IGS Workshop 2010

Real-time PPP

with RTKLIB and IGS real-time
satellite orbit and clock

& Tokyo University of Marine Science and Technology
Tomoji TAKASU



Qutline

e Introduction of RTKLIB
e RTKLIB 2.4.0
e PPP implementation in RTKLIB 2.4.0

e Test results of real-time PPP with IGS RT
orbits/clocks




Introduction of RTKLIB
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http://gpspp.sakura.ne.jp/rtklib/rtklib.htm
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ieatu res

e Standard and precise positioning algorithms with:
— GPS, GLONASS, SBAS (and Galileo, QZSS)

e Various positioning modes:
— Single, SBAS, DGPS, RTK, Static, Moving-base and PPP

e Supports many formats/protocols and receivers:

— RINEX 2.1, RTCM v2/v3, NTRIP 1.0, NMEA183, SP3, RINEX
CLK, ANTEX ...

— NovAtel, Hemisphere, u-blox, SkyTraq ...

e External communication via:
— Serial, TCP/IP, NTRIP and file streams



RTKLIB APs on Windows

RTKNAVI ver.2.4.0
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RTK Example by RTKNAVI

& Google Earth
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Low-Cost RTK Receiver with RTKLIB

 Implementation
— CPU: Beagle Board
— u-blox LEA-4T
— Ubuntu 9.04

— Wi-Fi, Bluetooth or
HSDPA

e RTKRCV in RTKLIB
 GPS single-freq
* S400 w/o option




RTKLIB 2.4.0

* Almost finished but still in work for tests
e Release in July or August

* New Features:
— Real-time and Post-processing PPP
— Supports long-baseline RTK up to 1,000 km

— Supports additional formats and models: RINEX
clock ext., ANTEX, earth tides, satellite antenna
PCV, phase windup ...

— Real-time plot by RTKPLOT



PPP Features in RTKLIB 2.4.0

 Kalman-Filter based parameter estimator
— PPP-Kinematic or PPP-Static mode
 Atmosphere corrections:
— Only L3-LC with dual-freq for lonosphere
— ZTD estimation with NMF for troposphere
e Sold earth tides by IERS 2003 (subset)
e Satellite and receiver antenna phase center models
— ANTEX (IGSO05.ATX) or NGS
 Antenna rotation effect for phase



Satellite Orbits and Clocks for PPP

* Post Processing:
— SP3 for orbits and clocks
— RINEX Clock extension for clocks (CODE-5s OK)

e Real-time:

— Broadcast + RTCM v3 SSR draft (MT 1057, 1058,
1060, 1062, 1063, 1064, 1066, 1068)

— Broadcast + SBAS long-term/fast corrections
— QZSS LEX MT 10, 11 (in v.2.4.x)
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2010/06/21 05:12:54.0 GPST

Lat/Lon/Height

Solution: PPP
N: 35°52'22.7348"
E: 138° 23'22.8030" w

Solution After Convergence for
RMSError | 15min | 30min | 60min

E-W 26.5cm 15.4 cm 10.6 cm
N-S 15.4 cm 8.9cm 7.5cm
U-D 35.2cm 16.7 cm 12.1 cm

2010/06/21, every 1H x 1Hz, 24 cases, NovAtel OEMV-3G
WWW.igs-ip.net:2101/CLK11 by BKG RTNet, GPS only
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Example of Orbit/Clock Correction

___
¥ RTK Monitor L i
RTcMssh B Close |
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1 - 1 77 aQ 0 2010/06/2103:34:55 0.452 1.364 -1.107 -0.003 0.112 -0.324 0.389 0.000 0.80000 0:QO0 1.50 0.97 0.00 0.00 0.00 161 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 oK |1 3 aQ 0 2010/06/2105:58:25 0.572 0.011 0.691 0.224 -0.060 -0.020 -0.345 0.000 0.80000 0.000 2.38 2.48 0.00 0.00 0.00 4.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3 oK |1 62 0 0 2010/06/2105:58:25 ' 1.101 1.546 -0.369 0.108 -0.136 -0.232 -2.172 0.000 0.40000 0.000 -1.38 |0.00 0.00 0.00 -2.27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4 oK1 7 0 0 2010/06/2105:58:25 |1.217 -0.717 -0.125 -0.057 -0.236 -0.048 -0.312 0.000 0.80000 0.000 9,78 |0.00 0.00 0.00 -1.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5 oK |1 59 0 0 2010/06/2105:58:25 0.688 1202 -0.711 0.017 -0.048 0.036 -0.271 0.000 0.00000 0.000 . 0.38 0.00 0.00 0.00 0.63 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
] oK |1 66 0 0 2010/06/2105:58:25 | 1.682 -0.254 0.485 -0.004 -0.288 0.032 -1.030 0.000 0.00000 0.000 -1.26 |-1.20 0.08 0.00 0.00 -198 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7 oK |1 84 0 0 2010/06/2105:58:25 (0.753 -0.995 1.308 -0.089 -0.048 0.020 0.338 0.000 0.00000 0.000 0.89 0.57 0.00 Q0 0.00 0.94 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
k] oK |1 58 0 0 2010/06/2105:58:25 | 1.527 -0.181 0.162 -0.035 -0.268 0.168 0.666 0.000 0.00000 0.000 -1.82 -1.54 |0.00 0.00 Q.00 -2.54 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
9 oK |1 113 |0 0 2010/06/2105:58:25 1.610 -1.662 -1.085 -0.027 -0.368 0.048 -0.165 0.000 0.00000 0.000 -111 -1.01 |0.00 0.00 0.00 -1.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0 oK 1 16 0 0 2010/06/2105:58:25 ' 1.461 -0.697 0.324 0.037 -0.244 0.052 0.373 0.000 0.00000 0.000 -2.58 -1.91 |0.00 0.00 0.00 -3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1 |OK 1 98 0 0 2010/06/2105:58:25 |-0.486 -1.160 -0.304 0.058 -0.064 0.048 -0.026 0.000 0.00000 0.000 0.81 0.76 0.00 0.00 0.00 1.25 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12 0K 1 48 0 0 2010/06/2105:58:25 0.817 -1.664 -0.866 0.020 -0.028 -0.028 -0.173 0.000 0.00000 0.000 1.24 0.91 0.00 0.00 0.00 151 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
13 |OK 1 7 0 0 2010/06/2105:58:25 -0.261 -0.224 0.838 -0.051 -0.148 0.044 0.853 0.000 0.00000 0.000 1.00 0.65 0.00 0.00 0.00 1.08 0.00 0.8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
14 |OK 1 79 0 0 2010/06/2105:58:25 -0.424 1.0%6 1.156 -0.018 -0.108 -0.060 0.589 0.000 0.00000 0.000 -0.13 -0.03 |0.00 0.00 0.00 -0.06 |0.00 0.00 Q0 0.00 0.00 0.00 0.00 0.00 0.00 0.00
15 |OK 1 97 0 0 2010/06/2105:58:25 0.860 0.201 -0.4944 -0.016 -0.156 -0.032 -0.497 0.000 0.00000 0.000 0.77 0.34 0.00 0.00 0.00 0.56 0.00 0.00 0.00 Q.00 0.00 0.00 0.00 0.00 0.00 0.00
1B |OK 1 6 0 0 2010/06/2105:58:25 -0.351 0.318 0.344 0.007 -0.124 0.080 1.065 0.000 0.00000 0.000 -0.03 0.29 0.00 0.00 0.00 0.47 0.00 0.00 0.00 .00 0.00 0.00 0.00 0.00 0.00 0.00
17 |OK 1 57 0 0 2010/06/2105:58:25 0.884 -1.397 -0.870 -0.041 -0.060 -0.040 -1.138 0.000 0.00000 0.000 0.82 0.48 0.00 0.00 0.00 0.79 0.00 0.00 0.00 0.00 a 0.00 0.00 0.00 0.00 0.00
1183 0K 1 95 0 0 2010/06/2105:58:25 -0.440 0.729 -0.418 0.020 -0.168 -0.036 0.504 0.000 0.00000 0.000 0.34 0.54 0.00 0.00 0.00 0.89 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00
19 0K 1 44 0 0 2010/06/2105:58:25 0.631 -0.286 -0.343 0.047 -0.068 0.016 -0.010 0.000 0.00000 0.000 0.95 163 0.00 0.00 0.00 2.69 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
20 |OK 1 83 0 0 2010/06/2105:58:25 -0.514 -0.736 0.308 0.052 -0.076 -0.048 1.006 0.000 0.00000 0.000 -0.87 -0.34 |0.00 0.00 0.00 -0.56 0.00 0.00 0.00 0.00 0.00 0.00 0.54 0.00 0.00 0.00
21 |OK 1 86 0 0 2010/06/2105:58:25 -0.432 0.931 -0.785 0.163 -0.132 -0.028 0.699 0.000 0.00000 0.000 0.64 0.89 0.00 0.00 0.00 146 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.00 0.00 0.00
22 |OK 1 38 0 0 2010/06/2105:58:25 0.651 -0.935 -0.534 -0.059 -0.052 0.044 -0.421 0.000 0.00000 0.000 2.66 267 0.00 0.00 0.00 4.41 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
23 |OK 1 10 0 0 2010/06/2105:58:25 0.628 0.076 0.728 0.053 -0.052 0.028 -0.699 0.000 0.00000 0.000 3. % 3.37 0.00 0.00 0.00 E.ﬁ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.00
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3 oK 1 62 |0 |0 2010/06/2105:58:25 1.101 (154 -0.369 0.108 |-0.13 |0.232 -2.172 0.000 o)
0.00
4 oK 1 7 0 |0 2010/06/2105:58:25 1.217 |-0.717 -0.125 -0.057 |-0.236 |0.048 -0.312 0.000 0w
0.00
R4 |OK 1 35 0 0 2010/06/2105:58:25 -0.663 -1.160 0.604 -1.697 -1.516 1.520 -5.822 0.000 0.00000 0.000 .70 2.70 0.00 0.00 0.00 4.46 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
RS |OK 1 35 0 0 2010/06/2105:58:25 0.958 -7.309 2.477 1.419 -1.884 1772 -1.606 0.000 0.00000 0.000 -2.15 |-2.15 |0.00 0.00 0.00 -3.55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
RE |- 0 0 0 o - 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00000 0.000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
R7 K 1 3s n n 701“mﬁ]71 N&5:58:01% |-N.A20 n.NRA -N.780 -2.105 n178 -1.67h -1.72n9 n.onn n.nonnn  n.onn 7.5 7.75 n.nn n.nn n.on 11.99 n.0n n.on n.nn n.on n.nn n.nn n.nn n.nn n.on n.nn
R8 |OK 1 a5 ] 0 |2010/06/2105:58:25 |19.163 52,897 -178.931 23.514 |-61.080 |395.768 |7.609 0.000 0.00000 0.000 2.78 2.78 0.00 0.00 0.00 4.59 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
RS |- a ] ] o - 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00000 0.000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
R10 |OK |1 35 ] 0 2010/06/2105:58:25 |-1.808 5.383 0.230 -3.713 1.980 0.752 -0.750 0.000 0.00000 0.000 431 431 |0.00 0.00 0.00 -7.13 |0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
R11|OK |1 35 ] 0 2010/06/2105:34:10 |-1.153 -1.295 -0.830 2.972 2.824 0.052 -2.898 0.000 0.00000 0.000 -1.30 -1.30 |0.00 0.00 0.00 -2.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
R12 |- a ] ] o - 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00000 0.000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
R13 |OK 1 35 ] 0 2010/06/2105:58:25 |0.057 0.674 0.412 0.402 2.084 0.208 -2.530 0.000 0.00000 0.000 -1.13 -1.13 |0.00 0.00 0.00 -1.87 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
R14 |OK 1 a5 ] 0 2010/06/2105:58:25 |-100.879 110.807 118.127 603.863 |635.900 |-617.720 -70.912 |0.000 0.00000 0.000 -4,52 -4.52 |0.00 0.00 0.00 -7.47 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
R15|OK |1 35 ] 0 2010/06/2105:58:25 |-0.698 8.850 -3.767 -4,785 -2.392 0.224 -1.310 0.000 0.00000 0.000 -1.15 -1.15 |0.00 0.00 0.00 -1.90 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
R16 |- a ] ] o - 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00000 0.000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
R17 |OK 1 35 ] 0 2010/06/2105:58:25 | 1.847 -1.505 0.302 3.845 -0.988 -0.740 4.431 0.000 0.00000 0.000 3.25 3.25 0.00 0.00 0.00 5.38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
R18 |OK 1 a5 ] 0 2010/06/2105:58:25 35.198 -108.921 55.491 372,628 |164.192 |318.460 -14.460 0.000 0.00000 0.000 -221 -2.21 |0.00 0.00 0.00 -3.66 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
R19 |OK 1 a5 ] 0 2010/06/2105:58:25 |87.961 146.215 198,163 853.650 -889.904 |658.328 -24.131 0.000 0.00000 0.000 2.31 231 0.00 0.00 0.00 3.82 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
R20 |OK 1 35 0 0 2010/06/2105:58:25 |-0.314 -0.097 -1.069 1.028 -1.536 -1.820 12.06% 0.000 0.00000 0.000 -1.42 -1.42 |0.00 0.00 0.00 -2.35 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
R21|0K 1 a5 0 0 2010/06/2105:58:25 77.221 129.074 16.780 443.524 466.392 |-124.932 -41.029 0.000 0.00000 0.000 2.29 2.29 0.00 0.00 0.00 3.78 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
R22 0K 1 a5 aQ 0 2010/06/2105:58:25 131.049 57.730 -49.715 371.968 993.052 [354.955 10.084 0.000 0.00000 0.000 -0.20 0,20 |0.00 0.00 0.00 -0.34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
R23 |OK 1 35 aQ 0 2010/06/2105:58:25 | 1.465 1814 0.337 2.333 0.796 1.712 -0.121 0.000 0.00000 0.000 -2.12 -2.12 |0.00 0.00 0.00 -3.51 |0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
R24 |OK 1 95 0 0 2010/06/2105:58:25 ' 148.917 187.570 195106 1027.625 -794.572 |-249.736 29.572 0.000 0.00000 0.000 0.02 0.02 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 kv
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PPP-Kinematic with IGS RT-O/C
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Current Concerns about IGS-IP

e Minor bug (?) in implementation of RTCM SSR
formats

e Needs clear definitions for coordinates of orbit
corrections and polarity of delta-clocks to avoid user
confusion

e Lack of user algorithms for GLONASS broadcast
ephemeris

 Not good quality of GLONASS orbits and clocks
(outage or out-of-date corrections)
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To Do List for Future Versions

e Supports RINEX 3.0

e Supports NTRIP 2.0

e Supports SOC format

e Supports other receivers’ raw formats

e Supports download tool for online GNSS data
e Supports IONEX lonosphere corrections

e Supports INS/GNSS integration

e Supports RAIM
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Summary

e Introduction of RTKLIB
e PPP implementation in RTKLIB 2.4.0

e Preliminary test results of real-time PPP with
GS RT orbits/clocks

http://gpspp.sakura.ne.jp/rtklib/rtklib.htm
or

Search “RTKLIB” by Google
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