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Overview of Long-Baseline RTK-GPS/GNSS
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Long-Baseline RTK
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GPS Tsunami Ocean Bottom Offshore/Marine

Monitoring System Crustal Mov.ement Construction
Observation

http://www.tsunamigps.com, http://www1.kaiho.mlit.go.jp, http://www.dpoperators.org
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* Real-time Kinematic GPS/GNSS
— cm-level Accuracy

— Real-time Positions of Moving Receivers (Rovers)

e Relative Positioning with Carrier-phase

— Transmit Reference Data to Rover via Wireless Link
— OTF (On-the-fly) Integer Ambiguity Resolution

Reference Data Link Rover
Station N Receiver
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RMS Error:

E: 0.2cm
N: 0.6cm
U:1.0cm
Fix Ratio:
99.9%

RMS Error:

E: 10.0cm
N:12.0cm
U: 30.2cm
Fix Ratio:
64.3%
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_ Long-Baseline RTK Real-time PPP

T 1 & D
' AW & T

Location 100 - 3,000 km from Ref Anywhere

Accuracy 2 - 10 cm RMS Horiz. 5-15 cm RMS Horiz.
Convergence Time 5-10 min 10 - 30 min
Reference Station Needed None

lonosphere Dual-Frequency Dual-Frequency
Integer Ambiguity ixed Float
: B <2 [
ol et it roadcast (< 200 km) Precise

Communication Link

Commercial Service

or Precise (IGU)
Point-To-Point

None

(IGS-RT or Commercial)

Broadcast (Satellite)
StarFire, SeaSTAR etc



Issues for Long-baseline RTK
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e Error Sources = Residuals of DD
— Satellite Ephemeris (BL=100 km- )
— lonosphere (BL=10 km- )
— Troposphere (BL=50 km-)
— Antenna PCV, Earth Tides, Phase Windup ...
— Multipath + Receiver Noise (= Short BL)

e Strategy of Ambiguity Resolution
— Slow Convergence of Float Ambiguity Estimation
— Must Keep Integer Nature of Ambiguities
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0.8 m

GPS Constellation RMS ERD Performance -- 01-May-09 through 28-July-09
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D.Boyd, GPS Constellation Status and Performance, CGSIC 49th, 2009 ﬁ R

Arg, = 0.8 m x 100 km/20,000 km =4 mm 100 km
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IGS Product Table

Rapid
(IGR)

Ultra-Rapid (IGU)

Broadcast

Orbit

Accuracy
Clock

Latency

Updates

Orbit
Sample

Interval
Clock

Observed
~2.5cm ~2.5cm ~3cm
~75ps RMS ~75ps RMS :{ifl’gs
20ps STD 25ps STD ~50ps STD
12-18 days 17-41 3-9 hours
hours
every at 17 UTC at 03, 09,
Thursday daily 15, 21 UTC
15min 15min 15min
Sat: 30s . .
Stn: Smin S5min 15min

(2009/8, http://igscb.jpl.nasa.gov/)

Predicted

~“5cm

~3ns RMS
~1.5ns STD

realtime

at 03, 09,
15, 21 UTC

15min

15min

~100cm

~5ns RMS
~2.5ns STD

realtime

daily

daily
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Porition Error RIAIC (m)
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SD ZTD 2009/7/1-7/7
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e Ambiguity Resolution for Long Baseline RTK

— Eliminate lonos with Integer Nature of Ambiguity

e Search Strategy for Short Baseline RTK

— Solve Statistically Optimal ILS Problem
— Efficient Strategy like LAMBDA

— Issue: No lonos Elimination
e WL/NL Strategy for Static Post Processing
— Fix WL by Rounding of MW LC Average

— Fix NL by Rounding lono-Free LC + WL
— Issue: Long Convergence, Reliability with Dual-Freq

"

14
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e RTKLIB v.2.3.0 (T. Takasu, 2009)

— EKF-based States Estimation
Rover Position, SD Vertical lonos Delay, ZTD
Residuals for Rover/Ref, SD Float Ambiguity L1/L2

— lonos: Random-Walk + Single Layer Model

— Tropos: A Priori Model + Random-Walk + NMF

— ILS Search by LAMBDA/MLAMBDA

— Partial Fixing with AR Elevation Mask

— Tight Constraint to Fixed Ambiguity (Fix and Hold)

15
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Full Fix
No Hold
(43.1%)

Partial Fix
No Hold
(86.2%)

Partial Fix
Fix and Hold
(96.8%)
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2006/4 v.0.0.0 First version for RTK+C prog. lecture
2007/1 v.1.0.0 Simple post processing AP
2008/7 v.2.1.0 Add APs, support medium-range

2009/1 v.2.2.0 Add real-time AP, support NTRIP,
start to distribute it as Open Source

2009/5 v.2.2.1 Support RTCM, NRTK, many receivers
2009/12 v.2.3.0 Support GLONASS, INS/GPS, ...
2010/3? v.2.3.1 ...

2010/5? V.2.4.0 Support Real-time PPP with IGS

18
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* New Features
— Support Precise Ephemeris for Real-time AP
— Support Stream Type of FTP Download
— Support Output Swap at day/hour boundary
— Improvement of Troposphere Model
— Full Positioning Options for RNX2RTKP

 Tuning for Long-Baseline RTK

19
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¥ RTKNAVI ver.2.3.1b ﬂ

Lat/Lon/Height Baselne __—N—
Solution: FIX [ ] / \
N: 35°52'22.7621"
E: 138°23227952" || )/ ®% sesm Ang é
H: 1003914 m || | j;'
A | D o590 P
= Tl v: 279.50 ™ —5— p: 0"

2009/12/22 14:00:01.0 EJ W —E—-E W O |

stark Stop

| (2) ntrip.gpsdata.co.jp/RRS_RTCM30 [

RTKNAVI: Real-time Positioning AP

11D
LID
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3023 50.6 99.8% 90.2%
0586 100.2 0.7 0.9 25 98.7% 4.0 2.7 9.3 78.1%
0562 1508 0.6 08 24 99.0% 3.7 2.2 6.6 83.6%
0241 2004 0.7 09 22 995% 34 34 15.0 85.2%
0601 2503 0.7 1.0 2.7 96.8% 3.2 2.1 6.5 79.1%
2110 0174 3000 0.7 10 28 98.7% 2.0 1.8 5.2 88.0%
0579 3519 09 0.9 2.8 993% 34 3.9 11.2 81.3%
0324 4006 1.0 09 29 96.7% 2.6 2.0 6.5 74.3%
0905 4506 3.2 54 212 648% 7.2 5.7 19.7 63.2%
0369 5004 10 09 33 987% 24 1.8 6.0 85.6%
0837 9956 3.1 1.9 85 914% 7.0 7.3 19.4 66.0%
SDE/SDN/SDU: Standard Dev E/N/U (cm), v.2.3.1b, Eph=IGS
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¥ G:¥longrtk¥igs¥2110_0586_20090101.pos =HEC] g] [!g G:¥longrtk¥igs¥2110_0586_20090701.pos oo 0
File Edit Wiew Help Help
i creecl m 2009/1/1-1/7 BL=100 km = 'm=4 2009/7/1-7/7 g
E-W (m) 11447 140, 140.08715048° 70.314m
0.1 AVE=0.002m STD=0.007m RM3=0.008m o1 AVE=4.038m STD=0.136m RMS5=0.141m
22 A s PSR SH ap  N Sl  rpla Sipteiee ooty 5 Awluiedigens Wiyt g
01 01
02 02
N-5 (m) AVE=0.004m STD=0.010m RMS5=0.010m N-5 (m) VE=-0.002m 5TD=0.053m RMS5=0.053m
01 . 5
01 ; i
02

UD m) AVE=0.031m STD=0.026m RM5=0.041m

0.2 02
01/01 0102 01/03 0104 01,05 01/06 01,07 07,01 07,02 07/03 0704 07/05 07,06 07/07
[1]2008/01/01 00:00:00-01/07 23:59:30 GPST ¢ N=20160 B=100, Zkm Q=1: 12892(395, 7%) |[1]2009,f07m1 00:00:00-07/07 23:59:30 GPST : N=20160 B=100.2km Q=1: 15754(78. 1%&)
¥ G:¥longrik¥igs¥2110_0174_20090101.pos = [ B ) ¥ G:¥longrik¥igs¥2110_0174_20090701.pos [E= )
File Edit View Help : ! Help
= =
[T 2 12 [postton ~] " [Ml=] H I @ = ; — le EMs] #E @ o ; 5
' o] ] e BL=300 km ['m P
E-W (m]) OFI= 36.10811447° 140. OFI[= 36.10511447° 140.08719045° 70.314m
0.1 AVE=0.006m STD=0.007m RM5=0.009m 01 AVE=0.010m 5TD=0.023m RMS5=0.025m
R A T A O s A T s e m A ety <10 o N o A o MMMN niife
01 01
02 02
N-5 (m) AVE=0.008m STD=0.011m FMS5=0.014m NS5 (m) AVE=0.007m 5TD=0.022m RMS5=0.023m

s

§ AVE=0.018m 5TD=0.076m RME=0.

02 02
01/01 01,02 01/03 01/04 01,05 01/06 01,07 07/01 07/02 07/03 07/04 07/05
[1]2003,/01,/01 00:00:00-01/07 23:53:30 GPST : N=20160 B=300.0km Q=1:13897(33.7%) [[1]12009/07/01 00:00:00-07/07 23:59:30 GPST : N=20160 B=300.0km Q=1:17740(38.0%)
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e Evaluation and Improvement

— Evaluation with Real-time Data

— Tuning of Parameters for Long-Baseline RTK

— Improvement of Troposphere Estimation
— More Effective Ambiguity Resolution Strategy

e Add Functionalities
— Support GLONASS, QZSS, Galileo...
— Support IGS RT-Orbit/Clock (NTRIP-RTCM)
— Support Multi-baseline RTK
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