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•Overview / Definitions 

•History and Policy of Connected and Automated 
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•When Does CAV Become Real 

•Potential Benefits and Impacts; Other Issues 

•Relationship with Transportation Systems 
Management and Operations (TSMO) and ITS 
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Overview of CAV - Definitions 
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Connected Vehicles (CV) 

Interoperable and networked wireless communications 
among vehicles (V2V), the infrastructure (V2I), and 
passengers’ personal communications devices. 
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• Safety applications – enable drivers 
to have 360-degree awareness of 
hazards and situations. 

• Mobility applications – support 
TSMO strategies with new data 
about how, when, and where 
vehicles travel, along with real-time 
info on traffic flows 

• Environmental applications – 
emissions and weather monitoring 

 Currently, data flows based primarily on dedicated short-
range communications (DSRC)  



CV History and Status 

•US DOT program since early 1990’s 
─ Infostructure 
─ Intellidrive  

•2016 – NHTSA issued notice of proposed rule making 
requiring V2V communications technology on new light 
vehicles 

─ Over 400 comments received 
─ Mandated regulations still pending 

•Several auto manufacturers have started limited 
deployment of V2V-enabled vehicles 

•Several V2I pilot programs are underway    
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Example – SPaT Challenge 

•Challenge – deployment of DSRC 5.9 GHz infrastructure 
with SPaT broadcasts in at least one corridor (approx. 20 
signalized intersections) in each of the 50 states by 
January 2020 

─ Dover NH only New England state to date 

•Signal Phase and Timing (SPaT) message  
─ Defines the current intersection signal light phases, current 

state of all lanes, and any active pre-emption or priority. 

•Also requires intersection to broadcast MAP/GID 
(Geographic Intersection Description) data.  

─ Detailed data file describing the physical intersection geometry 
─ Ensure the vehicles’ GPS data is accurate for the intersection.  

https://transportationops.org/spatchallenge  6 
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Automated Vehicles (AV) 

Vehicles with computers that augment or replace the human 
driver in some aspect of vehicle operation and control 
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SAE Levels of Automated Vehicles 
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Autonomous Vehicles (AV) 

Vehicles that incorporate connectivity and/or automation 
to allow vehicles to operate anywhere with no human 
assistance whatsoever – “Level 5” 
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Alternative Approaches: 

• Operate autonomously – do not 
have two-way communication 
with any other vehicle or road 
side equipment.  

• Operate cooperatively and 
“talk” only with other similarly 
equipped vehicles. 

• Operate with a combination of 
the two approaches, plus 
communications with road side 
equipment. 

 



Truly Autonomous Concept – No V2V 
or V2I Connections 
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Data Source: Goggle 



“Connected Automated Vehicles” (CAV) 
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Data Sources: U.S. Department of Transportation 
ITS Joint Program Office 

• Integrated technology 
• In-vehicle sensors and 

computers capture information 
• Vehicle communicates with 

infrastructure, other vehicles, 
and the cloud (V2X) 



History and Policy of AV/CV 
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CAV Concepts Envisioned Since 1950’s 



History of Automated and Connected Vehicles 

1964 

1984 

1987-1995 

2014 

July 1, 2016 

Transportation 
Research Laboratory’s 
automated  
1960 Citroen 

Carnegie Melon 
Navlab Robotic Car 

Ernst Dickmann’s and 
Bundeswehr 
University of Munich’s 
(Prometheus) Project 

• California, Nevada, Tennessee, 
Michigan, and Florida, plus the District 
of Columbia have state legislation 
allowing the testing of driverless cars on 
public roads 

• One Iowa county has passed legislation 
• Several other states are considering or 

have introduced legislation 

Google Fully 
Autonomous Vehicle 
contains no driver 
controls 

2020 
Several states conducting AV and 
CV pilot programs expect vehicles 
to be available to consumers 
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2011 

Nevada is first state 
to certify AV 



Current policy and legislation status in the US 



Massachusetts – Executive Order 572 

“To Promote the Testing and Deployment of Highly 
Automated Driving Technologies.” 

• Signed by Governor Baker in October 2016 

• Creates “AV Working Group”  
─ Encourage the development of autonomous vehicles and their 

component parts in Massachusetts, working with companies to 
support innovation and development 

─ Consider proposing changes to statutes or regulations that would 
facilitate the widespread deployment of highly automated 
vehicles in Massachusetts while ensuring the safety of the public. 

•Mass DOT, with input from the AV Working Group and 
other technical experts, shall issue guidance to allow for 
the safe testing of such technologies on designated state 
highways and on other public roadways in municipalities 
that desire to permit such testing.  

 

 



What’s Happening at National Level? 

 The House passed the SELF DRIVE bill, by voice vote, in 
September 2017. 

•  Pre-empts states from implementing certain laws governing 
the new technology. 

─ States will still be responsible for vehicle registration, insurance, 
driver education, law enforcement and other local issues. 

─ National Highway Traffic Safety Administration will be in charge of 
regulating the industry’s traffic safety standards. 

•Allows car manufacturers to deploy up to 100,000 self-
driving cars a year that don’t meet normal safety standards.  

─ In the first year, however, that number will be capped at 25,000. 

•Manufacturers will be required to include cybersecurity and 
privacy protections in their vehicles. 



What’s Happening at National Level?  

• Senate bill (START Act) on hold 
─ Issues concerning safety, privacy, self-driving trucks, and 

voiding state and local rules and regulations  

• NHTSA issued “Automated Driving Systems 2.0 – A 
Vision for Safety” in September 2017 
─ Section I: Voluntary Guidance for Automated Driving Systems 
─ Section II: Technical Assistance to States, Best Practices for 

Legislatures Regarding Automated Driving Systems.  

• FHWA issued Request for Information in January 2018 
─ To better understand what is needed to accommodate 

Automated Driving System technologies 

• US DOT AV Framework (Version 3) in progress 



This is Our Future!! 
But When Does All of This 

Become Reality? 
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Observations and Predictions from Industry   

•Ride share will be the conduit for increased use of the 
technology 

─ Cars spend 96% of their time NOT in use 

•Uber CEO – AV’s will start picking up passengers in 2019 
─ Recent deal with Volvo to buy up to 24,000 AV’s 
 •Half of Lyft will be AV by 2021 
─ Their first self-driving car pilot 

started in Boston (December) 
─ Still has a “safety driver” 

•Car manufacturers are 
investing $$$ 

─ Despite lack of federal 
framework 

 



Observations and Predictions from Industry   

• “By 2030, within 10 years of regulatory approval of 
autonomous vehicles, 95% of U.S. passenger miles 
traveled will be served by on-demand autonomous 
electric vehicles owned by fleets, not individuals, in a 
new business model we call “transport-as-a-service”.” 

─ RethinkX, “Rethinking Transportation 2020-2030”, May 2017 

• “By 2020, it is expected that 10 million self-driving cars 
will be on the road while there will be more than 250 
million smart cars —cars connected to high-tech 
networks—sharing the road with them.” 

─ Forbes, November 2017 
 



How Quickly will AV/CV be Adopted? 

But Fleet Turnover Period is Increasing; 
Average Age of Vehicle Fleet is Increasing 



Gartner Hype Cycle 



Potential Benefits and Impacts 
(and Unintended Consequences) 

from CAV 
 

Other Issues 
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Today’s Transportation Challenges 

• Safety 
─ 35,092 highway deaths in 2015  

and RISING! 

─ Vehicle death rate 2016 was 5% higher 

─ Drivers 15-20 yrs old make up 9% of 
drivers in fatal crashes 

•Mobility 
─ 6.9 billion hours of travel delays 

─ Cost of $160 billion in urban congestion 

• Environment 
─ 3.1 billion gallons of wasted fuel 

─ 56 billion pounds of additional CO2 
Data Sources: Quick Facts: 2015 Data, National Highway Traffic 
Safety Administration (January 2016); 2015 Annual Urban Mobility 
Report, Texas Transportation Institute (Aug 2015); Centers for 
Disease Control  



CAV Have the Potential to…. 

•Save lives by reducing collisions 
─ 9 out of 10 serious crashes occur due to human error (NHTSA) 
─ What happens to the auto insurance industry? 

• Improve mobility  - especially disabled and elderly 
populations; and rural  

•Reduce fuel consumption and environmental impacts 
─ Trend is for CAV to be primarily electric 
─ Potential impact on gas tax revenues for transportation 

•Decrease vehicle ownership through shared CAVs 
─ Reduce amount of parking required / new land uses 

•Congestion? 



CAV Impacts on VMT and Congestion 

• Less non-recurring congestion 

• Increase in available capacity on 
roadways 

─ Platooning, narrower lanes 

•What about induced demand from 
additional capacity? 

─ Increased development and traffic has 
always happened with new roadways 

• Travel in CAV can be used for work 
or sleep 

─ Might result in longer trips, urban 
sprawl, more VMT 

• Shared use of vehicles might result 
in fewer trips 

─ People buy “rides” rather than cars 



And What About Public Transit? 

•20-25 million trips per month on MBTA rail system 
• “Governments would be wise to keep their 

underground systems in good working order” 
─ “Jam Tomorrow”, The Economist, January 20, 2018 



Many Issues Need to be Addressed 

• Communications 
─ Lack of standards for V2I 

and V2V wireless 
communications 

─ Uncertainty with spectrum 
allocation for DSRC 

• Cyber-Security and Data 
Encryption 

─ Potential for hacking  

• Privacy 
─ Government snooping on 

travel routes and times 

•Data Governance 
─ Who owns the data? 

• Safety Standards 
─ Crashworthiness 

• Interoperability between 
auto manufacturers 
• Liability and Insurance 

Clarifications 
•Decreased need for 

driving jobs 
•Market Penetration and 

Transitioning  
─ Driver education 
─ CAV and driven vehicles on 

the same roadway 

 



Relationship and Impact of 
CAV on TSMO and ITS 
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None of This is Going Away Anytime Soon! 



Future Considerations for ITS and CAV 

•Our world is speeding up!! 

•Coordination with private sector who is leading the way 
─ Testing and pilots 

─ Involvement in standards development 

•Updating regional ITS architectures 
─ Version 8: “Architecture Reference for Cooperative and 

Intelligent Transportation (ARC-IT)” 
─  Combines National ITS Architecture with Connected Vehicle 

Reference ITS Architecture (CVRIA) 

•  New source of real-time traffic information 
─ Update our operational algorithms, perhaps with prediction 
─ Less need for ITS-based surveillance infrastructure 

 

 



Future Considerations for ITS and CAV 

•Possible need to improve other ITS data – access by CAV 
─ Work zone locations and lane configurations 
─ Special event plans 
─ ATM speed limits and lane assignments 
─ Road weather information systems 

•Uniformity of traffic management displays 
•Keeping a state of good repair / reliability 

─ Visibility of traffic control devices for autonomous vehicles 

•Using ITS infrastructure to support V2I communications 
─ DSRC on structures 
─ Fiber networks 

•Transitioning 
─ Make HOT or shoulder lanes CAV lanes 

 
 



Future Considerations for ITS and CAV 



THANK YOU! 
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