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Abstract

The practical measurement and comparison of GNSS technologies from SOKKIA and EMLID receivers is only a demonstration of
how GNSS surveying technology with accuracy of a few centimetres can be used effectively in conditions of the Czech Republic.
Czech surveyors use GNSS technology primarily as a simple data collection in open terrain - it cannot be used in buildings. Most
often they are simple measurements such as terrain surveying for the designer, surveying for the purposes of land registry, laying
out constructions and others. There are several methods for determination of position, i.e. location in defined reference coordinate
and height systems (in the Czech Republic they are S-JTSK and Bpv), according to receiver’s software using networked RTK
method (corrections from providers of network of reference stations - such as TOPNET, CZEPOS, and others) or RTK base —
rover method or fast static method. The task is to compare the measurement time intervals from each technology and the accuracy
of the measurement on the known points of the Czech national trigonometric network. At the end the financial comparison of both
technologies is presented.

Keywords: GNSS, comparison of accuracy, Emlid, Sokkia

1. Introduction

This paper discusses the testing of various GNSS instruments from two different manufacturers, namely SOKKIA of Japan, which
was established in 1920 and its first product was a dual-axis spirit level, and in 1997 the first RTK GNSS technology was produced
[1]. The second brand is EMLID from Hungary, which was founded in 2014 as a project of two students who raised money from
sponsors to develop their first GNSS instrument called Reach in 2015 [2].

Testing is taking place on the Czech Republic's point array, which has been built since the 1920s. At the same time, the
cartographic cone mapping Ktovakovo, the coordinate system JTSK (Unified Trigonometric Cadastral Network System) and the
height system Bpv (Balt after leveling) are also being defined [3]. These are the points that form the positional basis of the Czech
Republic, namely trigonometric points and thickening points. The coordinates of these points were created by triangulation -
measuring angles with theodolites. However, the advantage of some of the densification points used for our testing of GNSS
instruments is that in 2008 these points were supplemented with ETRS89 coordinates, so we know that the coordinates have been
refined or newly determined by GNSS measurements [4]. To be able to measure in S-JTSK and Bpv, it is necessary to transform to
these two systems from the ETRS89 system, in which the coordinates are determined by GNSS equipment using the network of
permanent stations in the Czech Republic. Article by Dr. Nagl, Dr. Rezni¢ek from the journal GAKO No. 10/2018, who discuss the
transformation between these two systems [5].

How to test GNSS technologies has already been proven by colleagues from Slovakia, namely Vladimir Sedlak, who compared
SOKKIA static measurements with measurements using a total station [6]. Similar testing appears in this article only on a smaller
scale. Developments in technology around the world are allowing surveyors to use measurement methods such as simultaneous angle
and length measurement, GNSS, unmanned aerial vehicles (UAVs), laserscanning and Lidar technologies. This testing focuses
exclusively on GNSS technologies, the applications of which were introduced in the 1990s [7], using differencing methods -
determining base-to-rover coordinate differences. At the beginning of the 21st Century, the RTK (Real Time Kinematic) method was
introduced, which uses GNSS signals for real-time differential measurements with centimeter accuracy [8]. In their short study,
authors Spangero and Papadimitratos from the University of Sweden tested the quality of RTK measurements and the effects and
interference on reference stations [9]. Their calculations are performed in RTKLib, which is a software used, among other things, for
RTK measurements, but also for processing measurements by the static method. RTKL.ib is also used for Emlid Studio, which was
used to calculate the static data for this paper [10].

However, evaluation of the measurement reliability of various other inexpensive RTK-GNSS tags that have been tested in outdoor,
urban, and into city measurements has shown that they cannot maintain a fixed integer solution for the solution time in dynamic
applications [11]. Other GNSS testing of low-cost apparatus has shown that these technologies can be used. More specifically, Nguyen
and Cho from Japan [12]. Another interesting test of low-cost GNSS technology, but now with an IMU (Inertial Measurement Unit)
was carried out by Cahyadi and team for autonomous ship navigation, who achieved an accuracy of approx. 0.3 m in position [13]. As
a result, this paper compares low-cost geodetic GNSS instruments from EMLID, namely the Reach RX and RS3 variants, with
geodetic instrument variants from established companies such as SOKKIA, namely the GRX3 and GCX3 models. The aim of the
paper is to show that even low-cost technology is applicable to practical surveying and is able to compete with established solutions
from other manufacturers.
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2. Method

The measurements were carried out at 14 points evenly distributed throughout the Czech Republic. A total of 4 different GNSS

instruments and several methods were used, namely fast static method, networked Real time kinematic using network corrections and
Real time kinematic using base - rover solution.

2.1 GNSS EMLID Reach RX

RTK GNSS technology, which has the advantage of its weight and ease of use. It does not use the TILT function and thus works

only on the need to hold the rod vertically. Its accuracies are RTK H: 7 mm + 1 ppm and V: 14 mm + 1 ppm. It collects GPS,
GLONASS, BeiDou and Galileo satellite systems and operates at 5Hz [14].

p— ~—
%0
T

™ |
Fig. 1 GNSS Emlid RX, photo by Ondfej Varia

2.2 GNSS EMLID Reach RS3

GNSS technology, which has a tilt of more than 60° compared to RX and allows measurements not only in RTK mode, but also
fast static method, BASE - ROVER using LoRa&/UHF and PPK. The tilt is an IMU unit that has no magnetic field influence. Its
accuracies in RTK are the same as RX. Furthermore, in RTK with IMU at inclination more than 60° the accuracy is degraded by up to

2 cm. In the fast static measurement mode it has accuracies of H: 4 mm + 0.5 ppm and V: 8 mm + 1 ppm and operates at up to 10 Hz
[15].
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Fig. 2 GNSS Emlid RS3, photo by Ondfej Vaiia

2.3 GNSS SOKKIA GRX3

GNSS technology, which compared to the RS3 has a limited tilt, only up to 15° to one side, and includes a Compass, which is
necessary to calibrate once in a while, i.e. that there is an influence of the magnetic field. The technology can be used similarly to RS3,
i.e. fast static method, BASE - ROVER, via Bluetooth and UHF. Its accuracies are in RTK H: 5 mm + 0.5 ppm and V: 10 mm + 0.8

ppm. For inclinations greater than 10°, the measurement deteriorates by up to 2 mm. In the fast static method mode, the accuracy is H:
3mm + 0.4 ppm and V: 5 mm + 0.5 ppm and works up to 20Hz [16].
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Fig. 3 GNSS SOKKIA GRX3, photo by Ondfej Vaiia

2.4 GNSS SOKKIA GCX3

RTK GNSS technology, which is very similar to Emlid's RX technology. It has no tilt and thus only works on vertical
measurements. No less it can be licensed to measure fast static methods, and can possibly be used on a long range Bluetooth BASE -
ROVER. Its RTK accuracies are H: 10mm + 0.8 ppm and V: 15mm + 1.0 ppm and it works up to 10 Hz [17].

In the results you will find abbreviations such as dY, dX and dZ, which are the coordinate differences between the known and
measured point. The dP value is then the positional deviation, which was calculated using the formula:

dP =(dX"2 + dY"2) 1)
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Fig. 4 GNSS SOKKIA GCX3, photo by Ondiej Vana

Points that have failed the internal testing of the required accuracy of the control of the current point are highlighted in red.
Each point of the Czech Republic point field has its own accuracy criterion testing. The points of the basic point field have a mean
coordinate error:

Mxy = 0,015m 2)

and since a positional limit deviation is needed, it was calculated by the formula:
MP =2 % 2+ Mxy =0,042m (3)

The same is true for points in the compaction point field that were also measured using a non-tested GNSS technology and
have a mean coordinate error:

Mxy = 0,020 m 4

and since a positional limit deviation is needed, it was calculated by the formula:
MP =2 % /2% Mxy = 0,057 m (5)

The same applies to the determination of the height accuracy of a trigonometric point, which has a specified height of 0.1m,
namely:

M_z=010m (6)

and since a positional limit deviation is needed, it was calculated by the formula:
Mz=2%+2+M_z=0282m (7

The same applies to the determination of the height accuracy of a compaction point, which has a specified height of 0.1m,
namely:

M_z =0,05m (8)

and since a positional limit deviation is needed, it was calculated by the formula:
Mz=2%+2+M_z=0141m (9)

The points that exceeded the values of 42mm and 57mm were marked in red in the testing. In addition, the rows that are in light
yellow show the calculation of the fast static method in FLOAT mode, the rows that have no real solution calculations are shown in
light red, and the rows that have no data are shown in light purple.
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Fig. 5 Map of Czechia where was testing GNSS measure

The following graphs discuss the actual measurement and testing of the data.
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Tab. 1 Specified default coordinates to the point Cerekvice nad Louénou
Location: Cerekvice nad Louc¢nou, Pardubick;? kraj THE SPECIFIED COORDINATES
Point Y [m] X [m] Z[m] point origination Accuracy [mm
924082061 61737163 | 1079717,16 29137 2008, GPS methods 20 (57)
RTK measure Rapid statics measure
14.4.2024 14:00-16:00 350
=i 60 300
i m Emlid Reach RS3
g N (tilt 36,6°) 250 _
SE . m Sokkia GRX3 (tilt mEmlid Reach RS3
gu 6,79°) 200 m Sokkia GRX3
B £ 3 Emlid Reach RX 150 (float)
@ g B Sokkia GCX3
£8 20 100
5§
C
P - :
8 dZ [mm]  dP [mm] dz [mm dP [mm]

Fig. 5 Graph showing coordinate differences and heights relative to the starting coordinates of the point in Cerekice nad L.

Tab. 2 Specified default coordinates to the point Kostelec na Hané

Location: Kostelec na Hané, Olomoucky kraj THE SPECIFIED COORDINATES
Point Y [m] X [m] Z[m] point origination Accuracy [mm
934080280 | 56488666 | 112857381 305,89 1939, trigonometry 15 (42)
RTK measure Rapid statics measure

12.4.2024 16:00-18:00 160

2 140 140

@ ® Emlid Reach RS3

g 10 (tft 30,7°) 120

=]
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E Q

55 40 40

e T | N
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a dZ [mm] dP [mm] dZ [mm] dP [mm]

Fig. 6 Graph showing coordinate differences and heights relative to the starting coordinates of the point in Kostelec na Hané

Tab. 3 Specified default coordinates to the point Kyjov

Location: Kyjov, Vysocina THE SPECIFIED COORDINATES
Point Y [m] X[m] Z [m] point origination Accuracy [mm
933232130 | 647778,779 EMBO.?BB 6;7,885 2008, GNSS tE[:hnDlD[N 20 (57)
RTK measure Rapid statics measure
9.4.2024 10:00-12:00 300

2 80 250
a 70 H Emlid Reach RS3
@ 5 o
5E 60 (it 14,2 200 mEmiid Reach RS3
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Fig. 7 Graph showing coordinate differences and heights relative to the starting coordinates of the point in Kyjov
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Tab. 4 Specified default coordinates to the point LiSov

Location: LiSov, Jihotesky kraj _ THE SPECIFIED COORDINATES
Point Y [m] X[m] Z[m] point origination Accuracy [mm
941212320 | 747548656 | 1158768,04 505,049 2008, GNSS technology 20 (57)
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Fig. 8 Graph showing coordinate differences and heights relative to the starting coordinates of the point in LiSov

Tab. 5 Specified default coordinates to the point Zelenice

Location: Zelenice, Ustecky Kraj THE SPECIFIED COORDINATES
Point Y [m] X [m] Z[m] point origination Accuracy [mm
906192480 | 783404,646 | 988462 099 206,781 2008, GNSS technology 20 (57)
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Fig. 9 Graph showing coordinate differences and heights relative to the starting coordinates of the point in Zelenice

Tab. 6 Specified default coordinates to the point Oldfisov

Location: Oldrisov, Moravskoslezsky kraj THE SPECIFIED COORDINATES
Point Y [m] X[m] Z [m] point origination Accuracy [mm
927242160 | 493583,564 | 1084090,37 296,436 2008, GNSS technology 20 (57)
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Fig. 10 Graph showing coordinate differences and heights relative to the starting coordinates of the point in OldfiSov
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Tab. 7 Specified default coordinates to the point Plzen

Location: Plzer, Plzefisky kraj THE SPECIFIED COORDINATES
Point Y [m] X[m] Z [m] point origination Accuracy [mm
920123230 | 82569854 |1069070,617 320,15 2008, GPS methods 20 (57)
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Fig. 11 Graph showing coordinate differences and heights relative to the starting coordinates of the point in Plzefi

Tab. 8 Specified default coordinates to the point Ladronka

Location: Ladronka, Praha THE SPECIFIED COORDINATES |
Point Y [m] X[m] Z[m] point origination Accuracy [mm
914251370 | 747480,667 | 1043340246 363,813 2008, GPS methods 20 (57)

Fig. 12 Graph showing coordinate differences and heights relative to the starting coordinates of the point in Praha
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Tab. 9 Specified default coordinates to the point Pén¢in
Location: Péncin, Liberecky kraj THE SPECIFIED COORDINATES |
Point Y [m] X[m] Z[m] point origination Accuracy [mm
908192460 | 688852,063 | 989914,632 403,15 2008, GPS methods 20 (57)
RTK measure Rapid statics measure
29.3.2024 8:00-10:00 60
o
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Fig. 13 Graph showing coordinate differences and heights relative to the starting coordinates of the point in Pén¢in
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Tab. 10 Specified default coordinates to the point Staré Kfe¢any

dZ [mm]

dP [mm]

dZ [mm] dP [mm]

Location: Staré Kretany, Ustecky kraj THE SPECIFIED COORDINATES
Point Y [m] X [m] Z[m] point origination Accuracy [mm
901152230 72_3060,73 9458;0,5 426,171 2009, GPS methods 20 (57)
RTK measure Rapid statics measure
29.3.2024 10:00-12:00 120
é lgg ® Emlid Reach RS3 100
5w (tilt 40,3°)
TE 1 Sokkia GRX3 (tilt 80 B Emlid Reach RS3
g = 70 9,2%) (no solution)
g Emlid Reach RX 60 W Sokkia GRX3
25 50 (no data) (float)
£ 3 ;g m Sokkia GCX3 4
g g 20 2
£% 10
& 0 0
=

Fig. 14 Graph showing coordinate differences and heights relative to the starting coordinates of the point in Staré Kie¢any

Tab. 11 Specified default coordinates to the point Zajedi

Location: Zajeci, Jihomoravsky kraj THE SPECIFIED COORDINATES
Point Y [m] X[m] Z[m] point origination Accuracy [mm
944250290 2917268 | 119778359 261,86 1978, trigonometry 15 (42
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known coordinates [mm]

300

150
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(tilt 40,3%)
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dZ [mm] dP [mm]

Fig. 15 Graph showing coordinate differences and heights relative to the starting coordinates of the point in Zaje¢i

GRX3 (tilt

Emlid Reach RX

GCX3

Rapid statics measure

250
200
150

100

; ]

dZ [mm]

Tab. 12 Specified default coordinates to the point TeCovice
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Emlid Reach RX
M Sokkia GCX3

Location: Tedovice, Zlinsky kraj THE SPECIFIED COORDINATES
Point Y [m] X [m] Z [m] point origination Accuracy [mm
945122240 | 52653093 |1165589,125| 206,189 2008, GPS methods 20 (57)
RTK measure

Rapid statics measure

60
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Fig. 16 Graph showing coordinate differences and heights relative to the starting coordinates of the point in Tecovice
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The sample standard deviations of the individual coordinates are calculated from the tabulated dY, dX, and dZ, respectively,
using the following relation:

my = |2 (6)
my = B (7)
m; = |EZ ®)
From these, the sample coordinate standard deviation:
Myy = @ 9)

The following Tab. represents the resulting Mxy for each receiver according to the quality of the points:

Tab. 13 RTK Receiver the value Mxy

Receiver RTK trigonometric points (0,042m) compaction points (0,057m)
EMLID Reach RS3 0,042 m 0,031 m
EMLID Reach RX 0,020 m 0,022 m
SOKKIA GRX3 0,022 m 0,034 m
SOKKIA GCX3 0,029 m 0,018 m

All measurements met the required accuracy within the tolerance limits. The Emlid Reach RS3 technology stood out the most,
because it includes measurements with a larger angle of inclination than allowed by, for example, the Sokkia GRX3. The most
interesting finding, however, was the Emlid Reach RX receiver, which, given its cheap purchase price, more than held up well
with its results.

The following Tab. represents the resulting Mz for each receiver according to the quality of the points:

Tab. 14 RTK Receiver the value Mz

Receiver RTK trigonometric points (0,282m) compaction points (0,141m)
EMLID Reach RS3 0,219 m 0,035 m
EMLID Reach RX 0,270 m 0,041 m
SOKKIA GRX3 0,264 m 0,036 m
SOKKIA GCX3 0,242 m 0,046 m

The height measurements in the compaction point field met the specified difference value of 5cm. This is mainly due to the fact
that these points were surveyed in 2008 using the GPS fast static method and therefore do not differ that much from each other.
Meanwhile, whereas the heights in the trigonometric point field were determined trigonometrically, i.e. computed, the error here is
much larger. Even so, all RTK measurements fit within the specified limit.

Next, it is checked that 60% of the differences of the dP position determination are less than V2 m_XY. And the same for the
dX and dY components (60% of which should be less than m_XY). Considering the fact that

_ mj+mik

Mgy = ———* (10)
and if my = my = me, then
2 2 2
m}y =TT = e = 2 (11)
The length is calculated from the coordinates using Pyhtagoras' theorem:
2 2
s?=(X—-X) +(%—-Y) (12)
We apply the law of accumulation of standard deviations
2 2 2 2
(25)m? = (208~ X'}, + [~2(% — %) ', + [2(— ) 'm, + [-2(x ~ ) ', (13)
2 2 2 2
s?m? = (X; — X;) 'mg, + (X — X;) mg, + (Yi=Y)mi + (Y- 1) my, (14)
Then, if my = my = mg, then:
s?m? = (X; — X,)*m2 + (X; — X;)'m2 + (¥; = ;) m2 + (¥; - ¥;)"m2 (15)
And from that
s?m? = 2mZ [ (%, - X;)* + (v = %)’ (16)
s?m?2 = 2m? s? a7
m?2 = 2m? (18)
And since we know from before Ze m%, = mZ then
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m2 = 2m2y (19)
When testing, we calculate the length differences A

[ A=k—5s | (20)

Where k is the length measured by the band, or total station, s is the length determined from the GNSS measurement

Law of accumulation of standard deviations

m3 = m2 + m? (21)

mz = mé + 2m2y (22)

where after m_k we add the accuracy of length measurement by the total station or band, for simplicity we consider the length
measurement by these technologies as the same and after m_XY we add the coordinate standard deviation from the previous section.
The accuracy of the length measurement was set as 3mm per 1000m. If we then use the length differences A to calculate the sampling
standard deviation of the length difference

xA?
mg = |=— (23)

so we can compare it to m_A"2. Below is a Tab. of comparison values.

Tab. 15 Comparison of the quality of the measured values by the base-rover method versus the measured length by other technologies

Receiver RTK R m?

EMLID Reach RS3 0,023 m 0,052 m
EMLID Reach RX 0,023 m 0,031 m
SOKKIA GRX3 0,010 m 0,041 m
SOKKIA GCX3 0,010 m 0,034 m

Significantly smaller —_m_A"2 indicates that in relative positioning (between the base and rover to tens of meters) the apparatus
are more accurate than in positioning in a binding coordinate system, where the differences also reflect the accuracy of the starting
point determination. In this case, the accuracy of the resulting data was more likely to be consistent with the RTK measurements.

3. Conclusion

As it can be noticed, the coordinates that were obtained by GNSS technologies and the coordinates that were obtained X years
ago by another technology available at that time do not differ in most cases and, on the contrary, they meet the assumptions of this
test to verify cheap GNSS technologies. Another verification parameter was the computed vectors between detailed points that
were surveyed using a total station or a tape measure.

The calculation of the fast static method was different for each measurement point. Often all satellite system providers were
used, sometimes only GPS Navstar had to be switched and sometimes only Glonass and BeiDou. For the calculation, primarily
navigation messages from the TopNet service provider were used, in places where it was not possible to perform the calculation,
messages from CZEPOS were used. This may be due to the fact that the vector for calculating coordinates and altitude was too
long (distance of the reference station - rover) and the measurement record too short. The average measurement time of the fast
static method was 15-20minutes at a given point.

Exceeding the deviation limits for RTK measurement points may be caused by temporary overlapping by another object, not
monitoring the statistical values of HRMS (positional deviation) and VRMS (height deviation) during the measurement, or PDOP
values that control the quality of our field measurements. For the points No. 944250290 (Zajeci), No. 934080280 (Kostelec na
Hané) the differences in heights are more than 15 cm for all methods. This is due to the fact that the coordinates that these points
have were obtained by the Trigonometric Determination method over large distances, so the height was determined inaccurately. In
the case of point No. 926252440 (Paseka), the question is whether the point, on the other hand, has not shifted in height during its
existence. Next, the measured vectors were compared, i.e. the distances were calculated from the coordinates of the measured
points and compared to the measured total station / rangefinder in the field. The results showed that cheap GNSSs do not deviate
even from these measurement deviations, see testing above.

Based on this testing, it can be concluded that the technology, which costs around 2,500Euro (Emlid RX) or 3,100Euro (Emlid
RS3), can be fully used for surveying activities in practice. Their comparator in this test was the SOKKIA technology, which
financially is almost 2-3 times more expensive. Outside of this test, testing has also been conducted with other brands that also
have IMU units, resulting in very similar results.

This takes surveying and the use of GNSS technology to a whole new dimension. Just look at the fact that e.g. iOS is
attempting LiDAR on mobile phones, to which GNSS Emlid can be connected, and we have a point cloud, admittedly less accurate
than mobile scanners, but taken in S-JTSK and Bpv. It is only a matter of time before practitioners start to see GNSS as an
essential accessory that every surveyor, builder, architect etc. can have for measurement and data collection purposes.

Acknowledgments
We would like to thank the company 3gon Positioning s.r.o., which sells these technologies in the Czech Republic, for lending
us the hardware and software free of charge. Furthermore, to the owner of the company GB-geodezie, spol. s.r.o., who lent us free
of charge the navigation reports for the calculation of the rapid static method and RTK measurements network TopNET, and to the
Land Survey Office in Prague for lending us the data for checking the calculations of the rapid static method, network CZEPOS.

Inzynieria Mineralna — Lipiec - Grudzien 2024 July - December — Journal of the Polish Mineral Engineering Society 9
9th World Multidisciplinary Congress on Civil Engineering, Architecture, and Urban Planning (WMCCAU 2024)



References

10.

11.

12.

13.

14.
15.
16.

17.

History | SOKKIA Europe [online]. [vid. 2024-05-18]. Dostupné z: https://eu.sokkia.com/history
Anniversary. Emlid [online]. [vid. 2024-05-18]. Dostupné z: https://emlid.com/emlid10/

M. HAUF A KOL. Pozemni Fotogrammetrie. In: Technicky privodce 42. Praha. Praha: SNTL - nakladatelstvi
technické literatury, 1982, 345.

CUZK - Zhuiténi bodi se soufadnicemi ETRS89  [online].  [vid. 2024-05-18].  Dostupné
z: https://www.cuzk.cz/Zememerictvi/Geodeticke-zaklady-na-uzemi-CR/GNSS/Zhusteni-bodu-se-souradnicemi-
ETRS89.aspx

Oborova knihovna UAZK [online]. [vid. 2024-05-18]. Dostupné
Z: https://uazk.cuzk.cz/vademecum_knihovna/permalink?xid=567585dfc1054fb98499f3521he6cccl

SEDLAK, Vladimir, Gabriecla NEMCOVA a Miroslav SIMCAK. Testovanie presnosti kinematickych GPS merani.
nedatovano.

HEO, Yong, Binghao LI, Samsung LIM a Chris RIZOS. Development of a network real-time kinematic processing
platform. 2009.

SHIN, Yujin, Chanhee LEE a Euiho KIM. Enhancing Real-Time Kinematic Relative Positioning for Unmanned
Aerial Vehicles. Machines [online]. 2024, 12, 202. Dostupné z: doi:10.3390/machines12030202

SPANGHERO, Marco a Panos PAPADIMITRATOS. POSTER: Testing network-based RTK for GNSS receiver
security. 2024.

Getting agreement between RTKLIB and Emlid Studio - Emlid Studio / Static / Kinematic processing. Emlid
Community Forum [online]. 30. leden 2024 [vid. 2024-06-22]. Dostupné z: https://community.emlid.com/t/getting-
agreement-between-rtklib-and-emlid-studio/37035

J. JACKSON, R. SABORIO, S. A. GHAZANFAR, D. GEBRE-EGZIABHER, AND B. DAVIS. Evaluation of Low-
Cost, Centimeter-Level Accuracy OEM GNSS Receivers, [online]. nedatovano, February 2018. Dostupné
z: http://www.dot.state.mn.us/research/reports/2018/201810.pdf

NGUYEN, Nang a Wonjae CHO. Performance Evaluation of a Typical Low-Cost Multi-Frequency Multi-GNSS
Device for Positioning and Navigation in Agriculture—Part 2: Dynamic Testing. AgriEngineering [online]. 2023, 5,
127-140. Dostupné z: doi:10.3390/agriengineering5010008

CAHYADI, M.; ASFIHANI, T.; MARDIYANTO, R.; ERFIANTI, R. Loosely Coupled GNSS and IMU Integration
for Accurate i-Boat Horizontal Navigation. Int. J. Geoinform. 2022, 2022(18), 111-122.

Reach RX Network RTK Rover. Emlid [online]. [vid. 2024-06-16]. Dostupné z: https://femlid.com/reachrx/
Reach RS3 RTK GNSS Receiver. Emlid [online]. [vid. 2024-06-16]. Dostupné z: https://emlid.com/reachrs3/

GRX3 GNSS Receiver | SOKKIA Europe [online]. [vid. 2024-06-16]. Dostupné
z: https://eu.sokkia.com/products/gnss-systems/gnss-receiver/grx3-gnss-receiver

GCX3 - World-Class GNSS Receiver | SOKKIA Europe [online]. [vid.2024-06-16]. Dostupné
z: https://eu.sokkia.com/products/gnss-systems/gnss-receiver/gcx3

10

Inzynieria Mineralna — Lipiec - Grudzien 2024 July - December — Journal of the Polish Mineral Engineering Society
9th World Multidisciplinary Congress on Civil Engineering, Architecture, and Urban Planning (WMCCAU 2024)




