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Real-time kinematic (RTK) technique is important for mapping applications requiring short measure time, the distance between
rover and base station, and high accuracy. There are several RTK methods used today such as the traditional RTK, long base
RTK (LBRTK), network RTK (NRTK), and precise point positioning RTK (PPP-RTK). NRTK and LBRTK are popular with the
advantage of the distance, the time, and accuracy. In the present study, the NRTK and LBRTK measurements were compared in
terms of accuracy and distance in a test network with 6 sites that was established between 5 and 60 km. Repetitive NRTK and
LBRTK measurements were performed on 6 different days in 2015-2017-2018 and additionally 4 campaigns of repetitive static
measurements were carried out in this test network. The results of NRTK and LBRTK methods were examined and compared
with all relevant aspects by considering the results of the static measurements as real coordinates. The study results showed that
the LBRTK and NRTK methods yielded similar results at base lengths up to 40 km with the differences less than 3 cm
horizontally and 4 cm vertically.

1. Introduction

Nowadays, it is possible to get accurate and precision coordi-
nates anywhere in seconds thanks to GNSS technology [1, 2].
The RTK method, using the differential GNSS technique, is
based on network principle and serving quick and practical
measurements. Some methods to get accuracy and precision
are long base real-time kinematic (LBRTK), network real-
time kinematic (NRTK), and precise point positioning
real-time kinematic (PPP-RTK). With real-time satellite
orbit and clock corrections, several PPP services have been
developed so far and PPP-RTK is one of the services. In
PPP-RTK method, data of the single GNSS receiver are eval-
uated with different corrections like precise satellite orbits
and clocks, ionospheric delays, and satellite phase biases to
compute receiver’s position with cm accuracy. Solution of
ambiguity resolution quickly and effectively has a big impor-
tance for the PPP-RTK technique and several methods have
been developed for the solution. Long solution time of ambi-

guity resolution is a problem for the use of PPP-RTK tech-
nique in instant applications requiring high accuracy [3–5].

On the other hand, with long base real-time kinematic
(LBRTK) and network real-time kinematic (NRTK), which
is the main subject of this study, the base length of 3-5 km
could be expanded to 100 km with short measurement time
[6–8]. Real-time LBRTK transmission is made with a rover
receiver, and all corrections are computed from one station.
NRTK communicates real-time with the control centre of a
fixed station network and corrects real-time transmissions
with a rover receiver, which is done with computing solu-
tions, such as the VRS (virtual reference stations), MAC
(Master Auxiliary Concept), PRS (pseudo reference stations),
and FKP (Flächenkorrekturparameter) [9].

For short distances (∼10 km, depending on the iono-
spheric conditions), up to 10 kilometres, a common practice
is to neglect the ionospheric effect. For this reason, the reduc-
tion in differential ionospheric effects is one of the most
important stages in ambiguity resolution (AR) improvement
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and, therefore, for accurate medium and long base kinematic
positioning [10, 11]. On GNSS networks, most of the model-
ling algorithms in distance-dependent ionospheric errors are
accepted as these errors might be interpolated linearly; in
other words, their spatial wavelengths are larger than the net-
work station separation [12].

AR is another important criterion in network RTK solu-
tion time. For longer distances, differential ionospheric
residuals become larger and might hamper the AR process
(or, sometimes, make it impossible).

The objective of this study is comparing the coordinates
obtained from LBRTK, NRTK, and long-term static GNSS
measurements. The LBRTK measurements were made
depending on the AFKU station that was established at
Afyon Kocatepe University. The NRTK measurements were
made with respect to the CORS-TR network.

2. Materials and Methods

2.1. Real-Time Kinematic. The kinematic measurement
method is divided into two groups: the traditional RTK
(real-time kinematic) and the NRTK (network RTK). The
traditional RTK consists of two components, i.e., the base
and rover stations. The corrections that are obtained from
the base station are sent to the rover stations with the help
of radio modems. The biggest problem of this system is that
the RTK corrections limit the transfer distances within 5-
10 km because of the limited power of their radio modems.
For the purpose of eliminating the deficiencies of this system,
fixed GNSS stations that provide continuous data transfer
through GSM modems instead of radio modems are being
established. These networks are called CORS (Continuously
Operating Reference Station) or network RTK. Although
CORS stations are being used for the purpose of NRTK, it
is possible to use them for LBRTK. The basic purpose of
establishing NRTK GNSS networks (CORS) is to eliminate
the errors that differ depending on the distance (ionosphere,
troposphere, orbit, etc.) and to send the corrections to long
distances in real time. This system consists of 3 or more sta-
ble stations that make continuous observations [13, 14].
NRTK necessitates an ambiguity resolution “engine” to fix
integer ambiguities in static multiple reference receivers in
stations with known positions to form the network [9]. The
reference station separation is generally limited to less than
100 km for fast and accurate ambiguity resolution. When
the station count increases, corrections are attained [15].
Many correction computing solutions are currently available,
such as the VRS (virtual reference stations), MAC (Master
Auxiliary Concept), PRS (pseudo reference stations), and
FKP (Flächenkorrekturparameter) methods [14, 16, 17].
The VRS technique is currently the most popular and effi-
cient method of transmitting corrections through a data link
to the network users for RTK positioning.

The biggest disadvantage of network RTK is the installa-
tion cost of the system with its components because there is a
need for 3 or more fixed stations in the system. The disadvan-
tages of these two systems have caused new approaches to
emerge. Long base RTK is one of these approaches. GSM
modems are used in long base RTK instead of radio modems

used in the traditional RTK Method. Thanks to GSM
modems, the distance base and rover stations reached
approximately 100 kilometres. Since the CORS system in
Turkey requires fees for usage, LBRTK can be considered
an economical and useful method. There are 100 LBRTK sta-
tions in Turkey and they are used for mapping activities and
deformation monitoring for free.

The comparisons of traditional, long base, and network
RTK are given in Table 1.

2.2. RTK Errors. GNSS positioning accuracy is dependent on
5 factors:

(i) Ionospheric errors

(ii) Tropospheric errors

(iii) Signal obstructions and multipath

(iv) Geometric configuration of satellites

(v) Other errors

2.2.1. Ionospheric Errors. GNSS signal propagation depends
on the state of the ionosphere as intensive irregularities
and/or gradients of the electron density change the propagat-
ing wave parameters [11]. Ionospheric scintillation has a
great impact on radio propagation and electronic system per-
formance; thus, it is extensively studied currently. The influ-
ence of scintillation on global navigation satellite system
(GNSS) is particularly evident, making GNSS an effective
medium to study characteristics of scintillation. Ionospheric
scintillation varies greatly in relation with temporal and spa-
tial distribution [19].

Severe solar radio bursts (a type of ionospheric storm)
might disrupt GNSS communication at a significant level
because they are the source of radio noise. Ionospheric
storms are characterized by some “indices” that are measured
and published daily as Kp [20].

The Kp index is determined by calculating the changes
stemming from solar activities in the magnetic field of the
earth and ionospheric storms with 13 magnetism stations.
If the Kp index of an area is small, it is understood that
the magnetic state is stable. These index values are classified
as 0-9; if the value is below 2, magnetism is defined as very
stable; if the value is 3, magnetism is defined as unstable;
and if the value is 4 and above, magnetism is defined as
active or unstable. The disruption between the Kp index
and GNSS signals is proportional. However, with various
ionospheric models, these disruptions might be eliminated.
The stations that were included in the present study were
located in the middle latitudes (Afyon, Turkey), and it was
stated in various studies that the Kp index is lower in the
middle latitudes [11, 20, 21].

2.2.2. Tropospheric Errors. GNSS signals are affected while
passing throughout the troposphere. The troposphere causes
a delay in the GNSS signals with respect to the different
heights above sea level. Each of 1 cm error while defining
the tropospheric delay causes 3 cm error at the up coordinate
of the site. Most of the GNSS receivers have a tropospheric
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model which reduces the tropospheric impacts. In RTK mea-
surements, if possible, the base and rover stations are selected
at approximately the same heights in terms of reducing the
tropospheric impacts. In the literature, it has been stated that
the effect of the height difference is limited as below 300
metres at GNSS measurements [22]. The elevation difference
between the sites in the test network was less than 200 metres.

2.2.3. Signal Obstructions and Multipath. Signal obstructions
prevent perfect working GNSS antenna. They could limit the
number of visible satellites; also, some of them can increase
signal multipath. Metallic objects, lakes, and other reflecting
surfaces can cause signal reflection and affect travel time of
the signal. For phase measurements and RTK positioning,
multipath errors are about 1 to 5 cm. Locating the stations
in a clear environment with an open view of the sky could
help in reducing multipath. Additionally, a GNSS antenna
with a ground plane should be used to help minimize multi-
path in all sites.

2.2.4. The Geometric Configuration of the Satellites. Satellite
geometry is necessary for the correct measurements. The
general GNSS design was for unaided code observation and
was specific to global coverage with a minimum of 4 satellites
above 5° elevation 99.9% of the time for all GNSS. In 3-D
positioning, phase observations necessitate 4 observable sat-
ellites; therefore, short periods are detected in the case that
RTK measurements are not possible with one GNSS system.
A GNSS combination (GPS/GLONASS) increases the feasi-
bility of the RTK solution. In addition, a weak satellite config-
uration (satellite distribution in the view of the observer)
ends up in an increased dilution of the precision (DOP).
Sky blocks such as house walls and tree canopies prevent
GNSS observation.

The relations between σr and the associated standard
deviation of positioning (σ∗) is described with a scalar quan-
tity (DOP).

σ∗ = DOP · σr ð1Þ

This criterion has different notations such as horizontal
(H), vertical (V), and 3D positioning (P) DOP. The horizon-
tal and vertical components are collected under the title of
PDOP as the position error induced by satellite geometry.
When the PDOP values are between 1 and 2 (confidence
level), the positional measurements are considered adequate
enough to meet all needs [10, 23].

2.2.5. Other Factors. The satellite data for satellite clock off-
sets and orbits are given in a broadcast message that is taken
by the GNSS receivers. The satellite clock offsets have errors
(10 ns) [23, 24]. However, the effect of satellite clock errors
is equal to the rover, which is also the case for the reference
station. Finally, the errors are cancelled when network cor-
rections are used. For a single reference station that has a
baseline length “r,” a satellite orbit error “e0” at an R distance
to the satellites yields an error in the estimated position, ep, of
approximately: ep = e0

∗r/R, which might be derived from the
Taylor expansion. For broadcast orbits employed in RTK, it
may be accepted that the orbit error is 2m) [23, 24]. If the
distance between the reference and the rover is r = 50 − 100
km and R = 20 000 km, we have 5-10mm errors because of
satellite orbits. However, for network RTK with at least 3 ref-
erence stations and a linear geographical interpolation, the
impact is cancelled to the 1st order and the estimated posi-
tion (ep) is approximately:

ep ≈ e0 ∗
r
R

� �2 ð2Þ

For this, the following term is 0.1mm, and we assume
that this error source is equal to zero in the following
analysis [23].

2.3. Test Network and Measurements

2.3.1. Test Network. A GNSS network was established with
six sites for this study. The sites were established in positions
that were away from objects that could block the GNSS sig-
nals and, therefore, cause signal reflection (building, tree,
lake, etc.). The sites were between a distance of 5 and 60 km
according to the AFKU station, which is the LBRTK base sta-
tion (Figure 1). The NRTK measurements were made by
using the CORS-TR network VRS method.

2.3.2. Static Measurements and Analysis. To calculate the
coordinates of the sites in the test network, 5 campaign static
GNSS measurements were made in 2012-2018. Static survey
was employed in the Ashtech Z-Xtreme and Thales Z-Max
GPS receivers. The measurements were performed in two
days and 8-hour sessions, and the data were recorded with
30 second intervals. One of the most important factors that
affect the site position accuracy in RTK measurements is
the coordinate accuracy of the base station. Any coordinate
error on the base station can affect all sites that calculate
coordinates that depend on the base station. Sensitive

Table 1: Comparison of 3 RTK methods [18].

Traditional RTK Long base RTK Network RTK

Reduces startup costs to purchase an RTK system Low Low High

Quickly setup and start surveying Slow Fast Fast

License fee for UHF radios Yes No No

Fee for communications No Yes Yes

Distance to base 5-10 km 50-100 km 50-100 km

Distance-dependent errors High Investigated in this study Low
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coordinates are obtained by examining the temporal change
of a site with long-lasting GNSS observations. The sensitive
coordinates of the AFKU site, which is the LBRTK base sta-
tion, were obtained as a result of the evaluation of 3 years
of GNSS measurements (Figures 2–4). Blewit and Lavallée
[25] recommend that 2.5 years be adopted as a standard min-
imum data span for velocity solutions intended for tectonic
interpretation or reference frame production and that we be
sceptical of geophysical interpretations of velocities derived
using shorter data spans.

The data were processed by employing GAMIT strategies
version 10.5 [26]. The antenna phase centre was derived in
line with the height-dependent model. The accurate orbit
information (IGS-Final) in SP3 format needed for the
GAMIT process was downloaded from the Scripps Orbit
and Permanent Array Center (SOPAC) database [26]. The
earth rotation parameters (ERPs) came from USNO Bull. B
(United States Naval Observatory Bulletin B). In the analyses,
LC (L3), the ionosphere-independent linear combination of
the L1 and L2 carrier waves, was employed. The FES2004

OTL grid was employed to interpolate the OTL components
from a global grid [26–28]. The GAMITmodule can estimate
3-D coordinates, satellite orbits, atmospheric zenith delays,
and earth rotation parameters using carrier phase measure-
ments and pseudorange observations. GLOBK is used to
estimate the velocities in the network. During the estimation
of the six-parameter transformation, the generalized con-
straints were implemented; sixteen IGS network stations
used for the stabilization process necessitated the determina-
tion of the velocity vectors of the sites [29, 30]. The Cartesian
coordinates and the time series of the sites in the test network
were obtained at the end of the process (Table 2, Figure 3).

In Turkey, the ITRF96 datum and 2005.0 reference
epochs are used in mapping applications. For this reason,
Cartesian coordinate-3-D coordinate conversion was imple-
mented to obtain the ITRF96 datum and moved to the
2005.0 reference epoch.

2.4. Long Base RTK and Network RTK Measurements and
Analysis. For long base RTK, the measurements were made

38° 48′

30° 24′ 30° 48′ 31° 12′

AFKU
(base)

NRBY - 20 km

ORGA - 5 km

ATIK - 10 km

DGRM - 30 km

KRCV - 40 km

EBER - 60 km

EBER lake

Figure 1: The distribution of the stations in the region.

Figure 2: Static survey (ORGA-AFKU stations).
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relative to the AFKU station that was established by the
Department of Geomatics Engineering, Afyon Kocatepe Uni-
versity, in 2012. The Ashtech Proflex 800 GNSS receiver and
AERAT1675_120 SPKE geodetic antenna were employed at
the AFKU station.

The network RTK measurements were made relative to
the CORS-TR Network. CORS-TR has been operating since
2008. The CORS-TR stations were on low-rise and wide-
plane establishments or on the most appropriate locations
in the yards of state-owned plants to ensure 24/7 security
and technical assistance [31, 32].

The LBRTK and NRTK measurements were made with
STONEX s9. A typical RTK GNSS accuracy may be 8mm+
1 ppm horizontally and 15mm+ 1 ppm vertically [33].

The LBRTK and NRTK measurements were made on
3-4-23-24/11/2015, 20/11/2017, and 04/05/2018 days
(dd/mm/yyyy) at test network sites based on the CORS-TR
and AFKU.

To see the epoch repetition of the LBRTK and NRTK
measurements, 300 epoch measurements were collected at
each session at 1 second intervals. To be informed on the
daily repetitions of the two systems, the measurements from
2015 were made in 4 different days. The 3rd and 4th day
measurements were made after 20 days to examine the
impact of the changes in satellite configurations on the
dimensions in 2015. In addition, the measurements of the

4th day were carried out by postponing them 4 hours to
impact of the changes in satellite numbers. On the other
hand, to examine the annual repetition of the systems, the
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Figure 3: EBER and AFKU (LBRTK base station) time series.
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same measurements were repeated in November 2017 and
May 2018. All measurements were carried out after solution
of the AR. As mentioned above, one of the factors that
affects the RTK measurements is the PDOP values. The
PDOP values of all measurements are given in Table 3. In
the examinations, it was determined that the PDOP values
for measurements made on different days and hours were
smaller than 4, and there were no differences among them
(Table 3).

The Kp values determined in the measurement days in
2015-2017-2018 are shown in Figure 4. These values were
obtained between 08 : 00 and 18 : 00 for each site in the test
network [34]. It was observed that the Kp values ranged
between 2.3 and 5.3 in the first two measurements made in
2015 (3.11.2015-4.11.2015). It is possible to claim that there
is medium magnetism for the days on which the measure-
ments were made. When the other days on which the mea-
surements were made were examined, it was determined
that the Kp values were less than 2, indicating stable magne-
tism for each site in the test network.

To see the epoch repeatability of the LBRTK and NRTK
measurements, 300 epoch measurements were collected for
each measurement, and the differences in the averages of
these measurements were calculated. These differences were
visualized with the measurements at (ORGA-5 km) the near-
est and (EBER-60 km) the farthest to the AFKU reference
station (Figure 5). When the differences in the measure-
ments and the average values were examined, it was deter-
mined that there was a max of 1-2 cm horizontally and a
max of 3-4 cm vertically.

For the daily repetition of the measurements, the first day
of measurements for 2015 (3.11.2015) was utilized as the ref-

erence in both systems, and the differences between the other
days were calculated.

When the daily repetition of the systems was examined, it
was determined that there was a change of ±1.5 cm in the N
and E measurements. This repetition changed within a max
range of ±4 cm in the “Up” component (Figure 6).

To test the system accuracy, the coordinate differ-
ences between LBRTK and NRTK were calculated, and
the coordinates were obtained in the static measurements
(Figure 7).

3. Results and Discussion

In the present study, a test network with 6 sites was estab-
lished to see the differences between LBRTK and NRTK.
The LBRTK and NRTKmeasurements were made in this test
network in 2015 (4 days), 2017, and 2018.

The data of 300 epochs (each) were collected with the
LBRTK and NRTK measurements separately at each test site.
When considered in general terms, the coordinates obtained
from 300 epoch measurements at the sites differed 1-2 cm
horizontally and 3-4 cm vertically (Figure 5). These results
indicate that both measurement systems momentarily chan-
ged 3-4 cm.

In order to see the daily repetition of LBRTK and NRTK
in 2015, the measurements were made in 4 different days.
On these measurement days, a medium-level magnetism
effect was observed on the first 2 days, and a low-level
magnetic effect was observed on day 3 and day 4
(Figure 4). In the LBRTK and NRTK measurements, day
1 was accepted as stable, and the differences between
days 2, 3, and 4 were calculated (Table 4). When these

Table 2: Cartesian coordinates and standard deviation of all sites.

Site Base length (km) X (m) Y (m) Z (m)
X sigma
(mm)

Y sigma (mm) Z sigma (mm)

AFKU Base 4286757.450 2528392.483 3977252.368 0.5 0.4 0.5

ORGA 3.9 4286937.868 2531586.207 3975043.029 2.3 1.5 2.2

ATIK 11.1 4284857.830 2538551.314 3973108.734 3.6 2.5 3.4

NRBY 17.4 4291786.359 2539642.365 3964830.511 3.0 2.0 2.7

DGRM 31.9 4284713.759 2556519.698 3961520.308 2.9 2.5 3.6

KRCV 39.2 4272677.637 2564233.529 3969680.650 2.8 1.8 2.6

EBER 59.1 4270979.940 2582503.905 3959481.466 2.3 1.5 2.2

Table 3: PDOP values.

Site 03.11.15 PDOP 04.11.15 PDOP 24.11.15 PDOP 25.11.15 PDOP 20.11.2017 PDOP 04.05.2018 PDOP

ORGA 1.7 1.5 1.4 1.5 2.3 2.1

ATIK 1.6 1.5 1.7 1.7 2.3 2.4

NRBY 1.7 1.3 1.6 1.2 2.0 2.4

DGRM 1.6 1.6 1.5 1.6 2.1 2.5

KRCV 1.8 1.9 1.5 1.5 2.0 2.2

EBER 1.4 1.4 1.6 1.7 2.3 2.5
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differences were examined, it was estimated that a ±2 cm
horizontal change and max of ±2 cm vertical change
were determined. Meanwhile, the differences were less
than 1 cm for the East component, and these differences
were approximately ±2 cm for the North component.

In order to see the annual repetition relation between
the LBRTK and NRTK systems, the average of the year
2015 was omitted from the measurements in the other years.
In addition, to observe the differences between the two sys-
tems, the differences in the annual coordinates were taken
(Table 4).

When Table 4 is examined, an approximately 2 cm change
is seen in the horizontal repetition of NRTK-LBRTK. In the
height component, a difference of approximately 3 cm is
observed in the area up to 50km. After 50km, the consistency

continued in NRTK, and 7-8 cm deviations were observed
in LBRTK.

When the annual coordinate differences between the
two systems were examined, the differences were obtained
as 2 cm horizontally and 3.5 cm vertically. After 50 km,
although no significant changes were observed in the hor-
izontal component, there was a deviation of 5 cm in the
vertical component.

With the static measurements that were made to test the
accuracy of the system, the coordinate differences between
LBRTK and NRTK were calculated.

As a result of the evaluations made based on Figure 7, it
was observed that the LBRTK-static and NRTK-static differ-
ences and the differences in the East coordinates at 5 km dis-
tance (ORGA), which is the nearest to the AFKU reference

ORGA (cm)

EBER (cm)

LBRTK
N
E
U

NRTK
N
E
U

Figure 5: Deviations of LBRTK and NRTK coordinates from the average value.
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station, were at a max of 2 cm in both systems. It was also
observed that the differences between the static measurements
of both systems at a distance of 10km (ATIK) were approxi-
mately 2.5 cm. At a distance of 20km (NRBY), on the other

hand, the differences with respect to the static measurements
were a max of 1.5 cm. At the DGRM site, which was located
at a distance of 30km in the middle of the test network, the
differences with the static measurements were close to 2 cm.
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Figure 6: Daily repeatability of LBRTK and NRTK.
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The LBRTK-static difference, which is estimated to
increase when moving away from the reference station, was
observed to be below 2 cm at 40 km (KRCV). The NRTK-

static difference progressed to just above 3 cm at the same
site. At the EBER site, which is the latest site of the test net-
work at 60 km, the LBRTK-static difference was observed at
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Figure 7: Differences between LBRTK, NRTK, and static measurements.
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4.5 cm, and the NRTK-Static difference was observed at 3 cm
(Figure 7).

When the differences in the North coordinates were exam-
ined, on the other hand, it was observed that although the
LBRTK-static difference was a max of 3.5 cm at ORGA
(5km), the NRTK-static difference was a max of 2 cm; at the
ATIK site (10 km), these differences were observed to be
3 cm and 2.5 cm, respectively. At the NRBY site (20 km), the
LBRTK-static measurement difference was a max of 2.5 cm,
and the NRTK-static difference was a max of 3.5. At the
DGRM site (30 km), although the LBRTK-static difference
was a max of 3.5 cm, the NRTK-static difference was 2 cm.

At the KRCV (40km) site, on the other hand, the LBRTK-
static difference was 1.5 cm, and the NRTK-static difference
was 2 cm. At the EBER (60 km) site, which was the latest site,
the LBRTK-static difference was observed to be 2.5 cm, and
the NRTK-static difference was observed to be 4.5 cm.

When the differences in the Up coordinates were exam-
ined in the test network in general, it was observed that the
differences for LBRTK-static and NRTK-static were 4 cm
and 5 cm at the ORGA site, 3.5 cm and 6.5 cm at the ATIK
site, and 4 cm and 7 cm at the NRBY site, respectively.

At the midpoint of the test network (DGRM), the differ-
ences were observed at 3.5 cm and 4 cm; at the KRCV site, the
differences were 5 cm and 2.5 cm. At the farthest site of the
test network (EBER), it was observed that the difference
was 6 cm.

4. Conclusions

In the present study, different from the other studies in the
literature, the purpose was to examine and compare the

LBRTK and NRTK methods in all relevant aspects. The
epoch repetition, daily repetition, annual repetition, iono-
spheric effects, and satellite geometry factors, which might
affect the LBRTK and NRTK methods, were examined in
detail and presented in graphics. The velocities of all stations
were calculated, and the sites were converted into the same
datum. In the literature, it has been stated that the effect of
the height difference is limited in GNSS measurements below
300 metres [22]. Because the elevation difference between the
sites in the test network was less than 200 metres and because
the area had a flat and smooth topography, the altitude
impact was ignored. However, it was also observed that there
were no abnormal changes in the LBRTK and NRTK mea-
surements that had different ionospheric values in the mid-
latitude zone.

When the results were examined, it was observed that the
LBRTK and NRTK methods yielded similar results at base
lengths up to 40 km. These results were limited to 3 cm verti-
cally and 2 cm horizontally. In bases that were longer than
40 km, the deviations started between the LBRTK and NRTK
methods, which are accepted as the reference (Figures 6 and
7). These results supported the results of other studies. These
deviations were observed at 3 cm horizontally and 5 cm verti-
cally on a 60-kilometre basis. It was estimated that these devi-
ations will move in proportion to the base length on longer
bases. It was stated that the accuracy of the CORS-TR system
with which the NRTK measurements were made was nearly
3 cm in the horizontal direction and 5 cm in the vertical
direction [35]. When this situation was considered, making
a measurement with LBRTK at a radius of 40 km with a
stable-working reference station as the centre will suffice for
many applications in which 3-D position data are required.

Table 4: Coordinate differences (cm).

Repeatability year

Annual coordinate differences between two methods

LBRTK-NRTK

LBRTK NRTK

N E U N E U N E U

ORGA

2015 0.0 0.0 0.0 0.0 0.0 0.0 -0.1 1.8 2.8

2017 0.4 -0.3 -2.6 0.5 1.1 0.0 -0.2 0.4 0.3

2018 -1.8 -0.3 -3.3 -1.4 1.2 2.4 -0.4 0.3 -2.9

ATIK

2015 0.0 0.0 0.0 0.0 0.0 0.0 0.2 1.7 3.1

2017 -0.1 -0.1 -1.3 0.5 0.7 1.3 -0.5 0.9 0.5

2018 -0.9 0.3 0.4 1.1 1.3 0.6 -1.9 0.6 2.9

NRBY

2015 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.7 3.3

2017 -0.2 -1.1 2.4 0.2 0.8 2.3 -0.5 -0.2 3.4

2018 0.1 0.1 -0.2 0.6 0.1 2.7 -0.5 1.8 0.5

DGRM

2015 0.0 0.0 0.0 0.0 0.0 0.0 1.1 2.5 1.1

2017 -1.0 -1.1 -1.7 1.6 1.1 -3.0 -1.5 0.3 2.4

2018 -1.3 -1.7 0.0 -0.1 0.1 -0.1 -0.1 0.6 1.2

KRCV

2015 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.3 2.3

2017 0.3 -0.5 1.0 0.9 -0.2 -0.2 -0.5 0.0 3.5

2018 1.0 -1.4 -0.1 2.3 -2.2 -0.3 -1.3 1.0 2.5

EBER

2015 0.0 0.0 0.0 0.0 0.0 0.0 0.6 -1.3 1.8

2017 -0.1 0.0 -8.5 1.8 0.2 -1.7 -1.4 -1.5 -4.9

2018 2.7 0.0 -7.7 1.6 1.1 -0.6 1.7 -2.4 -5.2

10 Journal of Sensors



It was determined that the LBRTK method was more eco-
nomical on bases that have an average of up to 40 kilometres
when the establishment, monitoring, maintenance, and
repair costs of the sites required for the NRTK method are
considered. Approximately 100 LBRTK systems are estab-
lished in Turkey. If these systems are regularly monitored,
it can be used as an effective surveying tool in 3D positioning
and mapping [36].
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