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ABSTRACT

Real-Time Kinematic (RTK) is a phase-based differential GNSS technique and uses additional observations from permanent

reference stations to mitigate or eliminate effects like atmospheric delays or satellite clocks and orbit errors. In particular, as

the position accuracy required in the fields of autonomous vehicles and drones is gradually increasing, the demand for RTK-

based precise navigation that can provide cm-level position is increasing. Recently, with the rapid growth of the open-source

software market, the use of open-source software for building navigation system of unmanned vehicles, which is difficult to

mount an expensive GNSS receivers, is gradually increasing. RTKLIB is an open-source software package that can perform

RTK positioning and is widely used for research and education purposes. However, since the performance and stability of

RTK algorithm of RTKLIB is inevitably inferior to that of commercial GNSS receivers, users need to verify whether RTKLIB can

satisfy the navigation performance requirements of unmanned vehicles. Therefore, in this paper, the performance evaluation

of the RTK positioning algorithm of RTKLIB was performed using GNSS observation data acquired in a dynamic environment.

Therefore, in this paper, the RTK positioning performance of RTKLIB was evaluated using GNSS observation data acquired in

a dynamic environment. Our results show that the current RTK algorithm of RTKLIB is not suitable for precise navigation of

unmanned vehicles.
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Table 1. GUIand CUI Aps including RTKLIB software package.

Function GUIAP CUIAP

AP launcher RTKLAUNCH -
Real-time positioning RTKNAVI RTKRCV
Communication server STRSVR STR2STR
Post-processing analysis RTKPOST RNX2RTKP
RINEX converter RTKCONV CONVBIN
Plot solutions and observation data RTKPLOT -
Downloader of GNSS data RTKGET -
NTRIP browser SRCTBLBROWS -
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2. RTKLIB SOFTWARE PACKAGE
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2.2 Ambiguity Resolution Strategy
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Fig. 1. Technology demonstrator development (top: Intelligent vehicles for
cooperation, middle: Docking/Undocking modular vehicle, bottom: Cross-
domain maritime platform).

Table 2. RTK positioning error statistics (fixed only) in GLONASS ICB auto-
calibration validation test.

Auto-calibration East North Up
RMS (m) 0.0126 0.0087 0.0247
Off Mean (m) 0.0099 0.0044 0.0142
95% (m) 0.0233 0.0176 0.0463
RMS (m) 0.0126 0.0087 0.0248
On Mean (m) 0.0099 0.0044 0.0142
95% (m) 0.0232 0.0176 0.0466

2.4 GLONASS Ambiguity Resolution Strategy
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3. TEST RESULTS
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Fig. 3. Dynamic test environment.

Table 3. RTKNAVI processing options for Test #1.

Option Method
Positioning mode Kinematic
GNSS constellation GPS, GLONASS
Frequencies GPSL1/1L2, GLONASS G1/G2
Elevation mask angle 10°
Satellite ephemeris & clock Broadcast ephemeris and clock
Tonosphere Off
Troposphere Off
Antenna phase center correction IGS14.atx
Ambiguity resolution (GPS/GLONASS) Continuous / Off
Threshold of LAMBDA ratio-test 3.0
Process noise of carrier-phase bias 1E-4

= ZAlof] RTCM BroadcasterE -850 2 HRA} 415

o 1o
l'LIlﬂl offt

718l RTCM BZHHE pAl7]o ST 24 RTK 59
)\3 5]_]:]_

RTK WHE Aol AHE-3 52 GNSS A58 #535}7] $5)
20213 8 4 3A|LE] oF 4527t 7] & Al ALl It s
el g9l Sl A Fig. 33k 22 Open-sky 27304 A&
]85 @ A S FysIAeh A BA] A2 20 km/he] &

3 RS wat o] EslHA 4 3170l A
9] GNSS ﬂi% F| 5511t LabSat3 Wideband 2|2 54
% 11 }51= S<F RTCM Message Loggers o]-&
2 913 (1742 100 m ol FEA 2
Hel Vlrtual Reference Station (VRS) Aol JRESE & 441
SFRTCM EAA HE ASCI 7+ e 2 A3gsieict 28], =
=g 237 AZEQo]2l Trimble Business CenterE: ©]-85}0]
A2 ol'F Aol ik Hgke A5 3, RTKLIBY RTK %9]
A wAlell BEIIT
Table 3 RTKNAVI 7|4k GNSS to]g] xja] A] 2g&=
processing option] AH-E A e|st AN, AP+ 2H A5
o] A& o] 9J5FS 7])X|&= parametert= LAMBDA ratio-test2]
threshold (R,,.,)?} carrier-phase bias®] process noise (Q,,.,)°]
t}. whaha], RTKNAVI 7]9F RTK A 29|12 485} 7]0] 9A]
A 9 51 B70lH AST GNSS B3 HlolE S 2eajo] oF
A AG%E & 709 parameter Zf 2ol wE n]x] A4 AR A
5 BT BAS SRSt MIT B ABS 9 B A8
H= glolel = 2021 79 209 5A] S0EELE] oF 1A]7F 30859
AlEetn 25| A NovAtel FlexPak6 41715 E3) &
g GNSS 5325 Zgsi3lon, 7|&= BS tlolEe TR
EHOﬂ SEAPEYL Mg 71T (SOUL)°1W 275 GNSs ¢
Z dlolE & Z-8oI8lt £, 54 Aol 9] ARgAF T4 ]

https://doi.org/10.11003/JPNT.2021.10.4.243

Table 4. Ambiguity fix rate according to changing processing parameters
in static test.

Parameter value Ambiguity fix rate (%)
Case 1) 0,,,=10", R;;,.,=3.0 84.0
Case 2) 0,,,=107, R;;,.,=3.0 94.6
Case 3) 0,,,=10 R;,,.,=3.0 93.5
Case 4) 0,,,=10", R;,.,=3.0 735
Case5) 0, =107, Ry;,.,=2.0 90.1
Case 6) 0,,,=10", R,.,=4.0 79.4
Case 7) 0, =10, R;;,.,=5.0 76.5
Case 8) 0,,,,=10", R,,,,=6.0 74.1
Case9) 0,,,=10", R,,.,=2.0 98.5

Table 5. Ambiguity fix rate according to changing processing parameters
in dynamic test (2019/9/28).

Parameter value Ambiguity fix rate (%)
Case 1) 0,,,=10", R,,.,=3.0 94.4
Case 2) 0,,,=10", R;,.,=3.0 86.9
Case 3) 0,,,=107 Ry;,.,=3.0 37.9
Case 4) 0,,,=10", R,,.,=3.0 93.0
Case5) 0, =107, R;;,.,=2.0 99.0
Case 6) 0,,,=10", R,,.,=4.0 90.1
Case 7) 0,,=10", R,,.,=5.0 87.0
Case 8) 0,,,=10", R;,.,=6.0 86.6
Case 9) 0,,,=10", R,,.,=2.0 87.6

Table 6. Ambiguity fix rate according to changing processing parameters
in dynamic test (2021/8/4).

Parameter value Ambiguity fix rate (%)

Case 1) 0,,,=10", R,,.,=3.0 53.3

Case 2) 0,,,=10", R;,.,=3.0 73.8

Case 3) 0,,,=107 Ry;,.,=3.0 32,5

Case 4) 0,,,=10", R,,.,=3.0 28.4

Case5) 0,,,=10", Ry;,.,=2.0 69.8

Case 6) 0,,,=10", R;,.,=4.0 43.8

Case 7) 0, =10, R,,.,=5.0 395

Case 8) 0,,,=10", R;,.,=6.0 34.5

Case 9) 0,,,=107, R;,.,=2.0 86.8
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Fig. 4. Time series of RTK positioning errors in Test #1.
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Table 7. RTK positioning error statistics (fixed only) in Test #1.

RTK module East North Up
RMS (m) 0.0117 0.0085 0.0270
Mean (m) 0.0068 0.0024 0.0181
95% (m) 0.0225 0.0172 0.0500
RMS (m) 0.0094 0.0073 0.0227
NovAtel FlexPaké ~ Mean (m) 0.0034 0.0007 -0.0024
95% (m) 0.0209 0.0147 0.0460
RMS (m) 0.0113 0.0075 0.0229
Mean (m) 0.0087 0.0024 0.0125
95% (m) 0.0215 0.0154 0.0445

U-blox F9P

RTKLIB

Table8. RTKTTFF and ambiguity fix rate of Test #1.

RTK module TTFF(s)  Fixrate (%)
U-blox F9P 30 98.9
NovAtel FlexPak6 10 99.6
RTKLIB 203 79.3
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3.3 Effect of Ambiguity Resolution Strategy on the
RTK Positioning Accuracy
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Fig. 5. Time series of RTK positioning errors in Test #2.

Table 9. RTK positioning error statistics (fixed only) in Test #2.

Ambiguity resolution strategy East North Up

RMS (m) 0.0115  0.0073  0.0216

Instantaneous Mean (m)  0.0089  0.0032  0.0121
95% (m) 0.0224 0.0142 0.0399

RMS (m) 0.0117 0.0070 0.0200

Continuous Mean (m)  0.0094  0.0028  0.0100
95% (m) 0.0227 0.0146 0.0378

RMS (m) 0.0116 0.0075 0.0218

Fix-and-Hold Mean (m) 0.0090  0.0033  0.0121

95% (m) 0.0227  0.0150  0.0405
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.
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Fig.6. Time series of RTK positioning errors in Test #3.

Table 11. RTK positioning error statistics (fixed only) in Test #3.

Ambiguity resolution strategy East North Up

RMS (m) 0.0129 0.0069  0.0220

Instantaneous Mean (m) -0.0108 -0.0006 0.0154
95% (m) 0.0204 0.0133 0.0404

RMS (m) 0.0132 0.0068 0.0239

Continuous Mean (m) -0.0112  -0.0008 0.0171
95% (m) 0.0207 0.0140 0.0445

RMS (m) 0.0127 0.0067 0.0224

Fix-and-Hold Mean (m) -0.0106 -0.0007 0.0165

95% (m) 0.0202 0.0135  0.0409

Table 10. RTKTTFF and ambiguity fix rate of Test #2.
Ambiguity resolution strategy  TTFF(s)  Fixrate (%)

Instantaneous 38 75.9
Continuous 203 79.3
Fix-and-Hold 203 91.3
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Table 12. RTKTTFF and ambiguity fix rate of Test #3.
Ambiguity resolution strategy TTFF (s)  Fixrate (%)

Instantaneous 1 79.8
Continuous 1 84.0
Fix-and-Hold 1 97.4
East
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— ey
Eof
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Fig.7. Time series of RTK positioning errors in Test #4.
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Table 13. RTK positioning error statistics (RTK fixed only) in Test #4 (U-blox
raw data).

Solution type East North North
RMS (m) 0.1885 0.2150  0.1502
RTKfloat Mean(m) 0.1808  0.2134 -0.0618
95% (m) 0.3246 0.2522  0.4690

RMS (m) 0.1565 0.2071  0.0729
RTKfixed Mean(m) 0.1555 0.2063  -0.0544
95% (m) 0.1742 0.2281  0.1139
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