS equipment manufacturer had specified that 
measurements within 5 kilometres of the base station 
could be made without interference, but when trying to 
measure at a greater distance. There were problems with 
the connection between the GNSS receiver and the GNSS 
receiver with radio module function, which used as an 
individual base station [Mitrafanovs I., 2016]. 

 
Fig. 2. National geodetic network points in Bauska municipality 
[Source: developed by author according LGIA informal portal]

After the definition and planning of the GNSS 
measurement model parameters, work started on the 
measurements to develop the GNSS measurement models. 
The STONEX S980 GNSS receiver with radio module 
function and the STONEX S850 GNSS receiver used for 
the measurements. In order to ensure high quality and 
accuracy of the measurements, a semi-kinematic stop-and-
go technique applied, 20 measurements taken for each 

surveyed point, from which the average was calculated. 
This method chosen because it is able to obtain 
measurements with an accuracy of up to 5 mm. 

Taking into account that the technical possibilities did 
not allow for a parallel surveying process both by 
connecting to the LatPos base station and to the GNSS 
receiver with radio module function, the measurements 
were first carried out using the GNSS receiver with radio 
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module function and then by connecting to the LatPos 
base station “Bauska 1”. Measurements were made within 
a radius of 5 km from both base stations. 

At the start of the measurements, the GNSS receiver 
with radio module solution installed on the National 
Geodetic Network point “Siliņi”, which is a G2 class 
point and for which precise coordinates have been 
previously determined. After the installation of the 

GNSS receiver at Siliņi, it was considered to take 
measurements at the National Geodetic Network points 
as well as at freely selected points that are not anchored 
in nature with individual marks. During the survey, 
measurements were taken at seven National Geodetic 
Network points as well as at ten freely chosen points 
with different environments, i. e. in the open field, under 
the tree canopy, between houses (Fig. 3). 

 

 
Fig. 3. GNSS receiver with radio module function at G2 “Siliņi” survey point (left);  

GNSS measurement method with known coordinates point (right) [Source: developed by author] 
 

Results and Discussion 
National Geodetic Network 12 points (Table 1) within 

a 5 km radius of each other were selected in the territory of 
Bauska City and Bauska Municipality. The points used in 
the study are of class G2 and class N1, the type of fixing 
being a bottom mark, a bottom benchmark, a wall 
benchmark and a wall mark. After a detailed examination 
of the points, it was concluded that three of the selected 
points are destructible and cannot be accessed without 
prior agreement, so these points will not be used in the rest 
of the study. 

After the survey process, it can be concluded that the 
survey process and the results obtained could be improved 
if a wider range of equipment were available, as surveying 
with two GNSS receivers connected to both the LatPos 
base station and the individual base station would speed up 
the survey time and make the measurements more accurate 
and comparable. Although the semi-kinematic method 
provides relatively high accuracy, it is recommended to 
use the static method and data post-processing to obtain 
measurements with higher accuracy. 

Overall, the measurements carried out in both rounds 
are positive and the resulting measurement data will allow 
the development of GNSS measurement models and their 

analysis. The amount of measurement data obtained, both 
for the National Geodetic Network and freely selected 
points is sufficient to allow for measurement comparisons 
as well as conclusions on the data obtained. 

Relatively similar results obtaine in the measurements 
of the State Geodetic Network for point 1547, which is an 
N1 class point. The obtained results show that mutual 
measurements using a GNSS receiver with a radio module 
function are very similar. The measurements made for 
point 1547 using the LatPos base station are also similar, 
but the obtained results are slightly different. If you 
compare the measurements of the two base systems with 
each other, the largest difference between the points is 
5 centimeters (Fig. 4). 

As one of the factors that the measurements for point 
1547 are relatively similar is that, the point was located in 
an open area and there were no natural and environmental 
objects around, which could significantly affect the 
accuracy of the measurements.  

The next point of the State Geodetic Network, for 
which the obtained height values are analyzed, is point 
1547. According to the obtained data, it is possible to see 
that the obtained height values differ, however, this 
difference is not large (see Fig. 5). 
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Fig. 4. Measurements for point gr1547 N1 
[Source:  developed by author] 

 
 

 
Fig. 5. Measurements for point gr1547 N1  

[Source:  developed by author] 

According to the obtained data, it is possible to predict 
that the obtained height values of all measurements vary 
by a few millimeters. The largest difference between the 
measurements made using a GNSS receiver with a radio 
module and a LatPos base station is 9 mm. The difference 
in the obtained results is based on the fact that there was a 
row of trees next to the measured point, which could affect 
the received signal of the GNSS receiver, so the obtained 
height values also differ in different measurements. 

The analysis of the obtained height values was also 
performed for the point 832b of the State Geodetic 
Network, which is naturally fixed with a wall rapier in the 
wall of the building. According to the obtained data, it is 
possible to observe that the values of the heights of the 
measurements made for this point differ significantly (see 
Fig. 6). 

According to the collected data, it is possible to see 
that the height values obtained by connecting to the 
individual base station are relatively similar and fluctuate 
within 5 mm, while the height values obtained by 
connecting to the LatPos base station differ from each 
other within 11 millimeters. Comparing all the obtained 
height readings for the measured point, the most redundant 
difference between the measurements is 16 mm, which is a 

relatively large difference. The difference in the obtained 
height values is justified by the fact that the measured 
point was located close to the wall of the building, which 
can affect the received signal GNSS in the receiver, thus 
also affecting the obtained result. 

 

 
Fig. 6. Measurements (Heigts) for point Sr 832b N1  

[Source: developed by author] 
 
The obtained results are slightly different in the 

measurement model for point 1309, which is 
Class N1 National Geodetic Network Point. In the 

measurement model of this point, it can observe, that there 
is a relatively bigger difference. If measured points, when 
using the GNSS receiver with functions of the radio 
module and this difference is up to 2 cm between the 
measured points using the LatPos base station “Bauska 1”, 
for which the difference between measurements are up to 
10 cm. When comparing all the measurements, the 
accuracy of the measurements exceeds 10 cm, which are 
significant differences and by accurately measuring the 
points with different methods. It would not be desirable to 
allow the obtained results for point 1309 can based on this; 
there was a relatively tall tree row next to the point of the 
State Geodetic Network, which could have affected the 
accuracy of the measurements (see Fig. 7). 

 

 
Fig. 7. Measurements (Coordinates) for point  

gr 1309 N1 [Source: developed by author] 
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The obtained measurement model for point 1309 
shows that it is essential to pay attention to the 
surrounding environment during the measurement process 
and, if necessary, evaluate how it is possible to improve 
the accuracy of the measurements. Also, the obtained data 

show that during the surveying process, using a GNSS 
receiver with a radio module function, it is possible to 
obtain more accurate data for measurements in an area 
where there are factors that can affect the accuracy of 
measurements. 

 

Table 1 

RESULT TABLE of GNSS measurements for points of the National Geodetic Network 

 
 

According to the obtained GNSS measurement model, 
it is possible to conclude that when connecting to the 
LatPos base station during measurements at this point, the 
received signal has been disturbed, therefore the obtained 
coordinates differ by 2 cm both between mutual measu-
rements and between measurements made when connec-
ting to the individual base station. 

In general, when evaluating the obtained GNSS measu-
rement models, the obtained results are different for different 

points (Table 2). The coordinates obtained for some of the 
points are relatively similar both when measuring using a 
GNSS receiver with a radio module function and when using 
the LatPos base station “Bauska 1”. For most of the points for 
which the coordinates of the points differed significantly in 
the obtained measurement models, there was an environ-
mental or natural obstacle near the point’s measurement 
location, which affected the received signal with the GNSS 
receiver, as well as the obtained measurement result. 

Table 2 
RESULT TABLE of GNSS measurements for freely selected points 
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Analyzing the developed GNSS measurement models, 
the location of the point and the surrounding environment 
are determined as the main factor that affected the 
accuracy of the measurements, which can cause distur-
bances in the surveying process for the fixed measu-
rements, because the signal received by the GNSS recei-
ver is affected. The effects of the ionosphere also affected 
the accuracy of the measurements and troposphere, 
however, the GNSS technologies used in the study is able 
to reduce the influence of these factors, so we believe that 
the most important factor affecting the accuracy of the 
measurements was precisely the influence of the 
surrounding environment of the points. 

According to the developed measurement models, it 
can be concluded that when measuring points with 
complications, the results are significantly more accurate 
when using a GNSS receiver with a radio module 
function, because both the obtained point coordinates and 
the point height values were relatively more similar to this 
surveying method. Although the GNSS receiver with the 
radio module function has a relatively smaller radius in 
which it is possible to perform measurements, it is able to 
show higher accuracy measurements in fieldwork, which is 
a significant advantage if the object to be measured is not 
relatively large. A GNSS receiver with a radio module 
function can be a significant benefit if it is necessary to 
perform surveying in areas where LatPos base station 
coverage is weak. However, if the measured object has a 
good coverage of LatPos base stations, then the obtained 
data is in accordance with the requirements and it is not 
necessary to perform measurements by connecting to the 
individual base station. There is also a significant benefit in 
terms of consumed resources and time, because when 
surveying using LatPos base stations, it is not necessary to 
install individual the base station in the object, as well as 
this base station should not be looked after, so that 
uninformed persons do not affect the progress of the 
surveying process. The measurements made in the study 
summarized in two tables. 

 
Conclusions 
It is important to observe the differences in 

coordinates and heights over a longer period. GNSS 
measurement patterns show that global positioning cannot 
provide a stable measurement, it will always vary. It is 
important that when determining the result, it should  
 

be with high certainty and reliability. For all geodetic 
measurements, there is a justification of the principle of 
mutual repeatability. The homogeneity and stability of the 
geodetic network can be observed by high-quality re-
peated measurements following the best-principle metho-
dology. 

The obtained GNSS measurement models show that 
both the base station systems and individual base stations 
provide high accuracy measurements; however, there are 
various environmental factors that influence measurement 
accuracy. 

Surveyors must pay close attention during the 
surveying process applied base stations for the received 
signal, as well as the measured situational elements to the 
surroundings, as various environmental factors can influ-
ence the received signal in the GNSS receiver from the 
base station, thus also affecting the accuracy of the measu-
rements. 
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