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Fugro Global player with local presence
We meet our c l-damneeds 6y molmlisiraylglob& eesources quickly and effectively
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Germany
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~400 People

@® Major office locations

Note: Revenue in EUR million. Charts are based on FY2022 results
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Fugro overview
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Remote Hvdrograph

BERGEN
ABERDEEN ..

@ LEIDSCHENDAM
@ HousToN @ ABU DHABI
mumBsal @
@ SINGAPORE
MACAE @
@ PERTH

Blue Shadow Blue Essence Blue Eclipse
8 Meter 12 Meter 18 Meter

I Remote Operations Centres

R @~ B B S e S e >
Powering end-to-end remote and autonomous PECCE o & < g
solutions, from anywhere around the world. : g SN A

The current future -l"uann

4 MCN, Wismar Fugro Jamming and Spoofing



Fugro positioning service evolution

Transit system High frequency DGPS HP dual-frequency
first used

1984

L1 service DGPS service

1996

2006

G2 GPS & GLONASS
PPP service

1974

Starfix positioning
system

1986

Omnistar Satellite based
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+HeEINEY convergence
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= Satguard
Added BeiDou OceanStar SpaceStar bC_;4 " NMA Spoofing
into G4 service Cruise Vessels LEO PPP ar?ixli?]lg y Protection
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Fugro Satellite Positioning
- thousand active users globally

Research vessels Hydrographic Survey  Dredging vessels Cable Lay vessels
d using the 06shape vessels

s ———

Windfarm av / Coast guard

Fishing / Fish farming
installation/support vessels vessels
vessels USVs



Fugro Satellite Positioning integrated in GNSS receivers

Trimble Septentrio SBG KONGSBERG

d using the 06shape
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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)
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New Marinestar Integrated products in 2024
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G_NSS Constellations 2024
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Changes INn the GNSS Satellite Constellation in 2024
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https://www.youtube.com/watch?v=60 -xdbgXUoA

GPS 31

Next Launch Jan 2025
2025 from 31->32 SV
G1

- Galileo 24

2 Launch in 2024
6! Launches in 2025
E1

BeiDou 35

4 Launches in 2024
c46

Glonass 20

| 1 Launch Dec? 20247
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NextG4: Fugro infrastructure
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https://fsp.support/marinestar/
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95% Positioning accuracy results triple frequency Spring 2024

Lat <15 mm
Lon <15 mm
Height <52 mm

1 O dayso st
95% accuracy in mm

Including hourly resets




Worst Jamming now
Solar cycle 25

ISES Solar Cycle F10.7cm Radio Flux Progression
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A Solar cycle 25 expecting to peak 20242025

A Affects predominately equatorial less in polar regions

A To mitigate the effects of solar activity:
1. Use G4 with BeiDou3
2. Use 5 degrees elevation mask.

3. Use receivers that can receive multiple Lband satellites
simultaneously

4. Use NTRIP for backup corrections

See more: https://fsp.support/pl/12321850
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Fugro Satellite Positioning infrastructure
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GNSS Frequencies
GPS: 27t0365Vs More frequencies
.| Improve robustness.
GLONASS 24030 SVs ‘
Improve convergence
.. B ‘ = J

Galileo: 26 to 30 SVs time.

M 1 ML A‘.JML_ - New signals are
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FIGURE1 Prospective satnav signal structures, with open signalsin blue and restricted signals in red _l.-‘"GRn
http://insidegnss -com/figure -2-tables-1-2-something-old-something-new/ (2013)



http://insidegnss.com/figure-2-tables-1-2-something-old-something-new/

Different sources of Jamming. E.g.

2 ? FIGURE4 Received Power Variation in the B3-E6 Spectrum Across all Stations on February 3,
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https://insidegnss.com/q-can-rf-interference-to-gnss-signals-be-generated-by-satellites-in-orbit-has-this-occurred-and-how-can-it-be-detected/

-l'ilt;nn Worldwide Beams — January 2024
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GPS+Glonass L2 Fail: More GNSS constellations help
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Different forms of Radio Interference (Source Sertentrlo)
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Inmarsat Lband Upllnk Jamming.1552 Mhz.
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https://www.reddit.com/r/RTLSDR/comments/1cgt894/russian_pirates_transmitting_pictograms_over/?rdt=47472



GPSJAM

Daily maps of GPS interference

About | FAQ

More
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singapore IFE G4+ DCSAT GFS Satellite Count
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Examples of China Circles, Iran ship spoofing,
Russia aircraft circles.
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¥ 2 : North 1511 UTC

Mesdar Slows And
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https://rntfnd.org/2019/07 = ——
[24/mi -6-probe-if-seized
british-tanker-was-given-

spoofed-iran-coordinates-

https://rtfnd.org/2019/07/24/mi -6-probe-if-seized-british-tanker-was-
given-spoofed-iran-coordinates-by-russian spies-the-register/

N
by-russian-spies-the- D
register/ RN\
“ ‘.k : i} ‘/‘ /.
Circle spoofing is done F—

with a GNSS Simulator.

https://www.linkedin.com/pulse/circle -spoofing-comes-aviation-fgst-
. : -fflﬁnn
baltic-now-dana-a-goward-disle/



Fugro Spacestar: Norsat TD :Number of Sat.

07 December 2023 - Available GPS Observations: L1 - 1575.42 Hz
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Metal object blocking Interference source 5! antennas.
Front Bow, Starboard, Port, Top Mast




