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 Real-Time Kinematic GPS/GNSS

— cm-level accuracy in real-time

— Kinematic positions of moving receiver (rover)

e Carrier-Phase Based Relative Positioning

— Transmit reference data to rover via wireless link
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 Performance Depends on Baseline Length

Reference Baseline Rover
Station * > Receiver
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GPS Tsunami

1,0(10 km Monitoring System

o ........ .............. . (Currently ~15 km off_shore)

http://www.tsunamigps.com




Strategy for
Long-Baseline RTK
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e Short-Baseline RTK
— Rapid initialization/re-initialization (OTF-AR)
— Efficient integer vector search algorithm

— lonosphere negligible in DD equations

e Medium/Long-Baseline Post-Processing

— Estimate WL/NL amb. by forming iono-free LC
— Sequential rounding of WL/NL ambiguities

— Slow convergence

— Larger noise due to LC in kinematic mode
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Coefficients Terms in DD Equation
LC
L1 A 1 1 A 0.6
L2 A, 1 Y A, 0.6
P1 1 1 -1 60
P2 1 1 -V 60
L3 Cl}\l CZ}\Z 1 0 Cl}\l CZ}‘Z 1.8 lono-
\ \ Free
MW Al A /):“IL /):“ZL 0 0 At A 42 LC
(L1+P1)/2 A /2 1/2 1 0 AJ/2 30 Alt.
lono-
(L2+P2)/2 A,/2 1/2 1 0 A/2 30 Free

A;=19cm, A,=24cm, A, =86cm, A =11cm, y=f?/f,%, C;= y/(y-1), C,=-1/(y-1)
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 No Linear Combination (LC)
— Use all original phase and code observables
— Not generate WL or NL LC
— Estimate ionosphere terms explicitly
— Suppress carrier-phase noises

* Directly Resolve L1 and L2 Ambiguities (N,, N,)
— Search integer vector under ILS condition

— Efficient process by LAMBDA/MLAMBDA with
shrinking space by linear transformation
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e Extended Kalman-Filter for Real-Time Est.
e Ephemeris
— IGU Predicted Orbit (Accuracy ~ 5 cm)

 Troposphere

— Estimate ZWD and gradient at ref and rover sites
with mapping function (NMF)

e Other Corrections
— Receiver/satellite antenna PCV: IGS05.ATX
— Earth tides: solid earth tide model by IERS
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e Search Type AR Strategy under ILS Condition

— All of ambiguities should be fixed at the same time

— Rising satellites often disturb ambiguity fixing

 Not All Ambiguities must be Fixed
— Trade-off between accuracy vs. fixing ratio

e Some Criteria to Determine Fixed or Float
— Variance of estimated ambiguity
— Duration of continuous valid data

— Satellite elevation angle
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Integer Constraint for
Fixed Ambiguities
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Filter Resolution ’
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RTK Float .
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Implementation

17



DTUIID v+ A 1
NINLID V.& T4V

EM:MMMNMWMW
Ire WE &m BB Feiv—d SqPo sl

® Open Source program @ +“mm“::.;(  Source Program Pack : ZNSSP itioni o
package for GNSS positioning |-

— Whole source codes are freely
available g

5. RTKLIB consists of a portable program
library and several application programs (AF's) utilizing the library. The features of RTELIE are:

Binary AT Package for Windows Tull Fackage with Source Programa

(26.7M8) i (35 ANE)
(17 AMB) x (26.5MB)
ppart information to get the |

Please refer the Tatest patchs.

(1) Supports stardard & o with:

o 1 and ( and (755 are supported but disabled in current versions)
— °
O (2) Supports various positioning modes with GNSS for both real-time and post-processing:

Single-point, DGPSDG

5, Kinematic, Static, Moving-baseline, Fixed, PPP-Kinematic * and PPP-Static *

(3) Supports many stan mats ar ol for GNSS:

— 5000+ downloads (2.3.0) m—————

messages)

ports several GN! ' prop fessages

- webiloo: LEAAT. LEASST and

e Portable library +

Serial, TCFYIP. NTRIP, local log file (record and playback) and FIF/HTTP {asutomatic downlosd)

s i APl for GNSS data provessing;

several APs S — st

tmosphere models, antenna models, earth tides models, geotd models, datum transformation, RINEX functions, sphemeris
and clock functions, precise ephements and clock functions, reeiver raw data functions, KTCM functions, solution functions,
Google Earth KML converter, SEAS functions, options functions, stream data input and cutpat functions, integer ambiguity
resolution, standard positioning, precise posiioning, post processing positi stream functions, RTK server

— ANSI C + socket/pthread ...
— Portable command-line APs
— GUI APs for Windows

recever e data log

¢ real-time PP, E|

RIP. Too rucive o

http://www.rtklib.corlrg




¥ Time Start (GPST) 2 ¥ Time End (GPST) 7 [ Interval [ Unit

|2010,r04,r01 i"os:oo:on j|2010m4,r01 2"23:59:59 :”30 L|s|24 H

RTKNAVI ver.2.4.0

[ 201070621 18:13:20.0 cest jl:l—-ﬁ—-lil:l 000 o| L

Lat/Lon/Height - || Rover Cbservation Data & =
[p:#dats¥gpsiog¥20 100621¥i01720. 100 -]

Seluton: ~ PPP o i i
Mavigation Messages Precise Ephemeris/Clodk E & E
N: 35°52'22.7400" D:¥data¥gpslog¥20100621%brdc 1720, 100 | J
E: 138°23'22.8348" ~| J
= m
H: 1003.2:72 m D:¥data¥gpslog¥20 10062 1¥igr 15891, LIJ
. E 0 ation Data |
- st S p: ¥data¥gpslog¥2010062D¥D2631?1" 100 ==l
||| # of Sat: 9 GDOP: 2. 8 Output File O O
[p:#dats¥gpsiog¥an 10062 1¥aigo 1720.pos ~] J

(1) T+799.8s (3) T4+792. 1s (5) waiting...

Stark | | | Option.. | Exit | ! ?

Elot... | View... |To@“'lL... | Qpﬁons...l Execute | Exit |

File Edit View Help I
w2 2 fendTk | [aL ] T & = o e [Ewl &l X & — —
- i ¥4 RTKCONV ver2.4.0 F
ORI=45.95580017° -78.07136901° 200.998m
ST b Dm0, 1m0 1 E——
RMSwEL (L0 T4 He 0. 148m L 0, 191m 20 0,330 I_ Time Start (GPST) K I_ Time End (GPST) : I_ Interval
[z000/01/01 :I [00:00:00 :I [o0001/01 :I [00:00:00 :I 1 I=|s
g Log File
- ID:¥daiB¥gpslog¥20 100621¥bas_201006210.log
: iy Format INovAteI OEM4 +
RINEX OBS/MAV/GNAV/SBAS Log File —
v |D:¥data¥apslog¥20100621¥bas_201006210.0bs = J
iy | |D:¥data¥gpslog¥20100621¥bas_201006210.nav = J
a v |D:¥data¥apsiog¥20100621¥has_201006210.gnav =1
»
i I" |D:¥data¥apslog¥20100621¥bas_201006210.5bs [} J
H
¥ Plot... I Options... |
M I].Ounl

3]

RTKPLOT Plotting solutions RTKCONV: RINEX converter

1]2010/05/2100 00:00-06/21 23:5:30 GPST : N=2880 B=0. nmq 5t 23&3(131




Tests for
Performance Evaluation
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Conclusion and Future Work
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e A strategy for long-baseline RTK proposed
e Offline testin 30-1,100 km baselines
e Real-time testin 436 and 1,025 km baselines

 Proposed strategy works well up to 1,000 km
paseline

e Performance degraded in summer time

 Need integration of meteorological info to
improve troposphere correction

28



