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ABSTRACT: In recent years, the continuously operating reference station – Turkey (CORS-TR) system has been widely 

used in engineering and cadastral work in Turkey due to ease of use, low cost, and national legislative requirements. In this 

study, long-term Network RTK (Real-time Kinematic) data were collected under 10°, 20°, 30° and 40° satellite views using 

a different approach from previous work. In order to evaluate the positioning performance of the system, the measurements 

were undertaken at different elevation angles (open, partially blocked and extremely blocked) and by considering three 

different correction techniques (FKP, VRS and MAC), and the results were evaluated in terms of repeatability. From the 

analysis of the data, it was understood that the performances of the three correction techniques were generally similar, and 

even in the case of a limited satellite view, the errors remained below 7 cm in all three techniques. However, when the 2D 

and 3D components were analyzed together, VRS technique showed better results than the other two techniques. 
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1. INTRODUCTION 

 

The global positioning system (GPS) provides 

precision at cm level when the position is determined by 

a relative method (Seeber, 2003). However, requiring at 

least two receivers, precise trajectory information, and 

software knowledge, the relative method is not efficient 

in performing positioning in terms of the time and effort 

(Gumus et al., 2012; Tusat and Ozyuksel, 2018). Today, 

developments in GPS/GNSS technology have enabled 

real-time determination of point locations. First, the 

classical RTK (Real Time Kinematic) method, which 

determines point positions in real time at cm level, was 

developed. However, in this method, the distance 

between the reference station and the user is limited to 

about 10 km to prevent atmospheric, orbit error, and 

system-related effects. Therefore, to overcome the 

limitations in the classical RTK method, a new idea was 

proposed to set up multiple fixed stations (Raquet, 1998). 

Since the 1990s, continuously operating reference 

stations (CORS) are used for the geodetic measurements 

requiring high accuracy and provide real-time location 

information at cm level based on GPS systems (Rizos, 

2002; Sunantyo, 2009; Aykut et al., 2015; Bülbül et al., 

2017; Bascifci et al., 2018). As a result of the 

implementation of this idea and the experiences acquired, 

fixed GNSS networks (RTK network) emerged. GNSS 

technology (Network-RTK) is now widely used to obtain 

instantaneous location data with high accuracy. In 

Turkey, as of May 2009, there are 146 stations the CORS-

TR (TUSAGA Active) network, four located in the 

Turkish Republic of Northern Cyprus. This system 

eliminated dependence on a single reference station and 

allowed the use of atmospheric modeling of a particular 

region by utilizing data from a large number of reference 

stations. 

CORS systems provided by the U.S. National 

Geodetic Survey (NGS) offer three-dimensional position 

information by evaluating GNSS data, such as carrier 

phase and pseudo-range observations 

(https://www.ngs.noaa.gov/CORS/). The CORS 

Networks consists of fully operational and continuously 

running stations, which are available to users who wish to 

correct parameters, such as ionosphere, troposphere and 

time (Öcalan & Tunalıoğlu, 2010). The following three 

methods are used to calculate the correction parameters 

in CORS systems: virtual reference station (VRS) 

(Wanninger, 2003), linear area corrections (Flächen- 

Korrektur-Parameter; FKP) (Wübbena & Bagge, 1998), 

and master auxiliary concept (MAC) (Brown et al., 2005). 

A few studies have investigated which correction method 

works better for the CORS-TR system. (Gumus et al., 

2012), Forty-nine different coordinates obtained from 

RTK, CORS-TR and IskiCors were corrected using FKP 

and MAC and the results were compared with the 

classical local method of total station measurements. The 

authors reported that the performance of the correction 

methods for the CORS-TR system was superior. (Bütün 

and Baybura, 2010), in another study, point coordinates 

from the CORS-TR stations and static measurement 

results were compared, and it was determined that the 

coordinate differences decreased as the measurement 

period increased. (Gumus et al., 2016), the contribution 

of the VRS, FKP and MAC to the height data was 

investigated and VRS was found to provide the most 

consistent results. (Pırtı, 2016), in a forest area, the 

performance of VRS and FKP techniques in the CORS-

TR system was compared with total station measurement 

and the sensitivity was calculated as 1-3 cm horizontal 

and 2-4 cm vertical. (Öğütcü et al., 2016), in an urban 

area, a few observations were undertaken under the same 

conditions to analyze the performance of the three 

different correction techniques, and it was concluded that 

there was no significant difference between them. 

(Yıldırım et al., 2013), in another study, the authors 

suggested that the CORS-TR system was suitable for 

obtaining tectonic movements. (Eren et al., 2009), the 

performance of the CORS system in three different 

networks with three different GNSS receivers was 

analyzed both in real time and in postprocess using FKP, 

VRS, PRS, and MAC correction techniques, and it was 

concluded that even in the case of increased base length, 

these correction techniques yielded successful results. 

There are different studies on the precise of CORS-

TR in the literature. However, to date, no researcher in the 

national or international arena has clearly explained the 

contribution of this system to determination of location in 

case of limited satellite vision through an assessment of 

long-term CORS measurements using these correction 

techniques and repeatability of the coordinates. This 

study adopted a different approach from the literature in 

that long term CORS-TR data was collected and 

evaluated based on positional performance, open, 

partially closed, closed, restricted of satellite visibility, 

and three different correction techniques.  

 

1.1 CORS-TR  

 

The CORS-TR Project, officially started on May 1, 

2006 with the support of TUBITAK, was carried out 

jointly by Istanbul Kültür University (IKU), General 

Directorate of Mapping (HGM), General Directorate of 

Land Registry and Cadastre (TKGM) and completed in 

December 2008 (Eren et al., 2009). The main purpose of 

this project was to establish CORS-TR stations that work 

continuously based on the principles of RTK, contribute 

weather forecasts, create an atmospheric model via 

Turkey (Musa et al., 2005), follow tectonic movements, 

determine crustal deformations, provide positions with 

the accuracy of mm level, contribute to earthquake 

prediction and early warning systems (Brownjohn et al., 

2004), and determine the conversion parameters between 

ED50 and ITRFxx datum (Kempe et al., 2006). 

The CORS-TR system consists of 146 stations 

located in Turkey and the Turkish Republic of Northern 

Cyprus (Yıldırım et al., 2013). The system has three 

control centers, two of which are in Ankara and one in 

Istanbul. The coordinates of the control centers are in the 

ITRF96 datum. The distribution of the CORS-TR stations 

is shown in Figure 1. When the stations were planned, the 

most optimal data were taken into consideration to 

observe the movements of the plate (Mekik et al., 2011; 

Uzel et al., 2011). These control centers send correction 

data to the user using FKP, MAC and VRS techniques 

https://www.ngs.noaa.gov/CORS/
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(Gumus et al., 2012).  

 

 
 

Figure.1 CORS-TR Stations (Yıldırım et al., 2013) 

 

1.2 Network RTK correction Techniques 

 

1.2.1 FKP 

 

The FKP technique, also known as the field 

correction parameter, is one of the first Network-RTK 

corrections developed by the German SAPOS group 

(Satellitenpositionierungsdienst der deutschen 

Landesvermessung) (Kahveci, 2009). The content of FKP 

corrections is linear ionospheric and geometric correction 

parameters around the reference station. These linear 

corrections refer to the changes in east-west and north-

south directions and are used for the exact calculation of 

the receiver's actual position by interpolation (Pırtı, 

2016). The FKP method creates a different FKP plane for 

each reference surface (Figure 2) (Kahveci, 2009). 

 
Figure 2: FKP Method for Four Reference Stations (Kim 

et al., 2017) 

 

1.2.2 VRS 

 

VRS is the most widely used augmentation technique 

worldwide. It provides accurate and precise services for 

static users. VRS can be used for all GNSS receivers 

using the RTCM message. VRS also has better 

performance than other correction techniques. However, 

corrections are only transmitted after the exact location of 

the mobile GNSS receiver has been determined (Park, B. 

et al., 2010). Therefore, if the mobile GNSS receiver has 

traveled a significant distance within the same campaign 

period, corrections will not be available for the new 

recipient location (Landau et al., 2003).  

 

 

 

1.2.3 MAC 

 

The MAC technique improves the VRS technique and 

eliminates the disadvantages of FKP, and thus obtains 

more accurate position information than the other two 

methods. MAC consists of one master and several 

subsidiary reference points. Each subsidiary reference 

point sends measurements to the main control center and 

an inter-station correction difference is used to estimate 

the required correction. This correction can also be 

divided into ionospheric and geometric corrections (Park, 

B. et al., 2010). 

 

2. TEST MEASUREMENTS AND 

METHODOLOGY 

 

The test was carried out at a selected point from 

Istanbul (Turkey) and the study area is shown in Figure 3. 

To assess the performance of correction methods of 

CORS-TR (Network-RTK), a GEOMAX ZENITH25 

GNSS receiver was used. And the coordinates of fixed 

point were determined as a result of precise static 

measurements (Figure 4). Test measurements were 

performed at the same point (28º.86382 E - 41º.06595 N) 

on different days. The data of different measurement 

techniques were collected on different days (between 

25.03.2017 and 04.04.2017 dates). In test, different 

elevation angles and three different correction techniques, 

namely FKP, MAC and VRS, were used in an open area 

with no obstacles.  For each combination, the 

observations were performed for 12 to 51 hours with an 

epoch interval of 1 second. In the test, the data were 

obtained as north and east coordinates and height, and the 

analysis of the collected data was conducted with the help 

of MATLAB software. 

 

Table 1: Duration of Test and Epochs Used 

 

Cut-Off 

Angle 

Correction 

Technique 
Duration 

Epoch 

Number 

Used  

Epoch 

Number 

10° 

FKP 36h 4m 4s 130494 109865 

MAC 44h15m46s 159346 103364 

VRS 51h29m24s 185364 123883 

20° 

FKP 11h52m41s 42761 42395 

MAC 11h54m45s 42885 42321 

VRS 20h17m48s 73068 68583 

30° 

FKP 23h43m58s 85438 75535 

MAC 16h09m38s 58178 44418 

VRS 19h36m31s 70591 36644 

40° 

FKP 20h59m17s 75557 51940 

MAC - - - 

VRS 15h01m20s 54080 25447 
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Figure 3. Study area. 
 

 
 

Figure 4. A view from test measurement. 
 

3. RESULTS AND DISCUSSION 
 

Histograms of the differences show that the 

observations collected in the 11 different combinations 

given in Table 1 and the distribution of differences from 

the mean value of these observations. The histograms of 

the differences are given from Figure 5 to Figure 8. While 

the time series were obtained based on time, the analysis 

was performed as epoch-epoch. In the figures, blue, red 

and green represent the X, Y and h components, 

respectively. Although the time series collected at an 

elevation angle of 10° and 20° were partially 

discontinued, they appeared to be more consistent than 

the data collected at an elevation angle of 30° and 40°.  

When the histograms of the data collected in the open, 

partially closed and extremely closed environments of the 

satellite view were analyzed, it was seen that the errors in 

the X and Y direction were generally ± 2 cm, and those in 

the H direction were ± 5 cm. The MAC correction 

technique provided no data under the 40° satellite view. 

When the degree of the satellite view decreased, the 

differences in the time series became clearer. 

Furthermore, when the histograms data were analyzed 

under the 40° satellite view, the Gaussian error 

distribution was removed and the errors in the X, Y 

direction were ± 4 cm while those in the h component 

were ± 10 cm. 

 
 

Figure 5.  Histograms of differences in measurements of 

28-10 hour, using the FKP-MAC-VRS correction 

techniques (elevation cut-off angle: 10 degree). 

 

 
 

Figure 6.  Histograms of differences in measurements of 

12-19 hour, using the FKP-MAC-VRS correction 

techniques (elevation cut-off angle: 20 degree). 

 

 
 

Figure 7.  Histograms of differences in measurements of 

10-21 hour, using the FKP-MAC-VRS correction 

techniques (elevation cut-off angle: 30 degree). 

 

   
 

Figure 8.  Histograms of differences in measurements of 

7-14 hour, using the FKP-MAC-VRS correction 

techniques (elevation cut-off angle: 40 degree). 
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The exact coordinates of the point where the 

measurements were performed were determined using the 

Leica Geo Office program based on the CORS-TR 

network. The coordinates were accepted as exact value 

and the differences of the mean value of each observation 

from the exact value were taken. Table 2 presents the 

differences of the mean values of observations with 11 

different combinations. As can be seen from Table 2, the 

horizontal components are consistent at all levels of 

correction techniques and at a sub-cm level at all 

elevation cut-off angle. But in the elevation component, 

it is seen that as the elevation cut-off angle increases, the 

differences increase. 

 

Table 2. Differences of the mean values of 

observations with 11 different combinations from the 

exact value 

 

    Differences (cm) 

    X Y h 

10 

° 

FKP 0,0 0,6 -2,5 

MAC 0,3 0,8 -0,8 

VRS -0,6 0,2 -2,7 

20 

° 

FKP -0,3 0,8 -2,1 

MAC 0,8 0,9 -2,1 

VRS -0,5 0,2 -2,7 

30 

° 

FKP -0,2 0,6 -3,1 

MAC 0,9 0,8 -3,5 

VRS -0,4 0,2 -4,1 

40 

° 

FKP 0,6 1,2 -6,0 

MAC - - - 

VRS -0,6 0,0 -5,3 

Table 3 contains the results of the statistical analysis of 

the differences obtained from 11 different combinations. 

According to the results obtained from the environment 

where the satellite view was open, all three methods 

provided similar results concerning the standard 

deviations of position and height components. When the 

minimum and maximum values were analyzed, the VRS 

technique produced better results compared to the MAC 

method for the X and Y components, while MAC 

performed better for the height component (Kahveci, 

2009). The results related to the partially closed 

environment revealed that the standard deviation results 

of the X, Y and h components were similar to the values 

obtained under the 10° elevation angle for all three 

methods. Concerning the minimum and maximum 

values, MAC had better performance than the VRS 

method for the X, Y and h components. Lastly, when the 

satellite view was limited, the standard deviation 

performance of the X, Y and h components were similar 

for the three methods. However, according to the 

minimum and maximum values, the highest performance 

belonged to the VRS technique. As mentioned before, in 

cases where the satellite view is limited, MAC does not 

provide any data. 

 

Table 4 contains the percentage distribution of error 

amounts which the three components (X, Y, h) and 

positioning (P) parameters obtained from 11 different 

data sets. We can explain that the concept of error used in 

here. The error values (± σ) found for each element of the 

X, Y and h time series is the error found by subtracting 

each measure from the mean value of the corresponding 

time series. The error amount of the position parameter 

refers to the square root value of the sum of the squares 

of X and Y values.  

 

 

 

 

Table 3. Statistical Analysis of Data.  

 

Cut-

Off 

Angle 

Correction 

Technique 

Std. (cm) Min. (cm) Max. (cm) 

X Y h X Y h X Y h 

10 ° 

FKP 0,7 0,5 1,5 -2,9    -3,1   -6,6 3,3 2,4 13,9 

MAC 0,6 0,4 1,3 -2,2    -1,6   -5,2 2,3 2,1 5,5 

VRS 0,5 0,4 1,3 -2,0    -2,3 -6,2 2,2 1,9 9,3 

20 ° 

FKP 0,8 0,5 1,5 -3,8    -1,7 -6,7 2,9 2,1 8,2 

MAC 0,8 0,4 1,4 -2,9    -2,9 -2,1     -6,0 1,4 4,7 

VRS 0,5 0,4 1,4 -2,4    -1,9 -6,4 8,2 3,3 6,0 

30 ° 

FKP 0,6 0,4 1,7 -4,2    -2,9 -10,0 5,2 5,5 12,5 

MAC 1,0 0,5 1,7 -4,8    -3,5 -9,8 7,5 2,9 8,7 

VRS 0,5 0,5 1,7 -3,2    -2,8 -7,6 2,3 1,9 9,9 

40 ° 

FKP 9,5 8,2 14,1 -44,6   -44,3 -176,1 - 127,5 72,3 15,9 

MAC - - - - - - - - - 

VRS 0,9 0,7 2,8 -48,8 -4,0 -13,9 5,5 56,3 12,6 
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In Table 4, the error amounts for each time series (X, 

Y, P, h) were expressed in the percentage and the 

comparison was intended to be simplified. The 

expression “100” indicates that all error values remain 

within the range of the given error. This analysis includes 

that the inspection up to 7 cm of errors in accordance with 

applicable regulations in Turkey.  

Using different correction techniques under the 10o 

satellite view, the X, Y and P components were below 4 

cm, whereas the “h” component reached 5 cm for MAC, 

6 cm for VRS, and 7 cm for FKP. It was observed that 

90% of the X, Y and P component results obtained using 

the VRS technique were between 0 and 1 cm. 

Furthermore, for the height measurement, VRS provided 

the most accurate results.  

The results obtained from the 20o satellite view 

showed that the Y component was below 3 cm for all 

three corrective techniques, the X component was below 

3 cm for MAC and VRS and below 4 cm for FKP. Similar 

to the 10o, the height component was below 5 cm for 

MAC, and below 6 and 7 cm for VRS and FKP, 

respectively. It is suggested that the VRS technique is 

more efficient in measuring X, Y and P, whereas all three 

techniques have similar performance for height 

measurements.  

 

 

Table 4. Error distribution of differences in percentages. 

 

Diff. 

(cm) 
Data 

10 ° 20 ° 30 ° 40 ° 

 FKP  MAC  VRS  FKP  MAC  VRS  FKP  MAC  VRS  FKP  MAC  VRS 

0-1 

X 89,2 92,9 96,9 85,7 79,8 95,3 93,9 70,8 93,6 51,1 - 78,2 

Y 95,5 97,1 97,8 96,7 97,5 98,2 97,5 93,4 93,7 55,0 - 92,0 

P 82,6 87,3 92,2 79,7 73,3 90,7 88,7 60,7 84,1 23,7 - 66,6 

h 53,7 58,3 59,6 54,3 55,6 53,5 44,2 47,9 46,9 17,7 - 39,0 

< 2 

X 98,8 99,9 100,0 97,3 99,5 99,9 99,3 97,2 99,9 87,7 - 98,8 

Y 99,9 100,0 100,0 100,0 100,0 100,0 99,7 99,7 99,9 96,3      - 100,0 

P 98,1 99,7 99,9 96,5 99,3 99,8 98,8 95,9 99,4 68,9 - 98,4 

h 85,3 89,1 88,7 83,0 87,1 84,6 75,7 78,5 76,9 43,9 - 63,0 

< 3 

X 100,0 100,0 100,0 99,8 100,0 100,0 99,8 99,5 100,0 97,5 - 99,8 

Y 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 98,2 - 100,0 

P 99,9 100,0 100,0 99,6 100,0 100,0 99,7 99,4 100,0 96,5 - 99,8 

h 95,7 97,7 97,1 94,8 96,7 95,9 91,8 92,5 91,7 63,4 - 79,6 

< 4 

X 100,0 100,0 100,0 100,0 100,0 100,0 100,0 99,7 100,0 98,2 - 100,0 

Y 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 98,4 - 100,0 

P 100,0 100,0 100,0 100,0 100,0 100,0 99,9 99,6 100,0 98,0 - 100,0 

h 98,3 99,6 99,2 98,9 99,4 99,2 97,7 97,7 97,7 76,8 - 87,3 

< 5 

X 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 99,8 98,3 - 100,0 

Y 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 98,4 - 100,0 

P 100,0 100,0 100,0 100,0 100,0 100,0 100,0 99,8 100,0 98,3 - 100,0 

h 99,4 100,0 99,7 99,8 100,0 99,9 99,3 99,2 99,3 84,5 - 90,8 

< 6 

X 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 98,4 - 100,0 

Y 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 98,4 - 100,0 

P 100,0 100,0 100,0 100,0 100,0 100,0 100,0 99,9 100,0 98,4 - 100,0 

h 99,8 100,0 99,9 100,0 100,0 100,0 99,8 99,6 99,8 87,9 - 92,5 

< 7 

X 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 98,4 - 100,0 

Y 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 98,4 - 100,0 

P 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 98,4 - 100,0 

h 99,9 100,0 100,0 100,0 100,0 100,0 99,9 99,8 100,0 89,3 - 93,2 
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Under the 30o satellite view, the results obtained 

using the VRS technique showed that the X, Y, P and h 

components were all below 4 cm whereas the FKP and 

MAC technique revealed that the position components 

were close to 6 cm and the height component reached 7 

cm. The FKP technique despite its performance where 

satellite view was clear (10o satellite view) or partially 

blocked (20o satellite view), appeared to be more 

effective than the other two techniques. As mentioned 

earlier in this paper, under the 40o satellite view, no data 

was obtained from the MAC technique. In the same view, 

it was observed that VRS was superior to the FKP 

technique. 

 
Figure 9. Error Distribution of the Horizontal Position Coordinates. 

 

Figure 9 shows the distribution of the positioning 

analysis errors obtained from four different satellite 

angles using three different correction techniques. The 

colors in this figure represent the error distribution 

according to the order in Table 4. As a result of the 

evaluations based on all satellite views and correction 

techniques, approximately 85% of the measurements 

were within 0 to 1 cm and approximately 12% were 

within 1 to 2 cm. 
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Table 5 shows that the percentage distribution of the 

errors reached 7 cm. When the data obtained by the FKP, 

MAC and VRS correction techniques under the 10° 

satellite view were analyzed, it was determined that the 

VRS technique gave better results than the FKP for X and 

Y and MAC for X, Y, and h analyses. Among the three 

correction techniques, FKP provided the worst results. 

For the 20° satellite view, the errors in the X and Y 

analyses were smaller than 4 cm and those in the X, Y and 

h analyses were less than 5 cm when the MAC technique 

was applied. However, when the percentage of errors 

were analyzed, it was seen that the technique with the best 

result was VRS, whereas MAC performed the worst. For 

the 30° satellite view, the FKP technique was partially 

better or similar compared to VRS. Similar to 20°, MAC 

gave the worst results in all three methods. In the analyses 

of 40° satellite view, VRS achieved better results than 

FKP for all components. The errors of VRS concerning 

the X, Y, and h components were less than 4 cm, and this 

method performed well even under very limited satellite 

view. In the analysis of the combination of the three 

position components, the FKP method showed poor 

performance. 

 

  Table 5: Cumulative Errors of 2D and 3D Analysis of Data Obtained from Test measurements.  

 

Diff. 

(cm) 
Data 

10 ° 20 ° 30 ° 40 ° 

FKP MAC VRS FKP MAC VRS FKP MAC VRS FKP MAC VRS 

  0-1 
X, Y 85,9 90,6 94,9 84,3 78,3 93,8 91,9 67,3 88,5 32,1 - 71,5 

X, Y, h 48,3 53,6 56,7 46,1 44,3 50,1 41,5 33,4 42,4 6,3 - 33,8 

< 2 
X, Y 98,7 99,9 100,0 93,8 99,5 99,9 99,0 97,1 99,8 86,0 - 98,8 

X, Y, h 84,8 89,0 88,6 50,1 86,8 84,5 75,2 76,7 76,7 40,9 - 62,7 

< 3 
X, Y 100,0 100,0 100,0 99,8 100,0 100,0 99,8 99,5 100,0 97,3 - 99,8 

X, Y, h 95,7 97,7 97,1 94,6 96,7 95,9 91,6 92,4 91,7 63,0 - 79,5 

< 4 
X, Y 100,0 100 100,0 100,0 100,0 100,0 99,9 99,7 100,0 98,1 - 100,0 

X, Y, h 98,3 99,6 99,2 98,9 99,4 99,2 97,6 97,6 97,7 76,7 - 87,3 

< 5 
X, Y 100,0 100,0 100,0 100,0 100,0 100 100,0 99,8 100 98,3 - 100,0 

X, Y, h 99,4 100,0 99,7 99,8 100,0 99,9 99,3 99,2 99,3 84,5 - 90,8 

< 6 
X, Y 100 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 98,4 - 100,0 

X, Y, h 99,8 100,0 99,9 100,0 100,0 100,0 
99,8 99,6 99,8 87,8 - 92,5 

< 7 
X, Y 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 98,4 - 100,0 

X, Y, h 99,9 100,0 100,0 100,0 100,0 100,0 99,9 99,8 100,0 89,3 - 93,2 

 

4. CONCLUSION 

 

In order to test the repeatability of the network of 

RTK measurements, at previously known fixed 

coordinates and different elevation cut-off angle, long-

term data were collected using three different correction 

techniques (FKP, MAC and VRS) with a one-second 

epoch interval. In this study, the repeatability of the 

horizontal and vertical coordinate from each combination 

was analyzed. When the standard deviation and 

minimum-maximum values were examined, three 

correction techniques had similar performance for 10° 

and 20° elevation cut-off angle, and after increasing the 

elevation cut-off angle, there was an increase in the 

standard deviation of the h component. In the analysis of 

X, Y, P and h components, it was seen that the 

performance of the three correction techniques was 

generally similar, but the VRS technique yielded slightly 

better results. However, when 2D and 3D coordinate 

components were analyzed together, it was clear that the 

VRS technique gave better results compared to the other 

two techniques. Furthermore, even in the case of limited  

 

 

 

satellite vision, errors in all three techniques remained 

below 7 cm. This 7 cm error value in the study, according 

to the relevant current regulations in Turkey (Large Scale 

Map and Map Information Production Regulation - 2018) 

is an appropriate result. In the current conditions, 

considering both time and cost, static CORS-TR 

measurements make a great contribution to the users in 

terms of the accuracy provided. 
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