THE MEDIUM FREQUENCY R-MODE TEST BED IN
CANADA
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Motivation

Smart Cities

Ghost ships, crop circles, GNSS spoofing and jamming

and soft gold: A GPS = North Korea jamming attack
mystery in Shanghai = Shanghai port spoofing
;h::dm port. Butisit ; i (hef". e u USA PNT baCkup

Die ,,Geisterschiffe"” offenbaren die neue Dimension
der GPS-Manipulation
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Motivation
@ tagesschau Sendung verpasst? ()

Startseite » Wissen » Expertens Storungen der Satelltennavigation im Ostseeraum

DLR

Schlagzeilen

= Schauspielrin Vera Tschechowa st tot
= Danemark spertwichtige Meerenge
= FuBbalspicler (24)sirbt nach Oberfall
= Neter Preis-Trck bel VW
Hal an deutscher Nordsee - Ensatz
En-Aus fur deutschen Nationalspleler
Tod belm Zahnarzt: Arztn welnt vor Gericht

Deutscher Radprofi auf Intensivstation

= Diese Nummern soliten Sie sofort sperren

Massive GPS-Storungen im Ostseeraum e Arzte rufen zum Wahlen auf

Das kann kein Zufall sein » o

W Beliebtes Eis als Mogelpackung entlarvt

Cannabisplantage

Alle Schiagzeilen anzeigen —

Experten bestitigen Meldungen

Storungen der Satellitennavigation im

Leverkusen noch unaufhaltsam

Der Exodus droht Taglich mehr wissen
Ostseeraum & vonwimamLaing [ ga) Aoommern siosteios den
Stand: 04.02.2024 16:15 Uhr w ommentierten Uberblick diber
dle Themen, die Deutschiand
Satellitennavigation ist im Alltag extrem wichtig geworden. Im Ostseeraum bewegen. Datenschutzhinuieis
wird seit einiger Zeit immer wieder groRflachig die GPS-Navigation gestort. Schon junge Menschen betroffen .
Laut Experten kommt das "in Krisenregionen” haufiger vor. Schlaganfallgefahr: Uberraschender F Vel Adesse
Risikofaktor entdeckt
Sicherheitsexperten verfolgen im Ostseeraum gezielte Storungen der Al el s lesent =
satellitennavigation - bis in den deutschen Raum hinein. “Seit Dezember @ vonvtaic ramnow e 5
2023 werden sporadisch aus dem norddstlichen Bereich des deutschen Fenbare

Das tégliche t-online Wortquiz

der GPS-Manipulation

Meinung | Autokraten unter Druck

Erst wackelt Erdogan, dann Putin? ﬂ ﬂ n

@ vorchvconsowemicks
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Motivation 4#7
DLR

e : = Jamming and Spoofing attacks to
z ' - GNSS

= Alternatives are shutdown
» Decca (70 kHz-129 kHz)
= elLoran (90 kHz-110kHz)
= Backbone for safe navigation
= Crucial for transport
= Crucial for timing

= New alternatives needed!

‘Dara provided by @ adsbexchange.com
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Alternatives

R-Mode Baltic Testbed
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Terrestrial navigation

= Reusing existing infrastructure

= Maritime application

= 100m accuracy in costal waters

= 10m accuracy for port approaches



Alternatives

R-Mode Baltic Testbed
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Terrestrial navigation

= Reusing existing infrastructure

= Maritime application

= 100m accuracy in costal waters

= 10m accuracy for port approaches

R-Mode

= Maritime radio beacon (MF)

= VHF data exchange system (VDES)
= Feasibility study 2014

= First near field positioning 2020



Medium Frequency R-Mode
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DGNSS Signal Modification

= Minimum Shift Keying (MSK) modulation
= Continuous Wave (CW) at £ 225 Hz offset
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DGNSS Signal Modification

= Minimum Shift Keying (MSK) modulation
= Continuous Wave (CW) at £ 225 Hz offset

Function Principles

= Time synchronized station

= Defined CW Phase at full second

= Compute position

= Beat frequency to resolv ambiguities



Medium Frequency Propagation
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Groundwave

= Following cuverture of the earth
= Ground assumed to be PEC
= Field lines perpendicular to ground



Medium Frequency Propagation
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Groundwave

= Following cuverture of the earth
= Ground assumed to be PEC
= Field lines perpendicular to ground

Ground Influence

= Change with conductivity of ground
= |ntroducing offset of range
= Corrected propagation speed



Medium Frequency Propagation 4#7
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Sky-wave

= Reflection at ionosphere
= Only occurs during night
= |ntroduces multipath

R-Mode Receiver
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THE CANADIAN TESBED




Why Canada?
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Advantages

= Doubled channel bandwidth
= Higher transmission power
= | arger Coverage

Challenges

= Higher modulation speed
= Complex propagation path
= |ce coverage
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The Testbed ‘#7
DLR

Four Stations

Cap Ray

Point Escuminac
Fox Island

= Lauzon

Monitor Side

= DLR R-Mode receiver
= Serco R-Mode receiver
= Planed dynamic tests
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Current status
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Data Collection

= Data recording on DLR
server

* Daily reports are generated

Perfomance

= First test with Laurenzo
transmitter 20m accuracy

= Now reduced accuracy in
the field.
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Influence on Ice coverage
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Motivation

= |ce coverage influence
propagation
= Need to verify model

Results

= Prediction tool is developed

= Non-sufficient coverage in
2024

= DA






Outlook
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Steps accomplished

= Operational tesbed in Canda
= Roll out monitor station in Canada

= Continuous evaluation of data

Next Steps

= Solving reception issue
= Continuoue Standardization
= Dynamic tests
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