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Scope of Presentation

What is GNSS PPP ?

GPS Based High Precision Systems.

Return of GLONASS.

Fugro G2 Development.

Advantages of Combined GNSS Systems.

Products, Trials and Results.

What does the Future have in store ?
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GNSS (Global Navigation Satellite Systems)
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GPS Positioning Accuracies
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Differential (DGPS) Orbit and Clock

DGPS versus PPP
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DGPS Dataflow

DGPS corrections

DG
PS corrections

for each station separate
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Orbit and Clock Dataflow

Correction
receiverGPS and

GLONASS
receivers

Orbit and clock
calculation
servers in Oslo

Precise orbits and clocks

GPS and GLONASS data

Precise orbits and clocks

Geostationary 
broadcast sattelite
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GPS Based High Precision Systems
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Fugro Reference Station Network and Broadcasts
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Fugro Starfix.HP

All elements developed and implemented by Fugro

Uses correction data from Fugro’s proprietary reference station network.

Multi Reference Network Carrier Phase positioning computation.

Dual Frequency

Fugro Starfix.HP in HP Mobile and StarPack software.

ca 30 minutes convergence time to full accuracy

10 cm accuracy (2 sigma) assuming a reference station within 500 km
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NASA / JPL Tracking Stations
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Fugro SkyFix-XP

Hybrid system – Signals purchased from NASA / JPL, all other elements 

developed by Fugro

Uses NASA / JPL managed reference stations

Orbit and Clock “Global State Space” position computation.

Dual Frequency system.

MultiFix5 software.

ca 30 minutes convergence time to full accuracy

10 cm accuracy (2 sigma) almost independent of location.
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Return of GLONASS
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GLONASS Come Back !

Deployment Milestones:
– 14 satellites – 2007
– 20 satellites – 2008
– 24 satellites – 2009

http://en.rian.ru/russia/20051226/42709745.html

Performance Comparable 
to GPS by 2009
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GLONASS Constellation Deployment
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GLONASS-M Flight Test 
(7 years life-time)

GLONASS-K Flight Test
(10 years life-time)

GLONASS Initial Operation Capability 
(12 NSV , 3 year life-time )

President’s Decree № 658, 29.09.93

GLONASS deployment milestones:

– 18 satellites in constellation – 2008
– 24 satellites in constellation – 2010
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16 of 17 Satellites Available

3 satellites launched 
25 September 2008
3 satellites launched 
26 December 2008
6 satellites to be 
launched 2009
and in 2010

USD 2.6 Billion 
allocated for 
operations 
2012-2020
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GPS Coverage

Probability that GDOP<5 for mask angle of 25° (a case for urban canyon)
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GPS and GLONASS Coverage

Probability that GDOP<5 for mask angle of 25° (a case for urban canyon)
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Number of Satellites Available, Elevation Mask 8°

GPS: Mean: 9 satellites

GPS+GLONASS: Mean: 13 satellites
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Fugro G2 Development
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What is G2 ?

GPS & GLONASS PPP
Utilising Fugro Derived Corrections
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Development History

Key Milestones:

The G2 concept was conceived around year 2000

A development contract was signed February 2003 with ESA and the
development started

The decision to include GLONASS was made in October 2004

G2 test signal on the air from February 2008

Fugro’s Motivation

Precise orbit and clock is the future

Fugro develops this technology further

• Solution Independent of JPL 

• Addition of GLONASS
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G2 Infrastructure

Currently about 35 stations
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Operations and Monitoring Centre, Oslo
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Support Team at ESA
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Advantages of Combined GNSS Systems
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Improved Performance with Several GNSS

Independence
When more systems become fully operational, they can be used as 
independent systems in safety critical applications

Availability
Combined systems will improve availability of satellite navigation in 
situations where parts of the sky are obscured. This will be the case 
close to oil rigs, during ionosperic scintillations etc.

Reliability
Increased redundancy of data (additional lines of position) will help 
to identify bad measurements

Accuracy
Improved accuracy with more satellites (improved geometry)
Improved convergence time in phase based decimeter level systems
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Independence

Independence
Today GPS is used in all satellite navigation reference systems
When more systems become fully operational, they can be used as 
independent systems in safety critical applications

GPS

DGPS2

DGPS1 GNSS1

DGNSS2

DGNSS1

GNSS2
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Availability

Availability
Combined systems will improve availability of 
satellite navigation in situations where parts of 
the sky are obscured. This will be the case 
close to oil rigs, during ionosperic scintillations 
etc.
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Solar Cycle 23 - 24
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Reliability

Reliability
Increased redundancy of data (additional lines of position) will help to identify 
bad measurements

• RAIM = Receiver Autonomous Integrity Monitoring
• Also a part of UKOOA Guidelines
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Orbit and Clock Solutions

Orbit and Clock versus DGPS:

1. Requires fewer reference stations than differential (global coverage)

2. One set of correction data valid everywhere

3. No baseline (“distance to ref. station”) dependent errors

4. Independence from local reference station performance

5. Better correction data during ionospheric storms

6. High redundancy and robustness
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Products, Trials and Results
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Survey / Positioning Hardware Implementation

StarPack

HP Mobile (SPM)
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Survey / Positioning Software Implementation

MultiFix6 Software
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January 2009 – GPS Versus GPS & GLONASS
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Early System Performance – October 2008
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System Performance – February 2009
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G2 Performance Summary

Accuracy (95%) Precision (95%)
Date Easting Northing Height Easting Northing Height
24 Oct 2008 -0.001 m 0.017 m 0.088 m 0.126 m 0.110 m 0.233 m
2 Feb 2009 0.003 m -0.023 m -0.075 m 0.055 m 0.088 m 0.221 m

Accuracy (Reliability):

Precision:

Offset from a “known” geodetic point.

Spread of data.
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DP Hardware & Software

Kongsberg Seatex DPS 232
Dual Frequency GPS / GLONASS 
Uses new Fugro correction service.

Fugro Branded
Trimble 9200-G2
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Kongsberg Seatex DPS232 Tests, 6 January 2009

Horizontal Error

East Error

North Error

Height Error
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Kongsberg Seatex DPS232 Tests, 6 January 2009

No of Satellites

HDOP,VDOP

GPS PRNs

GLONASS PRNs
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Dynamic Trials onboard Bourbon Topaz

Seatex DPS 232 in G2 mode
Seatex DPS 232 in XP mode

Both connected to the same antenna
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Bourbon Topaz – 16 October 2008

Difference between G2 and XP in 
Easting, northing and height, 6 hours

HDOP in G2 (2) and XP (1)

Height in XP and HP
(2-3 m heave at sea, at harbour 04:30)



www.fugro.no Fugro Survey AS

Bourbon Topaz – 16 October 2008

XP, 24hours

G2, 24 hours
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GPS Only, Elevation Mask 25°
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GPS & GLONASS, Elevation Mask 25°
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GLONASS Only Coverage

During periods 
with enough 
GLONASS 
satellites, the 
solution is at 
the decimetre 
level using only 
GLONASS 
satellites.

dN = North error
dE = East Error
dH = Height error 
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What does the Future have in Store ?
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GALILEO

OS

CS

SOL

PRS
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China has filed for frequencies at ITU 
(International Telecommunications 
Union)
27 Satellites MEO, 21500 km, 55 deg
5 Satellites in Geostationary Orbit, 
35786 km
3 Satellites Inclined Geostationary 
Orbit, 35786 km, 55 deg
Similar frequencies as Galileo
10 meter accuracy
Start launching two satellites 2008 
(Geostationary)
Continuation of the military ”Beidou”

COMPASS
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Conclusions

All elements of G2 developed and implemented by Fugro

Uses correction data from Fugro’s proprietary reference station network, both 

GPS and GLONASS.

10 cm accuracy (95%) almost independent of location.

Improved Performance with Multiple GNSS

Independence

Availability

Reliability

Accuracy
Within a few years up 120 GNSS satellites could be available for navigation and 
positioning.
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Questions ?
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