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Abstract NGII (National Geographic Information Institute) has been providing VRS (Virtual Reference Station)
service so that could determine precise positioning in real time since 2007. However, since the VRS service has to
maintain the connected status with VRS server, the number of users who can use VRS service are limited by capacity
of VRS server. To solve this problem, NGII has been providing FKP (Virtual Reference Station) service using one way
telecommunication from November 1, 2012. Therefore, it is predicted that the usage of FKP service will increase in
public surveying and cadastral resurveying in the future. However, the studies with respect to analysis of FKP precision
for applying to public surveying and cadastral resurveying is not conducted enough. In this study, to analyse the
application possibility of FKP on the public surveying and cadastral resurveying, the two kind analysis were
performed. First is the analysis of accuracy according to the configuration of reference station of FKP and VRS.
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One is consisted of same reference stations, another is consisted of different reference stations. Second is the accuracy
anlalysis of horizontal and vertical positioning acquiring VRS and FKP data in various measurement environment
based on VRS regulation. Result of first study, Positioning accuracy according to the configuration of the reference
stations satisfies related regulation. However, accuracy of FKP in case of different reference stations is worse than in
case of same reference stations.. The result of second test shows that the horizontal precision of FKP and VRS in good
measurement environment satisfy the allowed precision. However, in some case, horizontal precision of FKP and VRS
in poor measurement environment exceed the allowed precision. In addition, the number of exceeding the allowed
precision in the FKP is more than the VRS. The vertical precision of the VRS satisfy related work provision. In
conclusion, the result of this study shows that the FKP only in open area should be used for public survey and cadastral
resurvey. Therefore the additional studies with respect to the improvement of FKP precision should be conducted.
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Figure 1. Configuration of Network-RTK stations in Korea
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Figure 2. Data aquisition environment

Table 1. Summary of data acquisition methods

Type of observed GNSS GPS and GLONASS
Cutoff angle 15 degrees
Data interval 1 second
Duration About 8 hours
Equipment FKP : Tﬂmble GeoXR,
VRS : Leica VIVA GS 15
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Table 2. Specification of GNSS Receivers

Product/Model

Leica/VIVA GS 15| Trimble/GeoXR

The number of]
channels

120

220

RTK
performance

Horizontal : 10mm |Horizontal : 10mm +

+ lppm

Ippm

Vertical : 20mm + | Vertical : 20mm +

Ippm

Ippm

A Reference

of VRS () Reference of FKP

¥ Point

(b) In case of the different configuration of reference stations.

Figure 3. Configuration of Network-RTK stations
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Table 3. The ratio of measurement satisfying the work
provision for public survey
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reference stations | reference stations
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f dat
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Compared the position residuals of VRS
with FKP in same configuration of
reference stations

Figure 4.

Table 4. Compared the position residual of VRS with
FKP in same configuration of reference

stations
FKP VRS
Direction| R f R f
ange © Std. ange © Std.
residual residual
North (m)| -0.032~0.019 | 0.007 |-0.028~0.018 | 0.006
Eeat (m) | -0.029~0.020 | 0.005 | -0.037~0.025 | 0.005
Up (m) |-0.056~0.083 | 0.018 | -0.045~0.076 | 0.018
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Table 5. Compared the position residual of VRS with
FKP in different configuration of reference

stations
FKP VRS
Direction Range of Std. Range of Std.
residual residual
North
((r)n) -0.098~0.052 | 0.018 |-0.031~0.023 | 0.007
Eeat
(m) -0.050~0.051 | 0.012 |-0.020~0.022 | 0.006
Up
(m) -0.147~0.192 | 0.054 |-0.052~0.057 | 0.016
[ Selection of Station ]
[ Definition of observation method ]
[ Data acquisition ]
[ Definition of reference data ]
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FKP based on Network-RTK regulations

Figure 6. Procedure of the study
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Table 6. The summary of observation points

Contents ucCp PCP CSCP
Measurement area Seoul |Hwa-Sung| Seoul
Measurement date |2013.08.13/2013.08.11{2013.11.05

The number of points 6 7 7
Table 7. Data acquisition methods
Cutoff angle 15 degrees

The number of satellites used .
. over 5 satellites
at the same time

PDOP below 3
Measurement duration 60 seconds
Measurement
. 1 second
interval
Allowed Horizontal : below S5cm,
precision Vertical : below 10cm

FKP-GNSS, FKP-GPS,

Type of network RTK survey VRS-GNSS. VRS-GPS

DOND

PAJU
A

el
"““--.._‘h}':w
Figure 7. Network configuration of reference station

for post-processing
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Table 8. Post-processing results of the reference

Table 9. Fixed time of ambiguity in UCPs (unit : seconds)

stations Point ID|FKP-GNSS|FKP-GPS| VRS-GNSS [VRS-GPS
Point ID| TM X (m) | Std. (m) [TM Y (m) | Std. (m) U0136 7 120 3 8
510 559421.827 | 0.017 |201833.628| 0.015 U0140 180 5 3 5
515 559443.626 | 0.019 |202072.733| 0.014 U0141 3 7 3 4
516 559335.314 | 0.029 |202081.586| 0.028 Uo0142 6 40 3 3
517 559259.530 | 0.017 |202061.166| 0.017 uo143 10 21 3 3
518 559223.907 | 0.016 |202071.848| 0.014 uo145 25 30 4 5
520 559113.855| 0.015 |202118.596| 0.019 Average 39 37 3 5
521 559034.909 | 0.010 |202164.575| 0.009
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Figure 8. Horizontal RMSE and the number of used
satellites in UCPs
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Figure 9. Horizontal RMSE and the number of used
satellites in PCPs
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Table 10. Fixed time of ambiguity in PCPs (unit : seconds)

Point ID | FKP-GNSS | FKP-GPS | VRS-GNSS| VRS-GPS
2-009 84 18 3 2
2-010 23 65 4 3
2-011 72 65 3 5
2-016 20 67 3 2
2-020 180 60 3 5
2-061 90 510 4 3
2-062 30 180 4 12
Average 71 138 3 5
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Figure 10. Horizontal RMSE and the number of used
satellites in CSCPs
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Figure 11. Observation environment

Table 11. Fixed time of ambiguity in CSCPs (unit :

seconds)
FKP- FKP- VRS- VRS-
Point ID
on GNSS GPS | GNSs | GPs
510 Non-fixed | Non-fixed 90 Non-fixed
ambiguity | ambiguity ambiguity
515 Nonjﬁx'ed Nonjﬁx.ed 4 30
ambiguity | ambiguity
516 30 | Nomfixed ) 30
ambiguity
517 60 90 6 43
Non-fi
518 420 on-fixed |, 40
ambiguity
520 Nonjﬁx'ed Nonjﬁx.ed 240 Nonjﬁx'ed
ambiguity | ambiguity ambiguity
521 72 55 6 6
Average 146 73 51 30
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Table 12. Horizontal accuracy analysis of Network-RTK

The type of FKP- FKP- VRS- VRS-
Network-RTK | GNSS | GPS | GNSS GPS
The numb.er of 20 20 20 20

total points
The number of
points satisfying| 14 9 16 13
the regulation
The percentage

f point:
OV PO ) 7006 | 4s% | 80% | 65%
satisfying the
regulation

Table 13. Vertical accuracy analsysis of Network-RTK

The type of FKP- | FKP- | VRS- | VRS-
Network-RTK | GNSS | GPS | GNSS | GPS
The number of 13 13 13 13

total points
The number of
points satisfying 10 9 12 10
the regulation

The percentage of
points satisfying | 77% 69% 92% 77%
the regulation
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