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Evolution of the GNSS Landscape

� New navigation satellite constellations and signals,
building  the “System of Systems”

� The IGS Multi-GNSS Experiment (M-GEX) in practice

� Reference frames in real-time with PPP-RTK

� Development of Galileo

United Nations/Latvia GNSS Workshop, May 14-18, 2012, Riga, Latvia
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Axis/Directions of GNSS Satellite 

Deployment (1/2)

� Current GNSS satellite constellation (04/2012)

− 31 GPS operational

− 24 GLONASS operational

− 2 Giove and 2 IOV Galileo operational

− 1 QZSS (tracked by geodetic receiver)

− 11 COMPASS (tracked by geodetic receiver)

� Frequencies

− GPS: L1, L2, L5

− GLONASS: L1, L2

− Galileo: E1, E5a, E5b, E5

− QZSS: L1, L2, L5, LEX(6)

− Compass: E2, E5b, E6

� Tracking Mode (C/A, P, L1C, L2C, I, Q, X=I+Q, …)

United Nations/Latvia GNSS Workshop, May 14-18, 2012, Riga, Latvia
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� A today’s GNSS Observation file (RINEX v.3 Header)

3.02           OBSERVATION DATA    M (MIXED)           RINEX VERSION / TYPE

NetR9 4.48          Receiver Operator   26-APR-12 00:00:00  PGM / RUN BY / DATE

CUT0                                                        MARKER NAME

…

G   12 C1C L1C S1C C2W L2W S2W C2X L2X S2X L7I S7I C6I      SYS / # / OBS TYPES

R   12 C1C L1C S1C C1P L1P S1P C2C L2C S2C C2P L2P S2P      SYS / # / OBS TYPES

E   12 C1X L1X S1X L7I S7I C6I C7X L7X S7X C8X L8X S8X      SYS / # / OBS TYPES

J   15 C1C L1C S1C C1X L1X S1X C2X L2X S2X L7I S7I C6I C6X  SYS / # / OBS TYPES

L6X S6X                                              SYS / # / OBS TYPES

C    9 C2I L2I S2I C7I L7I S7I C6I L6I S6I                  SYS / # / OBS TYPES

…

� View on tracked signals asks for new tools, e.g., filtering 

of observation classes

� New website at EPN-CB

Axis/Directions of GNSS Satellite 

Deployment (2/2)

United Nations/Latvia GNSS Workshop, May 14-18, 2012, Riga, Latvia
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Detailed View on EPN Tracking Status

United Nations/Latvia GNSS Workshop, May 14-18, 2012, Riga, Latvia
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EPN Tracking Status

United Nations/Latvia GNSS Workshop, May 14-18, 2012, Riga, Latvia
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EPN Tracking Status

United Nations/Latvia GNSS Workshop, May 14-18, 2012, Riga, Latvia
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EPN Tracking Status

United Nations/Latvia GNSS Workshop, May 14-18, 2012, Riga, Latvia
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EPN Tracking Status

United Nations/Latvia GNSS Workshop, May 14-18, 2012, Riga, Latvia
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Impact on Implementation of ETRS89

� Upgrade of GNSS tracking network, without 
compromising operational products

− Careful equipment changes

− Hold files of new data formats in separate archive directories

� Deliver new essential products to users (satellite orbits 

and clocks, inter-system biases,…)

� Quality check of new observations

− run e.g. BNC tool

� Validate the reference frame from single system 

solutions

− e.g., determine a GPS – GLONASS 3D-transition-vector

United Nations/Latvia GNSS Workshop, May 14-18, 2012, Riga, Latvia
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� The IGS Multi-GNSS Experiment (M-GEX) in practice

United Nations/Latvia GNSS Workshop, May 14-18, 2012, Riga, Latvia
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A Data Center for the IGS Multi-GNSS 

Experiment (M-GEX)

United Nations/Latvia GNSS Workshop, May 14-18, 2012, Riga, Latvia
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IGS Multi-GNSS Experiment

- Station List -

United Nations/Latvia GNSS Workshop, May 14-18, 2012, Riga, Latvia

32 of 47 for M-GEX registered sites
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IGS Multi-GNSS Experiment

- Data Availability -

United Nations/Latvia GNSS Workshop, May 14-18, 2012, Riga, Latvia
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IGS Multi-GNSS Experiment

- Data Availability -

United Nations/Latvia GNSS Workshop, May 14-18, 2012, Riga, Latvia
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IGS Multi-GNSS Experiment

- File Browser -

United Nations/Latvia GNSS Workshop, May 14-18, 2012, Riga, Latvia
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M-GEX Receiver Types (32 Sites)

United Nations/Latvia GNSS Workshop, May 14-18, 2012, Riga, Latvia



183. SAPOS Auswertertreffen, 25. - 26. April 2012, Frankfurt am Main

• C8Q and L8X: (E5=E5a+E5b)
• C8X smallest code-noise
• L8X smallest phase-noise (e.g. for low elevation)
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New Tool for Editing and Quality Control

- Concatenation of Hourly RINEX v3 Files -

United Nations/Latvia GNSS Workshop, May 14-18, 2012, Riga, Latvia
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� Reference frames in real-time with PPP-RTK

United Nations/Latvia GNSS Workshop, May 14-18, 2012, Riga, Latvia
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Reference Frames in Real-Time

� Local RTK networks

− a few cm accuracy within a few observation epochs

− local reference stations and reference frames realization

− no activity from EUREF in this domain

� PPP-RTK

− PPP is global approach

− provide and apply precise SSR information

− concept doesn’t request local reference stations

− global reference frame realization; if needed transformed to 
regional or local reference frames

− EUREF real-time product and data streams

United Nations/Latvia GNSS Workshop, May 14-18, 2012, Riga, Latvia
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PPP-RTK & Open Standards Symposium

Frankfurt am Main, 2012

United Nations/Latvia GNSS Workshop, May 14-18, 2012, Riga, Latvia
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PPP-RTK Concept

United Nations/Latvia GNSS Workshop, May 14-18, 2012, Riga, Latvia
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EUREF Real-Time Data Streams

United Nations/Latvia GNSS Workshop, May 14-18, 2012, Riga, Latvia
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EUREF Real-Time Product Streams

United Nations/Latvia GNSS Workshop, May 14-18, 2012, Riga, Latvia
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EUREF-IP Monitoring

United Nations/Latvia GNSS Workshop, May 14-18, 2012, Riga, Latvia
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EUREF-IP Monitoring

United Nations/Latvia GNSS Workshop, May 14-18, 2012, Riga, Latvia
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Ambiguity resolution turns 

PPP into PPP-RTK

� Commercial services for PPP and PPP-RTK available

� Big market in “precision farming”

� Open standard (here RTCM) will foster more applications

United Nations/Latvia GNSS Workshop, May 14-18, 2012, Riga, Latvia

PPP PPP-RTK

Ambiguity fixing

(zero-diff., real-time)
no yes

Convergence time ~ 30 min a few epochs (sec.)

Phase bias correction no yes

Inonosphere modeling yes yes

Throposphere information no yes
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Galileo Geodetic Reference 

Interface (GGRI) Working Group

� Established by EC/ESA with European experts from 
geodesy (some experts from EUREF organizations)

� Kickoff October 2010

� Goal: Create conditions for transition from the “Service 

Provider” prototype to a permanent geodetic service

� Content

− Review of baseline “Galileo Reference Service Provider” (GRSP) 
– a EU 6th framework project – and of the “Time and Geodetic 
Validation Facility” (TGVF/OVF) – industrial project led by 
ThalesAleniaSpace-France

− User Types and Applications

− Requirements for additional GRSP Products and Services

� Final report June 2012 (tbd); publication not yet decided

United Nations/Latvia GNSS Workshop, May 14-18, 2012, Riga, Latvia
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Outlook

� EUREF supports all satellite navigation systems

− data archive extended by RINEX version 3

− GLONASS recommended in analysis guidelines

− website at EPN central bureau ready for multi-GNSS

� EUREF established real-time services

− data and product streams

− permanent PPP monitoring

− development of tools, e.g., BNC

� EUREF organizations take part in Galileo developments

− Galileo reference frame

− Galileo geodetic working group

United Nations/Latvia GNSS Workshop, May 14-18, 2012, Riga, Latvia


