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Motivation

GNSS spoofing and jamming
North Korea jamming attack
Shanghai port spoofing
USA PNT backup
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Motivation

Jamming and Spoofing attacks to
GNSS

Alternatives are shutdown

Decca (70 kHz-129 kHz)

eLoran (90 kHz-110 kHz)

Backbone for safe navigation

Crucial for transport

Crucial for timing

New alternatives needed!
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R-MODE SYSTEM
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Alternatives

R-Mode Baltic Testbed 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
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Medium Frequency R-Mode
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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
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Medium Frequency Propagation

E
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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
Introducing offset of range
Corrected propagation speed
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Medium Frequency Propagation

Sky-wave
Reflection at ionosphere
Only occurs during night
Introduces multipath

R-Mode Transmitter R-Mode Receiver

Skywave

Groundwave
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THE CANADIAN TESBED
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Why Canada?

Advantages

Doubled channel bandwidth
Higher transmission power
Larger Coverage

Challenges

Higher modulation speed
Complex propagation path
Ice coverage
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The Testbed

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

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

Motivation

Ice coverage influence
propagation
Need to verify model

Results

Prediction tool is developed
Non-sufficient coverage in
2024

DLR

Lars Grundhöfer, Institute of Communications and Navigation, 09.07.2024
14



OUTLOOK
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Outlook

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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