
IGNSS Symposium, UNSW, Sydney, Australia, 6-8 December 2016 

School of Civil & Environmental Engineering, UNSW, Sydney, Australia 

Trustworthy Positioning: Why We 
Need To Take It Seriously 

Chris Rizos 



IGNSS Symposium, UNSW, Sydney, Australia, 6-8 December 2016 

• Performance specifications are very tight 
• Highly Automated Driving (HAD) is going to become a reality 

very soon 
• GNSS (or other sensor technologies) is not reliable enough 
• Mass market in Precise Positioning has different drivers to 

professional market 
• If we don’t, who will? 

 

Positioning and Mapping needs to address the 
advanced ITS challenges... 



What are we talking about? 

Positioning in vehicles is going from Passive to Active... 
From simple navigation to information about traffic,  

to warnings about hazards, to actively avoiding hazards,  
to supporting HAD modes 



HAD... Utopia 1958 



HAD... now, everyone wants in 

There are non-technical concerns: 
What are the design & performance 
specs? Who certifies these? Who is 

responsible for insurance cover? What 
about other road users?... 
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Trustworthy Positioning... lots of technology 

x 

x 

x 

GNSS? 



Levels of positioning accuracy required...  

• road-level - which road is the vehicle on? 
• lane-level - which lane is the vehicle in? 
• where-in-lane-level – where within the 

lane is the vehicle? 
 

12th ASDC Adelaide, July 2013 - Higgins 

“Vehicle Positioning for C-ITS in Australia”, 
AustRoads Research Report, April 2013 

Positioning includes V2V 
(relative) and V2I (absolute) 

https://www.onlinepublications.austroads.com.au/items/AP-R431-13 



ITS positioning requirements… 

“Vehicle Positioning for C-ITS in Australia”, 
AustRoads Research Report, April 2013 https://www.onlinepublications.austroads.com.au/items/AP-R431-13 
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Trustworthy Positioning... new design paradigm 

Accuracy 

Integrity 

x 

x 

Surveying, 
mapping 

Aviation, 
marine 
navigation 

Advanced ITS - HAD 

Old design space 

New 
design 
space 

x 

We want more accuracy, 
but also more integrity… 
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No uniform performance standards for advanced ITS with respect to 
positioning have been established. The preferred technological 
solution should not be specified. 
The following RNP parameters need to be considered:  
•Accuracy – the degree of conformance of an estimated or 
measured position at a given time wrt a defined reference value: 

– Absolute vs Relative is important 
– Confidence level is important, e.g. RMS at 68% vs 95% as in 

ISO GUM vs 99.9% vs 99.999999% 
•Integrity – the ability of the positioning system to identify when a 
pre-defined alert limit has been exceeded, and to then provide 
timely and valid warnings to driver systems 

Required Navigation Performance Parameters (1) 

Wuhan University, China - May 2013 - Matt Higgins (Source: Feng, Higgins and Millner for ARRB, April, 2013) 
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Wuhan University, China - May 2013 - Matt Higgins 

• Continuity – the ability of the system to provide a navigation 
output with the specified level of accuracy and integrity 
throughout the intended period of operation 

• Availability – percentage of time during which the service is 
available and satisfying all of the accuracy, integrity and 
continuity requirements 

• Interoperability – the ability of different vehicle positioning 
systems with different absolute positioning capabilities to be used 
on the road network, and still meet the RNP specs 

• Timeliness – the ability of the system to update position 
solutions at the required rates or on an event basis 
 

(Source: Feng, Higgins and Millner for ARRB, April, 2013) 

Required Navigation Performance Parameters (2) 
 



ICAO aviation performance specifications 

http://www.navcen.uscg.gov/pdf/FederalRadionavigationPlan2014.pdf 

Behind these are a HUGE 
volume of SARPs... 



Highway Performance Specs (US FRP2014) 

http://www.navcen.uscg.gov/pdf/FederalRadionavigationPlan2014.pdf 

Note: the technological 
solution is not specified... 
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Moving forwards... 
• GNSS is the primary navigation technology for “absolute 

positioning” 
• Other sensing/imaging technologies used for “relative 

positioning”... essentially collision avoidance systems 
• Mapping data used for ancillary purposes... “global situation 

awareness”, “around-corners” capability, POIs, etc 
• Biggest challenge is ensuring 100% availability and very 

high integrity... correctly identified degraded performance 
is not critical, but HMI is 

• Complexity of multi-sensor systems, coupled with AI, 
operating in a highly dynamic environment, is a huge 
challenge... compared with Aviation systems 

• Many players, many solutions, many standards... what could 
Australia do (in a meaningful way)? 



Positioning... more than meets the eye 
1: “I can see clearly now...” sensing the world  2: “I know where I am...”  

everything in its place 

3: “With a little help from my friends...” 
cooperative approaches 

Each technology/approach has 
its strengths & weaknesses... 



Five-tier GNSS-based techniques 
Tier Technique 

Option 

Status 
Accuracy 

range Cost ITS applications  
Current Future 

1 A Standalone GPS 
(SPS) 

Standalone 
multiple GNSS 10-20m Low 

Vehicle navigation, personal 
route guidance and location 

based services (LBS) 

2 A 
Standalone 
GNSS (DF), 
Code DGPS 

Standalone 
multi-GNSS 
positioning 

1-10m Low Vehicle navigation, LBS, road 
traffic management 

3 
B 

Current WAAS 
Commercial 
WADGPS  

Future SBAS 
design for multi-

GNSS  
0.1-1m 

Low  
  

ITS safety applications: lane-
level positioning, lane-level traffic 
management and where-in-lane-

level applications 
C Smoothed 

DGPS 
Smoothed 
DGNSS 0.1-1m Medium 

4 

D RTK 

Combined PPP 
and RTK 

(seamless) 
0.01-0.1m Medium to 

High 

Research prototype ITS safety 
systems, offering bench mark 
solutions for testing low-cost 

units E PPP 

5 Advanced 
D and E Static positioning 

Sub-cm RTK 
with multi-GNSS 

signals 
0.001-0.01m High 

Geosciences and geodynamic 
studies. Not recommended for 

ITS applications 

(Source: Feng, Higgins and Millner for ARRB, April, 2013) 



M-GNSS visibility: Sydney 
10deg elev, 7 December 2016 

http://www.taroz.net/GNSS-Radar.html 

This is about 4x number used for 
standard GPS positioning... 



But GNSS was never designed to be a Ubiquitous 
Positioning technology... Signals are too weak & vulnerable 

GNSS is 
  like Swiss 
  cheese… 

… it’s full of holes” 

Nunzio Gambale 
Locata Corp 



GNSS positioning: the reality 
• In some environments (such as tunnels, 

built up urban areas, or in the presence 
of signal interference or spoofing) GNSS 
performance deteriorates rapidly 

• GNSS on its own cannot satisfy the “high 
performance positioning” needs of 
applications that are liability-critical or 
life-critical 

• Positioning for advanced ITS apps is not 
an “off-the-shelf” solution... state-of-the 
art fusion of sensor outputs blended with 
machine-based reasoning 

• Multiple approaches likely to be used... 
variety of R&D, commercialisation and 
implementation challenges to be 
addressed 

http://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=zz69uP7C8XB8NM&tbnid=yvESthSQWpWXQM:&ved=0CAUQjRw&url=http://autoelectronics.com/telematics/navigation_systems/navigating-with-more-than-just-gps-0517/&ei=x0orUe7oEqrPmgW80YDgCw&psig=AFQjCNFLd6pnWrnlPaQIwfooOrO2dLt7qg&ust=1361878081538320
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1. What level of HAD do we focus on? 
2. Which “school” of HAD will prevail? 
3. What can we learn from Aviation? 
4. Who will provide the positioning/navigation solutions? 
5. How to make GNSS-based positioning more trustworthy? 
6. What could we do with SBAS in Australia? 
7. What is the optimal mix of positioning technologies? 
8. What test or certification processes will Australia insist on? 
9. Who will drive the introduction of HAD systems in Australia? 
10. How will we cope with mix of HAD and traditional driver 

behaviour? 
11. ... 

 

Known Unknowns... 

ARC project “Trustworthy Positioning for Next 
Generation ITS” (2017-2019)... 



Task 1: Foundation for Integrity Monitoring for C-ITS 
Task 2: Dealing with Critical Issues Causing Significant 
Interruption to Positioning Services 
Task 3: Building a Robust Integrity Monitoring Scheme for 
Reliable Positioning in C-ITS 
 

Where do we start? 

Addressing the issues of RNPs & IM in PPP for HAD 
applications... FIE, RAIM & similar concepts 
Addressing the issue of the continuity of trustworthy 
positioning... communications & GNSS threats 
What sort of Integrity Monitoring is appropriate for 
positioning to support HAD?... 
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• GNSS (both augmented & unaugmented) will have to be 
monitored... at system provider, service provider & user level 

• HAD proponents are sceptical of PNT technology... Navigation 
community must start promoting Trustworthy Positioning 

• HAD is much more than GNSS or PNT technology... but we 
have to start defining RNPs 

• We need holistic solutions, need awareness raising, need test 
beds, need alternative technologies...  

 

Concluding Remarks... 
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