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Motivation

GNSS real-time data streaming has been 
successfully developed within EUREFsuccessfully developed within EUREF 
Special Project “EUREF-IP” was created in 
20022002
Currently ~ 90 EPN stations with real-time 
capabilitycapability
SP EUREF-IP moved towards EPN routine 

ti d f 2007operations end of 2007
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Motivation

GNSS development has been accelerated 
• from daily to hourly files (data)from daily to hourly files (data)
• from post-processing to near real-time (products)

Current evolution is going towardsCurrent evolution is going towards
• Real-time data streaming
• Real time monitoring and analysis• Real-time monitoring and analysis 

With the improvement of products and models 
th GNSS l i h b t d dthe GNSS analysis has been extended
• From relative positioning  
• To single point positioning
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Real-time IGS Pilot Project (IGS-RT PP)

Key objectives (selection):
• RT network• RT network
• Generate RT products
• Enhancement of (existing) IGS products• Enhancement of (existing) IGS products
• Investigation of standards and formats

CfP in June 2007 (IGS mail 5616) seeCfP in June 2007 (IGS mail 5616), see 
http://www.rtigs.net/pilot/index.php 
25 proposals until October 2007
Decision in December 2007 to accept them all 
(IGS mail 5692)
Kickoff in March 2008 (mail by M. Caissy to the 
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c o a c 008 ( a by Ca ssy to t e
participants)



Real-time IGS Pilot Project (IGS-RT PP)

Proposals to the individual categories
• RT tracking stations: 82+ (69+ plus 13 possibly“)• RT tracking stations: 82+ (69+ plus 13 „possibly )
• RT data centers

RT data-file centers: 5- RT data-file centers: 5
- RT data/product distribution centers: 9

• RT analysis centers: 7 (8)• RT analysis centers: 7 (8)
• RT associate analysis centers: 1
• RT analysis center coordinator: 1 (Loukis Agrotis• RT analysis center coordinator: 1 (Loukis Agrotis 

(ESOC))
• RT network management & monitoring: 7• RT network management & monitoring: 7
• RT users: 13
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Real-time IGS Pilot Project (IGS-RT PP)

IGS AC workshop 2-6 June 2008 – recommendations 
for RT issueso ssues

• Both NTRIP and UDPRelay will support dissemination of the Pilot Project Real 
Time products.

• The Pilot Project Analysis and Data Centre participants will initiate a requirements 
definition phase for formats of all Real Time products that are within the scope of 
the Pilot Project. It is assumed that the Data Centre participants will also cover the 
perspective of the User Community.
A t t f t f bit d l k ill b d l d d h t d b th RT• A prototype format for orbits and clocks will be developed and hosted by the RT 
Data Centres. The timescale for this will be compatible with the schedule for the 
availability of the products (by January 2009 for individual ACs and March 2009 
for the combination product).p )

• The RT Pilot Project will take an active role in the definition of final formats to 
support our requirements for all RT products, placing emphasis on influencing 
the evolution of existing international standards and in particular RTCM.

• IGS – become a member of RTCM SC 104 
• That RINEX 3.0 be used to define RTIGS requirements for streamed data content 

and observation resolution  
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• That SP3c and Clock RINEX be used to define RTIGS requirements for streamed 
content and resolution for state space orbits and clocks 



Standardization effort: RTCM

RTCM: Radio Technical Commission for Maritime Services

Founded 1947 as U.S. State Department Advisory Committee
Now an independent membership organization 
Supports development of standards and regulations
Runs Special Committees: 

• SC-104 “Differential Global Navigation Satellite Systems”
and different Working Groups:

• Communication & data transfer:
- WG Internet Protocol (e.g., NTRIP 2.0)

• Modelling:
- WG RTK Network MSG
- WG State Space

• Individual GNSS
- WG Galileo
- WG GLONASS

• WG Version 3 (to accommodate the modernization of existing systems (GPS,
GLONASS) and systems under development (EGNOS, Galileo))
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- E.g.: WG Synchronous Messages for Multi-Code/System Operation



Standardization: current efforts relevant for PPP

WG State Space

Satellite signal delay

State Space Principle:
• Provision of information on individual error sources, i.e. “State Space 

Representation”
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Standardization: current efforts relevant for PPP

WG State Space

Additional issues in order to ensure consistent modelling
• Treatment of site displacements

- solid earth tides
- pole tides
- ocean loading
- atmospheric loading

• standardization of tropospheric correction models
• geodetic datum / coordinate reference systems
• global, regional and/or local services 
• higher order ionospheric effects
• satellite attitude models

The IERS conventions can serve as a reference for the standardization.
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Standardization: current efforts relevant for PPP

WG State Space

G G & SWG Goal & Schedule:
• Development of State Space Representation concepts and messages for all types 

of accuracies, inclusive RTK:
1 M f i bit d t llit l k Thi i tibl t th1. Messages for precise orbits and satellite clocks. This is compatible to the 

basic PPP mode using IGS products. Such messages will enable real time 
PPP for dual frequency receivers

2 Vertical TEC (VTEC) messages This will enable RT-PPP for single frequency2. Vertical TEC (VTEC) messages. This will enable RT PPP for single frequency 
receivers

3. Slant TEC (STEC) messages, tropospheric messages and satellite signal 
delay messages. This will enable RTK-PPPy g
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Standardization: current efforts relevant for PPP

WG State Space

State Space approach advantages 
• Defining state parameters as corrections to reference parameters or models allows 

a dramatic reduction of required bandwidth.
All t t d t d d f t ti d f / i l• All or most parameters do not depend on reference station and frequency/signal.

• Residual local errors of reference stations are eliminated or highly reduced in 
redundant networks.
Missing observations on individual reference stations do not result in missing state• Missing observations on individual reference stations do not result in missing state 
space information if the network has enough redundancy.

• Satellite dependent parameters are globally valid. 
• Atmospheric parameters have global / regional / local validity depending on• Atmospheric parameters have global / regional / local validity depending on 

accuracy level.
• Orbits and troposphere have high correlation in time, i.e. the update rates can be 

low. 
• Satellite clocks and ionospheric parameters may require higher update rates. 
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Orbit & clock correction concept (1)
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BKG Ntrip Server (BNS)

Purpose
• Calculate differences between BRDC and IGU orbitsCalculate differences between BRDC and IGU orbits 

in radial, along track and out-of-plane components
• Model orbit differences through polynomials of low g p y

degree
• Provide model-based estimations of corrections for 

BRDC orbits
• Calculate differences between BRDC clocks and 

improved IGU clocksimproved IGU clocks
• Model clock differences
• Provide model-based estimations of corrections for• Provide model-based estimations of corrections for 

BRDC clocks
First draft version since April 2008
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BKG Ntrip Server (BNS)

selection using tabs

Two data stream inputs 
necessary via port
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BKG Ntrip Server (BNS)

Output of clock 
corrections to anothercorrections to another 
mountpoint on the 
caster

EUREF Symposium, June 18-21 2008, Brussels 16



BKG Ntrip Server (BNS)

Option for output ofOption for output of 
clocks and orbits in 
well known file 
f t

S l ti f li

formats

Selection of sampling 
rate and file length
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Orbit & clock correction concept (2)
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Orbit & clock correction concept (3)

= state space representation, orbits & clocks, RTCM v3 messages
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BKG Ntrip Client (BNC)

Purpose
• GNSS data streams available through Ntrip• GNSS data streams available through Ntrip
• Generation of high-rate RINEX OBS and NAV files
• Generation of EPH and synchronized OBS via port• Generation of EPH and synchronized OBS via port
• Monitoring of the performance of a real-time network

Latest version 1 5 available for download sinceLatest version 1.5 available for download since 
April 2008
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BKG Ntrip Client (BNC)

selection using tabs
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BKG Ntrip Client (BNC)

Data of the selectedData of the selected 
mountpoints will be 
streamed

V i f tVarious formats are 
supported and can be 
selected from the 
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BKG Ntrip Client (BNC)

A so-called skeleton is 
necessary for the RINEX 
header

RINEX data can be stored 
even in RINEX 3
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BKG Ntrip Client (BNC)

GPS + GLONASS 
ephemeris can be 
stored

We introduced a 
b f i lnumber of special 

mountpoints in the 
different regions of the 
world
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BKG Ntrip Client (BNC)

Output of 
synchronizedsynchronized 
observation via port
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BKG Ntrip Client (BNC)

Ephemeris 
corrections can be 
stored in different 
intervals

Mountpoint of the clock 
corrections
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BKG Ntrip Client (BNC)

Settings for the 
monitoring

showing latency and 
availability
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GNSS processing engine 

RTNet
• By “GPS solutions” / L. MervartBy GPS solutions  / L. Mervart
• Used for 

- either clock correction and ZTD estimation (networkeither clock correction and ZTD estimation (network 
solution)

- or coordinate estimation (PPP)
• Clock correction estimation successfully tested for 

Europe (GPS only and GPS+GLONASS), North 
A i d A t liAmerica and Australia 
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GNSS processing engine – results 
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GNSS processing engine – results 
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GNSS processing engine – results 
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Conclusions & outlook

EPN real-time data streaming widely-used 
Moved to EPN routine operationsMoved to EPN routine operations
Strategies of orbit and clock correction 
computation and dissemination is on ancomputation and dissemination is on an 
advanced level  
EUREF i i l h SP b hEUREF is going to launch a new SP about the 
enhancement of real-time data streams
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Thank you for your attention!

Information & Downloads:Information & Downloads:

http://igs.bkg.bund.de

euref ip@bkg bund deeuref-ip@bkg.bund.de
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