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Abstract

It is well-known that even the DGNSS (Differential Global Navigation Satellite System) technique in
navigation for ground vehicles can only provide several meters of accuracy, such that it is suitable for simple
guidance. On the other hand, centimeter to millimeter level accuracy can be obtained by using carrier phase
observables in the field of precision geodesy/surveying. In this study, a preliminary study was conducted to
apply NRTK (Network-RTK) by NGII (National Geographic Information Institute) to ground vehicle navigation.
Onboard GNSS receivers were used for NRTK throughout the country, and the applicability of NRTK on
navigation was analyzed based on NRTK surveying results. The analysis shows that the overall ambiguity fixing
rate of NRTK is high and is therefore possible to apply it for navigation. In urban areas, however, the fixing rate
decreases sharply, therefore, it needs to employ a method to minimize the effect of the float solutions, which can
reach up to 10 meters. It is still feasible to obtain a centimeter level of accuracy in some area using NRTK under
certain conditions. But, the ambiguity fixing rate of FKP falls down to 55% for high speed vehicles, and so the
surveying accuracy should be determined by considering various factors of surveying environments. In addition,
it is difficult to fix ambiguities using single-frequency GPS receivers. Finally, several suspicious NRTK(FKP)
connection problems occurred during atmospheric disturbances (phase two or up), which should be investigated
further in upcoming research.
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where:

i,] : receivers;

1 : GNSS satellites;

Tz : frequency of GNSS signal, L1 or L2;

Aniize - wavelength of GNSS signal;

@?1 = — @f -+ @é . DD (Double-Differenced) carrier
phase observation,

pfff : DD geometric distance;

I ,-Ijl : DD ionospheric delay;

E@l : DD tropospheric delay;

Nz‘);{Ll\Lz : DD ambiguity, L1 or L2;

mi! e - DD multipath, LI or L2;

ki .
&ij.1lz2 - DD observation error, L1 or L2.
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Preliminary Analysis of Network-RTK for Navigation
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Table 1. Specification of surveying (VRS vs. FKP)

Components VRS FKP
GNSS model Trimble R6
Date 2013.07.26 —2013.08.05 (11 days)
Protocol RTCM 3.1
GNSS GPS+GLONASS
Address & port| vrs3.ngii.go.kr:2101 ‘ fkp.ngii.go.kr:2201
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Table 2. Accuracy of NRTK
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Table 3. Relationship between timeslot and

accuracy of NRTK
Measurement Daytime Nighttime
information
Ambiguity VRS 88.93 82.34
fixing rate
(%] FKP 77.53 75.07
Horizontal error [cm]
Mean 0.08 0.69
North
RMSE 5.17 4.23
Mean 0.31 -0.32
East
RMSE 5.35 3.42
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Table 4. Relationship between the number of tracked satellites and accuracy of NRTK

Urban area Open area
Ambieuity fixi e [%] VRS FKP Ambieuity fixi e [%] VRS FKP
mbiguity fixing rate mbiguity fixing rate
suityfixing ° 15.90 37.99 sultyfixing ° 87.89 77.26
Horizontal error [cm]
Mean RMSE Mean RMSE
North North
Fixed -1.13 8.56 Fixed 0.24 494
(Both) Mean RMSE (Both) Mean RMSE
East East
-0.61 16.25 0.15 4.89
Mean RMSE Mean RMSE
North North
Float 0.28 13.44 Float 0.006 3.13
(Both) Mean RMSE (Both) Mean RMSE
East East
2.37 26.46 0.18 3.46
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Table S. Accuracy of NRTK using single frequency

U-blox®, | Trimble®,
GNSS models EVK-6T R6
Ambiguity fixing rate [%] 8 94
References are R6 solutions
Mean | -0.057
North
EVK-6T RMSE | 0415
(Fixed) Mean | -0.065
East
Horizontal RMSE | 0.719 N/A
error [m] Mean | -0.004
North
(Float) Mean | -0.231
East
RMSE | 0.446
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