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Source Table
Igs-ip.net

File Edit View History Bookmarks Tools Help = P
rT HotSpat x/-" http://igs-ip.net/ x|+
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SOURCETABLE 200 OK m
Server: NTRIP BKG Caster 2.0.26/2.0
Date: Thu, 18 Aug 2016 17:02:28 GMT
Connection: close

Content-Type: text/plain
Content-Length: 23861

CAS;rtem-ntrip.org:2101:NcripInfoCaster;BKG:0;DEU;50.12;8.69;0.0.0.0;0htep: //www. rtcem-norip. org/home
CAS;www.igs-ip.net;2101;IG5-IP;BKG;0;DEU;50.12;8.69;0.0.0.0;0;http://www.igs-ip.net/home

NET;EUREF;EUREF;:B;N;http://www.epnck.oma.be/euref IP;http://www.epncb.oma.be/stations/log/skl/ ;http://register.rtocn-ntrip.org;none

NET; IGS;BKG:B. http://igscb.jpl.nasa.gov;https://igscb.jpl.nasa.gov:443/igsch/station/general/skel/;http://register.rtecm-ntrip.org;none
http://igsch.jpl.nasa.gov;https://igsch.jpl.nasa.gov:443/igscb/station/mgexskel/ ;http://register.rtcm-ntrip. org;none

NET;MISC;BKG: http://igs.bkg.bund.de/root_ftp/NTRIP/streams/streamlist igs-ip.htm;https://igs.bkg.bund.de:443/root_ftp/MISC/station/rnxskl/;http://register.rtcm-ntrip.org;none
STR;ABMFO;Les-Abymes;RTCM 3.1;1004(1),1006(10),1008(10),1012(1),1013(10),101%9,1020,1033(10),1230(10);2;GPS+GLC;IGS;GLP;16.27;-61.52;0;0,;LEICA GR25;none;B;N;2400;rgp-ip.ign.fr:2101/ABMF1 (1)
STR;ADISO;Addis Rbaba;RTCM 3.0;1004(1),1006(10),1007(10),1012(1),1019,1020;2;GP5+GLO; IG5;ETH;9.03;38.74;0;0;JP5 LEGACY;none;B;N;1300;Rdis Rbaba University

STR;ADIS1;R-GPS5-Rddis_Rbaba;RTCM 3.0;1018(5),1020(5);2;GP5+GLO; IG5;ETH;9.03;38.74;0;0;JP5 LEGACY;none;B;N;1300;kdis Rbbaba University

STR;AJACO;Ajaccio;RTCM 3.1;1004(1),1006(10),1008(10),1012 (1),1013(10),1019,1020,1033(10),1230(10);2;GPS+GLO; IGS;FRA:41.93;8.76;0;0;LEICA GR25;none;B;N;4000;rgp-ip.ign.fr:2101/AJACL (1}
STR;ALBHO;Albert-Head;RTCM 3.0;1004(1),1006(10),1008(10);2;GP5;1G5;CAN;48.39;236.51;0;0;TPS HET-G3A;none;B;N;1300;NRCan

STR;RLGOO;Rlgonquin-Park;RTCM 3.0;1004(1),1006(10),1008(10);2;GP5;IG5;CRAN;45.96;281.93;0;0;JAVAD TRE_G3TH DELTA;none;B;N;1300;NRCan

STR;ALICO;Rlice_Springs;RTCM 3.1:1004(1),1006(15),1008(15),1012(1),1019,1020,1035 (15) ;2;GPS+GLO; IG5;AUS;-23.67;153.88;0;0; LEICA GR25;none;B;N;1600;192.104.43.25:2101/ALICO (1)
STR;ARLIO;Rrlington;RTCM 3.1;1004(1),1005(5),1007(5),1012(1),1033(5),4094 (5);2;GP5+6LO; MISC;USA; 48.17;237.86;0;0; TRIMBLE NETRY;none;B;N; 3600 www.wsrn.org: 2101/ARLT_R3 (1)
STR:ASCG1:Ascension TIsland:;RTCM 3.1:1004(1),1012(1),1006(10),1008(10),1013(10),1033(10):2;GPS+GL0O; IG5 5HN;~7.91;-14.33;0:0; TRIMELE NETR9:none:B;:N:2400:rgp-ip.ign.fr:2101/A5CG1 (1)
STR;AUCKO:Auckland;RTCM 3.0;1004(1),1006(10),1008(10),1012(1),1013(10),1033(10);2;GP5+GLO; IG5 NZL; -36.607174.83;0;0; TRIMBLE NETR9;none;B:N;1500; cgps-streaming. geonet.ory.nz: 8888/AUCK RTICM (1)
STR;AZU10;Azusa;RTCM 3.1;1004(1),1005(5),1007(5),1033(5),4094(5);2:GP5;I65;U5A;34.13,;242.10;0;0, TRIMBLE NETRS5:none;B;N;2500; rtgpsout.unavco.org;:2101/AZU1 RTCM3 (1)

STR;BNDY0;Bundaberg;RTCH 3.0;1004(1),1006(10),1008(10),1012(1),1013(10),1033(10):2:GPS+GLO;MISC;AUS;-24.91;152.32;0;0;TRIMBLE NETRS;none;B;N;1500:192.104.43.25:2101/BNDY0 (1)
STR;BOGIO;Borowa Gora;RTCM 3.0;1004(1),1006(10),1008(10),1012(1);2:;GP5+GLO;IGS;PCL;52.48;21.04;0;0;JAVAD TRE_G3T DELTA;none;B;N;4000;www.euref-ip.net:2101/BOGIO (1)

S5TR;BOR10;Borowiec;RTCM 2.3;1(1),3(10),18(1),19(1),22(10);2;GP5;IG5;P0L;52.268;17.07;0;0;TRIMBLE WNETRS;none;B;N;2400;www.euref-ip.net:2101/B0OR10 (1}

STR;BRAZO;Brasilia;RTCM 3.0;1003(1},1006(15),1008(15),1011(1),1013(60),1019,1020,1033 (15);2;GPS+GLO; IGS;BRA;-15.93;-47.87;0;0; TRIMBLE NETRS;none;B;N;5000;gps-ntrip.ibge.gov.br:2101/BRAZ0 (1}
STR;BRFTO;Fortaleza;RICM 3.0;1004(1),1006(60),1008(60);2;GP5;1GS;BRA;-3.88;321.57;0;0;LEICA GRX1200PRC;none;B;N;2000;HGS

STR;BRSTO;Brest;RTCM 3.1;1004(1),1006(10),1008 (10),1012(1),1013(10),1019(30),1020(30),1033 (10);2;GPS+GLO;IGS;FRA;48.368;-4.49;0;0; TRIMBELE NETR9;none;B;N;2000;rgp-ip.ign.£fr:2101/BRST1 (1)
STR;BRUX0;Brussels;RTCM 3.1;1004(1),1006(10),1008 (10),1012(1),1033(10);2;GP5+GLO;IG5;BEL;50.47,4.21;0;0;SEFT POLAR¥4TR;none;B;N;1300;R0OB

STR;BUCUO;Bucharest;RTCH 3.1:1004 (1),1006(10),1008(10),1012(1),1019(120),1020(30),1033(10):2;GPS+GLO; IG5;R0OU;44.46;26.12;0;0;LEICA GRX1200GGPRO;none;B;N; 2800 ;www.euref-ip.net:2101/BUCU0 (1)
STR:BZRGO:Bolzano:RTCM 2.3:1(1),3(15),18(1),19(1),22(15),23(15),24(15):2:GP5+GLO;: IG5 TTA:46.47:11.56:0;0: LEICA GRX1200+GN55;none:B:N;:3600:147.162.228.53:2101/Bolzane

STR:CRS510:Casey:RTCM 3.1:;1004(1),1006(15),1008(15),1012(1),1013(10),1019(1),1020(30),1033(10):2:GPS+GLO; IG5:ATA; ~66.28;110.52;0;0; TRIMBLE NETR9:none;B:N:2000;182.104.43.25:2101/CR510(1)
STR:CEDUO:Ceduna;RTCH 3.1:1004 (1),1006(10),1008(10),1012(1),1013({10}),1018(30),1020(30),1033(10):2;GP5+GL0O; IG5;AUS;~31.87:133.81;0;:0; TRIMELE NETRE:none:B;N:1700;192.104.43.25:2101/CEDUD (1)
STR:CEEU0:Euzebio:RTCM 3.0:1004(1),1006(10),1008(10),1012(1),1013(10),1012(10),1020(10),1033 (10) :2:GPS+GLO;MISC;BRA; —03.87;-38.42;0:0; LEICA GRX1200+GN55;:none;:B:N;: 1500 gps—
ntrip.ibge.gov.br:2101/CEEUD (1)

S5TR;CHTIO;Chatham Island;RTCM 3.0;1004(1),1006(10),1008(10),1012(1),1013(10),1033 (10)72;GP5+GL0O;IG5,;HZL;-453.74;176.62;0;0;TRIMBLE NETR9;none;EB;N;1500;cgps—
streaming.geonet.org.nz;E888/CHTI_RTCM (1)

S5TR;CHURO;Churchill;RICH 3.0;1004(1),1006(15),1008(15);2;GP5;IG5;CAN;58.76;265.91;0;0;TPS NET-G3A;none;B;N;1300;HRCan

STR;COCOO0;Cocos_Island;RTCM 3.2;1019(1),1020(1),1033(1),1077(1),1087(1),1097(1),1117(1),1127(1);2;GP5+GLO+GAL+BD5+QZ5;IG5;AUS;-12.19,96.83,;0,;0;5EPT
PCOLARXS;none;B;N;2100;192.104.43.25:2101/C0CC0 (1)

STR; CTWNO; CapeTown;RTCM 3.0;1004(1},1005(5),1007(5),1012(1),1033(5),4094 (5} ;2;GPS+GLO;MISC; ZAF;-33.95;18.47;0;0; TRIMBLE NETR9;none;B;N;1800;www.trignet.co.za:2101/Ctwn-5SB(1)
STR;DAEJO;Daejeon;RTICM 2.3;1(1),18(1),19(1),22(10),23(10),24(10),59(10);2,;GP5;1G5;KOR;36.40;127.37;0;0;TRIMBLE NETRY9;none;B;N;5700;KASI

STR; DARWO;Darwin;RTCM 3.0;1004(1),1006(30),1008(30),1012(1),1019,1020,1033(30);2;GP5+6GL0O;IGS5;AUS5;-12.84;131.13;0;0;LEICA GRX1200GGPRO;none;B;N;2100;192.104.43.25:2101/DARWO (1)
STR:DAV10:Davis:RTCM 3.1:;1004(1),1006(15),1008(15),1012(1),1019(30),1020(30),1033 (15):2:GPS+GLO; IG5 ATA; ~68.58;77.97:0:0: LEICA GRX1200GGPRO:none:B:N;2000:192.104.43.25:2101/DAV10 (1)
STR;DRACO;Pentiction;RTCM 3.0;1004(1),1006(10),1008(10):2;GP5;IG5;CAN;49.32;240.37;0;0;JAVAD TRE G3TH DELTA;none;B;N;2400;NRCan

STR;DUBCO;Lake_Dubonette;RTCM 3.0;1004(1),1006(10),1008(10);2;GP5;IG5;CRN;50.26;264.13;0;0;TP5S NET-G3RA;none;B;N;2400;NRCan

STR; DUND! unedin;RTCM 3.0:1004(1),1006(10),1008({10
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Source Table
Metadata handling

SOURCETABLE 200 COK

Server: NTRIP BEG Caster 2.0.26/2.0
Date: Thu, 18 Aug 2016 17:02:28 GMT
Connection: close

Content-Type: text/plain
Content-Length: 23861

CAS:ptcm-ntrip.org:;2101;NtripInfoCaster; BEG;0;DEU-50.12:8.69;0.0.0.0;0:http://www.rtcm-ntrip.org/home
CLS:ww.igs-ip.net;2101;IG5-1F;BEG;0;DEU;50.12:8.69;0.0.0.0;0;http: //www.igs-ip.net/home
HET:EUREF;EUREF;B;N;http://www.epnch.oma.be/euref IP;http://www.epnck.oma.be/stations/log/skl/ rhtep://:
HET:[IG5;:BEG:;B;N:http:/figsch.jpl.nasa.gov:https: //igsch.jpl.nasa.gov: 443/igech/station/general /fskel/ s ht
HET;MGEX;BEG:B;N:http://figsckh.jpl.nasa.gov;https:/ /igsch.jpl.nasa.gov:443/igsch/station/mgexskel/ rhttp
NET:MISC;BEG:;B;N:http://igs.bky.bund.de/root frp/NTRIP/streams/streamlist ige-ip.htm;https://igs.bkg.
STR;REMFO; Les-Lbymes; RTCM 3.1:;1004(1),1006(10),1008(10},1012(1),1013(10),1019,1020,1033(10),1230(10):2,
STR:;RDIS0;Addis Ababa;RTCM 3.0;1004(1),1006(10),1007(10),1012(1),1019,1020;2;GPS+GLO;IGS;ETH;9.03;38.7
STR;RDIS1;A-GPS5-Addis Akaba:;RTCM 3.0;1019(5),1020(5):2;GP5+GL0O;IG5;ETH;9.03;368.74;70;0;JP5 LEGACY;none;]
STR;RJACO;LAjaccio;RTCH 3.1;1004(1),100&(10), 1008 (10},1012(1),1013(10),1019,1020,1033(10),1230(10):2;GE!
STR:;RLBHO;Llbert-Head;RTCM 3.0;1004(1),1006(10),1008(10);:2;GP5;IG5;CAN;48.39;236.51;0;0;TES NET-G3L:nm
STR;RLGOO0;Algonguin-Park;RTCM 3.0;1004(1),1006(10),1008 (10);2;GP5;IG5;CAN;45.96;281.93;0;0;JAVAD TRE G
STR;RLICO;Alice Springs;RTCM 3.1;1004(1),1006(15),1008 (15),1012(1),1019,1020,1033 (15);2;GPS+GLO; IGS;AU!

NTRIP Caster source-table

e CASrecord = Caster entry

 NETrecord = Network entry (e.g. SKL holdings)
e STRrecord = Source entry

« Data field content separated by “;”
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Source Table
Metadata handling

STR;CHURO; Churchill ;RTCM 3.0;1004(1),1006(15),1008(15);2;GPS; IGS;CAN;
58.76:;265.91;0;0;TPS NET-G3A:;none;B;N;1300;NRCan

STR;COC00;Cocos_lIsland;RTCM 3.2;1019(1),1020(1),1033(1),1077(1),1087(1),
1097(1),1117(1),1127(1) ;2;GPS+GLO+GAL+BDS+QZS; 1GS; AUS;
~12.19;96.83:;0;0; SEPT POLARXS;none;B;N;2100;
192.104.43.25:2101/C0C00(1)

STR;CLK11;BRDC_APC_ITRF;RTCM3.0;1057(60),1058(5),1063(60),1064(10);0;
GPS+GLO;MISC;DEU;50.08967;8.66458;0;1;RTNet;none;B;N;1800;BKG

1004, 1006: Conventional GPS observations

1008: Antenna information

1019: GPS Ephemeris, 1020 GLONASS Ephemeris

1033: Receiver, Antenna

1077, 1087, 1097, 1117, 1127: MSM-7 observations GPS, GLONASS, Galileo, QZSS,
BDS

1057, 1058, 1063, 1064: GPS, GLONASS orbit + clock corrrrections
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Outline

GNSS Real Time Infrastructure

GNSS Standardisation

Real Time Positioning with GNSS

Real Time Service at International GNSS Service

Example Application at Sea
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GNSS Standardisation reeM R T C M

RTCM Special Committee 104 (RTCM-SC104)
= Committee to develop open international
standards on DGNSS
= Working groups
GLONASS (Alexei Zinoviev)
Galileo (Hans-Jurgen Euler)
QZSS (Rui Hirokawa)
BeiDou (Shao Wei Han)
State Space (Gerhard Wibbena)
RINEX (Ken MaclLeod)
Biases (Ken MacLeod)

= Procedure
1. Proposal
2. Interoperability test (3 independent
software implementations and testing)
3. CDV (Committee draft for vote)
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GNSS Standardisation rreM R T C M
Observations

= [ntention to generate GNSS observables in a universal manner

= Ability to support all GNSS and their signals that are available
today & future

Multi Signhal Messages (MSM) are designed to cover the
following:

maximum compatibility with RINEX-3

universality for all existing and future GNSS signals

compactness of presentation

no ambiguity in interpretation

simplicity of generation/decoding

flexibility and scalability

% Federal Agency for
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GNSS Standardisation
Observation messages

riecM R T C M

messages

Constellations

Signals

Observation Types

Resolution

% Federal Agency for
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GPS, GLONASS, (SBAS)

1 signal per frequency
(either C/A or P(Y) on
L1/L2)

= Pseudo-Range
= Carrier-Phase
= C/NO

Pseudorange: 20 mm
Carrier Phase: 0.5 mm
C/NO: 0.25 dB Hz

GPS, GLONASS,
GALILEO, ...

Multiple signals per
frequency,
- all RINEX v3 signals

= Pseudo-range

= Carrier Phase

= C/NO

= Doppler
Pseudorange: ~0.6 mm
Carrier Phase: ~0.14 mm
C/NO: 0.1 dB Hz

Doppler: 0.1 mm/s
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GNSS Standardisation rreM R T C M
Observation messages

Constellation MSM

GPS 1001-1004 1071-1077
GLONASS 1009-1012 1081-1087
Galileo 1091-1097
SBAS 1101-1107
QZSS 1111-1017
BDS 1121-1127

= Full RINEX 3 capability with MSM7!

= Availabilty of MSM observation messages at http://mgex.igs-ip.net (software
converted)

= Receiver generated MSM messages at normal caster (e.g. http://igs-ip.net)
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GNSS Standardisation rreM R T C M
Navigation Messages

GPS 1019
GLONASS 1020
Galileo F/Nav 1045
Galileo I/Nav 1046
SBAS 1043 X
QZSS 1044
BDS 63 X
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Outline

GNSS Real Time Infrastructure

GNSS Standardistation

Real Time Positioning with GNSS

Real Time Service at International GNSS Service

Example Application at Sea
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Realtime Positioning with GNSS
GNSS Error Sources

Satellite

Orbit error
Clock error
Biases

Atmosphere
lonosphere
Troposphere

% Federal Agency for
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Realtime Positioning with GNSS
Observation Space Representation

Sum of GNSS errors per station, GNSS, frequency / signal

= Distance dependent errors are derived from and combined with reference
station observations

= RTK networking with current RTCM standards: VRS,FKP,..
RTK service uses network of reference stations
RTK rover uses reference station observations and RTK corrections

Disadvantages:
= only satellites / signals tracked within the RTK network are usable
= no reduction of reference station dependent errors

= update rate of the corrections depends on component with highest dynamics
(satellite clock, ionosphere)

= limited spatial validity of corrections
= Bandwith with additional GNSS/satellites/signals
= Bi-directional communication needed

% Federal Agency for
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Realtime Positioning with GNSS
State Space Representation

State Space Representation (SSR) approach has significant advantages
compared to the oberservation space representation used for RTK applications:

High reduction of reference station dependent errors through high redundancy
within the network

Independent from single reference stations

More realistic physical models for individual errors enables better modeling and
interpolation

Update rate can be optimized for different state parameters

Scalability of accuracy and hence of the derived services

Broadcasting of parameters possible (Uni-directional communication)

-> Precise Point Positioning applications (PPP)

Federal Agency for

% Cartography and Geodesy
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Realtime Positioning with GNSS
State Space Representation

The main disadvantage is the higher standardization and implementation
effort

= site displacements (solid earth/pole tides, ocean/atmospheric loading)
= phase wind up effect, antennae PCO/PCV

= higher order ionosphere effects

= standardization of troposphere correction models

- |ERS Conventions are the reference for standardization

Examples for PPP services:

= Trimble RTX, Fugro, Veripos etc.

= |GS supports correction data based on open standards as a ,best effort*
solution of a community with scientific background
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State Space Representation

SSR-Corrections

Satellite
))) Orbit error
_ Clock error
le radio  EEEEIGCNENE
delays

5 Atmosphere
e, lonosphere
Troposphere

Observation Caster

Analysis Center
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State Space Representation
Orbit corrections

Orbit corrections refer to broadcast orbits = bandwith reduction

Xorbit = Xbroadcast — 0X

Xorpit Corrected satellite
position

Xproadcast  Satellite position
computed according to
the respective GNSS
ICD

6X satellite position correction

% Federal Agency for
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State Space Representation
Orbit corrections

Orbit corrections
= are defined radial, along-track and cross-track

6X = [€radial €along ©cross|60

= consist of correction and velocity correction term

OTadial Oradial
60 = Oalong + Oalong (t o tO)
OCT'OSS OCTOSS
t .. time
to .. reference time obtained from SSR orbit correction
message

50;,80; .. orbit correction term from SSR orbit message;
| = {radial, along, cross}

% Federal Agency for
e Cartography and Geodesy

Axel Rilke | Precise Point Positioning at BKG | 31.08.2016 | Page 22



State Space Representation
Clock corrections

Clock corrections refer to broadcast clocks
= clock correction terms: CO, C1, C2 polynomial coefficients
= reduces bandwidth

ocC .
Lsatellite = Chroadcast — = with 6C = Co + C; (t — tO) + Co(t — tO)Z

tyroadcast --- Satellite time computed according to corresponding GNSS ICD

teateniite  --- Satellite time corrected by SSR clock correction message,

6C ... clock correction obtained from SSR clock correction message.
t ... time

to ... reference time obtained from SSR clock correction message

Co, C1, C, ... polynomial coefficients from SSR clock correction message
c ... velocity of light

= High rate clock (in addition to polynomial clock: higher update rate)
= Satellite code biases (absolute correction term for every signal and tracking mode)

% Federal Agency for
e Cartography and Geodesy
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State Space Representation
Basic concept

= SSR messages support different update rates, accuracy requirements

= additional SSR message types adds additional resolution/position accuracy

= SSR update interval and GNSS epoch time define changes of parameters
and ensure consistency of data

ssp |
Range High-Rate
Error [m] 1s :ED:[[D]:I:I:D]:UI Satellite Clock
10 5 10 10 10 Satellite Clock
105
10 s
—
30 5 Troposphers
20 s
‘—-—-—____________________________.—-—-—‘\__/4
30s 30s Satellite Crbit
1800 5 Code Bias

% Federal Agency for 1 [5]

H Cartography and Geodesy



State Space Representation

Status

Satellite
Orbit error

Clock error
Hardware
delays

Atmosphere

lonosphere
Troposphere

reeM R T C M

Satellite orbit error
Satellite clock error
Hardware Delay (CODE
biases)

QOQ ©
COQ”

Hardware Delay (Phase
biases)
lonosphere (VTEC)

lonosphere (STEC)
Troposphere

Compression

3
Q

% Federal Agency for
H Cartography and Geodesy
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Standardization, SSR
RTCM-SC104

System
/

Geo++

RTCM SSR GLONASS Galileo
Message
(* proposed)

Orbits 1057 1063 1240* 1246* 1252* 1258*
Clocks 1058 1064 1241~ 1247* 1253* 1259~
Code Biases 1059 1065 1242* 1248* 1254~ 1260*
Combined

Orbits and 1060 1066 1243* 1249* 1255* 1261*
Clocks

VTEC 1264*

Phase

: 1265* 1266* 1267* 1268* 1269* 1270*
Blases

% Federal Agency for
H Cartography and Geodesy
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Outline

GNSS Real Time Infrastructure

GNSS Standardisation

Real Time Positioning with GNSS

Real Time Service at International GNSS Service

Example Application at Sea

% Federal Agency for
e Cartography and Geodesy
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IGS ReaI_TIme_SerVICe |GS NTERNATIONAL http//l‘tSIgSOI‘g

d

GMS5 SERVICE

|IGS — a voluntary federation of over 200 self-funding agencies,
universities, and research institutions in more than 100 countries

2002: Development of a IGS Real-Time-Service starts

2005..2007:
Development of NTRIP basics

2007..2012:
Pilot Project
MSM to be compatible with RINEX 3
Joined RTCM
Plan of action (PPP—->Service)

April 2013: Launch of IGS RT-Service
today: three product streams: IGS01, IGS02, IGS03

Federal Agency for
Cartography and Geodesy
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Infrastructure Eg mem

G NS5 SERVICE

Obervation Casters

BKG: http://igs-ip.net

IGS CB: http://igscb.jpl.nasa.gov:2101
CDDIS: https://cddis-caster.gsfc.nasa.gov/
MGEX-Caster @ BKG: http://mgex.igs-ip.net

Product Casters
BKG: http://products.igs-ip.net/
Pulled products at other casters available

Registration
BKG: http://register.rtcm-ntrip.org/cgi-bin/registration.cgi

IGS-CB: https://cddis- _ _
casterreg.gsfc.nasa.gov/DataCasterRegistrationForm.html

% Federal Agency for
e Cartography and Geodesy
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|GS-Network
452 Stations

HE-N-EN
|GS INTERNATIONAL

G NS5 SERVICE

WWW.igs.org
-180° -150° -120° -90° -60° -30° 0° 30° 60° g0° 120° 150° 180°
90° ! ! | ! ! ! ! ! ! | | 90°
®
60° .. L s0°
®
300 ‘ + e 300
®9
0° | - 0
° o ®
° J
O
-30° & ~{ - -30°
o
-60° \ - -60°
@
-80° T T \ T T T T T T 1 \ -90°
-180° -150° -120° -90° -60° -30° 0° 30° 60° S0° 120° 150° 180°

Status: 2015/06/10
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RT-Station Network

HE-E-EN
|GS

) Igs-ip.net
GNSS SERVICE mgeX_igS-ip_net

-180° 150° -120° -90° -60° -30° 0° 30° 60° 90° 120° 150° 180°

90° .' .' ! ! | ! ! ! | ! ! 90°
P
o
60° 0 A ‘+ + 60°
alL
= an 4ny - - ?
) x y
30° T + N . + L N S + 30°
, Al Al a
a - as
o 4 o AL ek = 1 o
0 + + b 2w + AP - + @ 0
- o o < &
N b Sa - ¢ -
A Aa o -
30° 4 + + + + + - + + * LY + -30°
n @ & -
n e
S a
PVs -
60° n » » | :. » - 60°
"

-90° I I [ [ [ I I [ [ | I -90°

-180° -150° -120° -90° -60° -30° 0° 30° 60° 90° 120° 150° 180°

Status: 2016/02/04 A GPS % GLONASS A Galileo BeiDou 4 QZSS SBAS
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Connected clients at BKG casters

*

HE-N-EN
|GS INTERNATIONAL

G NS5 SERVICE

BKG Casters - Connected Clients

B

B3 i 1d 1w 1M am 1y B 52

"’Graph Options | Link Export =

Z.40k
2.30k
2.20k
z.10k
2.00k
1.90k
1.80k
1.70k
1.60k
1.50k
1.40k
1.30k
1.20k
1.10k
1.00k
0.900k
0.800k
0.700k
0.600k
0.500k
0.400k

Mumber

0.300k

Mar

2.29k

013k &

fdws0D42:
fdwvs042::
M fdvs042::
W fdvs042::

igs.ip.net

:MtripCaster connected listeners: :EUREF_IP

—
1z

mgex.igs-ip.net

2000

+60%

vy

products.igs-ip.net

1000

Apr Jul

Now Dec Faeb

Mar

Federal Agency for
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Processing Chain @ BKG

Reference

Stations
——-

Broadcast
. —
Corrections

—_— (((t

(

Ntrip
Caster

J))) Server, listening on port

) Client, talking to server's host and port

HE-H-ER
1GS

Observations and BNC | synchronized
Broadcast Ephemeris Observations
’))) » )|| Decoder '))) > )
< RINEX Nav.
Broadcast l Ephemeris
Ephemeris R
1)) < )
); ) Encoder ’))) S )
1)) <
Clocks & Orbits
Broadcast
Corrections BNC SP3

l

RINEX Clock files

BNC: BKG Ntrip Client, open source tool

% Federal Agency for
e Cartography and Geodesy

SP3 Orbit files

MTERMATIOMAL
G NS5 SERVICE

Real-time
software

Orbit/Clock
Corrections

|

IGS Ultra Rapid

Orbit & Clock files
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IGS RT-Processing Scheme

[Ref-1| [Ref2 |

Observations Broadcaster
WwWw.igs-ip.net

19
[ ]
[ ]
L)
W
— NtripServer | Solution

-~ MtripClient Host A

Products Broadcaster

*

products.igs-ip.net

Federal Agency for
Cartography and Geodesy

| Ref-m | | Cas-1 | Cas-2 | El | Cas-n |
”'.a “-)'-_.—Jr’ ‘_I{d.-—-‘flr___,.— ’tr
s 'l: A | ;
o oasaaananaans 2; Observations Broadcaster
R LR . rt.igs.org
Wy
Ivsi Solution
Analysis Center HostB
Products Broadcaster

rt.igs.org

HE-N-EN
|GS INTERNATIONAL

G NS5 SERVICE

products.igs-ip.net

IGS01 | 16502 | 1GS03 |

products.igs-ip.net

IGS01 | 1GS02 | 1GS03 |

rt.igs.org
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IGS ACs pereiestes

G NS5 SERVICE

Cbkg Federal Agency for Cartography and Geodesy, Germany

&\Q: @Sa ESOC Darmstadt, Germany

B | ueresonees - Natural Resources, Ottawa, Canada

Canada

GFZ Helmholtz Center Potsdam, GFZ German Research Center for
Geosciences, Potsdam, Germany

Centre National D‘Etudes Spatiales, Toulouse, France
GMV, Madrid, Spain

Deutsches Zentrum fur Luft- und Raumfahrt, Oberpfaffenhofen,
Germany

Wuhan University, Wuhan, China

% Federal Agency for
e Cartography and Geodesy
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IGS-RTS: Products Py

G NS5 SERVICE

Mountpoints with Message Types and Update Rates

CLK00/10 (COM/APC): 1057(60),1058(5)
CLKO01/11 (CoM/APC): 1057(60),1058(5),1063(60),1064(5)

CLK90/91 (CoM/APC): 1059(5),1060(5),1065(5),1066(5),1264(56),1265(10)
CNES  CLK92/93 (COM/APC): 1059(5),1060(5),1065(5),1066(5),1242(5),1243(5),1261(5),
1264(60),1265(15)

CLK20 (APC): 1059(5),1060(5)

PLR " cLKk21 (APC): 1059(10),1060(10),1066(10)

ESA CLK52/53 (CoM/APC): 1059(1815),1060(5)
GPS Orbits and Clocks

GFZ  CLK70/71 (COM/APC): 1060(5)

GMV  CLK80/81 (COM/APC): 1059(5),1060(5),1066(5)

NR

Can CLK22 (APC): 1059(5),1060(5)
Wuhan CLK15/16 (CoM/APC): 1059(5),1060(5)

% Federal Agency for
e Cartography and Geodesy
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IGS-RTS: Products Py

BKG

CNES

(DLR)
ESA
GFZ

GMV

NR
Can

Wuhan

G NS5 SERVICE

Mountpoints with Message Types and Update Rates

CLKO00/10 (CoM/APC): 1057(60),1058(5)
CLKO01/11 (COM/APC): 1057(60),1058(5),1063(60),1064(5)

CLK90/91 (COM/APC): 1059(5),1060(5),1065(5),1066(5),1264(56),1265(10)
CLK92/93 (COM/APC): 1059(5),1060(5),1065(5),1066(5),1242(5),1243(5),1261(5),
1264(60),1265(15)

CLK20 (APC): 1059(5),1060(5)
CLK21 (APC): 1059(10),1060(10),1066(10)

CLK52/53 (COM/APC): 1059(1815),1060(5) GPS Orbits and Clocks
GLONASS Orbits and Clocks

CLK70/71 (COM/APC): 1060(5)

CLK80/81 (CoM/APC): 1059(5),1060(5),1066(5)

CLK22 (APC): 1059(5),1060(5)

CLK15/16 (COM/APC): 1059(5),1060(5)

% Federal Agency for
e Cartography and Geodesy
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IGS-RTS: Products Py

G NS5 SERVICE

Mountpoints with Message Types and Update Rates

kg  CLK00/10 (COM/APC): 1057(60),1058(5)
CLKO01/11 (COM/APC): 1057(60),1058(5),1063(60),1064(5)

CLK90/91 (COM/APC): 1059(5),1060(5),1065(5),1066(5),1264(56),1265(10)
CNES  CLK92/93 (COM/APC): 1059(5),1060(5),1065(5),1066(5),1242(5),1243(5),1261(5),
1264(60),1265(15)

CLK20 (APC): 1059(5),1060(5)

DLR cLk21 (APC): 1059(10),1060(10),1066(10)

ESA  CLK52/53 (CoM/APC): 1059(1815),1060(5) GPS Orbits and Clocks
GLONASS Orbits and Clocks

Galileo Orbits and Clocks
GMV  CLK80/81 (CoM/APC): 1059(5),1060(5),1066(5) BDS Orbits and Clocks

GFZ  CLK70/71 (COM/APC): 1060(5)

NR

Can CLK22 (APC): 1059(5),1060(5)

Wuhan CLK15/16 (CoM/APC): 1059(5),1060(5)

% Federal Agency for
e Cartography and Geodesy
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IGS-RTS: Products Py

BKG

CNES

DLR

ESA

GFz

GMV

NR
Can

Wuhan

G NS5 SERVICE

Mountpoints with Message Types and Update Rates

CLKO00/10 (CoM/APC): 1057(60),1058(5)
CLKO01/11 (COM/APC): 1057(60),1058(5),1063(60),1064(5)

CLK90/91 (COM/APC): ,1060(5), 11066(5),1264(56),1265(10)

CLK92/93 (COM/APC): ,1060(5), 1066(5), 1243(5),1261(5),
1264(60),1265(15)

CLK20 (APC): ,1060(5)

CLK21 (APC): ,1060(10),1066(10)

CLK52/53 (COM/APC): ,1060(5) GPS Orbits and Clocks

GLONASS Orbits and Clocks
Galileo Orbits and Clocks
CLK80/81 (CoM/APC): ,1060(5),1066(5) BDS Orbits and Clocks

CLK70/71 (COM/APC): 1060(5)

CLK22 (APC): ,1060(5) _
Phase Biases

CLK15/16 (CoM/APC): ,1060(5) VTEC

% Federal Agency for
e Cartography and Geodesy

Axel Rilke | Precise Point Positioning at BKG | 31.08.2016 | Page 39



|IGS RT Products

HE-N-EN
|GS NTERMATIOMAL
GNSS SERVICE

ware

IGSO1
IGCO1

1GS02
IGCO02

IGS03
IGCO3

Federal Agency for

GPS only orbit / clock correction,
orbit: average value from all
contributions

clock: weighted average

GPS only orbit / clock correction,
Kalman filter combination

orbit: extracted from one specific
AC

clock: estimated using clocks from
individual ACs as pseudo
observations

GPS + GLONASS
same procedure as for
IGS02/1IGC02

% Cartography and Geodesy

1059(5),1060(5)

1057(60), 1058(10),
1059(10)

1057(60), 1058(10),
1059(10), 1063(60),
1064(10), 1065(10)

APC ESOC/
CoM RETINA

APC BKG/BNC
CoM

APC BKG/BNC
CoM
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IGS RT Products Performance parries

GPS - clocks

AC Clock Standard Deviation Against IGS Rapids (ns)
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IGS RT Products Performance pariies

GPS - Orbits

AC Orbit 1-D RMS Against IGS Rapids (mm)

10

0 - e — — ——— = I T TU VR ¥ 7 ST ¥ )
28.09.2010 16.04.2011 02.11.2011  20.05.2012 06.12.2012 24.06.2013 10.01.2014  29.07.2014 14.02.2015 02.09.2015
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HEE-E-ER
|GS INTERNATIONAL
GNSS SERVICE

|IGS RT Products Performance
GLONASS - Clocks

GLONASS Solution Clock SD Against ESA Rapids (ns)

3
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HEE-E-ER
|GS INTERNATIONAL
GNSS SERVICE

|IGS RT Products Performance
GLONASS - Orbits

GLONASS Orbit 1-D RMS Against ESA Rapids (mm)
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IGS RT Products Performance Py

PPP Products

CLKll Realtine—PPP Displacenents for FFHJL using CLK11l - {C} BKG
8.3 T E E E T E T U U E T E E U T E U E
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IGS RT Products Performance perieri

PPP Results: Convergence Time

|GSO3 Realtine—-PPP Displacenents for FFHJ1 using IGS83 — {C} BKG
8.5 T T e e | e R e | B e T e
Height Displacenents, RHS +/-—8_.514 n
East Displacenent=s, EHS +/7-8.192 n
a.4 | Horth Displacenments, RHS +/—8.2802 n
Hunber of GPS+GLO Satellites
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INTERMATIOMNAL
G NS5 SERVICE

IGS

|GS RT Products Performance

Latency Observations

Mean latency for real-time observations (www.igs-ip.net, over 3 hours)
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IGS RT Products Performance parries

Latency Correction data streams

BNC2.12: mean latency of clock correction streams
(mean over five minutes, over two hours, 2015-Nov-11)

30.00

25s

20.00

15.00

L

0.00
CLK10 CLK11 CLK16 CLK21 CLK22 CLK51 CLK53 CLK70 CLKB0 CLK91 CLK93 1IGS01 1IGS02 IGS03
clock correction stream

latency [sec]

(=]

% Federal Agency for
H Cartography and Geodesy
Axel Rilke | Precise Point Positioning at BKG | 31.08.2016 | Page 48



Outline

GNSS Real Time Infrastructure

GNSS Standardistation

Real Time Positioning with GNSS

Real Time Service at International GNSS Service

Example Application at Sea
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Finalising Surveys for the Baltic
Motorways of the Sea (FAMOS)

Co-financed by the European Union

QueStion: Connecting Europe Facility
Where am | and how much water is ay @ | s
underneath my Shlpf? @ ,SA\,E)/EA[?EETI\élﬁﬁgKI\AE 4> | Kartographie und Geodisie

by Lo
e, "
Ha A\
H=
il
i
0

To answer the question:
- Sea floor needs to be mapped
- Vessel vertical and horizontal position

has to be known \f:?‘.v Geodatastyrelsen
- Reliable zero has to be defined

- All information must be easily available
to the navigator.

BUNDESAMT FOR
SEESCHIFFFAHRT lIA '?‘ ™ IIAT ER I| ET

Positioning requirement: +- 10 cm vertically at sea | &% Lk

HYDROGRAPHIE

I TALLINN UNIVERSITY OF
111 | T ——————
i TECHNOLOGY
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DENEB cruise 2016

Two coactive VSAT-antennas

T i ﬁﬂ
NEB g0 0 W owwaw

g mn it

Foto: Gunter Liebsch
Federal Agency for
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DENEB cruise 2016

Foto: Gunter Liebsch

Foto: Gunter Liebsch
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Very Preliminary results
SWEPOS/RTK vs. BNC/PPP (CLK11)

i Trelleborg

A

SWEPOS single solution

SWEPOS fixed solution

% Federal Agency for
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Very Preliminary:
SWEPOS/RTK vs. BNC/PPP (CLK11)

Horizontal:

Constant offsets might at least partly be

caused by imperfect transformation 15..20cm Ofiset

between reference systems
@1
Vertical:
-0 ) pLoem
41.0 ® 1
| 15..20cm Offset

-41.7 N i >
-41.4

07:30:54 07:30:57 07:31:00 07:31:03 07:31:06 07:31:09 07:31:12 ' 07:31:15 ’ III?:3,1:1E
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Very Preliminary:
SWEPOS/RTK vs. BNC/PPP (CLK11)
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... but there are other situations, where PPP/BNC behaves strange. This needs
closer evaluation.
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Thank you for your
kind attention!

Contact:

Federal Agency for Cartography and Geodesy
Section Satellite Navigation (G2)
Richard-Strauss-Allee 11

60598 Frankfurt, Germany

contact person

Axel Rilke
axel.ruelke@bkg.bund.de
www.bkg.bund.de

Tel. +49 (0) 69 6333-391
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