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OUR WORLD HAS 
CHANGED 
You ain’t seen  
nothing yet.   



In 10 or 20 years, racetracks 
may be the only place where 
you’re allowed to drive your 
own vehicle.  



LYFT AND UBER ARE THE 
FACEBOOK AND GOOGLE 
OF THE FUTURE 
Trucking fleets also serve a critical role in 
pushing autonomous technology forward. 





THE  AUTONOMOUSLY 
NAVIGATED FUTURE.  
We are caught in the act of seeing 
ourselves become obsolete. 



THE HUMAN IN THE LOOP (HIL) 
IS THE BIGGEST SOURCE OF 
ERROR AND CATASTROPHE. 
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Time Sensitivity for Automotive Networks 
Let’s do the numbers [Order of Magnitude] 

• 60 mph => 100 km/hr  
 30 m/s => 3 cm/millisecond 

• System level response => msec  
 => 1KHz update rates minimum 

• Subsystem responses  =>  
 10 – 100 usec range 

• Network latency =>  
 < 100 usec over multiple hops [5-7] 

•  alternate fault tolerant paths 
•  all Bit Error Rate [BER] conditions 

 
 Latency is key if the network is part of the control loop: 

• Stability 
• Dynamic performance 



What would Autonomous do? 



GPS PROVIDES THE 
POSSIBILITY OF 
OMNISCIENCE. 
GPS itself is a blank slate 
onto which we project our 
desires. 



EUROPE LEADS THE 
ADVANCE TO AUTONOMOUS 
ROAD TRAVEL 



MOBILITY  
AS A SERVICE 
Travel may resemble 
healthcare.  



SAFETY,  
EFFICIENCY,  
REDUCED CONGESTION.  
• Zero-emissions society and circular 
economy 
• Benefit to the aging population 
• Improved mobility in rural areas 
 



KEY ISSUES 
• security  • social inclusion 
• use of data  • privacy 
• liability  • ethics 
• public support   
• co-existence of autonomous  
and manual cars 
 



THE ECOSYSTEM HASN’T       
    FORMED YET.  
NOBODY KNOWS WHAT IT 
    LOOKS LIKE. 

• The map is critical.  
• Go deeper into representation of sensor 
data and environment.  
• GNSS at the core of that. 
• Trust is key in a vehicle controlling itself. 



EVERYONE TALKS 
ABOUT THE WEATHER 
But nobody does anything 
about it. 
 
— Right? 



Automated  
All-Weather  
Driving 





WORLD DODGES  
GPS BULLET 





BLIND 
RELIANCE  
ON A SINGLE 
STRING OF 
VULNERABLE 
TECHNOLOGY?  



THE NIGHT  
GPS FAILED 

R    Film Preview 



Mr. Suburban 



Mrs. Suburban 
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Power grid control engineer 



U.S. President 



Air Force Chief Scientist 



U.S. Armed Forces Chief of Staff 



U.S. President 
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Based on a true story 
 

Atlantic magazine,  
“What Happens If  GPS Fails”  

by Dan Glass  
June 2016 

 
 



RESILIENCE 







INTEGRATE, 
INTEGRATE, 
INTEGRATE! 
More data,  
and more disparate data, 
than ever before.  
 



RESILIENT PNT WILL MEAN 
MORE THAN 
COMPLEMENTARY SENSORS 
A seamless mesh of hardware and 
software, much of it from sources we don’t 
currently consider PNT-relevant, of input 
from amateur app makers and crowd-
sourced data from users, and more. 



Wanted: 800-lb. gorillas 
    — 363 kilos? 



GOOGLE AND APPLE 
Intel and Microsoft 





NAVIGATION AS A 
STATE OF MIND 
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