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e Carrier-Based Single Positioning with GNSS
— Sub-dm - cm-level accuracy by post processing
— Need precise orbit and clock
— Need dual-frequency for ionosphere elimination
— Long TTFF due to float ambiguity (> 30 min)

— Global coverage world-wide §Q Tel %
e Applications @
— Crustal deformation monitoring @

— GPS meteorology
— POD of LEO satellite eer ;“i

Receiver
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e Demand for RT PPP Application

— Users who can not find nearby reference station

— Out of coverage of Network-RTK service

— Marine AP or AP on vast ground

— Continuous monitoring of natural hazard like Tsunami

e Commercial RT PPP Services via Satellite Links
— NavCom : StarFire™
— Fuguro : OmniStar XP/HP+, SeaStar XP/G2

— VERIPOS : VERIPOS Ultra/Apex
— Need dedicated receiver and service charge
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e Lack of RT Precise Orbit and Clock

— Poor clock accuracy of IGU: ~ 3ns (~ 1 m)

— Proprietary messages by commercial RT PPP service

— Complicated RT processing to produce orbit and clock

— Need open and standard RT orbit and clock easily available

e Lack of Receiver or S/W Supporting RT PPP
— Most of PPP S/W only support post-processing

— Only few dedicated receivers support RT PPP with
commercial RT PPP service

— Need open and flexible S/W for RT PPP




Real-Time Precise Orbit
and Clock
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 Developed by IGS RTPP

— RTCM v.3 MT1057-1068 (SSR)

— Corrections to broadcast ephemeris
— Real-time NTRIP stream via Internet
— Interval: 10 s, Latency: 5-15s

— Currently free of charge

e Several ACs

— Orbit: fixed to IGU or estimated
— Clock: estimated with IGS real-time

tracking network
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NTRIP > EUREF & IG5 products > Orbits
Real-time Satellite Orbit and Clock Corrections toBroadcast
Ephemeris from IGS and EUREF Resources

EUREF's Real-fime Analysis project and the |GS Real-ime Pilot Project provide access to preciss GNSS
satellite orbits and clocks via NTRIP for test and evaluation.

1. Ephemeris Correctors in RTCM Version 3 Format

Precisa orbits and clocks can be derived fro o is. RTCM's "State Space
Representation’ (S8R) Working Group s in the process of i V3 b
such comactions in real-tima. The following messages ara proposed:

Proposed RTCM v3 Messages

1057 GPS orbit cormsctions to Broadcas! Ephemens.

1058 GPS eleck eomactions o Breaseast Ephamans

1058 GPS code biases

1060 Combined ortit and clock comations to GPS Broadcast Ephemors

1061 GPS Usor Range Accuty

1082 Highrate GPS clock corections to Broadoast Ephemers

1063 GLONASS orbit comectiors 1o Broadcast Ephemerts

1064 GLONASS clock comootions to Broadcast Ephemaris

1066 GLONASS code biases

1066 Combined orit and clock comotions to GLONASS Broadeast Ephemuris

1087 GLONASS User Range Accuracy

1088 FHigh-rate GLOKASE clock cormectiora to Broadoas| Eshemenatd
Orbit cormactions are provided in along-track, {rack and radial . Thesa are defined
in the Eanth-centered, Eanth-fixed refe: frame of the Clock ions are not

adjustad for tha 2nd-order relativistic effect. After applying corections, the satallite poaiion and elock ia refarmed
to the ‘ionaspharic frae’ phase canter of the antenna which is compatibla with the broadcast arbit refarance. The
oebit and clock comections do not include local effects (like Ocaan Loading or Salid Earth Tides) or atmaspheric
affacts (ionosphera andior troposphers). There is curmently no RTCM S5R message for ionospharic state

The af will be the next step in the schedule of the RTCM State

Space Represantation Working Group.

http://igs.bkg.bund.de |
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GPS Orbit Corrections
GPS Clock Corrections
GPS Code Biases
GPS Combined Orbit and Clock Corrections
GPS URA

High-Rate GPS Clock Corrections
GLONASS Orbit Corrections

N Wwbiwill

GLONASS Clock Corrections
GLONASS Code Biases
GLONASS Combined Orbit and Clock Corrections
GLONASS URA
High-Rate GLONASS Clock Corrections
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CLKOO, CLK10 *? 1059, 1060
BKG CLKO1, CLK11, GPS, 1059, 1060 - RTNet + BNS
CLK41-45 *1 GLO 1065,1066
CLK20 *1 GPS 1059, 1060 IGU
GSOC/DLR - RETICLE
CLKA1, CLKC1 *2 GPS 1059, 1060 IGU
CLK30, CLK31 *? GPS 1059, 1060 IGU COMBI+BNS
ESA/ESOC .
CLK50-53 *1 GPS 1059, 1060 IGU RETINA+BNS
TUW CLK61 *1 GPS 1059, 1060 IGU RTIGSMR+BNS
GFZ CLK70, CLK71 *1 GPS 1059, 1060 IGU Epos-RT+BNS
CLK80, CLK81 ™1 magicGNSS+
GMV GMVAPC, GMVCOM 3 GPS 1059, 1060 IGU TG
Geo++ FTEbASL, ElP5), | MBI, Dynamic GNSMART

RTCMSSR1060 *4 GLO 1060-1066
*1: products.igs-ip.net, *2: gnss.gsoc.dlr.de, *3: igs-ip.gmv.com, *4: wox.geopp.de



Real-Time PPP Client
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* Open Source Program
Package for GNSS Positioning

— Whole source codes are freely
available

— License: GPLv3
— >10,000 downloads (Total)

e Portable Library + Several APs
— ANSI C + socket/pthread ...

— Portable command-line APs
— GUI APs for Windows

@ RTKLI
IPA

a4 -

B &m BT wow-o Osnb0 sad
+ |8 hip:gpspp. sekura.ne jofrtklibrtklib.htm

Overview | Belese Notes | Support | Dogyents | Releenge

Download
Version Date Binary AP Package for Windows Full Package with Saurce Programs
(10.7MB) [23AMH)
2 [30.6MB)
121 [33.3MH)
Over 1 W
BT

ia)

(8)

(17]

®OTF

KLIR s an .
1 applic

ortable program library and

wsitioning models
SEAS [DGPS corre

ingle point positi

Ca ed and code-based relative positioning

esolution
nput
A input/output
1 data/navigation me

tpul

Protocol) library

JRTCM 23 and 3.

The GUl and con command line) APs of RTKLIB includes:

LAVT)
sas (RTKPOST, KNXZRTEF)
THSVR)

lution and ob:

s Motes for

RTK) service suppar upported reced

and dala messa, a and navigation

s Sy ey oo {055,
License

RTKLIR is distribute GPLVA liense )

http://www.rtklib.com

AN Open Source Program Package for RTK-GPS [ [ e i
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TKLIB Features

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

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

Supports many formats/protocols and receivers:

— RINEX 2.2, RINEX 3.0, RTCM v.2, RTCM v.3, NTRIP 1.0,
NMEAO183, SP3, RINEX CLK, ANTEX, NGS PCYV, ...

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

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

13
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 Released on August 8, 2010
* New Features:

— PPP-Kinematic or PPP-Static mode for both of real-time
and post-processing

— Long baseline RTK up to 1,000 km
— Supports RTCM v.3 MT1057-1068 (SSR) for real-time orbit

and clock corrections

— Supports RINEX 3.0 for multi-GNSS processing
— Ready to support new GNSS (QZSS, Galileo, ...)
— Real-time and remote visualization by RTKPLOT

14
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Kalman-Filter Based Parameter Estimator
— PPP-Kinematic or PPP-Static mode

Atmosphere Corrections:
— Only L3-LC with dual-frequency for lonosphere
— ZTD and gradient estimation with NMF

Sold Earth Tide Model by IERS 2003 (subset)

Satellite and Receiver Antenna PCV models
— ANTEX (IGSO5.ATX) or NGS

Antenna Wind-up Correction for Phase

15
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- 1 770 0 2010/06/2103:34:55 |0.492 1,364 -1.107  -0,003 0,112 -0.324 0,389 0,000 .
oK 1 3 0 0 2010/06/2105:58:25 |0.572 0.011 0.691 0.224 -0.060 -0.020  |-0.345  0.000 .
Ok |1 a2 |0 0 2010/06/2105:53:25 |1.101 1,545 -0.369 0.108 -0.136 -0.232 -2.172  |0.000 a.
oK |1 7 0 0 2010/06/2105:53:25 |1.217 0,717 0,125 -0,057 -0.236 -0.048 0,312 0.000 0.
- il — I I
MH oK |1 35 |0 |0 2010/06/2105:58:25 -0.663 |-1.1580 0.604 -1.697 -1.516 1.520 -5.322 0,000 0.00000 0.000 270 270 0,00 000 000 446 000 000 (000 (000 000 (0.00 O.00 000 0.00
RS |OK 1 35 |0 |0 2010/06/2105:58:25 0.958 -7.309 | 2.477 1.419 -1.88¢ (1772 -1.606 0,000 0.00000 0.000 -2,15 -215 0,00 ©0.00 ©0.00 -355 |0.00 Q00 (000 |00 (000 (0.00 O.00 (0.00 0.00
RE |- a a o 0 - 0.000 0,000 0.000 0.000 0.000 0.000 0.000 0.000 0.00000 0.000 0.00 ©0.00 000 000 ©000 000 000 000 000 (000 000 (0.00 O.00 000 (0.00
R7 |OK 1 35 |0 |0 2010/06/2105:58:05 -0.620 |0.086 -0.280 -2,105 0.128 -1676 | -0.209 |0.000 0.00000 0.000 725 725 0.00 000 000 (1199 000 000 (000 (000 (000 (0.00 O.00 (0.00 (0.00
R8 OK |1 a5 a 0 2010/06/2105:58:25 ' 19.163 52,897 |-178.931 23.514 -61.080 |395.768 7.609 0.000 0.00000 0.000 278 .78 0.00 0.00 0.00 4.58 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
RS - a a a a - 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
R10 OK |1 35 a 0 2010/062105:58:25 |-1.808 5.383 0.230 -3.713 1.980 0.752 -0.750 0.000 0.00000 0.000 431 |4.31 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
R11 OK |1 35 a 0 2010/06/2105:34:10 |-1.153 |-1.295 -0.830 2.872 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
R12 - o o o 0 - 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
R13 OK |1 35 o 0 | 2010/062105:58:25 |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
R14 0K |1 as o 0 |2010/06/21 05:58:25 |-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
R15 0K |1 35 o 0 |2010/06/21 05:58:25 |-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 -1.50 |0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
R16 - o o o 0 - 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
R17 OK |1 35 1] 0 2010/062105:58:25 ' 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
R13 OK |1 as 1] 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 -2.21 |-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
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R20 OK |1 35 0 0 2010/05/2105:58:25 -0.314 -0.097 -1.069 1.028 -1.536 -1.820 12,069 |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
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R22 OK |1 5 0 0 2010/05/2105:58:25 131049 57,780 |-49.715 371958 993.052 |854.956 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
R23|OK 1 35 |0 |0 2010/06/2105:58:25 1.465 1814 0.337 2333 0.796 1712 -0.121  |0.000 0.00000 0.000 -2,12 -212 0.00 000 @000 -351 000 Q00 (000 (000 (000 (0.00 O.00 (0.00 0.00
R24 OK |1 a5 a 0 2010/06/2105:58:25 148.917 187.570 |195.106 1027.625 -734.572 |-249.735 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
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Vi 00:00
0/1024 18:57:40.00 GPST ¢

X W
EW (m) ORI=35.872988936° 138, T96a5459- 1003.9071m ([ £ )
215m STD=0,0422m RMS=0.0474m
O T et ™,
13
NS (m) AVE=-0.0465m STD=0.0428m RMS=0.0633m -8 (m)
0 i PR -
1
U (m) AVE=0.0481m STD=0. 1144m RMS=0. 1241m || | U-D (m)

_ Ui ant AL, ke
0 W Nl i Ny

-1

06:00 12:00

[R]2010/10/24 18:57:3.00 GPST : E= 0.0562m N=-0,04%m U=-0.0296m Q= &:FFF

1500

00:00

Poston v —[o=6 x]it 4 T [@|e ¢ =

= [postton _=|=[q=6 =] = I @]+ ¢ «

06:00

ORI=35,372988986° 138, 339665455 1003.5071m
AVE=-0.0511m 5TD=0. 2387m RS =0.3030m

AVE=-0.0722m STD=0, 325 1m RMS=0,3340m

AVE=-0.3598m STD§0.5457m RMS=0.5536m

ORI=: 35 871933986" 138, 389665459“ 1003, Builm
=-0.

0428m STD=0.0715m

AVE=-0.0207m STD=0,048 Im RMS=0,053

AVE=0.0346m STC =0,0894m RMS=0,0959m

12:00

X ®

Se
NS (m)

-1
UD (m)

10/10/24 18:57:41,00 GPST : E= 0.0676m N=-0.0330m U=-0.0532m Q= &:FFF

10/10/24 18:57:37.00 GPST : E=-0, 1657m N=-0,0204m U=-0.0541m Q

bl == Bl

35.67298845 °
38.38966894 °

AV ve RkPLOT :
Paston v [o=5 |+ kA T [@o ¢ = b e |

E-W (m) ORI=35,372988986° 138, 3896654555,

AVE=-4,1458m 5TD=10.7941m RIfS

03,9071m

WE=-1.6524m STD=4, 3476m RMS=4.65 10m

E=4,4035m STD=16,4381m RMs=}7.0176m

48 GPST Connect Time: 28d 04:25:51 ||

Stream Type Opt Cmd bytes  bps

W (0)Input  |Serial ‘JJI 358,602,885 9,930
(1) Cutput [Fie =
@ outout [TcPserver ] - |
) Output |

1,358,692,885 10,000

1,358,714,221 9,990
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1 BKG: CLK10 * BKG: CLK11 GPS+GLO s GSOC/DLR: CLK20

E-W [m) 38.3896654597 1003.9071m E-W (m) 003.9071m

L 'D=0.0360m RM5=0.0381m L 15=0.0323m
05 05
Lo e, 0.0 e 00 i -
o oA

05 -05 -05
-1 -10 -10

-5 (m) AVE=-0.0426m STD=0.0344m RM5=0.0548m N-5 (m) AVE=-0.0382m STD=0.0318m RMS=0.0497m N-5 (m) AVE=-0.0423m 5TD=0.0299m RM5=0.0518m
0.5 05 05
0.0 i R o . ity 0.0 - s — 0.0 s

TR ey N b W"" el e w pad i i

05 05 05
-10 -10 -10

U-D (m) STD=0.0756m X U-D(m) AVE=-0.0149m STD=0.0689m RMS=0.0705m U-D (m) AVE=0.0174m STD=0.0664m RM5=0.0686m
05 05 05

| .

°'°WWMWWM ”WMWMHMM 00
0.5 -05 -05
% 03:00 06:00 12:00 18:00 % 03:00 06:00 12:00 18:00 21:00 % 03:00 06:00 12:00 18:00
i EQA ESOC CLK31 s ESAJESOC: CLK51 : TUW: CLK61

E-W {m) ‘59 1003 9071m E-W (m) ° 11003.9071m E-W (m) 18.389665459° 1003.9071m

MS=0.0566m

05

oo‘mmu’b'{

Lo s
05

| | AVE*"JO]]I]M $TD=0.1207m RMS=0.1212m

AVE=-0.0541m STD=0.2280m RMS=0.2344m

10
-5 (m)
05

o.om’ st ] W WMM

10
U-D (m)

w.

\
|
|
r‘
03:00 06:00 12:00 18:00

RMS 14. 0 12. 1 '23.4cm

0.0 ——
oty
-0.5

AVE=-0.0363m STD=0.0406m RMS=0.0544m

RN P epionsn ]
-05

-10
U-B {m)

uunwwmm
05

AVE=0.0294m STD=0.1124m RMS=0.1162m

03:00 06:00 12:00 15:00 18:00 21.00

RMS 57 5.4,11.6cm

D=0.2333m RMS=0.3148m

10 N-5 (m] AVE=0.1235m STD=0.1687m RMS=0.2098m
‘ |
05 1
00 'i
1

-05

AVE=-0.0343m STD=0.2476m RMS=0.2500m

03:00 06:00 12:00 15:00 18:00

RMS 23. 3 21.0, 25. Ocm

2010/9/18 0:00-23:59, 1Hz, NovAtel OEMV-3+GPS-702, RTKLIB 2.4.0
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AVE=-0.0352m STD=0.034%m RM3=0.0436m

D0 P e o AR A P ™ et AN O g AN it N P oo SO Sl

-0.5
-1.0
U-D {m) AVE=-00063m STD=0.0844m RMS=0.0846m
05
-05
-10
00:00 12:00 00:00 12:00 00:00 12:00

" RMS E/N/U: 4.9, 5.6, 10.1cm
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Future Enhancement
e Single Frequency RT-PPP
— With IGS predicted IONEX with automatic download
— lonosphere eliminated by using (L1+P1)/2 LC
— Future support of ionosphere SSR for by IGS-RTPP
e PPP-AR (ambiguity resolution)
— Need server-side support by network analysis
— Future support of PPP-AR by IGS-RTPP

* Multi-GNSS RT-PPP

— Also need server-side support for RT orbits/clocks of
Galileo, QZSS, Compass, ...
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e Real-Time PPP Issues
— Lack of precise RT Orbit and Clock
— Lack of receiver or S/W supporting RT PPP

e Real-Time Orbit and Clock provided by IGS-RTPP
 Real-Time PPP Implementation in RTKLIB v.2.4.0
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dllUuldly Ny rrir-Niriciriatic iviv

e
e Future Enhancement

IGS RT-Orbit/Clock: http://igs.bkg.bund.de
RTKLIB 2.4.0: http://www.rtklib.com
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