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Safety Critical Systems

Failure or malfunction likely to cause

• Death or injury to person

• Significant loss of property/damage to 
equipment

• Environmental damage



Voting →               +            +            =

Resilience →    f(p1, p2,p3) ≈ .99999

Triple Modular Redundancy (TMR):
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Map utilised with the kind permission of www.marinetraffic.com

http://www.marinetraffic.com/


HMM Algeciras, currently the world’s largest container ship (source: kentonline.co.uk)















Position, navigation and timing systems considered:

Global
• GNSS
• Satelles (STL), subject to confirmation of performance

Wide area
• eLoran

Local area
• VDES Ranging Mode (R-Mode)
• Radar Absolute Positioning
• LOCATA™ 

Onboard
- Traditional and/or inertial Dead Reckoning
- Multi-system receiver (MSR) Detail on each system is available in MarRINav report D4



Further information is available in MarRINav report D6



Proposed solution for UK CNI

+ + + DR

• DR supported by Radar absolute positioning
• Port operations supported by Locata™
• Resilient PNT & I is achieved through a system-of-systems approach

GNSS
(EGNOS V3 for user level integrity)

eLoran R-Mode (VDES)
Source: GPS.gov



Staged Project Approach

Phase 1 
Research, Design, Simulate

Phase 2
Demonstrate and Implement

Build a ‘system of systems’ 
system by system

Phase 3
Explore new sectors and geographies



More information and detail at 

www.marrinav.com

www.navisp.esa.int

http://www.marrinav.com/
http://www.navisp.esa.int/
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