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Fugro positioning service evolution

Transit system High frequency DGPS HP dual-frequency
first used L1 service DGPS service
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G2 GPS & GLONASS
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Starfix positioning Omnistar Satellite based
system code L1 VBS
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Fugro positioning service evolution

Independent 3 Frequency
G2+ ambiguity-fixed Added Galileo AtomiChron Orbit+Clock fast

PPP Service into G4 service timing service GPS+GIO+<cEIE

XP3

convergence
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3 Fugro Marinestar Enhancements in 2024 ‘l'-I.IGRl:l



Fugro Satellite Positioning
- thousand active users globally

Hydrographic Survey ~ Dredging vessels
vessels

Windfarm Navy / Coast guard Fishing / Fish farming
installation/support vessels vessels

vessels




Marinestar Compatible Receivers(1/3)

& Trimble

MPS566
SPS855
MPS865 (MB2)
R750

BX992 (BD992)

Applanix POSMV

&

KONGSBERG

Seapath Series using a
3610 or 3710 demodulator




Marinestar Compatible Receivers(2/3)
F* septentrio
AsteRx-u3 Marine
AsteRx-m3 OEM
AsteRx-u-fg

AsteRx4-Fg OEM

/A
3% SBG sysTEMS

Navsight Ekinox Marine ’

Apogee-D

Ekinox-D '
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New Marinestar Integrated products in 2024
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Changes in the GNSS Satellite Constellation in 2

'MARINESTAR®

Uses over 100 GNSS
reference stations to

' measur“é precise distances
of satellite constellations
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Next Launch Jan 2025
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2 Launch in 2024
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NextG4: Fugro infrastructure
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Fugro Satellite Positioning infrastructure

as Geostationary
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NTRIP

Internet
Uplink 1

Broadcast 1 for G4 ‘ Broadcast 2 for G4

Network
Control
Center 2

GNSS G4 orbit/clock +
bias corrections
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Fixing the correct wavelengths

A\TA), Q\\\TAN

~40-50 Satellites
3 Frequencies. Wavelength ~10, ~20, ~80 cm range

3 Constellations. (Glonass not fixed)

Computational challenge. Lambda method
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Positioning accuracy results triple frequency Spring 2024

F832

7

s

Scmtlllatlons 'ﬂ

10 days’ statistics
95% accuracy in mm
including hourly resets
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Positioning results 68% dual frequency

Convergence time statistics, results are obtained with
Fugro PolaRx5 stations’ data

G4 (no ambiguity fixing) G4: GPS/GAL/BDS ambiguity fixing

68% convergence time: NextG4 Ambiguity-Float solutions (reset every 2h) 68% convergence time: NextG4 Ambiguity-Fixed solutions (reset every 2h)

0.5 Number of Good Septentrio sites used = 27 (20221005) 0.5 Nulmber ?f Goo'ci Septlentrio‘sites lfsed = 27 (2,02210,05) r
— North [Conv. time to 10 cm = 4.0 min] — North [Conv. time to 10 cm = 4.0 min]
— East [Conv. time to 10 cm = 9.4 min] — East [Conv. time to 10 cm = 5.3 min]

0.4 | — Up [Conv. time to 10 cm = 9.2 min] 0.4 — Up [Conv. time to 10 cm = 5.2 min]
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Horizontal Error [m]

Positioning results triple frequency 95% Horizontal and Height
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F801: 95% Convergence Time, 240 hourly resets
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Positioning convergence results tripe frequency in 29 Seconds.

95% convergence in-seconds

cemen

LT in2024




Sailing Harbour of Rotterdam 2 d s. Many bridges

Knmpen,aan den |Jsse

Retterdam
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sdQuick Re-init(QRI) works e
Fast convergence helps

I UGRO
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Thanks to support Willem Snoek, Harbour of Rotterdam
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Pass lots of bridges and trees
Fixing rate: from 61% to 91%
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Solar cycle 25

ISES Solar Cycle F10.7cm Radio Flux Progression
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» Solar cycle 25 expecting to peak 2024-2025

+ Affects predominately equatorial less in polar regions

+ To mitigate the effects of solar activity:
1. Use G4 with BeiDou3 (Up to C37 for Ax4, C46 For U3)
2. Use 5 degrees elevation mask.

3. Use receivers that can receive multiple L-band satellites
simultaneously

4. Use NTRIP for back-up corrections

See more: https://fsp.support/pl/12321850
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Positioning results in scintillation
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RTK versus Marinestar Height

Vertical Accuracy RMS
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See:https://fsp.support/pl/24042300 RTK NRTK Specifications from AsteRx-U3
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Conclusions and outlook
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New manufacturers are added in 2024.

Both multi-frequency and multi-constellation play crucial role in fast
convergence.

Convergence time has been reduced from approximately 12 min to just 3 min
with accuracy improving to 2.5 cm horizontally and 5.0 cm vertically in good
environment.

BeiDou significantly contributes to the reduction of scintillation effect.
XP3 independent Orbit and Clock Galileo has been added.
Navigation Message Authentication helps against spoofing.

Fugro is further improving the service performance in challenge observation
environments for broader applications.
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Unlocking Insights
from Geo-data



