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FUTURE MOBILITY WILL IMPACT 
SAFETY, EFFICIENCY QUALITY OF LIFE 

On	the	road	to	fully	self-driving,	Waymo	Safety	Report,		October	2017	



FUTURE MOBILITY WILL IMPACT ECONOMY  
 



FUTURE TRENDS 

1.  AUTONOMOUS PLATFORMS 

2.  CONNECTIVITY 

3.  CITY-SCALE DATA 

4.  USER-AUTONOMY INTERACTION 



1. AUTONOMOUS PLATFORMS 



Tesla	Autopilot	Crash	3		video	
24	year	old	dies	on	the	spot	



CHALLENGE–SAFE AUTONOMY 



RESERCH CHALLENGE : SAFE AUTONOMY  

Provide safety guarantees for integration of controller, sensor, computing, learning 

For vehicle model, & safety requirements specified over time 

        Lane merge                                  Roundabout                                       Stop signs                       Pedestrians 

Who is responsible when autonomous cars crash with human-driven cars? 
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A Driver’s License Test for Autonomous Vehicles  

Prof. Rahul Mangharam 
Penn Director, Mobility21 DoT UTC 

University of Pennsylvania 
rahulm@seas.upenn.edu 



RESERCH CHALLENGE : AUTOMOTIVE SECURITY   



2. CONNECTIVITY 

V2V	

V2I	



    BIG MOBILE DATA 

Vehicles	connected	to	the	cloud	generate	1.5GB	monthly	data	
Autonomous	vehicles	can	generate	up	to	a	1TB	real-Kme	data	per	trip!		
There	are	one	billion	cars	in	the	world	that	are	increasingly	sensor-rich	
Internet	of	mobile	autonomous	plaNorms		
Instrumented	cars	serve	as	infrastructure	sensors	



RESEARCH CHALLENGE – VERY HIGH DATA RATES 

Networking	with	very	high	data	rates	for		
see-through	buildings	intersecKon	(mm-wave)	



RESEARCH CHALLENGE – LOW-LATENCY WIRELESS 

V2V	communicaKons	require	low-latency,	high-reliability	wireless	at	high	speeds	



RESEARCH CHALLENGE – V2I INTEROPERABILITY 



3. CITY-SCALE DATA 

Mobile	Millenium,	ITS,	UC	Berkeley	



Fast	machine	learning	with	real-Kme,	streaming	physical	data	
Privacy-aware	algorithms	and	computaKon	over	user/car	data	
Access	and	sharing	of	SmartCity	and	transportaKon	data	
Data	ownership	models	(economy?)	for	transportaKon	data	
	

SmartBay	Project,	ITS,	UC	Berkeley	

RESERCH CHALLENGE : DATA ANALYTICS   



RESERCH CHALLENGE : DATA PRIVACY   

	
April	2015	Report	by		
	
Sen.	Deb	Fischer	(Nebraska)	
Sen.	Cory	Booker	(New	Jersey)	
Sen.	Kelly	Ayo^e	(New	Hamphsire)	
Sen.	Brian	Schatz	(Hawaii)	
	



4. USER-AUTONOMY INTERACTION 

Users	exploit	richness	of	real-Kme	data	for	safe	and	efficient	rouKng	
Mobility-as-a-service	provides	new	ownership	models,	new	incenKves,	new	economics	
Variable	autonomy	levels	from	human	driver	to	fully	autonomous	
Distracted	driving	results	in	9	deaths	and	1,000	injuries	every	day	in	the	U.S.	



RESEARCH CHALLENGE – IMPACT OF USERS HAVING 
ACCESS TO NEW DATA SOURCES 



RESEARCH CHALLENGE – IMPACT OF USERS HAVING 
ACCESS TO NEW DATA SOURCES 



RESEARCH CHALLENGE – IMPACT OF USERS HAVING 
ACCESS TO NEW DATA SOURCES 



FINAL THOUGHTS 
OpportuniKes	across	heterogeneous	transportaKon/SmartCity	modaliKes	

	Data	integraKon	and	opKmizaKon	across	biking,	cars,	subway,	energy	grid,	etc	
	
Research	will	require	collaboraKon	across	many	disciplines	

	CompuKng,	transportaKon,	social	scienKsts,	economics,	law,	etc	
	
Very	limited	research	iniKaKves	that	holisKcally	address	these	challenges	

	DoT	centers,	NSF	CPS,	NSF	S&AS,	NSF	Smart	&	Connected	CommuniKes	
	
TransportaKon	planning	insKtuKons	are	more	reacKve	than	proacKve	in	planning	for	
new	technology	and	regulaKng/accommodaKng	as	necessary.		

	
Partnerships	between	academic,	government,	city	planners,	and	industry	are	criKcal	

	Interoperability,	standards,	urban	data	access,		data	ownership,		
	safety	regulaKon,	privacy	norms,	autonomy	liability	etc	

	
Analyze	skills	and	educaKon	requirements	to	facilitate	new	technical	jobs	for	shared,	
autonomous	and	data-driven	transportaKon.		Rethink	educaKon	across	boundaries	to	
prepare	the	workforce	

	 		



RESEARCH CHALLENGE – WHO IS RESPONSIBLE FOR 
SAFETY WHEN TRAFFIC IS MIXED BETWEEN LEVEL 3 & 
CONVENTIONAL VEHICLES 
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•  Haddon Matrix is for understanding responsibilities pre, during and post car 
crash 

•  Penn Researchers envisioned how the Haddon Matrix will have to change with 
mixed HAV and conventional vehicle traffic 



RESEARCH CHALLENGE – USER-ATONOMY INTERACTION 


