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Requirements for Resilient PNT
Background

At the 59th Session of the IMO Sub Committee on Safety of Navigation (NAV 59), there was consensus in the e-navigation Working Group on the need for Resilient Positioning Navigation and Timing (PNT). It was also agreed that requirements for Resilient PNT should be prepared as part of the Strategy Implementation Plan for e-navigation. This paper has been prepared for the European Maritime Radio-navigation Forum as a basis for discussion and possible submission to the IMO Correspondence Group on e-navigation.

Approach
IMO Resolution A.1046(27) World Wide Radio Navigation System sets out the requirements for recognition of systems under the WWRNS. This Resolution does not distinguish between single systems that might meet the requirements by themselves and combinations of systems that might meet them together. This paper proposes that in addition to the parameters of availability, accuracy, integrity and continuity set out in A.1046, the limitations of each system should be assessed, such as vulnerability to interference, or coverage. By this means complementary systems could be selected to ensure overall resiliency is provided. This approach of considering the WWRNS as a compendium of systems fits in with the planned development by IMO of a Multi-system Receiver Performance Standard, a generic standard that will cover different systems and combinations of systems – specifying what is required, not how it should be done.
Requirements

The following table summarises the requirements set out in Resolution A.1046:

	Region
	Accuracy
	Availability
	Integrity
	Continuity
	Update rate

	Ocean waters
	100 m 95%
	99.8 %
	broadcast by MSI
	-
	2 sec

	Harbours, harbour approaches, coastal waters
	10 m 95%
	99.8 %
	broadcast                                      within 10 s
	99.97% in 15 minutes
	2 sec


Assessments
It is proposed that the following table would be completed during system analysis and used to assess single systems and combinations of systems against the requirements, with the additional column recording limitations, so that these can be mitigated by combining with other systems:

	Region
	Accuracy
	Availability
	Integrity
	Continuity
	Update rate
	Limitations

	Ocean waters
	
	
	
	
	
	

	Harbours, harbour approaches, coastal waters
	
	
	
	
	
	


Examples – the following tables show assessment results for existing systems – Green indicates that requirements are met, Red that they are not
GPS

	Region
	Accuracy
	Availability
	Integrity
	Continuity
	Update rate
	Limitations

	Ocean waters
	9 m 95%
	99 %
	RAIM or broadcast by MSI
	N/A
	1-0.05 sec
	Vulnerable to interference

	Harbours, harbour approaches, coastal waters
	9 m 95%
	99 %
	RAIM or broadcast                                      by MSI
	N/A
	1-0.05 sec
	Vulnerable to interference


Source: 2012 FRP   
GLONASS

	Region
	Accuracy
	Availability
	Integrity
	Continuity
	Update rate
	Limitations

	Ocean waters
	6 m 95%
	̴100%
	RAIM or broadcast by MSI
	N/A
	1-0.05 sec
	Vulnerable to interference

	Harbours, harbour approaches, coastal waters
	6 m 95%
	̴100%
	RAIM or broadcast                                      by MSI
	N/A
	1-0.05 sec
	Vulnerable to interference


Source: Russian Federal Space Agency, IAC website
GPS/GLONASS

	Region
	Accuracy
	Availability
	Integrity
	Continuity
	Update rate
	Limitations

	Ocean waters
	 2 m 95%
	̴ 100 %
	RAIM or broadcast by MSI
	N/A
	1-0.05 sec
	Vulnerable to interference

	Harbours, harbour approaches, coastal waters
	 2 m 95%
	̴ 100 %
	RAIM or broadcast by MSI
	N/A
	1-0.05 sec
	Vulnerable to interference


Source: NSL simulation results
GPS/WAAS

	Region
	Accuracy
	Availability
	Integrity
	Continuity
	Update rate
	Limitations

	Ocean waters
	2 m 95%
	̴100 %
	broadcast within 8s
	̴ 100% 
	1-0.05 sec
	Vulnerable to interference
No polar coverage 

	Harbours, harbour approaches, coastal waters
	2 m 95%
	̴100 %
	broadcast within 8s
	̴ 100% 
	1-0.05 sec
	Vulnerable to interference
No polar coverage 


Source: 2012 FRP   
GPS/DGPS

	Region
	Accuracy
	Availability
	Integrity
	Continuity
	Update rate
	Limitations

	Ocean waters
	100 m 95%
	99.7 %
	broadcast within 10s
	̴ 100% 
	1-0.05 sec
	Vulnerable to interference

	Harbours, harbour approaches, coastal waters
	10 m 95%
	99.9 %
	broadcast within 10s
	̴ 100% 
	1-0.05 sec
	Vulnerable to interference



Source: 2012 FRP   

GPS/eLoran

	Region
	Accuracy
	Availability
	Integrity
	Continuity
	Update rate
	Limitations

	Ocean waters
	100 m 95%
	99.8 %
	broadcast within 10s
	-
	2 sec
	Coverage incomplete

	Harbours, harbour approaches, coastal waters
	10 m 95%
	99.8 %
	broadcast                                      within 10s
	99.97% in 15 minutes
	2 sec
	Coverage incomplete


Source: GLA trials results

