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Acronym

Definition

AAMVA

American Association of Motor Vehicle Administration

AASHTO

American Association of State Highway and Transportation Officials

ADS

Automated Driving System
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Artificial Intelligence
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Auto-Information Sharing and Analysis Center

AVL
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Connected and Autonomous Vehicle
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Consumer Electronics Show
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DOE

Department of Education
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Dedicated Short Range Communications
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Electronic Communications Privacy Act
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FTC

Federal Trade Commission
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Highly Automated Vehicle

IoT

Internet of Things
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International Standards Organization

ITMS

Integrated Transportation Management System

ITS

Intelligent Transportation Systems

MUTCD

Manual on Uniform Traffic Control Devices

NAIC

National Association of Insurance Commissioners
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National Association of Mutual Insurance Companies
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National Cooperatives Highway Research Program
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National Highway Traffic Safety Administration

OBU

On-Board Unit

OEM

Original Equipment Manufacturers

OHS

Office of Highway Safety

PII

Personally Identifiable Information

RSU

Roadside Unit

SAE

Society of Automotive Engineers

SPaT

Signal Phase and Timing

STAR Campus

Science, Technology, and Advanced Research

TARDEC

Tank Automotive Research Development and Engineering Center

TMC

Transportation Management Center

TRB

Transportation Research Board

UD

University of Delaware

V2I

Vehicle-to-Infrastructure

V2V

Vehicle-to-Vehicle

V2X

Vehicle-to-Everything
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EXECUTIVE SUMMARY
Under the leadership of Governor Carney, over the past year, the Advisory Council on Connected and Autonomous
Vehicles, established through Executive Order 14, met and discussed the varying aspects regarding the
deployment of this emerging technology and its potential impacts on our transportation system, economy and
citizens. The Advisory Council heard from subject matter experts from across the industry on the opportunities,
challenges and best practices on how to encourage the safe manufacturing, development, testing and deployment
of connected and automated technologies.
The Advisory Council focused on Promoting Economic Development; Technology, Security and Privacy;
Transportation Network Infrastructure; and Impacts on Public and Highway Safety. In addition, the Council, in
conjunction with the Department of Insurance, reviewed the potential impacts connected and autonomous
vehicles will have on its industry.
The Advisory Council developed a number of recommendations that cross all of the above focus areas. While it
was identified that some of the recommendations can be implemented immediately, it was also realized that
there is more research to be done on others.
Investing in education and training of our workforce in the varying technologies associated with connected and
autonomous vehicles; providing economic incentives for companies that want to test their technology in
Delaware; preparing our existing infrastructure; and securing data are just a few of the areas the state should
focus.
Lastly, in order to be at the forefront of this emerging industry, Delaware should continue to have a presence at
a national level on this topic, as well develop relationships with industry leaders and manufactures.
While Executive Order 14 contemplated that the Advisory Council meeting for one year, it was decided that in
order to stay current and move forward with implementing many of these recommendations, that the Advisory
Council will continue to meet on a quarterly basis and provide updates on its progress.
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BACKGROUND
In September 2017, Governor John Carney signed Executive Order 14 to establish an Advisory Council on
Connected and Autonomous Vehicles. This Council was tasked with developing recommendations for innovative
tools and strategies that can be used to prepare Delaware’s transportation network for connected and
autonomous vehicles (CAVs).
CAV technology is predicted to enhance safety on roadways, reduce traffic congestion, and increase mobility.
CAVs promise numerous benefits for users,
however, there is still much to be learned
about their operation and impacts. As these
technologies develop globally, it is crucial that
Delaware stay at the forefront and prepare
for changes to come.
This includes
considering all aspects of CAV and potential
impacts to users and the public.
Council Subcommittees were formed to
research and develop recommendations in
four areas:
1.
2.
3.
4.

FIGURE 1: GOVERNOR CARNEY SIGNING EXECUTIVE ORDER 14 VIA AAA MID-ATLANTIC

Promoting Economic Development
Technology, Security and Privacy
Transportation Network Infrastructure
Impacts on Public and Highway Safety

Connected Vehicles vs. Autonomous Vehicles

CAVs are vehicles that utilize technology to communicate with other vehicles, connected devices, and the
transportation system. While sometimes referred to simultaneously in this document under the CAV acronym, it
should be noted that there are differences between connected vehicle (CV) and automated vehicle (AV)
technologies and the implications each will have to Delaware’s ongoing transportation operations.

Connected Vehicles

CV technologies allow vehicles to communicate with each other and the world around them. A “connected
vehicle” uses wireless technology to transmit and collect information to and from other vehicles (vehicle-tovehicle (V2V)), to roadside infrastructure (vehicle-to-infrastructure (V2I)), or to other modes and devices (V2X).
This information can be used by transportation agencies to enhance their knowledge of real-time road conditions,
as well as generate historic data that will help agencies better plan and allocate future resources. In addition,
having a communication medium within the vehicle, connected to the roadside infrastructure, provides the ability
for transportation agencies to deliver more detailed, timely, and pertinent information directly to individual
vehicles.
While the CV term is most closely associated with the Dedicated Short Range Communications (DSRC) bandwidth
(5.9GHz) and basic safety message, the Delaware Department of Transportation (DelDOT) defines the term in a
looser, technology-agnostic manner. A CV is inclusive of any vehicle that provides the opportunity to transmit
data between itself and another entity whether that be through DSRC, cellular, Wi-Fi, or other methods. This is
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inclusive of existing technologies, such as the DelDOT mobile application, transit automated vehicle location (AVL)
system, and mobile dash camera system. CVs and associated systems, such as Roadside Units (RSUs) and On-Board
Units (OBUs), are starting to be deployed utilizing DSRC. At this time, some believe that the next generation of
cellular technologies (5G) will someday supplant DSRC as the primary telecommunication protocol for CVs. The
implementation of 5G and other CAV telecommunication systems have the potential to improve safety by
enhancing data and information exchange between vehicles and infrastructure.

Autonomous Vehicles

AV technologies reside within the vehicle itself and assist with or fully take over driving tasks. AVs are classified
by the following six Levels of automation as defined by the Society of Automotive Engineers (SAE) and the
National Highway Traffic Safety Administration (NHTSA):
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Level 0 – No Automation. The driver is in complete control of the vehicle at all times.
Level 1 – Driver Assistance. The vehicle can assist the driver or take control of either the vehicle’s speed,
through cruise control or its lane position, through lane-keeping assistance, in some situations. The
driver must monitor the vehicle and road at all times, with hands on the steering wheel and feet on or
near the pedals, and must be ready to take control at any moment.
Level 2 – Partial Automation. The vehicle can take control of both the vehicle’s speed and lane position
in certain conditions, for example on controlled access highways. The driver may disengage, with hands
of the steering wheel and feet away from the pedals, but must monitor the vehicle and road at all times
and be ready to take control quickly at any moment.
Level 3 – Conditional Automation (limited self-driving). The vehicle can be in full control in certain
conditions, monitors the road and traffic, and will inform the driver when he or she must take control.
When the vehicle is in control the driver need not monitor the vehicle, road, or traffic but must be ready
to take control quickly when informed.
Level 4 – High Automation (full self-driving under certain conditions). The vehicle can be in full control
for the entire trip in these conditions and operates without a driver.
Level 5 – Full Automation (full self-driving under all conditions). The vehicle can operate without a
human driver and need not have human occupants.

NHTSA and SAE refer to vehicles operating at Levels 3-5 as having Automated Driving Systems (ADSs). The
American Association of Motor Vehicle Administrators utilizes the term Highly Automated Vehicle (HAV)
synonymously with ADS.

FIGURE 2: LEVELS OF AUTOMATION (GOVERNORS HIGHWAY SAFETY ASSOCIATION)

With AVs, even at Level 5, communication with the outside world in any way is not required for successful
operation. In fact, most current AV technologies solely rely on sensors applications located wholly within the
vehicle to perform driving functions. In the short term, while AV technology is still in its infancy, CV technologies
offer the greatest opportunity to enhance the operations of transportation facilities statewide by providing a
mechanism for DelDOT to collect better real time data and disseminate information to motorists in a more
effective way. AV technologies, however, offer a significant opportunity to improve highway safety by providing
motorists with greater situational awareness and eliminating human error from driving tasks.
Ultimately, it is anticipated that the greatest benefits will be achieved through the combined use of both CV and
AV technologies which can seamlessly integrate on-board vehicle operations, alarms, and wayfinding with DelDOT
roadway condition data and other traveler information.

CAV System: Vision for the Future

In the short‐term, Connected Vehicles should improve highway safety by giving drivers additional information that
they do not currently have. However, significant fleet turnover and public sector investment will be required to
begin to reap the potential safety benefits of this technology. In the long‐term, it is expected that Connected
Vehicles will merge with Autonomous Vehicles to create a hybrid CAV. CAVs can be characterized as
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“transformative” and “disruptive” technologies with myriad impacts on the way we think about and utilize
transportation alternatives and on the way we evaluate the risks associated with using these alternatives.
The core of CAV technology is powered by Artificial Intelligence (AI) and high speed communications. AI is already
having a significant impact on the insurance industry. Whereas decision-making in the 20th Century was powered
by “rules, heuristics or spreadsheets,” decision-making is now made better and faster, powered by deep learning
involved in AI .
AI in CAVs arguably holds a learning advantage over humans. While a human driver may repeat the same mistakes
as millions of drivers before them, a CAV can benefit from the data and experience drawn from thousands of other
vehicles on the road.
CAVs will eventually communicate with each other and with the rest of the transportation system through DSRC,
Wi-Fi, cellular, or other methods. This means that, not only is the CAV connected to the Internet of Things (IoT),
but its passengers are also connected to the CAV, such that data freely flows to and from the CAV, and to and
from the passengers riding in it through any mobile devices that the passengers may bring with them on their trip
in the CAV. This data can be used to enhance the operation of the transportation system. Increased information
can not only help an AV o operate, but it can help human technicians at the Transportation Management Center
(TMC) to more quickly and efficiently detect an incident, analyze impacts, develop and deploy solutions, and
better prepare for future events. The transportation system as a whole will improve with the additional influx of
data from CAVs and continuous communication between mobile devices and roadway infrastructure.
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SUBCOMMITTEES
Promoting Economic Development

The mission of the Promoting Economic Development subcommittee is to develop recommendations for
innovative tools and strategies that can be used to prepare Delaware’s transportation network for CAVs in a way
that promotes economic development. The subcommittee focused on three areas: Education; Marketing and
Collaboration.
Education
A qualified workforce is essential to any industry and the CAV industry is no exception. The concept of education
was discussed and included high school driver’s education, Commercial Driver’s License (CDL), truck driver training
programs, after-market installation and repair technicians, coders, data analytics and perhaps, most urgent, the
general public as more commercial vehicles are on the roadways using the advanced technologies.
Marketing
Delaware has a compelling story to tell regarding DelDOT’s impressive investment in technology and controlling
interest in 90% of roadways, as well as nationally recognized research projects underway in robotics, coding,
analytics and pilot deployments.
Collaboration
Delaware has a reputation of being a “state of neighbors” where we work together to make good things happen.
We should capitalize on existing collaborations and work to develop more robust collaborations targeting CAVs.
Examples include DelDOT’s partnership with the University of Delaware (UD) to run an autonomous vehicle pilot
on the Science, Technology, and Advanced Research (STAR) Campus, The Mill (co-working space) with support
from the State of Delaware is now home to TrafficCast, WhyFly and ZipCode Wilmington (a coding boot camp),
and AAA-Mid-Atlantic’s partnership with organizations such as Automotive Service Association to develop training
programs.
For more information on the Promoting Economic Development Subcommittee refer to Appendix B.

Technology, Security and Privacy

The mission of the Technology, Security and Privacy subcommittee is to identify the Technology, Security, and
Privacy issues and opportunities and make recommendation on tools and strategies that are best for Delaware.
The subcommittee focused on types of data, data sharing and privacy notices, data ownership, cybersecurity,
federal standards and policy, Delaware laws and regulations, and industry standards.
Types of Data
The subcommittee indicated the need to determine what data is needed for CAV development, how data will be
stored and accessed, and the minimum amount of data needed to provide CAV functionality. Autonomous vehicles
require extensive data to operate effectively and will use devices to collect data, such as GPS for navigation, wheel
encoders for monitoring vehicle movement, radar for identifying and tracking, and cameras for color
identification. Vehicles can connect to infrastructure through CV technology and devices such as RSUs and OBUs,
connected through DSRC, Wi-Fi, or cellular, in order to communicate to DelDOT and to drivers based on roadway
information to inform motorists of upcoming conditions. Roadway information, vehicle speed, and volume
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information is taken into account and collected to warn users and better operate the transportation system. While
essential for vehicle and system operations, the collection of data could present security and privacy risks,
especially when the data is aggregated and centrally stored.
Data Sharing and Privacy Notices
Delivery of citizen and customer services will require certain data to be shared with service providers such as
DelDOT, dealerships, insurance companies, universities, and law enforcement. Today, auto dealers ask the vehicle
buyer for permission before collecting their data, either during a sale agreement or via a notice when the owner
requests a third-party service in the vehicle, such as on a touchscreen display.
Data Ownership
Ownership of vehicle data is not currently clear – is it owned by the vehicle owner or the automaker or a third
party? Third parties could include fleet operators, data carriers, ridesharing providers, and others in the CAV
industry. The committee found that answers differ, even within the automotive industry.
Infrastructure and Technology
As this technology is implemented, changes will occur, for example to public transportation, and the committee
discussed considering partnerships with state services (i.e. Ride-share, Delaware Authority for Regional Transit
(DART), etc.) for deliverables. Additionally, Delaware must determine how to maintain state budget revenue
streams as funding, economic development, and tax policy changes.
Cybersecurity
The automotive industry is involved in ongoing work to develop cybersecurity standards for autos through SAE
and International Standards Organization (ISO). The auto industry also has a cybersecurity protocol called AutoInformation Sharing and Analysis Center (ISAC) which is a forum for the industry to communicate and collaborate
on cybersecurity issues.
Federal Standards and Policy
The Electronic Communications Privacy Act (ECPA) is a federal statute that prohibits a third party from intercepting
or disclosing communications without authorization. At the federal level, the Federal Trade Commission (FTC) is
responsible for consumer protection, including privacy, as well as regulating wireless telecommunications
providers that are the current and likely future (5G), data carriers. NHTSA also has a role in protecting consumers,
through regulating motor vehicle safety.
Delaware Laws and Regulations
Delaware’s laws and regulations were considered, including the Vehicle Data-Reporting Device Law (18 Del.C. §
3918) and the Delaware Data Breach Law (6 Del. C. § 12B-100 et. seq., effective April 2018). In consultation with
legal counsel, subcommittee members considered the impact of these laws on data security and how they apply
to data collected from CAVs.
Industry Standards
Private industry developed self-regulatory standards to protect consumer privacy. The most important is the
Alliance of Automobile Manufacturers and the Association of Global Automakers who voluntarily agreed to abide
12

by a set of seven “Privacy Principles” for connected vehicles. In the absence of federal and state standards for
vehicle data and privacy the Privacy Principles are the automotive industry’s self-imposed framework.
For more information on the Technology Security and Privacy Subcommittee refer to Appendix B.

Transportation Network Infrastructure

The mission of the Transportation Network Infrastructure subcommittee is to develop recommendations for
innovative tools and strategies that can be used to prepare Delaware’s transportation network for CAVs in regards
to transportation network infrastructure; inclusive of roadways, bridges, traffic signals, Intelligent Transportation
Systems (ITS) devices, telecommunication systems, etc.
The subcommittee focused on the requirements to support CAV and what DelDOT is currently doing.
What is required to support CAV?
The maintenance of roadway infrastructure is what developers of CAV technology have consistently said is the
key necessary element for successful deployment. The most beneficial action Delaware can undertake is to
maintain and improve roadway state-of-good-repair since automated vehicle technology works best on wellmaintained roads with clear lane markings, smooth pavement without potholes, properly functioning and visible
traffic signals, and traffic signs that are clearly legible and visible from the roadway. Targeting state-of-good-repair
funds to maintain infrastructure that is known to support CAV technology and vehicles will facilitate deployment.
Delaware can also emphasize CAV-friendly roadways in pilot programs.1 In accordance with CAV-friendly
roadways, installing CAV infrastructure at locations with high crash rates, or high-risk areas such as work zones,
can be a good place to start implementation of CAV technology. A major component of DelDOT’s existing
Integrated Transportation Management Systems (ITMS) is Delaware’s robust state-owned telecommunications
system, which is required to implement and operate the V2I aspect of connected vehicles.
What is DelDOT currently doing?







1

Making CAV part of DelDOT’s short-term and long-term planning efforts.
Actively participating in national and regional organizations of transportation officials, that develop
transportation policy and conduct research: American Association of State Highway and Transportation
Officials (AASHTO), Transportation Research Board (TRB), National Cooperatives Highway Research
Program (NCHRP), V2I Deployment Coalition, I-95 Corridor Coalition, National Operations Center for
Excellence.
Maintaining relationships with product manufacturers who make roadway striping and traffic sign films
and retro-reflective coverings.
Coordinating with neighboring States of Maryland and Pennsylvania to share data over dedicated fiber
optic networks.
Continuing to expand its fiber optic and telecommunications network throughout Delaware. DelDOT’s
fiber connects to and communicates with DelDOT’s traffic control devices such as signals, variable
message signs, and other ITS devices, as well as to state owned facilities.

Virginia’s Automated Corridors include high- quality lane markings as a primary resource for its testing corridor.
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Developing ITMS statewide: traffic signals, variable message signs, roadside detectors, weather stations,
etc., which are connected to and controlled from the TMC in Smyrna.
Monitoring and maintaining its traffic signs, roadway and bridge surfaces, and roadway striping in a stateof-good-repair using in-house and contracted resources.
Pushing real time traffic data to an extra-net outside the State firewall for consumption by the public and
companies wishing to utilize this data for their business purposes. The data includes information on traffic
volumes, speeds, and signal timing.

We believe this will encourage the deployment of CAV technology and vehicles in Delaware.
For more information on the Transportation Network Infrastructure Subcommittee refer to Appendix B.

Impacts on Public and Highway Safety

This mission of the Impacts on Public and Highway Safety subcommittee is to consider the implications of CAVs
on public and highway safety. The subcommittee discussed the potential benefits and risks of CAV on public and
highway safety. Focus areas are categorized as issues for road users, first responders, and DelDOT.
The subcommittee considered the specific implications on public and highway safety in the following areas: road
user issues (training, driver’s licensing, public education, Original Equipment Manufacturer (OEM) issues, and nonmotorized users), first responder issues (Delaware code, law enforcement/first responders), and DelDOT issues
(traditional highway engineering and technological DOT issues).
Potential opportunities and risks of CAV on public and highway safety were discussed. Focus areas were
categorized as issues for road users, first responders, and DelDOT. Note: the “levels of automation” referenced in
this report refer to the six levels (0 through 5) defined by SAE which have been broadly adopted.
Opportunities
According to NHTSA, 37,461 people died due to highway crashes in the U.S. in 2016, and 94% of crashes were
primarily due to driver error. In Delaware, there were 120 highway fatalities in 2016 and 118 in 2017. There were
also 474 incapacitating injury crashes and 30,100 total crashes in 2017. The estimated cost to society of highway
crashes in Delaware in 2017 was over $2.8 billion. According to the Center for Disease Control, “unintentional
injuries” were the 4th leading cause of deaths in the U.S. in 2015, and “motor vehicle‐related injuries” were the
leading cause of death within this category. The potential promise of CAVs is to eliminate crashes due to human
error. Many of the following types of crashes may be eliminated or significantly reduced by fully connected and
autonomous vehicles: recognition error, including driver’s inattention, internal and external distractions, and
inadequate surveillance; decision error such as driving too fast for conditions, too fast for a curve, false assumption
of others’ actions, illegal maneuver and misjudgment of gap or others’ speed; performance error such as
overcompensation, or poor directional control; and non‐ performance errors such as falling asleep. The State of
Delaware has adopted “Towards Zero Deaths” as the motto of our Strategic Highway Safety Plan, and CAV may
be able to significantly help in this effort.
Risks
Autonomous Vehicle technology is currently deployed on certain vehicles available to the public at SAE Level 2,
and Level 3 vehicles are expected to be available shortly. There is significant uncertainty regarding the availability
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of Levels 4 and 5 to the public. Once available, there is a significant amount of time for the fleet to turnover, and
customer demand for these higher priced vehicles is uncertain. Risks include:











Driver complacency induced by “mostly” Autonomous Vehicles (Levels 3 and 4).
Driver capabilities once the amount of human driving is reduced (Levels 2 through 4), as driving tasks
may fall out of practice.
Significantly increased driver perception/reaction times when transferring from autonomous to
human control due to “disengagements” (Levels 1 through 4).
Lack of public training and understanding of new vehicle features (Levels 2 through 5).
Mixed fleet interaction (Levels 0 through 5).
State of technology (all are still “learning as we go”).
Technology malfunctions.
Potential short‐term increase in crashes due to all of the above, before long‐ term reductions are
realized.
Ensuring recalls are a priority.
Artificial Intelligence systems require real world experience to improve.

For more information on the Public and Highway Safety Subcommittee refer to Appendix B.
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DEPARTMENT OF INSURANCE
The Department of Insurance conducted separate research and developed a report seeking to identify insurance
issues and opportunities concerning the deployment of CAVs and to make recommendations concerning tools and
strategies that are best for Delaware consumers and insurance markets.
The advent of CAVs will likely have a transformative impact on our society, with vehicle ownership and its
associated risk being just a small part of a larger cultural shift. New entrants into the mobility provider sector, and
new providers of insurance products will likely result in a confluence of disruptors.
In a May 2018 issues analysis, the National Association of Mutual Insurance Companies (NAMIC) opined:
The development and deployment of proven, safe ADS will require significant technological
advances, revisions to the regulatory paradigm, and the active participation of far more
than just the auto manufacturers and technology companies.
The potential of technology to move the needle on crash statistics is extraordinary;
however, there will still be crashes, especially in an environment where autonomous
vehicles continue to share the road with human drivers…
The critical issues related to passenger safety, liability, and compensation after a crash
require that insurance companies are included in the development, deployment, regulation
and use of ADS.
Consumers will continue to look to property/casualty insurers to provide them with the
protections they have come to expect as this new frontier of automotive products and
services evolves.
Accordingly, it is critically important for all stakeholders in the insurance arena, including regulators, consumers,
and participants in insurance markets, to have a seat at the CAV table. It is not enough to understand CAV
technology itself. Rather, regulators, consumers and insurance marketplace participants should also be able to
understand the risks associated with CAV technology and the insurance products being designed and deployed to
insure against those risks.
The Delaware Department of Insurance has identified opportunities and risks related to their research, as well as
potential legislation to consider as this technology becomes more prevalent, all of which can be found in the
Department’s entire report listed in Appendix C.
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ADVISORY COUNCIL RECOMMENDATIONS AND FINDINGS
The following recommendations were developed by each of the subcommittees based on discussion of
opportunities and risks associated with CAV development in Delaware. All recommendations are intended for
Governor Carney and the State of Delaware unless otherwise noted using an (*) to indicate a recommendation to
a specific agency or group:

General Recommendations

1. Include the topic of CAV in the next version of the Delaware Strategic Highway Safety Plan. This strategic
plan is a state‐wide coordinated safety plan that provides a comprehensive framework to reduce fatalities
on Delaware's roadways. The plan’s lead agencies include DelDOT, the Delaware Office of Highway Safety
(OHS), and Delaware State Police. An update of the plan is scheduled for the year 2020 and the topic of
CAV should be integrally included in the next version of this plan.
2. Continue Advisory Council and the various subcommittee meetings on a regular basis after the initial
report is submitted to the Governor. The Public and Highway Safety Subcommittee in particular should
pursue initiatives as appropriate based on the approval of the full Advisory Council; to include staying
abreast of federal guidance and regulations and providing feedback as appropriate to our federal partners.
Updates to the Governor should be provided on an annual basis.

Data Collection and Ownership

3. Monitor discussion, activities of standards organizations (SAE, ISO, etc.), and court decisions around data
ownership.
4. Define clear use cases for collecting Personally Identifiable Information (PII).
5. Collect the least amount of PII necessary to accomplish the goals of the use case.
6. Keep PII for the shortest time necessary to accomplish the goals of the use case and anonymize the PII
appropriate for the case.
7. Identify what additional transportation data needs to be shared publicly to support CAV and the methods
of sharing the data.

Data Privacy

8. Encrypt (or apply current best practice for anonymization) PII and non-public data collected during
transmission and at rest.
9. Anonymize network-wide trajectory data, which can be used to inform transportation and land-use
planning decisions.
10. Separate CAV data into PII and non-PII when storing.
11. Take steps to address current privacy challenges in vehicles.
12. Establish a partnership with other states, business partners and NHTSA to collaborate on cybersecurity
policies and best practices.

Infrastructure and Technology

13. Establish additional resources through the Capital Transportation Plan to continue and enhance these
efforts.
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14. Create a technology oversight board comprised of state, federal, academic, and non-profit and private
sector entities to monitor future CAV technologies and how future technologies will affect the State of
Delaware.
15. Coordinate with surrounding states on CAV technology standards to maintain consistency as the
regulatory environment develops nation-wide.
16. Consider partnering with public transit providers to leverage CAV technology to provide enhanced
mobility to stakeholders with limited mobility, including senior citizens and those who utilize paratransit
services.
17. Stay abreast of the latest state of the practice, and continue discussions with OEMs and related groups,
associated with potential infrastructure enhancements that will improve/enhance the performance of
CAV (e.g., changes in signing, striping, surface smoothness, etc.). (DelDOT*)
18. Continue the expansion and improvement of the ITMS, including: continuation of build out of state
telecommunications network and fiber optic network, continuation of ITS deployment, and begin Phase
1 of deployment of V2I systems, with initial focus on traffic signals. (DelDOT*)
19. Support the emergence of 5G and/or other similar technologies, and by extension the potential
improvements in CV, by issuing permits to small cell companies per state code, regulations, and standard
procedures. The council is not directly recommending use of a specific type of infrastructure at this point,
however members suggest expansion of CAV infrastructure occur in all areas. (DelDOT*)
20. Evaluate and prepare Delaware’s roadways for CAV communication networks including data collection,
data management, and back office systems that support the large amounts of data that CAVs generate
and CAV mobility applications demand.
21. Incorporate CAV technology and devices into DelDOT’s project development process including:
a. Types of infrastructure to include: conduit, poles, communication lines
b. Identifying the CAV stakeholders to coordinate with
22. Evaluate and update DelDOT’s construction contract specifications as they relate to CAV technology.
23. Incorporate CAV technologies into Delaware’s state vehicle fleet as vehicles are replaced with new ones.
Driver assist technology based on connections from the vehicle to infrastructure as well as high levels of
autonomy should be considered for inclusion in the state fleet. Features like vehicle connectivity,
automatic emergency braking, blind spot monitoring, and advanced cruise control can help to both
prevent collisions and pilot new technologies.
24. Evaluate the need for new legal authorities related to:
a. State procurement of proprietary and sole source products and services
b. Placement of privately owned CAV devices in the public rights of way
c. Impacts of local land use and zoning controls on placement of CAV technology along roadsides, in
towns and neighborhoods
d. Testing of CAV devices and vehicles on public roadways

Education and Training

25. Develop a constructive, living communications plan to inform citizens on data being collected by CAVs, its
use and storage. The plan is intended to be updated regularly to reflect new developments in data
collection, use, and storage.
26. Consider a joint DelDOT-Consumer Protection Unit (CPU) large-scale public education campaign to inform
Delawareans about the privacy landscape of CAVs and cybersecurity risks. Different categories of
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27.
28.
29.

30.
31.

32.

33.

information may require different levels of education. Target training on cybersecurity risks, such as social
engineering concerns.
Recommend that manufacturers allow CAV owners to opt-in to data collection rather than have data
collected by default and disclose use of data to CAV customers during the registration period.
Review the 2017 Government Accountability Office (GAO) Report on vehicle data privacy.
Hire a consultant to develop recommendations and a plan to incorporate those recommendations for CAV
education into Delaware’s Driver Education and Defensive Driving Programs. At a minimum, the plan
would include information on the levels of automation, the capability of ADS with a focus on the process
of disengagement, and awareness of CAVs when encountered on the road. The hired consultant should
work closely with the Department of Education (DOE), OHS, and the Division of Motor Vehicles (DMV) to
develop the plan.
Update the Delaware Driver Manual to include information on CAV consistent with the recommendations
and plan developed for Delaware’s Driver Education and Defensive Driving Programs.
Hire a consultant to develop and update content for a web site and other promotional materials (e.g.,
brochures) to educate the public on CAV. It is recommended that there be one consolidated web site
covering issues from all state agencies. Individual agency web sites should link to the main state web site.
The consultant would rely on the Advisory Council on Connected and Autonomous Vehicles for content.
Investigate the feasibility of developing regulations related to public training that should be required for
new car dealers, used car dealers, rental car companies, and commercial vehicle dealers for their
customers related to CAV technologies and features included within their vehicles.
Create an industry task force to develop curriculum for Delaware Training Providers to teach the skills
necessary to develop, manufacture, maintain and repair the sophisticated hardware, software and
security systems that are critical components of CAVs and to make recommendations regarding potential
Center of Excellence training facility, similar to Flight Safety International, that includes the most
appropriate equipment, machinery and/or simulation laboratories.
a. Advocate for CAV-related experiential learning opportunities for K-12 students in Delaware’s
public schools (i.e., encourage and celebrate schools that allow trade groups to engage with
students) as well as adult learners through Department of Education and Department of Laborapproved workforce training providers.

Economic Development Opportunities

34. Initiate new pilots of DSRC and 5G wireless CAV technologies, particularly when a private entity is willing
and able to support the pilot financially.
35. Evaluate CAV’s potential impacts on existing sources of transportation revenue
36. Evaluate new transportation funding needs created by CAV, such as enhanced maintenance standards.
37. Evaluate potential transportation revenue sources created by CAV.
38. Aggressively promote DelDOT's ownership of and extensive investment in sensors and infrastructure in
over 90% of the state’s roadways; and continue to make investments in new CAV related
infrastructure/data needed to fill the gap in order to deploy significant CAV projects.
a. Feature Delaware's new Angel Investor Tax Credit and the Department of State, Division of Small
Business' Business Finder Fee Tax Credit that offers a potential tax credit incentive for companies
that help to recruit other companies to relocate to Delaware and create new jobs.
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39.

40.

41.

42.

43.
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b. Ensure Delaware is “Open for Business” – with a commitment to fostering an enterprise-friendly
business environment to encourage private sector investment and entrepreneurial activity in the
CAV space.
c. Continue to take an active role in ensuring that CAV related technologies and opportunities will
provided equitable access in transportation, jobs, education/training, etc. across the State of
Delaware through collaborations among various stakeholder organizations [example: expansion
of CAV shuttle services to provide services to people with disabilities in rural, urban, and suburban
communities].
Seek opportunities to demonstrate CAV technology throughout Delaware to increase awareness and
acceptance. Encourage, support and celebrate those opportunities and pilot projects that demonstrate
safe deployment of technology that target high-need populations such as congested roadways during
peak beach season, senior citizens living in rural communities with limited access to dependable and
innovative transportation solutions, etc.
a. Develop and execute a strategic plan for attracting OEMs and/or private industry to build a Center
of Excellence for CAVs in Delaware.
Develop financial incentives in order to attract new CAV technology-related companies, especially those
focusing in robotics, sensors, and software development, to encourage and attract businesses to locate in
Delaware.
Encourage the creation of CAV focused co-working spaces, collaborative lab spaces, or makerspace
settings that encourage innovation through collaborative design and development and access to
specialized equipment; and, provide networking and collaboration initiatives that bring small businesses
and entrepreneurs together with large companies and universities.
Create educational and networking opportunities for stakeholders and the general public to discuss and
learn about CAV technology. The emphasis would be on ensuring safety and building support for the
deployment of this technology. Other components would include social media, public service
announcements, talking points, posters, op-eds, videos, etc.
a. Acknowledge and begin planning for the potential job displacement that current and future
technological advancements will create for workers in the transportation sector and related
industries. (Department of Labor*)
b. Encourage Delaware's elected and appointed officials to adopt public policy that encourages and
supports the development of the technology (i.e., robotics, software/coding, sensors, security
technologies, etc.) that are necessary to grow this industry, maintain public safety and protect
personally identifiable data. This effort must take a balanced approach that encourages private
investment and recognizes that providing private sector access to existing CAV related
infrastructure/data is an extremely compelling economic driver.
Evaluate impacts to DelDOT’s workforce:
a. Jobs created: installation & maintenance techs, electrical engineers, computer engineers,
communication engineers.
b. Specialized training needs
c. Specialized credentialing needed to work in certain fields and with certain sensitive and secure
facilities and data.

State and Federal Policy

44. Hire a consultant to conduct a comprehensive review of relevant state code, regulations, and policy. This
review should focus on the safe and allowable operations of CAVs in Delaware. The review should include
a review and recommendations in at least two distinct areas: 1) The driver/operator’s responsibility in
monitoring and controlling vehicles that are semi‐autonomous, and 2) what laws, regulations, and/or
processes should be in place to allow fully autonomous/driverless vehicles, while still keeping regulations
at a minimum as to not discourage the use and testing of CAVs. This task should also include the following
items:
a. Propose definition of terms for use in state code and regulations, including “driver,” “autonomous
driving systems,” “platooning,” etc.
b. Review state code to determine if additional laws are needed related to new restrictions or
penalties related to CAV, such as “inappropriate use of autonomous driving systems.”
c. Thorough review of other state laws, regulations and national guidance regarding CAV, to
understand best practices and develop recommendations for Delaware. In addition to a general
review on this matter, a specific topic that should be addressed is the potential requirement of all
vehicles on public roadways requiring a licensed driver, at this time. State code is currently silent
on this issue. The subcommittee generally believes this is a good requirement, with the need for
exceptions. Exceptions could include driverless platooning under certain circumstances, or certain
types of vehicles that are specifically approved for driverless testing in certain areas or along
certain roadways. This task should develop recommendations for this topic.
d. Research the potential for implementing a registration process so relevant state agencies can be
aware of AVs operating in Delaware.
45. Monitor CAV policy development at the national, state and municipal levels across the country and in
neighboring states. Review need for regulatory policy establishing traffic safety standards in support of
CAV infrastructure placement in the right-of-way, such as:
a. Minimization of roadside obstructions (i.e., non-proliferation of poles) posing dangers to errant
vehicles;
b. Setting restrictions on size and weight of CAV devices and infrastructure placed in the right-ofway;
c. Requirements for breakaway features;
d. Setting horizontal and vertical clearances from travel lanes, bike lanes, sidewalks, etc.

Industry Collaboration and Participation

46. Continue to participate in national and regional organizations of transportation, officials that develop
transportation policy and conduct research: AASHTO, TRB, NCHRP, V2I Deployment Coalition, I-95
Corridor Coalition, National Operations Center for Excellence.
47. Develop and/or maintain relationships with:
a. OEMs
b. Public utilities and telecommunication companies who are deploying technologies in support of
CAV such as 5G.
c. University researchers (we do this already, but should be expanding this to new areas we haven’t
coordinated with before)
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49.
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d. Dover Air Force Base and Military researchers and implementers of CAV such as the US Army Tank
Automotive Research Development & Engineering Center (TARDEC).
e. Shipping and logistics companies
f. Software companies
g. Developers of artificial intelligence. DelDOT is presently implementing/testing a Federal Highway
Administration (FHWA) sponsored AI-based Traffic Operation Expert System in the I95/US40/DE1
area.
h. Other government entities at the federal, state and municipal levels working on CAV policy like
emergency planners, 911 centers, other TMCs, etc.
i. School Districts
Collaborate with neighboring states. Although there is a competitive nature in state-level CAV policy, each
state will be more attractive to CAV development if there are fewer regulatory hurdles at our borders.
Establish CAV testing and deployment grounds in partnership with Delaware’s universities, military bases,
municipalities, industrial zones, and/or privately-managed roadways.
Coordinate with high schools, colleges, universities, to educate the future work force to develop CAV
technology and infrastructure.
Complete the AASHTO Signal Phase and Timing (SPaT) Challenge.

Potential State Legislation

The Advisory Council recognizes that the federal government, in particularly the Federal Trade Commission (FTC),
might be the lead agency when dealing with privacy issues for a national standard.
1. Consider support of federal legislation for automakers to provide “plain language” consent forms to
owners, especially at the point of sale. Use clear, plain language to articulate to consumers what data will
be collected, the purpose of the data being collected, how the data will be stored, for how long the data
will be stored, and how the data the will be protected.
2. There was unpassed legislation in the 149th General Assembly (Biometric Privacy Protection Bill and
Geolocation Privacy Protection Bill – HB350). DelDOT should communicate with sponsors and co-sponsors
to evaluate whether it would be appropriate and feasible to integrate CAVs into these Acts if they are
reworked and reintroduced in the future.
3. Consider state legislation requiring used vehicle dealers, private sellers, rental car providers to wipe
vehicle data clean before resale.
4. Consider legislation that encourages and supports the development of the technology (i.e., robotics,
software/coding, sensors, security technologies, etc.) that is necessary to grow this industry, maintain
public safety and protect personally identifiable data. This effort must take a balanced approach that
encourages private investment and recognizes that providing private sector access to existing CAV related
infrastructure/data is an extremely compelling economic driver.
5. To the extent that the private companies developing CAVs may need to rely on privately-owned CAV
infrastructure in the roadside to make these vehicles function safely and efficiently, Delaware may need
to provide some ability for accommodation of privately-owned infrastructure in the State’s rights of way.
Currently, only DelDOT, public utility companies, and small wireless telecommunication companies have
codified rights to be accommodated in the right-of-way.
6. Delaware may need pre-emption of local land use and zoning controls on placement of CAV infrastructure
along roadsides in towns and neighborhoods.
7. Consider legislation to establish safety standards requiring owners of all standing CAV infrastructure to
utilize appropriate security and access control methods as a minimum to control who can access, where,
when, and how.
8. State policy should encourage CAV technology to support a robust state of good repair program, targeted
to improve roadway safety and traffic operations including within work zones.
9. Delaware Code should encourage all companies manufacturing and/or operating such vehicles on
Delaware’s roadway to collect and share data regarding roadway and traffic conditions. Having access to
such data will enable DelDOT to monitor vehicle speed, location, trajectory, and operational variables
such as congestion and delay. It would enable better management of traffic flow with the ability to address
specific problems in real-time such as adjusting signal timings or identify potholes and similar vehicular
hazards.
10. Since much of the CAV technology is proprietary, Delaware should evaluate whether new legal authorities
related to State procurement of proprietary and sole source products and services are needed, especially
for publicly-owned CAV infrastructure.
11. Research potential legislation to allow platooning on controlled access highways as current Delaware law
prohibits truck convoys [21 Del. C. §4126 (10)].
12. Reexamine parts of Title 18 to redefine automobiles and automobile insurance requirements, including
minimum limits, who must have insurance, etc.
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13. Require that the CAV-testing entity provide evidence of the entity’s ability to satisfy a judgment or
judgments for damages for personal injury, death, or property damage caused by a CAV, whether that
evidence is in the form of an instrument of insurance, a surety bond, or proof of self-insurance.
Additionally, it would be appropriate to suspend permission to test if the entity fails to comply with the
State insurance or driver requirements. The entity should provide sufficient amount of evidence to ensure
safety while not stifling creativity or innovation.
14. Consider enacting filing requirements that are worded to adjust for the use of new data and predictive
modeling such as the legislation enacted by New Hampshire by amending 18 Del.C. 2305(a)(1), which
currently provides that, “Rates shall be made in accordance with the following provisions: (1) Manual,
minimum, class rates, rating schedules or rating plans shall be made and adopted, except in the case of
specific inland marine rates on risks specially rated; . . .”
15. Consider adopting the NAIC Insurance Data Security Model Law as a Delaware Statute.
16. As the NAIC drafts model laws and regulations, consider adopting them as appropriate for Delaware.
17. Consider expanding Public – Private Partnership opportunities to foster CAV development.
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OVERVIEW OF PRESENTATIONS AND REPORTS
1. Current Assessment of the Transportation Network and CAV in Delaware
Presenter: Gene Donaldson, DelDOT
Date: November 16, 2017
Gene Donaldson, TMC Operations Manager, gave an overview of Delaware’s unique ability to implement
CAV technologies, given DelDOT’s ownership of 90% of roads and most traffic signals in the state. Also,
the agency operates the transit system and tolls making it truly multimodal. Delaware employs an
Integrated Transportation Management System (ITMS) that integrates operations and planning with the
three critical functions of monitoring, control, and information. DelDOT has developed an ITMS Strategic
Plan and is deploying ongoing projects involving CV technologies. Projects include the development of
Connected Vehicle Enabled Weather Responsive Traffic Management (CV-WRTM), participation in the
Signal Phase and Timing (SPaT) Challenge, Artificial Intelligence/Machine Learning in TMC operations, and
implementation of a Dilemma Zone warning system.
2. National/Regional Perspective on CAV
Presenter: Ian Grossman, American Association of Motor Vehicle Administration (AAMVA)
Date: November 16, 2017
Ian Grossman reviewed the approach AAMVA is taking as CAV technology develops, focusing on
considerations specific to vehicles, driver licensing, administrative considerations, and enforcement.
AAMVA strongly recommends manufacturers and industry users follow NHTSA’s automated driving
systems voluntary guidance documents. Common themes in CAV development throughout various states
include discussion around limited restrictions vs. granting permission, insurance requirements, program
oversight, regulations, incident reporting, and human driver presence. As CAV technology develops there
is an ongoing need for a balance between promoting consistency and encouraging innovation.
3. DelDOT’s Integrated Transportation Management System (ITMS)
Presenter: Gene Donaldson, DelDOT
Date: December 21, 2017
Gene Donaldson presented the Council with information regarding DelDOT’s recently updated ITMS
Strategic Plan, which includes discussion of CAV in Delaware. DelDOT is currently collecting large amounts
of data to facilitate the design, planning, management, and operation of its ITMS, working towards an
ultimate goal of developing a predictive and adaptive transportation management system. With the help
of AI and machine learning, this predictive system can achieve goals of improving safety, decreasing
congestion, decreasing energy consumption, and enhancing mobility. Gene Donaldson demonstrated
DelDOT’s interactive map on the agency’s website which, along with the Strategic Plan, forms the
foundation of CAV development in Delaware.
4. University of Delaware’s role in CAV Development
Presenter: Philip Barnes, University of Delaware Institute of Public Administration
Date: December 21, 2017
Phil Barnes presented the Council with an update on what UD is working on in regards to the development
of CAV technology, specifically in research, planning, policy, and public education. The importance of
gaining public acceptance of this technology and mitigating uncertainty, fear and misconception was
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emphasized. UD researchers have developed a Smart City model that displays seamless acceleration and
deceleration of autonomous vehicles. Future developments by UD include: increased focus on smart cities
and supported research, development of a UD Data Science Institute as a big data research hub,
demonstration of an autonomous shuttle on campus, and the Biden Institute as a foundation for research
into smart cities, public policy, and engineering for CAV.
5. UBER’s Role in the Development of Autonomous Vehicles
Presenter: Shari Shapiro, UBER
Date: January 18, 2018
Shari Shapiro gave an overview of the status of UBER’s work in developing autonomous vehicles. UBER is
testing self-driving vehicles with passengers on public roads, focusing on area including safety, scalability,
mapping, hardware, vehicle programs, and operations. Economic development opportunities and policies
to improve AV utilization may include increased jobs for engineers and operators, deploying
road/congestion pricing, urban high-occupancy vehicle (HOV) lanes, and smart pricing for off-street and
curbside parking. Benefits of self-driving vehicles were reviewed and include improved safety, increased
efficiency, decreased congestion, beneficial environmental impacts, urban development opportunity, and
increased accessibility.
6. Connected and Autonomous Vehicle Insights from the 2018 Consumer Electronics Show (CES)
Presenter: Ken Grant, AAA Mid-Atlantic
Date: February 15, 2018
Key takeaways from the 2018 CES were presented by Ken Grant: connected and autonomous vehicles are
anticipated to be on the roads much sooner than expected and the public acceptance of this technology
is associated with increased education. Attendees had the ability to ride in AAA’s Level 4 self-driving
shuttle with an operator present. The vehicle relied on traffic signals and LiDAR to function and operated
at 20 mph. The shuttle was rated by riders and received a 4.8 out of 5-star rating. The crash that occurred
on the day of the shuttle launch during this event was not caused by the automated shuttle but by a
delivery driver who made an illegal turn. Other companies operated autonomous vehicles for attendees
at CES; this contributed to decreased fear amongst the public.
7. Toyota’s Perspective in CAV Development
Presenter: Ed Bradley, Toyota
Date: March 15, 2018
A high level overview from Toyota’s perspective on CAV development was presented to the Council.
Toyota’s approach includes focus on risk mitigation and avoidance, and use of sensors, precision mapping,
and DSRC to increase safety and mobility while reducing environmental impacts. Toyota vehicles in Japan
are enabled with optional DSRC connectivity and are testing V2I applications such as intersection turn
assist, red light caution, signal timing, and an eco-approach. V2V applications are also being tested and
include cooperative adaptive cruise control and emergency vehicle notifications. Toyota supports V2V
current and future federal regulations including DSRC regulations, SAE and IEEE standards, 5.9 GHz
spectrum, and support of aftermarket devices that meet appropriate standards. Challenges to
deployments include adoption of this technology from a technical standpoint, left turns across traffic,
changes to road markings, all weather driving, and police/fire/crossing-guards/traffic officers.
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8. Automated Driving Systems (ADS) Equipped Vehicles
Presenter: Anne Marie Lewis, Ph.D., Alliance of Automobile Manufacturers
Date: April 19, 2018
Anne Marie Lewis provided the Council with information regarding the development and status of ADS.
Vehicles equipped with ADS include GM Cruise AV, Smart Vision EQ 2030, and the Toyota e-Palette
Concept Vehicle. It was predicted that by 2055 full fleet conversion will occur so that all vehicles will be
equipped with Level 5 autonomy. Four trends, non-reliant on each other, are occurring to influence the
modern auto industry: automation, connectivity, ridesharing, and electrification. There are also
considerations to infrastructure that are important to the development of CAVs – consistency with the
Manual on Uniform Traffic Control Devices (MUTCD) and digital infrastructure can provide benefits to
communication and sharing information. Review of federal activity regarding ADS-equipped vehicles was
given and included NHTSA meetings, FHWA meetings, and legislation created.
9. Regional Governmental Perspective on CAV Development
Presenter: Don Hannon, Council of State Governments Eastern Regional Conference (CSG/ERC)
Date: June 21, 2018
Don Hannon provided the Council with regional, governmental perspective of northeastern states on CAV
developments. There are existing regulations across the nation regarding CAV technology – 41 states have
legislation related to CAV, 29 states have issued laws, and 7 states have issued executive orders. An
overview of federal and northeastern state activity in CAV development was given, and common issues
were presented. Issues include the question of requiring a physically present operator, developing special
rules to ensure safe testing and operations, special training/certifications for AV operators, hand-held
devices, and AV corridors. Moving forward it will important to understand the following concepts: electric
vehicles and AVs go hand in hand, utilizing university research is a beneficial tool, connectivity is an
important enhancement to autonomy, reporting must be transparent, and safety must be balanced with
everything. From a Delaware-specific perspective, goals must be defined and it will be important to
identify what developments can attract AV industry leaders to Delaware.
10. National Automobile Dealers Association Perspective on CAV Development
Presenter: Jason Walsh, Delaware Automobile and Truck Dealers Association (DATDA)
Date: June 21, 2018
Jason Walsh indicated that consumer perspective is an aspect of CAV research that is often overlooked. It
is important to identify what consumers think and want, and to measure predictions. Focus groups were
surveyed and key findings concluded that the majority of people still want to own their own vehicles, even
given the safety, convenience, and money savings of an autonomous ride-sharing opportunity, and that
their time is more valuable than money. Research has also been developed on the amount people drive
(e.g. vehicle miles traveled) however not a lot focuses on how people are using their cars. Some may take
small trips more often while others take long trips. Identifying how people value their time can identify
more benefits to AVs.
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Executive Order 14, Transportation Network Infrastructure Subcommittee
Analysis and Recommendations

Subcommittee Membership


Chair: Robert McCleary, Chief Engineer, DelDOT



Brian Pettyjohn, State Senator, 19th District



Edward Osienski, State Representative, 24th District



Ruth Briggs King, State Representative, 37th District



Reed Macmillan, Executive Director, Dover/Kent MPO



Scott Vien, Director, Delaware DMV



Mark Luszcz, Chief Traffic Engineer, DelDOT



Gene Donaldson, Manager, DelDOT Traffic Management Center
Mission of the Subcommittee

Develop recommendations for innovative tools and strategies that can be used to prepare Delaware’s
Transportation Network for Connected and Autonomous Vehicles (CAV) in regards to Transportation
Network Infrastructure; inclusive of roadways, bridges, traffic signals, ITS devices, telecommunication
systems, etc.
Areas of Focus/Discussion
Please list the areas the Subcommittee focused on and what were the outcomes for each.
1. What is required to support CAV?
a. Much is still unknown, but maintenance of roadway infrastructure is what developers
of CAV technology have consistently said is the key necessary element for the
successful deployment. It will require access to good public roadways, traffic signals,
roadway striping and signage that create a workable driving environment.
b. At this time, the most beneficial action Delaware can undertake is to maintain and
improve roadway state-of-good-repair since automated vehicle technology works best
on well-maintained roads with clear lane markings, smooth pavement without
potholes, properly functioning and visible traffic signals, and traffic signs that are
clearly legible and visible from the roadway.
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c. Targeting State of Good Repair funds to maintain infrastructure that is known to
support CAV technology and vehicles. Delaware can also emphasize CAV-friendly
roadways in pilot programs, for example: Virginia’s Automated Corridors include highquality lane markings as a primary resource for its testing corridor.
d. Installing CAV infrastructure at locations with high crash rates, or high-risk areas such
as work zones, can be a good place to start implementation of CAV technology.
e. Robust State-Owned Telecommunications Systems are required for the V2I aspect of
Connected Vehicles.
2. What is DelDOT currently doing?
a. DelDOT is making CAV part of DelDOT’s short-term and long-term planning efforts.
b. DelDOT participates in national and regional organizations of transportation, officials
that develop transportation policy and conduct research: AASHTO, TRB, NCHRP, V2I
Deployment Coalition, I-95 Corridor Coalition, National Operations Center for
Excellence.
c. DelDOT maintains relationships with product manufacturers who make roadway
striping and traffic sign films and retro-reflective coverings.
d. DelDOT currently coordinates with neighboring States of Maryland and Pennsylvania
to share data over dedicated fiber optic networks.
e. DelDOT continues to expand its fiber optic and telecommunications network
throughout Delaware. DelDOT’s fiber connects to and communicates with DelDOT’s
traffic control devices such as signals, variable message signs, and other ITS devices, as
well as to state owned facilities.
f.

DelDOT continues to develop Integrated Transportation Management Systems (ITMS)
statewide: traffic signals, variable message signs, roadside detectors, weather stations,
etc., which are connected to and controlled from the Transportation Management
Center (TMC) in Smyrna.

g. DelDOT monitors and maintains its traffic signs, roadway and bridge surfaces, and
roadway striping in a state of good repair using in-house and contracted resources.
h. DelDOT pushes real time traffic data to an extra-net outside the State firewall for
consumption by the public and companies wishing to utilize this data for their business
purposes. The data includes information on traffic volumes, speeds, and signal timing.
We believe this will encourage the deployment of CAV technology and vehicles in
Delaware.
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Stakeholders
Please list the outside stakeholders impacted by the work/topics of the Subcommittee.
1. GPS Navigation Companies (TomTom, OnStar, Garmin, Magellan, HERE/NavTech)
2. Freight/Logistics Companies (UPS, FedEx, DHL, Royal Truck & Equipment)
3. Traffic Control Device Manufacturers (3M, Siemens)
4. Public Utilities (DPL, DEC, Verizon)
5. Telecommunications Co.’s (Verizon Wireless, T-Mobile, Sprint, Mobilitie, Crown Castle)
6. OEM’s (Tesla, Toyota, Ford, GM, Nissan, BMW, Mercedes, Volvo, Local Motors)
7. Software Co.’s (Waymo, Intel, Uber, Tesla, IAI)
8. US Military (DAFB, Army-TARDEC)
9. FHWA (Turner Fairbanks Highway Research Center)
10. AASHTO CAV Committee
11. Surrounding States (PA, MD, NJ, VA)
12. State’s with CAV Testing Programs (California, Arizona, Nevada, Michigan, Pennsylvania,
Florida)
13. Municipalities with CAV Testing Programs (Pittsburgh, PA; Ann Arbor, MI; Chandler, AZ;
Scottsdale, AZ; Miami, FL; The Villages, FL
14. Delaware School Districts
15. DEMA
16. County Agencies (911 Centers, Land Use)
Recommendations to the Advisory Council
Opportunities: Please list the opportunities the Subcommittee has identified for the State related to
the Subcommittee’s Mission.
1. CAV’s have the potential to make roadways safer, more efficient, and more accessible for
Delawareans.
2. CAV and V2I could help optimize transportation corridor capacity by coordinating
transportation operations in response to fluctuations in roadway network supply and demand.
This is possible because vehicle data offers a new source of highly detailed, real-time and
historical information for each corridor.
3. Deployment of CAV technology may be used as a means to supplement or replace fixed traveler
information infrastructure (e.g., overhead sign structures, dynamic message signs, lane use
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signs, regulatory signs, wayfinding signs, etc., reducing sign clutter and the overall cost to
operate and maintain roadways.)
4. Coordinate with high schools, colleges, universities, to develop the future work force to develop
CAV technology and infrastructure.
Risks: Please list any risks the Subcommittee has identified for the State related to the Subcommittee’s
mission.
1. CAVs are not commercially available yet and will not be widespread for many years.
2. Successful implementation is far from guaranteed.
3. Planning for something that is not in widespread use, predicting its future needs, and designing
policies to support it, is very difficult.
4. Early implementation of CAV infrastructure might lead to wasted public and private sector
investments if the technology we invest in now is not adopted as the standard.
5. Many unknowns as it relates to traffic operations. It is difficult to predict how people will
actually behave in response to access to CAV. Some experts predict it will encourage more cars
on the road and increased traveling/commuting distances if driver fatigue is no longer a
concern.
Recommendations:
Short Term (1 to 3 years)
a. Monitor CAV policy development at the national, State and municipal levels across the
country and in neighboring States. Review need for regulatory policy establishing traffic
safety standards in support of CAV infrastructure placement in the ROW, such as:
i. Minimization of roadside obstructions (i.e., non-proliferation of poles) posing
dangers to errant vehicles;
ii. Setting restrictions on size and weight of CAV devices and infrastructure
placed in the ROW;
iii. Requirements for breakaway features;
iv. Setting horizontal and vertical clearances from travel lanes, bike lanes,
sidewalks, etc.
b. Continue to participate in all groups noted in Item 2.b.
c. Develop and/or maintain relationships with:
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i. OEM’s such as Toyota, GM, Ford, Local Motors, etc.
ii. Public utilities such as telecommunication companies who are deploying
technologies in support of CAV such as 5G.
iii. University researchers (we do this already, but should be expanding this to
new areas we haven’t coordinated with before)
iv. DAFB and Military researchers and implementers of CAV such as the US Army
Tank Automotive Research Development & Engineering Center (TARDEC).
v. Shipping and logistics companies like FedEx, UPS, DHL, Amazon
vi. Software companies like Google, Apple, etc.
vii. Developers of artificial intelligence. DelDOT is presently implementing/testing
a FHWA sponsored artificial intelligence (AI) based Traffic Operation Expert
System in the I95/US40/DE1 area.
viii. Other government entities at the Federal, State and municipal levels working
on CAV policy like emergency planners, 911 centers, other TMC’s, etc.
ix. School Districts

d. Delaware needs to collaborate with neighboring States. Although there is a competitive
nature in State-level CAV policy, each State will be more attractive to CAV development
if there are fewer regulatory hurdles at our borders.
e. Establish CAV testing grounds in partnership with Delaware’s universities, military
bases, municipalities, industrial zones, and/or privately-managed roadways.
f.

Complete the AASHTO signal phasing and timing challenge.

g. Coordinate with high schools, colleges, universities, to develop the future work force
to develop CAV technology and infrastructure.
h. Evaluate impacts to DelDOT’s workforce:
i. Jobs created: installation & maintenance techs, electrical engineers,
computer engineers, communication engineers.
ii. Specialized training needs
iii. Specialized credentialing needed to work in certain fields and with certain
sensitive and secure facilities and data.
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Medium Term (3 to 5 Years)
i.

Build out DelDOT’s fiber optic network

j.

Identify what additional transportation data needs to be shared publicly to support
CAV and the methods of sharing the data.

k. Evaluate the need for new legal authorities related to:
i. State procurement of proprietary and sole source products and services
ii. Placement of privately owned CAV devices in the public rights of way
iii. Impacts of local land use and zoning controls on placement of CAV
technology along roadsides, in towns and neighborhoods
iv. Testing of CAV devices and vehicles on public roadways
l.

Evaluate and prepare Delaware’s roadways for CAV communication networks including
data collection, data management, and back office systems that support the large
amounts of data that CAVs generate and CAV mobility applications demand.

m. Initiate new pilots of DSRC and 5G wireless CAV technologies, particularly when a
private entity is willing and able to support the pilot financially.
Long Term (5 to 10 Years)
n. Incorporate CAV technology and devices into DelDOT’s project development process
including:
i. Types of infrastructure to include: conduit, poles, communication lines
ii. Identifying the CAV stakeholders to coordinate with
o. Evaluate and update DelDOT’s construction contract specifications as they relate to
CAV technology.
p. Evaluate CAV’s potential impacts on existing sources of transportation revenue
q. Evaluate new transportation funding needs created by CAV, such as enhanced
maintenance standards.
r.

Evaluate potential transportation revenue sources created by CAV.

s. Incorporate CAV technologies into the State vehicle fleet as vehicles are replaced with
new ones. Driver assist technology based on connections from the vehicle to
infrastructure as well as high levels of autonomy should be considered for inclusion in
the State fleet. Features like vehicle connectivity, automatic emergency braking, blind
spot monitoring, and advanced cruise control can help to both prevent collisions and
pilot new technologies.
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Potential State Legislation
Did the Subcommittee identify any potential State legislation what would be needed to successfully
implement a connected and autonomous vehicle network?
1. To the extent that the private companies developing CAVs may need to rely on privately-owned
CAV infrastructure in the roadside to make these vehicles function safely and efficiently,
Delaware may need to provide some ability for accommodation of privately-owned
infrastructure in the State’s rights of way. Currently, only DelDOT, public utility companies, and
small wireless telecommunication companies have codified rights to be accommodated in the
right-of-way.
2. It may be beneficial to consider Public – Private Partnership opportunities to foster CAV
development.
3. Delaware may need pre-emption of local land use and zoning controls on placement of CAV
infrastructure along roadsides in towns and neighborhoods.
4. Consider legislation to establish safety standards requiring owners of all standing CAV
infrastructure to utilize appropriate security and access control methods as a minimum to
control who can access, where, when, and how.
5. State policy should encourage CAV technology to support a robust state of good repair
program, targeted to improve roadway safety and traffic operations including within work
zones.
6. Delaware Code should encourage all companies manufacturing and/or operating such vehicles
on Delaware’s roadway to collect and share data regarding roadway and traffic conditions.
Having access to such data will enable DelDOT to monitor vehicle speed, location, trajectory,
and operational variables such as congestion and delay. It would enable better management of
traffic flow with the ability to address specific problems in real-time such as adjusting signal
timings or identify potholes and similar vehicular hazards.
7. Since much of the CAV technology is proprietary, Delaware should evaluate whether new legal
authorities related to State procurement of proprietary and sole source products and services
are needed, especially for publicly-owned CAV infrastructure.
8. We may need legislation to allow platooning on controlled access highways as current
Delaware law prohibits truck convoys [21 Del. C. §4126 (10)].
Topics for Future Discussions
Please list any topics identified by the Subcommittee that will need further discussion either by the
Subcommittee or the Advisory Council.
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1. Development of minimum roadway infrastructure maintenance standards necessary to
support CAV.
2. Budgeting for public highway infrastructure maintenance to support CAV. This should include
working with our Federal partners to encourage Federal funding programs on roadway
maintenance for the benefit of current road users and in anticipation of future CAV
deployments.
3. Who and how will we continue to monitor development of CAV in Delaware.
4. Traffic Control Device (TCD) Needs and Potential Changes – are any changes in TCD’s required
or beneficial to the deployment of Autonomous Vehicles? As of now, there is no answer to this
question. We need to keep on top of this.
5. Long-Term – Consideration of changes in basic road geometry, CAV lanes, CAV roadways, etc.
Not much we can do in this area right now.
6. Long-Term – Reduction or elimination of TCD’s
7. NHTSA Regulations Effective Date: The Agency is proposing that the effective date for
manufacturers to begin implementing new V2V requirements on all new light vehicles would
be two model years after the final rule is adopted, with a three year phase-in period to
accommodate vehicle manufacturers’ product cycles. Assuming a final rule is issued in 2019,
this would mean that the phase-in period would begin in 2021, and all vehicles subject to that
final rule would be required to comply in 2023.
8. The underlying technology in CAV capabilities could change. For now, CVs rely on dedicated
short range communications (DSRC) as the means to transmit data. Some industry observers
predict that cellular technology will overtake DSRC, potentially rendering initial investments
obsolete.
Subcommittee Meeting Dates


List the dates of when the Subcommittee met.
Meetings were held: 02/01/2018, 03/01/2018, 4/5/2018 (no Quorum), 5/8/2018, 6/7/2018,
7/5/2018.
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Subcommittee Membership


Chair: Captain Glenn Dixon, Delaware State Police



Barzilai Axelrod, Attorney General’s Office



Chief Bill Bryson, Delaware Police Chief’s Council



Mark Luszcz, Delaware Department of Transportation (DelDOT)



Brian Pettyjohn, State Senate



Cathy Rossi, AAA Mid‐Atlantic



Jana Simpler, Office of Highway Safety (OHS)



Scott Vien, Division of Motor Vehicles (DMV)



Adam Weiser, AECOM
Mission of the Subcommittee

Consider the implications of Connected and Autonomous Vehicles (CAV) on public and highway safety.

Areas of Focus/Discussion


Please list the areas the subcommittee focused on and what were the outcomes for each.

Summary of Areas of Focus: Potential benefits and risks of CAV on public and highway safety. Focus
areas are categorized as issues for road users, first responders, and the Department of Transportation.
Note: the “levels of automation” referenced in this report refer to the six levels (0 through 5) defined by
the Society of Automotive Engineers (SAE) which have been broadly adopted. A summary of the levels is
available online: https://www.nhtsa.gov/technology‐innovation/automated‐vehicles‐safety.
Discussion:


Opportunities: According to the National Highway Traffic Safety Administration (NHTSA),
37,461 people died due to highway crashes in the U.S. in 2016, and 94% of crashes are primarily
due to driver error. In Delaware, there were 120 highway fatalities in 2016 and 118 in 2017.
There were also 474 incapacitating injury crashes and 30,100 total crashes in 2017. The
estimated cost to society of highway crashes in Delaware in 2017 was over $2.8 billion.
According to the Center for Disease Control, “unintentional injuries” were the 4th leading cause
of deaths in the U.S. in 2015, and “motor vehicle‐related injuries” were the leading cause of
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death within this category. The potential promise of Connected and Autonomous Vehicles is to
eliminate crashes due to human error. Many of the following types of crashes may be
eliminated or significantly reduced by a fully connected and autonomous vehicles: recognition
error, which included driver’s inattention, internal and external distractions, and inadequate
surveillance; decision error such as driving too fast for conditions, too fast for the curve, false
assumption of others’ actions, illegal maneuver and misjudgment of gap or others’ speed;
performance error such as overcompensation, or poor directional control; and non‐
performance errors such as falling asleep. The State of Delaware has adopted “Towards Zero
Deaths” as the motto of our Strategic Highway Safety Plan, and CAV may be able to significantly
help in this effort.


Risks:
o

Connected vehicles are just starting to be manufactured. Vehicle to Vehicle (V2V) and
Vehicle to Infrastructure (V2I) communications and applications are in their infancy. In
the short‐term, Connected Vehicles should improve highway safety by giving drivers
additional information that they do not currently have. However, significant fleet
turnover and public sector investment will be required to begin to reap the potential
safety benefits of this technology. In the long‐term, it is expected that Connected
Vehicles will merge with Autonomous Vehicles to create a hybrid Connected &
Autonomous Vehicle.

o

Autonomous Vehicle technology is currently deployed on certain vehicles available to
the public at Level 2, and Level 3 vehicles are expected to be available shortly. There is
significant uncertainty regarding the availability of Levels 4 and 5 to the public. Once
available, there is a significant amount of time for the fleet to turnover, and customer
demand for these higher priced vehicles is uncertain. Risks include:


Driver complacency induced by “mostly” Autonomous Vehicles (Levels 3 & 4).



Driver capabilities once the amount of human driving is reduced (Levels 2
through 4), as driving tasks may fall out of practice.



Significantly increased driver perception/reaction times when transferring from
autonomous to human control due to “disengagements” (Levels 1 through 4).



Lack of public training and understanding of new vehicle features (Levels 2
through 5).



Mixed fleet interaction (Levels 0 through 5).



State of technology (all are still “learning as we go”).



Technology malfunctions.
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Potential short‐term increase in crashes due to all of the above, before long‐
term reductions are realized.



Ensuring recalls are a priority.



Artificial Intelligence systems require real world experience to improve.

The subcommittee considered the specific implications on public and highway safety in the following
areas: road user issues (training, driver’s licensing, public education, Original Equipment Manufacturer
(OEM) issues, and non‐motorized users), first responder issues (Delaware code, law enforcement/first
responders), and Department of Transportation (DOT) issues (traditional highway engineering and
technological DOT issues). The recommendations, potential legislation, and future topics for discussion
generated through the consideration of these topics based on the various levels of automation are
included later in this report.
Stakeholders


Please list the outside stakeholders impacted by the work/topics of the subcommittee.

All road users: motor vehicle drivers and passengers, private and commercial; transit users; pedestrians;
bicyclists.
Legislators, law enforcement, first responders (fire, EMS), insurance industry, OEMs, OHS, DelDOT/DMV.
Recommendations to the Advisory Council
1. Hire a consultant to do a comprehensive review of relevant state code, regulations, and policy.
This review should focus on the safe and allowable operations of Connected and Autonomous
Vehicles (CAV) in Delaware. The review should include a review and recommendations in at
least two distinct areas: 1) The driver/operator’s responsibility in monitoring and controlling
vehicles that are semi‐autonomous, and 2) what laws, regulations, and/or processes should be
in place to allow fully autonomous/driverless vehicles, while still keeping regulations at a
minimum as to not discourage the use and testing of AVs. This task should also include the
following items:
a. Propose definition of terms for use in state code and regulations, including “driver,”
“autonomous driving systems (ADS),” “platooning,” etc.
b. Review state code to determine if additional laws are needed related to new restrictions
or penalties related to CAV, such as “inappropriate use of autonomous driving systems.”
c. Thorough review of other state laws, regulations and national guidance regarding CAV,
to understand best practices and develop recommendations for Delaware. In addition
to a general review on this matter, a specific topic that should be addressed is the
potential requirement of all vehicles on public roadways requiring a licensed driver, at
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this time. State code is currently silent on this issue. The subcommittee generally
believes this is a good requirement, with the need for exceptions. Exceptions could
include driverless platooning under certain circumstances, or certain types of vehicles
that are specifically approved for driverless testing in certain areas or along certain
roadways. This task should develop recommendations for this topic.
d. Research the potential for implementing a registration process so relevant state
agencies can be aware of Autonomous Vehicles (AVs) operating in the State.
2. The following recommendations are related to training and education:
a. Hire a consultant to develop recommendations and a plan to incorporate those
recommendations for CAV education into Delaware’s Driver Education and Defensive
Driving Programs. At a minimum, the plan would include information on the levels of
automation, the capability of ADS with a focus on the process of disengagement, and
awareness of CAVs when encountered on the road. The hired consultant should work
closely with the Department of Education (DOE), the Office of Highway Safety (OHS),
and the Division of Motor Vehicles (DMV) to develop the plan.
b. Update the Delaware Driver Manual to include information on CAV consistent with the
recommendations and plan developed for Delaware’s Driver Education and Defensive
Driving Programs.
c. Hire a consultant to develop and update content for a web site and other promotional
materials (e.g., brochures) to educate the public on CAV. It is recommended that there
be one consolidated web site covering issues from all state agencies. Individual agency
web sites should link to the main state web site. The consultant would rely on the
Advisory Council on Connected and Autonomous Vehicles for content.
d. Investigate the feasibility of developing regulations related to public training that should
be required for new car dealers, used car dealers, rental car companies, and commercial
vehicle dealers for their customers related to CAV technologies and features included
within their vehicles.
3. The following recommendations are related to highway infrastructure. To continue and
enhance these efforts, additional resources should be established through the Capital
Transportation Plan.
a. Delaware Department of Transportation (DelDOT) to stay abreast of the latest state of
the practice, and continue discussions with Original Equipment Manufacturers (OEMs)
and related groups, related to potential infrastructure enhancements that will
improve/enhance the performance of CAV (e.g., changes in signing, striping, surface
smoothness, etc.).
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b. DelDOT to continue the expansion and improvement of their Integrated Transportation
Management Systems (ITMS), including: continuation of build out of state
telecommunications network, continuation of Intelligent Transportation Systems (ITS)
deployment, and begin Phase 1 of deployment of Vehicle to Infrastructure (V2I)
systems, with initial focus on traffic signals.
c. Connected Vehicles and associated systems (such as Roadside Units) are starting to be
deployed utilizing Dedicated Short Range Communications (DSRC). At this time, some
believe that the next generation of cellular technologies (5G) will someday supplant
DSRC as the primary telecommunication protocol for Connected Vehicles. DelDOT
should support the emergence of 5G and/or other similar technologies and by extension
the potential improvements in Connected Vehicles, by issuing permits to small cell
companies per state code, regulations, and standard procedures. The implementation of
5G and other CAV telecommunication systems have the potential to improve safety by
enhancing data and information exchange between vehicles and infrastructure. The
committee is not directly recommending use of a specific type of infrastructure at this
point, however members suggest expansion of CAV infrastructure occur in all areas.
4. The Delaware Strategic Highway Safety Plan is a state‐wide coordinated safety plan that
provides a comprehensive framework to reduce fatalities on Delaware's roadways. The plan’s
lead agencies include the Delaware Department of Transportation, the Delaware Office of
Highway Safety (OHS), and Delaware State Police. An update of the plan is scheduled for the
year 2020. The topic of CAV should be integrally included in the next version of this plan.
5. The Advisory Council and the various sub‐committees should continue to exist and meet on a
regular basis after the initial report is submitted to the Governor. The Public and Highway
Safety Subcommittee in particular should pursue initiatives as appropriate based on the
approval of the full Advisory Council; to include staying abreast of federal guidance and
regulations and providing feedback as appropriate to our federal partners. Updates to the
Governor should be provided on an annual basis.
Potential State Legislation


Did the subcommittee identify any potential state legislation what would be needed to
successfully implement a connected and autonomous vehicle network?

Nothing specific is recommended at this time. Additional review of state code is recommended per Item
1 in the “Recommendations” section of this report.
Topics for Future Discussions


Please list any topics identified by the subcommittee that will need further discussion either by
the subcommittee or the Advisory Council.
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Funding for training and equipment for Delaware State Police and local police agencies related to
vehicles’ “black box.”
Subcommittee Meeting Dates


January 8, 2018



February 2, 2018



March 9, 2018



April 13, 2018



May 23, 2018



June 6, 2018



June 25, 2018
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Subcommittee Membership


Chair: Patty Cannon, Division of Small Business, Development & Tourism



Co-Chair: Steve Chillas, Delaware OMB-Contracting



Ruth Briggs King, Speaker of the House Representative



Jim Lardear, AAA Mid-Atlantic



Al McGowan, TrafficCast



Ed Osienski, Speaker of the House Representative



Brian Pettyjohn, State Senate



William Pfaff, Sussex County



Colton Phillips, DelDOT Planning



Mark Thompson, WhyFly



Scott Vien, Division of Motor Vehicles (DMV)
Mission of the Subcommittee

Develop recommendations for innovative tools and strategies that can be used to prepare Delaware’s
transportation network for connected and autonomous vehicles in regards to promoting economic
development.
Areas of Focus/Discussion
Education: A qualified workforce is essential to any industry and the Connected & Autonomous Vehicle
industry is no exception. The concept of Education was inclusive of high school Drivers Education, CDL
Truck Driver Training Programs, After-market Installation & Repair Technicians, Coders, Data Analytics
and perhaps, most urgent, the general public as more commercial vehicles are on the roadways using
the advanced technologies.
Marketing: Delaware has a compelling story to tell regarding DelDOT’s impressive investment in
technology as well as controlling interest in 90% of roadways, as well as nationally recognized research
projects underway in robotics, coding, analytics and pilot programs.
Collaboration: Delaware has a reputation of being a “state of neighbors” where we work together to
make good things happen. We should capitalize on existing collaborations and work to develop more
robust collaborations targeting Connected and Autonomous Vehicles. Examples include DelDOT’s
partnership with UD to run a piloting an autonomous vehicle on the STAR Campus, The Mill (co-working
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space) with support from the State of Delaware is now home to TrafficCast, WhyFly and ZipCode
Wilmington (a coding boot camp), and AAA-Mid-Atlantic’s partnership with organizations such as
Automotive Service Association to develop training programs.

Stakeholders
DelDOT, DE Department of Labor, DE Department of Education, DE Governor & General Assembly, Local
Governments & Municipalities within the State of Delaware, DE Prosperity Partnership, DE Division of
Revenue, DE Division of Small Business
AAA Mid-Atlantic, Uber, Lyft, OEMS, DTCC, DE State University, University of DE, Delaware Truck Drivers
Association, DE Automotive Service Association, TrafficCast, WhyFly, OEMs
Recommendations to the Advisory Council
1. Aggressively promote DelDOT's ownership of and extensive investment in sensors and
infrastructure in over 90% of the state’s roadways; and CONTINUE to make investments in new
CAV related infrastructure/data needed to fill the gap in order to deploy significant CAV
projects.
Feature Delaware's new Angel Investor Tax Credit and the Department of State, Division of
Small Business' Business Finder Fee Tax Credit that offers a potential tax credit incentive for
companies that help to recruit other companies to relocate to Delaware and create new jobs.
http://delcode.delaware.gov/sessionlaws/ga149/chp244.shtml
http://delcode.delaware.gov/title30/c020/sc10/index.shtml
Ensure Delaware is “Open for Business” – with a commitment to fostering an enterprise-friendly
business environment to encourage private sector investment and entrepreneurial activity in
the CAV space.
Continue to take an active role in ensuring that CAV related technologies and opportunities will
provided equitable access in transportation, jobs, education/training, etc. across the State of
Delaware through collaborations among various stakeholder organizations [example: expansion
of CAV shuttle services to provide services to people with disabilities in rural, urban, and
suburban communities].
2. Create an industry task force to develop curriculum for Delaware Training Providers to teach the
skills necessary to develop, manufacture, maintain and repair the sophisticated hardware,
software and security systems that are critical components of Connected and Autonomous
Vehicles and to make recommendations regarding potential Center of Excellence training
facility, similar to Flight Safety International, that includes the most appropriate equipment,
machinery and/or simulation laboratories.
Advocate for Connected and Autonomous Vehicle-related experiential learning opportunities for
K-12 students in Delaware’s public schools. (i.e., encourage and celebrate schools that allow
trade groups to engage with students) as well as adult learners through Department of
Education and Department of Labor approved Workforce Training Providers.
3. Seek opportunities to demonstrate connected and autonomous vehicle technology throughout
Delaware to increase awareness and acceptance. Encourage, support and celebrate those
opportunities and pilot projects that demonstrate safe deployment of technology that target
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high-need populations such as congested roadways during peak beach season, senior citizens
living in rural communities with limited access to dependable and innovative transportation
solutions, etc.
Develop and execute a strategic plan for attracting Original Equipment Manufacturers &/or
private industry to build a Center of Excellence for Connected and Autonomous Vehicles in
Delaware, similar to Ford's Center of Excellence in Manufacturing at St. Claire College (Ontario,
Canada) - Ford contributed $3 million toward the $15,000,000 project.
https://corporate.ford.com/innovation/autonomous-2021.html as well as potential existing
institutional partners (i.e., DTCC, UD, DESU, Flight Safety International, DE River & Bay Authority,
etc.)
4. Encourage the creation of CAV focused Co-working spaces, collaborative lab spaces, or maker
space settings that encourage innovation through collaborative design and development and
access to specialized equipment; and, provide networking & collaboration initiatives that bring
small businesses and entrepreneurs together with large companies and universities.
5. Create educational and networking opportunities for stake holders and the general public to
discuss and learn about Connected and Autonomous Vehicle Technology. The emphasis would
be on ensuring safety and building support for the deployment of this technology. Other
components would include social media, Public Service Announcements, Talking Points, Posters,
OpEds, Videos, etc.
Acknowledge and begin planning for the job displacement that current and future technological
advancements will create for workers in the transportation sector and related industries.
(Department of Labor)
Encourage Delaware's elected and appointed officials to adopt public policy that encourages
and supports the development of the technology (i.e., robotics, software/coding, sensors,
security technologies, etc.) that are necessary to grow this industry, maintain public safety and
protect personally identifiable data. This effort must take a balanced approach that encourages
private investment and recognizes that providing private sector access to existing CAV related
infrastructure/data is an extremely compelling economic driver.
Potential State Legislation


Did the subcommittee identify any potential state legislation what would be needed to
successfully implement a connected and autonomous vehicle network?

Legislation that encourages and supports the development of the technology (i.e., robotics,
software/coding, sensors, security technologies, etc.) that are necessary to grow this industry, maintain
public safety and protect personally identifiable data. This effort must take a balanced approach that
encourages private investment and recognizes that providing private sector access to existing CAV
related infrastructure/data is an extremely compelling economic driver.
Topics for Future Discussions
The sub-committee expressed a sense of urgency regarding the immediate need for curriculum
development related to Connected & Autonomous Vehicles and they remain hopeful that the
discussions will continue to drive Delaware’s CAV initiatives forward beyond the life of this advisory
council. Ideally, future discussions will be a catalyst for action on the recommendations contained within
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this report.
Subcommittee Meeting Dates


January 8, 2018



February 15, 2018



May 24, 2018



June 21, 2018



July 19, 2018
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Introduction
In September 2017, Governor John Carney signed Executive Order 14 to establish an Advisory
Council on Connected and Autonomous Vehicles. This Council was tasked with developing
recommendations for innovative tools and strategies that can be used to prepare Delaware’s
transportation network for connected and autonomous vehicles (CAVs).
Connected and autonomous vehicle technology is predicted to enhance safety on roadways,
reduce traffic congestion, and increase mobility. CAVs promise numerous benefits for users, however,
there is still much to be learned about their operation and impacts. As these technologies develop
globally, it is crucial that Delaware stay at the forefront and prepare for changes to come. This includes
considering all aspects of CAV and potential impacts to users and the public.
Council Subcommittees were formed to research and develop recommendations in four areas:
1.
2.
3.
4.

Promoting economic development
Technology, security and privacy
Transportation network infrastructure
Impacts on public and highway safety

This report focuses on research and recommendations developed by the Subcommittee on
Technology, Security and Privacy. This subcommittee consisted of 13 members from state agencies,
academia, and the private sector. Committee members self-divided into one of three workgroups:
technology, security or privacy. Each workgroup researched and identified issues and developed
recommendations.
The subcommittee met monthly from December 2017 to July 2018 and discussed key issues,
stakeholders, opportunities and risks, and potential legislation related to technology, security and
privacy and the development of CAV technologies in Delaware. The subcommittee also brought in
experts to help inform their discussions. Much of the meeting time was spent in workgroups discussing
impacts and recommendations. Although each workgroup developed thoughts and ideas individually,
there was overlap between topics discussed and thoughts presented. The subcommittee, as a whole,
combined these thoughts and ideas to establish a final set of recommendations.
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Subcommittee on Technology, Security & Privacy
Membership















Philip Barnes, University of Delaware Institute of Public Administration (UD IPA)
Scott Clapper, Division of Motor Vehicles (DMV)
Aleine Cohen, Department of Justice (DOJ)
Jim Garrity, Diamond Technologies
Renee Gibson, Alliance of Automobile Manufacturers
Ken Grant, AAA Mid-Atlantic
Leslie Ledogar, Delaware Department of Insurance
Li Wen Lin, Delaware Department of Transportation (DelDOT)
Scott O’Connor, Department of Technology and Information (DTI)
Brian Pettyjohn, State Senate
Todd Reavis, Delaware Department of Transportation (DelDOT)
Shari Shapiro, UBER
Elayne Starkey, Department of Technology and Information (DTI), Chair
Sergeant Steve Yeich, Delaware Information and Analysis Center (DIAC)

Mission
The purpose of the subcommittee is to identify the Technology, Security, and Privacy issues and
opportunities and make recommendation on tools and strategies that are best for Delaware.

Stakeholders









Citizens
Government entities
External partners
Educational institutions
Vendors
DelDOT (Transportation Management
Center & Delaware Transit Corporation)
Delaware Department of Justice
(Consumer Protection Unit)
State and local law enforcement






Delaware Department of Technology
and Information
American Civil Liberties Union (ACLU) of
Delaware
Auto Alliance and Global Automakers
Delaware Automobile and Truck
Dealers Association
Wireless Carriers (Verizon, AT&T, etc.)
Infotainment (Sirius, Pandora, etc.)






April 19, 2018
May 17, 2018
June 21, 2018
July 19, 2018





Meeting Dates





December 21, 2017
January 18, 2018
February 15, 2018
March 15, 2018
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Discussion Topics
The individual workgroups discussed various topics that fall under technology, security and
privacy as they relate to connected and autonomous vehicles. Although workgroups developed ideas
individually, there was overlap in topics discussed. Notable areas of focus included data ownership,
data usage, vehicle data privacy, infrastructure for CAV technology, funding and economic development,
existing privacy law and policies, data collection policies, cyber security, and physical security threats.

Types of Data
A major discussion topic was vehicle data, including data collection, data types and uses,
ownership, sharing, and data storage and access. The subcommittee indicated the need to determine
what data is needed for CAV development, how data will be stored and accessed, and the minimum
amount of data needed to provide CAV functionality.
Autonomous vehicles require extensive data to operate effectively and will use devices to
collect data, such as GPS for navigation, wheel encoders for monitoring vehicle movement, radar for
identifying and tracking, and cameras for color identification. While essential for vehicle operations,
the collection of data could present security and privacy risks, especially when the data is aggregated
and centrally stored (Bloom et al., 2017).
A Government Accountability Office (GAO) 2017 report entitled “Vehicle Data Privacy: Industry
and Federal Efforts Under Way, but NHTSA Needs to Define Its Role” identified two broad categories of
data:
1. Vehicle performance data including geolocation, speed, acceleration/deceleration, tire pressure,
odometer, seatbelt use, emissions, airbag deployment, transmission/engine performance, and
vehicle service history; and
2. Personal owner information including physical addresses, email addresses, phone numbers, and
interactions with in-vehicle displays/infotainment, biometric data, and personal
communications (voice commands, text messages, etc.) (GAO, 2017, Figure 4).
Personally identifiable information (PII) may be collected to enhance and personalize the CAV
experience. Information on vehicle owner preferences, behavior, and biometric data could be collected
and be linked to an individual. As CAV technology develops using variations of data types, it is important
that Delaware develop an understanding of all possible scenarios regarding data collection, location,
stewardship, and retention.

Data Sharing and Privacy Notices
CAV data will be incredibly valuable to many, whether it is for emergency communication,
transportation planning, research and development, or marketing. (GAO, 2017 p. 13). Delivery of
citizen and customer services will require the data to be shared with service providers such as DelDOT,
dealerships, insurance companies, universities, and law enforcement. (GAO, 2017 pgs. 14-15).
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Today, auto dealers ask the vehicle buyer for permission before collecting their data, either
during a sale agreement or via a notice when the owner requests a third-party service in the vehicle,
such as on a touchscreen display. The GAO (2017, p. 22) report notes that:
[S]ome consumers do not take the time to read notices, decreasing their ability to provide fully
informed consent. In another example, four experts mentioned the multiple decisions and
corresponding large amount of paperwork required for buying a vehicle as factors that would
make it less likely for a consumer to thoroughly read the privacy notice.
Even if a vehicle owner reads the privacy notices, they may have a difficult time understanding
them because “none of the automakers’ written notices were in plain language” (GAO, 2017, p. 17).
Privacy notices contain ambiguous language which may give automakers latitude to share data for
“legitimate business purposes” (GAO, 2017). Currently, vehicle owners are given little control over the
degree of data sharing. They have the option to agree to data sharing and receive vehicle services, or
they opt-out of sharing and vehicle services entirely. There are few options besides all-in or all-out.
(GAO, 2017).

Data Ownership
Data ownership was a major discussion topic throughout committee meetings. Ownership of
vehicle data is not currently clear – is it owned by the vehicle owner or the automaker or a third party?
Third parties could include fleet vehicles, data carriers, ridesharing providers, and others in the CAV
industry. The committee found that answers differ, even within the automotive industry. The GAO
(2017, pgs. 13-14) interviewed automaker representatives and found the following:
[Auto makers] differed on who owns data collected from their connected vehicles. Specifically,
7 told us ownership of these data is legally unclear or they do not yet have a position. Of the
remaining automakers, 3 said the vehicle owner owns the data, but the automaker has a license
to use them; 2 said the automaker owns the data, and 1 said the automaker owns anonymized
data and the customer owns personal data (e.g., data tied to a vehicle identification number).
It is anticipated that future court decisions will likely settle the data ownership question.
Currently, the Driver Privacy Act of 2015 provides that information collected by Event Data Recorders
(EDRs) belongs to the owner or lessee of the vehicle and restricts data retrieval from EDRs. In the
future, vehicle data collected by CAV systems will be tremendously valuable. One estimate notes that
vehicle data could be a $450 to $750 billion dollar industry by 2030 (Bertoncello et al., 2016). However,
ownership of the data will come with associated safeguarding duties and responsibilities, which may
decrease the desirability of legally owning the data.

Infrastructure & Technology
The subcommittee discussed infrastructure as it relates to CAV technology. Development of a
plan or proposal to support the addition of necessary technology infrastructure and to consider the
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growth of technology and infrastructure will be required. As this technology is implemented, changes
will occur, for example to public transportation, and the committee discussed considering partnerships
with state services (i.e. Ride-share, Delaware Authority for Regional Transit (DART), etc.) for
deliverables. Additionally, Delaware must determine how to maintain state budget revenue streams as
funding, economic development, and tax policies change.

Cybersecurity
Security threats were discussed at length, including both physical and cybersecurity threats,
such as hacking and commandeering of vehicles in order to cause harm. The automotive industry is
involved in ongoing work to develop cybersecurity standards for autos through Society of Automotive
Engineers (SAE) and International Standards Organization (ISO). The auto industry also has a
cybersecurity protocol called Auto-Information Sharing and Analysis Center (ISAC) which is a forum for
the industry to communicate and collaborate on cybersecurity issues. The focus of Auto-ISAC (2018) is
“security by design, risk assessment and management, threat detection and prevention, instant
response, collaboration, and governance and awareness.”

Federal Standards & Policy
Federal standards and policies that protect privacy were researched by the committee. The
Electronic Communications Privacy Act (ECPA) is a federal statute that prohibits a third party from
intercepting or disclosing communications without authorization. The subcommittee also sought to
understand the exceptions, such as the long-standing exception for vehicles grounded in the Fourth
Amendment of the United States Constitution that allows law enforcement officials to stop and search a
vehicle based on probable cause without having to secure a warrant from a judge. Here, an outstanding
question is whether the vehicle exemption applies to data (Castro et al., 2018).
At the federal level, the Federal Trade Commission (FTC) is responsible for consumer protection,
including privacy, as well as regulating wireless telecommunications providers that are the current and
likely future (5G), data carriers. The National Highway Traffic Safety Administration (NHTSA) also has a
role in protecting consumers, through regulating motor vehicle safety. NHTSA has broad enforcement
authority to take action that preserves the safety of motor vehicles operated on public roadways,
including defect and recall authority. NHTSA did issue a recall in 2015 for a cybersecurity issue affecting
1.4 million vehicles.
ISO 27000 Family of Standards and NIST standards such as 800-63 (Digital Identity Guidelines),
800-183 (Network of Things), and 800-160 (Systems Security Engineering) all provide critical guidance on
the security and handling of sensitive data.

Delaware Laws & Regulations
In addition to federal standards, Delaware’s laws and regulations were considered, including the
Vehicle Data-Reporting Device Law (18 Del.C. § 3918) and the Delaware Data Breach Law (6 Del. C. §
12B-100 et. seq., effective April 2018). In consultation with legal counsel, subcommittee members
considered the impact of these laws on data security and how they apply to data collected from CAVs.
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Other relevant State legislation includes the Delaware Online Privacy and Protection Act, which requires
businesses to post their privacy policy for online use and the Delaware Privacy Protection Act and the
Geolocation Privacy Protection Act, which protects certain biometric and location data under the
regulatory authority of the Consumer Protection Unit (CPU) of the Delaware Department of Justice
(DOJ). This bill, HB350 in the 149th General Assembly, did not make it out of committee but may be
reintroduced or reworked in the future. The CPU is responsible for fraud prevention in the state and is
the government unit most likely to become involved in privacy issues. DelDOT is currently collecting
Bluetooth data to measure travel times and must abide by State data protection policies such as the
Delaware Information Security Policy and the Cloud Security Policy.

Industry Standards
Private industry developed self-regulatory standards to protect consumer privacy. The most
important is the Alliance of Automobile Manufacturers and the Association of Global Automakers who
voluntarily agreed to abide by a set of seven “Privacy Principles” for connected vehicles. These
principles are as follows: (1) transparency, (2) choice, (3) respect for context, (4) data minimization, deidentification & retention, (5) data security, (6) integrity & access, and (7) accountability. In the absence
of federal and state standards for vehicle data and privacy, The Privacy Principles are the automotive
industry’s self-imposed framework. Vehicle owners’ privacy in the United States are therefore governed
primarily by the voluntary Privacy Principles and not by FTC or NHTSA regulation.

Other Discussion Topics
Additional privacy issues related to CAVs were identified. Beyond the owner concerns already
discussed, additional passengers in CAVs may not know their data is being collected, and they may not
have consented to having their data collected like the vehicle owner.
Data retention, transfer, and disposal issues arise during the transfer or sale of a vehicle. For
example, in the used car market, the previous owner’s data (home address, phone contacts, text
messages, driving patterns, app history, etc.) may be stored in a vehicle. If the data is not deleted
before sale, the new owner may have access to the previous owner’s data and personal information.
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Opportunities & Risks
The subcommittee identified potential opportunities in CAV development and their associated
risks. These technologies have the capability to provide a multitude of opportunities to reduce
congestion, and increase safety and mobility in Delaware.

Opportunities
CAV systems provide an opportunity for value creation and revenue growth for the State and
private entities and the subcommittee recognizes that DelDOT’s current Integrated Transportation
Management System (ITMS) infrastructure positions Delaware well for future CAV innovation. Potential
revenue streams include partnerships with private sector entities who can acquire data as a result of
CAV technology.
An additional advancement opportunity can be created by partnering with public transit
providers to enhance mobility for travelers with physical limitations, including those who use Paratransit
services and the elderly.
Concerns over privacy-related issues are not speculative or based on long-term projections for
autonomous vehicle deployment – connected vehicles are on the road now. Delaware can get ahead of
the CAV policy curve if it takes proactive steps to address current privacy challenges in vehicles.
Anonymized network-wide trajectory data can be used to inform transportation and land-use
planning decisions, which provides DelDOT with an opportunity to improve transportation planning and
operations.

Risks
Consumer unease with vehicle data collection, targeted advertising, and data misuse is a
concern. Public acceptance of CAV technology is already low and anecdotes or examples of perceived
privacy violations could heighten public sentiment against CAVs and delay deployment. AAA’s 2018
survey shows that 82% of Delawareans surveyed are “very concerned” or “somewhat concerned” about
the security of data sent to and from CAVs. These conditions indicate that the public acceptance
environment is fragile. Citizens need clear, plain language for what data will be collected, the purpose
of the data being collected, how the data will be stored and secured, for how long and how the data will
be retained.
Consumers are frequently unaware of what data is already being collected by the CAV industry
and what additional use of the data is possible when multiple data streams are combined. For example,
the Privacy Principles (see Industry Standards section above) state that automakers can share
geolocation, biometric, and driver behavior data with third-party service providers without owner
consent, if those parties only utilize it for service provision AND those third-party privacy practices are
consistent with the notices that automakers have provided (Alliance, 2014, p. 9). This is an issue when
third-party providers subcontract and share the data with their fourth-party providers (and so on). Like
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the child’s game of “Telephone”, the standards and procedures by which the data is governed will likely
diverge from the original as it moves through the subcontractor chain.
There is a risk that the current practice of automotive industry self-regulatory action (see
Industry Standards section above) may experience a conflict of interest between sufficient data and
consumer privacy safeguards on the one hand, and on the other, the incentive to capture a share of the
emerging multi-billion dollar market for vehicle data (Bertoncello et al., 2016).
It may be some time before the market decides the best way to transmit data. There are
multiple technology options such as 5G and Dedicated Short Range Communications (DSRC), some of
which are still emerging, so the risks are unknown.
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Summary of Recommendations to the Advisory Council
Final Recommendations
The following recommendations to the Advisory Council were developed by the subcommittee based on
discussion of opportunities and risks associated with CAV development in Delaware:
Data Collection & Ownership
1. Monitor discussion, activities of standards organizations (SAE, ISO, etc.), and court decisions
around data ownership
2. Define clear use cases for collecting Personally Identifiable Information (PII).
3. Collect the least amount of PII necessary to accomplish the goals of the use case.
4. Keep PII for the shortest time necessary to accomplish the goals of the use case and anonymize
the PII appropriate for the case.
Data Privacy
5. Encrypt (or apply current best practice for anonymization) PII and non-public data collected
during transmission and at rest.
6. Anonymize network-wide trajectory data, which can be used to inform transportation and landuse planning decisions.
7. Separate CAV data into PII and non-PII when storing.
8. Take steps to address current privacy challenges in vehicles.
9. The State of Delaware should establish a partnership with other states, business partners and
the National Highway Traffic Safety Administration (NHTSA) to collaborate on cybersecurity
policies and best practices.
Infrastructure & Technology
10. Create a technology oversight board comprised of state, federal, academic, and non-profit and
private sector entities to monitor future CAV technologies and how future technologies will
affect the State of Delaware.
11. Coordinate with surrounding states on CAV technology standards to maintain consistency as the
regulatory environment develops nation-wide.
12. Consider partnering with public transit providers to leverage CAV technology to provide
enhanced mobility to stakeholders with limited mobility, including senior citizens and those who
utilize Paratransit services.
Education & Training
13. Develop a constructive, living communications plan to inform citizens on data being collected by
CAVs, its use and storage.
14. Consider a joint DelDOT-Consumer Protection Unit (CPU) large-scale public education campaign
to inform Delawareans about the privacy landscape of CAVs and cybersecurity risks. Different
categories of information may require different levels of education. Target training on
cybersecurity risks, such as social engineering concerns.
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15. Recommend that manufacturers allow CAV owners to opt-in to data collection rather than have
data collected by default and disclose use of data to CAV customers during the registration
period.
16. Recommend the Advisory Council thoroughly review the 2017 Government Accountability Office
(GAO) Report.
Potential State Legislation1
The subcommittee recognizes that the federal government, in particularly the Federal Trade
Commission (FTC), might be the lead agency when dealing with privacy issues for a national standard.
However, we have identified some options for the Council to consider.
1. Consider legislation for automakers to provide “plain language” consent forms to owners,
especially at the point of sale. Use clear, plain language to articulate to consumers what data
will be collected, the purpose of the data being collected, how the data will be stored, for how
long the data will be stored, and how the data the will be protected.
2. There was unpassed legislation in the 149th General Assembly (Biometric Privacy Protection Bill
and Geolocation Privacy Protection Bill – HB350). DelDOT should communicate with sponsors
and co-sponsors to evaluate whether it would be appropriate and feasible to integrate
connected and automated vehicles into these Acts if they are reworked and reintroduced in the
future.
3. Consider requiring used vehicle dealers and private sellers to wipe vehicle data clean before
resale.

Conclusion
The subcommittee on Technology, Security, and Privacy discussed key issues, stakeholders,
opportunities and risks, and potential legislation related to the development of CAV technologies in
Delaware. The thoughts and ideas discussed during the committee meetings were summarized and
developed into recommendations to the Advisory Council on Connected and Autonomous Vehicles.
Although there are significant benefits to CAV advancement, associated risks need to be considered.
Enhanced connectivity allows for socially beneficial outcomes, but also opens the door to security
threats, such as hacking and unintended release of personal information. There are many unknowns
surrounding the future of this technology, especially as it relates to data collection, sharing, and storage.
Technology, security and privacy are all very important topics to consider as Delaware moves forward in
implementing connected and autonomous vehicle technologies.
The proposed legislation provided by the subcommittee is not an endorsement of the legislation by the Deputy
Attorney General assigned to the subcommittee, the Attorney General, or the Department of Justice. The proposed
legislation was discussed at client request by a Deputy Attorney General of the Department of Justice in accordance
with the powers, duties, and authority of the Department of Justice under 29 Del. C. § 2504(8). The Attorney
General is an elected officer under Article III, § 21 of the Delaware Constitution of 1897 as amended.
1
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I.

Introduction
A. Background

The advent of connected and autonomous vehicles (CAVs) will likely have a transformative impact on
our society, with vehicle ownership and its associated risk being just a small part of a larger cultural
shift. New entrants into the mobility provider sector, and new providers of insurance products will likely
result in a confluence of disruptors.
In a May 2018 issues analysis, the National Association of Mutual Insurance Companies (NAMIC) opined:
The development and deployment of proven, safe automated driving systems (ADS) will
require significant technological advances, revisions to the regulatory paradigm, and the
active participation of far more than just the auto manufacturers and technology
companies.
The potential of technology to move the needle on crash statistics is extraordinary;
however, there will still be crashes, especially in an environment where autonomous
vehicles continue to share the road with human drivers. . . .
The critical issues related to passenger safety, liability, and compensation after a crash
require that insurance companies are included in the development, deployment,
regulation and use of ADS.
Consumers will continue to look to property/casualty insurers to provide them with the
protections they have come to expect as this new frontier of automotive products and
services evolves.
(Karol, 2018, p. 2).
Accordingly, it is critically important for all stakeholders in the insurance arena, including regulators,
consumers, and participants in insurance markets, to have a seat at the CAV table. It is not enough to
understand CAV technology itself. Rather, regulators, consumers and insurance marketplace
participants should also be able to understand the risks associated with CAV technology and the
insurance products being designed and deployed to insure against those risks.
The Delaware Insurance Commissioner is a named member of the Advisory Council on Connected and
Autonomous Vehicles (the Council), established by Governor John Carney through Executive Order (EO)
No. 14 (September 5, 2017). At its December 2017 meeting, the Council recognized the need for a
separate chapter in its final report that specifically addresses the insurance aspects of CAVs and
requested that the Insurance Commissioner draft that chapter.
To accomplish that task, the Insurance Commissioner first convened an Autonomous Vehicles Insurance
Task Force in February 2018, during which a variety of stakeholders identified key issues, opportunities,
risks, and potential legislation related to the effect of CAVs on insurance in Delaware. Delaware
Department of Insurance (Department) staff then conducted an extensive literature review of issues
related to CAV insurance.
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Finally, Department staff participated in the following events to learn from key, prominent thought
leaders in the insurance arena:





The relevant subcommittee meetings of the National Association of Insurance Commissioners
(NAIC) Spring meeting in Milwaukee, Wisconsin (March 24-27, 2018);
The NAIC Insurance Summit Center for Insurance Policy Research (CIPR) Innovation Program
(June 19-21, 2018);
The U.S. Department of Transportation Federal Highway Administration’s National Dialogue on
Highway Automation workshops in Washington, DC (March 1, 2018) and in Philadelphia,
Pennsylvania (June 26-27, 2018); and
The Automated Driving Systems Conference in Washington, DC (June 19-20, 2018).

This chapter is not intended to be the final word on the insurance implications of CAV deployment.
Rather, it is about preparing for its potentialities by establishing a foundation and a framework upon
which future discussion and decision making may occur. The Department recognizes that this is a
constantly changing area in which all of us will continue to adapt and evolve.

B. Subcommittee Membership
The Insurance Commissioner appointed Leslie W. Ledogar, Esq., the Department’s Regulatory Specialist,
as Insurance Subcommittee Chair and chapter author. Other members of the Subcommittee on
Insurance include:






The Honorable Trinidad Navarro, Insurance Commissioner;
Tanisha Merced, Deputy Insurance Commissioner;
Frank Pyle, Director of Consumer Protection and Enforcement ;
Michael Gould, Manager of Consumer Services Investigations and Market Regulation: Property
& Casualty; and
Gene Reed, Deputy Receiver, Rehabilitation & Liquidation Bureau.

C. Subcommittee Mission
The mission of the Council’s Insurance Subcommittee is to identify insurance issues and opportunities
concerning the deployment of CAVs and to make recommendations concerning tools and strategies that
are best for Delaware consumers and insurance markets.

D. CAV Insurance Issue Stakeholders
The following is a non-exhaustive list of stakeholders in the CAV/insurance arena:






Citizen consumers of automobile insurance;
Small and large business owners in the fleet transportation and trucking industries;
Insurers and re-insurers, including InsurTech innovators and non-insurance companies who are
considering entering the insurance market place for the first time;
Vendors such as insurance producers and adjusters;
Government entities;
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Academia;
Automobile and truck manufacturers; and
The legal community.

E. Topics of Research
The Department’s research focused on the following areas:








Understanding connected and autonomous vehicles (CAVs);
Understanding regulatory authorities over CAVs;
Identifying the impacts of CAVs on the insurance industry;
Understanding how data generated by automobiles, including CAVs, is used;
Understanding cyber security and CAVs;
Understanding budgetary impacts from possible shifts in premium tax revenues; and
Tracking and reporting on the progress of the National Association of Insurance Commissioners
(NAIC) through its position papers/model legislation and Federal/state legislation on insurance
products that involve CAV insurance.

This chapter is organized into sections that discuss each of these research areas, followed by sections
that discuss future opportunities and risks related to the Subcommittee’s mission.

II.

Understanding connected and autonomous vehicles (CAVs).

CAVs can be characterized as “transformative” and “disruptive” technologies with myriad impacts on
the way we think about and utilize transportation alternatives and on the way we evaluate the risks
associated with using these alternatives. The transition of transportation and economic systems to
include CAVs will likely be both “significant and long lasting” (Barnes, 2017, p. 4).
The “Autonomous” in CAVs
CAVs are classified by the following six Levels of automation (Barnes, 2017, p. 9) (National Highway
Traffic Safety Administration, 2017, p. 4):






Level 0 – No Automation (The human driver controls all aspects of the car);
Level 1 – Driver Assistance (An automated system on the vehicle can sometimes assist the
human driver conduct some parts of the driving task);
Level 2 – Partial Automation (An automated system on the vehicle can conduct some parts of
the driving task, which the human continues to monitor the driving environment and performs
most of the driving task);
Level 3 – Conditional Automation (An automated system can conduct some parts of the driving
task and monitor the driving environment in some instances, but the human driver must be
ready to take back control when the automated system requests);
Level 4 – High Automation (An automated system can conduct the driving task and monitor the
driving environment, and the human need not take back control, but the automated system can
operate only in certain environments and under certain conditions); and
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Level 5 – Full Automation (the automated system can perform all driving tasks under all
conditions that a human driver could perform them).

Some of the ways in which CAVs interact with each other and their surroundings are illustrated in Figure
1 below.

Figure 1. Autonomous Technology (Brunette, 2018).
The “Connected” in CAVs
The main premise of a CAV is that it is an integral part of the Internet of Things (IoT). From Wikipedia,
the “IoT” is:
[T]he network of physical devices, vehicles, home appliances, and
other items embedded with electronics, software, sensors,
actuators, and connectivity which enables these things to connect
and exchange data, creating opportunities for more direct
integration of the physical world into computer-based systems,
resulting in efficiency improvements, economic benefits, and
reduced human exertions. . . .
Figure 2. The IoT (Wilgengebroed).
The IoT involves extending internet connectivity beyond standard devices, such
as desktops, laptops, smartphones and tablets, to any range of traditionally
dumb or non-internet-enabled physical devices and everyday objects. Embedded
with technology, these devices can communicate and interact over the internet,
and they can be remotely monitored and controlled (Various, 2018).
The processor in the CAV is powered by Artificial Intelligence (AI) (see Figure 1 above). While AI is
discussed further below, suffice it to say that AI is already having a significant impact on the insurance
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industry. Whereas decision-making in the 20th Century was powered by “rules, heuristics or
spreadsheets,” decision-making is now made better and faster, powered by deep learning involved in AI
(U.S. Department of Transportation, 2016, p. 5) .
AI in CAVs arguably holds a learning advantage over humans. While a human driver may repeat the
same mistakes as millions of drivers before them, a CAV can benefit from the data and experience
drawn from thousands of other vehicles on the road (U.S. Department of Transportation, 2016).
CAVs will eventually communicate with each other and with the rest of the transportation system
through Designated Short Range Communications across an exclusive 5G bandwidth (Gould, 2018). This
means that, not only is the CAV connected to the IoT, but its passengers are also connected to the CAV,
such that data freely flows to and from the CAV, and to and from the passengers riding in it through any
devices that the passengers may bring with them on their trip in the CAV.
Additionally, trucks and cars can and are being redesigned to travel in “platoons.” According to a USDOT
fact sheet, platooning involves the use of cooperative adaptive cruise control (CACC) that enables heavy
trucks to drive safely and smoothly at significantly shorter gaps than they can under conventional
manual driving.
The CACC system uses forward-looking radar sensors
and electronic actuation of engine and brakes of the
conventional ACC system but adds 5.9 GHz Dedicated
Short Range Communications (DSRC) vehicle-tovehicle (V2V) communications, enabling the
implementation of a higher performance vehiclefollowing controller (USDOT, 2018).
Figure 3. Truck Platooning (USDOT, 2018)
Even with its purported safety advantages, connectivity also raises access issues. Access to the Nation’s
transportation infrastructure is currently largely free (with the exception of certain stretches that
require the payment of tolls). With the advent of the necessary connectedness, it may become likely
that free access to that transportation infrastructure may become a thing of the past, just as free access
to communication lines such as telephone and television have become a thing of the past, and shifting
accessibility to only those who can afford it. Additionally, the sale of 5G bandwidth may cause
bandwidth providers (for example, Verizon, AT&T, Comcast, etc.) to reimagine themselves as mobility
providers, thereby edging out the traditional automobile manufacturer. With that comes an
opportunity for bandwidth providers to also reimagine themselves as mobility insurance providers.

III.

Understanding regulatory authorities over CAVs

Both the Federal government, through the National Highway Traffic Safety Administration (NHTSA), and
State governments, have jurisdiction over CAVs. NHTSA is responsible for regulating the safety, design,
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and performance aspects of motor vehicles and motor vehicle equipment, while the individual States
are responsible for regulating the human driver and vehicle operations, including:





Licensing human drivers and registering motor vehicles in their jurisdictions;
Enacting and enforcing traffic laws and regulations;
Conducting safety inspections, where States choose to do so; and
Regulating motor vehicle insurance and liability.

(National Highway Traffic Safety Administration, 2017, pp. ii, 20)(emphasis added).
On the Federal legislative front, two bills have been introduced, but neither has been enacted. The
Senate’s AV START Act (S.1885), which passed the Senate Commerce Committee by voice vote on
October 4, 2017 and may come to a vote on the Senate floor in the summer of 2018:




Preempts states from regulating the design and performance of CAVs;
Includes a provision for the development of Federal guidelines (which are different from
enforceable regulations); and
Requires each manufacturer to develop, maintain, and execute a written plan for identifying and
reducing cybersecurity risks to CAVs.

The SELF DRIVE Act (H.R.3388), which is a version of the Senate Bill 1885, passed the House
unanimously. Although similar to the Senate bill in that it preempts state regulation of the design and
performance of CAVs, the House bill would also:




Enable the Federal Department of Transportation to grant automakers exemptions from federal
motor vehicle safety standards, through a phased approach that would begin with 25,000
exemptions in the first year and increase to 100,000 by the third year;
Require manufacturers to demonstrate that their CAVs are as safe as or safer than traditional
vehicles; and
Allow states to maintain control over the registration and licensing of autonomous vehicles, in
addition to overseeing crash investigations, safety inspections, and traffic laws.

A July 11, 2018 Los Angeles Times article reports that some Federal lawmakers and consumer advocates
have expressed concern that these bills would “fail to protect passengers from hackers . . . [and], lack a
standard ‘vision test’ to ensure that computer vision systems can properly perceive and react to
unexpected obstacles, much in the way that passing a vision test is required to obtain a driver’s license”
(Fawcett, 2018). Additionally, some Senators are concerned that the bills “indefinitely preempt state
and local regulations, even if federal safety standards are never developed” (Fawcett, 2018).
At the state level, most states that have enacted legislation focus on allowing vehicles to be tested
under certain circumstances (for example, requiring a driver/tester behind the wheel at all times)
(Brunette, 2018). Arguably, in states with no legislation or regulations, CAVs could be deployed
unfettered.
The following figure shows in which states some form of legislation has been enacted, in which states
the respective Governors have issued an executive order (Delaware is one of these states), and in which
states federal proving grounds for CAVs are located.
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Figure 4. State regulatory environment (Brunette, 2018)
The following table, excerpted from a Council of State Governments blog (Slone, 2017) and from the
National Conference of State Legislatures (NCSL) Autonomous Vehicles State Bill Tracking Database
(NCSL, 2018), shows that 14 states passed legislation that addresses autonomous vehicle policy in some
way, while other states’ legislation is pending.
Issue addressed
Truck Platooning

Pre-Emption of Local
Regulation
Pilot Program

Licensing, Registration &
Insurance

2017 - 2018 State Legislative Activity
States that enacted laws in 2017
What the Legislation does
Arkansas, California, Georgia, Nevada, Allows truck platooning or testing on
North Carolina, South Carolina,
roads in those states.
Tennessee and Texas
Pennsylvania (pending)
Colorado, Illinois, New York, North
Carolina, Tennessee, Texas
Connecticut, Missouri (pending), New
Jersey (pending), Pennsylvania
(pending)
(States whose pilot programs failed to
pass include Arizona, California,
Georgia, Indiana)
Georgia, Tennessee (pending)
Utah (failed)
(No Fault insurance failed in Florida,
strict liability pending in New York)

Autonomous Vehicle Act

Illinois (pending), Massachusetts

Enacted measures that seek to preempt local regulation of autonomous
vehicles and/or put a state government
agency in charge.
Enacted legislation to establish a pilot
program for up to four municipalities to
test fully autonomous vehicles on public
roads.

Exempts a person operating a vehicle
with an automated driving system
engaged from the requirement of
holding a driver’s license and specifies
conditions that must be met for a
vehicle to operate without a human
driver present, including insurance and
registration requirements.
Creates the Autonomous Vehicle Act,
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(pending)
Failed - Georgia

Studies and Advisory
Panels

North Dakota, Vermont, Delaware,
Washington, Wisconsin,

provides that an automated driving
system equipped vehicle may drive or
operate upon the highways of the State
with the automated driving system
engaged for testing, a transportation
service, or any other use, regardless of
whether a human operator is physically
present in the vehicle, and provides for
liability for incidents involving such
systems.
Varies

From the particular standpoint of insurance legislation, since the passage of the McCarran-Ferguson Act
in 1945 (15 U.S.C. § 1, et seq.), the regulation and supervision of the insurance industry rests with the
States, except in instances where federal law specifically supersedes state law (Klein, 2014, p. 115).
As a result, each state has its own Department of Insurance, which is overseen by an official who is
either elected by the citizens of that state (as in Delaware), or appointed by the Governor of that state.
That official is charged with overseeing:




The solvency of insurance companies doing business in that state;
The insurance rates charged by those companies for policies written in that state; and
The market practices of those insurance companies doing business in state, including the
protection of consumers (Klein, 2014, p. 2).

Insurance Commissioners are assisted in their regulation of insurance companies by a “substantial
institutional framework that has been developed over the years” (Klein, 2014, p. 2). That framework
includes “laws, regulations, policies, procedures, personnel, knowledge and physical facilities designed
to oversee this important financial industry” (Klein, 2014, p. 2). Additionally, the National Association of
Insurance Commissioners (NAIC) “plays a central role in state regulators’ efforts to coordinate,
strengthen and streamline their oversight of the insurance industry” (Klein, 2014, p. 3).
The NAIC Insurance Availability and Affordability Task Force (the Task Force) conducted a study some
years ago in which it concluded that “some urban areas have significant insurance market problems and
inadequate availability, leading to high costs in urban areas for low-income drivers.” (NAIC Insurance
Availability and Affordabilty (EX3) Task Force, 2014, p. 9) The same concerns will arguably arise with the
pricing of CAVs and associated insurance products.
The Task Force developed a continuum of potential remedial measures for state insurance regulators to
fit the specific circumstances in their respective markets. It organized the continuum of policy options
based on the degree of intervention in the market required by each:



Limited market intervention – maximizes reliance on and facilitates the exercise of market
forces in resolving urban insurance problems;
Moderate Market intervention – Sets standards and safeguards but still emphasizes market
forces to determine the prices and amount of insurance available in different areas;

9|Page





Extensive market intervention – contemplates a much more restrictive approach in which there
is significantly less room for market forces to determine prices and products and the actions of
insurers and agents would be highly constrained or subject to mandates in order to achieve
specific public policy objectives; and
Public provision of insurance – would reject reliance on and supplement or supplant, the private
market to provide insurance.

(NAIC Insurance Availability and Affordabilty (EX3) Task Force, 2014, p. 6).
From the Summary, “The Task Force’s opinion was that regulators should apply tools least intrusive to
market intervention to address market failures, although it was stressed that the states could choose
different measures from different levels along the continuum based on the particular circumstances
with in their own state” (NAIC Insurance Availability and Affordabilty (EX3) Task Force, 2014, p. 6). A
similar approach could be taken to help ensure the availability and affordability of CAVs and those
insurance products that emerge to meet the needs of CAV users and owners.
As will be discussed further in the next section, insurance regulators are just beginning to evaluate the
impact of CAVs on the insurance industry. It is important for the developers of CAV technology and
insurance regulators to engage in a robust and ongoing dialogue with each other so that both increase
their understanding of the technology, its risks and how to insure against those risks.

IV.

Identifying impacts of CAVs on the insurance industry and
insureds

Everyone in society is effected by risk. Risk “arises when there is the possibility of more than one
outcome and one of those possible outcomes has negative consequences” (Klein, 2014, p. 1). To reduce
the impact of a particular risk, individuals or firms may choose to transfer and diversify their risk by
pooling their resources to cover their individual losses. In other words, “members of the group
exchange a smaller, more certain financial contribution (the insurance premium) against a larger,
uncertain loss (such as the loss of a car in an automobile accident)” (Klein, 2014, p. 6). In this way,
insurance has an “important and pervasive role in the economy that is vested with public interest”
(Klein, 2014, p. 1).
Some insurance industry analysts predict that, with the advent of technology generally, and CAVs in
particular, the “core business models for traditional automobile insurance carriers may be under threat
of obsolescence, with automobile manufacturers potentially becoming a viable alternative to cover
driving risk” (KPMG Insurance Task Force, 2017, p. i).
This prediction rests on the premise that the following three disrupters to the auto insurance
marketplace are likely to converge to make what one analyst calls “the perfect storm” (KPMG Insurance
Task Force, 2017, p. 19):


Increases in auto safety, which will significantly reduce accident frequency and accident severity,
will result in less driving exposure to cover, and therefore, the size of the traditional auto
insurance industry may shrink (KPMG Insurance Task Force, 2017, pp. 19-23);
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Auto manufacturers may be able to take market share away from insurers (KPMG Insurance
Task Force, 2017, pp. 23-29); and
Mobility-on-demand and ride sharing (transportation network companies) have spawned new
business models that focus on fleets of vehicles rather than on individual car ownership (KPMG
Insurance Task Force, 2017, p. 31), and that focus on non-traditional mobility providers such as
the providers of bandwidth (Gould, 2018).

Disrupter 1. – A Shrinking Auto Insurance Sector
The demand for automobile insurance is reportedly decreasing due to reductions in accident frequency
and accident severity. The effects of employing driver assist technology (automation levels 1 and 2) are
reportedly resulting in a significant reduction in accident frequency, with a potential of a 90 percent
reduction in accident frequency by 2050. Accident severity is also likely to fall, particularly for property
damage, such that total losses from car accidents could fall by roughly 63 percent. (KPMG Insurance
Task Force, 2017, pp. 19-23)
The likely rise in loss severity may offset reductions in accident frequency and severity. With the advent
of CAVs, loss severity will likely rise due to the increased cost of vehicles equipped with autonomous
technology (property damage) and rising health care costs (bodily injury) (KPMG Insurance Task Force,
2017, pp. 19-23).
Annual miles driven may see a slight increase as fleets of vehicles will be deployed frequently (in
contrast with a privately owned vehicle that is parked in a lot or garage for most of the day), and as
those who cannot drive take advantage of autonomously piloted vehicles to get around (KPMG
Insurance Task Force, 2017, pp. 19-23).
However, as NAMIC points out:
The elimination of certain human errors does not tell us anything about the introduction
of computer, sensor, or software error. Safe [CAVs] will require a substantial amount of
specialized software, sensors, controllers, and actuators to collectively perform without
error the large universe of operations that human drivers perform, or at least as well as
those human drivers. The bar for performance has been set high: human drivers
average 3.4 million vehicle hours (390 years of non-stop driving) between fatal crashes
and 61,400 vehicle hours (7 years of non-stop driving) between injury crashes.
(Karol, 2018, p. 3).
Another cause of shrinkage in the auto insurance industry is automation in general. This is because
application (AP) designers are rapidly entering the insurance marketplace in the space commonly
referred to as “InsurTech. Everything from applying for and writing an insurance contract to claims
processing and settlement are being scrutinized by AP designers.
For example, InsurTech startups are disrupting the way coverage is delivered and claims are processed.
As a result, one company, Allstate Corp. reported that it has cut 550 auto adjusters because
technological advancements made their jobs unnecessary, causing the company to invest $40 million to
help retrain its employees for a changing economy (Mathis, 2018).
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The challenge for regulators will be to keep up with AP development to ensure that insurance policies
are properly underwritten and claims are settled fairly. Additionally, new entrants into the InsurTech
space have demonstrated a lack of understanding of the regulatory underpinnings of offering insurance
(A.M. Best Company, Inc., 2018, p. 7). Regulatory oversight at the beginning of the process may be
preferable to regulation in hindsight.
Three states, Idaho, Connecticut and South Carolina, are active in regulating InsurTech. Regulators from
each state reported on their approaches at the NAIC Insurance Summit CIPR Innovation Program
(Ledogar, 2018). To summarize:
Idaho. Idaho’s legislature has given the Idaho Department of Insurance (IDI) the authority to
waive regulatory requirements for innovators who agree to innovate in a so called “regulatory
sandbox.” The IDI has been working closely with Idaho’s Global Insurance Accelerator, which
provides InsurTech innovators with seed capital, office space, and mentoring by insurance
professionals. If the innovation fails to protect consumers, the IDI has the authority to shut the
product down and require that premiums be refunded. If the product proves viable while in the
sandbox, the IDI may then require the innovator to enter the official regulatory space by filing
the requisite rate filings and register as an official insurance company.
Connecticut – Connecticut reported that insurance is a key part of the State’s larger economic
plan to engage the technology sector. The Connecticut Insurance Department (CID) reportedly
fosters innovation from the standpoint of providing InsurTech innovators access to its InsurTech
Hub. The Hub is an accelerator where mentors, investors, regulators, and innovators can
partner to quickly and efficiently evaluate an InsurTech concept. CID encourages companies to
talk to the regulators early in the development phase of a proposed insurance product, and also
emphasizes consumer protection by making sure that consumers know that the product they
are purchasing is in the testing phase. Because Hartford Connecticut is the seat of many
traditional insurance companies, traditional carriers and tech startups are reportedly able to
have active discussions in real time.
South Carolina. The South Carolina Department of Insurance (SCDI) reportedly utilizes its
regulatory discretion within its existing regulatory framework to allow innovators to identify
regulatory barriers to implementing their new and innovative ideas, and to work with the SCDI
to remove those barriers. Under this approach, the SCDI maintains a watchful eye, but is open
to using its regulatory flexibility to encourage the development of innovative insurance
products.
Disrupter 2. Shifting Liability
With the advent of CAVs, liability for incidents will likely shift (Barnes, 2017, pp. 13-14). Currently, all
state laws assume that a human will get a license and that a human is going to drive a car, but this
approach is already evolving.
In February 2016, the National Highway Traffic Safety Administration told Google that its self-driving
system could be viewed as a driver under existing regulations, even though it stopped short of allowing
Google to remove the steering wheel from its car (Golson, 2018).
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During the transition from partially to fully autonomous vehicles, if the vehicle is operated manually and
driven for personal use only, there will still be a need for personal auto insurance. However, if the
vehicle is operated autonomously, the technology manufacturer would be liable for covering losses,
since the software, not the person, is driving. Personal comprehensive coverage would also be
necessary for damage to the vehicle that results without any driver or technology error (KPMG
Insurance Task Force, 2017, p. 33).
The “next generation” legal analysis of culpability from accidents will therefore likely move from the
consumer to the auto manufacturer. As that occurs, liability constructs will gradually shift from duty,
breach and causation to distinguishing between whether it was the human or the technology that was in
control of the vehicle at the time of the accident (Cole, 2016, p. 9).
A shift in risk from consumers to manufacturers will likely consolidate risk exposure by providing
insurance to both the driver and the manufacturer (KPMG Insurance Task Force, 2017, pp. 19-23)..
Recognizing that the average individual is not financially equipped to deal with a multiparty suit against
major manufacturers (Brunette, 2018), at least three automobile manufacturers have already
announced that they will accept liability. Volvo Car Group was one of the first companies to announce
that it would accept liability whenever one of its vehicles is involved in an accident and the vehicle is in
autonomous mode (KPMG Insurance Task Force, 2017, p. 6). Mercedes and Google have also made
similar moves (KPMG Insurance Task Force, 2017, p. 11).
Cole and McCullough, in their piece for the Journal of Insurance Regulation, point out that, “[p]hysical
damage coverage may become mandatory, given the potential costs of repairs to expensive, critical
systems that would need to get vehicles back on the roadway. An alternative would be to require
‘critical repair’ coverage to be included in the purchase costs of vehicles” (Cole, 2016, p. 9).
Additionally, the need for uninsured motorist coverage may become obsolete if the manufacturer is
absorbing the risk (Cole, 2016, p. 9). Moreover, GAP insurance,1 currently required on some automobile
loans and leases, may no longer be needed if liability shifts from the traditional auto insurance model to
a products liability model.
The insurance community is also discussing a no-fault approach to assigning financial responsibility for
CAVs involved in accidents (Zmud, undated, p. 22). The no-fault approach allows accident victims to
recover damages from their auto insurer without having to make a claim against the other driver who
was involved in the accident or that driver’s insurer.
No-fault insurance would likely clarify liability, and depending on the statutory language, reduce or
eliminate manufacturer liability. However, the concept of no-fault insurance may be opposed by
members of the plaintiffs’ bar because it may reduce access to the court system and prevent suits
against otherwise culpable motorists and manufacturers (Zmud, undated, p. 22).

GAP insurance is the difference between the actual cash value of a vehicle and the balance still owed on the
financing (car loan, lease, etc.) at the time of an accident. GAP coverage is mainly used on new and used small
vehicles (cars and trucks) and heavy trucks.
1
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Some other possible alternatives to existing personal liability auto insurance include:




Converting all auto insurance coverage from third party to first party insurance;
Designing insurance products for pedestrians; and
Christine Kogut’s SPLASh Pool (Supplier Product Liability Autonomous Share) pool, where the
carmaker would assume all the product liability risk for accidents and stemming from the
autonomous technology and cede the risk to the SPLASh pool (Brunette, 2018).

Last but not least, traditional insurers will have to reevaluate their legal strategy to address the shift in
exposures, including the ways in which claims are investigated and processed and how the core
concepts of reservation of rights and subrogation fit in to overall legal strategies (KPMG Insurance Task
Force, 2017, p. 11). Insurers will also have to reevaluate underwriting criteria. Although traditional
criteria such as the number and kind of accidents an insured has had, the miles driven annually and
where the car is garaged may still apply, the make, model and style of car may become more important
factors in underwriting the risks associated with CAV mobility (Cole, 2016, p. 9).
At the end of the day, whatever the model(s) adopted, the decisions concerning allocating risk will likely
fundamentally inform the nature of the exposure and thus the coverage for that exposure, well into the
future. (Gould, 2018)
Disrupter 3. Mobility on Demand
Shared mobility may reduce the demand for personal automobile ownership, and therefore the need to
purchase personal auto insurance. Additionally, the shift to fleets of vehicles will likely shift the
insurance product mix from personal insurance lines to commercial lines, and, as discussed above, will
likely shift driving risk away from both the individual and fleet owners and towards the auto
manufacturers (KPMG Insurance Task Force, 2017, pp. 19-23).
The following is a non-exhaustive list of insurance products that are emerging to insure against risks
associated with ride hailing/sharing:







Pay-as-you-go – ride share/hailing/robo-taxi models;
Usage-based insurance;
Insurance that is included with the purchase of the vehicle;
Fleet and individual products;
Subscription based products; and
Innovation in “InsurTech” products – InsurTech companies are exploring avenues that large
insurance firms have less incentive to exploit, such as offering ultra-customized policies, social
insurance, and using new streams of data from internet-enabled devices to dynamically price
premiums according to observed behavior.

Note that if the vehicle is used for both commercial and personal use, as is the case with mobility-ondemand, the same personal comprehensive and collision coverages would be necessary as when the
vehicle is operated for personal use. However, commercial coverage would be required when the
vehicle is operated for business purposes (driving customers and accepting fares), with a possible hybrid
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form of collision and comprehensive insurance being developed to accommodate this business model
(KPMG Insurance Task Force, 2017, p. 33).

V.

Understanding how data generated by automobiles, including CAVs
is used

Data collection is not new. Since the 1960s, vehicles have been equipped with diagnostic systems and
“event data recorders” that capture accident data (Holley, 2018).
What is new, however, is that auto manufacturers are currently collecting large amounts of data
concerning individual drivers and their driving habits. Using these data, companies are able to determine
such things as where the driver shops, what are her/his daily commuting habits, how often s/he wears a
seatbelt, and what the driver was doing moments before an accident.
Additionally, the data being collected no longer stays with the car. Those data can be distributed
electronically via the Internet of Things (IoT). (Holley, 2018)
The troves of data currently collected by onboard computers using AI will increase exponentially as
vehicles move closer to full autonomy. Those data can be characterized into three broad categories:




Driving data – information generated by the vehicle such as speed, breaking, acceleration, etc.’
Activity data – what the passengers are doing and saying during the ride; and
Environmental data – data on the vehicle externalities such as weather, road conditions,
location, etc.

(KPMG Insurance Task Force, 2017, p. 12).
Data are invaluable to the understanding of broad risk exposure as well as risk exposure from a
particular policy holder. Companies can “reap significant benefits from analyzing this information by
being better able to assess and underwrite risk, process claims, and prevent fraud” (KPMG Insurance
Task Force, 2017, p. 12).
Additionally, data collection can be used to outsource customer preferences and for the “greater good,”
such as to improve transportation, reduce emissions and save lives with automatic crash detection
(Holley, 2018).
Processing big data through the use of AI can also help bring different levels of transparency to policy
writing and claims processing. By disclosing to the policy holder the predictors used in pricing models,
insurers can nudge consumers into engaging in preventative behaviors. When a consumer understands
the predictors that an insurance company uses to price a policy and what they, as a consumer, can do to
lower their premium, it is increasingly likely that accident prevention can help reduce loss incidents
(A.M. Best Company, Inc., 2018, p. 5).
When an accident does occur, AI can help with the analysis of the claim. The result is that we can have
an automated claims system where claims can be evaluated and paid in a matter of seconds not weeks.
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As Best Analytics states, “The advancement in predictive analytics has already improved the accuracy of
risk pricing and has the potential to prevent future losses by enhancing loss control and risk
management practices. It is also being used in fraud detection and for more targeted marketing” (A.M.
Best Company, Inc., 2018, p. 5).
However, using big data and predictive analytics is not without its challenges. For example, boundaries
concerning the legality, nature and extent of collecting and analyzing policyholder personal data gleaned
from third party sources such as search engines and social media are beginning to be set through
litigation. (A.M. Best Company, Inc., 2018, p. 5) (See e.g. Carpenter v. United States, 585 U.S.__,
6/22/2018, in which the US Supreme Court held that police will generally need a warrant for sustained
cellphone location information). Other issues concerning personal privacy are discussed in the chapter
of this report prepared by the Subcommittee on Technology, Security & Privacy.
Additionally, regulators have already begun to express concern about the use of more advanced
underwriting tools as a disguise for impermissibly profiling certain demographic groups (A.M. Best
Company, Inc., 2018, p. 5). The inability of regulators to know exactly what data are going into the
models due to its sheer volume will represent a challenge to ensuring that the data are not used by
insurers to create unfairness in pricing or access to insurance, each of which could pose a real potential
for consumer harm. If regulators cannot understand what data form the basis of insurance rates, it is
correspondingly unlikely that the consumer will understand exactly how their individual insurance score
is calculated (Ledogar, 2018).
In anticipation of the rapid development of risk predicting algorithms that use big data and AI, some
states have already enacted laws directed towards insurers that are worded to adjust for the use of big
data in predictive modeling. For example, New Hampshire requires that:
Every insurer shall file with the commissioner every manual, predictive models or telematics
models or other models that pertain to the formulation of rates and/or premiums, minimum
premium, class rate, rating schedule or rating plan and every other rating rule, and every
modification of any of the foregoing which it proposes to use (emphasis added).
(See NH Rev. Stat. § 412:16-II (2016)).
Delaware currently regulates the use of telematics in private passenger vehicle insurance issued to
individual policyholders primarily for personal, family or household purposes. The statute, which was
approved on May 8, 2014:
•

Requires an insurer seeking to install a data-reporting device in a private passenger vehicle, or
seeking to use a previously installed device for the purpose of obtaining data, to inform the
policyholder of such installation or use of the data that may be obtained by the insurer from
such device, and how the installation or use and removal or discontinuation of such device can
affect the cost of insurance coverage;

•

Prohibits an insurer from installing or using a data reporting device in a private passenger
vehicle unless an insured listed as the policyholder consents to such installation or use;
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•

Requires that the disclosure of any nonpublic personal information and any nonpublic
confidential information collected by a vehicle data reporting device be governed by 18 Del.C §
535 (which governs the privacy of consumer and financial and health information and how,
when and where such information may be disclosed) and its associated regulation at 18 DE
Admin. Code §§ 904-1.0 – 904-16.0;

•

Requires that any private passenger vehicle insurance rating plan that uses data obtained by a
vehicle data-reporting device be subject to the Department’s rate setting statute at 18 Del.C. §
2501 et seq. and the implementing regulations at 18 Del. Admin. Code §§ 1902-1.0 – 1902.6.0;
and

•

Defines a data reporting device as any device that is capable of maintaining, transmitting, or
storing, a vehicle’s telematics and driving data.

(See 18 Del.C. § 3918). Note that the statute does not apply to policies issued to commercial entities or
individuals who obtain insurance products or services for business, commercial or agricultural purposes.

VI.

Understanding Cyber Security and CAVs

As previously discussed, CAVs are connected to each other and to the IoT, and where there is
connectivity, there is the possibility of a data breach. In fact, the cyber vulnerability of CAVs has been
identified as one hurdle to full implementation because it is real, as demonstrated by the successful
2015 hack of a driving Jeep by researchers who were located 10 miles away from the CAV they hacked
(Brunette, 2018).
Unlike most hacking today, malicious cyber interference with a driverless automobile could result in
serious personal injury and property damage. At present, there is little financial motive to hack into
cars, but this may change with the advent of ransomware and more widespread deployment of CAVs.
“State-sponsored cyberattacks causing mass disruption to critical transportation infrastructure, as well
as potentially mass casualties, are also a matter that transportation officials rightfully take very
seriously. . . “ (Peterson, 2017).
The top cyber threats are socially engineered malware, password phishing attacks, unpatched software,
social medial threats, advanced persistent threats, and vendor insecurity (Schmoyer, June 19, 2018). Just
as any of these methods can be utilized to bring down an individual company’s internet infrastructure,
so too can they be used to disrupt CAV networks.
The NHTSA recognized this vulnerability, and released cybersecurity guidelines in October of 2016. Auto
manufacturers are also stepping up to the plate. For example, Volkswagen partnered with tech
companies to create new cybersecurity firm, CYMOTIVE Technologies, in September 2016 to help it
address this threat (Brunette, 2018).
Aon Inpoint, a data analytics, engagement and consulting team, has found that over the past five years,
cyber premiums across all business lines saw the most significant growth at 23% annually. Aon Inpoint
predicts that by 2021, worldwide premiums will be worth $4 billion, which represents a compound
annual growth rate of 14.1%. This growth is attributed to a broad based trend of putting a greater value
on intangible assets, such as cyber and intellectual property (Heft, 2018). In fact, companies large and
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small have elevated cyber security from being “just an IT issue” to being a major component of
corporate risk management. Individual end users are also becoming increasingly aware and educated
about the threat of cyber breaches in their daily lives, and the advent of CAVs has brought this topic
front and center.
Currently, CAV manufacturers appear to be focusing consumer education campaigns devoted to
convincing regulators and the public at large that CAVs are safe, but the insurance companies and
insurance regulators know that this is a transitory issue which demographic changes will soon enough
elucidate. The other two areas of focus are connectivity and payments and many diverse stakeholders
are needed at the table before we will be able to gain a full understanding of these issues. (Gould, 2018)
The European Union’s General Data Protection Regulation (GDPR), effective May 25, 2018, represents a
significant shakeup in privacy protections because it gives European citizens more control over their
online information. (Rodriguez, 2018) Companies are also required to report any data breach within 72
hours and must be able to provide their European customers with a copy of their personal data and to
be able to delete those data at customer request. Non-compliance can lead to fines of four percent of
annual global revenues (A.M. Best, 2018).
The GDPR is likely to have a global impact because it applies to all companies that do business with
Europeans, and most deeply affecting those business sectors that collect large amounts of customer
data (Rodriguez, 2018) such as the insurance. A particular challenge to compliance with the GDPR is the
way that the GDPR has been incorporated into the laws of individual EU member states, but this has
reportedly also lead to heightened pre-event planning and training, increasing the overall level of
preparedness. (A.M. Best, 2018)
NAIC’s Innovation and Technology Task Force’s Cybersecurity Working Group (also discussed in the next
section) recently disbanded after adopting its model cyber security law. From the NAIC press release:
The National Association of Insurance Commissioners adopted the Insurance Data
Security Model Law [On October 24, 2017] during a joint meeting of the Executive (EX)
Committee and Plenary. The model law, adopted during National Cybersecurity
Awareness Month, creates rules for insurers, agents and other licensed entities covering
data security, investigation and notification of breach. This includes maintaining an
information security program based on ongoing risk assessment, overseeing third-party
service providers, investigating data breaches and notifying regulators of a cybersecurity
event (NAIC, 2017).
The Department will evaluate the model law in the coming months, including compatibility with
Delaware’s recently updated Data Breach Law, 6 Del. C. § 12B-100 et seq., which requires that:
Any person who conducts business in this State and owns, licenses, or maintains personal
information shall implement and maintain reasonable procedures and practices to prevent the
unauthorized acquisition, use, modification, disclosure, or destruction of personal information
collected or maintained in the regular course of business (see section 12B-101); and
Any person who conducts business in this State and who owns or licenses computerized data that
includes personal information shall provide notice of any breach of security following determination
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of the breach of security to any resident of this State whose personal information was breached or is
reasonably believed to have been breached, unless, after an appropriate investigation, the person
reasonably determines that the breach of security is unlikely to result in harm to the individuals
whose personal information has been breached (see section 12B-102).
In the meantime, on September 22, 2017, the Department released “Universally Applicable Bulletin No.
3,” which requests insurers to notify the Department of a data breach or other disclosure of confidential
consumer information (see https://insurance.delaware.gov/wpcontent/uploads/sites/15/2017/09/Universally-Applicable-Bulletin-003.pdf).

VII.

Understanding State budgetary impacts from possible shifts in
premium tax income revenues

The largest source of revenue collected by the Department is the insurance premium tax, most of which
is deposited directly into the General Fund. The remaining portion of that tax revenue is distributed to
volunteer fire companies, the City of Wilmington Fireman’s Pension Fund, ambulance service providers
throughout the State, and the Police Pension Fund (see 18 Del.C. Chapter 7).
According to Department records, the auto premium tax has generated an average of 15%, or $1 million
of the total annual insurance premium taxes paid into the State coffers over each of the past 10 years.
To the extent that we see disruptions in the types of auto insurance products offered, we may see a
gradual decrease in the auto premiums generated, which, in turn, will decrease the amount of taxes
generated by those premiums.
However, two factors concerning the amount of premiums generated may offset each other. On the
one hand, the reduction in the number of accidents will lower expected losses. There is thus the
potential for savings pass through to consumers as lower premiums, which will result in lower premium
taxes.
On the other hand, the increase in replacement value of vehicles due to the added expense of the CAV
technology will likely have an upward effect on premiums and therefore an upward effect on premium
taxes (Ramsey, 2017, p. 17). The surcharge placed on the vehicle for the CAV technology itself will likely
initially be $10,000, but will likely fall to around $3,000 as the technology advances and is more
universally deployed (Barnes, 2017, p. 11).
Shifts in auto premium tax collected, to the extent that they occur, will likely not be immediate.
Between now and full deployment, automobiles with various levels of autonomy will be sharing the
road, with sales of CAVs likely beginning within the next five to ten years (Barnes, 2017, p. 10). Some
analysts predict that 50 percent of all vehicles sold in 2040 would be CAVs, and that by 2060, nearly all
of the vehicles in the marketplace would be CAVs (A.M. Best Company, Inc., 2018, p. 6). However,
“widespread ownership of these vehicles will probably take much longer because of increased costs,
regulations, and [lack of] public acceptance” (A.M. Best Company, Inc., 2018, p. 6).
That said, revised ways of thinking about mobility are already emerging. For example, by 2025, selfdriving taxis could be commonplace. Additionally, renting someone else’s car while they are not using it
is on the horizon (Insurance Journal, 2018).
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Esurance researchers believe that once driverless ridesharing is widely accessible, two-car households
might be willing to go to just one car and some urban one-car households might drop their cars entirely,
thereby saving families more money in transportation costs (Insurance Journal, 2018) and in insurance
costs. If this phenomenon occurs as predicted, families would need to purchase less auto insurance,
which would exert corresponding downward pressure on insurance premiums and therefore on the
insurance premium tax collected.
Additionally, with the exponentially greater interest in cyber insurance discussed elsewhere in this
chapter, decreases in auto premium tax may be offset by increases in the tax on cyber insurance
premiums. Another variable that may have an upward effect on premium tax collected may be an
increase in taxes generated from the anticipated influx of new, non-traditional insurers into the
insurance marketplace. Taxing mechanisms will likely need to be restructured to ensure that they apply
to these new entities.
Accordingly, it is too early to tell what effect, if any, will result from shifting demands on automobile
insurance premiums generated because we do not yet fully understand what new entities will enter the
insurance market place or what products they intend to offer. Until we come to conclusions about who
will be paying the premium tax and how many companies and consumers will be affected, we will not be
able to accurately assess impacts on the State’s revenue stream or revenue sources.

VIII. Track and report on the progress of the National Association of
Insurance Commissioners (NAIC) on position papers/model
legislation and Federal/state legislation on insurance products
that involve CAV insurance.
Three NAIC task forces and working groups are examining issues that are germane to the CAV
discussion.
Innovation and Technology (EX) Task Force.
Autonomous vehicles fall under the purview of the Property and Casualty Insurance (C) Committee’s
Innovation and Technology (EX) Task Force. The charge of this task force is to, “Discuss regulatory issues
that arise with the development of autonomous vehicles; study and, if necessary, develop
recommendations for changes needed to the state-based insurance regulatory framework; and consider
development of a white paper or model legislation, if necessary.”
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Big Data Working group
The concept of “Big Data” is being explored by the NAIC Big Data Working group as it applies across all
insurance lines. Recommendations from this group’s work will likely impact the collection, handling and
storage of data collected from CAVS.
With the exception of prohibiting any risk classification from being based upon race, creed, national
origin, or the religion of the insured, the models do not prescribe what data cannot be used for rating.
Delaware’s insurance laws were recently amended by HS1for HB80 concerning prohibiting certain risk
classifications from being used in the setting of auto insurance rates, but otherwise, the same conclusion
holds for Delaware.
Cybersecurity Working Group
NAIC’s Innovation and Technology Task Force’s Cybersecurity Working Group recently completed its task
of addressing the issues surrounding cybersecurity risks and cyber risk management. At the October 24,
2017 meeting, the NAIC adopted the Insurance Data Security Model Law. The model law creates rules
for insurers, agents and other licensed entities covering data security, investigation and notification of
breach. This includes maintaining an information security program based on ongoing risk assessment,
overseeing third-party service providers, investigating data breaches and notifying regulators of a
cybersecurity event.

IX.

Opportunities and Risks Related to the Subcommittee’s Mission
A. Opportunities

The Department has identified the following as opportunities related to the Subcommittee’s mission:







Create a regulatory environment in which InsurTech innovators can discuss their proposed
products with the Department on the front end of product development – possibly
collaborate with other branches of Delaware State government that are already establishing
a “tech-friendly” business atmosphere in Delaware.
Consumer Protection and Education
o Ensure that consumer protection keeps pace with changes in the marketplace and that
consumers have information and education needed for informed decision making.
o Work with governments, insurance companies and simulation software companies to
understand the capabilities of autonomous vehicles and the risks/rewards posed by
their deployment (includes both road test and simulation to understand a vehicle’s basic
roadworthiness).
o Collaborate with fellow state regulators, members of the insurance industry and other
stakeholders to ensure that newly minted insurance products are reliable, safe, and
provide adequate coverage for consumers.
Track NAIC model legislation and regulations and determine suitability for the Delaware
Code and Administrative Code, respectively.
Build the Department’s talent pool with employees who understand how to use big data in
underwriting so that the Department can accurately evaluate new products as they are
presented, and accurately answer customer calls and complaints.
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Ensure that the Department understands the business models of new entrants into the
mobility service sector and the insurance sector, including mega non-insurance companies
that already are in the home like Amazon and Verizon, and that these new entrants
understand what is involved in providing insurance to the public.
Work with industry to develop a certification program where the requisite level of properly
installed safety technology could result in a premium discount.

B. Risks
The Department has identified the following risks related to the Subcommittee’s mission:








X.

A lack of legislation can and may result in the deployment of CAVs in Delaware without
proper safeguards.
Companies who have access to data about consumers, including insurance companies, are
able to easily control their interactions with consumers, including using those data to the
company’s advantage, and to the possible disadvantage of the consumer.
Overpromising on the rate of technology deployment and what the technology can and
cannot do may lead to unsafe and unsatisfied consumers (Ramsey, 2017).
Revenues from tax premiums may decrease, although this decrease may be offset by
increases in taxes collected on premiums written on other insurance products.
The development of new insurance products by innovators who are not currently in the
insurance business may result in products being offered that are not truly insurance and
that do not provide consumers with the protections they thought they were purchasing. As
a result, consumers may find themselves under or uninsured at the time an accident occurs.
The sheer quantity of data generated may result in premiums being written and coverage
offered that is inaccurate or discriminatory. There should be a process by which consumers
can understand what data is being utilized and for what purpose, and a mechanism that
allows consumers to correct inaccuracies that is similar to the dispute mechanism currently
available by which consumers may correct inaccuracies in their credit scores.

Potential State Legislation





Reexamine parts of Chapter 18 to redefine automobiles and automobile insurance
requirements, including minimum limits, who must have insurance, etc.
If Delaware determines to allow CAV testing in this state, require that the testing entity
provide evidence of the entity’s ability to satisfy a judgment or judgments for damages for
personal injury, death, or property damage caused by a CAV, whether that evidence is in the
form of an instrument of insurance, a surety bond, or proof of self-insurance. Additionally, it
would be appropriate to suspend permission to test if the entity fails to comply with the
State insurance or driver requirements.
Consider enacting filing requirements that are worded to adjust for the use of new data and
predictive modeling such as the legislation enacted by New Hampshire by amending 18
Del.C. 2305(a)(1), which currently provides that, “Rates shall be made in accordance with
the following provisions: (1) Manual, minimum, class rates, rating schedules or rating plans
shall be made and adopted, except in the case of specific inland marine rates on risks
specially rated; . . .”
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XI.

Consider adopting the NAIC Insurance Data Security Model Law as a Delaware Statute.
As the NAIC drafts model laws and regulations, consider adopting them as appropriate for
Delaware.

Conclusion

As responsibility for executing driving decisions shifts from driver to vehicle, the risk against which
insurance is written will shift concurrently away from driver liability and toward manufacturer (product)
liability. Responsibility will remain with the states to regulate these products, but how they will be
underwritten is to be determined and will vary by jurisdiction. From policy to procedures, there will be
myriad new opportunities and challenges, both for the Department and the State at large, as Delaware
moves forward in implementing connected and autonomous vehicle technologies.
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appendix d: presentations & Reports
reports

Delaware Connected and
Autonomous Vehicles
November 16, 2017

Department Wide Look
 Nearly every DelDOT division will be effected and has a role
in the developing CAV conversation
–
–
–
–

Passenger vs. Driver
Narrower lanes
More capacity
ITMS

 DelDOT formed an internal committee with every division
represented
– Held first meeting in December 2016
– 1/4ly meetings
– Purpose, begin the discussion and understand everyone’s role
within the Department
 Understand what each division has been working on toward CAV
 CAV is too big to develop in a silo
 Identify any barriers to CAV in Delaware

 Ensure we create an environment in DE that opens the door
for this quickly evolving…life-changing technology

2

3

What is an Autonomous Vehicle?

Automated Driving Systems 2.0: A Vision For Safety

4

Integrated Transportation Management System

5

5

Three Critical Functions of ITMS

6

Integration of Operations and Planning

7

DelDOT ITMS Strategic Plan
 2017 update to the
ITMS Strategic plan
 Addresses Connected
and Autonomous
Vehicles

8

Smart Delaware: The Next Phase of ITMS

9

Ongoing Projects
 Connected Vehicle Enabled
Weather Responsive Traffic
Management (CV-WRTM)
 US 13 Technology Proving Ground
 Signal Phasing and Timing (SPaT)
Challenge
 Machine Learning/Artificial
Intelligence – Automating TMC
Operations
 Dilemma Zone
10

DMV’s Role
 Currently no law or regulation to prevent or enable the
operation of a CAV in Delaware
– As we progress through this process, that will be an area of
focus

 The CAV conversation is rightfully a vehicle centered
conversation
– Historically the federal government has taken the lead a
responsibility for regulating vehicle safety at the manufacturer
level
– States focus on the operation of those vehicles and ensuring
they continue to operate safely

 Can’t lose sight of the driver impact of CAVs
– Will we need new levels of graduated driver licenses?
– Specialized training?
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DMV’s Role
 The transition from now to a world where CAVs
are common place will be the most challenging
– Driver skills needs will vary depending on the level of
automation
– Driver trust of CAVs sharing the road will require time
and education
– DMV’s regulatory responsibilities will evolve

 We remain engaged in the national conversation
– Active members of AAMVA
– Chief of Vehicle Services is a sitting member of the
Autonomous Vehicles Information Sharing Group
12

Automated Vehicles
November 16, 2017

Ian Grossman, AAMVA

1

1

1. AAMVA Automated Vehicle Working Group
2. NHTSA Automated Vehicle Policy 2.0
3. Federal Legislation
4. State Approaches

2

2

The AVWG The Working Group established fall 2014
Focusing on issues impacting testing and deployed vehicles:
• Drivers: Education, Testing, Licensing
• Vehicles: Permits, Registration and Title
• Law Enforcement: Concerns & Challenges

3

“Jurisdictional Guidelines for the Safe Testing and
Deployment of Highly Automated Vehicles”

Report Outline
4 Sections
1.
2.
3.
4.

Introduction
Vehicle Classification, Terms and Technologies
Guidelines
Next Steps
4

SAE International Classifications, Terms, and Definitions
Concise summary of guidelines for jurisdictions:
• Administration
• Vehicle
• Driver
• Law Enforcement

5

• Establish a lead agency and stakeholder committee
• Develop a strategy for addressing testing and
deployment
• Examine laws and regulations in order to address
unnecessary barriers
• Establish statutory authority
• Use NHTSA’s guidance and this report to frame
regulations

6

• Application and permit to test AVs
• Automated Vehicle identification on registrations,
titles and MCOs
• Use of standard license plates
• Insurance for testing and deployed vehicles

7

• Defines and discusses driver and passenger roles
• Driver license requirements for testing vehicles
• Driver training for consumers purchasing deployed
vehicles
• Driver Training for Motor Vehicle Agency Examiners,
Driver Education Programs and Private Instructors
• Driver License Skills Testing
• Endorsements and Restrictions not recommended
8

• Crash and incident reporting
• Criminal Activity
• Distracted Driving
• Enforcement of Permit Conditions
• Establishing Operational Responsibility
• First Responder Safety
• Law Enforcement/First Responder Training
• Response to Emergency Vehicles, Manual Traffic
Controls and Atypical Road Conditions
• System Misuse and Abuse

9

AUTOMATED DRIVING SYSTEMS 2.0

A Vision for Safety
Published September 12, 2017
Contains Two
Sections:
1. Voluntary
Guidance; and
2. Technical
Assistance to
States

10

Section 1: Voluntary Guidance; 12 safety elements
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

System Safety
Operational Design Domain
Object and Event Detection and Response
Fallback (Minimal Risk Condition)
Validation Methods
Human Machine Interface
Vehicle Cybersecurity
Crash Worthiness
Post Crash ADS Behavior
Data Recording
Consumer Education and Training
Federal, State, and Local Laws

The purpose of the Voluntary Guidance is to help designers of ADSs analyze, identify, and
resolve safety considerations prior to deployment using their own, industry, and other best
practices. Provide as public information. NHTSA approval not required.
11

Section 2: Technical Assistance to States
-

Federal and State Regulatory Roles
Best Practices for Legislatures
Best Practices for Highway Safety Officials
Permission for Entities to Test ADSs on Public Roadways
Specific Considerations for ADS Test Drivers and Operations
Considerations for Registration and Titling
Working with Public Safety Officials
Liability and Insurance

A central repository of NHTSA resources will be maintained at:
www.nhtsa.gov/technology-innovation/automated-vehicles
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HR 3388 – The SELF DRIVE Act
• Preemption based on whether or not it is “an
unreasonable restriction on the design,
construction, or performance of HAVs.
• Does detail a list of protected state interests
and authorities.
• States may not prescribe any performance
standards unless the standard is identical to a
federal standard (FMVSS).
• Passed House under suspension of the rules by
voice vote on September 6th.
13
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HR 3388 – The SELF DRIVE Act
• Language includes a rulemaking requiring the
submission of a safety assessment certification to
DOT.
• Until the rulemaking takes place, safety
assessment letters shall be submitted to NHTSA in
accordance with federal guidance.
• The Act states that DOT may not condition
deployment or testing of HAVs on review of the
safety assessments.
• Manufacturers responsible for developing a
cybersecurity plan for HAVs.
14
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S. 1885 – AV START Act
• Prescribes preemption based on the specific
subject matters relative to a safety evaluation
report.
• However, the issue of what constitutes “vehicle
performance” remains.
• Precludes states from issuing DLs in any manner
that “discriminates on the basis of disability.”
• Mandates the submission of a safety evaluation
report to DOT on prescribed subject areas.
• Passed the Senate Committee on Commerce,
Science and Transportation on October 4th.
15
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S. 1885 – AV START Act
• AAMVA has joined the following groups to form a
coalition of State-based interests regarding HAVs:
National Governors Association
National Conference of State Legislatures
National Association of Counties
U.S. Conference of Mayors
National League of Cities
American Association of State Highway Transportation
Officials
• Governors Highway Safety Association
• National Association of City Transportation Officials
•
•
•
•
•
•
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• Granting permissions (such as permits to test) vs. limited
restriction (testing not allowed on specific road types)
• Some require insurance up to $5 million per company
(per incident)
• Program oversight varies between DOT, DMV, and
Governor’s office
• Regulations varies between statute, regulations, and
executive order
• Incident reporting
• Most states require a human to be behind the wheel;
soon to change
17

Automated Vehicles
November 16, 2017

Ian Grossman, AAMVA
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Smart Delaware
Delaware’s Integrated Transportation Management
System

Gene Donaldson, DelDOT

Integrated Transportation Management Strategic Plan
(1997)




Required a foundation for a shared
mission and vision between all of
Delaware’s Transportation
Management System stakeholders.
The plan defined Delaware’s
Transportation Management:
‒
‒
‒
‒

Mission
Vision
Goals
Strategies for Implementation

 Defined a Statewide Transportation
Management Program managed from
a central transportation management
center (TMC).
2

DelDOT ITMS Strategic Plan
 2017 update to the
ITMS Strategic plan
 Addresses Connected
and Autonomous
Vehicles

3

4

Integrated Transportation Management System

5

5

Three Critical Functions of ITMS

6

Integration of Operations and Planning

7

Smart Delaware: The Next Phase of ITMS
• A constant data-exchange between all modes
• Efficient transportation management decisions
• Reduced accidents, less congestion, reduced energy consumption,
fewer emissions and improved travel times
• Enhanced mobility for all

USDOT Smart City Expected Outcomes:
improve safety * enhance mobility * enhance ladders of opportunity * address climate change
8

What Can We Leverage?
 Existing Telecommunications
Network
 Existing Delaware Transit
Corporation Integration
 Existing Traffic Signal and ITS
Device Integration into TMC
 Mobile App

9

ITMS Interactive Map
www.deldot.gov

www.deldot.gov/map
10

Map Layers

11

WTMC, Favorites

12

DART Bus Stops

13

Traffic Flow

14

Travel Times

15

Traffic Cameras

16

Advisories

17

Roadway Weather

18

Water Level

19

Snow Accumulation and Snow
Plow Tracking

20

Restrictions

21

Variable Message Signs

22

Variable Speed Limits

23

Railroad Crossings

24

Woodland Ferry

25

Red Light Enforcement

26

Projects

27

Partner Waze

28

Connected-Automated Vehicle
Research at the Univeristy of
Delaware
December 21st, 2017
Governor’s Advisory Council on Connected and
Automous Vehicles
Philip Barnes, Ph.D.
School of Public Policy and Administration
Institute for Public Administration
University of Delaware
SCHOOL OF PUBLIC POLICY & ADMINISTRATION • COLLEGE OF ARTS & SCIENCES

WWW.SPPA.UDEL.EDU

Researchers at UD

Andreas Malikopolous – Mechanical
Eng., Autonomous Vehicles

Mark Nejad – Civil Eng., Multi-Layer
Network Optimization

Nii Attoh-Okine – Civil Eng., Big Data
and Network Optimization

Troy Mix – Institute for Public
Administration, Autonomous Freight

SCHOOL OF PUBLIC POLICY & ADMINISTRATION • COLLEGE OF ARTS & SCIENCES

Tom Powers – Philosophy, Autonomous
Vehicle Ethics, Decision-Making

John McNutt – Public Policy & Admin.,
Civic Technology, E-Government
WWW.SPPA.UDEL.EDU

NSF Research Team

Andreas Malikopolous – Mechanical
Engineering

Timothy Vickery – Psychological and
Brain Sciences

Benjamin Seibold – Mathematics
(Temple University)

Sunita Chandrasekaran – Computer
Science, Big Data Analysis

Philip Barnes – Institute for Public
Administraiton, School of Public Policy

SCHOOL OF PUBLIC POLICY & ADMINISTRATION • COLLEGE OF ARTS & SCIENCES

WWW.SPPA.UDEL.EDU

UD’s “Smart City”

SCHOOL OF PUBLIC POLICY & ADMINISTRATION • COLLEGE OF ARTS & SCIENCES

WWW.SPPA.UDEL.EDU

Looking ahead…

SCHOOL OF PUBLIC POLICY & ADMINISTRATION • COLLEGE OF ARTS & SCIENCES

WWW.SPPA.UDEL.EDU

Looking ahead…

UD Data Science Institute?

SCHOOL OF PUBLIC POLICY & ADMINISTRATION • COLLEGE OF ARTS & SCIENCES

WWW.SPPA.UDEL.EDU

Looking ahead…

“The Biden Institute will be complemented by the addition of new faculty, increased
enrollment in the school, and an initiative to expand the school’s offerings in the areas
of smart cities, environment and energy, social justice, and disaster management.”
SCHOOL OF PUBLIC POLICY & ADMINISTRATION • COLLEGE OF ARTS & SCIENCES

WWW.SPPA.UDEL.EDU

Thank you!

Questions?
I (may) have answers.

SCHOOL OF PUBLIC POLICY & ADMINISTRATION • COLLEGE OF ARTS & SCIENCES
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Briefing Document
This briefing document concisely conveys the key findings of NCHRP Research Report 845:
Advancing Automated and Connected Vehicles: Policy and Planning Strategies for State and Local
Transportation Agencies. The research report and briefing document were created, and the
research behind the report was conducted, under NCHRP Project 20-102 (01) by Texas A&M
Transportation Institute, RAND Coproration, and Southwest Research Institute (please see
NCHRP Research Report 845 for full authorship and publication information).

NCHRP Research Report 845
NCHRP Research Report 845 assesses policy and planning strategies at the state, regional, and
local levels that could influence private-sector automated vehicle (AV) and connected vehicle
(CV) choices to positively affect societal goals. The researchers identified and described mismatches between potential societal impacts and factors that influence private-sector decisions
on CV and AV technologies. Policy and planning actions that might better align these interests
were then identified. Researchers and the project oversight panel identified the promising
actions and then conducted in-depth evaluations of the feasibility, applicability, and impacts
of 18 strategies. NCHRP Research Report 845 can be purchased or downloaded from the TRB
website (www.trb.org).
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AVS AND CVS ARE COMING. WHY SHOULD I CARE?
Private companies producing automated vehicles
(AVs) and connected vehicles (CVs) are investing
billions in a race to market. New consumer products
promise to fix intractable transportation challenges and make our lives easier. New business models
in mobility are introducing market-based services
and transforming travel behavior. Vehicles that are
increasingly automated and connected have the
potential to change personal, freight, and public
transportation profoundly. Some impacts of those
vehicles can be foreseen, others are uncertain, and all
are complex.

This document helps
decision makers assess and
leverage the policy tools
they have and consider
how to align traditional
public policy interests with
rapidly emerging AV and CV
technologies, even amid a
high level of uncertainty.

The benefits to consumers are tangible and immense, but what about society writ
large? Social benefits for safety, congestion, emissions, and mobility seem intuitive.
At the same time, it is unclear to what degree these issues will be addressed through
new vehicle technologies and to what extent these technologies pose risks to public
safety, security, health and social equity. Technology will solve some problems, but
could also create new ones.

Disruption is upon us. As a public official, how will I respond?
The transportation industry has moved gradually and deliberately forward since
the introduction of the modern highway system. New ideas emerge methodically;
standards are fine-tuned and evolve at a measured pace. Transportation projects
can take a decade or more to implement. On the other hand, the start-up culture
moves nimbly, fails quickly, and learns rapidly. Vehicle technology is advancing at a
startling, uncontrolled pace.
The transportation community can choose to wait and react. Or, decision makers
can reframe the conventional public policy discussion to responsibly and assertively
advance AV and CV technologies in light of social interests, adopting the principles
of rapid learning and shared knowledge creation.

1
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This document helps decision makers assess and leverage the policy tools
they have and consider how to align traditional public policy interests with
rapidly emerging AV and CV technologies, even amid a high level of uncertainty. In spite of that uncertainty, the transformational nature of AV and CV
technology argues that public agencies should consider the strategies and possible
outcomes to effectively manage public interest concerns.
Overseeing the deployment of AV and CV technologies is a natural extension of the
longstanding role of government to:
• Ensure safe and efficient operation of public roadways.
• Foster equity across users of the system.
• Mitigate negative effects of transportation.
The strategies provided in this resource can guide policy development that proactively shapes the deployment of these technologies in ways that advance societal
benefits while lessening potentially harmful consequences.

Technology Context
For the purposes of this work, an automated vehicle is one that takes full control
of all aspects of the dynamic driving task for at least some of the time. Using the
Society of Automotive Engineers (SAE) taxonomy, this research focuses on the role
of higher levels of AV in mitigating or exacerbating the societal effects of driving, or in
creating new effects. The higher levels of vehicle automation are designated SAE
levels 3, 4, and 5 and are referred to in federal policy guidance as highly automated vehicles (HAVs).
High Levels of Driving Automation (SAE 2014)
Level

Name

Description

Automated driving system monitors the driving environment
3

The driving mode-specific performance by an automated driving system of all aspects of the
Conditional automation dynamic driving task with the expectation that the human driver will respond appropriately to a
request to intervene

4

High automation

The driving mode-specific performance by an automated driving system of all aspects of the
dynamic driving task, even if a human driver does not respond appropriately to a request to
intervene

5

Full automation

The full-time performance by an automated driving system of all aspects of the dynamic driving
task under all roadway and environmental conditions that can be managed by a human driver

A connected vehicle has internal devices that connect to other vehicles, as in
vehicle-to-vehicle (V2V) communication, or a back-end infrastructure system, as in
vehicle-to-infrastructure (V2I) communication. V2V applications enable crash prevention, and V2I applications enable telecommunication, safety, mobility, and environmental benefits. Their foundation of data communications enables real-time
driver advisories and warnings of imminent threats and roadway hazards.
Dedicated short-range communications standards—the two-way, short-to-medium-range wireless communications capability that permits very high data transmission—are currently the leading medium for:

2
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- V2I safety applications (e.g., red-light violation warnings, curve speed
warnings, and work zone warnings).
- V2V safety applications (e.g., forward collision warnings, intersection
movement assist, left-turn assist, and do-not-pass warnings).
- V2X or vehicle-to-everything, as in the Internet of Things; for example, a
wearable device in a highway worker’s safety vest that warns drivers of the
person’s location.
However, non-safety critical applications (e.g., weather advisories and eco-approach and departure at signalized intersections) could also be achieved using
other wireless communications.
At present, the V2I and V2V applications solely provide driver alerts; they do not
control the operation of the vehicle.

Regulatory Context
In September 2016, the National Highway Traffic Safety Administration released
the official Federal Automated Vehicle Policy, issued as “guidance rather than
in a rulemaking capacity in order to speed the delivery of an initial regulatory
framework and best practices to guide manufacturers and other entities in the
safe design, development, testing, and deployment of Highly Automated Vehicles
(HAVs).” The policy reaffirms that states retain their responsibilities for licensing
and registering vehicles, defining and enforcing traffic law, and regulating insurance and liability requirements and policies. The framework envisions that each
state’s AV-related policies and regulations be administered by a single lead agency
and associated technology committee. The issues and actionable strategies covered in this document are those that would be relevant to such entities.

How AVs and CVs Could Lead to Positive Societal Outcomes
By what mechanisms might AVs and CVs create desirable outcomes for society, either
by encouraging direct positive effects or reducing negative ones? Through inferences
based on reviews of the literature, the research team identified ways in which CVs
and AVs could lead to those desirable outcomes.
Potential Benefits of Connectivity and Automation
Driving
Externality

Connectivity
(Full V2X)

Autonomy*
(L4,5)

Shared Autonomy
Electrification***
(L4,5)**

Safety
Congestion
Emissions
Land Use
Mobility

Strong benefits

Weakest benefits/no impact

Some expected benefits

Uncertain impact

*Autonomy is defined for this purpose as individually owned vehicle.
**Shared Autonomous Vehicles (SAV) are on-demand self-driving vehicles supporting shared rides as part of a privately or publicly managed fleet.
***While not a focus of this NCHRP research, the team provides assumptions of potential benefits of electrification
based on known literature.
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Even without CVs, AVs could
reduce most driver-related
errors, which account
for a vast majority of
traffic crashes, but AVs
also might introduce new
types of errors.

Pavel L Photo/Shutterstock.com

TRAFFIC CRASHES
When individuals drive a vehicle, they not only increase their own risk of a crash
and its associated costs, they also increase crash risks and costs for other motorists, pedestrians, cyclists, and society in general. V2V safety applications could
mitigate these risks by addressing most vehicle crash types if the V2V applications
are demonstrably effective and widely used, the driver-vehicle interface performs
well, and there is sufficient market penetration. An increase in benefit could be
obtained through V2I safety applications. Even without CVs, AVs could reduce
most driver-related errors, which account for a vast majority of traffic crashes, but
AVs also might introduce new types of errors. Flawed hardware or software could
cause accidents due to errors that humans would not make. AVs and CVs both create cybersecurity risks. Level 3 AVs could also introduce risks posed by inattentive
drivers who fail to take safe control of the vehicle when needed. Early research
suggests that these technologies have promise, but the safety benefits of AVs and
CVs are not guaranteed.

CONGESTION
As the number of vehicles on a road increases past a certain density, vehicle speed
and throughput decrease, causing congestion. Each additional driver adds to the
congestion but does not bear the full cost of that effect. Ultimately, it is unclear
how AVs and CVs will affect congestion; the literature in this area shows mixed
results for a variety of different traffic measures under varying conditions. Congestion occurs on a regular basis (i.e., recurring) and on a sporadic basis (i.e., non-recurring). CV applications could mitigate non-recurring congestion by reducing
delays caused by safety incidents. CV mobility applications could reduce recurring
congestion by increasing system efficiency and enabling CV-facilitated truck
platoons. Widespread adoption of V2V capabilities, widespread V2I infrastructure,
and interoperability among mobility applications would maximize these impacts.
AVs that are safer than human drivers could reduce the frequency of crash-related delays. In addition, more closely-spaced AVs could enhance traffic flow. At
the same time, a proliferation of on-demand, shared AVs (SAVs) could put more
4

Copyright National Academy of Sciences. All rights reserved.

Strategies to Advance Automated and Connected Vehicles

vehicles on the road and increase congestion. Alternatively, multi-occupancy
SAVs could reduce the number of vehicles on the road. Although the travel delay
caused by congestion may be redefined if the occupant in an AV can be productive while waiting in traffic, there still might be the need to minimize associated
vehicle miles traveled (VMT) growth because it contributes to other negative
effects, such as pollution. The net effects of AVs and CVs on congestion have yet
to be fully understood or predicted.

POLLUTION
Vehicles emit local air pollutants (e.g., particulate matter, hydrocarbons, nitrogen
oxides, and carbon monoxide) and global air pollutants (greenhouse gases). When
someone drives a vehicle, he or she reduces the air quality and adds to noise pollution in surrounding areas. That person also imposes the costs of climate change
on the global society. AVs could mitigate these effects by leading to reduced vehicle production rates and parking needs, and to increased use of smaller, electric
vehicles and eco-driving. On the other hand, by increasing safety and improving
the convenience of vehicle travel, AVs and CVs could lower transportation costs,
which could increase VMT. While this increase in VMT may facilitate additional economic activity or enhanced quality of life, it may also produce negative environmental impacts that would need to be mitigated.

Ultimately, it is unclear
how AVs and CVs will affect
congestion; the literature in
this area shows mixed results
for a variety of different
traffic measures under
varying conditions.

LAND DEVELOPMENT
Land devoted to automobile infrastructure and dispersed development patterns—while historically increasing mobility and decreasing travel costs—may
also impose negative environmental, economic, and public health effects on society. AVs and CVs could increase safety, improve convenience of vehicle travel, and
lower transportation costs, but these effects might lead consumers to take more
trips and travel more miles in order to access lower priced land and rural locations,
exacerbating inefficient land-use patterns. On the other hand, if fully autonomous
(SAE Levels 4 or 5) AVs reduced the need for parking adjacent to destinations, land
dedicated to parking in urban areas could be assigned to other, more beneficial
uses. The largest effects would be in dense urban areas, where land is very expensive, while impacts might be less substantive in most areas of the country.

MOBILITY
Older adults, youths under age 16, and individuals with disabilities have limited
access to desired destinations, activities, and services. The existing transportation
infrastructure does not completely address the limited mobility of this population.
Levels 4 and 5 AVs could mitigate this negative externality by enabling significant
improvements in access and mobility for such individuals. This is particularly true
for those who live in areas with few alternative modes. Less-than-full automation
(Level 3) and CVs would not reduce this negative externality.

5
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Consumers may be unwilling
to pay for expensive
technology if much of the
benefit goes to others, and
consequently, producers may
be less willing to develop
and market CVs and AVs.

Zapp2Photo/Shutterstock.com

Foundational Research: Social Welfare and Market Economics
The analytical foundation for identifying the potential policy and planning strategies reviewed in this document involved an examination of mechanisms by which
AVs and CVs could create desirable outcomes for society. These mechanisms could
either encourage positive effects or reduce negative ones. For example, if safe AVs
and CVs are developed and marketed by producers and then used widely and responsibly by consumers, the current traffic safety crisis could be mitigated. However
in this example, many of the benefits accrue to society rather than to producers or
consumers of AV or CV technology. Consumers may be unwilling to pay for expensive technology if much of the benefit goes to others, and consequently, producers
may be less willing to develop and market CVs and AVs. This is an example of an externality. An externality is an effect produced by either a consumer or producer that
affects others, yet is not accounted for in the market price (i.e., occurs external to the
market). Externalities have important implications for realizing the benefits of AVs
and CVs. AVs and CVs may also result in a range of economic disruptions to groups
such as professional drivers, insurance companies, medical facilities, trauma centers,
collision repair shops, and other industries. Some of these effects are internal to
the market, while others are pecuniary externalities (i.e., operating through market
prices) and not real externalities. Because these costs are internal to market decision
making, the research excluded pecuniary externalities from the analysis.
Society as a whole could benefit if state, regional, and local governments were
to implement policy (e.g., regulations or taxes) or planning strategies (e.g., public
education) to internalize these externalities in decision making by consumers or
producers. Such instruments or activities could force the market to account for
costs that would otherwise not be included.

6
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With social welfare economics as the foundation, researchers identified categories
of policy levers. The groups of policy strategies presented below are most common in internalizing externalities within the traditional roles of state, regional and
local government:
Economic Instruments: These are policy strategies that provide an explicit price
signal by applying a tax, fee, or subsidy to effect a specific outcome.
Examples of Price-Based Economic Policy Instruments
Fuel Taxes

Value Added Taxes

Vehicle Age Taxes

• Carbon taxes
• Distance-based taxes (VMT fees)
• Fully differentiated VMT fees
• Registration fees
• Tolls

• Insurance taxes
• Circulation taxes
• Vehicle sales taxes
• Parking fees
• Transit subsidies

• Vehicle value taxes
• Vehicle size and weight taxes
• Vehicle engine size taxes

Regulatory Instruments: With these tools, governing bodies are able to affect
behaviors or processes by establishing or changing regulations directly, rather than
relying on price signals to encourage socially optimal choices.
Examples of Regulatory Policy Instruments
Require

Establish or Update

• Collision insurance
• Pay-as-you-drive insurance
• Safety equipment use
• Training or certification
• Vehicle inspections

• Rules of the road
• License requirements

Structure of private rights: Agencies may, if they have the authority, restructure
civil and criminal liabilities to shift risk and alter producer and/or consumer behavior.
Service provision: This family of policy instruments generally refers to changes in
how a transportation agency provides its current range of transportation services.
Information/education: Transportation agencies may, through any number of
mediums and strategies, provide information to consumers to encourage desired
behavior.
Financing/contracting/collaboration: In some cases, a private-sector market for
a good or service may not exist or cannot exist absent government intervention.
In these cases, a transportation agency may need to establish the market itself
or work in partnership with the private sector to establish the necessary environment for the market to flourish.

7
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Given the growing public
and media interest in AVs
and CVs, decision makers
can leverage this interest
toward prudent support of
testing and deployment by
aligning policy actions with
agency goals—goals that
represent societal interests.

jamesteohart/Shutterstock.com

Importance of Strategic Goals
Transportation agencies will want to consider how the effects of AV and CV
technologies can contribute to broad agency goals. Given the growing public and
media interest in AVs and CVs, decision makers can leverage this interest toward
prudent support of testing and deployment by aligning policy actions with agency goals—goals that represent societal interests. This is particularly important
where investment of public resources is at stake. Associated strategic planning
activities undertaken at a high level may include:
• Identification of transportation and societal goals and objectives that may be
achieved through AV and CV technologies.
• Development of performance measures that support specific safety,
congestion, mobility, and environmental goals that may be supported by AV
and CV systems and can be used to track the results of testing and investment
in these systems over time.
• Setting the general parameters under which CV and AV deployment can be
facilitated to achieve agency and societal goals.
• Contributions toward building the business case for investing in CVs,
generating support for adoption of safety and mobility applications, and
promoting incentives for producers to improve applications and technology.

High-Level Summaries of Policy and Planning Strategies
To facilitate the alignment of transportation agency goals with AV and CV technologies, a menu of strategies is provided for policy makers to consider. Each
strategy is presented in a one-page overview. The purpose of each overview is to
offer a snapshot of a policy or planning strategy and an assessment of its utility,
which allows decision makers to match outcomes with high-level strategic goals.
An in-depth review of key strategies can follow using the detail provided in the
accompanying report, NCHRP Research Report 845: Advancing Automated and
Connected Vehicles: Policy and Planning Strategies for State and Local Transportation
Agencies. Eighteen different policy and planning strategies—organized by desired
outcome—are provided for policy makers to consider, beginning on page 12.

8
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OUTCOME: To mitigate safety risks through testing, training, and public
education:
• Enact legislation to legalize AV testing
• Enact legislation to stimulate CV or AV testing
• Modify driver training standards and curricula
• Increase public awareness of benefits and risks
OUTCOME: To encourage shared AV use:
• Subsidize shared AV use
• Implement transit benefits for SAVs
• Implement a parking cash-out strategy
• Implement location-efficient mortgages
• Implement land use policies and parking requirements
• Apply road use pricing
OUTCOME: To address liability issues that may impact market development:
• Implement a no-fault insurance approach
• Require motorists to carry more insurance
OUTCOME: To enhance safety, congestion, and air quality benefits by influencing market demand:
• Subsidize CVs
• Invest in CV infrastructure
• Grant AVs and CVs priority access to dedicated lanes
• Grant signal priority to CVs
• Grant parking access to AVs and CVs
• Implement new contractual mechanisms with private-sector providers
Each overview offers a general assessment of strategy viability by a range of criteria:
• Effectiveness: If the strategy is economic, how well does it internalize external
costs into decision making by producers and consumers? If the strategy is not
economic, how likely is it to achieve its desired policy outcome?
• Efficiency: If the strategy is economic, how well does it recover the costs from
the externality? How likely is the strategy to produce a net-positive social
benefit outcome?
• Political Acceptability: How likely is the general public to accept this
strategy? Are any politically powerful stakeholders likely to oppose the
strategy? How likely is the strategy to increase costs, place burdens on lowincome or socially disadvantaged groups, or result in social inequity?
• Operational Feasibility: How disruptive is implementation to the
implementing agency? Are new or complex governing structures required?
Is it expensive to implement? Are new workforce skills or infrastructure
adaptation required?
• Geographic Impact: At what geographic scale does this strategy make the
most sense?
• Who: What level of government would implement this strategy?
• Hurdles: Are there any notable barriers to implementation?

9
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In spite of uncertainties, the
transformational nature
of AV and CV technologies
argues that public agencies
should consider the
strategies and possible
outcomes to manage public
interest concerns.

Andrea Izzotti/Shutterstock.com

CONCLUSIONS
Public policy making can be challenging within a
dynamic and uncertain technological landscape. The
private market is highly competitive, and objective
information upon which policy can be based is largely
unavailable from the developers of this transformational technology. Many OEMs have made bold claims
as to their timeframe for making Level 4 AV technology available in new models in the years leading up to
2021*. The timeframe for bringing Level 5 automation
technology to market is hard to forecast; however, several studies estimate that Level 5 cars will be available
on public roads in the late 2020s**.
At the same time, the federal government has played a significant role in supporting the research, development, and piloting of CV technology. The USDOT
Connected Vehicle Pilot Program has examined multiple modes of wireless
communication and has continued demonstrations to position Dedicated ShortRange Communications (DSRC)-based CV technology for large-scale deployment.
Significant research and standardization has gone into the development of CV
technology, specifically related to DSRC. But some companies are developing V2X
equipment that uses other forms of wireless communications, including cellular,
Wi-Fi, and Bluetooth.
*Korosec, K. 2015. Elon Musk Says Tesla Vehicles Will Drive Themselves in Two Years. Fortune.
**Cellan-Jones, R. 2015. Toyota Promises Driverless Cars on Roads by 2020. BBC News; Volvo. 2016. Autopilot—Travel Calmer, Safer, Cleaner. http://www.volvocars.com/au/about/innovations/intellisafe/autopilot
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In spite of uncertainties, the transformational nature of AV and CV technologies
argues that public agencies should consider the strategies and possible outcomes
to manage public interest concerns. The strategies provided through this research
offer considerations for public agency decision makers using the best information available at the time. Technology direction may change, consumers may not
adopt certain products, and any number of global economic or environmental
drivers could alter the policy course.
For state and local transportation agencies, the impacts of AV or CV technologies
on their organizations may be highly disruptive and generate a range of uncertainties unique to public agencies:
Institutional: Institutional impacts affect a transportation agency’s focus and
organizational structure. This includes how an agency prioritizes its responsibilities and allocates its funding. Proliferation of AVs and CVs could increase transportation agencies’ focus on non-safety goals, increase responsibility for data
integrity, security, privacy, and analytics, and increase reliance on private-sector
relationships where agencies lack funding or expertise.
Operational: These are impacts on how an agency develops, maintains, operates, and manages transportation infrastructure and transportation-related
services. Proliferation of AV and CV technologies could cause existing intelligent
transportation system investments to become outdated, reduce or shift demand for transit and parking services, and increase maintenance requirements.
It is uncertain whether the technologies will mitigate or exacerbate current
roadway capacity deficits.
Funding and financing: These are impacts to the funding and financing sources available for transportation infrastructure and related services. AV and CV
systems could exacerbate funding deficits through increased costs for maintaining and operating roadways. AVs deployed with alternative fuel technologies,
such as electricity, would reduce revenues from fuel-based taxes. A proliferation
of shared AVs could reduce the amount of revenue from driver licensing, vehicle
sales tax, vehicle registration, moving violations, transit fares, and federal funding associated with ridership levels. Conversely, CV technology could potentially
increase revenue from road-user charges by providing a technology platform
that supports usage-based revenue measurement and reporting.
Ultimately, public policy making for AVs and CVs will be informed through a cycle
of learning and leveraging the activities of early-adopter agencies that support
testing, evaluation, research, and continuous knowledge creation. Agencies can
create a nimble policy-making framework that espouses these principles and sets
in place a continual “look ahead” assessment.
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POLICY STRATEGY SUMMARIES

Enact Legislation to Legalize AV Testing
Mitigate Safety Risks

Encourage Shared AV Use

Address Liability Issues

Inﬂuence Market Demand

Effectiveness
Efﬁciency
Political Acceptability
Operational Feasibility
Geographic Impact
Urban, suburban, rural

Who
Legislature, state and local transportation agencies
Sebastian Duda/Shutterstock.com

Hurdles
Description

Implementation issues

7KLVVWUDWHJ\DLPVWRDFFHOHUDWHWKHGHYHORSPHQWDGRSWLRQ
DQG LPSOHPHQWDWLRQ RI DXWRPDWHG DQG FRQQHFWHG YHKLFOHV
E\HQDFWLQJOHJLVODWLRQWRHVWDEOLVKWKHOHJDOLW\RI$9WHVWLQJ6WDWHVRUORFDOJRYHUQPHQWVFRXOGLPSOHPHQWDYHUVLRQ
RIWKHPRGHOVWDWHSROLF\UHFHQWO\UHOHDVHGE\WKH86'27
WR DYRLG DQ\ FRQFHUQV DERXW LQWHUVWDWH LQFRQVLVWHQFLHV LQ
UHJXODWLQJ$9V

7KH VWDWH OHJLVODWXUH DORQJ ZLWK WKH DJHQFLHV LW GLUHFWV WR
FDUU\RXWRURYHUVHHWHVWLQJZRXOGEHDUWKHUHVSRQVLELOLW\IRU
LPSOHPHQWLQJ WKLV VWUDWHJ\ $GRSWLQJ D UHJXODWRU\ VFKHPH
VXFK DV WKH RQH UHFRPPHQGHG E\ 86'27 FRXOG UHTXLUH
VLJQL¿FDQW DFWLRQ E\ VWDWH RU ORFDO DJHQFLHV WR XQGHUWDNH
UXOHPDNLQJ ZKLFK ZRXOG LQYROYH DVVLJQLQJ UHVRXUFHV WR
DFFHSWUHYLHZDQGLVVXHGHFLVLRQVRQWHVWLQJSURSRVDOV7KLV
ZRXOG OLNHO\ UHTXLUH VRPH FRRUGLQDWLRQ DQG FROODERUDWLRQ
DPRQJVWDWHDQGORFDODJHQFLHVDVWKHUHDUHRIWHQRYHUODSSLQJDQGVKDUHGMXULVGLFWLRQVLQWUDQVSRUWDWLRQPDQDJHPHQW
DQG RSHUDWLRQV 6RPH OLNHO\ FKDOOHQJHV WR LPSOHPHQWDWLRQ
RI WKLV VWUDWHJ\ DUH LGHQWLI\LQJ IXQGLQJ VRXUFHV IRU LPSOHPHQWDWLRQ VHWWLQJ XS UHJXODWRU\ SURFHVVHV DQG WUDLQLQJ
VWDII 86'27 WKURXJK LWV PRGHO VWDWH SROLF\ KDV RIIHUHG
DGYLFH IRU LPSOHPHQWDWLRQ EDVHG RQ WKH SUDFWLFHV RI OHDGLQJVWDWHV7KHJXLGDQFHLVQRWFOHDUDERXWWKHUROHRIORFDO
JRYHUQPHQWV1+76$H[SHFWVWRXSGDWHLWVVWDWHJXLGDQFH
RYHUWLPH$FKLHYLQJFRQVHQVXVRQDOHJLVODWLYHDSSURDFKWR
WHVWLQJZLWKLQWKHSROLWLFDOSURFHVVFRXOGSRVHFKDOOHQJHV

Technologies targeted/ownership model
distinctions
$SROLF\EXLOWDURXQGWKH86'27¶VPRGHOVWDWHSROLF\ZRXOG
IRFXVRQKLJKO\DXWRPDWHGYHKLFOHVRU+$9V 6$(/HYHO
RU DVORZHUOHYHO$9VDUHDOUHDG\LQSURGXFWLRQRURSHUDWLQJRQWKHURDGVXQGHUFXUUHQWIHGHUDOVWDWHDQGORFDOODZV
ZLWK WKH GULYHU SULPDULO\ UHVSRQVLEOH IRU WKH YHKLFOH¶V VDIH
RSHUDWLRQ &XUUHQW VWDWHV ZLWK $9 WHVWLQJ OHJLVODWLRQ DQG
DVVRFLDWHG UHJXODWLRQV OLNH &DOLIRUQLD GH¿QH DXWRPDWHG
YHKLFOHVLQVXFKDZD\WRH[SOLFLWO\H[FOXGHORZHUOHYHODXWRPDWLRQ ZLWK ODQJXDJH H[HPSWLQJ V\VWHPV XVLQJ DGYDQFHG
GULYHUDVVLVWDQFHV\VWHPV $'$6 OLNHDGDSWLYHFUXLVHFRQWURORUHPHUJHQF\EUDNLQJ

How will this help?
(VWDEOLVKLQJWKHOHJDOLW\RIWHVWLQJFRXOGVHUYHDVDQDGYHUWLVHPHQW WR DWWUDFW FRPSDQLHV WR D JLYHQ VWDWH RU ORFDOLW\
DOWKRXJK WKH YDOXH RI WKLV VWUDWHJ\ LQ DWWUDFWLQJ WHVWLQJ
DFWLYLW\LVXQSURYHQ&RQYHUVHO\VRPHVWDWHVKDYHWDNHQWKH
SRVLWLRQWKDW$9WHVWLQJLVQRWQHFHVVDULO\LOOHJDODQGKDYH
FODLPHGWRKDYHDPRUHIDYRUDEOHOHVVEXUGHQVRPHUHJXODWRU\HQYLURQPHQWIRUWHVWLQJZLWKRXWLW7KHVDIHW\ULVNDVVRFLDWHGZLWKDQRQUHJXODWRU\SRVLWLRQKDVQRWEHHQTXDQWL¿HG

Stakeholder beneﬁts/concerns
6WDNHKROGHUVLQFOXGHYHKLFOHPDQXIDFWXUHUVDQGGHYHORSHUV
WKHDJHQFLHVLQYROYHGLQWHVWLQJRUUHJXODWLQJWHVWLQJDQGWKH
JHQHUDOWUDYHOLQJSXEOLF0RVWFRQVXPHUVXUYH\VLQGLFDWHD
VL]DEOHSHUFHQWDJHRIUHVSRQGHQWVZKRDUHFRQFHUQHGDERXW
WKHVDIHW\RI$9VZKLFKPD\EHDEDUULHUWRDGRSWLRQ

Optimal timing
7KLVVWUDWHJ\DGGUHVVHVWHVWLQJ$9VDQGDVVXFKWKHRSWLPDO
WLPLQJZRXOGEHLQWKHQHDUWHUP$9VDUHGHYHORSLQJUDSLGO\VRSROLFLHVGHVLJQHGWRVWLPXODWHWHVWLQJVKRXOGRFFXULQ
WKHQHDUWHUPRYHUDSSUR[LPDWHO\WKHQH[W¿YH\HDUV

Establishing the legality of testing could serve as an advertisement to attract
companies to a given state or locality, although the value of this strategy in
attracting testing activity is unproven.
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Copyright National Academy of Sciences. All rights reserved.

Passing enabling legislation,
identifying funding sources for
rulemaking and administration of
testing requirements

Legality
7KHUH LV QR OHJDO EDUULHU WR HQDFWLQJ
OHJLVODWLRQ

EXAMPLES
1HYDGD EHFDPH WKH ¿UVW VWDWH
WR DXWKRUL]H WKH RSHUDWLRQ RI
KLJKO\ DXWRPDWHG YHKLFOHV ZLWK
$9  LQ  DQG UXOHV ZHUH
DGRSWHG IRU OLFHQVLQJ DQG RSHUDWLRQ $GGLWLRQDO OHJLVODWLRQ ZDV
SDVVHG LQ  DQG WKH VWDWXWHV
DUH UHYLHZHG HYHU\ WZR \HDUV
WR DFFRXQW IRU DGYDQFHPHQWV LQ
WHFKQRORJ\
&DOLIRUQLD $%  HQDFWHG LQ
DXWKRUL]HVWKH&RQWUD&RVWD
7UDQVSRUWDWLRQ $XWKRULW\ WR FRQGXFWDSLORWSURMHFWWHVWLQJDXWRQRPRXVYHKLFOHVQRWHTXLSSHGZLWK
VWHHULQJ ZKHHOV EUDNH SHGDOV
DFFHOHUDWRUV RU RSHUDWRUV LQVLGH
DW VSHFL¿HG ORFDWLRQV DQG VSHHGV
OHVVWKDQPLOHVSHUKRXU

Strategies to Advance Automated and Connected Vehicles

Enact Legislation to Stimulate CV or AV Testing
Mitigate Safety Risks

Encourage Shared AV Use

Address Liability Issues

Inﬂuence Market Demand

Effectiveness
Efﬁciency
Political Acceptability
Operational Feasibility
Geographic Impact
Urban, suburban, rural

holbox/Shutterstock.com

Description
7KLVVWUDWHJ\DLPVWRDFFHOHUDWHWKHGHYHORSPHQWDGRSWLRQ
DQG LPSOHPHQWDWLRQ RI DXWRPDWHG DQG FRQQHFWHG YHKLFOHV
E\ HQDFWLQJ OHJLVODWLRQ WR GLUHFWO\ IXQG WHVWLQJ IRU &9 RU
$9GHYHORSPHQW

Technologies targeted/ownership model
distinctions
/HJLVODWLRQ SURYLGLQJ GLUHFW IXQGLQJ GHVLJQHG WR VWLPXODWH
WHVWLQJ FDQ WDUJHW $9 RU &9 WHFKQRORJLHV DOWKRXJK DV WKH
OLNHO\LPSOHPHQWHURI&9V\VWHPVVWDWHDQGORFDOJRYHUQPHQWVPD\ZLVKWRSULRULWL]H&9VSHQGLQJWRJDLQH[SHULHQFH
DQGLQVWLWXWLRQDONQRZOHGJHZLWKWKHHPHUJLQJWHFKQRORJ\

How will this help?
'LUHFWO\IXQGLQJ$9RU&9WHVWLQJFRXOGLQFHQWLYL]HFRPSDQLHV RU SXEOLF DJHQFLHV WR HQJDJH LQ WHVWLQJ $9 RU &9
V\VWHPV )XQGLQJ &9 WHVWLQJ ZRXOG EXLOG LQVWLWXWLRQDO
NQRZOHGJH DQG H[SHULHQFH ZLWK WKHVH HPHUJLQJ WHFKQRORJLHV ZKLFK FRXOG LQFUHDVH WKH OLNHOLKRRG RI WKH V\VWHPV
EHLQJLPSOHPHQWHGLQWKHIXWXUH$GGLWLRQDOO\SULYDWHFRPSDQLHVDUHDOUHDG\LQYHVWLQJODUJHVXPVWRGHYHORSDQGWHVW
$9VEXWVLPLODULQYHVWPHQWVDUHQRWEHLQJPDGHLQ&9V\VWHPV $V DQ HFRQRPLF LQWHUYHQWLRQ SURYLGLQJ IXQGLQJ IRU
WHVWLQJZRXOGLQFUHDVHWHVWLQJDFWLYLWLHVDQGDVVXFKZRXOG
EHDQHIIHFWLYHVWUDWHJ\WRDGYDQFHWKHVRFLHWDOEHQH¿WVRIWKH
WHFKQRORJ\)RUWKHVHUHDVRQVVWDWHDQGORFDODJHQFLHVPD\
ZLVKWRSULRULWL]HWKHLULQYHVWPHQWVLQWHVWLQJ&9V\VWHPV

Implementation issues
7KH VWDWH OHJLVODWXUH DORQJ ZLWK WKH DJHQFLHV LW GLUHFWV WR
FDUU\ RXW RU RYHUVHH WHVWLQJ ZRXOG EHDU WKH UHVSRQVLELOLW\
IRU LPSOHPHQWLQJ WKH VWUDWHJ\ 6RPH OLNHO\ FKDOOHQJHV WR
LPSOHPHQWDWLRQ RI WKLV VWUDWHJ\ LQFOXGH LGHQWLI\LQJ IXQGLQJVRXUFHVIRUWHVWLQJDFWLYLWLHVWUDLQLQJVWDIIGHYHORSLQJ
QHZJRYHUQPHQWDOVWUXFWXUHVRUDJUHHPHQWVLQVWDOOLQJDQG
XSJUDGLQJ FRPPXQLFDWLRQV V\VWHPV DQG LQIUDVWUXFWXUH
DQGLQWHJUDWLQJGDWDZLWKH[LVWLQJ,76RSHUDWLRQV86'27
WKURXJKLWVPRGHOVWDWHSROLF\DQG9,GHSOR\PHQWJXLGDQFH

KDVRIIHUHGDGYLFHIRULPSOHPHQWDWLRQ6WDWHDJHQFLHVFRXOG
DOVRLQGHSHQGHQWO\IXQGWHVWLQJLIWKH\KDYHUHVRXUFHVDYDLODEOHRULIWKH\SURFXUHIXQGLQJIRUDIHGHUDOWHVWEHG,QWKHVH
VHWWLQJVVWDWHDQGORFDODJHQFLHVPD\KDYHWKHRSSRUWXQLW\
WROHDUQKRZWRRSHUDWHDQGHI¿FLHQWO\UXQWKHVHV\VWHPV
,Q DGGLWLRQ WKH  IHGHUDO WUDQVSRUWDWLRQ DXWKRUL]DWLRQ
OHJLVODWLRQNQRZQDVWKH)$67$FWFRXOGSURYLGHDSRWHQWLDO IXQGLQJ VRXUFH IRU SLORW DFWLYLWLHV 7KH DFW ORRVHQHG
UHVWULFWLRQVRQIHGHUDOIXQGLQJFDWHJRULHVOLNH&DWHJRU\
WRSURYLGHZLGHUODWLWXGHIRUORFDODJHQFLHVWRIXQG,76ZLWK
IHGHUDOGROODUVWKURXJKWKHLU032V7KLVFKDQJHLVHVVHQWLDO
IRUWKHGLUHFWIXQGLQJRSWLRQVWDWHDQGORFDODJHQFLHV±XQGHU
GLUHFWLRQIURPWKHLUSROLF\PDNHUV±FDQXVHWKHLURZQVWDWH
DQGORFDOIXQGLQJ RUIHGHUDOGROODUV IRUWHVWLQJLIWKHUHLV
DFOHDUYDOXHSURSRVLWLRQWRGRLQJVRJLYHQWKHPDQ\RWKHU
V\VWHPQHHGVWKDWUHTXLUH¿QDQFLDOUHVRXUFHV
7HVWLQJ D QHZ V\VWHP ZLOO SURYLGH XVHIXO LQIRUPDWLRQ WR
VWDWH DJHQFLHV DERXW KRZ WKHVH WHFKQRORJLHV IXQFWLRQ DQG
SHUIRUPLPSOHPHQWDWLRQDQGRSHUDWLRQDOSURFHVVHVDQGSURFHGXUHVGDWDRQV\VWHPHIIHFWLYHQHVVDQGHI¿FLHQF\PRUH
DFFXUDWHFRVWLQIRUPDWLRQ±DQGLQDGGLWLRQWKHDJHQFLHVZLOO
JDLQ YDOXDEOH LQVWLWXWLRQDO NQRZOHGJH DQG H[SHULHQFH ZLWK
WKHQHZWHFKQRORJLHV

Stakeholder beneﬁts/concerns
6WDNHKROGHUVLQFOXGHYHKLFOHPDQXIDFWXUHUVDQGGHYHORSHUV
&9V\VWHPVXSSOLHUVDQGFRQWUDFWRUVWKHDJHQFLHVLQYROYHG
LQ WHVWLQJ DQG WKH JHQHUDO WUDYHOLQJ SXEOLF /HJLVODWLRQ WR
VXSSRUW WHVWLQJ ZRXOG HLWKHU UHTXLUH QHZ IXQGLQJ RU XVLQJ
H[LVWLQJ IXQGV IRU D GLIIHUHQW SXUSRVH ZKLFK PD\ SURYH
FRQWHQWLRXV HVSHFLDOO\ LQ D OHJLVODWLYH VHWWLQJ 7KH SROLF\
GRHVQRWKDUPVWDNHKROGHUVEXWWKH¿QDQFLDOFRQFHUQVDORQH
UHVXOWHGLQDUHODWLYHO\ORZHUVFRUHRQSROLWLFDODFFHSWDELOLW\
7KLVVWUDWHJ\FRXOGEHSHUFHLYHGDVGLUHFWO\EHQH¿WLQJSULYDWHHTXLSPHQWYHQGRUV

Optimal timing
7KHVH SROLFLHV DGGUHVV WHVWLQJ $9V DQG &9V DQG DV VXFK

Funding CV testing would build institutional knowledge and experience with
these emerging technologies, which could increase the likelihood of the
systems being implemented in the future.
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Who
Legislature, state and local transportation agencies

Hurdles
Passing legislation, upgrading or
installing new infrastructure, creating new governmental agreements
and partnerships

WKH RSWLPDO WLPLQJ ZRXOG EH LQ WKH
QHDUWHUPDQGXSWRWHQ\HDUV$9VDUH
GHYHORSLQJUDSLGO\VRSROLFLHVGHVLJQHG
WRVWLPXODWHWHVWLQJVKRXOGRFFXULQWKH
QHDUWHUPRYHUDSSUR[LPDWHO\WKHQH[W
¿YH\HDUV&9V\VWHPVDUHGHYHORSLQJ
RQDORQJHUF\FOHVR&9WHVWLQJFRXOG
EHJLQQRZEXWFRQWLQXHWKURXJKRXWWKH
GHYHORSPHQWOLIHF\FOHDWOHDVWQRZWR
WHQ\HDUVKHQFH

Legality
7KHUH LV QR OHJDO EDUULHU WR HQDFWLQJ
OHJLVODWLRQ

EXAMPLE
8WDK +%  HQDFWHG LQ 
DXWKRUL]HV WKH GHSDUWPHQW RI
WUDQVSRUWDWLRQ WR FRQGXFW D FRQQHFWHG YHKLFOH WHVWLQJ SURJUDP
RXWVLGHRIDQXUEDQL]HGDUHDDQG
UHTXLUHV WKH VWDWH '27 WR UHSRUW
WKHUHVXOWVWRDFRPPLWWHHRIWKH
OHJLVODWXUH

Strategies to Advance Automated and Connected Vehicles

Modify Driver Training Standards and Curricula
Mitigate Safety Risks

Encourage Shared AV Use

Address Liability Issues

Inﬂuence Market Demand

Effectiveness
Efﬁciency
Political Acceptability
Operational Feasibility
michaeljung/Shutterstock.com
PDQ\VWDWHV'09VZRUNZLWKVWDWHGHSDUWPHQWVRIHGXFDWLRQWRLPSOHPHQWGULYHUWUDLQLQJSURJUDPV

Description
7KLV VWUDWHJ\ DGGUHVVHV WKH UHTXLUHPHQWV IRU RSHUDWLQJ
YHKLFOHVHTXLSSHGZLWK&9DQG$9WHFKQRORJLHVE\HVWDEOLVKLQJFRGLI\LQJDQGHQIRUFLQJRSHUDWRURZQHUSDVVHQJHU
UHTXLUHPHQWVDQGPRGLI\LQJGULYHUWUDLQLQJVWDQGDUGVDQG
FXUULFXODWRUHÀHFWXVHRI&9$9DSSOLFDWLRQV

Technologies targeted/ownership model
distinctions
&9 WHFKQRORJLHV ZLOO UHSUHVHQW D PLQLPDO GHSDUWXUH IURP
FXUUHQW GULYHU UHTXLUHPHQWV 'ULYHU WUDLQLQJ PD\ QHHG WR
DGGUHVV HIIHFWLYH XVH RI WKH DGGHG ZDUQLQJV DQG URDGZD\
LQIRUPDWLRQ DQG WHVWLQJ UHTXLUHPHQWV IRU GULYHU OLFHQVHV
PD\ EH PRGL¿HG WR LQFRUSRUDWH XVH RI VRPH &9 WHFKQRORJLHV $9V ZLOO KDYH D ODUJHU HIIHFW RQ YHKLFOH RSHUDWRU
UHTXLUHPHQWVDQGWKHUHIRUHRQGULYHUWUDLQLQJDQGOLFHQVLQJ
/HYHO$9VPD\UHTXLUHDFRPSOHWHUHVWUXFWXULQJRIRSHUDWRUOLFHQVLQJDQG³OLFHQVLQJ´RIWKHYHKLFOHVWKHPVHOYHVPD\
VXSSODQWGULYHUOLFHQVLQJDWKLJKHUOHYHOVRIDXWRPDWLRQ

How will this help?
5HGXFLQJWKHKXPDQGULYHU¶VGLUHFWFRQWURORIWKHYHKLFOH
FDQ UHVXOW LQ UHGXFHG VLWXDWLRQDO DZDUHQHVV VNLOOV GHJUDGDWLRQ DQG RYHUUHOLDQFH RQ DXWRPDWLRQ 'ULYHU WUDLQLQJ
WHVWLQJDQGOLFHQVHUHTXLUHPHQWVQHHGWRUHÀHFWWKHDOWHUHG
UROHDQGUHVSRQVLELOLWLHVRIDGULYHUXVLQJ/HYHODXWRPDWHGYHKLFOHV

Implementation issues
6WDWHOHJLVODWXUHVFRGLI\QHZWUDLQLQJDQGOLFHQVLQJFULWHULD
1+76$¶V)HGHUDO$XWRPDWHG9HKLFOHV3ROLF\UHFRPPHQGV
WKDW VWDWHV HYDOXDWH WKHLU FXUUHQW YHKLFOH RSHUDWLRQ ODZV
WR DYRLG XQQHFHVVDU\ LPSHGLPHQWV WR VDIH $9 RSHUDWLRQ
DQGWRXSGDWHWKHLUUHIHUHQFHVWRDQGVWDQGDUGVIRUKXPDQ
GULYHUVZKHUHDSSURSULDWH8SGDWHVWRGULYHUOLFHQVHVWDQGDUGVZLWKLQVWDWHVVKRXOGEHFRRUGLQDWHGYLDWKH$PHULFDQ
$VVRFLDWLRQ RI 6WDWH 0RWRU 9HKLFOH $GPLQLVWUDWRUV
$$09$  WR HQVXUH FRQWLQXHG FRQVLVWHQF\ DQG UHFLSURFLW\ RI GULYHU OLFHQVLQJ DFURVV VWDWHV &RPPHUFLDOYHKLFOH
RSHUDWRU OLFHQVH UHTXLUHPHQWV ZRXOG EH DGGUHVVHG E\ WKH
)HGHUDO 0RWRU &DUULHUV 6DIHW\ $GPLQLVWUDWLRQ )0&6$ 
,Q VRPH VWDWHV OLFHQVLQJ LV PDQDJHG E\ WKH 'HSDUWPHQW
RI 0RWRU 9HKLFOHV '09  LQ RWKHUV LW LV XQGHU WKH
'HSDUWPHQW RI 3XEOLF 6DIHW\ RU WKH VHFUHWDU\ RI VWDWH ,Q

Geographic Impact
State

&KDQJHVFRXOGEHYHU\GLVUXSWLYH&KDQJHVLQOLFHQVLQJZLOO
KDYH WR DFFRPPRGDWH SHRSOH GULYLQJ $9V&9V DV ZHOO DV
WKRVHGULYLQJFRQYHQWLRQDOYHKLFOHVIRUPDQ\\HDUVWRFRPH
/LFHQVLQJ UHTXLUHPHQWV ZLOO HLWKHU KDYH WR HQVXUH WKDW D
GULYHUFDQVDIHO\GULYHYHKLFOHVDWPXOWLSOHOHYHOVRIDXWRPDWLRQRUVSHFLI\ZKDWW\SH V RIYHKLFOHDGULYHUPD\RSHUDWH
'ULYHUWUDLQLQJFXUULFXODPDWHULDOVDQGVWDQGDUGVZLOOQHHG
WR DFFRPPRGDWH QHZ ZDUQLQJV DQG LQYHKLFOH LQIRUPDWLRQ
FKDQQHOV RU DFFRPPRGDWH FKDQJLQJ UROHV DQG QHFHVVDU\
VNLOOVIRUYHKLFOHRSHUDWRUV0DQ\VWDWHVSURYLGHGULYHUWUDLQLQJPDWHULDOVLQGLIIHUHQWODQJXDJHVVRDQ\FKDQJHVZLOOKDYH
WREHLQFRUSRUDWHGLQWRPXOWLSOHIRUPDWV
1HZOLFHQVLQJUHTXLUHPHQWVIRU/HYHO$9VZLOOQHFHVVLWDWHUHWUDLQLQJRIGULYHUOLFHQVHH[DPLQHUVDQGPD\UHTXLUH
WKH GHYHORSPHQW RI PXOWLSOH QHZ OLFHQVLQJ FODVVHV /HYHO
 $9V ZLOO QRW UHTXLUH DQ\ RSHUDWLRQDO LQSXW IURP YHKLFOH
RFFXSDQWVUHGXFLQJRUHOLPLQDWLQJGULYLQJLQVWUXFWLRQDQG
H[DPLQHUVDQGSRWHQWLDOO\HOLPLQDWLQJWKHQHHGIRUYHKLFOH
RSHUDWRUOLFHQVHV7KLVFRXOGHOLPLQDWHDVLJQL¿FDQWVRXUFH
RIVWDWHUHYHQXHIURPOLFHQVLQJXQOHVVRWKHUIHHVDUHLQVWLWXWHG RU XQOHVV OLFHQVHV DUH UHWDLQHG LQ D GLIIHUHQW IRUP
5HGXFHG UHYHQXHV FRXOG LPSDFW VWDI¿QJ OHYHOV DW DJHQFLHV
UHVSRQVLEOHIRUGULYHUOLFHQVLQJDQGWHVWLQJ

Stakeholder beneﬁts/concerns
'ULYHUWHVWLQJOLFHQVLQJWUDLQLQJDJHQFLHVZLOOOLNHO\UHVLVW
FKDQJHV GXH WR D ODFN RI XQGHUVWDQGLQJ DQG DFFHSWDQFH
RI DGYDQFHG YHKLFOH WHFKQRORJLHV 7KH ODZ HQIRUFHPHQW
FRPPXQLW\ZLOOEHDIIHFWHGE\FKDQJHVWRYHKLFOHOLFHQVLQJUHTXLUHPHQWVLQGLIIHUHQWZD\V(QIRUFLQJWUDI¿FODZV
LV OLNHO\ WR EHFRPH IDU PRUH FRPSOH[ (YHQWXDOO\ OHVV
WUDI¿F ODZ HQIRUFHPHQW PD\ EH QHHGHG 7KH $PHULFDQ
$VVRFLDWLRQRI5HWLUHG3HUVRQVPD\EHDSRWHQWLDOFKDPSLRQEHFDXVHRIWKHSRWHQWLDOWKDWDXWRPDWHGYHKLFOHVUHSUHVHQWIRULQFUHDVHGPRELOLW\

Optimal timing
5HYLVLRQV VKRXOG EH HVWDEOLVKHG DQG LPSOHPHQWHG SULRU WR
ZLGHVSUHDGDYDLODELOLW\RIKLJKO\DXWRPDWHGYHKLFOHVWRWKH
JHQHUDOSXEOLF'ULYHUOLFHQVHUHYLVLRQVPD\EHOHVVFUXFLDO
DQGWLPHVHQVLWLYHIRU&9V

Driver training, testing, and license requirements need to reﬂect the altered
role and responsibilities of a driver using certain automated vehicles.
14
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Who
State legislators, state licensing/
training agencies

Hurdles
Operational issues

Legality
6WDWHOHJLVODWXUHVKDYHWKHOHJDODXWKRULW\WRGHWHUPLQHGULYHUOLFHQVHUHTXLUHPHQWV IRU QRQFRPPHUFLDO YHKLFOHV
DQGWRVHWUHTXLUHPHQWVIRUVWDWHGULYHU
OLFHQVLQJ DJHQFLHV $Q\ FRPPHUFLDO
YHKLFOHUHODWHG FKDQJHV WR UXOHV DQG
SROLFLHV ZRXOG QHHG WR FRQIRUP WR
)0&6$¶VUHJXODWLRQV

EXAMPLE
$ FXUUHQW H[DPSOH LV WKH XVH RI
EDFNXSFDPHUDVGXULQJURDGWHVWV
7KH SUHYDLOLQJ RSLQLRQ DPRQJ
GULYHUH[DPLQHUVLVWKDWLQYHKLFOH
EDFNXSFDPHUDVDLGWKHGULYHUWRR
PXFK DQG LQWHUIHUH ZLWK WHVWLQJ D
GULYHU¶V VNLOO LQ VDIHO\ UHYHUVLQJ D
YHKLFOHVRXVHRIWKHVHFDPHUDVLV
JHQHUDOO\ IRUELGGHQ GXULQJ GULYHU
WHVWLQJ DOWKRXJK WKLV WHFKQRORJ\
ZLOO VRRQ EHFRPH VWDQGDUG HTXLSPHQW RQ DOO QHZ YHKLFOHV 6WDWHV
ZLOOQHHGWRSXWVLJQL¿FDQWUHVRXUFHVLQWRHGXFDWLQJWKHLUVWDIIRQWKH
EHQH¿WV RI &9 DQG $9 WHFKQRORJLHV DQG KRZ WR WHVW GULYHUV XVLQJ
WKHP

Strategies to Advance Automated and Connected Vehicles

Increase Public Awareness of Beneﬁts and Risks
Mitigate Safety Risks

Encourage Shared AV Use

Address Liability Issues

Inﬂuence Market Demand

Effectiveness
Efﬁciency
Political Acceptability
Operational Feasibility
Geographic Impact
Urban, suburban, rural

Matej Kastelic/Shutterstock.com

Description
7KLV VWUDWHJ\ DLPV WR LQFUHDVH WKH SXEOLF¶V DZDUHQHVV RI
DXWRPDWHG DQG FRQQHFWHG YHKLFOH $9&9  WHFKQRORJLHV
WKURXJK HGXFDWLRQ WUDLQLQJ FRPPXQLFDWLRQ DQG RXWUHDFK
WRVWLPXODWHFRQVXPHUDFWLRQDQGVXSSRUWLYHSXEOLFLQYHVWPHQW2XWUHDFKDQGHGXFDWLRQDOFDPSDLJQVFRXOGSURYLGHD
QHFHVVDU\³SXVK´WRVSXUDGGLWLRQDOLQYHVWPHQWVLQ$9DQG
&9WHFKQRORJLHVE\ERWKWKHSXEOLFDQGSULYDWHVHFWRUV

Technologies targeted/ownership model
distinctions
3XEOLF DZDUHQHVV FRXOG DSSO\ WR DOO OHYHOV RI $9&9 WHFKQRORJLHV DQG RZQHUVKLS PRGHOV ,QIRUPDWLRQ DQG HGXFDWLRQVKRXOGIRFXVRQKRZWKHSXEOLFZLOOEHQH¿WIURPWKHVH
DGYDQFHV ,W LV LPSRUWDQW WR PDNH WKH SXEOLF DZDUH RI DQG
SURYLGHDFFHVVWRSLORWWHVWVDQGGHPRQVWUDWLRQSURMHFWV7KLV
VWUDWHJ\KDVWKHSRWHQWLDOWRDIIHFWWHFKQRORJ\DGRSWLRQ

How will this help?
3XEOLF RXWUHDFK FDQ HDVLO\ WDUJHW DOO SRVLWLYH DQG QHJDWLYH
LPSDFWVRI$9DQG&9GHSHQGLQJRQWKHHGXFDWLRQPHVVDJH
3XEOLFHGXFDWLRQDERXWWKHVDIHW\FRQJHVWLRQPRELOLW\SULYDF\VDIHJXDUGVDQGHQYLURQPHQWDOLPSOLFDWLRQVRI$9&9
FRXOG DIIHFW WHFKQRORJ\ DGRSWLRQ DQG PDUNHW DFFHSWDQFH
,QIRUPDWLRQDERXWWKHSURSHUXVHRIWKHWHFKQRORJLHVFRXOG
SURPRWHVDIHUXVH7KHVHPHVVDJHVFRXOGDOVRLQFUHDVHVXSSRUWIRULQYHVWPHQWLQLQIUDVWUXFWXUHWKDWSURGXFHVVRFLHWDO
EHQH¿WV &RQVXPHU DZDUHQHVV FRXOG OHDG WR XVH RI VKDUHG
$9VUDWKHUWKDQSULYDWHO\RZQHGYHKLFOHVZKLFKFRXOGKDYH
FRQJHVWLRQPRELOLW\DQGHQYLURQPHQWDODGYDQWDJHV

Implementation issues
6WDWH DQG ORFDO JRYHUQPHQWV HQJDJH LQ SXEOLF LQIRUPDWLRQ
HIIRUWV URXWLQHO\ &DPSDLJQV WR HQFRXUDJH VDIH GULYLQJ
EHKDYLRU HJ XVLQJ VHDW EHOWV DYRLGLQJ LPSDLUHG GULYLQJ
VKDULQJ WKH URDG ZLWK F\FOLVWV  RU WR HGXFDWH WKH SXEOLF RQ
FDSLWDOLQYHVWPHQWVDUHFRPPRQ$9&9SXEOLFHGXFDWLRQ
WKHUHIRUHZRXOGQRWUHTXLUHQHZZRUNIRUFHFDSDELOLWLHVRQO\

LQYHVWPHQWLQUHVRXUFHVWRFDUU\RXWWKHHGXFDWLRQDFWLYLWLHV
'H¿QLQJWKHPHVVDJHLVWKHSULPDU\FKDOOHQJH7KHSXEOLF
KDV EHHQ H[SRVHG WR FRPPHUFLDO PHVVDJHV RQ $9 IRFXVHG
RQSHUVRQDOVDIHW\EHQH¿WVDQGWKHOLEHUDWLRQRIWKHGULYHUWR
HQJDJHLQRWKHUDFWLYLWLHV*LYHQWKHODFNRIHPSLULFDOGDWDRQ
WKHUHOLDELOLW\RIWKHWHFKQRORJ\WKHQHFHVVLW\RIFRQQHFWHG
V\VWHPVWRHQVXUHFRQJHVWLRQDQGHQYLURQPHQWDOEHQH¿WVRU
WKHYDOXHRIVKDUHGYHKLFOHXVHLQPDQDJLQJGHPDQGZKDW
FRQVWLWXWHV FUHGLEOH RU HIIHFWLYH SXEOLF PHVVDJLQJ LV VWLOO
XQFOHDU-RLQWPHVVDJHVE\WKHSULYDWHVHFWRUDQGWKHSXEOLF
VHFWRUFRXOGHQKDQFHFUHGLELOLW\DQGEXLOGSXEOLFWUXVW7KH
SXEOLF PD\ VHH WKH EHQH¿WV DVVRFLDWHG ZLWK WKH SXEOLF DQG
SULYDWH VHFWRUV ZRUNLQJ LQ SDUWQHUVKLS IRU JUHDWHU VRFLHWDO
EHQH¿WV)LHOGWHVWLQJDQGSLORWVFDQDOVREHWRROVWRTXDQWLI\
EHQH¿WV IRU UHOLDEOH PHVVDJLQJ DQG LQFUHDVH DZDUHQHVV E\
JLYLQJWKHSXEOLF¿UVWKDQGH[SHULHQFHZLWKWKHWHFKQRORJ\

Stakeholder beneﬁts/concerns
$JHQFLHV SURGXFHUV VXSSOLHUV SROLF\ PDNHUV DQG LQGXVWULHVLQWKH³FUDVKHFRQRP\´ LQVXUDQFHKHDOWKFDUH DOOKDYH
DVWDNHLQWKHRXWFRPHRISXEOLFHGXFDWLRQ7KHPHVVDJLQJ
PXVWVSHDNWRWKHLVVXHVLPSRUWDQWWRDSDUWLFXODUDXGLHQFH
DQGWKHLPSOHPHQWDWLRQPXVWEHFDUULHGRXWLQVXFKDZD\DV
WRHQVXUHLQFOXVLYLW\DQGQRWEHSHUFHLYHGDVRQO\DYDLODEOH
WRDSDUWLFXODUGHPRJUDSKLF

Optimal timing
$EHVWSUDFWLFHRISXEOLFSDUWLFLSDWLRQLVHQJDJHPHQWHDUO\
DQG RIWHQ 7HVWLQJ RI WKHVH WHFKQRORJLHV LV XQGHU ZD\ LQ
YDULRXVFLWLHVDQGVWDWHVQXPHURXVLQGXVWU\DGYRFDWHVKDYH
EHJXQ LQIRUPDWLRQ FDPSDLJQV DQG WKH 86'27 KDV PDGH
&9 DQG $9 DSSOLFDWLRQV D SULRULW\ SURJUDP IRU RXWUHDFK
7KHUHIRUHLWVWDQGVWRUHDVRQWKDWFRQFHUWHGSXEOLFDZDUHQHVVHIIRUWVE\VWDWHDQGORFDODJHQFLHVVKRXOGEHJLQQRZ

Legality
7KHUH DUH QR OHJDO RU UHJXODWRU\ EDUULHUV DVVRFLDWHG ZLWK
LQFUHDVLQJ SXEOLF DZDUHQHVV +RZHYHU WKH LPSOHPHQWLQJ
DJHQF\VKRXOGHQVXUHDFRQVLVWHQWIDFWEDVHGPHVVDJHWKDW

Agencies, producers, suppliers, policy makers and industries in the “crash
economy” (insurance, healthcare) all have a stake in the outcome of public
education.
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Who
Any state and local agencies

Hurdles
Developing trusted messages given
the uncertainties in technology
deployment, beneﬁts, and
drawbacks.

LQVWLOOV FRQ¿GHQFH LQ WKHLU SURJUDPV
WR EXLOG WUXVW DQG FUHGLELOLW\ ZLWK WKH
SXEOLF

EXAMPLE
7KHVDIHW\VXFFHVVDVVRFLDWHGZLWK
QHDUXELTXLWRXV VHDW EHOW XVH FDQ
EH DWWULEXWHG WR SXEOLF HGXFDWLRQ
DQGRXWUHDFKLQFRPELQDWLRQZLWK
UHJXODWLRQ DQG HQIRUFHPHQW )RU
&9DQG$9WKH86'27DQGVWDWH
GHSDUWPHQWVRIWUDQVSRUWDWLRQDUH
EXLOGLQJ RXWUHDFK SURJUDPV WKDW
VKRZFDVH WKH WHFKQRORJLHV DQG
DOORZWKHSXEOLFWRVHHKRZWKHVH
DGYDQFHPHQWV ZLOO LPSDFW WKHLU
OLYHV )RU H[DPSOH WKH )ORULGD
$XWRPDWHG 9HKLFOH LQLWLDWLYH LV
FUHDWLQJD³IUDPHZRUNIRULPSOHPHQWDWLRQE\HQJDJLQJVWDNHKROGHUVGHYHORSLQJUHVHDUFKDQGSLORW
SURMHFWV DQG FUHDWLQJ DZDUHQHVV
RI WKH WHFKQRORJLHV´ 2XWUHDFK
DQGHGXFDWLRQDUHLPSRUWDQWFRPSRQHQWVRIWKDWLQLWLDWLYH

Strategies to Advance Automated and Connected Vehicles

Subsidize Shared AV Use
Mitigate Safety Risks

Encourage Shared AV Use

Address Liability Issues

Inﬂuence Market Demand

Effectiveness
Efﬁciency
Political Acceptability
Operational Feasibility
Geographic Impact
Urban, rural

Who
Public transit agencies, cities
Frederic Legrand - COMEO/Shutterstock.com

Hurdles
Description
7KLVVWUDWHJ\LQWHQGVWRVXEVLGL]HVKDUHGDXWRQRPRXVYHKLFOH
6$9 VHUYLFHVWRHQVXUHDOWHUQDWLYHVWRLQGLYLGXDOO\RZQHG
DXWRQRPRXV YHKLFOHV $9V  DQG WR VXSSRUW ULGHVKDULQJ DQG
WUDQVLWVHUYLFHVLQFOXGLQJSDUDWUDQVLW

Technologies targeted/ownership model
distinctions
6$9VUHTXLUHIXOODXWRPDWLRQ 6$(/HYHOVDQG IRUWKHLU
RSHUDWLRQ

How will this help?
5HVHDUFK LV EHJLQQLQJ WR LQGLFDWH WKDW LQGLYLGXDOO\ RZQHG
$9VPD\OHDGWRPRUHIUHTXHQWDQGORQJHUWULSVDQGPRGH
VKLIWV DZD\ IURP SXEOLF WUDQVLW DOO RI ZKLFK FRXOG OHDG WR
LQFUHDVHG SROOXWDQW HPLVVLRQV DQG FRQJHVWLRQ 6$9V FRXOG
PLWLJDWHDGGHGWRWDOV\VWHPYHKLFOHPLOHVWUDYHOHGEHFDXVHRI
WKHOLNHOLKRRGRIKLJKHUYHKLFOHRFFXSDQF\KLJKHUPDUJLQDO
SHUWULSFRVWVHUYLQJ¿UVWODVWPLOHFRQQHFWLRQVIRUOLQHKDXO
PDVVWUDQVLWV\VWHPVDQGVKRUWHUWULSV

Implementation issues
&XUUHQW WUDQVSRUWDWLRQ QHWZRUN FRPSDQLHV 71&V  VXFK
DV 8EHU /\IW RU %ULGM DUH D JRRG DQDORJ IRU 6$9V 6$9V
DUHRQGHPDQGGULYHUOHVV71&V*URZWKLQWKH71&PDUNHWKDVEHHQPDUNHWGULYHQDQGPDUNHWIRUFHVKDYHZRUNHG
ZHOO 6R VXEVLGLHV WR LQFHQWLYL]H 6$9 RSHUDWLRQ LQ XUEDQ
DUHDVDUHVLPSO\QRWQHHGHG+RZHYHU6$9VDUHQRWOLNHO\
WRVHUYHFHUWDLQPDUNHWVHJPHQWVEHFDXVHRIWKHQHHGWRWXUQ
D SUR¿W 7KLV VWUDWHJ\ FRXOG HQWDLO UHWDUJHWLQJ RI WKH VXEVLGLHVWKDWFXUUHQWO\VXSSRUWSXEOLFWUDQVLWIRUVSHFL¿F6$9
XVH FDVHV ¿UVWPLOHODVWPLOH VHUYLFH SDUDWUDQVLW VHUYLFH

WUDQVLWGHVHUWVDQGUXUDODUHDV7UDQVLWDJHQFLHVDUHWKHPRVW
OLNHO\LPSOHPHQWHUVRIDVXEVLG\VWUDWHJ\IRUVSHFL¿F6$9
XVHFDVHVEHFDXVHRIWKHSRWHQWLDOIRUEXGJHWDQGRSHUDWLQJ
HI¿FLHQFLHV&LWLHVDOVRKDYHDUROHLQSROLF\PDNLQJWRSURYLGHDZHOFRPLQJHQYLURQPHQWDQGVXSSRUWLYHUHJXODWLRQV

Stakeholder beneﬁts/concerns
,I6$9VXEVLGLHVDUHUHWDUJHWHGIRUVSHFL¿FXVHFDVHV6$9
RSHUDWRUVDQGXVHUVZRXOGGLUHFWO\EHQH¿WWKURXJKLQFUHDVHG
SUR¿WV DQG UHGXFHG IDUHV 7UDQVLW DJHQFLHV FRXOG EHQH¿W
IURPEXGJHWDQGRSHUDWLQJHI¿FLHQFLHV&RQYHQWLRQDOWD[LV
FDUVKDULQJVHUYLFHVDQG71&VZRXOGIDFHDGLVDGYDQWDJH
6LPLODUO\ SURIHVVLRQDO GULYHUV ZKR ZRUN IRU VXFK ¿UPV
FRXOG VHH WKHLU MREV HOLPLQDWHG 7KH SXEOLF DW ODUJH VKRXOG
VHH EHQH¿WV LQ WHUPV RI UHGXFHG FRQJHVWLRQ DQG HPLVVLRQV
DQG LQFUHDVHG PRELOLW\ DQG WUDQVSRUWDWLRQ HTXLW\ WKRXJK
WKHJHQHUDOSXEOLFZRXOGDOVREHUHVSRQVLEOHIRUIXQGLQJDQ\
VDOHVRUIXHOWD[HVXVHGDVWKHVXEVLGLHV

Optimal timing
2SWLPDOWLPLQJIRUH[SORUDWLRQRIWKH6$9VXEVLGLHVLVSULRU
WRWKHLQLWLDWLRQRIDQHZ6$9VHUYLFH:LWKFXUUHQWWHVWLQJLQ
DUHDVVXFKDV3LWWVEXUJKWKLVPHDQVH[SORUDWLRQLQWKHQHDU
WHUP

Legality
7KHUH DUH QR OHJDO RU UHJXODWRU\ EDUULHUV DVVRFLDWHG ZLWK
UHWDUJHWLQJ RI H[LVWLQJ VXEVLGLHV WR WUDQVLW DJHQFLHV IRU
VSHFL¿F 6$9 XVH FDVHV +RZHYHU WKHUH LV D SDWFKZRUN RI
H[LVWLQJUHJXODWRU\EDUULHUVWR71&RSHUDWLRQVDPRQJ86
FLWLHVDQGFRXQWLHVWKDWPD\QHHGWREHUHYLVLWHGIURPD6$9
SHUVSHFWLYH

Transit agencies are the most likely implementers of a subsidy strategy for
speciﬁc SAV use cases because of the potential for budget and operating
efﬁciencies.
16

Copyright National Academy of Sciences. All rights reserved.

Implementation issues (subsidies
needed only for special use cases)

EXAMPLE
&XUUHQW WUDQVLW DJHQF\ H[DPSOHV RI UHDOORFDWLQJ VXEVLGLHV WR
71&V LQFOXGH 3LQHOODV 6XQFRDVW
7UDQVLW $XWKRULW\ LQ )ORULGD
IRU ¿UVWODVWPLOH FRQQHFWLRQ
2UDQJH&RXQW\7UDQVLW$XWKRULW\
LQ &DOLIRUQLD IRU SDUDWUDQVLW VHUYLFHV IRU GLVDEOHG DQG HOGHUO\
SHRSOH 'HQYHU 5HJLRQDO 7UDQVLW
'LVWULFW IRU UXUDO OHVV GHQVH
DUHDVDQGWKHFLW\RI*DLQHVYLOOH
)ORULGD IRU  VHUYLQJ ORZLQFRPH
QHLJKERUKRRGV

Strategies to Advance Automated and Connected Vehicles

Implement Transit Beneﬁts for SAVs
Mitigate Safety Risks

Encourage Shared AV Use

Address Liability Issues

Inﬂuence Market Demand

Effectiveness
Efﬁciency
Political Acceptability
Operational Feasibility
Geographic Impact
Urban

Who
Public transit agencies, employers

Hurdles

Jim Lyle/Texas A&M Transportation Institute

Regulatory: Congressional action
needed

Description
7KHVWUDWHJ\H[WHQGVWUDQVLWEHQH¿WVDW\SHRIH[LVWLQJHFRQRPLFLQFHQWLYHSURYLGHGWRLQGLYLGXDOVWRSD\IRUWUDQVLWRU
YDQSRROIDUHVWRFRYHUIDUHVIRUVKDUHGDXWRPDWHGYHKLFOHV
6$9V  DV ZHOO 7KH HFRQRPLF LQFHQWLYH FDQ EH SURYLGHG
HLWKHUDVDGLUHFWVXEVLG\RUDVDSUHWD[EHQH¿W

Technologies targeted/ownership model
distinctions
$VRQGHPDQGGULYHUOHVVYHKLFOHVWKDWRSHUDWHDVSDUWRID
SULYDWHO\RUSXEOLFO\PDQDJHGÀHHW6$9VUHTXLUHKLJKDXWRPDWLRQ 6$(/HYHOVDQG IRUWKHLURSHUDWLRQ

How will this help?
7KLVVWUDWHJ\WDUJHWVFRQJHVWLRQODQGGHYHORSPHQWDQGSROOXWLRQ WKURXJK SURYLGLQJ LQFHQWLYHV WR XVH VKDUHG YHKLFOHV
LQVWHDGRIGULYLQJIRUFRPPXWHWULSV7KHDVVXPSWLRQLVWKDW
DÀHHWRIIXOO\DXWRQRPRXVVKDUHGYHKLFOHVZRXOGFRQVWLWXWH
DQDOWHUQDWLYHWRGULYLQJDORQH LHDQHZIRUPRIWUDQVLW 
DQGWKDWWUDQVLWEHQH¿WVZRXOGEHH[SDQGHGWRDOORZHPSOR\HHVWRSD\IRU6$9WULSV7UDQVLWEHQH¿WVE\WKHPVHOYHVDUH
QRWSDUWLFXODUO\VXFFHVVIXOLQLQFUHDVLQJWUDQVLWXVHDVXVH
GHSHQGVRQVHUYLFHSURYLVLRQDQGXVHUFRQYHQLHQFH7UDQVLW
EHQH¿WVFRXOGEHPRUHHIIHFWLYHZLWK6$9VKRZHYHUDVXVHU
FRQYHQLHQFHVKRXOGEHKLJK

Implementation issues
7UDQVLW EHQH¿WV DUH DOUHDG\ HPSOR\HG E\ PRVW WUDQVLW
DJHQFLHV LQ DOO EXW D IHZ FLWLHV HPSOR\HU SDUWLFLSDWLRQ LV
YROXQWDU\ (PSOR\HU FKDOOHQJHV DUH IDLUO\ PLQRU PDNLQJ
GHFLVLRQVDVWRKRZWRLPSOHPHQWWUDQVLWEHQH¿WVHVWDEOLVKLQJ DQ HQUROOPHQW SURFHVV VHWWLQJ XS DQG PDLQWDLQLQJ DQ

DFFRXQW ZLWK WKH WUDQVLW DJHQF\ FKDQJLQJ SD\UROO IRUPV LI
XVLQJDSUHWD[SURJUDPDQGGHWHUPLQLQJZKHWKHUWRFRQGXFWWKHLPSOHPHQWDWLRQGLUHFWO\RUXVHDWKLUGSDUW\SURYLGHU 7KH PDLQ LPSDFW RQ HPSOR\HUV LV WKH WLPH UHTXLUHG WR
UHDFKGHFLVLRQV
6WDWHDQGORFDOJRYHUQPHQWVFDQWDNHVHYHUDODSSURDFKHVWR
WUDQVLW EHQH¿WV 2Q WKH PRUH DJJUHVVLYH VLGH VRPH VWDWHV
KDYH HQDFWHG DGGLWLRQDO WD[ DGYDQWDJHV IRU SDUWLFLSDWLQJ
HPSOR\HUV+RZHYHULWLVPRUHW\SLFDOWKDWUHJLRQDORUJDQL]DWLRQV²VXFKDV032VRUWUDQVSRUWDWLRQPDQDJHPHQWDVVRFLDWLRQVZKLFKPD\EHSXEOLFRUSULYDWH²HQFRXUDJHWKHXVH
RIWUDQVLWEHQH¿WVWKURXJKRXWUHDFK
2QHEDUULHUWRPRUHZLGHVSUHDGXVHRIWUDQVLWEHQH¿WVFXUUHQWO\ LV WKDW LQGLYLGXDOV FDQQRW FKRRVH WR SDUWLFLSDWH LQ D
WUDQVLW DJHQF\ SURJUDP WKH\ FDQ SDUWLFLSDWH RQO\ LI WKHLU
HPSOR\HU VHWV XS D SURJUDP 7KH GHWHUPLQLQJ FKDUDFWHULVWLF LV ZKHWKHU DQ HPSOR\HH UHFHLYHV D : IRUP IURP DQ
HPSOR\HU 7KHUHIRUH VHOIHPSOR\HG SHUVRQV RU FRQWUDFWRUV
FDQQRWVHWDVLGHSUHWD[PRQH\WRSD\IRUWUDQVLWIDUHV2QH
SRWHQWLDOFKDQJHWRWKHODZZRXOGEHWRDOORZLQGLYLGXDOVWR
SDUWLFLSDWHGLUHFWO\LQWUDQVLWDJHQF\SURJUDPVRQDSUHWD[
EDVLVZLWKRXWHPSOR\HULQYROYHPHQW

Stakeholder beneﬁts/concerns
6LQFH WUDQVLW EHQH¿W SURJUDPV LQ WKHLU FXUUHQW IRUP KDYH
H[LVWHGIRUQHDUO\\HDUVWKHUHDUHQRSDUWLFXODUSROLWLFDO
FRQFHUQV DERXW FRQWLQXLQJ VXFK SURJUDPV 6HYHUDO FKDQJHV FRXOG PDNH WKHP VOLJKWO\ FRQWURYHUVLDO 0DNLQJ WKHP
PDQGDWRU\ ZRXOG SUREDEO\ FRQFHUQ HPSOR\HUV DV LW FRXOG
LQFUHDVH WKH DPRXQW WKH\ VSHQG RQ HPSOR\HH EHQH¿WV
$OORZLQJ LQGLYLGXDOV WR SDUWLFLSDWH YLD SUHWD[ SURJUDPV

This strategy targets congestion, land development, and pollution through
providing incentives to use shared vehicles instead of driving for commute trips.
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ZLWKRXWWKHLQWHUYHQWLRQRIDQHPSOR\HU
FRXOG OHDG WR D VPDOO UHGXFWLRQ LQ WD[
UHYHQXHV DOWKRXJK WKLV ZRXOG OLNHO\
EHSRSXODUDVLWZRXOGKHOSLQGLYLGXDOV
UHGXFHZKDWWKH\SD\LQWUDQVLWIDUHV

Optimal timing
&KDQJHV WR WUDQVLW EHQH¿W SURJUDPV
FRXOG GHYHORS JUDGXDOO\ DV 6$9V
VSUHDG

Legality
)HGHUDO WD[ ODZ JRYHUQV KRZ WUDQVLW
EHQH¿WV FDQ EH LPSOHPHQWHG 2QO\
&RQJUHVV FDQ GHWHUPLQH ZKLFK FRPPXWH PRGHV DUH HOLJLEOH IRU EHQH¿WV
GHWHUPLQH ZKLFK LQGLYLGXDOV DUH HOLJLEOH WR SDUWLFLSDWH DQG VHW WKH XSSHU
OLPLWRQWKHWD[IUHHGROODUDPRXQW

EXAMPLE
:DVKLQJWRQ6WDWHDOORZVHPSOR\HUV ZKR SURYLGH FRPPXWH WULS
UHGXFWLRQ LQFHQWLYHV LQFOXGLQJ
WUDQVLWEHQH¿WVWRWDNHDWD[FUHGLWDJDLQVWRWKHUWD[OLDELOLWLHV

Strategies to Advance Automated and Connected Vehicles

Implement a Parking Cash-out Strategy
Mitigate Safety Risks

Encourage Shared AV Use

Address Liability Issues

Inﬂuence Market Demand

Effectiveness
Efﬁciency
Political Acceptability
Operational Feasibility
Geographic Impact
Urban

Who
Employers
Singhanart/Shutterstock.com

Hurdles
Description
7KHVWUDWHJ\XVHVSDUNLQJFDVKRXWEHQH¿WVDW\SHRIH[LVWLQJHFRQRPLFLQFHQWLYHZKHUHLQHPSOR\HUVRIIHUHPSOR\HHV
WKHFKRLFHEHWZHHQUHWDLQLQJDIUHHSDUNLQJVSDFHDQGWDNLQJ
DFDVKSD\PHQWWRHQFRXUDJH6$9XVH

Technologies targeted/ownership model
distinctions
$V RQGHPDQG GULYHUOHVV YHKLFOHV WKDW RSHUDWH DV SDUW RI
D SULYDWHO\ RU SXEOLFO\ PDQDJHG ÀHHW 6$9V UHTXLUH KLJK
DXWRPDWLRQ 6$( /HYHOV  DQG   IRU WKHLU RSHUDWLRQ 7KH
DVVXPSWLRQ LV WKDW 6$9V ZRXOG FRQVWLWXWH DQ DOWHUQDWLYH
PRGHWRGULYLQJDORQHWRZRUNDQGSDUNLQJIRUIUHH

How will this help?
7KLV VWUDWHJ\ WDUJHWV FRQJHVWLRQ ODQG GHYHORSPHQW DQG
SROOXWLRQWKURXJKSURYLGLQJLQFHQWLYHVWRXVH6$9VLQVWHDG
RI GULYLQJ IRU FRPPXWH WULSV :KLOH SDUNLQJ FDVKRXW KDV
EHHQIDLUO\VXFFHVVIXOZKHUHDGRSWHGWKDWDOVRGHSHQGVRQ
WKHDYDLODELOLW\RIRWKHUFRPPXWHRSWLRQV%XWHYHQPDNLQJ
WKH SURJUDP PDQGDWRU\ ZRXOG QRW QHFHVVDULO\ HQFRXUDJH
6$9 XVH DV WKH HPSOR\HHV PLJKW RSW IRU WKH IUHH SDUNLQJ
LQVWHDG )RU XQLQWHQGHG FRQVHTXHQFHV WKH PDLQ FRQFHUQ
ZRXOGOLNHO\EHIUDXG(PSOR\HHVFRXOGUHFHLYHWKHEHQH¿W
DQGFRQWLQXHGULYLQJWRZRUNLIIRUH[DPSOHWKHHPSOR\HU
GLG QRW DGHTXDWHO\ HQIRUFH SDUNLQJ UHVWULFWLRQV 7KH PDLQ
FRQVHTXHQFH ZRXOG EH WR HPSOR\HUV QRW VRFLHW\ RYHUDOO
EXWXQOLNHLOOHJDOVDOHVRIWUDQVLWEHQH¿WVWKHUHZRXOGEHQR
LQFHQWLYHWRXVH6$9V

Implementation issues
3DUNLQJ FDVKRXW LV FXUUHQWO\ LPSOHPHQWHG H[FOXVLYHO\ E\
HPSOR\HUV 1R MXULVGLFWLRQ OHJDOO\ SUHYHQWV DQ HPSOR\HU
IURPRIIHULQJWKHVWUDWHJ\EXWLWLVQRWSDUWLFXODUO\SRSXODU

IRUWZRUHDVRQVLWLVQRWZHOONQRZQDQGPDQ\HPSOR\HUV
ZRXOGVHHQR¿QDQFLDOEHQH¿WIURPGLVFRXUDJLQJWKHXVHRI
SDUNLQJ 7KLV LV EHFDXVH HPSOR\HUV ZKR RZQ WKH SDUNLQJ
RXWULJKWREWDLQSDUNLQJWKURXJKDOHDVHDQGFDQQRWXQEXQGOHWKHSDUNLQJFRVWVRUGRQRWKDYHDSDUNLQJVKRUWDJHDQG
ZRXOGQRWVHHD¿QDQFLDOEHQH¿WWRUHGXFLQJWKHQXPEHURI
HPSOR\HHVZKRGULYHDORQHWRZRUN2WKHUZLVHWKHUHLVQRW
PXFKUHDVRQWRSXUVXHSDUNLQJFDVKRXWXQOHVVWKHUHLVVRPH
W\SH RI PDQGDWH WR UHGXFH GULYHDORQH FRPPXWLQJ 7R EH
HIIHFWLYHLWUHTXLUHVVRPHW\SHRIYHUL¿FDWLRQRIZKRLVXVLQJ
HPSOR\HHSDUNLQJRUHOVHHPSOR\HHVPD\WDNHWKHFDVKDQG
FRQWLQXHWRXVHWKHSDUNLQJ
,WPLJKWEHSRVVLEOHWRH[WHQGWKLVPRGHOVRPHKRZWRGLVFRXUDJH RWKHU W\SHV RI SDUNLQJ VXFK DV DW VKRSSLQJ PDOOV
RUHQWHUWDLQPHQWGHVWLQDWLRQV,QVXFKDPRGHOSHUVRQVZKR
DUULYH YLD 6$9V FRXOG JHW D VPDOO LQFHQWLYH SD\PHQW HJ
 RII D SXUFKDVH RU DGPLVVLRQ IHH  +RZHYHU WKLV ZRXOG
UHTXLUH UHOLDEOH LQIRUPDWLRQ DERXW KRZ WUDYHOHUV DUULYHG
DW WKHLU GHVWLQDWLRQ DV VHOIUHSRUWHG LQIRUPDWLRQ FRXOG EH
XQUHOLDEOH 7KHUHIRUH WKLV VWUDWHJ\ ZRXOG SUREDEO\ UHPDLQ
DQHPSOR\HUEDVHGRQHDVHPSOR\HUSURYLGHGSDUNLQJRIWHQ
UHTXLUHVVRPHW\SHRIDXWKRUL]HGDFFHVVDQGLVPRUHUHOLDEO\
YHUL¿HG

Stakeholder beneﬁts/concerns
6WDNHKROGHUVIRUSDUNLQJFDVKRXWDUHHPSOR\HUVDQGHPSOR\HHV 0DQ\ HPSOR\HUV ZRXOG VHH QR ¿QDQFLDO EHQH¿W IURP
GLVFRXUDJLQJWKHXVHRISDUNLQJ$Q\PDQGDWHIRUHPSOR\HUV
WRSURYLGHSDUNLQJFDVKRXWZRXOGOLNHO\EHXQSRSXODUZLWK
HPSOR\HUV,WPLJKWEHSRSXODUZLWKHPSOR\HHVGHSHQGLQJ
RQWKHLUDFFHVVWR6$9ÀHHWVDQGWKHDPRXQWRISD\PHQW

Optimal timing
7LPLQJLVQRWSDUWLFXODUO\LPSRUWDQW

This strategy targets congestion, land development, and pollution through
providing incentives to use SAVs instead of driving for commute trips.
18
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Institutional – few direct beneﬁts
for employers to implement

Legality
1R MXULVGLFWLRQ OHJDOO\ SUHYHQWV DQ
HPSOR\HUIURPRIIHULQJDSDUNLQJFDVK
RXWEHQH¿W3DUNLQJFDVKRXWSD\PHQWV
DUH QRW OLPLWHG E\ ODZ DQG WKH\ DUH
WD[DEOH VR HPSOR\HHV FRXOG XVH WKHP
WRSD\IRUULGHVLQDQ6$9ÀHHW

EXAMPLE
&$/,%5(LQ$OH[DQGULD9LUJLQLD
SURYLGHV WD[DEOH FDVK LQFHQWLYHV
WR HPSOR\HHV ZKR FRPPXWH WR
ZRUN YLD FDUSRROV RU YDQSRROV
WKDW DUH QRW HOLJLEOH IRU WKH FRPSDQ\¶V WUDQVLW VXEVLG\ SURJUDP
(PSOR\HHV ZKR FDUSRRO ZLWK
RWKHU HPSOR\HHV WR RQH RI WKH
FRPSDQ\¶V IDFLOLWLHV ZLOO HDFK
UHFHLYH  SHU PRQWK LQ
WD[DEOH LQFRPH DQG PXVW DJUHH
WRDFFHSWDVKDUHGFRPSDQ\SURYLGHG SDUNLQJ EHQH¿W LQ OLHX RI
DQ LQGLYLGXDO FRPSDQ\ SURYLGHG
SDUNLQJEHQH¿W
6RXUFH86(3$2I¿FHRI$LU
DQG5DGLDWLRQ3DUNLQJ&DVK
2XW,PSOHPHQWLQJ&RPPXWHU
%HQH¿WVDV2QHRIWKH1DWLRQ¶V
%HVW:RUNSODFHVIRU&RPPXWHUV
0DUFK

Strategies to Advance Automated and Connected Vehicles

Implement Location-Efﬁcient Mortgages
Mitigate Safety Risks

Encourage Shared AV Use

Address Liability Issues

Inﬂuence Market Demand

Effectiveness
Efﬁciency
Political Acceptability
Operational Feasibility
Geographic Impact
Urban

Who
Lenders
Natalia Bratslavsky/Shutterstock.com

Hurdles
Political

Description
/RFDWLRQHI¿FLHQW PRUWJDJHV /(0V  DUH PRUWJDJHV DYDLODEOH WR KRPHRZQHUV ZKRVH SURSHUWLHV DUH ORFDWHG FORVH WR
WUDQVLW VWDWLRQV 7KH JRDO LV WR RIIHU KRPHEX\HUV ZKR DUH
ZLOOLQJWROLYHQHDUWUDQVLWPRUHDGYDQWDJHRXVORDQWHUPVWR
HQFRXUDJHWKHSXUFKDVHRIKRPHVQHDUWUDQVLWLQWKHKRSHV
WKDWRFFXSDQWVZLOOGULYHOHVVDQGXVHWUDQVLWPRUHIUHTXHQWO\7KLVVWUDWHJ\H[WHQGV/(0VWRSHUVRQVSXUFKDVLQJKRPHV
LQ GHQVHU XUEDQ DUHDV ZKHUH VKDUHG DXWRQRPRXV YHKLFOH
6$9 ÀHHWVZRXOGEHPRUHOLNHO\WRRSHUDWH¿UVW

Technologies targeted/ownership model
distinctions
$VRQGHPDQGGULYHUOHVVYHKLFOHVWKDWRSHUDWHDVSDUWRID
SULYDWHO\RUSXEOLFO\PDQDJHGÀHHW6$9VUHTXLUHKLJKDXWRPDWLRQ 6$(/HYHOVDQG IRUWKHLURSHUDWLRQ6KDUHGXVH
ÀHHWVZRXOGRSHUDWHPRVWHI¿FLHQWO\DQGSUR¿WDEO\LQGHQVH
XUEDQDUHDV

How will this help?
7KLVVWUDWHJ\WDUJHWVFRQJHVWLRQODQGGHYHORSPHQWDQGSROOXWLRQWKDWUHVXOWIURPGULYLQJE\SURYLGLQJLQFHQWLYHVWROLYH
LQGHQVHUXUEDQDUHDVZKHUHDOWHUQDWLYHVWRGULYLQJDUHPRUH
SUHYDOHQW

Implementation issues
/(0VDUHQRWFXUUHQWO\DYDLODEOHLQWKH8QLWHG6WDWHV7ZR
SLORW SURJUDPV UDQ IURP WKH ODWH V WR WKH PLGV
7KH¿UVWSURJUDPZDVVXSSRUWHGE\VHYHUDOQRQSUR¿WRUJDQL]DWLRQVDQGEDFNHGE\)DQQLH0DHDQGZDVDYDLODEOHLQ
RQO\IRXUPHWURDUHDV7KHVHFRQGZDVDVLPSOL¿HGYHUVLRQ
FDOOHG WKH 6PDUW &RPPXWH 0RUWJDJH HYHQWXDOO\ DYDLODEOH
LQ VHYHUDO GR]HQ DUHDV ,Q ERWK FDVHV WKH OHQGHU XVHG DQ

DGMXVWPHQWIDFWRUWKDWLQFUHDVHGWKHDPRXQWWKHSURVSHFWLYH
EX\HU ZDV DEOH WR ERUURZ 7KHVH SURJUDPV IDFHG VHYHUDO
LPSOHPHQWDWLRQFKDOOHQJHVDQGZHUHHYHQWXDOO\ZLWKGUDZQ
IURPWKHPDUNHW&RQVXPHUGHPDQGZDVORZ$OVRGXULQJ
WKHHDUO\VORDQXQGHUZULWLQJVWDQGDUGVZHUHUHOD[HG
PDNLQJLWHDVLHULQJHQHUDOIRUORZHULQFRPHKRXVHKROGVWR
SXUFKDVHKRPHV
,IDJRDORI/(0VLVWRHQFRXUDJHWKHXVHRIDVKDUHG$9ÀHHW
WRDGGUHVVDFFHVVWRWUDQVLWVWDWLRQVWKHFULWHULDIRUPDNLQJ
DQDUHDDYDLODEOHWR/(0OHQGLQJFRXOGEHEDVHGRQSXUFKDVLQJDKRPHLQDGHQVHUQHLJKERUKRRGUDWKHUWKDQZLWKLQD
FHUWDLQUDGLXVRIDWUDQVLWVWDWLRQ7KLVLVEDVHGRQWKHLGHD
WKDW D GHQVHU QHLJKERUKRRG ZRXOG EH HDVLHU WR VHUYH ZLWK
VKDUHGYHKLFOHVWKDQDOHVVGHQVHRQH

Stakeholder beneﬁts/concerns
6WDNHKROGHUV DUH WKH OHQGLQJ LQVWLWXWLRQV DQG SURVSHFWLYH
KRPHRZQHUVDVZHOODVKRPHRZQHUVZLWK/(0VDQGRWKHU
KRPHRZQHUV LQ WKH WDUJHWHG QHLJKERUKRRGV ZKR GLG QRW
UHFHLYH /(0V /(0V WR HQFRXUDJH 6$9 XVH FRXOG KDYH
XQGHVLUDEOHHIIHFWVDQGUDLVHWKRUQ\SROLF\TXHVWLRQV)LUVW
WKH\ FRXOG FUHDWH UHVHQWPHQW DPRQJ H[LVWLQJ KRPHRZQHUV
LQDQHLJKERUKRRGLILWEHFRPHVNQRZQWKDW/(0ERUURZHUV ZHUH DEOH WR VHFXUH PRUHIDYRUDEOH WHUPV 6HFRQG LW
LV SRVVLEOH WKDW /(0V PLJKW LQWHUDFW ZLWK JHQWUL¿FDWLRQ LQ
ZD\VWKDWPDNHQHLJKERUKRRGVOHVVDIIRUGDEOH7KLUG/(0V
PLJKWJHQHUDOO\GULYHXSWKHSULFHRIKRXVLQJLQGHQVHDUHDV
)RXUWK WKH\ IDFH WKH FKDOOHQJH RI ZKR VKRXOG EH HOLJLEOH
)LIWK WKH\ IDFH WKH VDPH SROLF\ FKDOOHQJH DV VRPH DIIRUGDEOHKRXVLQJSURJUDPVVKRXOGWKHWHUPVEHDOWHUHGZKHQD
KRXVHKROG¶V FLUFXPVWDQFHV FKDQJH" )LQDOO\ D UHODWHG FKDOOHQJHLVWKDWLWZRXOGEHGLI¿FXOWWRYHULI\KRZKRPHEX\HUV
DUHFRPPXWLQJ

The goal is to offer homebuyers who are willing to live near transit more
advantageous loan terms to encourage the purchase of homes near transit.
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Optimal timing
:KLOH /(0V FRXOG EH UROOHG RXW DV
$9V EHFRPH PRUH DYDLODEOH WKH WLPLQJZRXOGEHXQOLNHO\WRPDWWHUWR$9
SHQHWUDWLRQ

Legality
)HGHUDO VWDWH RU ORFDO JRYHUQPHQW
LQYROYHPHQW LV QRW UHTXLUHG WR LPSOHPHQW/(0V

EXAMPLE
/(0V DUH QRW FXUUHQWO\ DYDLODEOH LQ WKH 8QLWHG 6WDWHV 7ZR
SLORW SURJUDPV UDQ IURP WKH ODWH
V WR WKH PLGV 7KH
¿UVW SURJUDP ZDV VXSSRUWHG E\
VHYHUDO QRQSUR¿W RUJDQL]DWLRQV
DQG EDFNHG E\ )DQQLH 0DH DQG
LW ZDV DYDLODEOH LQ IRXU PHWUR
DUHDV LH&KLFDJR/RV$QJHOHV
6DQ )UDQFLVFR DQG 6HDWWOH  7KH
VHFRQG ZDV D VLPSOL¿HG YHUVLRQ FDOOHG WKH 6PDUW &RPPXWH
0RUWJDJH HYHQWXDOO\ DYDLODEOH
LQ VHYHUDO GR]HQ DUHDV 7KHVH
SURJUDPV IDFHG VHYHUDO LPSOHPHQWDWLRQ FKDOOHQJHV DQG ZHUH
HYHQWXDOO\ ZLWKGUDZQ IURP WKH
PDUNHW

Strategies to Advance Automated and Connected Vehicles

Implement Land Use Policies and Parking Requirements
Mitigate Safety Risks

Encourage Shared AV Use

Address Liability Issues

Inﬂuence Market Demand

Effectiveness
Efﬁciency
Political Acceptability
Operational Feasibility
Nuamfolio/Shutterstock.com

Geographic Impact
Description
7KHVWUDWHJ\LVWRLPSOHPHQWODQGXVHSROLFLHVDQGSDUNLQJ
UHTXLUHPHQWVWRVXSSRUWPDUNHWSHQHWUDWLRQRIVKDUHGDXWRQRPRXV YHKLFOHV 6$9V  DW WUDQVLW QRGHV DQG RWKHU DFWLYLW\
FHQWHUV7KHREMHFWLYHLVWRPLQLPL]HWKHSRWHQWLDOIRUSULYDWH $9V WR H[DFHUEDWH H[LVWLQJ ODQG XVH H[WHUQDOLWLHV WKDW
DUHOLQNHGWRDXWRPRELOHRULHQWHGODQGGHYHORSPHQWDQGWR
SURPRWH6$9XVHUDWKHUWKDQSULYDWH$9XVH

Technologies targeted/ownership model
distinctions
6$9VXSSRUWLYH WUDQVLWRULHQWHG GHYHORSPHQW 72'  DQG
SDUNLQJ VWUDWHJLHV DSSO\ WR /HYHO  DQG  $9V WKDW GR QRW
UHTXLUHDGULYHULQWKHYHKLFOH

How will this help?
6$9VXSSRUWLYH72'DQGUHGXFHGSDUNLQJVWUDWHJLHVWDUJHW
WKH ODQG XVH LPSDFWV DVVRFLDWHG ZLWK FDURULHQWHG VXEXUEDQ GHYHORSPHQW NQRZQ DV ³XUEDQ VSUDZO´ ZKLFK KDYH
KDG VRPH QHJDWLYH VRFLDO HTXLW\ DQG HQYLURQPHQWDO FRQVHTXHQFHV+RZHYHUXUEDQVSUDZOKDVKDGSRVLWLYHFRQVHTXHQFHVDVZHOOVLQFHKRXVLQJLQWKHVHGHYHORSPHQWVLVPRUH
DIIRUGDEOH
3HUVRQDO$9VPD\LQÀXHQFHXUEDQVSUDZOE\DOORZLQJWUDYHOHUV WR GLVHQJDJH IURP WKH GULYLQJ WDVN DQG LQFUHDVH WKH
GHPDQGIRUGLVWDQWODQGWKHUHE\H[DFHUEDWLQJWKHH[FHVVLYH
FRQVXPSWLRQRIODQGIRUGHYHORSPHQW/DQGXVHSROLFLHVFDQ
HQDEOHDFWLYLW\FHQWHUVDQGWUDQVLWKXEVWKDWVXSSRUWXVHRI
6$9V LQ RUGHU WR UHGXFH UDWHV RI FDU RZQHUVKLS GHFUHDVH
907 JURZWK DQG LQFUHDVH WUDYHO RSWLRQV $OWKRXJK WKH
SRWHQWLDOIRUEHQH¿WVLVKLJKH[LVWLQJ72'HIIRUWVKDYHQRW
GUDPDWLFDOO\DOWHUHGFDUIRFXVHGODQGXVHSDWWHUQV

Implementation issues
/DQGXVH]RQLQJLVXQGHUWKHFRQWURORIORFDOJRYHUQPHQWV
DQG GLFWDWHV ZKDW SODQV DQG SURMHFWV FDQ EH GHYHORSHG DV
ZHOODVWKHLUIRUPDQGIXQFWLRQ0DQ\FLWLHVFRPPXQLWLHV
DQGHYHQVWDWHVKDYHDOUHDG\LQWURGXFHGODQGXVHSROLFLHVDQG
UHJXODWLRQVWKDWDOORZIRUDQGHQDEOH72'7KHELJJHVWEDUULHUVWR6$9VXSSRUWLYHGHYHORSPHQWDUHWKHH[LVWLQJFRGHV

DQGUHJXODWLRQVWKDWKDYHHQFRXUDJHGVXEXUEDQVLQJOHXVH
GHYHORSPHQW &KDQJHV WR H[LVWLQJ ODQG XVH DQG GHYHORSPHQWFRGHVW\SLFDOO\UHTXLUHDQDGPLQLVWUDWLYHSURFHVVDQG
LQYROYHFLW\FRXQFLOVSODQQLQJERDUGVDQGSXEOLFKHDULQJV
6LPLODUO\SDUNLQJLVPDQGDWHGE\ORFDO]RQLQJRUGHYHORSPHQW GHSDUWPHQWV DQG FKDQJHV WR WKRVH SDUNLQJ UHTXLUHPHQWVZLOOIDFHWKHVDPHFKDOOHQJHVDV72'

Stakeholder beneﬁts/concerns
6WDNHKROGHUVLQFOXGHSURSHUW\RZQHUVGHYHORSHUVDQGORFDO
UHVLGHQWV7UDQVLWDJHQFLHVDUHDOVRFRPPRQSDUWQHUVLQ72'
SURMHFWV 1HZ FRGH RU ]RQLQJ UHTXLUHPHQWV PD\ LPSRVH
FRVWVRUEHSHUFHLYHGDVDEXUGHQDQGPD\EHRSSRVHGE\
GHYHORSHUV 7KH SXEOLF LV OLNHO\ WR KDYH PL[HG DFFHSWDQFH
OHYHOVGHSHQGLQJRQWKHORFDWLRQDQGWKHLPSDFWRIWKHVWUDWHJ\RQKRPHRZQHUV1HLJKERUVRI72'PD\KDYHFRQFHUQV
DERXW LQFUHDVHG ORFDO FRQJHVWLRQ DQG FKDQJHV WR QHLJKERUKRRGFKDUDFWHU72'LVJDLQLQJVXSSRUWIURPIHGHUDOVWDWH
DQG ORFDO SODQQLQJ DQG WUDQVSRUWDWLRQ SURJUDPV WKDW PD\
FRQWULEXWH WR ZLGHU DFFHSWDQFH LQ WKH ORQJ WHUP 5HGXFHG
SDUNLQJUHTXLUHPHQWVPD\IDFHVLPLODUFKDOOHQJHVEXWFRXOG
EHVXSSRUWHGE\GHYHORSHUVLIWKHVWUDWHJLHVUHGXFHFRQVWUXFWLRQFRVWV72'GHYHORSPHQWFDQIDFHEDUULHUVVXFKDVKLJK
¿QDQFLDOULVNVFODVVDQGUDFLDOSUHMXGLFHVDQGORFDOFRQFHUQ
DERXWJHQWUL¿FDWLRQ

Optimal timing
%RWK VWUDWHJLHV KDYH EHHQ LPSOHPHQWHG LQ FLWLHV DOUHDG\
DQGWKHLPSDFWVRI$9WHFKQRORJ\RQH[LVWLQJGHYHORSPHQW
LVLQFUHDVLQJO\XQGHUFRQVLGHUDWLRQE\SODQQHUV/RFDODQG
VWDWH SODQQHUV FDQ EHJLQ WR HYDOXDWH KRZ 6$9V ZRXOG ¿W
LQWRH[LVWLQJRUSODQQHG72'HIIRUWVLPPHGLDWHO\72'DQG
SDUNLQJVWUDWHJLHVFDQEHJLQEHIRUH$9VDUHHYHQRQWKHPDUNHWEHFDXVHWKH\FRXOGLQFHQWLYL]HVKDUHGPRELOLW\SURYLGHUVDQG$9PDQXIDFWXUHUVWRGHYHORSYHKLFOHVIRUWKH6$9
PDUNHW,IDQGZKHQ6$9VDUHLQWURGXFHGWKHUHPD\EHDQ
HYROXWLRQDU\SHULRGEHIRUHDVLJQL¿FDQWVKLIWLQWUDYHOKDELWV
RUYHKLFOHRZQHUVKLSZRXOGRFFXU

Legality
0DQ\ FLWLHV FRPPXQLWLHV DQG HYHQ VWDWHV KDYH DOUHDG\
LQWURGXFHG ODQG XVH SROLFLHV DQG UHJXODWLRQV WKDW DOORZ IRU

The strategy is to implement land use policies and parking requirements to
support market penetration of shared autonomous vehicles at transit nodes and
other activity centers.
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Urban

Who
Local government agencies, MPOs

Hurdles
Political, objections by private
developers and local residents

DQGHQDEOH72'DQGUHGXFHGSDUNLQJ
7KLV PD\ UHTXLUH FKDQJHV WR ]RQLQJ
RUGLQDQFHVRUGHYHORSPHQWFRGHV

EXAMPLE
7KH &LW\ RI (YDQVWRQ ,OOLQRLV
D &KLFDJR VXEXUE PDLQWDLQV D
FDUVKDULQJ SDUNLQJ UHGXFWLRQ
FODXVH LQ LWV ]RQLQJ FRGH IRU WKH
LQFOXVLRQ RI FDUVKDULQJ DW GHYHORSPHQW VLWHV 6SHFL¿FDOO\ WKH
FRGH SHUPLWV D UHGXFWLRQ LQ WKH
PLQLPXP QXPEHU RI UHTXLUHG
SDUNLQJ VSDFHV IRU SURMHFWV WKDW
UHTXLUH DW OHDVW ¿YH RIIVWUHHW
SDUNLQJVWDOOVDQGSURYLGHDWOHDVW
RQH RQVLWH FDUVKDULQJ SDUNLQJ
VSDFH 'HYHORSHUV DUH SHUPLWWHG
DUHGXFWLRQRIRQHVSDFHIRUSURMHFWV UHTXLULQJ ¿YH WR  SDUNLQJ
VSDFHV )RU SURMHFWV HQWDLOLQJ
PRUH WKDQ  RIIVWUHHW SDUNLQJ
VSDFHVDSDUNLQJUHGXFWLRQRI
SHUFHQWLVSHUPLWWHGIRUWKHLQFOXVLRQRIFDUVKDULQJ7REHHOLJLEOH
WKH GHYHORSHU PXVW SUHVHQW D
ORQJWHUPOHDVHZLWKWKHFDUVKDULQJRSHUDWRUDQGDGHVFULSWLRQRI
FDUVKDULQJVHUYLFHVSURYLGHG

Strategies to Advance Automated and Connected Vehicles

Apply Road Use Pricing
Mitigate Safety Risks

Encourage Shared AV Use

Address Liability Issues

Inﬂuence Market Demand

Effectiveness
Efﬁciency
Political Acceptability
Operational Feasibility
Geographic Impact
Urban, suburban, rural

Who

Bjoern Wylezich/Shutterstock.com

All state and local agencies

Description
7KLV VWUDWHJ\ ZRXOG HPSOR\ GLUHFW SULFLQJ IRU WKH XVH RI
URDGZD\ LQIUDVWUXFWXUH E\ DXWRPDWHG DQG FRQQHFWHG YHKLFOHV $9&9V 3ULFLQJZRXOGEHDSSOLHGWRDFKLHYHVSHFL¿F
REMHFWLYHVUHODWHGWRWKHLPSDFWV²ERWKSRVLWLYHDQGQHJDWLYH²RI$9DQG&9V\VWHPV

Technologies targeted/ownership model
distinctions
3ULFLQJFDQEHDSSOLHGWRDQ\WHFKQRORJ\RUVHUYLFHWRDOLJQ
WUDYHOEHKDYLRURUSXUFKDVHEHKDYLRUZLWKDJHQF\REMHFWLYHV
,QWKHFDVHRIHQFRXUDJLQJ6$9VSULFLQJFRXOGEHOHYLHGRQ
DSHUWULSRUSHUPLOHEDVLVZLWKORZHUFKDUJHVIRUPXOWLRFFXSDQF\ 6$9V DQG KLJKHU FKDUJHV IRU RWKHU YHKLFOH W\SHV
)XUWKHUPRUH WKH SHQHWUDWLRQ RI ERWK $9 DQG &9 WHFKQRORJLHVZLWKLQWKHJHQHUDOYHKLFOHÀHHWFRXOGHDVHWKHLPSOHPHQWDWLRQ RI SULFLQJ VLQFH WKHVH YHKLFOHV DUH OLNHO\ WR EH
HTXLSSHGZLWKWHFKQRORJLHVWKDWDOORZFKDUJHVWREHOHYLHG
DQGFROOHFWHGZLWKRXWWKHQHHGIRUDIWHUPDUNHWFRPSRQHQWV
VXFKDVWROOLQJWDJVRUWUDQVSRQGHUV

DQHWSRVLWLYHEHQH¿FLDORXWFRPHDVLWFDQDFKLHYHQXPHURXV
WUDQVSRUWDWLRQ SROLF\ REMHFWLYHV 3ULFLQJ LQ JHQHUDO UHSUHVHQWV RQH RI WKH EHVW SROLF\ DFWLRQV IRU LQWHUQDOL]LQJ WKH
FRVWV DVVRFLDWHG ZLWK WUDQVSRUWDWLRQ E\ XVLQJ SULFH VLJQDOV
WRPRGLI\EHKDYLRU

Implementation issues

Legality

7KH LPSOHPHQWDWLRQ RI D QHZ SULFLQJ V\VWHP ZLOO LQFUHDVH
DJHQF\ UHVSRQVLELOLW\ IRU RSHUDWLQJ DQG DGPLQLVWHULQJ WKH
V\VWHP$QHZV\VWHPPD\DOVRUHVXOWLQWKHJHQHUDWLRQRI
QHZUHYHQXHV

6LQFHURDGSULFLQJLVFRQVLGHUHGDIHHRU
WD[LPSOHPHQWDWLRQZRXOGUHTXLUHOHJDO
DXWKRULW\WKURXJKOHJLVODWLYHDFWLRQ

Stakeholder beneﬁts/concerns
$JHQFLHVGULYHUVSURGXFHUVVXSSOLHUVFRQVXPHUVEDFNRI¿FHDGPLQLVWUDWRUVSROLF\PDNHUVDQGORFDOEXVLQHVVRZQHUVDOOKDYHDVWDNHLQWKHRXWFRPHRISULFLQJDSSOLFDWLRQV
7UDQVSRUWDWLRQ SULFLQJ UHJDUGOHVV RI WKH VSHFL¿F PHFKDQLVPFDQJHQHUDWHHTXLW\FRQFHUQVEHFDXVHLWLPSRVHVQHZ
FRVWVRQWUDYHOHUV2QHRIWKHPRVWFRPPRQUHDVRQVIRUWKH
IDLOXUHWRLPSOHPHQWSULFLQJV\VWHPVLVODFNRISROLWLFDOVXSSRUWVWHPPLQJIURPSXEOLFRSSRVLWLRQ

How will this help?
7KHPRVWHFRQRPLFDOO\HI¿FLHQWIRUPRISULFLQJWKDWZKLFK
WUXO\ LQWHUQDOL]HV WKH FRVWV RI GULYLQJ ZRXOG EH PDUJLQDO
FRVWWULSSULFLQJWKDWWDNHVLQWRDFFRXQWDQ\QXPEHURIVRFLHWDOWUDQVSRUWDWLRQFRVWVLQFOXGLQJFRQJHVWLRQSROOXWLRQDQG
QRLVH 3ULFLQJ FRXOG EH DSSOLHG WR DFKLHYH VSHFL¿F REMHFWLYHV UHODWHG WR LPSDFWV RI $9&9 V\VWHPV WKDW PLQLPL]H
WKHLPSDFWVRIGULYLQJVXFKDVOLPLWLQJLQFUHDVHVLQRYHUDOO
WUDYHO GHPDQG OLPLWLQJ GLVWDQFH WUDYHOHG IRU KRXVLQJ GLVFRXUDJLQJSDUNLQJLQXUEDQFHQWHUVDQGSURPRWLQJVKDUHG
$9 XVH $V D GLUHFW HFRQRPLF LQVWUXPHQW SULFLQJ LV YHU\
HI¿FLHQWDWUHFRYHULQJWKHVRFLHWDOFRVWVRIGULYLQJ%HFDXVH
SULFLQJFDQEHVWUXFWXUHGWRDFFRXQWIRUDQ\QXPEHURIIDFWRUV FRQJHVWLRQSROOXWLRQHWF LWLVPRUHOLNHO\WRUHVXOWLQ

Hurdles
Public and political opposition

5RDGXVHUFKDUJHVDUHDPRQJWKHPRVWXQSRSXODURISULFLQJ
DSSOLFDWLRQV LQ VRFLHW\ ,Q JHQHUDO GULYHUV GR QRW VXSSRUW
SD\LQJ PRUH IRU WUDQVSRUWDWLRQ DQG URDG XVHU FKDUJHV DUH
YLHZHGDVEHLQJSDUWLFXODUO\RQHURXVEHFDXVHWKHSXEOLFLV
QRW DFFXVWRPHG WR NQRZLQJ H[DFWO\ ZKDW LW LV SD\LQJ IRU
WUDQVSRUWDWLRQLQWKHIRUPRIIXHOWD[HV

Optimal timing
7KHUHLVQRRSWLPDOWLPLQJIRUWKLVVWUDWHJ\5RDGSULFLQJLV
DOUHDG\EHLQJLPSOHPHQWHGLQDQXPEHURIIRUPVWRDGGUHVV
SXEOLF SROLF\ FRQFHUQV RXWVLGH RI WKRVH DVVRFLDWHG ZLWK
$9&9GHSOR\PHQWPRVWQRWDEO\V\VWHPPDQDJHPHQWDQG
UHYHQXHJHQHUDWLRQ

Pricing applications are currently implemented in numerous forms throughout
the United States. Road pricing can be applied regardless of automated or
connected vehicle technology.
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EXAMPLES
2UHJRQ¶V25H*23URJUDPEHJDQ
LQDQGDOORZVIRUXSWR
YROXQWHHU GULYHUV WR SD\ D URDG
XVDJHFKDUJHRIFHQWVIRUHDFK
WD[DEOHPLOHGULYHQ
7KH VWDWH RI 7HQQHVVHH LQ WKHLU
$9WHVWLQJOHJLVODWLRQLQFOXGHGDSURYLVLRQWKDWFUHDWHVDSHU
PLOHWD[VWUXFWXUHIRUDXWRQRPRXV
YHKLFOHV

Strategies to Advance Automated and Connected Vehicles

Implement a No-fault Insurance Approach
Mitigate Safety Risks

Encourage Shared AV Use

Address Liability Issues

Inﬂuence Market Demand

Effectiveness
Efﬁciency
Political Acceptability
Operational Feasibility
Dmitry Kalinovsky/Shutterstock.com

Geographic Impact
Description
,I DXWRPDWHG DQG FRQQHFWHG YHKLFOH $9&9  WHFKQRORJ\
UHGXFHVWKHSHUFHLYHGUHVSRQVLELOLW\RIWKHGULYHUDQRIDXOW
DSSURDFK WR DVVLJQLQJ ¿QDQFLDO UHVSRQVLELOLW\ IRU FUDVKHV
PD\ DSSHDU PRUH DWWUDFWLYH $ QRIDXOW DSSURDFK WR DXWR
LQVXUDQFH DOORZV FUDVK YLFWLPV WR UHFRYHU GDPDJHV IURP
WKHLURZQDXWRLQVXUHUVUDWKHUWKDQIURPDQRWKHUGULYHU

RXWFRPHVEXWLWZLOOQRWHVSHFLDOO\VORZWKHDGRSWLRQRI$9
&9WHFKQRORJ\,IDVWDWHSDVVHGDQRIDXOWODZWKDWSUHYHQWHG
VXLWVDJDLQVWPDQXIDFWXUHUVWKLVLPSDFWDVVXPLQJLWH[LVWV
ZRXOGEHUHGXFHG

7KLV VWUDWHJ\ ZRXOG DSSO\ WR DOO $9&9 WHFKQRORJLHV DQG
SDVVHQJHUYHKLFOHVEXWSUREDEO\QRWWRFRPPHUFLDOWUXFNLQJ
RUWUDQVLWEHFDXVHWKH\W\SLFDOO\XVHGLIIHUHQWNLQGVRILQVXUDQFHDQGDUHUHJXODWHGE\GLIIHUHQWVWDWXWHV

1RIDXOWLQVXUDQFHFRXOGDFWXDOO\VORZDGRSWLRQRI$9&9
WHFKQRORJ\ XQGHU D FRQYHQWLRQDO IDXOWEDVHG V\VWHP UDWKHU
WKDQ DFFHOHUDWH LW ,I $9&9V DUH PXFK OHVV OLNHO\ WR EH DW
IDXOW WKHQ WKHLU LQVXUDQFH FRVWV DUH OLNHO\ WR EH FRPSDUDWLYHO\ ORZHU XQGHU D FRQYHQWLRQDO IDXOWEDVHG V\VWHP ,Q
WKDWFDVHLQVWLWXWLQJDQRIDXOWV\VWHPPD\DFWXDOO\UHGXFH
LQFHQWLYHV WR DGRSW $9&9 WHFKQRORJ\ EHFDXVH SXUFKDVHUV
ZRXOGQRWUHFRXSWKHIXOOEHQH¿WVRIFUDVKUHGXFWLRQLIPRVW
RIWKHDYRLGHGFUDVKHVDUHRQHVLQZKLFKWKHRSHUDWRUZRXOG
KDYHEHHQIRXQGDWIDXOW

How will this help?

Implementation issues

6RPH IHDU WKDW FLYLO OLDELOLW\ ZLOO GHWHU WKH HI¿FLHQW GHYHORSPHQWDQGDGRSWLRQRI$9&9WHFKQRORJ\EHFDXVHRIWKH
SHUFHSWLRQWKDWWKHVHWHFKQRORJLHVDUHLQFRQVLVWHQWZLWKWKH
FRQYHQWLRQDODWWULEXWLRQRIIDXOWLQDXWRPRELOHFUDVKHVDQG
WKH FRQFHUQ WKDW WKH OLDELOLW\ V\VWHP LQHI¿FLHQWO\ EXUGHQV
QHZWHFKQRORJ\+RZHYHUWKHFRQYHQWLRQDOIDXOWEDVHGV\VWHP RI FUDVK OLDELOLW\ LV OLNHO\ WR EH DEOH WR DGMXGLFDWH WKH
UHVSRQVLELOLW\IRUVXFKFUDVKHVZLWKDODUJHUSURSRUWLRQRI
WKH UHVSRQVLELOLW\ IDOOLQJ RQ WKH DXWR PDQXIDFWXUHUV 7KH
FDVH IRU QRIDXOW DXWRPRELOH LQVXUDQFH GHSHQGV RQ KRZ
LPSRUWDQWLWLVWR  FODULI\OLDELOLW\DQG  UHGXFHPDQXIDFWXUHUOLDELOLW\$WWKLVSRLQWLWLVQRWFOHDUZKHWKHUWKHVHJRDOV
DUHZRUWKZKLOH

7KHVWUDWHJ\LVVXEVWDQWLDOO\GLVUXSWLYHWRWKHH[LVWLQJDXWRPRELOHLQVXUDQFHV\VWHPLQVWDWHVWKDWGRQRWDOUHDG\KDYH
D QRIDXOW V\VWHP ,I OLDELOLW\ SURWHFWLRQ ZDV H[WHQGHG WR
DXWRPRELOHPDQXIDFWXUHUVWKLVZRXOGEHDGLVUXSWLYHFKDQJH
HYHQ LQ VWDWHV WKDW FXUUHQWO\ KDYH QRIDXOW V\VWHPV 6WDWHV
ZLWKRXWH[SHULHQFHLQQRIDXOWV\VWHPVPD\HQFRXQWHUFKDOOHQJHV DV WKH UHOHYDQW DJHQFLHV SROLF\ PDNHUV DQG FRXUWV
OHDUQ DERXW WKLV DSSURDFK &RQVXPHUV FRXUWV ODZ\HUV
LQVXUHUVDQGFODLPVDGMXVWHUVZRXOGDOVRKDYHWROHDUQDERXW
WKHQHZDSSURDFK

Technologies targeted/ownership model
distinctions

Stakeholder beneﬁts/concerns

1RIDXOW LQVXUDQFH ZRXOG OLNHO\ FODULI\ OLDELOLW\ DQG
GHSHQGLQJ RQ WKH VWDWXWRU\ ODQJXDJH UHGXFH RU HOLPLQDWH
PDQXIDFWXUHU OLDELOLW\ ,I RQH EHOLHYHV WKDW WKH WRUW V\VWHP
FUHDWHV H[WHUQDOLWLHV UHGXFLQJ WRUW OLDELOLW\ ZRXOG UHGXFH
H[WHUQDOLWLHV+RZHYHUQRIDXOWDXWRPRELOHLQVXUDQFHLQWKH
8QLWHG 6WDWHV KDG WKH XQLQWHQGHG FRQVHTXHQFH RI VXEVWDQWLDOO\LQFUHDVLQJLQVXUDQFHFRVWV,WLVSRVVLEOHWKDWWKHVDPH
ZRXOGEHWUXHIRUDQHZQRIDXOWDSSURDFKWKRXJKWKHUHPD\
EHZD\VWRFRQWUROWKLV

'LIIHUHQW DXWR LQVXUHUV DUH OLNHO\ WR RSSRVH RU VXSSRUW
QRIDXOWVWDWXWHVGHSHQGLQJRQWKHLUSHUFHLYHGFRPSDUDWLYH
DGYDQWDJHLQWKRVHVWDWHV,IWKHVWDWXWHVLQFOXGHGDSURYLVLRQ
WKDWH[HPSWHGPDQXIDFWXUHUVIURPOLDELOLW\WKLVZRXOGREYLRXVO\EHQH¿WPDQXIDFWXUHUV3ODLQWLIIDWWRUQH\VZRXOGDOPRVW
FHUWDLQO\RSSRVHWKLVVWUDWHJ\EHFDXVHLWZRXOGUHGXFHDFFHVV
WR WKH FRXUWV DQG SUHYHQW VRPH ODZVXLWV DJDLQVW RWKHUZLVH
FXOSDEOHPRWRULVWVDQGPDQXIDFWXUHUV,QVXUDQFHFRPSDQLHV
DUHDOVRSRZHUIXOVWDNHKROGHUVEXWWKHLUSRVLWLRQGHSHQGVRQ
WKH VSHFL¿F FRPSDQ\ +LVWRULFDOO\ FRQVXPHU JURXSV KDYH
QRWEHHQSDUWLFXODUO\VXSSRUWLYHRIQRIDXOWVWDWXWHV

)RU WKLV H[WHUQDOLW\ WR DIIHFW $9&9 DGRSWLRQ LW PXVW
XQLTXHO\ DSSO\ WR QHZ WHFKQRORJLHV ,I WRUW MXGJPHQWV DUH
WRR KLJK DFURVV WKH ERDUG WKLV PD\ UHVXOW LQ VXERSWLPDO

Optimal timing
7KHSROLF\LVQRWHVSHFLDOO\WLPHVHQVLWLYH

A no-fault approach to auto insurance allows crash victims to recover damages
from their own auto insurers rather than from another driver.
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State

Who
State legislatures and state
insurance agencies

Hurdles
Political feasibility; powerful
stakeholder groups

Legality
$ VWDWH OHJLVODWXUH PRVW OLNHO\ KDV
OHJDO DXWKRULW\ WR HQDFW D QRIDXOW
VWDWXWH +RZHYHU LI WKH VWDWXWH SUHFOXGHGODZVXLWVDJDLQVWPDQXIDFWXUHUV
SODLQWLIIVPD\FKDOOHQJHLWDVYLRODWLQJ
VWDWH FRQVWLWXWLRQDO ULJKWV UHJDUGLQJ
DFFHVV WR FRXUWV DQG MXULVSUXGHQWLDO
GRFWULQHVRQWKHVHSDUDWLRQRISRZHUV
,W LV GLI¿FXOW WR SUHGLFW ZKHWKHU WKRVH
FKDOOHQJHV ZRXOG XOWLPDWHO\ VXFFHHG
EXW WKH OLWLJDWLRQ ZRXOG OLNHO\ GHOD\
LPSOHPHQWDWLRQ

EXAMPLES
&XUUHQWO\  VWDWHV DQG 3XHUWR
5LFR KDYH QRIDXOW LQVXUDQFH ODZV
)ORULGD +DZDLL .DQVDV .HQWXFN\
0DVVDFKXVHWWV0LFKLJDQ0LQQHVRWD
1HZ-HUVH\1HZ<RUN1RUWK'DNRWD
3HQQV\OYDQLD DQG 8WDK 7KUHH RI
WKRVHVWDWHV².HQWXFN\1HZ-HUVH\
DQG 3HQQV\OYDQLD²JLYH UHVLGHQWV
WKH FKRLFH RI SLFNLQJ QRIDXOW
LQVXUDQFH RU RSWLQJ RXW LQ IDYRU
RI ³IXOO WRUW´ FRYHUDJH QR OLPLW
RQ GDPDJHV  %XW IRU LQVXUDQFH
FXVWRPHUVLQWKHRWKHUQLQHVWDWHV
RSWLQJRXWRIQRIDXOWFRYHUDJHLV
QRWDQDOWHUQDWLYH

Strategies to Advance Automated and Connected Vehicles

Require Motorists to Carry More Insurance
Mitigate Safety Risks

Encourage Shared AV Use

Address Liability Issues

Inﬂuence Market Demand

Effectiveness
Efﬁciency
Political Acceptability
Operational Feasibility
Geographic Impact

Brian A Jackson/Shutterstock.com

State

Description
,Q PDQ\ VWDWHV WKH PRWRULVWV DUH RQO\ UHTXLUHG WR FDUU\
 RU OHVV LQ OLDELOLW\ LQVXUDQFH :LWK WKH YDOXH RI D
VWDWLVWLFDO OLIH EHLQJ DSSUR[LPDWHO\ 0 WKLV OHDYHV D YDVW
JDSEHWZHHQWKHKDUPVWKDWDUHUHJXODUO\LQÀLFWHGE\GULYHUV
DQGWKHDPRXQWDYDLODEOHIRUUHFRYHU\7KLVJDSGLVFRXUDJHV
WKHSXUFKDVHRIVDIHUDXWRPDWHGDQGFRQQHFWHGYHKLFOHV $9
&9V EHFDXVHLWKDVWKHHIIHFWRIVXEVLGL]LQJYHKLFOHVWKDWDUH
PRUHGDQJHURXVWRRWKHUV

Technologies targeted/ownership model
distinctions
5DLVLQJ PDQGDWRU\ LQVXUDQFH PLQLPXPV ZRXOG HQFRXUDJH
WKHDGRSWLRQRIWHFKQRORJ\WKDWUHVXOWVLQVDIHUYHKLFOHV7R
WKHH[WHQWWKDW$9VDQG&9VDUHVDIHUWKDQWKRVHGULYHQE\
KXPDQVLWZLOOHQFRXUDJHWKHLUDGRSWLRQ

How will this help?
0DQ\PRWRULVWVDUHHLWKHUQRWLQVXUHGDWDOORUXQGHULQVXUHG
PDNLQJWKHPHVVHQWLDOO\MXGJPHQWSURRIWKH\DUHLPSRVVLEOHWRVXHEHFDXVHWKH\GRQRWKDYHVXI¿FLHQWDVVHWVWRSD\
D MXGJPHQW DJDLQVW WKHP 2WKHU PRWRULVWV DQG SHGHVWULDQV
FDQEHKDUPHGZLWKRXWWKHPRWRULVWKDYLQJWRSD\IRUGDPDJHV UHVXOWLQJ LQ D GH IDFWR VXEVLG\ WR GDQJHURXV YHKLFOHV
DQGPRWRULQJEHKDYLRU2QHVWUDWHJ\WRRIIVHWWKLVHIIHFWLVWR
UHTXLUHPRWRULVWVWRFDUU\PRUHLQVXUDQFH:LWKRXWHQIRUFHPHQWV KRZHYHU WKH VWUDWHJ\ PD\ KDYH XQLQWHQGHG FRQVHTXHQFHV ² QDPHO\ LQFUHDVHG LQFLGHQFHV RI FRQVXPHUV QRW
SXUFKDVLQJ DQ\ LQVXUDQFH ,W PD\ DOVR H[DFHUEDWH H[LVWLQJ
LQHTXDOLWLHVEHFDXVHPDQ\RIWKHXUEDQSRRUKDYHYHU\KLJK
DXWRPRELOHLQVXUDQFHFRVWV

H[WHUQDOLW\E\SDVVLQJDVLQJOHSLHFHRIOHJLVODWLRQDVZHOO
DVUHGXFHWKHSDWFKZRUNTXDOLW\RIH[LVWLQJODZV6WDWHVKDYH
KLVWRULFDOO\UHJXODWHGDOOIRUPVRILQVXUDQFHVRDIHGHUDOELOO
ZRXOGUHSUHVHQWDPRUHGUDPDWLFFKDQJH

Stakeholder beneﬁts/concerns
7KHZHERIVWDNHKROGHUVLVFRPSOH[DQGLQFOXGHVFRQVXPHU
DGYRFDWHVZKRPD\EHDODUPHGDERXWPDQGDWRU\LQFUHDVHG
SXUFKDVHUHTXLUHPHQWV:KLOHLQVXUHUVPLJKWVXSSRUWVWDWH
ODZVWKDWUHTXLUHWKHSXUFKDVHRIPRUHLQVXUDQFHWKH\DOVR
PD\ IHDU DGGLWLRQDO UHJXODWLRQ 0DQ\ LQGLYLGXDO FRQVXPHUVDUHOLNHO\WRRSSRVHWKHLQFUHDVHGFRVWVDVVRFLDWHGZLWK
KLJKHUPDQGDWRU\LQVXUDQFHUHTXLUHPHQWV7ULDOODZ\HUVDUH
OLNHO\WRVXSSRUWWKLVFKDQJH9LFWLPVRIFDUFUDVKHVDQGWKH
ODZ\HUVZKRUHSUHVHQWWKHPDUHOLNHO\WREHQH¿WIURPWKLV
VWUDWHJ\ 7KH VRFLHWDO EHQH¿WV WKDW UHVXOW IURP LQFUHDVHG
LQFHQWLYHV WR DGRSW VDIHU DXWRPRELOH WHFKQRORJ\ DUH GLIIXVH3ROLF\PDNHUVPD\DFFHSWWKLVDSSURDFKEDVHGRQWKLV
RXWFRPH
8UEDQMXULVGLFWLRQVW\SLFDOO\KDYHWKHPRVWH[SHQVLYHLQVXUDQFH DV D IXQFWLRQ RI WKH FODLPV KLVWRU\ LQFOXGLQJ ERWK
OLNHOLKRRG RI FUDVK DQG MXU\ YHUGLFWV  7KLV UHVXOWV LQ YHU\
KLJKDXWRLQVXUDQFHSUHPLXPVIRUPDQ\RIWKRVHOHDVWDEOHWR
SD\WKHP7KLVLQWXUQOHDGVWRZLGHVSUHDGIDLOXUHWRREWDLQ
LQVXUDQFH ZKLFK FDQ OHDG WR D YLFLRXV F\FOH RI LQFUHDVHG
LQVXUDQFHUDWHV

Optimal timing
7KHSROLF\LVQRWHVSHFLDOO\WLPHVHQVLWLYH

Legality
Implementation issues
7KLV VWUDWHJ\ FRXOG EH SXUVXHG RQ HLWKHU D VWDWH RU IHGHUDO
OHYHOEXWPRUHOLNHO\DWWKHVWDWHOHYHO7KLVFKDQJHZRXOG
EHIDLUO\LQFUHPHQWDOUDWKHUWKDQUDGLFDO,ILWRFFXUUHGDWWKH
VWDWH OHYHO LW ZRXOG QRW IXQGDPHQWDOO\ DOWHU H[LVWLQJ ODZV
RUUHODWLRQVKLSV,WLVSRVVLEOHWKDWIHGHUDOOHJLVODWLRQFRXOG
DOVRDFFRPSOLVKWKHVDPHWKLQJ7KLVZRXOGKDYHWKHDGYDQWDJH RI DFFRPSOLVKLQJ WKH JRDOV RI UHGXFLQJ WKLV QHJDWLYH

7KHHQIRUFHPHQWRILQVXUDQFHUHTXLUHPHQWVKDVKLVWRULFDOO\
EHHQDSUREOHP,QFUHDVLQJWKHLQVXUDQFHPLQLPXPVLVOLNHO\WRH[DFHUEDWHWKDWSUREOHPDQGOHDGWRPRUHQRQFRPSOLDQFH'HWHUPLQLQJWKHEHVWPHWKRGWRHQIRUFHH[LVWLQJDQG
LQFUHDVHGLQVXUDQFHUHTXLUHPHQWVLVRXWVLGHWKHVFRSHRIWKLV
SDSHUEXWQHHGVWREHDFNQRZOHGJHGDVDQLPSRUWDQWREVWDFOHWRWKLVVWUDWHJ\

Raising mandatory insurance minimums would encourage the adoption of
technology that results in safer vehicles.
23
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Who
State legislatures and state
insurance agencies

Hurdles
Popularity with general public;
enforcement of insurance minimums

EXAMPLE
,Q2KLRHOHYDWHGLWVPLQLPXP
OLDELOLW\FRYHUDJHIRUGULYHUV%RWK
LQGXVWU\ DQG FRQVXPHU JURXSV
RSSRVHGWKHDFWLRQEHFDXVHSUHPLXPV ZHUH H[SHFWHG WR LQFUHDVH E\
DWOHDVWSHUFHQWSURPSWLQJVRPH
SHRSOH WR GURS FRYHUDJH 8QGHU
WKH SULRU UHTXLUHPHQWV GULYHUV LQ
2KLRQHHGHGOLDELOLW\FRYHUDJHWKDW
ZRXOGSD\XSWRSHUSHUVRQ
WRFRYHULQMXULHVDQGPHGLFDOFRVWV
XS WR  SHU DFFLGHQW DQG
XSWRSURSHUW\GDPDJHSHU
DFFLGHQW2QO\RQHVWDWH²)ORULGD
²KDGDORZHULQMXU\OLDELOLW\OLPLW
WKDQ 2KLR $QG RQO\ IRXU VWDWHV
² 3HQQV\OYDQLD 1HZ -HUVH\
0DVVDFKXVHWWV DQG &DOLIRUQLD ²
KDGORZHUSURSHUW\GDPDJHOLPLWV
7KHQHZUHTXLUHPHQWVDUH
SHU SHUVRQ RU XS WR  SHU
DFFLGHQW 7KH SURSHUW\ GDPDJH
OLDELOLW\ FRYHUDJH PXVW EH DW OHDVW
 WR FRYHU GDPDJH WR RWKHU
GULYHUV¶YHKLFOHVRUDQ\RWKHUSURSHUW\EHVLGHVRQH¶VRZQ

Strategies to Advance Automated and Connected Vehicles

Subsidize CVs
Mitigate Safety Risks

Encourage Shared AV Use

Address Liability Issues

Inﬂuence Market Demand

Effectiveness
Efﬁciency
Political Acceptability
Operational Feasibility
Geographic Impact
Urban, suburban, rural

Who
Any state and local agencies
peang/Shutterstock.com

Hurdles
Description
7KLV VWUDWHJ\ VHHNV WR HQFRXUDJH WKH DGRSWLRQ DQG SHQHWUDWLRQRIFRQQHFWHGYHKLFOH &9 WHFKQRORJ\E\SURYLGLQJ
VXEVLGLHVIRU&9HTXLSPHQW

Technologies targeted/ownership model
distinctions
7KLV VWUDWHJ\ ZRXOG WDUJHW ERWK RULJLQDO HTXLSPHQW PDQXIDFWXUHUV 2(0V  DQG DIWHUPDUNHW &9 WHFKQRORJ\ DQG
FRXOG DSSO\ WR DOO RZQHUVKLS PRGHOV SULYDWHO\ RZQHG
³VKDUHGYHKLFOH´HWF 6XEVLGLHVFRXOGEHSURYLGHGIRUQHZ
YHKLFOHSXUFKDVHVZLWKIXOO\LQWHJUDWHG&9WHFKQRORJ\RUIRU
&9UHWUR¿W³NLW´LQVWDOODWLRQDQGFRXOGSRWHQWLDOO\RULJLQDWH
IURPDYDULHW\RIWKLUGSDUWLHVLQFOXGLQJLQVXUDQFHDJHQFLHV

How will this help?
7KLV VWUDWHJ\ ZLOO SULPDULO\ WDUJHW WKH LPSDFWV UHODWHG WR
WUDI¿FFUDVKHVFRQJHVWLRQDQGSROOXWLRQ5HGXFLQJFRVWVRI
UHTXLUHGHTXLSPHQWFDQHQFRXUDJHSURGXFHUVWRGHYHORSDQG
VHOOVDIH&9HTXLSPHQWWKDWZLOOEHLQWHJUDWHGLQWRYHKLFOHV
DQGURDGVLGHLQIUDVWUXFWXUH,WFDQDOVRHQFRXUDJHFRQVXPHUV
WR WKHQ SXUFKDVH YHKLFOHV DQG DIWHUPDUNHW HTXLSPHQW WKDW
LQFRUSRUDWHV 999, VDIHW\ PRELOLW\ DQG HQYLURQPHQWDO
DSSOLFDWLRQV

Implementation issues
)HGHUDO VWDWH DQG ORFDO JRYHUQPHQWV DUH QR VWUDQJHUV WR
RIIHULQJ VXEVLGLHV WR HQFRXUDJH EHKDYLRU (OHFWULF YHKLFOH (9  SXUFKDVHV DUH D UHFHQW H[DPSOH ZLWK LQGLYLGXDOV
EHLQJ DEOH WR FODLP D  IHGHUDO LQFRPH WD[ FUHGLW DV
ZHOODVDGGLWLRQDOVWDWHDQGORFDOFUHGLWVDQGRWKHULQFHQWLYHV
DFFHVVWRFDUSRROODQHVDQGUHGXFHGUDWHVIRU(9FKDUJLQJ 
3RWHQWLDO FKDOOHQJHV WR WKLV VWUDWHJ\ LQFOXGH D JHQHUDO ODFN

RISXEOLFNQRZOHGJHRIWKHEHQH¿WVRI&9WHFKQRORJ\:LWK
WKH IRUWKFRPLQJ 1+76$ UXOHPDNLQJ UHTXLULQJ LQYHKLFOH
LQWHJUDWLRQ RI &9 HTXLSPHQW IRU QHZ OLJKWGXW\ YHKLFOHV
VXEVLGL]DWLRQFRXOGDOOHYLDWHSULFHLQFUHDVHVDVVRFLDWHGZLWK
WKH UHTXLUHG HTXLSPHQW +RZHYHU DGGLWLRQDO RXWUHDFK WR
HGXFDWH WKRVH LQ WKH PDUNHW IRU QHZ YHKLFOHV RQ ZK\ WKH\
VKRXOGWDNHDGYDQWDJHRIWKHVXEVLGLHVZLOOHVFDODWHWKHRYHUDOOFRVWV$QGDVLVDOZD\VDFRQFHUQZLWKSURYLGLQJHFRQRPLFLQFHQWLYHVUHGXFHGUHYHQXHFDQSRWHQWLDOO\SXWDVWUDLQRQ
IXQGLQJIRURWKHUSURJUDPV

Stakeholder beneﬁts/concerns
7KHVWDNHKROGHUVIRUWKLVVWUDWHJ\LQFOXGHEXWDUHQRWOLPLWHG
WRIHGHUDOVWDWHDQGORFDOJRYHUQPHQWVDQGWUDQVSRUWDWLRQ
RUJDQL]DWLRQV YHKLFOH 2(0V VXSSOLHUV DQG GHDOHUVKLSV
&9 HTXLSPHQW PDQXIDFWXUHUV DQG LQVXUDQFH DJHQFLHV
%HQH¿WVWRWKRVHVWDNHKROGHUVLQFOXGHLQFUHDVHGDGRSWLRQRI
&9WHFKQRORJ\WKDWFDQVLJQL¿FDQWO\UHGXFHWUDI¿FFUDVKHV
DQGDVVRFLDWHGFRQJHVWLRQDQGSROOXWLRQHYHQDWORZOHYHOV
RI SHQHWUDWLRQ +RZHYHU LQFUHDVHG H[SHQGLWXUHV UHVXOWLQJ
IURPWKHHFRQRPLFLQFHQWLYHVFDQKDYHQHJDWLYHHIIHFWVRQ
IXQGLQJIRURWKHUSURJUDPV

Optimal timing
1+76$¶VIRUWKFRPLQJUXOHPDNLQJIRULQYHKLFOH&9HTXLSPHQW IRU OLJKWGXW\ YHKLFOHV ZLOO PDNH WKH QH[W IHZ \HDUV
DQ LGHDO WLPH WR EHJLQ DQ LQFHQWLYHVXEVLGL]DWLRQ SURJUDP
WRHQFRXUDJHQHZ&9HTXLSSHGYHKLFOHSXUFKDVHV*HQHUDO
0RWRUVKDVSUHHPSWLYHO\FRPPLWWHGWRLQWHJUDWLQJWKHWHFKQRORJ\LQVHOHFWPRGHOVDQGRWKHU2(0VPD\IROORZ
VXLW$QLQFHQWLYHPRGHOVLPLODUWRWKDWIRUHOHFWULFYHKLFOHV
FRXOGEHLPSOHPHQWHGDQGFRXOGEHSKDVHGRXWEDVHGRQWKH
QXPEHURIYHKLFOHVSXUFKDVHGWRHQFRXUDJHHDUO\UHGHPSWLRQWRLQFUHDVHSHQHWUDWLRQ

Reducing costs of required equipment can encourage producers to develop
and sell safe CV equipment that will be integrated into vehicles and roadside
infrastructure.
24
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Political feasibility: allocation of
funds with unknown return on
investment

Legality
:KLOHWKHUHDUHQRH[SOLFLWOHJDOEDUULHUVWRSURYLGLQJVXEVLGLHVIRUWHFKQRORJ\DGRSWLRQFKDOOHQJHVWRJRYHUQPHQW
GHFLVLRQV DUH IUHTXHQW ,QFHQWLYHV ZLOO
OLNHO\ UHTXLUH DXWKRUL]DWLRQ DQG OHJLVODWLRQDWWKHLUUHVSHFWLYHOHYHO IHGHUDO
VWDWHORFDOHWF 

EXAMPLE
7RPDNHHQYLURQPHQWDOO\IULHQGO\
YHKLFOHV PRUH DSSHDOLQJ WR FRQVXPHUV DOOHOHFWULF DQG SOXJLQ
K\EULGFDUVSXUFKDVHGLQRUDIWHU
PD\EHHOLJLEOHIRUDIHGHUDO
LQFRPHWD[FUHGLWRIXSWR
7KHFUHGLWDPRXQWZLOOYDU\EDVHG
RQWKHFDSDFLW\RIWKHEDWWHU\XVHG
WRSRZHUWKHYHKLFOH6WDWHDQGRU
ORFDOLQFHQWLYHVPD\DOVRDSSO\

Strategies to Advance Automated and Connected Vehicles

Invest in CV Infrastructure
Mitigate Safety Risks

Encourage Shared AV Use

Address Liability Issues

Inﬂuence Market Demand

Effectiveness
Efﬁciency
Political Acceptability
jamesteohart/Shutterstock.com

Operational Feasibility

Description
7KLV VWUDWHJ\ DLPV WR HQFRXUDJH GHYHORSPHQW DQG DGRSWLRQRIFRQQHFWHGYHKLFOH &9 WHFKQRORJLHVE\VXSSRUWLQJ
GHSOR\PHQWRILPSRUWDQWSK\VLFDODQGGLJLWDOLQIUDVWUXFWXUH
WKDWHQDEOHVDQDGYDQFHGFRQQHFWHGWUDQVSRUWDWLRQV\VWHP

Technologies targeted/ownership model
distinctions
&9LQIUDVWUXFWXUHSULPDULO\UHIHUVWR'HGLFDWHG6KRUW5DQJH
&RPPXQLFDWLRQV '65&  UDGLR HTXLSPHQW EXW FDQ DOVR
UHIHUWRWKHVXSSRUWLQJLQIUDVWUXFWXUHQHHGHGIRUGHSOR\PHQW
VXFK DV EDFNKDXO FRPPXQLFDWLRQV &9 GDWD DQDO\WLFV DQG
&9HTXLSSHG WUDI¿F VLJQDO FRQWUROOHUV &9 LQIUDVWUXFWXUH
LQYHVWPHQWFRXOGDSSO\WRDOOOHYHOVRI$9&9WHFKQRORJLHV
DQGRZQHUVKLSPRGHOV&RQQHFWHGYHKLFOHVZLOOUHDOL]HWKH
EHQH¿WVRILQIUDVWUXFWXUHEDVHGLQIRUPDWLRQZKHWKHUXVLQJ
RULJLQDO HTXLSPHQW PDQXIDFWXUHU 2(0  RU DIWHUPDUNHW
GHYLFHV&RQQHFWHG$9V\VWHPVFRXOGPDNHXVHRIHQKDQFHG
VLWXDWLRQDODZDUHQHVVSURYLGHGE\&9LQIUDVWUXFWXUH

IRUFHGWRSULRULWL]HZKHUH&9HTXLSPHQWPD\EHPRVWEHQH¿FLDO7KHUHKDVEHHQQRLQGLFDWLRQRISURSRVHGUXOHPDNLQJ
UHTXLULQJ &9 LQIUDVWUXFWXUH DQG VWDQGDUGL]DWLRQ IRU &9
LQIUDVWUXFWXUHLQIRUPDWLRQLVLQLWVLQIDQF\,QVWDOODWLRQFRVWV
DVVRFLDWHGZLWK&9LQIUDVWUXFWXUHDUHDOVRKLJKHUWKDQLQYHKLFOHLQWHJUDWLRQDVSRZHUDQGEDFNKDXOHTXLSPHQWDUHDOVR
UHTXLUHG86'27KDVGHYHORSHG9,GHSOR\PHQWJXLGDQFH
IRU VWDWH DQG ORFDO WUDQVSRUWDWLRQ DJHQFLHV ZKLFK LQFOXGHV
LQIRUPDWLRQRQXVHRI)HGHUDODLGSURJUDPVWRIXQGGHSOR\PHQWVWKDWPHHWHOLJLELOLW\UHTXLUHPHQWV

Stakeholder beneﬁts/concerns
7KH EHQH¿WV WR WKH LQYHVWLQJ RUJDQL]DWLRQV DUH SRWHQWLDOO\
IDUUHDFKLQJSULPDULO\LPSURYLQJWKHVDIHW\DQGHI¿FLHQF\
RIWKHLUWUDQVSRUWDWLRQV\VWHPVIRUXVHUVWKRXJKDWDSRWHQWLDOO\ VLJQL¿FDQW FRVW $V WKH 86'27 &9 SLORWV SURJUHVV
PXFK LQIRUPDWLRQ ZLOO EH JDWKHUHG WR SURYLGH UHFRPPHQGDWLRQVDQGOHVVRQVOHDUQHGWRVWDNHKROGHUVFRQVLGHULQJ&9
LQIUDVWUXFWXUHLQYHVWPHQWEHQH¿WV

Optimal timing

How will this help?
7KLVVWUDWHJ\ZLOOSULPDULO\WDUJHWWKHLPSDFWVRIFRQJHVWLRQ
DQGWUDI¿FFUDVKHVZLWKSRWHQWLDOLPSDFWRQSROOXWLRQ:LWK
LQFUHDVHG VDWXUDWLRQ RI &9HTXLSSHG YHKLFOHV &9 LQIUDVWUXFWXUHFRXOGDOORZWKHVHYHKLFOHVWRUHDOL]HWKHEHQH¿WVRI
99DQG9,VDIHW\DSSOLFDWLRQVZKLFKFRXOGSUHYHQWPDQ\
FRPPRQYHKLFXODUFUDVKHVWKDWFRXOGQRWEHSUHYHQWHGGXH
WR OLPLWHG LQGLYLGXDO $9 VHQVLQJ UDQJH &9 LQIUDVWUXFWXUH
FDQ IDFLOLWDWH WUDI¿F KDUPRQL]DWLRQ VWUDWHJLHV WKDW UHGXFH
FRQJHVWLRQ ZKLFK FRXOG DIIHFW YHKLFXODU HPLVVLRQV DQG
IXHO HFRQRP\ &9 LQIUDVWUXFWXUH LQYHVWPHQW DOVR GLUHFWO\
EHQH¿WVWKH'27VWDNHKROGHUVZKRZLOOEHWKHUHFLSLHQWVRI
WKH ZHDOWK RI GDWD FUHDWHG E\ D &9HQDEOHG WUDQVSRUWDWLRQ
V\VWHP

Implementation issues
:KLOH WKH IHGHUDO JRYHUQPHQW LV DFWLYHO\ IXQGLQJ SLORW
GHSOR\PHQWVRI&9WHFKQRORJ\WKHLQYHVWPHQWLQ&9LQIUDVWUXFWXUHZLOOXOWLPDWHO\IDOOWRVWDWHDQGORFDOHQWLWLHVZKRVH
EXGJHWV DUH DOUHDG\ WKLQO\ VWUHWFKHG $ VWURQJ FDVH FDQ EH
PDGHWROHYHUDJH&9DQG$9WHFKQRORJ\WRLQFUHDVHVDIHW\DQGHI¿FLHQF\RIH[LVWLQJURDGV,QFUHDVHGOHYHOVRI&9
PDUNHW SHQHWUDWLRQ FDQ H[DFW VLJQL¿FDQW UHVXOWV KRZHYHU
WKHLQYHVWPHQWLQDQHZGLJLWDOLQIUDVWUXFWXUHLVDVLJQL¿FDQW
SDUDGLJP VKLIW 7KH LQYHVWLQJ RUJDQL]DWLRQV ZLOO OLNHO\ EH

:LWK WKH SHUIRUPDQFHEDVHG LQLWLDWLYHV LQ WKH 0$3
OHJLVODWLRQVWDWHVDQG032VDUHORRNLQJWRHVWDEOLVKVDIHW\
WDUJHWVDQGFRXOGEHRSHQWRFRQVLGHULQJKRZLQYHVWPHQWLQ
&9LQIUDVWUXFWXUHPD\KHOSWKHPPHHWWKRVHJRDOV7KHIHGHUDOJRYHUQPHQWLVOHDGLQJWKHZD\LQWHUPVRI&9UHVHDUFK
DQG SLORW GHSOR\PHQW 6WDQGDUGL]DWLRQ RI LQIUDVWUXFWXUH
PHVVDJLQJ DQG SHUIRUPDQFH LV EHJLQQLQJ DQG DV WKH &9
SLORWVDQG$9WHVWLQJSURJUHVVVWDNHKROGHUVZLOOKDYHGDWD
WRKHOSSODQDQGMXVWLI\WKHH[SHQVHVDQGGHSOR\PHQW7KH
QH[WIHZ\HDUVZLOOEHFULWLFDOWRWKHH[HFXWLRQRIWKLVVWUDWHJ\1+76$¶VSURSRVHGUXOHPDNLQJUHODWHGWRLQYHKLFOH&9
LQWHJUDWLRQ LV D SRVLWLYH VWHS KRZHYHU PDUNHW SHQHWUDWLRQ
PD\SURJUHVVVORZO\VRWKHUHLVVWLOOWLPHIRUVWDWHDQGORFDO
WUDQVSRUWDWLRQSODQQHUVWROHDUQDERXW&9WHFKQRORJ\DQGLWV
SRWHQWLDOEHQH¿WVWRPDNHLQIRUPHGGHFLVLRQVRQLQYHVWLQJ
LQLQIUDVWUXFWXUH

Legality
7KHUHDUHQRNQRZQOHJDORUUHJXODWRU\EDUULHUVWRWUDQVSRUWDWLRQRUJDQL]DWLRQVLQYHVWLQJLQWHFKQRORJ\WRLPSURYHWKHLU
URDGZD\V+RZHYHUDVZLWKDOOVLJQL¿FDQWLQYHVWPHQWVWKDW
DUHODUJHO\IXQGHGE\WKHLUXVHUVWKHLQYHVWLQJDJHQFLHVZLOO
EHQH¿WIURPSURYLGLQJFRQFUHWHHYLGHQFHWRWKHEHQH¿WVWKDW
WKHXVHUVZLOOVHHIURPWKHLQYHVWPHQWV

The beneﬁts to the investing organizations are potentially far-reaching, primarily
improving safety and efﬁciency, though at a potentially signiﬁcant cost.
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Geographic Impact
Urban, suburban, rural

Who
State DOTs, cities, toll agencies,
MPOs

Hurdles
Funding availability, understanding
beneﬁts, AV compatability

EXAMPLES
0LFKLJDQ'27KDVHVWDEOLVKHGD
PLOH WHVW EHG IRU FRQQHFWHG
YHKLFOH WHFKQRORJ\ LQ 6RXWKHDVW
0LFKLJDQ DQG VHHV &9 LQIUDVWUXFWXUH LQYHVWPHQW DV NH\ WR
FUHDWLQJ DQ HQYLURQPHQW VXSSRUWLYHRI9,WHVWLQJ0'27LV
VXSSRUWLQJHTXLSSHGYHKLFOHVWKDW
HQJDJH LQ WKH V\VWHP WKURXJK D
FRPELQDWLRQ RI SDUWQHUVKLSV DQG
VWDWH YHKLFOH ÀHHWV 7KURXJK LWV
'DWD8VH$QDO\VLVDQG3URFHVVLQJ
'8$3 SURJUDP0'27LVSLRQHHULQJWKHFROOHFWLRQDQGIXVLRQ
RI &9 GDWD ZLWK D UDQJH RI GDWD
VRXUFHV
$UL]RQD'27RSHUDWHVDFRQQHFWHG YHKLFOH WHVW EHG XVLQJ '65&
LQ0DULFRSD&RXQW\7KHWHVWEHG
ZDVGHSOR\HGWRWHVWDQGGHPRQVWUDWHVLJQDOSULRULW\UDPSPHWHU
SULRULW\HPHUJHQF\YHKLFOHDSSOLFDWLRQV WUXFN SULRULW\ IRU IUHLJKW
PRYHPHQW DQG DSSOLFDWLRQV IRU
SHGHVWULDQ DQG F\FOLVW VDIHW\ DQG
PRELOLW\

Strategies to Advance Automated and Connected Vehicles

Grant AVs and CVs Priority Access to Dedicated Lanes
Mitigate Safety Risks

Encourage Shared AV Use

Address Liability Issues

Inﬂuence Market Demand

Effectiveness
Efﬁciency
Political Acceptability
Operational Feasibility
Geographic Impact
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Urban

Description
7KLVVWUDWHJ\JUDQWVSULRULW\DFFHVVWR$9VDQG&9VLQGHGLFDWHGODQHVRQURDGZD\V/RQJHUWULSVVHUYHGE\IUHHZD\V
FRXOGVXSSRUWWKHDELOLW\RI$9VDQG&9VWRWUDYHODWFORVH
VSDFLQJDQGRUIRUPIDVWPRYLQJGHQVHO\VSDFHGSODWRRQV
)RU VSHFLDO XUEDQ GLVWULFWV H[FOXVLYH ODQHV IRU 6$9V FRXOG
VXSSRUW UHGXFWLRQ RI 907 LQ WKH GLVWULFW GHSHQGLQJ XSRQ
WKHVKDUHGULGHUHTXLUHPHQWVLPSRVHG

Technologies targeted/ownership model
distinctions
+LJKHU OHYHO $9V DQG &9V ZLWK 99 FDSDELOLW\ ZLOO KDYH
WKH DELOLW\ WR IRUP SODWRRQV WKDW FRXOG EHQH¿W IURP H[FOXVLYHODQHV7KHVWUDWHJ\ZRUNVXQGHUDQ\RZQHUVKLSPRGHO
8UEDQ GLVWULFWV WKDW GHVLJQDWH ODQHV IRU H[FOXVLYH $9 XVH
ZRXOGOLNHO\GRVRLQVXSSRUWRIVKDUHG$9VDQGPD\LPSRVH
ULGHUVKLS UHTXLUHPHQWV WR JDLQ SXEOLF EHQH¿WV LQ H[FKDQJH
IRUWKHORVVRIVWUHHWVSDFHIRURWKHUXVHV

How will this help?
7KHSRWHQWLDOIRUIDVWDQGVDIHWUDYHORQGHGLFDWHGODQHVIRU
$9VRU&9VZRXOGQDWXUDOO\HQFRXUDJHWKHSXUFKDVHRI$9V
DQG &9V 7KH LPSURYHPHQW LQ WUDI¿F ÀRZ DQG WKURXJKSXW LPSURYHV VRFLDO ZHOIDUH WKURXJK UHGXFHG FRQJHVWLRQ
UHGXFHGWUDYHOWLPHVORZHUHPLVVLRQVDQGUHGXFHGYHKLFOH
RSHUDWLQJFRVWV$VORQJDVWKHUHDUHVXI¿FLHQW$9VRU&9V
WR¿OOWKHH[FOXVLYHODQHWKHEHQH¿WVZRXOGH[FHHGWKHFRVWV
EHFDXVH D GHGLFDWHG ODQH FRXOG PRYH PDQ\ PRUH YHKLFOHV
PXFKIDVWHUUHOLHYLQJFRQJHVWLRQRQRWKHUODQHV)RUFRPPHUFLDOYHKLFOHVSODWRRQVLQGHGLFDWHGODQHVFRXOGVDYHIXHO
UHGXFLQJHPLVVLRQV,IWKHLQWHQWLVWRLQFUHDVHPDUNHWSHQHWUDWLRQRIHTXLSSHGYHKLFOHVVXFFHVVZLOOGHSHQGRQURDG
RSHUDWRUV¶ZLOOLQJQHVVWRGHGLFDWHODQHVWR$9VDQG&9V,I
WKH LQWHQW LV WR UHGXFH 907 LQ D UHVWULFWHG GLVWULFW RU DUHD
OLNHDQXUEDQFHQWHU VXFFHVVZLOOGHSHQGRQKRZZHOOWKH
VXSSO\RI6$9VPDWFKHVGHPDQG

Implementation issues
7KHPRVWFRPPRQIRUPRIGHGLFDWHGODQHVLVPDQDJHGODQHV
0/V  ZKLFK YDU\ LQ VL]H DOORZHG XVHV DQG RZQHUVKLS

$OORZLQJFORVHO\VSDFHG$9VDQG&9VZRXOGOLNHO\UHTXLUH
WKHRZQHUVRIWKHODQHVWRZRUNZLWKWKH)+:$WRHQVXUH
PLQLPXP VWDQGDUGV DUH PHW VXFK DV  PSK VSHHG LQ WKH
ODQHVIRURIWKHSHDNSHULRG/DQHRZQHUVZRXOGDOVR
OLNHO\KDYHWRZRUNZLWKVWDWHOHJLVODWXUHVLQWKHFDVHZKHUH
DODQHZDVGHGLFDWHGWR$9V&9VRQO\7KHEHVWFDQGLGDWHV
ZRXOG EH WKRVH ODQHV ZLWK PDQ\ WUDYHOHUV XVLQJ WKH ODQHV
IRU ORQJ WULSV +RZHYHU RQH LPSOHPHQWDWLRQ LVVXH ZRXOG
EHWKHGLIIHUHQWRSHUDWLQJUHVSRQVLELOLWLHVIRU&9VDQG$9V
LQ PDLQWDLQLQJ SODWRRQV )RU D &9 WKH GULYHU LV UHVSRQVLEOHIRUPDLQWDLQLQJYHKLFOHKHDGZD\VEXWIRUD/HYHORU
 $9 WKH YHKLFOH ZRXOG EH UHVSRQVLEOH IRU WKLV DVSHFW RI
RSHUDWLRQ WKXV SRWHQWLDOO\ FUHDWLQJ DOWHUQDWLYH UHJXODWRU\
UHJLPHV)LQDQFLDOGRFXPHQWVIRUH[LVWLQJ0/VPD\QHHGWR
EHPRGL¿HGWRDOORZWKLVQHZXVHUJURXS±HVSHFLDOO\LIWKH
SUHIHUHQWLDOWUHDWPHQWLQFOXGHVDWROOGLVFRXQWZKLFKZRXOG
LPSDFWWKHUHYHQXHVWUHDP)RUXUEDQGLVWULFWFRQYHUVLRQRI
ODQHVH[FOXVLYHO\IRU6$9VRUXUEDQIUHLJKWGHOLYHU\LPSOHPHQWDWLRQFKDOOHQJHVDULVHZKHQUHVWULFWLQJXVHWRRQHWUDYHO
PRGHZLWKLQDUHDVDOUHDG\H[SHULHQFLQJKLJKGHPDQG)RU
PLQLPDOFRVWWKHSRWHQWLDOVRFLHWDOEHQH¿WVDUHYHU\ODUJH
%XW GHSOR\PHQW ZLOO UHTXLUH WKH ULJKW VLWXDWLRQ )RU PDQDJHG ODQHV LW ZLOO UHTXLUH ORQJ GLVWDQFH WULS SDWWHUQV IRU
XUEDQGLVWULFWVLWZLOOUHTXLUHWKHULJKWPDUNHWFRQGLWLRQVIRU
6$9)RUERWKFDVHVGLVSODFHGXVHUVZLOOFUHDWHDSROLWLFDO
FKDOOHQJH

Stakeholder beneﬁts/concerns
6WDNHKROGHUVLQFOXGH$9DQG&9PDQXIDFWXUHUVWKHRZQHUVRSHUDWRUVXVHUVDQG¿QDQFLHUVRI0/VDQGDQ\GLVSODFHGXVHUVRIFRQYHUWHGODQHV$PRQJWKHYDULRXVRSWLRQV
IRUSULRULW\ODQHGHVLJQDWLRQSROLWLFDODFFHSWDELOLW\ZLOOEH
ORZHVWIRUWKHFRQYHUVLRQRIDJHQHUDOXVHODQHWRDGHGLFDWHGXVHODQH

Optimal timing
7R LQFHQWLYL]H PDUNHW DGRSWLRQ RSWLPDO WLPLQJ ZRXOG EH
LQWKHQHDUWHUP)RUODQHGHGLFDWLRQWKDWLQYROYHVGLVSODFHG
XVHUVDQGORFDOUHVLGHQWVSROLWLFDOFKDOOHQJHVZLOOOLNHO\GLFWDWHWKHWLPLQJ

The potential for fast and safe travel on dedicated lanes for AVs or CVs would
naturally encourage the purchase of AVs and CVs.
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Who
State and local road operators

Hurdles
Political, operational

Legality
$OORZLQJ SODWRRQLQJ RI $9V /HYHOV
DQG RU&9V 99 RQ0/VZLOO
UHTXLUHHQDEOLQJOHJLVODWLRQ,IWKHODQH
ZDV GHGLFDWHG WR $9V DQG &9V RQO\
WKHQLWLVOLNHO\VWDWHDQGORFDOOHJLVODWLYHDXWKRULW\ZRXOGEHUHTXLUHG,VVXHV
VXFK DV IROORZLQJ GLVWDQFH UHTXLUHPHQWV ZLOO QHHG WR EH H[DPLQHG DQG
SRWHQWLDOO\UHYLVHG

EXAMPLE
,Q RQH H[DPSOH FOHDQ YHKLFOHV
ZHUHJUDQWHGDFFHVVWR+29ODQHV
QRUPDOO\ UHVWULFWHG WR YHKLFOHV
ZLWK WZR RU PRUH RFFXSDQWV 2I
WKHSOXJLQHOHFWULFYHKLFOH
RZQHUV VXUYH\HG LQ &DOLIRUQLD
 ZHUH DOORZHG WR XVH +29
ODQHV 0RVW LQGLFDWHG WKDW +29
ODQH DFFHVV ZDV WKHLU SULPDU\
PRWLYDWLRQ IRU EX\LQJ WKH FDU
7KLV LV D FOHDU H[DPSOH ZKHUH
WUDYHO WLPH VDYLQJV PRWLYDWHG
WKHSXUFKDVHRIDVSHFL¿FW\SHRI
YHKLFOH

Strategies to Advance Automated and Connected Vehicles

Grant Signal Priority to CVs
Mitigate Safety Risks

Encourage Shared AV Use

Address Liability Issues

Inﬂuence Market Demand

Effectiveness
Efﬁciency
Political Acceptability
Operational Feasibility
Geographic Impact
Urban, suburban

Who

Anna Grigorjeva/Shutterstock.com

State and local transportation
agencies that operate trafﬁc signals

Description
7UDI¿F VLJQDO SULRULW\ IRU $9V DQG &9V LQYROYHV VRSKLVWLFDWHG VLJQDO WLPLQJ DOJRULWKPV WKDW HVWLPDWH WKH DUULYDO RI
SODWRRQVRI$9VDQG&9VDQGFRRUGLQDWHWKHVLJQDOWLPLQJ
WR JLYH WKHVH SODWRRQV JUHHQ OLJKW SULRULW\ DQG LQFUHDVH
WKURXJKSXW7KHJRDOLVWRGHFUHDVHGHOD\DWWKHVLJQDOIRUDOO
YHKLFOHVEXWSDUWLFXODUO\$9VDQG&9VDVDZD\WRVWLPXODWH
FRQVXPHUDFWLRQWRZDUGPDUNHWSHQHWUDWLRQ

Technologies targeted/ownership model
distinctions
$OOOHYHOVRIFRQQHFWLYLW\DQGDXWRPDWLRQFRXOGEHQH¿WIURP
WKLVDVORQJDVWKHUHZDVFRQQHFWLYLW\WRWKHLQIUDVWUXFWXUH
$VVXFKLWLVFRQVLGHUHGD&9DSSOLFDWLRQ7KLVSROLF\ZRXOG
UHTXLUHDKLJKSHUFHQWDJHRIFRQQHFWHGYHKLFOHVLQWKHWUDI¿F
VWUHDP WR UHGXFH RYHUDOO GHOD\ :LWK VXI¿FLHQW QXPEHUV RI
HTXLSSHG YHKLFOHV WKH SROLF\ FRXOG ZRUN ZHOO LQ ERWK SULYDWHDQGVKDUHGRZQHUVKLSPRGHOV

How will this help?
&9SULRULW\ZRXOGEHDPRUHFRPSOH[YHUVLRQRIWUDQVLWVLJQDOSULRULW\7KHFDOOIRU&9SULRULW\FRXOGFRPHIURPDQ\
QXPEHURISODWRRQVDWDQ\WLPHDSSURDFKLQJIURPDOOGLUHFWLRQV&RQYHUVHO\GXULQJSHULRGVZLWKYHU\OLWWOHWUDI¿FWKH
VLJQDOPD\EHDEOHWRSURYLGHJUHHQIRUDQ\DSSURDFKLQJ&9
VDYLQJ WLPH IXHO DQG RSHUDWLQJ FRVWV IRU WKRVH YHKLFOHV
7KLVVWUDWHJ\ZLOOUHTXLUHDODUJHSHUFHQWDJHRIWKHÀHHWWR
EH HTXLSSHG WR REWDLQ EHQH¿WV WKDW ZRXOG H[FHHG FRVWV DV
WKHWUDYHOWLPHVDYLQJVZLOOEHPLQLPDODQGFDQRQO\EHXVHG
ZKHQ FRQGLWLRQV DUH ULJKW *LYHQ WKH PLQLPDO WUDYHO WLPH
EHQH¿WVWKDWZRXOGUHVXOWLWLVXQOLNHO\WKDWWKLVSROLF\ZRXOG
EHDGULYLQJIRUFHWRLQFUHDVHPDUNHWSHQHWUDWLRQRI&9V

Implementation issues
3URYLGLQJ &9V SULRULW\ WUHDWPHQW DW VLJQDOL]HG LQWHUVHFWLRQVZRXOGEHOHGE\WKHDJHQF\UHVSRQVLEOHIRURSHUDWLQJ

DWUDI¿FVLJQDOV\VWHP0DQ\VXFKDJHQFLHVFXUUHQWO\JUDQW
VRPHSULRULW\WUHDWPHQWWRWUDQVLW7KHRYHUDOOLPSDFWZRXOG
GHSHQGDJUHDWGHDORQWKHPDUNHWSHQHWUDWLRQRI&9V,I&9V
UHSUHVHQWDVPDOOSRUWLRQRIWKHWUDI¿FWKHQJUDQWLQJWKRVH
LQGLYLGXDOFDOOVIRUJUHHQPLJKWLQFUHDVHRYHUDOOGHOD\QHJDWLYHO\LPSDFWLQJPDQ\QRQ&9GULYHUV$GGLWLRQDOO\GXULQJ
SHULRGV RI SHDN FRQJHVWLRQ DQG VDWXUDWHG ÀRZV SULRULW\
WUHDWPHQWZRXOGOLNHO\QRWLPSURYHWUDI¿FÀRZDQ\EHQH¿W
WRWKH&9RZQHUZRXOGEHQHJOLJLEOH7KLVVWUDWHJ\FRXOGEH
DQH[WHQVLRQRIWKHFXUUHQWSUDFWLFHRIWUDQVLWVLJQDOSULRULW\
7KHWHFKQLFDODQG¿QDQFLDOFKDOOHQJHVDUHPLQLPDOEXWWKH
SRWHQWLDO SRVLWLYH LPSDFW LV DOVR PLQLPDO 7KH RQO\ RSHUDWLRQDO OLPLWDWLRQ SHUWDLQV WR WKH DOJRULWKPV WKDW SULRULWL]H
&9VZKLFKKDYHQRWEHHQGHYHORSHG

Stakeholder beneﬁts/concerns
6WDNHKROGHUVLQFOXGHWKHRZQHUVDQGRSHUDWRUVRIWKHWUDI¿F VLJQDOV SOXV DOO WUDYHOHUV RQ WKH URDGZD\ QHWZRUN $OO
LQFRPHJURXSVDQGGLVDGYDQWDJHGJURXSVVWDQGWREHQH¿W
DOWKRXJKKLJKHULQFRPHJURXSVZRXOGOLNHO\VHHPRUHEHQH¿WDVWKH\DUHPRUHOLNHO\WRDIIRUGDQHTXLSSHGYHKLFOH
,PSOHPHQWDWLRQ PD\ UHTXLUH WUDGHRIIV DPRQJ URDG XVHUV
HJ WKH GHSOR\PHQW RI SULRULW\ WUHDWPHQW IRU &9V PD\
LQFUHDVHGHOD\IRUWUDQVLWXVHUVDQGQRQHTXLSSHGYHKLFOHV
(TXLW\LVVXHVFRXOGDULVHLQRIIHULQJSULYLOHJHGVHUYLFHWR
KLJKHULQFRPH RZQHUV RI &9V WR WKH GHWULPHQW RI FDSWLYH
WUDQVLWULGHUVHVSHFLDOO\ZKHUHWUDQVLWSULRULW\WUHDWPHQWLV
FXUUHQWO\SURYLGHG

Optimal timing
7UDI¿FVLJQDOSULRULW\UHTXLUHVDWUDI¿FVLJQDOWREHDEOHWR
UHFHLYH D VLJQDO UHTXHVW PHVVDJH IURP WKH SODWRRQ DQG DFW
RQ LW E\ JLYLQJ SULRULW\ WR WKH SODWRRQ 0RVW WUDI¿F VLJQDO
FRQWUROOHUVLQVWDOOHGLQWKHODVWWR\HDUVKDYHWKLVDELOLW\7KHDELOLW\IRUSODWRRQVWRVHQGWKLVVLJQDOKDVQRWEHHQ
GHYHORSHGQRUKDYHDQ\DOJRULWKPVWKDWJXLGHZKHQWKHVLJQDOZLOOJUDQWSULRULW\

The goal is to decrease delay at the signal for all vehicles, but particularly AVs
and CVs, as a way to stimulate consumer action toward market penetration.
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Hurdles
Political

Legality
7KHUHDUHQRH[SHFWHGOHJDOEDUULHUVWR
WKLVVWUDWHJ\DVVWDWHDQGORFDODJHQFLHV
KDYHDXWKRULW\WRRSHUDWHWUDI¿FVLJQDOV

EXAMPLE
7UDQVLWVLJQDOSULRULW\ 763 LVDQ
H[DPSOH RI DQ RSHUDWLRQDO VWUDWHJ\ WKDW SODFHV SULRULW\ RQ PRYLQJ EXVHV RU VWUHHWFDUV WKURXJK
WUDI¿FVLJQDO FRQWUROOHG LQWHUVHFWLRQV ,Q 3RUWODQG 2UHJRQ 763
ZDV LPSOHPHQWHG RQ PRUH WKDQ
LQWHUVHFWLRQV URXJKO\RI
WKHFLW\ UHVXOWLQJLQDWR
WUDYHO WLPH UHGXFWLRQ IRU WUDQVLW
YHKLFOHV 7KH EDVLF SULQFLSOH RI
RSHUDWLRQ LI WKH YHKLFOH DUULYHV
RQDJUHHQLQGLFDWLRQWKHJUHHQLV
H[WHQGHG  WR  VHFRQGV ,I WKH
YHKLFOHDUULYHVRQUHGWKHSKDVHV
IRU WKH RWKHU DSSURDFKHV RI WKH
LQWHUVHFWLRQDUHVKRUWHQHG

Strategies to Advance Automated and Connected Vehicles

Grant Parking Access to AVs and CVs
Mitigate Safety Risks

Encourage Shared AV Use

Address Liability Issues

Inﬂuence Market Demand

Effectiveness
Efﬁciency
Political Acceptability
Operational Feasibility
Geographic Impact
Urban
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Who
Description
7KLV SROLF\ VWUDWHJ\ JUDQWV SULRULW\ UHVHUYHG SDUNLQJ LQ D
GHVLUDEOHORFDWLRQWRDXWRPDWHGDQGFRQQHFWHGYHKLFOHV $9V
DQG&9V WRDFFHOHUDWHPDUNHWSHQHWUDWLRQ

Technologies targeted/ownership model
distinctions
3DUNLQJ SULRULW\ ZRXOG JLYH SUHIHUHQWLDO SDUNLQJ VSRWV WR
$9V 6$(/HYHOV DQGWR&9V 99DQG9, 

How will this help?
7KHRUHWLFDOO\ SDUNLQJ SULRULW\ IRU $9V DQG &9V ZRXOG EH
DQLQFHQWLYHWRFRQVXPHUVWRSXUFKDVHSHUVRQDO$9VRUXVH
VKDUHG $9V WKHUHE\ LQFUHDVLQJ WKH QXPEHUV RI $9V DQG
&9V DQG UHDOL]LQJ WKHLU VDIHW\ FRQJHVWLRQ HQYLURQPHQWDO
DQG PRELOLW\ EHQH¿WV &9V 9, RU 99  FRXOG DOVR DOHUW
WKHYHKLFOHWRDYDLODEOHSDUNLQJVSRWVZKLFKPLJKWEHQH¿W
VRFLHW\WKURXJKUHGXFHG907IURPSDUNLQJVHDUFKHV7KH
DOHUWVFRXOGFRPHIURPWKHLQIUDVWUXFWXUHRUIURPRWKHUYHKLFOHV WKDW VHQVH RSHQ VSDFHV 7KLV LV VLPLODU WR VRPH VPDUW
SKRQHDSSVWKDWSURYLGHWKLVLQIRUPDWLRQWRWUDYHOHUVVXFKDV
3DUN0H ZZZ3DUN0HFRP RU6)3DUN VISDUNRUJ 

$9VDUHGLVWLQFWDQGPD\QRWHDVLO\IROORZWKH(9RUFDUSRROULGHVKDUH PRGHO IRU SUHIHUHQWLDO SDUNLQJ $9V FDQ EH
VHOISDUNLQJ2QFHWKHWUDYHOHUOHDYHVWKH$9WKHYHKLFOHFDQ
VHOISDUNLQWKHOHDVWSUHIHUUHGORFDWLRQVVXFKDVWKHWRSÀRRU
RIDJDUDJHRUEDFNDUHDVUHGXFLQJWKHGHVLUDELOLW\RISUHIHUUHGSDUNLQJ)XUWKHU$9VFDQXVHPXFKVPDOOHUSDUNLQJ
VSRWVDQGYHKLFOHVFDQEH³VWDFNHG´VLQFHWKHUHLVQRQHHGIRU
WKHGRRUVWRRSHQ'XHWRWKHVHLPSDFWVKLJKYDOXHVSDFHV
FRXOGEHUHVHUYHGIRUGLIIHUHQWW\SHVRIWUDGLWLRQDOYHKLFOHV
3UHIHUUHGSDUNLQJVSDFHVPD\EHSURYLGHGDWNH\WUDQVSRUWDWLRQKXEVWRHQFRXUDJHWUDYHOHUVWRXVHSXEOLFWUDQVLW%XW
DV QRWHG DERYH VHOISDUNLQJ $9V UHGXFH WKH YDOXH RI WKLV
LQFHQWLYH 7KHUH PD\ EH YDOXH LQ VKDUHG YHKLFOHV KDYLQJ
SUHIHUHQWLDOFXUEDFFHVVLQVRPHLQVWDQFHV7KHUHPD\EHD
KLJKHUXWLOLW\WRWKH&9RZQHURUXVHUIRUSUHIHUHQWLDOSDUNLQJVLQFHWKHYHKLFOHPD\QRWEHVHOISDUNLQJ%XWWKHFDSDELOLW\ WR UHFHLYH UHDOWLPH DOHUWV DV WR RSHQ SDUNLQJ VSDFHV
PD\UHGXFHWKHLQFHQWLYH
0DQ\SDUNLQJIDFLOLWLHVDUHRZQHGDQGRSHUDWHGE\PXQLFLSDOLWLHVDLUSRUWVDQGWUDQVLWVWDWLRQVDQGSDUNLQJIHHVDUH
DVLJQL¿FDQWUHYHQXHVRXUFHIRUWKHVHRUJDQL]DWLRQV,QWKH
HYHQWWKDW$9&9WHFKQRORJ\UHGXFHVWKHGHPDQGIRUKLJK
FRVWSDUNLQJWKHUHYHQXHVWUHDPVPD\EHUHGXFHG

Implementation issues
6WDWHDQGORFDOHQWLWLHVKDYHDXWKRULW\RYHUSDUNLQJJDUDJHV
DQG RQVWUHHW SDUNLQJ 3URWRW\SH SROLFLHV IRU SUHIHUHQWLDO
SDUNLQJDUHFXUUHQWO\LPSOHPHQWHGIRU(9V0DQ\QDWLRQDO
VWDWHDQGFLW\JRYHUQPHQWVKDYHWULHGWRDGYDQFHWKHXSWDNH
RI HOHFWULF YHKLFOHV (9V  DQG UHGXFH RLO FRQVXPSWLRQ FOLPDWHUHODWHG HPLVVLRQV DQG ORFDO DLU SROOXWLRQ WKURXJK
SUHIHUHQWLDOSDUNLQJ0RVWSDUNLQJWKDWZRXOGEHLPSDFWHG
E\SULRULW\SDUNLQJIRU$9&9ZRXOGOLHZLWKSULYDWHSURSHUW\RZQHUV6RPHHPSOR\HUVQRZRIIHUSUHIHUHQWLDOSDUNLQJ
IRU ORZHPLVVLRQ DQG IXHOHI¿FLHQW YHKLFOHV RU IRU YHKLFOHV
XVHGLQFDUSRROLQJRUULGHVKDULQJDVSDUWRIWUDQVSRUWDWLRQ
GHPDQGPDQDJHPHQWLQLWLDWLYHV7KHVHSROLFLHVZRUNEHVWLQ
DODUJHSDUNLQJIDFLOLW\ZLWKDORWRIQRQGHVLUDEOHVSDFHV

Stakeholder beneﬁts/concerns
6WDNHKROGHUV LQFOXGH WUDYHOHUV DQG WKH RZQHUV DQG RSHUDWRUVRISDUNLQJIDFLOLWLHV7KHLPSDFWLVOLNHO\WREHSRVLWLYH
UHGXFHG WUDI¿F FRQJHVWLRQ GXH WR UHGXFHG SDUNLQJ VHDUFK
WLPHVDQGLQFUHDVHGSDUNLQJVSRWVGXHWRVPDOOHUVSDFHQHHGV
WRSDUNDQ$9 $OOLQFRPHJURXSVDQGGLVDGYDQWDJHGJURXSV
VWDQGWREHQH¿W:LWKVKDUHG$9VLWLVOLNHO\WKDWWKHVHEHQH¿WVZRXOGEHPRUHZLGHO\GLVSHUVHG7KLVVWUDWHJ\FRXOGEH
FRQVLGHUHGDQLQFUHPHQWDOFKDQJHVLQFHLWLVVLPSO\DGMXVWLQJ
ZKRLVDOORZHGWRSDUNLQFHUWDLQVSDFHV

Optimal timing
7KLVVWUDWHJ\SHUWDLQVWRDQHDUWHUPVFHQDULRZKHUHWKHPDUNHWSHQHWUDWLRQRI$9VDQG&9VLVUHODWLYHO\VPDOO

This policy strategy grants priority reserved parking in a desirable location
to automated and connected vehicles (AVs and CVs) to accelerate market
penetration.
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Local government

Hurdles
Effectiveness

Legality
/RFDOMXULVGLFWLRQVWKDWRSHUDWHSDUNLQJ
IDFLOLWLHVZRXOGKDYHWKHOHJDODXWKRULW\
WRSXWVXFKDSURJUDPLQSODFH

EXAMPLE
7R IDFLOLWDWH FDUVKDULQJ HJ
=LSFDU &DU*R  FLWLHV KDYH
SURYLGHG SDUNLQJ VSDFHV IRU
IUHH WR FDUVKDULQJ VHUYLFHV ,Q
 :DVKLQJWRQ '& RIIHUHG
XQLYHUVDO SDUNLQJ SDVVHV IRU
 FDUVKDUH YHKLFOHV WR SURPRWH RQHZD\ FDUVKDULQJ LQ WKH
GLVWULFW ,Q $XVWLQ 7H[DV ERWK
&DU*R DQG =LSFDU KDYH GHVLJQDWHG VSDFHV LQ WKH GRZQWRZQ
DUHDZKLFKDUHPDUNHGE\SRVWHG
VLJQV$GGLWLRQDOO\&DU*RYHKLFOHV PD\ SDUN DW &LW\ RI $XVWLQ
PHWHUHGVSDFHVIRUIUHH&DUVKDUH
YHKLFOHV DUH VWLOO VXEMHFW WR PRVW
SRVWHGVLJQVDQGDUHQRWDOORZHG
WR SDUN LQ QRSDUNLQJ ]RQHV ¿UH
]RQHVFRPPHUFLDO]RQHVHWF
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Implement New Contractual Mechanisms with Private-sector Providers
Mitigate Safety Risks

Encourage Shared AV Use

Address Liability Issues

Inﬂuence Market Demand

Effectiveness
Efﬁciency
Political Acceptability
Operational Feasibility
Rawpixel.com/Shutterstock.com

Geographic Impact
Description
7KLVVWUDWHJ\DLPVWRHVWDEOLVKQHZFRQWUDFWXDOPHFKDQLVPV
ZLWK SULYDWHVHFWRU SURYLGHUV WR LQFHQWLYL]H PDUNHW GHYHORSPHQWIRU$9DQG&9WHFKQRORJLHVRQHH[DPSOHRIZKLFK
LV D SXEOLFSULYDWH SDUWQHUVKLS 333 RU 3  333V RU RWKHU
DUUDQJHPHQWVWKDWLQFOXGHUHTXLUHUHLQYHVWPHQWRISRWHQWLDO
UHYHQXHWRGHSOR\&9DQG$9HQDEOLQJWHFKQRORJLHVFRXOG
IDFLOLWDWHDGRSWLRQDQGSHQHWUDWLRQ7KLVDSSURDFKDOVRFUHDWHVDQHFRV\VWHPWKDWFRXOGOHDGWRLQQRYDWLRQ

Technologies targeted/ownership model
distinctions
7KHVHPHFKDQLVPVFRXOGWDUJHWDOOOHYHOVRI$9&9WHFKQRORJLHVDQGRZQHUVKLSPRGHOVHVSHFLDOO\&9WHFKQRORJ\DQG
VKDUHG$9V&RQQHFWHGYHKLFOHVXVLQJHLWKHURULJLQDOHTXLSPHQW PDQXIDFWXUHU 2(0  RU DIWHUPDUNHW HTXLSPHQW ZLOO
EURDGFDVWLPPHQVHDPRXQWVRIGDWDWKDWFRXOGEHFROOHFWHG
DQRQ\PRXVO\E\URDGVLGHLQIUDVWUXFWXUHDQGPDGHDYDLODEOH
LQDGDWDPDUNHWSODFH7KLVFRXOGLQFOXGHYHKLFOHSUREHGDWD
SRVLWLRQ VSHHG HWF  JLYLQJ LQVLJKW LQWR WKURXJKSXW DQG
WUDI¿FSDWWHUQVDQGRWKHULQIRUPDWLRQVXFKDV&9DSSOLFDWLRQ LQFLGHQFHV IRUZDUG FROOLVLRQ ZDUQLQJV FXUYH VSHHG
ZDUQLQJVHWF 7KH&9LQIUDVWUXFWXUHLWVHOIFRXOGVLPLODUO\
EHDGDWDVRXUFHWRWKHPDUNHWSODFH

How will this help?
7KLVVWUDWHJ\FDQSRWHQWLDOO\WDUJHWDOOLPSDFWVRIGULYLQJE\
HQFRXUDJLQJDQGIDFLOLWDWLQJWKHGHSOR\PHQWRI&9DQG$9
V\VWHPVDQGWHFKQRORJLHVZKLFKFDQOHVVHQWKHLPSDFWVRI
WUDI¿FFUDVKHVFRQJHVWLRQSROOXWLRQODQGGHYHORSPHQWDQG
PRELOLW\3URGXFHUVFRXOGEHHQFRXUDJHGWRIXUWKHUGHYHORS
&9 WHFKQRORJ\ LQFOXGLQJ 99 DQG 9, VDIHW\ DQG PRELOLW\ DSSOLFDWLRQV DV ZHOO DV FRQQHFWHG $9V 3ULYDWH VKDUHG
YHKLFOHRSHUDWRUVDQGQHZ71&PRGHOVFRXOGRSHUDWHVKDUHG
$9V DQG FRQVXPHU SXUFKDVHV RI KLJKHU OHYHO $9V LQFOXGLQJFRQQHFWHG$9VFRXOGKDUPRQL]HWUDI¿FÀRZDQGUHGXFH
LQFLGHQWV

Implementation issues
3DUUDQJHPHQWVKDYHKLVWRULFDOO\FUHDWHGQHWSRVLWLYHEHQH¿WVIRUVWDNHKROGHUVDQGXVHUVRIWHQWLPHVDFFHOHUDWLQJWKH
FRPSOHWLRQRIDQHHGHGIXQFWLRQRUIDFLOLW\+RZHYHUWKH\

DUHJHQHUDOO\SHUFHLYHGDVDPRUHH[SHQVLYHPHFKDQLVPWR
UHDOL]HWKRVHEHQH¿WVLQFOXGLQJGHSOR\PHQWRIWHFKQRORJ\
,GHQWLI\LQJDVXLWDEOHUHYHQXHVWUHDPWRVXSSRUWWKHPDUNHWSODFHIRU$9DQG&9WHFKQRORJ\FRXOGEHFKDOOHQJLQJ:LWK
D333HVWDEOLVKHGIRUWROORUPDQDJHGURDGZD\VWROOUHYHQXH
FRXOG EH OHYHUDJHG IRU VXFK DQ LQYHVWPHQW $GGLWLRQDOO\
WKH GDWD JHQHUDWHG E\ &9V DQG FRQQHFWHG $9V FRXOG EH D
YDOXDEOHDVVHWIRUSODQQLQJDQGRSHUDWLRQVDQGFRXOGEHD
VLJQL¿FDQWUHYHQXHVWUHDP

Stakeholder beneﬁts/concerns
7KHSULPDU\VWDNHKROGHUVIRUWKLVVWUDWHJ\LQFOXGHWKHVWDWH
DQGORFDODJHQFLHVDQGSULYDWHRUJDQL]DWLRQVWKDWZLOOHQWHU
LQWRWKHVHDJUHHPHQWV0DQ\H[DPSOHVRI333DUUDQJHPHQWV
LQYROYH GHVLJQ FRQVWUXFWLRQ DQG PDLQWHQDQFH RI WROO DQG
PDQDJHG URDGZD\V ZKLFK FDQ EH FRQWURYHUVLDO  DQG GDWD
PDUNHWSODFHPRGHOVKDYHQRWEHHQWHVWHG:KHQHYHUSXEOLF
DVVHWVDUHPRQHWL]HGFRQFHUQVDUHUDLVHGDERXWGLVSURSRUWLRQDWH LPSDFWV WR ORZHU LQFRPH GULYHUV DQG WUDQVLW XVHUV
)XUWKHUPRUH DV WUDGLWLRQDO 333 UHODWLRQVKLSV DUH W\SLFDOO\
HVWDEOLVKHGIRUVHJPHQWVRIURDGZD\VWKHSHUFHLYHGEHQH¿WV
DUHKLJKO\ORFDOL]HG$VVXFK3UHODWLRQVKLSVWKDWLQFOXGH
&9 DQG $9 HOHPHQWV PD\ QHHG WR RFFXU RQ D PRUH V\VWHPZLGHOHYHO'DWDSULYDF\PXVWDOVREHFRQVLGHUHGVRDOO
HQWLWLHV ZRXOG QHHG WR HQVXUH WKDW DQ\ XVHUJHQHUDWHG GDWD
ZRXOGEHDQRQ\PL]HG

Optimal timing
,PSOHPHQWDWLRQRIWKHVHQHZDSSURDFKHVRUEXVLQHVVPRGHOV FRXOG EHQH¿W DGRSWLRQ DQG GHSOR\PHQW RI &9 DQG $9
WHFKQRORJLHVLQWKHQHDUWHUPVLQFHWUDQVSRUWDWLRQDJHQFLHV
JHQHUDOO\KDYHOLPLWHGEXGJHWVIRUWHFKQRORJ\GHYHORSPHQW
DQGGHSOR\PHQWDQGFRXOGPDNHXVHRIIXQGLQJPDGHDYDLODEOHIURPSULYDWHRUJDQL]DWLRQVWKURXJKWKHVHDUUDQJHPHQWV
2QFHUHYHQXHVWUHDPVDUHÀRZLQJWKHSULYDWHRUJDQL]DWLRQV
FDQ UHFRXS WKHLU LQYHVWPHQWV DQG EHJLQ WR LGHQWLI\ QHZ
LQYHVWPHQW RSSRUWXQLWLHV $ QHZ EXVLQHVV PRGHO PD\ EH
QHHGHGZKLFKFRXOGGHOD\WKHIHDVLELOLW\RIWKLVDSSURDFK

Legality
,QQRYDWLYH FRQWUDFWXDO DSSURDFKHV DQG EXVLQHVV PRGHOV
PXVWDGKHUHWRUHOHYDQWH[LVWLQJOHJDOIUDPHZRUNVIRUFRQWUDFWVDQGDJUHHPHQWVZKLFKFDQYDU\ZLGHO\DPRQJVWDWHV

Arrangements that include/require reinvestment of potential revenue to deploy
CV- and AV-enabling technologies could facilitate adoption and penetration.
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Urban

Who
Transportation agencies in urban
areas: state DOTs, cities, toll
authorities, public transit agencies

Hurdles
Viable business models, legal and
governance, political acceptability

EXAMPLE
8WDK'27XVHV\HDUUHVRXUFH
VKDULQJDJUHHPHQWVWRFRRUGLQDWH
¿EHURSWLF EURDGEDQG QHWZRUN
GHYHORSPHQWLQWKHSXEOLFULJKWRI
ZD\ 52: DORQJLWVVWDWHURDGV
6WDWH ODZ ZDV FUHDWHG LQ 
GH¿QLQJ VKDUHGXVH DJUHHPHQWV
VSHFL¿F WR WHOHFRP VHUYLFHV DQG
ORQJLWXGLQDO DFFHVV WR 8'27
52: 8'27 PDLQWDLQV D SROLF\
WKDW NHHSV WKH 52: RSHQ DW DOO
WLPHVIRUWHOHFRPSURYLGHUVWRJHW
HDV\DFFHVVWRFRPSOHWHFRQWLQXRXVEXLOGRXWVZKLFKDOVRHQVXUHV
WKDWQRVLQJOHFRPSDQ\JHWVH[FOXVLYH DFFHVV WR WKH 52: 8'27
LQVWDOOV FRQGXLW GXULQJ DOO URDGZD\ SURMHFWV DQWLFLSDWLQJ IXWXUH
FRQQHFWLRQ WR ORFDO FRPPXQLWLHV
ZLWK ¿EHU RSWLFV DQG EURDGEDQG
7KLVHQFRXUDJHVWHOHFRPVWRSURYLGHDFFHVVWRORFDOFRPPXQLWLHV
DQGJDLQVDFFHVVWRWKHWHOHFRP¶V
¿EHUQHWZRUNWKURXJKDUHVRXUFH
VKDULQJDJUHHPHQW
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AUTOMATED DRIVING SYSTEMS
A Vision for Safety

2.0

INTRODUCTORY MESSAGE
Today, our country is on the verge of one of the most exciting and important innovations in transportation history—
the development of Automated Driving Systems (ADSs), commonly referred to as automated or self-driving vehicles.
The future of this new technology is so full of promise. It’s a future where vehicles increasingly help drivers avoid
crashes. It’s a future where the time spent commuting is dramatically reduced, and where millions more—including
the elderly and people with disabilities–gain access to the freedom of the open road. And, especially important, it’s a
future where highway fatalities and injuries are significantly reduced.
Since the Department of Transportation was established in 1966, there have been more than 2.2 million motorvehicle-related fatalities in the United States. In addition, after decades of decline, motor vehicle fatalities spiked by
more than 7.2 percent in 2015, the largest single-year increase since 1966. The major factor in 94 percent of all fatal
crashes is human error. So ADSs have the potential to significantly reduce highway fatalities by addressing the root
cause of these tragic crashes.
The U.S. Department of Transportation has a role to play in building and shaping this future by developing a
regulatory framework that encourages, rather than hampers, the safe development, testing and deployment of
automated vehicle technology.

Secretary Elaine L. Chao
U.S. Department of Transportation

Accordingly, the Department is releasing A Vision for Safety to promote improvements in safety, mobility, and
efficiency through ADSs.
A Vision for Safety replaces the Federal Automated Vehicle Policy released in 2016. This updated policy framework offers a path
forward for the safe deployment of automated vehicles by:
• Encouraging new entrants and ideas that deliver safer vehicles;
• Making Department regulatory processes more nimble to help match the pace of private sector innovation; and
• Supporting industry innovation and encouraging open communication with the public and with stakeholders.
Thanks to a convergence of technological advances, the promise of safer automated driving systems is closer to becoming a reality.
From reducing crash-related deaths and injuries, to improving access to transportation, to reducing traffic congestion and vehicle
emissions, automated vehicles hold significant potential to increase productivity and improve the quality of life for millions of people.
A Vision for Safety seeks to facilitate the integration of ADS technology by helping to ensure its safe testing and deployment, as well
as encouraging the development of systems that guard against cyber-attacks and protect consumer privacy.
Our goal at the Department of Transportation is to be good stewards of the future by helping to usher in this new era of
transportation innovation and safety, and ensuring that our country remains a global leader in autonomous vehicle technology.
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EXECUTIVE SUMMARY
The world is facing an unprecedented emergence of automation
technologies. In the transportation sector, where 9 out of 10 serious
roadway crashes occur due to human behavior, automated vehicle
technologies possess the potential to save thousands of lives, as well
as reduce congestion, enhance mobility, and improve productivity.
The Federal Government wants to ensure it does not impede progress
with unnecessary or unintended barriers to innovation. Safety remains
the number one priority for the U.S. Department of Transportation
(DOT) and is the specific focus of the National Highway Traffic Safety
Administration (NHTSA).
NHTSA’s mission is to save lives, prevent injuries, and reduce the
economic costs of roadway crashes through education, research, safety
standards, and enforcement activity. As automated vehicle technologies
advance, they have the potential to dramatically reduce the loss of life
each day in roadway crashes. To support industry innovators and States
in the deployment of this technology, while informing and educating the
public, and improving roadway safety through the safe introduction of
the technology, NHTSA presents Automated Driving Systems: A Vision for
Safety. It is an important part of DOT’s multimodal efforts to support the
safe introduction of automation technologies.
In this document, NHTSA offers a nonregulatory approach to automated
vehicle technology safety. Section 1: Voluntary Guidance for Automated
Driving Systems (Voluntary Guidance) supports the automotive industry
and other key stakeholders as they consider and design best practices
for the testing and safe deployment of Automated Driving Systems
(ADSs - SAE Automation Levels 3 through 5 – Conditional, High, and Full
Automation Systems). It contains 12 priority safety design elements for
consideration, including vehicle cybersecurity, human machine interface,
crashworthiness, consumer education and training, and post-crash ADS
behavior.

ii

Given the developing state of the technology, this Voluntary Guidance
provides a flexible framework for industry to use in choosing how to
address a given safety design element. In addition, to help support
public trust and confidence, the Voluntary Guidance encourages entities
engaged in testing and deployment to publicly disclose Voluntary Safety
Self-Assessments of their systems in order to demonstrate their varied
approaches to achieving safety.
Vehicles operating on public roads are subject to both Federal and State
jurisdiction, and States are beginning to draft legislation to safely deploy
emerging ADSs. To support the State work, NHTSA offers Section 2:
Technical Assistance to States, Best Practices for Legislatures Regarding
Automated Driving Systems (Best Practices). The section clarifies and
delineates Federal and State roles in the regulation of ADSs. NHTSA
remains responsible for regulating the safety design and performance
aspects of motor vehicles and motor vehicle equipment; States continue
to be responsible for regulating the human driver and vehicle operations.
The section also provides Best Practices for Legislatures, which
incorporates common safety-related components and significant
elements regarding ADSs that States should consider incorporating
in legislation. In addition, the section provides Best Practices for State
Highway Safety Officials, which offers a framework for States to develop
procedures and conditions for ADSs’ safe operation on public roadways.
It includes considerations in such areas as applications and permissions
to test, registration and titling, working with public safety officials, and
liability and insurance.
Together, the Voluntary Guidance and Best Practices sections serve to
support industry, Government officials, safety advocates, and the public.
As our Nation and the world embrace technological advances in motor
vehicle transportation through ADSs, safety must remain the top priority.

AUTOMATED DRIVING SYSTEMS 2.0: A VISION FOR SAFETY

Over the coming months and years, NHTSA, along with other Federal agencies, where relevant, will continue to take a leadership
role in encouraging the safe introduction of automated vehicle technologies into the motor vehicle fleet and on public roadways in
the areas of policy, research, safety standards, freight and commercial use, infrastructure, and mass transit.
The Office of the Under Secretary for Policy (OST-P) is the office
responsible for serving as a principal advisor to the Secretary and
provides leadership in the development of policies for the Department,
generating proposals and providing advice regarding legislative and
regulatory initiatives across all modes of transportation. The Under
Secretary coordinates the Department’s budget development and policy
development functions. The Under Secretary also directs transportation
policy development and works to ensure that the Nation’s transportation
resources function as an integrated national system.
See www.transportation.gov/policy.

The Federal Motor Carrier Safety Administration (FMCSA) is the lead
Federal Government agency responsible for regulating and providing
operational safety oversight (for instance, hours of service regulations,
drug and alcohol testing, hazardous materials safety, vehicle inspections)
for motor carriers operating commercial motor vehicles (CMVs), such
as trucks and buses, and CMV drivers. FMCSA partners with industry,
safety advocates, and State and local governments to keep our Nation’s
roadways safe and improve CMV safety through financial assistance,
regulation, education, enforcement, research, and technology.
See www.fmcsa.dot.gov.

The Office of the Assistant Secretary for Research and Technology
(OST-R) is the lead office responsible for coordinating DOT’s research
and for sharing advanced technologies with the transportation system.
Technical and policy research on these technologies occurs through the
Intelligent Transportation Systems (ITS) Research Program, the University
Transportation Centers, and the Volpe National Transportation Research
Center, which make investments in technology initiatives, exploratory
studies, pilot deployment programs and evaluations in intelligent
vehicles, infrastructure, and multi-modal systems.
See www.its.dot.gov and www.transportation.gov/research-technology.

The Federal Highway Administration (FHWA) supports State and local
governments in the design, construction, and maintenance of the
Nation’s highway system (Federal Aid Highway Program) and various
Federal and tribal lands (Federal Lands Highway Program). Through
financial and technical assistance to State and local governments, FHWA
is responsible for ensuring that America’s roads and highways continue
to be among the safest and most technologically sound in the world.
See www.fhwa.dot.gov.

The Federal Transit Administration (FTA) provides financial and technical
assistance to local public transit systems, including buses, subways,
light rail, commuter rail, trolleys, and ferries. FTA also oversees safety
measures and helps develop next-generation technology research.
See www.transit.dot.gov.
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SECTION 1: VOLUNTARY GUIDANCE
For Automated Driving Systems
OVERVIEW
The U.S. Department of Transportation (DOT) through the National
Highway Traffic Safety Administration (NHTSA) is fully committed to
reaching an era of crash-free roadways through deployment of innovative
lifesaving technologies. Recent negative trends in automotive crashes
underscore the urgency to develop and deploy lifesaving technologies
that can dramatically decrease the number of fatalities and injuries on
our Nation’s roadways. NHTSA believes that Automated Driving Systems
(ADSs), including those contemplating no driver at all, have the potential
to significantly improve roadway safety in the United States.
The purpose of this Voluntary Guidance is to support the automotive
industry, the States, and other key stakeholders as they consider and
design best practices relative to the testing and deployment of automated
vehicle technologies. It updates the Federal Automated Vehicles Policy
released in September 2016 and serves as NHTSA’s current operating
guidance for ADSs.
The Voluntary Guidance contains 12 priority safety design elements.1
These elements were selected based on research conducted by the
Transportation Research Board (TRB), universities, and NHTSA. Each
element contains safety goals and approaches that could be used to
achieve those safety goals. Entities are encouraged to consider each
safety element in the design of their systems and have a self-documented
process for assessment, testing, and validation of the various elements. As
automated driving technologies evolve at a rapid pace, no single standard
exists by which an entity’s methods of considering a safety design
element can be measured. Each entity is free to be creative and innovative
when developing the best method for its system to appropriately mitigate
the safety risks associated with their approach.

In addition, to help support public trust and confidence in the safety of
ADSs, this Voluntary Guidance encourages entities to disclose Voluntary
Safety Self-Assessments demonstrating their varied approaches to
achieving safety in the testing and deployment of ADSs.2
Entities are encouraged to begin using this Voluntary Guidance on the
date of its publication. NHTSA plans to regularly update the Voluntary
Guidance to reflect lessons learned, new data, and stakeholder input as
technology continues to be developed and refined.
For overall awareness and to ensure consistency in taxonomy usage,
NHTSA adopted SAE International’s Levels of Automation and other
applicable terminology.3

NHTSA’S MISSION

Save lives, prevent injuries, and reduce
economic costs due to road traffic
crashes, through education, research,
safety standards, and enforcement activity.
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SECTION 1: VOLUNTARY GUIDANCE

SCOPE AND PURPOSE
Through this Voluntary Guidance, NHTSA is supporting entities that
are designing ADSs for use on public roadways in the United States.
This includes traditional vehicle manufacturers as well as other entities
involved with manufacturing, designing, supplying, testing, selling,
operating, or deploying ADSs, including equipment designers and
suppliers; entities that outfit any vehicle with automated capabilities or
equipment for testing, for commercial sale, and/or for use on public
roadways; transit companies; automated fleet operators; “driverless” taxi
companies; and any other individual or entity that offers services utilizing
ADS technology (referred to collectively as “entities” or “industry”).
This Voluntary Guidance applies to the design aspects of motor vehicles
and motor vehicle equipment under NHTSA’s jurisdiction, including lowspeed vehicles, motorcycles, passenger vehicles, medium-duty vehicles,
and heavy-duty CMVs such as large trucks and buses. These entities are
subject to NHTSA’s defect, recall, and enforcement authority.4 For entities
seeking to request regulatory action (e.g., petition for exemption or
interpretation) from NHTSA, an informational resource is available on the
Agency’s website at www.nhtsa.gov/technology-innovation/automatedvehicles, along with other associated references and resources.
Interstate motor carrier operations and CMV drivers fall under the
jurisdiction of FMCSA and are not within the scope of this Voluntary
Guidance. Currently, per the Federal Motor Carrier Safety Regulations
(FMCSRs), a trained commercial driver must be behind the wheel at all
times, regardless of any automated driving technologies available on
the CMV, unless a petition for a waiver or exemption has been granted.
For more information regarding CMV operations and automated driving
technologies, including guidance on FMCSA’s petition process, see
www.fmcsa.dot.gov.

2

This Voluntary Guidance focuses on vehicles that incorporate SAE
Automation Levels 3 through 5 – Automated Driving Systems (ADSs).
ADSs may include systems for which there is no human driver or for
which the human driver can give control to the ADS and would not be
expected to perform any driving-related tasks for a period of time.5 It
is an entity’s responsibility to determine its system’s automation level in
conformity with SAE International’s published definitions.
The purpose of this Voluntary Guidance is to help designers of ADSs
analyze, identify, and resolve safety considerations prior to deployment
using their own, industry, and other best practices. It outlines 12 safety
elements, which the Agency believes represent the consensus across
the industry, that are generally considered to be the most salient design
aspects to consider and address when developing, testing, and deploying
ADSs on public roadways. Within each safety design element, entities are
encouraged to consider and document their use of industry standards,
best practices, company policies, or other methods they have employed
to provide for increased system safety in real-world conditions. The
12 safety design elements apply to both ADS original equipment and
to replacement equipment or updates (including software updates/
upgrades) to ADSs.
This Voluntary Guidance provides recommendations and suggestions
for industry’s consideration and discussion. This Guidance is entirely
voluntary, with no compliance requirement or enforcement mechanism.
The sole purpose of this Guidance is to support the industry as it
develops best practices in the design, development, testing, and
deployment of automated vehicle technologies.
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NHTSA’S ENFORCEMENT AUTHORITY
Several States have sought clarification of NHTSA’s enforcement authority with
respect to ADSs. As DOT is asking States to maintain the delineation of Federal
and State regulatory authority, NHTSA understands that States are looking for
reassurance that the Federal Government has tools to keep their roadways safe.
NHTSA has broad enforcement authority to address existing and new
automotive technologies and equipment. The Agency is commanded by
Congress6 to protect the safety of the driving public against unreasonable risks
of harm that may arise because of the design, construction, or performance
of a motor vehicle or motor vehicle equipment, and to mitigate risks of harm,
including risks that may arise in connection with ADSs. Specifically, NHTSA’s
enforcement authority concerning safety-related defects in motor vehicles
and motor vehicle equipment extends and applies equally to current and
emerging ADSs. As NHTSA has always done, when evaluating new automotive
technologies, it will be guided by its statutory mission, the laws it is obligated to
enforce, and the benefits of the technology.

AUTOMATED DRIVING SYSTEMS 2.0: A VISION FOR SAFETY
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SAEAUTOMATION
AUTOMATION LEVELS
SAE
LEVELS
Full Automation

4

0

1

2

3

4

5

No
Automation

Driver
Assistance

Partial
Automation

Conditional
Automation

High
Automation

Full
Automation

Zero autonomy;
the driver performs
all driving tasks.

Vehicle is controlled
by the driver, but
some driving assist
features may be
included in the
vehicle design.

Vehicle has combined
automated functions,
like acceleration and
steering, but the driver
must remain engaged
with the driving task
and monitor the
environment at
all times.

Driver is a necessity,
but is not required
to monitor the
environment.
The driver must be
ready to take control
of the vehicle at all
times with notice.

The vehicle is capable
of performing all
driving functions
under certain
conditions. The driver
may have the option
to control the vehicle.

The vehicle is capable
of performing all
driving functions
under all conditions.
The driver may
have the option to
control the vehicle.
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ADS SAFETY ELEMENTS
1. System Safety
Entities are encouraged to follow a robust design and validation
process based on a systems-engineering approach with the goal of
designing ADSs free of unreasonable safety risks. The overall process
should adopt and follow industry standards, such as the functional
safety7 process standard for road vehicles, and collectively cover the
entire operational design domain (i.e., operating parameters and
limitations) of the system. Entities are encouraged to adopt voluntary
guidance, best practices, design principles, and standards developed
by established and accredited standards-developing organizations
(as applicable) such as the International Standards Organization (ISO)
and SAE International, as well as standards and processes available
from other industries such as aviation, space, and the military8 and
other applicable standards or internal company processes as they are
relevant and applicable. See NHTSA’s June 2016 report, Assessment
of Safety Standards for Automotive Electronic Control Systems9,
which provides an evaluation of the strengths and limitations of
such standards.
The design and validation process should also consider including
a hazard analysis and safety risk assessment for ADSs, for the
overall vehicle design into which it is being integrated, and when
applicable, for the broader transportation ecosystem. Additionally,
the process shall describe design redundancies and safety strategies
for handling ADS malfunctions. Ideally, the process should place
significant emphasis on software development, verification, and
validation. The software development process is one that should
be well-planned, well-controlled, and well-documented to detect
and correct unexpected results from software updates. Thorough
and measurable software testing should complement a structured
and documented software development and change management
process and should be part of each software version release.
Industry is encouraged to monitor the evolution, implementation,

and safety assessment of artificial intelligence and other relevant
software technologies and algorithms to improve the effectiveness
and safety of ADSs.
Design decisions should be linked to the assessed risks that
could impact safety-critical system functionality. Design safety
considerations should include design architecture, sensors,
actuators, communication failure, potential software errors, reliability,
potential inadequate control, undesirable control actions, potential
collisions with environmental objects and other road users, potential
collisions that could be caused by actions of an ADS, leaving the
roadway, loss of traction or stability, and violation of traffic laws and
deviations from normal (expected) driving practices.
All design decisions should be tested, validated, and verified as
individual subsystems and as part of the entire vehicle architecture.
Entities are encouraged to document the entire process; all actions,
changes, design choices, analyses, associated testing, and data
should be traceable and transparent.

AUTOMATED DRIVING SYSTEMS 2.0: A VISION FOR SAFETY
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2. Operational Design Domain
Entities are encouraged to define and document the Operational
Design Domain (ODD) for each ADS available on their vehicle(s) as
tested or deployed for use on public roadways, as well as document
the process and procedure for assessment, testing, and validation
of ADS functionality with the prescribed ODD. The ODD should
describe the specific conditions under which a given ADS or feature
is intended to function. The ODD is the definition of where (such as
what roadway types and speeds) and when (under what conditions,
such as day/night, weather limits, etc.) an ADS is designed to operate.

The ODD would include the following information at a minimum to
define each ADS’s capability limits/boundaries:
• Roadway types (interstate, local, etc.) on which the
ADS is intended to operate safely;
• Geographic area (city, mountain, desert, etc.);
• Speed range;
• Environmental conditions in which the ADS will
operate (weather, daytime/nighttime, etc.); and
• Other domain constraints.
An ADS should be able to operate safely within the ODD for which
it is designed. In situations where the ADS is outside of its defined
ODD or in which conditions dynamically change to fall outside
of the ADS’s ODD, the vehicle should transition to a minimal
risk condition.10 For a Level 3 ADS, transitioning to a minimal risk
condition could entail transitioning control to a receptive, fallbackready user.11 In cases the ADS does not have indications that the
user is receptive and fallback-ready, the system should continue to
mitigate manageable risks, which may include slowing the vehicle
down or bringing the vehicle to a safe stop. To support the safe
introduction of ADSs on public roadways and to speed deployment,
the ODD concept provides the flexibility for entities to initially limit
the complexity of broader driving challenges in a confined ODD.

6
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3. Object and Event Detection and Response
Object and Event Detection and Response (OEDR)12 refers to the
detection by the driver or ADS of any circumstance that is relevant
to the immediate driving task, as well as the implementation of the
appropriate driver or system response to such circumstance. For
the purposes of this Guidance, an ADS is responsible for performing
OEDR while it is engaged and operating in its defined ODD.
Entities are encouraged to have a documented process for
assessment, testing, and validation of their ADS’s OEDR capabilities.
When operating within its ODD, an ADS’s OEDR functions are
expected to be able to detect and respond to other vehicles (in and
out of its travel path), pedestrians, bicyclists, animals, and objects that
could affect safe operation of the vehicle.
An ADS’s OEDR should also include the ability to address a wide variety
of foreseeable encounters, including emergency vehicles, temporary
work zones, and other unusual conditions (e.g., police manually
directing traffic or other first responders or construction workers
controlling traffic) that may impact the safe operation of an ADS.
Normal Driving
Entities are encouraged to have a documented process for the
assessment, testing, and validation of a variety of behavioral
competencies for their ADSs. Behavioral competency refers to

the ability of an ADS to operate in the traffic conditions that it will
regularly encounter, including keeping the vehicle in a lane, obeying
traffic laws, following reasonable road etiquette, and responding to
other vehicles or hazards.13 While research conducted by California
PATH14 provided a set of minimum behavioral competencies for
ADSs,15 the full complement of behavioral competencies a particular
ADS would be expected to demonstrate and routinely perform
will depend upon the individual ADS, its ODD, and the designated
fallback (minimal risk condition) method. Entities are encouraged to
consider all known behavioral competencies in the design, test, and
validation of their ADSs.
Crash Avoidance Capability – Hazards
Entities are encouraged to have a documented process for
assessment, testing, and validation of their crash avoidance
capabilities and design choices. Based on the ODD, an ADS should
be able to address applicable pre-crash scenarios16 that relate to
control loss; crossing-path crashes; lane change/merge; head-on
and opposite-direction travel; and rear-end, road departure, and
low-speed situations such as backing and parking maneuvers.17
Depending on the ODD, an ADS may be expected to handle many
of the pre-crash scenarios that NHTSA has identified previously.18

The Federal Government wants to ensure it does not
impede progress with unnecessary or unintended
barriers to innovation. Safety remains the number one
priority for U.S. DOT and is the specific focus of NHTSA.

AUTOMATED DRIVING SYSTEMS 2.0: A VISION FOR SAFETY
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4. Fallback (Minimal Risk Condition)
Entities are encouraged to have a documented process for
transitioning to a minimal risk condition when a problem is
encountered or the ADS cannot operate safely. ADSs operating
on the road should be capable of detecting that the ADS has
malfunctioned, is operating in a degraded state, or is operating
outside of the ODD. Furthermore, ADSs should be able to notify the
human driver of such events in a way that enables the driver to regain
proper control of the vehicle or allows the ADS to return to a minimal
risk condition independently.
Fallback strategies should take into account that, despite laws and
regulations to the contrary, human drivers may be inattentive,
under the influence of alcohol or other substances, drowsy, or
otherwise impaired.

Fallback actions are encouraged to be administered in a manner
that will facilitate safe operation of the vehicle and minimize
erratic driving behavior. Such fallback actions should also consider
minimizing the effects of errors in human driver recognition and
decision-making during and after transition to manual control.
In cases of higher automation in which a human driver may not
be available, the ADS must be able to fallback into a minimal risk
condition without the need for driver intervention.
A minimal risk condition will vary according to the type and extent of
a given failure, but may include automatically bringing the vehicle to
a safe stop, preferably outside of an active lane of traffic. Entities are
encouraged to have a documented process for assessment, testing,
and validation of their fallback approaches.

The purpose of this Voluntary Guidance is to help designers of ADSs analyze,
identify, and resolve safety considerations prior to deployment using their own,
industry, and other best practices. It outlines 12 safety elements, which the
Agency believes represent the consensus across the industry, that are generally
considered to be the most salient design aspects to consider and address when
developing, testing, and deploying ADSs on public roadways.

8
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5. Validation Methods
Given that the scope, technology, and capabilities vary widely
for different automation functions, entities are encouraged to
develop validation methods to appropriately mitigate the safety risks
associated with their ADS approach. Tests should demonstrate the
behavioral competencies an ADS would be expected to perform
during normal operation, the ADS’s performance during crash
avoidance situations, and the performance of fallback strategies
relevant to the ADS’s ODD.
To demonstrate the expected performance of an ADS for
deployment on public roads, test approaches may include a
combination of simulation, test track, and on-road testing.

Prior to on-road testing, entities are encouraged to consider the
extent to which simulation and track testing may be necessary.
Testing may be performed by the entities themselves, but could also
be performed by an independent third party.
Entities should continue working with NHTSA and industry standards
organizations (SAE, International Organization for Standards [ISO],
etc.) and others to develop and update tests that use innovative
methods as well as to develop performance criteria for test facilities
that intend to conduct validation tests.

AUTOMATED DRIVING SYSTEMS 2.0: A VISION FOR SAFETY
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6. Human Machine Interface
Understanding the interaction between the vehicle and the driver,
commonly referred to as “human machine interface” (HMI), has
always played an important role in the automotive design process.
New complexity is introduced to this interaction as ADSs take on
driving functions, in part because in some cases the vehicle must
be capable of accurately conveying information to the human driver
regarding intentions and vehicle performance. This is particularly true
for ADSs in which human drivers may be requested to perform any
part of the driving task. For example, in a Level 3 vehicle, the driver
always must be receptive to a request by the system to take back
driving responsibilities. However, a driver’s ability to do so is limited
by their capacity to stay alert to the driving task and thus capable of
quickly taking over control, while at the same time not performing
the actual driving task until prompted by the vehicle. Entities are
encouraged to consider whether it is reasonable and appropriate to
incorporate driver engagement monitoring in cases where drivers
could be involved in the driving task so as to assess driver awareness
and readiness to perform the full driving task.
Entities are also encouraged to consider and document a process for
the assessment, testing, and validation of the vehicle’s HMI design.
Considerations should be made for the human driver, operator,
occupant(s), and external actors with whom the ADS may have
interactions, including other vehicles (both traditional and those with

ADSs), motorcyclists, bicyclists, and pedestrians. HMI design should
also consider the need to communicate information regarding the
ADS’s state of operation relevant to the various interactions it may
encounter and how this information should be communicated.
In vehicles that are anticipated not to have driver controls, entities
are encouraged to design their HMI to accommodate people with
disabilities (e.g., through visual, auditory, and haptic displays).19
In vehicles where an ADS may be intended to operate without a
human driver or even any human occupant, the remote dispatcher
or central control authority, if such an entity exists, should be
able to know the status of the ADS at all times. Examples of these
may include unoccupied SAE Automation Level 4 or 5 vehicles,
automated delivery vehicles, last-mile special purpose ground
drones, and automated maintenance vehicles.
Given the ongoing research and rapidly evolving nature of this field,
entities are encouraged to consider and apply voluntary guidance,
best practices, and design principles published by SAE International,
ISO, NHTSA, the American National Standards Institute (ANSI), the
International Commission on Illumination (CIE), and other relevant
organizations, based upon the level of automation and expected
level of driver engagement.

AT MINIMUM
An ADS should be capable of informing the human operator or occupant through various indicators that the ADS is:
• Functioning properly;

• Experiencing a malfunction; and/or

• Currently engaged in ADS mode;

• Requesting control transition from the ADS to the
operator.

• Currently “unavailable” for use;

10
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7. Vehicle Cybersecurity
Entities are encouraged to follow a robust product development
process based on a systems engineering approach to minimize
risks to safety, including those due to cybersecurity threats and
vulnerabilities. This process should include a systematic and ongoing
safety risk assessment for each ADS, the overall vehicle design
into which it is being integrated, and when applicable, the broader
transportation ecosystem.20
Entities are encouraged to design their ADSs following established
best practices for cyber vehicle physical systems. Entities are
encouraged to consider and incorporate voluntary guidance, best
practices, and design principles published by National Institute of
Standards and Technology (NIST21), NHTSA, SAE International, the
Alliance of Automobile Manufacturers, the Association of Global
Automakers, the Automotive Information Sharing and Analysis Center
(Auto-ISAC),22 and other relevant organizations, as appropriate.

to report to the Auto-ISAC all discovered incidents, exploits, threats
and vulnerabilities from internal testing, consumer reporting,
or external security research as soon as possible, regardless of
membership. Entities are further encouraged to establish robust
cyber incident response plans and employ a systems engineering
approach that considers vehicle cybersecurity in the design
process. Entities involved with ADSs should also consider adopting a
coordinated vulnerability reporting/disclosure policy.

NHTSA encourages entities to document how they incorporated
vehicle cybersecurity considerations into ADSs, including all actions,
changes, design choices, analyses, and associated testing, and
ensure that data is traceable within a robust document version
control environment.
Industry sharing of information on vehicle cybersecurity facilitates
collaborative learning and helps prevent industry members from
experiencing the same cyber vulnerabilities. Entities are encouraged

AUTOMATED DRIVING SYSTEMS 2.0: A VISION FOR SAFETY
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8. Crashworthiness
Occupant Protection

Compatibility

Given that a mix of vehicles with ADSs and those without will be
operating on public roadways for an extended period of time,
entities still need to consider the possible scenario of another vehicle
crashing into an ADS-equipped vehicle and how to best protect
vehicle occupants in that situation. Regardless of whether the ADS
is operating the vehicle or the vehicle is being driven by a human
driver, the occupant protection system should maintain its intended
performance level in the event of a crash.

Unoccupied vehicles equipped with ADSs should provide geometric
and energy absorption crash compatibility with existing vehicles on
the road.24 ADSs intended for product or service delivery or other
unoccupied use scenarios should consider appropriate vehicle crash
compatibility given the potential for interactions with vulnerable road
users and other vehicle types.

Entities should consider incorporating information from the
advanced sensing technologies needed for ADS operation
into new occupant protection systems that provide enhanced
protection to occupants of all ages and sizes. In addition to the
seating configurations evaluated in current standards, entities are
encouraged to evaluate and consider additional countermeasures
that will protect all occupants in any alternative planned seating or
interior configurations during use.23

Entities are not required to submit a Voluntary Safety Self-Assessment,
nor is there any mechanism to compel entities to do so. While these
assessments are encouraged prior to testing and deployment, NHTSA does
not require that entities provide disclosures nor are they required to delay
testing or deployment. Assessments are not subject to Federal approval.

12
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9. Post-Crash ADS Behavior
Entities engaging in testing or deployment should consider methods
of returning ADSs to a safe state immediately after being involved
in a crash. Depending upon the severity of the crash, actions such
as shutting off the fuel pump, removing motive power, moving the
vehicle to a safe position off the roadway (or safest place available),
disengaging electrical power, and other actions that would assist the
ADSs should be considered. If communications with an operations
center, collision notification center, or vehicle communications
technology exist, relevant data is encouraged to be communicated
and shared to help reduce the harm resulting from the crash.

Additionally, entities are encouraged to have documentation
available that facilitates the maintenance and repair of ADSs before
they can be put back in service. Such documentation would likely
identify the equipment and the processes necessary to ensure safe
operation of the ADSs after repairs.

AUTOMATED DRIVING SYSTEMS 2.0: A VISION FOR SAFETY
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10. Data Recording
Learning from crash data is a central component to the safety
potential of ADSs. For example, the analysis of a crash involving
a single ADS could lead to safety developments and subsequent
prevention of that crash scenario in other ADSs. Paramount to
this type of learning is proper crash reconstruction. Currently, no
standard data elements exist for law enforcement, researchers,
and others to use in determining why an ADS-enabled vehicle
crashed. Therefore, entities engaging in testing or deployment
are encouraged to establish a documented process for testing,
validating, and collecting necessary data related to the occurrence
of malfunctions, degradations, or failures in a way that can be used
to establish the cause of any crash. Data should be collected for
on-road testing and use, and entities are encouraged to adopt
voluntary guidance, best practices, design principles, and standards

issued by accredited standards developing organizations such as SAE
International.25 Likewise, these organizations are encouraged to be
actively engaged in the discussion and regularly update standards as
necessary and appropriate.
To promote a continual learning environment, entities engaging in
testing or deployment should collect data associated with crashes
involving: (1) fatal or nonfatal personal injury or (2) damage that
requires towing, including damage that prevents a motor vehicle
involved from being driven under its own power in its customary
manner or damage that prevents a motor vehicle involved from
being driven without resulting in further damage or causing a hazard
to itself, other traffic elements, or the roadway.
For crash reconstruction purposes (including during testing), it is
recommended that ADS data be stored, maintained, and readily
available for retrieval as is current practice, including applicable
privacy protections, for crash event data recorders.26 Vehicles should
record, at a minimum, all available information relevant to the
crash, so that the circumstances of the crash can be reconstructed.
These data should also contain the status of the ADS and whether
the ADS or the human driver was in control of the vehicle leading
up to, during, and immediately following a crash. Entities should
have the technical and legal capability to share with government
authorities the relevant recorded information as necessary for crash
reconstruction purposes. Meanwhile, for consistency and to build
public trust and acceptance, NHTSA will continue working with SAE
International to begin the work necessary to establish uniform data
elements for ADS crash reconstruction.
.
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11. Consumer Education and Training

12. Federal, State, and Local Laws

Education and training is imperative for increased safety during
the deployment of ADSs.27 Therefore, entities are encouraged to
develop, document, and maintain employee, dealer, distributor,
and consumer education and training programs to address the
anticipated differences in the use and operation of ADSs from those
of the conventional vehicles that the public owns and operates
today.28 Such programs should consider providing target users
the necessary level of understanding to utilize these technologies
properly, efficiently, and in the safest manner possible.
Entities, particularly those engaging in testing or deployment, should
also ensure that their own staff, including their marketing and sales
forces, understand the technology and can educate and train their
dealers, distributors, and consumers.29
Consumer education programs are encouraged to cover topics
such as ADSs’ functional intent, operational parameters, system
capabilities and limitations, engagement/disengagement methods,
HMI, emergency fallback scenarios, operational design domain
parameters (i.e., limitations), and mechanisms that could alter
ADS behavior while in service. They should also include explicit
information on what the ADS is capable and not capable of in
an effort to minimize potential risks from user system abuse or
misunderstanding.
As part of their education and training programs, ADS dealers and
distributors should consider including an on-road or on-track
experience demonstrating ADS operations and HMI functions prior
to consumer release. Other innovative approaches (e.g., virtual reality
or onboard vehicle systems) may also be considered, tested, and
employed. These programs should be continually evaluated for their
effectiveness and updated on a routine basis, incorporating feedback
from dealers, customers, and other sources.

Entities are also encouraged to document how they intend to
account for all applicable Federal, State, and local laws in the
design of their vehicles and ADSs. Based on the operational
design domain(s), the development of ADSs should account for all
governing traffic laws when operating in automated mode for the
region of operation.30 For testing purposes, an entity may rely on an
ADS test driver or other mechanism to manage compliance with the
applicable laws.
In certain safety-critical situations (such as having to cross double
lines on the roadway to travel safely past a broken-down vehicle on
the road) human drivers may temporarily violate certain State motor
vehicle driving laws. It is expected that ADSs have the capability of
handling such foreseeable events safely; entities are encouraged to
have a documented process for independent assessment, testing,
and validation of such plausible scenarios.
Given that laws and regulations will inevitably change over time,
entities should consider developing processes to update and adapt
ADSs to address new or revised legal requirements.

NHTSA encourages collaboration and communication
between Federal, State, and local governments and
the private sector as the technology evolves, and the
Agency will continue to coordinate dialogue among all
stakeholders. Collaboration is essential as our Nation
embraces the many technological developments
affecting our public roadways.

.
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VOLUNTARY SAFETY SELF-ASSESSMENT
Entities engaged in ADS testing and deployment may demonstrate how
they address – via industry best practices, their own best practices,
or other appropriate methods – the safety elements contained in the
Voluntary Guidance by publishing a Voluntary Safety Self-Assessment.
The Voluntary Safety Self-Assessment is intended to demonstrate to the
public (particularly States and consumers) that entities are: (1) considering
the safety aspects of ADSs; (2) communicating and collaborating with
DOT; (3) encouraging the self-establishment of industry safety norms for
ADSs; and (4) building public trust, acceptance, and confidence through
transparent testing and deployment of ADSs. It also allows companies
an opportunity to showcase their approach to safety, without needing to
reveal proprietary intellectual property.
To facilitate this process and as an example of the type of information
an entity might provide as part of its Voluntary Safety Self-Assessment,
NHTSA has assembled an illustrative template for one of the safety
elements within the Voluntary Guidance. This template is available on
NHTSA’s website. However, the information submitted could vary beyond
the template when information is limited or unavailable (e.g., testing
activities) or if the entity wishes to provide supplemental information.
Entities should ensure that Voluntary Safety Self-Assessments do
not contain confidential business information (CBI), as it would be
information available to the public. Entities will presumably wish to
update these documents over time.

16

For each safety element laid out by the Voluntary Guidance, entities are
encouraged to include an acknowledgment within the Voluntary Safety
Self-Assessment that indicates one of the following:
• This safety element was considered during product development
efforts for the subject feature; or
• This safety element is not applicable to the subject product
development effort.
NHTSA envisions that the Voluntary Safety Self-Assessments would
contain concise information on how entities are utilizing the Voluntary
Guidance and/or their own processes to address applicable safety
elements identified in the Voluntary Guidance. The Voluntary Safety SelfAssessment should not serve as an exhaustive recount of every action
the entity took to address a particular safety element.
Entities are not required to submit a Voluntary Safety Self-Assessment,
nor is there any mechanism to compel entities to do so. While these
assessments are encouraged prior to testing and deployment, NHTSA
does not require that entities provide submissions nor are they required
to delay testing or deployment. Assessments are not subject to Federal
approval.
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THE FEDERAL AND STATE ROLES
NHTSA strongly encourages States not to codify this Voluntary
Guidance (that is, incorporate it into State statutes) as a legal
requirement for any phases of development, testing, or
deployment of ADSs. Allowing NHTSA alone to regulate the
safety design and performance aspects of ADS technology will
help avoid conflicting Federal and State laws and regulations
that could impede deployment.

18
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SECTION 2: T
 ECHNICAL ASSISTANCE TO STATES
Best Practices for Legislatures Regarding Automated Driving Systems
OVERVIEW
The National Highway Traffic Safety Administration (NHTSA) of the
U.S. Department of Transportation (DOT) is prepared to assist with
challenges that States face regarding the safe integration of SAE Level
3 and above Automated Driving Systems (ADSs) on public roads. Given
that vehicles operating on public roads are subject to both Federal and
State jurisdictions and States are beginning to regulate ADSs, NHTSA has
developed this section. It is designed to clarify and delineate the Federal
and State roles in the regulation of ADSs and lay out a framework that the
States can use as they write their laws and regulations surrounding ADSs
to ensure a consistent, unified national framework.

Vehicle Administrators (AAMVA) under which the Autonomous Vehicle
Best Practices Working Group was created. The working group was
chartered to organize and share information related to the development,
design, testing, use, and regulation of ADSs and other emerging vehicle
technology. Based on the working group’s research, a report is currently
being developed to assist jurisdictions in enhancing their current ADS
regulations or considering developing new legislation.31 The goal of
the report is to promote uniformity amongst jurisdictions and provide a
baseline safety approach to possible challenges to the regulation of ADS
sand testing the drivers who operate them.

NHTSA is working to bring ADSs safely onto the Nation’s roadways in
a way that encourages ADS entities (manufacturers, suppliers, transit
operators, automated fleet operators, or any entity that offers services
utilizing ADSs), consumer advocacy organizations, State legislatures, and
other interested parties to work together in a shared environment. As the
technology grows and the horizon of ADS changes rapidly, it is essential
for each of these entities and interested parties to exercise due diligence
in staying ahead of activity in a proactive—rather than reactive—manner.

Coinciding with the development of AAMVA’s report, NHTSA has
continued to work with State stakeholders including the National
Conference of State Legislatures (NCSL) and the Governors Highway
Safety Association (GHSA) to identify emerging challenges in the
integration of ADSs and conventional motor vehicles.

States have begun to propose and pass legislation concerning ADSs.
Public comments to NHTSA suggest that these proposals present several
disparate approaches for adding and amending State authority over
ADSs. Public comments and some State officials have asked NHTSA to
provide guidance (and eventually regulations) that would support a more
national approach to testing and deploying ADSs.
Further, in a prior collaborative effort between States and the Federal
Government, NHTSA entered a 2-year cooperative agreement
(beginning in September 2014) with the American Association of Motor

Based on public input and the Agency’s ongoing work with partners such
as NCSL, GHSA, and AAMVA, NHTSA offers these Best Practices and
specific legal components States should consider as we all work toward
the shared goal of advancing safe ADS integration. The objective is to
assist States in developing ADS laws, if desired, and creating consistency
in ADS regulation across the country.
While technology is evolving and new State legislative language is still
being drafted and reviewed, States can proactively evaluate current
laws and regulations so as not to unintentionally create barriers to ADS
operation, such as a requirement that a driver have at least one hand on
the steering wheel at all times.

AUTOMATED DRIVING SYSTEMS 2.0: A VISION FOR SAFETY
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NHTSA encourages States to review others’
draft ADS policies and legislation and work
toward consistency. The goal of State
policies in this realm need not be uniformity
or identical laws and regulations across all
States. Rather, the aim should be sufficient
consistency of laws and policies to promote
innovation and the swift, widespread, safe
integration of ADSs.
States are encouraged to maintain a good
state of infrastructure design, operation, and
maintenance that supports ADS deployment
and to adhere to the Manual on Uniform
Traffic Control Devices (MUTCD), the existing
national standard for traffic control devices as
required by law. For example, items that may
be considered a low priority now because
of the presence of a human driver may
be considered a higher priority as vehicle
systems begin to rely more on machine
vision and other techniques to detect where
they are in a given lane. In addition, States
are urged to continue to work with the
Federal Highway Administration (FHWA) and
the American Association of State Highway
and Transportation Officials (AASHTO)32
to support uniformity and consensus in
infrastructure standards setting. This will
support the safe operation of ADSs and
ensure the safety of human drivers, who will
continue to operate vehicles on the roads for
years to come.
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FEDERAL AND STATE REGULATORY ROLES
In consideration of State activity regarding ADSs, as well as NHTSA’s activity at the Federal level, it is
important to delineate Federal and State regulatory responsibility for motor vehicle operation.
These general areas of responsibility should remain largely unchanged for ADSs. NHTSA is
responsible for regulating motor vehicles and motor vehicle equipment, and States are responsible
for regulating the human driver and most other aspects of motor vehicle operation.
Further DOT involvement includes safety, evaluation, planning, and maintenance of the Nation’s
infrastructure through FHWA as well as regulation of the safe operation of interstate motor carriers
and commercial vehicle drivers, along with registration and insurance requirements through the
Federal Motor Carrier Safety Administration (FMCSA).
DOT strongly encourages States to allow DOT alone to regulate the safety design and performance
aspects of ADS technology. If a State does pursue ADS performance-related regulations, that State
should consult with NHTSA.

NHTSA’S RESPONSIBILITIES
• Setting Federal Motor Vehicle Safety
Standards (FMVSSs) for new motor
vehicles and motor vehicle equipment
(with which manufacturers must certify
compliance before they sell their
vehicles)33
• Enforcing compliance with FMVSSs
• Investigating and managing the recall and
remedy of noncompliances and safetyrelated motor vehicle defects nationwide
• Communicating with and educating the
public about motor vehicle safety issues
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STATES’ RESPONSIBILITIES
• Licensing human drivers and registering
motor vehicles in their jurisdictions
• Enacting and enforcing traffic laws and
regulations
• Conducting safety inspections, where States
choose to do so
• Regulating motor vehicle insurance and
liability

BEST PRACTICES FOR LEGISLATURES
As States act to ensure the safety of road users in their jurisdictions,
NHTSA continually monitors and reviews language to stay informed
on State legislation. In reviewing draft State legislation, the Agency
has identified common components and has highlighted significant
elements regarding ADSs that States should consider including in
legislation. As such, NHTSA recommends the following safety-related
best practices when crafting legislation for ADSs:
• Provide a “technology-neutral” environment.
States should not place unnecessary burdens on competition and
innovation by limiting ADS testing or deployment to motor vehicle
manufacturers only. For example, no data suggests that experience
in vehicle manufacturing is an indicator of the ability to safely test or
deploy vehicle technology. All entities that meet Federal and State
law prerequisites for testing or deployment should have the ability to
operate in the State.
• Provide licensing and registration procedures.
States are responsible for driver licensing and vehicle registration
procedures. To support these efforts, NHTSA recommends defining
“motor vehicle” under ADS laws to include any vehicle operating on
the roads and highways of the State; licensing ADS entities and test
operators for ADSs; and registering all vehicles equipped with ADSs
and establishing proof of financial responsibility requirements in the
form of surety bonds or self-insurance. These efforts provide States
with the same information as that collected for conventional motor
vehicles and improve State recordkeeping for ADS operation.
• Provide reporting and communications methods for Public Safety
Officials.
States can take steps to monitor safe ADS operation through
reporting and communications mechanisms so that entities can
coordinate with public safety agencies. The safety of public safety

officials, other road users, and ADS passengers will be improved
with greater understanding of the technology, capabilities, and
functioning environment. States should develop procedures for
entities to report crashes and other roadway incidents involving ADSs
to law enforcement and first responders.
• Review traffic laws and regulations that may serve as barriers to
operation of ADSs.
States should review their vehicle codes, applicable traffic laws,
and similar items to determine if there are unnecessary regulatory
barriers that would prevent the testing and deployment of ADSs on
public roads. For example, some States require a human operator to
have one hand on the steering wheel at all times – a law that would
pose a barrier to Level 3 through Level 5 ADSs.
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BEST PRACTICES FOR STATE HIGHWAY SAFETY OFFICIALS
States have a general responsibility to reduce traffic crashes and the
resulting deaths, injuries, and property damage for all road users in their
jurisdictions. States use this authority to establish and maintain highway
safety programs addressing: driver education and testing; licensing;
pedestrian safety; law enforcement; vehicle registration and inspection;
traffic control; highway design and maintenance; crash prevention,
investigation, and recordkeeping; and emergency services. This includes
any legal components States may wish to consider upon drafting
legislation on ADSs.
The following sections describe a framework for States looking for
assistance in developing procedures and conditions for ADSs’ introduction
onto public roadways. NHTSA and AAMVA’s collaborative partnership
on a Model State Policy is the foundation of the following discussion;
however, it has been upgraded to incorporate additional concerns of
State stakeholders, the clarification of roles, and an emphasis on the
States’ consideration of the information—rather than a directive for action.
NHTSA does not expect that States will necessarily need to create any
new processes or requirements in order to support ADS activities. Instead,
the references below are intended as guidance for those States that may
be looking to incorporate ADSs into existing processes or requirements or
States who are considering such processes or requirements.
1. Administrative: States may want to consider new oversight activities
on an administrative level to support States’ roles and activities as they
relate to ADSs. NHTSA does not expect that States will need to create
any particular new entity in order to support ADS activities, but States
may decide to create some of these entities if the State determines
that they will be useful. The references below are intended as
examples of those that may be appropriate for participation.

b. Consider creating a jurisdictional ADS technology committee
that is launched by the designated lead agency and includes
representatives from the governor’s office, the motor vehicle
administration, the State department of transportation, the State
law enforcement agency, the State Highway Safety Office, State
office of information technology, State insurance regulator, the
State office(s) representing the aging and disabled communities,
toll authorities, trucking and bus authorities, and transit authorities.
c. To encourage open communication, the designated lead agency
may choose to inform the State automated safety technology
committee of the requests from entities to test in their State and
the status of the designated agency’s response to companies.
d. In an effort to implement a framework for policies and regulations,
the designated lead agency could take steps to use or establish
statutory authority. This preparation would involve examination of
laws and regulations in order to address unnecessary barriers to
ADS operation on public roadways.
e. Consider developing an internal process to include an application
for entities to test in their State.
f. Consider establishing an internal process for issuing test ADS
vehicle permits.
2. Application for Entities to Test ADSs on Public Roadways:
For those States with an existing application process for test vehicles,
the following are considerations for applications involving testing of
an ADS on public roadways. It is recommended that the application
for testing remain at the State level; however, if a State chooses to
request applications at a local level, these considerations would carry
to those jurisdictions.

a. Consider identifying a lead agency responsible for deliberation of
any ADS testing.
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a. States could request that an entity submit an application to the
designated lead agency in each State in which it plans to test ADSs.
A process should be considered for application submission in
those situations in which multiple entities are involved in the testing
of an ADS.
b. States could request the following information from entities to
ensure accurate recordkeeping:
• Name, corporate physical and mailing addresses, in-State
physical and mailing addresses (if applicable), and the program
administrator/director’s name and contact information;
• Identification of each ADS that will be used on public roadways
by VIN, vehicle type, or other unique identifiers such as the year,
make, and model; and

3. Permission for Entities to Test ADSs on Public Roadways:
For States that grant permission for testing of vehicles, the following
are considerations for granting permission for ADS testing on public
roadways. It is recommended that permission to test remain at the
State level; however, State and local governments should coordinate.
If a State chooses to request applications at a local level, these
considerations would carry to those jurisdictions.
a. For greater public safety, it is recommended that a State’s lead
agency involve law enforcement agencies before responding to
the application for testing from the entity.
b. It would be appropriate to suspend permission to test if the entity
fails to comply with the State insurance or driver requirements.

• Identification of each test operator, the operator’s driver license
number, and the State or country in which the operator is
licensed.
c. Inclusion of the entity’s safety and compliance plan for the ADS
could provide increased safety assurance to the State.
d. Inclusion of evidence of the entity’s ability to satisfy a judgment
or judgments for damages for personal injury, death, or property
damage caused by an ADS in the form of an instrument of
insurance, a surety bond, or proof of self-insurance could provide
increased safety assurance to the State.34
e. Inclusion of a summary of the training provided to the
employees, contractors, or other users designated by the entity
as test operators of the ADS could provide increased safety
assurance to the State.
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c. It would be appropriate for the lead agency to request additional
information or require an entity to modify its application before
granting approval.

a. Consider identification of an ADS on the title and registration. This
could apply to all ADSs or only those capable of operating without
a human driver.

d. If a State requires an application, it should consider notification to
the entity indicating permission to test that ADS in the State. A State
may choose to request that entity’s test vehicles carry a copy of
proof of permission to test that ADS in those vehicles.

b. Consider requiring notification of ADS upgrades if the vehicle has
been significantly upgraded post-sale. Applicable State forms could
be adjusted to reflect the upgrade.

4. Specific Considerations for ADS Test Drivers and Operations:
Considerations for States providing access for test-ADSs as they are
operated under designated circumstances and with entity-based
operators.
a. If a State is concerned about the training of an ADS test driver, the
State could request a summary of the training provided to the test
driver.
b. For test vehicles, the test driver should follow all traffic rules and
report crashes as appropriate for the State.
c. States regulate human drivers. Licensed drivers are necessary to
perform the driving functions for motor vehicles equipped with
automated safety technologies that are less than fully automated
(SAE Levels 3 and lower). A licensed driver has responsibility to
operate the vehicle, monitor the operation, or be immediately
available to perform the driving task when requested or the lower
level automated system disengages.
d. Fully automated vehicles are driven entirely by the vehicle itself
and require no licensed human driver (SAE levels 4 and 5), at least
in certain environments or under certain conditions.35 The entire
driving operation (under specified conditions) is performed by a
motor vehicle automated system from origin to destination.
5. Considerations for Registration and Titling: Specific considerations
regarding identification and records for ADS deployed for consumer
use and operation.
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6. Working With Public Safety Officials: General considerations as
public safety officials begin to understand vehicles and needs.
a. States could consider training public safety officials in conjunction
with ADS deployments in their jurisdictions to improve
understanding of ADS operation and potential interactions.
b. Coordination among States would be beneficial for developing
policies on human operator behaviors, as to monitor behavior
changes—if any—in the presence of ADSs when the vehicle is in
control.
7. Liability and Insurance: Initial considerations for State relegation of
liability during an incident and insurance of the driver, entity, and/
or ADS. These considerations may take time and broad discussion
of incident scenarios, understanding of technology, and knowledge
of how the ADSs are being used (personal use, rental, ride share,
corporate, etc.). Additionally, determination of the operator of an ADS,
in a given circumstance, may not necessarily determine liability for
crashes involving the ADS.
a. Begin to consider how to allocate liability among ADS owners,
operators, passengers, manufacturers, and other entities when a
crash occurs.
b. For insurance purposes, determine who (owner, operator,
passenger, manufacturer, other entity, etc.) must carry motor
vehicle insurance.
c. States could begin to consider rules and laws allocating tort
liability.
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CONCLUSION
Public trust and confidence in the evolution of ADSs has the potential to advance or inhibit the
testing and deployment of ADSs on public roadways. NHTSA is committed to supporting the safety
of these emerging and evolutionary technological advancements, which have the potential to
significantly improve roadway safety. The Voluntary Guidance, highlighting the 12 priority safety
elements, and its associated Voluntary Safety Self-Assessment offer public reassurance that safety
remains NHTSA’s top priority. The States’ Best Practices section reinforces NHTSA’s willingness to
assist States with the challenges they face regarding ADSs now and in the pivotal years ahead.
This document will be updated periodically to reflect advances in technology, increased presence
of ADSs on public roadways, and any regulatory action or statutory changes that could occur
at both the Federal and State levels. In the meantime, the information provided herein serves
to aid industry as it moves forward with testing and deploying ADSs and States with drafting
legislation and developing plans and policies regarding ADSs. NHTSA encourages collaboration
and communication between Federal, State, and local governments and the private sector as the
technology evolves, and the Agency will continue to coordinate dialogue among all stakeholders.
Collaboration is essential as our Nation embraces the many technological developments affecting
our public roadways. Together, we can use lessons learned to make any necessary course
corrections, to prevent or mitigate unintended consequences or safety risks, and to positively
transform American mobility safely and efficiently.

RESOURCES
A central repository of associated references to this and other
NHTSA ADS resources will be maintained at
www.nhtsa.gov/technology-innovation/automated-vehicles.
This includes an informational resource to support manufacturers and other
entities interested in requesting regulatory action from NHTSA.
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ENDNOTES
1

NHTSA acknowledges that Privacy and Ethical Considerations are also important
elements for entities to deliberate. See www.nhtsa.gov/AVforIndustry for
NHTSA’s approach on each.

2

NHTSA completed the Paperwork Reduction Act (PRA) process and received
clearance from the Office of Management and Budget (OMB) on the Federal
Automated Vehicles Policy Voluntary Guidance’s information collection through
August 31, 2018, 81 FR 65709. However, pursuant to PRA, NHTSA is again
seeking public comment on an updated Information Collection Request (ICR)
that covers the information included in Automated Driving Systems: A Vision for
Safety. The ICR identified in this document will not be effective until the ICR
process is completed.

3

SAE International J3016, International Taxonomy and Definitions for Terms
Related to Driving Automation Systems for On-Road Motor Vehicles (J3016:Sept
2016).

4

See, e.g., 49 U.S.C. §§ 30102(a)(8), 30116, 30120.

5

Parts of this Voluntary Guidance could be applied to any form of ADS.

6

The National Traffic and Motor Vehicle Safety Act, as amended (“Safety Act”), 49
U.S.C. 30101 et seq., provides the basis and framework for NHTSA’s enforcement
authority over motor vehicle and motor vehicle equipment defects and noncompliances with Federal Motor Vehicle Safety Standards (FMVSS).

7

Under ISO 26262 (Road Vehicles: Functional Safety), functional safety refers to
the absence of unreasonable safety risks in cases of electrical and electronic
failures.

8

For example, the U.S. Department of Defense standard practice on system
safety, MIL-STD-882E. 11 May 2012. Available at www.system-safety.org/
Documents/MIL-STD-882E.pdf.

9

See Van Eikema Hommes, Q.D. (2016, June). Assessment of Safety Standards
for Automotive Electronic Control Systems. (Report No. Dot HS 812 285).
Washington, DC: National Highway Traffic Safety Administration. Available at
ntl.bts.gov/lib/59000/59300/59359/812285_ElectronicsReliabilityReport.pdf.

10

“Minimal risk condition” means low-risk operating condition that an automated
driving system automatically resorts to either when a system fails or when
the human driver fails to respond appropriately to a request to take over the
dynamic driving task. See SAE International J3016, International Taxonomy
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and Definitions for Terms Related to Driving Automation Systems for On-Road
Motor Vehicles (J3016:Sept2016).
11

“Fallback ready user” means the user of a vehicle equipped with an engaged
ADS feature who is able to operate the vehicle and is receptive to ADS-issued
requests to intervene and to evident dynamic driving task (DDT) performancerelevant system failures in the vehicle compelling him or her to perform the DDT
fallback. See SAE International J3016, International Taxonomy and Definitions
for Terms Related to Driving Automation Systems for On-Road Motor Vehicles
(J3016:Sept2016).

12

See Automated Vehicle Research for Enhanced Safety: Final Report.
Collision Avoidance Metrics Partnership, Automated Vehicle Research
Consortium. June 2016. DTNH22-050H-01277. The report includes detailed
functional descriptions for on-road driving automation levels and identifies
potential objective test methods that could be used as a framework for
evaluating emerging and future driving automation features. Available at
www.noticeandcomment.com/Automated-Vehicle-Research-for-EnhancedSafety-Final-Report-fn-459371.aspx.

13

See Nowakowski, C., et al., Development of California Regulations to Govern
the Testing and Operation of Automated Driving Systems, California PATH
Program, University of California, Berkeley, Nov. 14, 2014, pg. 10. Available at
http://docs.trb.org/prp/15-2269.pdf.

14

California Partners for Advanced Transit and Highways (PATH) is a
multidisciplinary research and development program of the University of
California, Berkeley, with staff, faculty, and students from universities worldwide
and cooperative projects with private industry, State and local agencies, and
nonprofit institutions. See www.path.berkeley.edu.

15

Id., pgs. 10-11. California PATH’s work described minimum behavioral
competencies for automated vehicles as “necessary, but by no means sufficient,
capabilities for public operation.” Id. The document’s full peer review is available
at www.nspe.org/sites/default/files/resources/pdfs/Peer-Review-ReportIntgratedV2.pdf.

16

See Rau, P., Yanagisawa, M., and Najm, W. G., Target Crash Population of
Automated Vehicles, available at www-esv.nhtsa.dot.gov/Proceedings/24/files/
Session 21 Written.pdf.
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17

See Najm, W. G., Smith, J. D., and Yanagisawa, M., “Pre-Crash Scenario Typology
for Crash Avoidance Research,” DOT HS 810 767, April 2007. Available at
www.nhtsa.gov/gy-Final_PDF_Version_5-2-07.pdf.

27

Not applicable to ADS testing.

18

Available at http://ntl.bts.gov/lib/55000/55400/55443/
AVBenefitFrameworkFinalReport082615_Cover1.pdf.

28 The training and education programs recommended here are intended to
complement and augment driver training and education programs run by States
that retain the primary responsibility for training, testing, and licensing human
drivers.

19

Entities are encouraged to seek technical and engineering advice from members
of the disabled community and otherwise engage with that community to
develop designs informed by its needs and experiences.

29 Such training and education programs for employees, dealers, distributors, and
consumers may be administered by an entity other than the direct employer,
manufacturer, or other applicable entity.

20 Entities should insist that their suppliers build into their equipment robust
cybersecurity features. Entities should also address cybersecurity, but they
should not wait to receive equipment from a supplier before doing so.
21

www.nist.gov/cyberframework.

22 An Information Sharing and Analysis Center (ISAC) is a trusted, sector specific
entity that can provide a 24-hour-per-day 7-day-per-week secure operating
capability that establishes the coordination, information sharing, and
intelligence requirements for dealing with cybersecurity incidents, threats, and
vulnerabilities. See McCarthy, C., Harnett, K., Carter, A., and Hatipoglu, C. (2014,
October). Assessment of the information sharing and analysis center model
(Report No. DOT HS 812 076). Washington, DC: National Highway Traffic Safety
Administration.
23 The tools to demonstrate such due care need not be limited to physical testing
but also could include virtual tests with vehicle and human body models.
24

In 2003, as part of a voluntary agreement on crash compatibility, the Alliance of
Automobile Manufacturers agreed to a geometric compatibility commitment
which would provide for alignment of primary energy absorbing structures
among vehicles. The European Union recently introduced a new frontal
crash test that also requires geometric load distribution similar to the Alliance
voluntary agreement.

25

The collection, recording, storage, auditing, and deconstruction of data
recorded by an entity must be in strict accordance with the entity’s consumer
privacy and security agreements and notices, as well as any applicable legal
requirements.

26 See 49 CFR Part 563, Event Data Recorders. Available at www.gpo.gov/fdsys/
pkg/CFR-2016-title49-vol6/xml/CFR-2016-title49-vol6-part563.xml.

30 Traffic laws vary from State to State (and even city to city); ADSs should be able
to follow all laws that apply to the applicable operational design domain. This
includes speed limits, traffic control devices, one-way streets, access restrictions
(crosswalks, bike lanes), U-turns, right-on-red situations, metering ramps, and
other traffic circumstances and situations.
31

Future updates to AAMVA’s guide may integrate commercial vehicle ADS
operational aspects brought forth by the Commercial Vehicle Safety Alliance
(CVSA).

32

AASHTO is an international leader in setting technical standards for all phases of
highway system development. Standards are issued for design, construction of
highways and bridges, materials, and many other technical areas.
See www.transportation.org/home/organization/.

33

NHTSA does not expressly regulate motor vehicle (or motor vehicle equipment)
in-use performance after first sale. However, because the FMVSSs apply to the
vehicle or equipment when first manufactured and because taking a vehicle
or piece of equipment out of compliance with an applicable standard can be a
violation of the Safety Act, the influence of the FMVSSs extends throughout the
life of the vehicle even if NHTSA is not directly regulating it. At the same time,
States have the authority to regulate a vehicle’s in-use performance (through
safety inspection laws), but as the text here states, State regulations cannot
conflict with applicable FMVSSs. Additionally, NHTSA continues to have broad
enforcement authority to evaluate and address safety risks as they arise.

34 AAMVA experts recommended a minimum insurance requirement of $5 million;
however, that is subject to State considerations.
35

Some vehicles may be capable of being entirely “driven” either by the vehicle
itself or by a human driver. For such dual-capable vehicles, the States would
have jurisdiction to regulate (license, etc.) the human driver.
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State Enacted Legislation on Connected and Autonomous Vehicles
Prepared February 9, 2018

Alabama
SJR 81 (2016)
-

Established the Joint Legislative Committee to study self-driving vehicles.
Enacted and chaptered on May 10, 2016.

Arizona
Governor Doug Ducey signed Executive Order 2015-09 in late August 2015 directing various agencies to “undertake any
necessary steps to support the testing and operation of self-driving vehicles on public roads within Arizona.” He also
ordered the enabling of pilot programs at selected universities and developed rules to be followed by the programs. The
order established a Self-Driving Vehicle Oversight Committee within the governor’s office.
Arkansas
HB 1754 (2017)
-

Regulates the testing of vehicles with autonomous technology, relates to vehicles equipped with driver-assistive
truck platooning systems.
Enacted and chaptered on April 1, 2017.

California
SB 1298 (2012)
-

-

Requires the Department of the California Highway Patrol to adopt safety standards and performance
requirements to ensure the safe operation and testing of autonomous vehicles, as defined, on the public roads
in this state.
Permits autonomous vehicles to be operated or tested on the public roads in this state pending the adoption of
safety standards and performance requirements that would be adopted under this bill.
Enacted and chaptered on Sept. 25, 2012.

AB 1592 (2016)
-

-

Authorizes the Contra Costa Transportation Authority to conduct a pilot project for the testing of autonomous
vehicles that are not equipped with a steering wheel, a brake pedal, an accelerator, or an operator inside the
vehicle, if the testing is conducted only at specified locations and the autonomous vehicle operates at specified
speeds.
Enacted and chaptered on Sept. 29, 2016.

AB 669 (2017)
-

Extends the sunset date of the law allowing the testing of vehicle platooning with less than 100 feet between
each vehicle from January 2018 to January 2020.
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-

Prohibits someone from participating in the testing unless they hold a valid driver’s license for the class of
vehicle.
Effective Jan. 1, 2018.

AB 1444 (2017)
-

-

Authorizes the Livermore Amador Valley Transit Authority to conduct a shared autonomous vehicle
demonstration project for the testing of autonomous vehicles that do not have a driver seat in the driver's seat
and are not equipped with a steering wheel, a brake pedal, or an accelerator.
Effective Jan. 1, 2018.

SB 145 (2017)
-

-

Repeals a requirement that the Department of Motor Vehicles notify the Legislature of receipt of an application
seeking approval to operate an autonomous vehicle capable of operating without the presence of a driver inside
the vehicle on public roads.
Repeals the requirement that the approval of such an application not be effective any sooner that a specified
number of days after the date of the application.
Effective Oct. 12, 2017.

AB 87 (2018)
-

Requires the Department of Motor Vehicles to adopt application requirements for the testing of autonomous
vehicles on public roads without the presence of a driver inside.
Requires that the manufacturer certify that the local authorities within the jurisdiction where the autonomous
vehicle will be tested have been provided with a written notification.
Requires that the manufacturer provide certain law enforcement agencies with a copy of a law enforcement
interaction plan.

California Department of Motor Vehicles webpage on AV
https://www.dmv.ca.gov/portal/dmv/detail/vr/autonomous/bkgd
Colorado
SB 213 (2017)
-

-

Defines automated driving system, dynamic driving task and human operator.
Allows a person to use an automated driving system to drive or control a function of a motor vehicle if the
system is capable of complying with every state and federal law that applies to the function that the system is
operating.
Requires approval for vehicle testing if the vehicle cannot comply with every relevant state and federal law.
Requires the department of transportation to submit a report on the testing of automated driving systems.
Effective Aug. 9, 2017.
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Connecticut
SB 260 (2017)
-

-

Defines terms including “fully autonomous vehicle,” “automated driving system,” and “operator.”
Requires the development of a pilot program for up to four municipalities for the testing of fully autonomous
vehicles on public roads in those municipalities.
Specifies the requirements for testing, including having an operator seated in the driver’s seat and providing
proof of insurance of at least $5 million.
Establishes a task force to study fully autonomous vehicles. The study must include an evaluation of NHTSA’s
standards regarding state responsibility for regulating AVs, an evaluation of laws, legislation and regulations in
other states, recommendations on how Connecticut should legislate and regulate AVs, and an evaluation of the
pilot program.
Enacted and chaptered on June 27, 2017.

Delaware
Governor John Carney signed an executive order in September 2017 establishing the Advisory Council on Connected and
Autonomous Vehicles, tasked with developing recommendations for innovative tools and strategies that can be used to
prepare Delaware’s transportation network for connected and autonomous vehicles.
Florida
HB 1207 (2012)
-

-

-

-

Defines “autonomous vehicle” and “autonomous technology.”
Declares legislative intent to encourage the safe development, testing and operation of motor vehicles with
autonomous technology on public roads of the state and finds that the state does not prohibit or specifically
regulate the testing or operation of autonomous technology in motor vehicles on public roads.
Authorizes a person who possesses a valid driver's license to operate an autonomous vehicle, specifying that the
person who causes the vehicle’s autonomous technology to engage is the operator.
Authorizes the operation of autonomous vehicles by certain persons for testing purposes under certain
conditions and requires an instrument of insurance, surety bond or self-insurance prior to the testing of a
vehicle.
Directs the Department of Highway Safety and Motor Vehicles to prepare a report recommending additional
legislative or regulatory action that may be required for the safe testing and operation of vehicles equipped with
autonomous technology, to be submitted no later than Feb. 12, 2014.
Enacted and chaptered on April 16, 2012.

HB 599 (2012)
-

The relevant portions of this bill are identical to the substitute version of HB 1207.
Enacted and chaptered on April 29, 2012.
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HB 7027 (2016)
-

Permits operation of autonomous vehicles on public roads by individuals with a valid driver license.
This bill eliminates the requirement that the vehicle operation is being done for testing purposes and removes a
number of provisions related to vehicle operation for testing purposes.
Eliminates the requirement that a driver be present in the vehicle. Requires autonomous vehicles meet
applicable federal safety standards and regulations.
Enacted and chaptered on April 4, 2016.

HB 7061 (2016)
-

Defines autonomous technology and driver-assistive truck platooning technology.
Requires a study on the use and safe operation of driver-assistive truck platooning technology and allows for a
pilot project upon conclusion of the study.
Enacted and chaptered on Apr. 14, 2016.

HB 353 (2018)
-

Relates to autonomous vehicles; authorizes a person to operate, or engage autonomous technology to operate,
an autonomous vehicle
Provides that autonomous technology is deemed to be the operator of an autonomous vehicle operating in
autonomous mode; defines the term human operator.

SB 712 (2018)
-

Relates to autonomous vehicles; exempts an autonomous vehicle from a certain prohibition on the operation of
a motor vehicle, if such vehicle is actively displaying certain content that is visible from the driver's seat while in
motion.

Florida Department of Highway Safety and Motor Vehicles AV Report (February 2014)
http://www.flhsmv.gov/html/HSMVAutonomousVehicleReport2014.pdf
Georgia
HB 472 (2017)
-

Specifies that the law prohibiting following too closely does not to apply to the non-leading vehicle in a
coordinated platoon.
Defines coordinated platoon as a group of motor vehicles traveling in the same lane utilizing vehicle-to-vehicle
communication technology to automatically coordinate the movement of the vehicles.
Effective July 1, 2017.
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SB 219 (2017)
-

Defines automated driving system, dynamic driving task, fully autonomous vehicle, minimal risk condition and
operational design domain.
Exempts a person operating an automated motor vehicle with the automated driving system engaged from the
requirement to hold a driver's license.
Specifies conditions that must be met for a vehicle to operate without a human driver present in the vehicle,
including insurance and registration requirements.
Effective July 1, 2017.

Georgia House AV Technology Study Committee Report (December 2014)
http://www.house.ga.gov/Documents/CommitteeDocuments/2014/Autonomous_Vehicles/Final%20Autonomous%20V
ehicle%20Committee%20Report.pdf
Hawaii
Governor David Ige signed an executive order in November 2017 established a connected autonomous vehicles (CAV)
contact in the governor's office and requires certain government agencies to work with companies to allow for selfdriving vehicle testing in the state.
HB 2253 (2018)
-

Authorizes and regulates the testing of autonomous vehicles in the State of Hawaii
Establishes approval process and annual reporting.
Defines autonomous vehicles, regulations, and financial liabilities.
Makes an appropriation.

Idaho
Governor C.L. Otter signed an executive order in January 2018 that established an Autonomous and Connected Vehicle
and Deployment Committee.
Illinois
HB 791 (2017)
-

Preempts local authorities from enacting or enforcing ordinances that prohibit the use of vehicles equipped with
Automated Driving Systems. Defines “automated driving system equipped vehicle.”
Effective June 1, 2018.

Indiana
HB 1341 (2018)
-

Establishes regulation relating to autonomous vehicles.
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-

Provides that a political subdivision may not prohibit the authorized use of an automated driving system,
automated vehicle, or an on demand automated vehicle network.
Provides criteria for the authorization and operation of automated driving systems and vehicles.
Provides criteria for the registration of automated vehicles and proof of financial responsibility.
Provides for required equipment and prerequisites; provides for certain liabilities.

Iowa
Iowa Department of Transportation AV Technologies Project Vision Document (March 2017)
https://www.iowadot.gov/pdf_files/IowaVisionDocument.pdf
Kentucky
Kentucky Transportation Center, Analysis of Autonomous Vehicles Policies
https://uknowledge.uky.edu/ktc_researchreports/1568/
Louisiana
HB 1143 (2016)
-

Defines "autonomous technology" for purposes of the Highway Regulatory Act.
Enacted and chaptered on June 2, 2016.

Louisiana Transportation Research Center, Investigation into Legislative Action Needed To Accommodate the Future Safe
Operation of Autonomous Vehicles in the State of Louisiana (October 2016)
http://www.ltrc.lsu.edu/pdf/2016/FR%20571.pdf
Maine
HB 1204 (2017)
-

-

This bill authorizes municipalities to enter into memoranda of agreement with the Secretary of State, the
Department of Transportation and the Department of Professional and Financial Regulation, Bureau of
Insurance to develop, test and operate pilot programs for the use of autonomous vehicles for public
transportation until March 31, 2022.
It requires any municipality that develops, tests or operates a pilot program to submit a report regarding the
pilot program.

Governor Paul R. LePage signed an executive order in January 2018 that establishes the Maine Highly Automated
Vehicles Advisory Committee.
Massachusetts
Governor Charlie Baker signed an executive order in October 2016, “To Promote the Testing and Deployment of Highly
Automated Driving Technologies.” The order created a working group on AVs and the group is expected to work with
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experts on vehicle safety and automation, work with members of the legislature on proposed legislation, and support
agreements that AV companies will enter with the state DOT, municipalities and state agencies.
Michigan
SB 995 (2016)
-

Allows for autonomous vehicles under certain conditions.
Allows operation without a person in the autonomous vehicle.
Specifies that the requirement that commercial vehicles maintain a minimum following distance of 500 feet
does not apply to vehicles in a platoon.
Enacted and chaptered on Dec. 9, 2016.

SB 996 (2016)
-

Allows for autonomous vehicles under certain conditions.
Allows operation without a person in the autonomous vehicle.
Enacted and chaptered on Dec. 9, 2016.

SB 997 (2016)
-

Defines automated driving system.
Allows for the creation of mobility research centers where automated technology can be tested.
Provides immunity for automated technology manufacturers when modifications are made without the
manufacturer's consent.
Enacted and chaptered on Dec. 9, 2016.

SB 998 (2016)
-

Exempts mechanics and repair shops from liability on fixing automated vehicles.
Enacted and chaptered on Dec. 9, 2016.

SB 169 (2013)
-

-

Defines "automated technology," "automated vehicle," "automated mode," expressly permits testing of
automated vehicles by certain parties under certain conditions, defines operator, addresses liability of the
original manufacturer of a vehicle on which a third party has installed an automated system, directs state DOT
with Secretary of State to submit report by Feb. 1, 2016.
Enacted and chaptered on Dec. 20, 2013.

SB 663 (2013)
-

Limits liability of vehicle manufacturer or upfitter for damages in a product liability suit resulting from
modifications made by a third party to an automated vehicle or automated vehicle technology under certain
circumstances; relates to automated mode conversions.
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-

Enacted and chaptered on Dec. 26, 2013.

Missouri
HB 1871 (2018)
-

Allows testing of driverless motor vehicles until August 28, 2021.

HB 2271 (2018)
-

Contains provisions relating to the operation of automated motor vehicles in the state and establishes the
Automated Vehicle Safety Advisory Committee.

Nebraska
LB 989 (2017)
-

Authorizes testing of autonomous vehicles by a city of the primary class on its roadways.

LB 1122 (2017)
-

Authorizes testing of automated motor vehicles as prescribed.

Nevada
AB 511 (2011)
-

Authorizes operation of autonomous vehicles and a driver’s license endorsement for operators of autonomous
vehicles.
Defines “autonomous vehicle” and directs state Department of Motor Vehicles (DMV) to adopt rules for license
endorsement and for operation, including insurance, safety standards and testing.
Enacted and chaptered on June 17, 2011.

SB 140 (2011)
-

Prohibits the use of cell phones or other handheld wireless communications devices while driving in certain
circumstances, and makes it a crime to text or read data on a cellular phone while driving.
Permits use of such devices for persons in a legally operating autonomous vehicle. These persons are deemed
not to be operating a motor vehicle for the purposes of this law.
Enacted and chaptered on June 17, 2011.

SB 313 (2013)
-

Relates to autonomous vehicles. Requires an autonomous vehicle that is being tested on a highway to meet
certain conditions relating to a human operator.
Requires proof of insurance.
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-

Prohibits an autonomous vehicle from being registered in the state, or tested or operated on a highway within
the state, unless it meets certain conditions.
Provides that the manufacturer of a vehicle that has been converted to be an autonomous vehicle by a third
party is immune from liability for certain injuries.
Enacted and chaptered on June 2, 2013.

AB 69 (2017)
-

Defines terms including “driver-assistive platooning technology,” “fully autonomous vehicle” and “automated
driving system.”
Allows the use of driver-assistive platooning technology on highways in the state.
Preempts local regulation.
Requires the reporting of any crashes to the department of motor vehicles within 10 days if the crash results in
personal injury or property damage greater than $750.
Allows a fine of up to $2,500 to be imposed for violations of laws and regulations relating to autonomous
vehicles.
Permits the operation of fully autonomous vehicles in the state without a human operator in the vehicle.
Specifies that the original manufacturer is not liable for damages if a vehicle has been modified by an
unauthorized third party.
Allows the DMV to adopt certain regulations relating to autonomous vehicles.
Defines “driver,” for purposes of an autonomous vehicle, to be the person who causes the automated driving
system to engage.
Specifies that the following distance requirement does not apply to a vehicle using platooning technology.
Imposes an excise tax on the connection of a passenger to a fully autonomous vehicle for the purpose of
providing transportation services.
Specifies requirements for autonomous vehicle network companies, including a permitting requirement,
prohibitions on discrimination, and addressing accessibility.
Permits the use of autonomous vehicles by motor carriers and taxi companies if certain requirements are met.
Enacted and chaptered on June 16, 2017.

New Hampshire
HB 1459 (2017)
-

Prohibits operating autonomous vehicles on ways of the state.

HB 314 (2017)
-

Relates to autonomous vehicles; establishes licensing requirements for autonomous vehicle operation and
testing.
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New Jersey
AB 1853 (2018)
-

Permits testing and use of autonomous vehicles on state roadways under certain circumstances.

New Mexico
SJM 3 (2018)
-

Requests the department of transportation to create a committee that includes relevant state agencies and
private entities to review the current and developing state of autonomous vehicle technology and develop a
proposal to allow autonomous vehicle use in New Mexico while ensuring public safety.

New York
SB 2005 (2017)
-

Allows the commissioner of motor vehicles to approve autonomous vehicle tests and demonstrations.
Requires supervision from the state police for testing.
Specifies requirements for operation, including insurance of five million dollars.
Defines autonomous vehicle technology and dynamic driving task.
Requires a report on testing and demonstration.
Enacted and chaptered on April 20, 2017.

North Carolina
HB 469 (2017)
-

Establishes regulations for the operation of fully autonomous motor vehicles on public highways of this state.
Defines terms.
Specifies that a driver’s license is not required for an AV operator.
Requires an adult be in the vehicle if a person under 12 is in the vehicle.
Preempts local regulation.
Establishes the Fully Autonomous Vehicle Committee.
Effective Dec. 1, 2017.

HB 716 (2017)
-

Modifies the follow-too-closely law to allow platooning.
Effective Aug. 1, 2017.
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North Dakota
HB 1065 (2015)
-

-

Provides for a study of autonomous vehicles.
Includes research into the degree that automated motor vehicles could reduce traffic fatalities and crashes by
reducing or eliminating driver error and the degree that automated motor vehicles could reduce congestion and
improve fuel economy.
Enacted and chaptered on March 20, 2015.

HB 1202 (2017)
-

-

-

Requires the department of transportation to study the use of vehicles equipped with automated driving
systems on the highways in this state and the data or information stored or gathered by the use of those
vehicles.
Also requires that the study include a review of current laws dealing with licensing, registration, insurance, data
ownership and use, and inspection and how they should apply to vehicles equipped with automated driving
systems.
Effective Aug. 1, 2017.

Pennsylvania
SB 1267 (2016)
-

Allows the use of allocated funds, up to $40,000,000, for intelligent transportation system applications, such as
autonomous and connected vehicle-related technology, in addition to other specified uses.
Effective Sept. 19, 2016.

PA Autonomous Vehicle Testing Policy: Final Draft Report of the Autonomous Vehicle Policy Task Force
http://www.penndot.gov/ProjectAndPrograms/ResearchandTesting/Documents/AV%20Testing%20Policy%20DRAFT%2
0FINAL%20REPORT.pdf
South Carolina
HB 3289 (2017)
-

Specifies that minimum following distance laws for vehicles traveling along a highway do not apply to the
operator of any non-leading vehicle traveling in a platoon.
Effective May 19, 2017.
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Tennessee
SB 598 (2015)
-

Relates to motor vehicles. Prohibits local governments from banning the use of motor vehicles equipped with
autonomous technology.
Enacted and chaptered on April 24, 2015.

SB 2333 (2016)
-

Allows a motor vehicle to be operated, or to be equipped with, an integrated electronic display visible to the
operator while the motor vehicle's autonomous technology is engaged.
Enacted and chaptered on March 22, 2016.

SB 1561 (2016)
-

Redefines "autonomous technology" for purposes of preemption.
Defines "driving mode" and "dynamic driving task."
Enacted and chaptered on April 27, 2016.

SB 676 (2017)
-

Permits the operation of a platoon on streets and highways in the state after the person provides notification to
the department of transportation and the department of safety.
Enacted and chaptered on April 24, 2017.

SB 151 (2017)
-

Creates the “Automated Vehicles Act.”
Defines a number of terms.
Modifies laws related to unattended motor vehicles, child passenger restraint systems, seat belts, and crash
reporting in order to address ADS-operated vehicles.
Specifies that ADS-operated vehicles are exempt from licensing requirements.
Permits ADS-operated vehicles on streets and highways in the state without a driver in the vehicle if it meets
certain conditions.
Preempts local regulation of ADS-operated vehicles.
Specifies that the ADS shall be considered a driver for liability purposes when it is fully engaged and operated
properly.
Makes it a class A misdemeanor to operate a motor vehicle on public roads in the states without a human driver
in the driver’s seat without meeting the requirements of this Act.
Specifies that this Act only applies to vehicles in high or full automation mode.
Enacted and chaptered on June 6, 2017.
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Texas
HB 1791 (2017)
-

Allows the use of a connected braking system in order to maintain the appropriate distance between vehicles.
Specifies that "connected braking system" means a system by which the braking of one vehicle is electronically
coordinated with the braking system of a following vehicle.
Enacted and chaptered on May 18, 2017.

SB 2205 (2017)
-

Defines a number of terms, including “automated driving system,” “automated motor vehicle,” “entire dynamic
driving task” and “human operator.”
Preempts local regulation of automated motor vehicles and automated driving systems.
Specifies that the owner of an automated driving system is the operator of the vehicle when the system is
engaged and the system is considered licensed to operate the vehicle.
Allows an automated motor vehicle to operate in the state regardless of whether a human operator is present in
the vehicle, as long as certain requirements are met.
Effective Sept. 1, 2017.

Utah
HB 373 (2015)
-

Authorizes the Department of Transportation to conduct a connected vehicle technology testing program.
Enacted and chaptered on April 22, 2015.

HB 280 (2016)
-

Requires a study related to autonomous vehicles, including evaluating NHTSA and AAMVA standards and best
practices, evaluating appropriate safety features and regulatory strategies and developing recommendations.
Enacted and chaptered on March 23, 2016.

Virginia
HB 454 (2016)
-

Allows the viewing of a visual display while a vehicle is being operated autonomously.
Enacted and chaptered on April 6, 2016.
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Vermont
HB 494 (2017)
-

Requires the department of transportation convene a meeting of stakeholders with expertise on a range of
topics related to automated vehicles.
The secretary of transportation must report to the House and Senate committees on transportation regarding
the meetings and any recommendations related automated vehicles, including proposed legislation.
Enacted and chaptered on May 17, 2017.

Washington
Governor Jay Inslee signed an executive order in June 2017 to address autonomous vehicle testing and establish an
autonomous vehicle work group. The order requires that state agencies with pertinent regulator jurisdiction “support
the safe testing and operation of autonomous vehicles on Washington’s public roads.” It establishes an interagency
work group and enables pilot programs throughout the state. The order specifies certain requirements for vehicles
operated with human operators present in the vehicle and for vehicles operated without human operators in the
vehicle.
HB 2970 (2017)
-

Establishes an autonomous vehicle work group.

HB 2971 (2017)
-

Concerns the development of a report by the governor's autonomous vehicle work group concerning the testing
of autonomous commercial motor vehicles on public roadways in the state.

HCR 4414 (2017)
-

Creates a joint select committee on autonomous vehicle technology policy.

Washington, D.C.
2012 DC B 19-0931
-

Defines "autonomous vehicle” as "a vehicle capable of navigating District roadways and interpreting trafficcontrol devices without a driver actively operating any of the vehicle’s control systems."
Requires a human driver "prepared to take control of the autonomous vehicle at any moment."
Restricts conversion to recent vehicles, and addresses liability of the original manufacturer of a converted
vehicle.
Enacted and effective from April 23, 2013.
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Wisconsin
Governor Scott Walker signed an executive order in May 2017 creating the Governor’s Steering Committee on
Autonomous and Connected Vehicle Testing and Deployment. The committee is tasked with advising the governor “on
how best to advance the testing and operation of autonomous and connected vehicles in the State of Wisconsin.” The
order specifies the members of the committee, including six legislators from the state. The duties of the committee
include identifying all agencies in the state with jurisdiction over testing and deployment of the vehicles, coordinating
with the agencies to address concerns related to issues such as “vehicle registration, licensing, insurance, traffic
regulations, equipment standards, and vehicle owner or operator responsibilities and liabilities under current law,” and
reviewing current state laws and regulations that may impede testing and deployment, along with other tasks. The state
department of transportation is required to submit a final report to the governor by June 30, 2018.

Page 15 of 15

utonomous

Vehicles in Delaware:

Analyzing the Impact and
Readiness for the First State
Written By
Philip Barnes, Associate Policy Scientist
Eli Turkel, Graduate Public Administration Fellow
Published by
Institute for Public Administration
School of Public Policy and Administration
University of Delaware
www.ipa.udel.edu
In collaboration with
The Delaware Department of Transportation

Autonomous Vehicles in Delaware:
Analyzing the Impact and Readiness for the First State
April 2017
Written by
Philip Barnes, Associate Policy Scientist
Eli Turkel, Graduate Public Administration Fellow
Edited by
Lisa Moreland, Policy Scientist
Institute for Public Administration
Design and Layout by
Sarah Pragg, Policy Specialist
Institute for Public Administration
Published by
Institute for Public Administration
School of Public Policy and Administration
University of Delaware
www.ipa.udel.edu
In collaboration with
The Delaware Department of Transportation

Pr efa ce

Autonomous vehicles—long part of the futuristic
frontier—are justifiably receiving a great deal of media
attention. These vehicles are currently being tested
in many cities and states around the country, and the
expected timeline for commercial sales is shortening.
The transformative potential of this emerging
technology is significant.
As the Director of the University of Delaware’s Institute
for Public Administration (IPA), I am pleased to provide
this timely report, Autonomous Vehicles in Delaware:
Analyzing the Impact and Readiness for the First
State. This report anticipates autonomous vehicle
deployment in Delaware and evaluates the possible
consequences across a wide range of focus areas—from
vehicle ownership projections to local fiscal impacts
and transportation equity. The analysis demonstrates
that successful integration of autonomous vehicles into
the First State’s transportation system is not necessarily
a technological challenge, but rather an administrative
one. Socially beneficial outcomes are possible with
the proactive, collaborative involvement of state and
local governments, citizens, the business community,
research partners, advocacy organizations, and other
relevant stakeholder groups.

This report continues IPA’s legacy of practical
research on Delaware’s transportation challenges and
opportunities. It leverages our expertise to advance
administrative and policy conversations and it
responds to emerging trends in transportation systems
and urban affairs. It complements our past research
for the state on intermodal transportation, paratransit
services, and complete communities. Looking forward,
this report will form the foundation to advance smart
city scholarship and total urban mobility research in
Delaware.
IPA is grateful for funding from the Delaware
Department of Transportation that supported this
research. I would like to thank the lead researchers and
authors—IPA’s Philip Barnes and Eli Turkel. Additional
thanks go to IPA staff members Lisa Moreland for
editing support and Sarah Pragg for designing and
formatting the document.

Jerome R. Lewis, Ph.D.
Director, Institute for Public Administration
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Execu ti ve
S u mmary

The sci-fi reality of self-driving, networked, autonomous
vehicles is nearly here. Ford claims it will sell these
vehicles within five years, and most analysts expect
modest sale numbers by the late 2020s and widespread
adoption throughout the 2030s and 2040s. The
consequences of the impending autonomous vehicle
revolution for Delaware’s economy, its residents, and
visitors are significant. Public and private stakeholders
will need to adapt current practices and processes to
accommodate the new advancement in transportation.
State regulations that govern vehicles and drivers will
need to evolve with the technology. Cybersecurity and
privacy limits will be tested. The insurance industry
will be required to develop new products and actuarial
models. Claims of liability will be argued and settled in
the courts.
There will also be impacts, both positive and negative,
to important transportation and urban planning areas,
especially roadway safety, ownership, parking demand,
vehicle miles traveled, roadway congestion and
capacity, development patterns, infrastructure design,
jobs and the economy, state and local budgets, fuel
efficiency and carbon emissions, and transportation
equity. The authors of this report attempted to
preview the possible impact that autonomous
vehicle deployment would have on each area. Major
information gaps exist on autonomous vehicles, and
there are complex interactions among areas that render
such previews extremely challenging and uncertain.

Despite these difficulties, the table summarizes the
report’s findings. The findings are based on a longterm view and assume full, widespread penetration
of autonomous vehicles across all Delaware roadways
with a corresponding decline in manually-driven
vehicles. A confidence measure was added to articulate
the level of certainty/uncertainty for each area. Entries
in the table should not be accepted as absolute truths,
but rather as starting points for preliminary discussions
on policy and administrative options to minimize
negative impacts and amplify positive ones.
In terms of readiness to accept autonomous vehicles,
the state is well prepared technologically. The Delaware
Department of Transportation (DelDOT) possesses
an extensive telecommunications network that can
be leveraged for autonomous vehicle integration,
and DelDOT is proactively upgrading its systems in
anticipation of autonomous vehicle deployment.
DelDOT plans to install a transportation-specific
wireless network in Dover, test signal timing and
traffic light priority in Smyrna, and develop software
to partially automate decision-making at the state’s
Transportation Management Center. These are
positive steps that will make Delaware attractive
for vehicle testing, operation, and deployment.
From an administrative standpoint, the state could
accelerate the evolution of its governance systems and
institutions to align with these technological advances.
If action is taken now, Delaware could position itself to
be a leader in the autonomous vehicle area.

Possible Impacts of Autonomous Vehicles for Delaware
Impact Area

Possible Impact

Confidence

Roadway Safety

Decrease accidents, injuries, fatalities

High

Ownership

Decrease percent of Delawareans owning a vehicle

Medium-High

Parking Demand

Decrease demand for parking

Medium

Vehicle Miles Traveled

Increase state-wide vehicle miles traveled

Medium

Congestion/Capacity

Increase highway capacity and urban core congestion

Low

Development Patterns

Increase sprawl and urban densification

Medium

Infrastructure Design

Decrease lane width, increase roadside technology

Medium-High

Jobs/Economy

Decrease driving-related jobs short-term/long-term
increase in overall economic activity

High/MediumLow

Fiscal Impacts

Decrease revenue for state and local governments

Medium-Low

Modal Shifts

Decrease use of public transportation

Medium

Fuel Economy/Carbon
Emissions

Increase fuel efficiency/decrease carbon emissions

High/Low

Equity

Increase transportation inequities

Medium-High
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I n tro d u cti o n

Self-driving autonomous vehicles (AVs) will transform
America. The transportation-related impacts are the
most apparent, as AVs will enable safe mobility for
those individuals who are currently unable to drive
such as children and the visually impaired. These
vehicles will converge with ridesharing services (e.g.,
Uber, Lyft) and upend longstanding traditions of
vehicle ownership, particularly in dense, populated
areas. They will undoubtedly reshape urban and
suburban development, shift demand for parking, and
impact roadway congestion and capacity. Significant
economic and social consequences of AVs are also
expected. As with all disruptive technologies, some
job markets will be made redundant, with truck and
bus drivers likely bearing the brunt of AV deployment.
While the ultimate impact of AVs is uncertain due
to many complex variables that will influence
the technology’s development and deployment,
analysts are confident that the transformations to
transportation and economic systems will be significant
and long lasting.
State departments of transportation such as DelDOT
must anticipate and adapt to the many planning
and policy implications of AVs. At a recent Delaware
Center for Transportation (2013, p. 47) forum, it
was recommended that Delaware transportation
professionals “engage in the primary stages of
[autonomous] vehicle technology in order to guide its
development and to position DelDOT for expedited
integration.” To facilitate that effort—and to provide
reliable information to decision-makers at DelDOT as

well as policymakers, planners, and state administrators
in Delaware—this report presents research results that
highlight the relevant issues with AV technology. The
intent of the report is to lay the foundation for a future
policy and planning framework and ensure the timely
integration of autonomous vehicles into the state’s
transportation network. The information gleaned
through the research process will also be useful for
budget forecasters and policy analysts who must weigh
the merits of various AV policy options.
The report is divided into five major sections. First, it
reviews the technology behind AVs and degrees of
vehicle autonomy. Predictions on the timing of AV
deployment are also reviewed. The second section
covers administrative and consumer issues, namely
regulation of the new technology, liability, insurance,
and cybersecurity/privacy. Third, the report investigates
a number of planning and policy areas in Delaware that
will be impacted by AVs: roadway safety, ownership,
parking demand, vehicle miles traveled, roadway
congestion and capacity, development patterns,
infrastructure design, jobs and the economy, state and
local budgets, fuel efficiency and carbon emissions,
and transportation equity. Despite the significant
uncertainty involved in prognosticating, an attempt
is made to predict the future impacts of AVs in each
area. Fourth, the report reviews Delaware’s current level
of technological and administrative readiness to test
and operate AVs on the state’s roadways. The report
concludes with possible next steps for the state.

Vehicle to Infrastructure (V2I) Interaction

Source: DelDOT
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Also known as driverless or self-driving cars, the vision
of developing autonomous vehicles entered the
public’s imagination at the “Futurama” exhibit for the
1939 World Fair in New York City. A utopian-inspired
display sponsored by General Motors and designed
by Norman Bel Geddes depicted radio-controlled,
electromagnetically propelled vehicles (O’Toole, 2010).
More recently in the past decade, the maturation and
convergence of the internet and artificial intelligence
created technological foundation to transform
Geddes’s larger vision of driverless transportation into
reality. This section quickly reviews the recent history of
AV development, the hardware and software systems
comprising AV technology, and identifies a spectrum
of AV functionality that helps classify varying degrees
of vehicle autonomy. It then reviews the current status
of the AV industry before reviewing a number of AV
deployment scenarios, many of which anticipate
commercial availability within the next decade.

History and Technology
The United States Congress initiated a push to
develop military grade AVs between 2003 and 2007
with a series of contests, known as Grand Challenges.
With each successive contest, large advances in AV
technology were made, and committed private-sector
efforts began shortly thereafter. Google leveraged its
resources to become a major innovator and accelerated
development of fully autonomous vehicles, while
the traditional automobile manufacturers began to
integrate elements of autonomous technology into
their commercial offerings (Anderson et al., 2014).
The technology that provides functionality for AVs is
based on three related systems. First, just like a smart
phone uses the global positioning system (GPS) to
provide driving directions, GPS is necessary for AV
technology to allow vehicles to roughly identify their
positions relative to the transportation infrastructure
and journey starting and ending points. To navigate

real-time in an environment that features detours,
pedestrians, and other obstacles, a second system of
sensors is integrated into the vehicle. Lasers such as
Light Detection and Ranging or LIDAR that can “see”
in the dark and low-visibility situations, radars, and
cameras are common sensors that provide information
for vehicle situational awareness. The bulb on the top
of Google’s AV prototype is a range-finding LIDAR unit
that rotates rapidly while sending and receiving signals
to detect distances between itself and surrounding
environmental features. Cameras and radar units, which
are already common on today’s vehicles with features
such as adaptive cruise control (ACC) or backup parking
assistance, are also frequently mounted on AVs. The
third system includes the software and algorithms
that process the GPS and sensory data to execute
movements through space by delivering instructions
through the vehicle’s Controller Area Network (CAN)
bus. The algorithms are designed for machine learning,
meaning that while certain rules of the road can
be hardwired (e.g., stop at red lights), other nondetermined human behaviors such as pedestrian
movements are analyzed and continually improved
with each successive experience (Madrigal, 2014).

Connected Vehicles
While autonomous vehicles receive most of the media
and research attention, connected vehicles (CVs) are an
associated automobile technology seen as precursors
and prerequisites to full AVs. The major distinguishing
characteristic separating AVs and CVs is the presence
of an active, involved driver in CVs. CVs enhance and
improve driver decision-making, whereas AVs have the
potential to replace the driver altogether.
CVs are equipped with communication technologies
that relay and receive information among vehicles,
near-road infrastructure, and drivers. The exact type
of communication technology that will be dominant
is still a matter of debate, but two possible versions

Combined V2V and V2I systems

Source: DelDOT

exist: dedicated short-range communication (DSRC)
and wireless technology similar to that used in smart
phones (e.g., 5G technology under development). DSRC
is WiFi-like and enables CVs to rapidly transmit and
receive signals to specialized roadside infrastructure
up to 1,600 feet away, allowing constant monitoring of
surrounding environmental conditions. The 5G version
may not be as fast as DSRC, but it could utilize the
existing infrastructure currently used by mobile devices
(Bradbury, 2016). In either case, a vehicle equipped
with CV technology can analyze internal and external
data to alert drivers about potential hazards and risks
that are hidden from their direct view (Arseneau, Roy,
Salazar, & Yang, 2015). The anticipated impacts of CVs
are mostly similar to AVs, with a key difference related

to the importance of state spending to create the
“smart” infrastructure that is required for CV operability
(see subsection titled “Infrastructure Design and
Upgrades”). CV technologies and systems are generally
classified according to the type of connectivity. If they
connect vehicles to each other, they are referred to as
vehicle to vehicle (V2V) technologies. If they connect
to public infrastructure, the systems are referred to as
vehicle to infrastructure (V2I) technologies.

V2V Technology
V2V technology consists of components integrated
into automobiles that effectively allow them to
communicate with other V2V-equipped vehicles. The
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main application of V2V technology involves vehicles
wirelessly interacting with each other to monitor
conditions and send alert signals to drivers when risks
and hazards arise. For example, a vehicle equipped
with V2V technology can receive and analyze data
from nearby V2V-equipped vehicles to detect rapidly
decelerating traffic in the road ahead, giving the driver
advanced warning to slow down. Another example of
a V2V application involves left-turning assistance that
alerts the driver not to execute a left turn because an
oncoming vehicle poses an immediate collision risk.
Thus, a major benefit of V2V technology is improved
on-road safety and traffic flow. The National Highway
Traffic Safety Administration (NHTSA) estimates
that nearly 600,000 crashes could be avoided with
intersection turn assistance (Harding et al., 2014).

V2I Technology
Like V2V systems, V2I technology is also predicted
to improve safety and reduce on-road risks, yet
unlike V2V where signals are sent between vehicles,
the communication in V2I CVs occurs between the
vehicle and the surrounding fixed infrastructure. In a
V2I network, roadside equipment (RSE) will transmit
communication signals to vehicles that then analyze
the information and relay warnings to drivers. One
of the many applications of V2I systems involves
RSE connected to traffic signals that would alert
drivers if they are about to run a red light. Other
applications include speed-limit advice along highways
to optimize traffic flow and ease congestion. V2I
systems also could be integrated to traffic control and
planning centers that would monitor and analyze
the incoming information and make adjustments to
existing intelligent transportation system assets such
as message signs and intersection signals. In other
applications of V2I technology, it is also possible to
envision traffic signal priority for particular vehicles
such as buses, police, and emergency responders
(Government Accountability Office, 2015).

Taxonomy of Autonomous
Vehicles
Determined to bring a sense of order to the rapidly
advancing field, NHTSA (2013) created an initial AV
classification system defined by five levels of autonomy,
from zero to four, with each successive level exhibiting
greater vehicle self-control. With the release of the
2016 policy guidance, NHTSA adopted the Society of
Automotive Engineers (SAE) International Standard
J3016 that defines vehicles on a 0-to-5 scale. The
taxonomy standard is reproduced in the table (right).
While there are gray areas between each level, the
SAE classification system is useful for understanding
and analyzing the implications of a spectrum of AV
technology.
An important distinction in the SAE taxonomy involves
the difference between Level 2 and Level 3 vehicles.
At Level 2 or below, the human driver is required to be
fully engaged and continuously monitoring conditions,
whereas at Level 3 and above the vehicle is expected
to perform monitoring functions and the driver can
be disengaged. Safety risks increase significantly at
Levels 3 and above, and are characterized as Highly
Autonomous Vehicles (HAVs).

Current Availability
Level 1 automation is currently available and offers
assistance to drivers under certain road conditions. For
instance, ACC controls a vehicle’s speed in response
to changes in the traffic environment (Youngs, 2012).
Electronic stability control will apply brakes if the
vehicle is taking a turn too fast to help prevent rollovers (Barth, 2015). Emergency dynamic brake support
will apply more pressure to the brake if the driver is
not braking hard enough in an emergency situation
(Ecarma, 2015). Traffic jam assist technology, which
adjusts vehicle direction and speed for lane centering
while maintaining constant distances between

vehicles ahead and behind, is capable of operating
in low-speed, high-traffic situations. BMW, Mercedes,
Volkswagen, and Volvo all offer models with traffic jam
assist.
Vehicles that combine ACC with lane centering to
control all steering, braking, and throttle in high-speed
situations also satisfy Level 2 criteria. Tesla’s Model
S with the added Autopilot feature is an example of
high-speed Level 2 autonomy. Autopilot is available
as a software download on the Model S and the
semi-autonomous feature allows hands- and pedalfree driving in conditions where the road is clearly
marked and the weather is good. After downloading
Autopilot, the vehicle will change lanes and self-

operate on winding roads, yet Tesla advises the
driver to stay engaged by keeping one hand on the
wheel at all times. If the Autopilot system detects an
unmanageable situation, it signals to the driver with
a blue message on the dashboard, audible alerts, and
self-braking (Kessler, 2015).
The General Motors SuperCruise system is under
development and will be available on certain Cadillac
models in 2017. Like Tesla’s Autopilot, SuperCruiseequipped vehicles will be combine lane centering
and ACC and will be capable of driving on highways
without the driver holding the steering wheel or
putting their foot on the pedal (Naughton, 2015).

SAE (2014) and NHTSA (2016) taxonomy of autonomous vehicles
Autonomy Level

Description

Level 0: No Automation

The human driver does everything

Level 1: Driver Assistance

An automated system on the vehicle can sometimes assist the human driver
conduct some parts of the driving task

Level 2: Partial Automation

An automated system on the vehicle can conduct some parts of the driving
task, while the human continues to monitor the driving environment and
performs the rest of the driving task

Level 3: Conditional Automation

An automated system can conduct some parts of the driving task and monitor
the driving environment in some instances, but the human driver must be ready
to take back control when the automated system requests

Level 4: High Automation

An automated system can conduct the driving task and monitor the driving
environment, and the human need not take back control, but the automated
system can operate only in certain environments and under certain conditions

Level 5: Full Automation

The automated system can perform all driving tasks under all conditions that a
human driver could perform them
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There are no Level 3 or 4 AVs available on the
commercial market, although prototypes from Audi
and Delphi have completed lengthy trips with minimal
manual driver control (Davies, 2015a, 2015b). In Level
3 autonomy, situations arise where vehicle control
must be quickly transferred between the automated
system and an inattentive or distracted driver
(Markoff, 2016). This amplifies risk, as the driver must
immediately control the vehicle while simultaneously
gaining situational awareness, a process that could
take considerable time and lead to an accident.
Consequently, some manufacturers are opting instead
to leapfrog directly to full AV functionality to avoid
“mode confusion” between the vehicle and driver
(Davies, 2015; Golson, 2016; Marinik et al., 2014).
Several manufacturers have developed and are testing
Level 5 prototypes. Google’s bubble-like driverless car,
named the “Koala,” is undergoing on-road testing in
California and receives a great deal of media attention
(Bergen, 2015). The vehicle, which has no steering
wheel or pedals, is equipped with cameras, sensors,
and a roof-mounted LIDAR system. Volvo plans on
testing their Drive Me Level 5 system in 2017 with 100
prototypes on the streets of Gothenburg, Sweden
(Ziegler, 2015). Unlike Tesla, which is taking incremental
steps through the autonomy spectrum, Volvo and
Google are intent on bypassing intermediate levels of
autonomy and are aiming to leapfrog directly to fully
autonomous Level 5 technology (Golson, 2016; Markoff,
2016).

Deployment Scenarios and
Timeline
Major questions concerning AVs center around the
expected timeline for vehicle sales and the extent of
market penetration. While it is difficult to accurately

predict the deployment of advanced technologies,
particularly those with uncertainty around public
acceptance and regulatory development, a number
of analysts have tried to anticipate when Level 5 AVs
would be available for purchase. While analysts differ
on the exact timing, they consistently anticipate AVs
will follow a standard technology diffusion curve in
which a small number of early adopters make initial
purchases followed by period of rapid growth before
leveling off near a saturation point. These predictions
are summarized here to arrive at a range of possible
deployment scenarios.
Todd Litman (2015) predicts an optimistic scenario in
which AV sales begin in the next ten years, reach 50
percent of all vehicles sold in the 2040s, and achieve
nearly 100 percent market penetration by 2060. A
report by McKinsey & Co. (2016) offers a similarly
optimistic adoption curve, with 15 percent of all
vehicle sales by 2030, a quick rise to 50 percent in
2035, and a topping out at 90 percent by 2040. In
terms of aggregate number of vehicles sold, a paper
delivered at the 2016 Transportation Research Board
Annual Conference predicts 1.3 million AVs sold in
the United States by 2030, 36 million in 2040, and 84
million in 2050 (Lavasani, Jin, & Du, 2016). Similarly, the
consulting firm IHS (2016) recently updated their AV
deployment predictions with faster rollout scenarios
based on increased research and development
commitments by manufacturers, forthcoming
regulatory harmonization, and new mobility
developments such as ridesharing systems. IHS now
anticipates around 300,000 AVs sold in the United
States by 2025 and 1.6 million by 2030. Initial rollout
could come even sooner, as Ford recently announced
they would release an AV for the ridesharing market in
2021 (Boudette, 2016). These analyses indicate that AVs
will be commercially available within ten years and will
comprise half of all vehicle sales within 20 to 30 years.

Costs
Cost estimates are available for the price premium that
AVs will command due to the advanced computing and
sensing technologies that are required for functionality.
One estimate places an initial $10,000 premium on
AVs, falling to around $3,000 several decades later after
the technology improves and becomes ubiquitous
(Fagnant & Kockelman, 2015). Another study predicts

similar figures, with a $7,000 to $10,000 price premium
initially and dropping to $3,000 ten years later (IHS
Automotive, 2014). The average cost of a new car
in 2015 was $33,000, so a $10,000 AV option would
increase the price by approximately 30 percent,
which would place the product out of range for many
consumers. It is therefore likely that AVs will debut with
luxury makers that already enjoy an affluent customer
base who can afford the added cost (Kelley Blue Book,
2015; Tannert, 2014).

Google’s Koala Car
Image credit: Marc van der Chijs under Creative Commons license
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The design, testing, and deployment of autonomous
vehicles will introduce a number of wrinkles to
traditional forms of vehicle administration and
governance, such as the regulatory boundaries
between federal and state governments. Answers to
questions about accident liability will be contentious,
and the insurance industry will need to create new
products for citizens and manufacturers alike. Also,
related to citizens, AVs will generate enormous
amounts of geolocated data that could be used
to track passengers, thus raising concerns about
corporate/government surveillance and privacy. These
challenging administrative and citizen-related issues
are discussed in the following sections.

Regulations and Vehicle Testing
NHSTA’s 2016 policy document contains a section
that defines the division of AV regulatory authority
between federal and state governments with the goal
of ensuring the “establishment of a consistent national
framework rather than a patchwork of incompatible
laws” (National Highway Traffic Safety Administration,
2016, p. 7). The stated objective of NHSTA’s guidance is
to provide regulatory clarity to the industry and thus
accelerate the development, testing, and deployment
of AV technology. Division of regulatory authority
for AVs closely mimics the current framework for
traditional vehicles. The federal government still retains
its ability to establish and enforce vehicles safety
standards, regulate vehicle equipment (including
computer hardware and software), issue product
recalls, and communicate safety-related information
to the public. States are still responsible for vehicle
licensing, registration, setting and enforcing traffic laws,
and establishing insurance and liability standards. New
authorities that NHTSA is exploring to ensure AVs safety
benefits include new tools to regulate vehicle software
updates as well as data collection and storage.

States are encouraged to develop regulations to
authorize AV testing and NHTSA offers guidance on the
barriers that will need to be overcome. Delaware should
appoint a lead agency to handle AV administration and
all applications to test AVs within the state’s jurisdiction
should be submitted to that agency. The agency would
review applications, in consultation with state law
enforcement, to either grant or refuse authorization
to test in Delaware. If authorization is granted, the
Delaware Division of Motor Vehicles (DMV) would
issue a permit to the applicant for each testing vehicle.
Each vehicle should be properly licensed according
to Delaware state law. NHTSA recommends that
only drivers designated and properly trained by the
manufacturer should be allowed to operate AVs during
testing trials. These operators should hold a Delaware
license and be subject to all state rules of the road. They
should also bear responsibility for any traffic offenses
that occur during testing (National Highway Traffic
Safety Administration, 2016, pp. 40–43).

Liability
A critical, unresolved legal question hangs over fully
autonomous vehicles: who is liable for an incident, the
user or the manufacturer? Answers to this question
depend on many variables and, at this point, are purely
speculative because the courts have not been forced to
rule. In certain instances, it is likely to assume that users
will be liable for an accident if they are negligent under
a standard of reasonableness, for instance if a user
knows he needs new brakes, fails to obtain them, and
the faulty brakes directly lead to an incident (Anderson
et al., 2014). On the other hand, if a user is disengaged
from the road in a full Level 5 vehicle that experiences
internal software or system failure and is involved
in an accident, it could be reasonably argued that
the manufacturer should be held liable for damages
(Silberg & Wallace, 2012). There is an even stronger
case for manufacturer liability when an AV is empty, for

. . .some manuf acturers are announcing
that they will simply accept responsibility
if there are incidents involving their
autonomously operated vehicles. . .
example if an accident occurs while the AV is picking up
a rideshare. Questions may arise over who was in control
of safety critical functions at the time of an incident—
human driver or vehicle software—but this situation
could be mitigated if manufacturers create “black boxes”
that store real-time diagnostic data (Bose, 2015).

with licensed humans operators classified as drivers for
Levels 1 and 2 functionality (National Highway Traffic
Safety Administration, 2016, p. 39). If adopted across all
states, the classification would set an initial standard of
liability that will undoubtedly be refined in the future
through successive legal challenges.

To avoid some uncertainty and clarify the liability
landscape that will evolve in U.S. courts, some
manufacturers are announcing that they will simply
accept responsibility if there are incidents involving
their autonomously operated vehicles. Volvo, for
example, committed to accept liability in an effort
to avoid lengthy regulatory and legal battles that
could delay the development and eventual release
of AVs (Korosec, 2015). Google and Mercedes have
made similar pronouncements (Whitaker, 2015). This
position helps explain why these manufacturers are
also avoiding semi-autonomous technology and
leapfrogging direct to Level 5 full autonomy.

Insurance

While clarification of liability will take time to sort
out, NHTSA’s guidance document offers a first-step
recommendation. They argue that states should
explicitly define what is meant by “drivers” of AV for
the purpose of traffic laws and enforcement. NHTSA
recommends that when the AV systems are monitoring
the roadway, the surrounding environment, and
executing driving tasks (autonomy Levels 3 through
5), the vehicle itself should be classified as the driver,

The automobile insurance marketplace will need to
adapt with the deployment of AVs. The anticipated
reduction in the number of accidents (see section titled
“Roadway Safety” above) will lower expected losses for
insurers, and those savings will likely be passed on to
consumers in the form of lower premiums (Albright,
Bell, Schneider, & Nyce, 2015; Buhayar & Robison,
2015). Yet while the number of claims are expected to
decline, the cost per claim is anticipated to increase
due to the expensive hi-tech components integrated
into AVs. Furthermore, if AV manufacturers are deemed
liable in incidents caused by product malfunction,
insurance claims will likely need to originate from the
manufacturer rather than the owner/operator of the
vehicle. While some insurance claims such as theft and
hail damage will still be required, it is clear that AVs—
and particularly ride-sharing AVs—will force a dramatic
transformation of today’s automobile insurance
industry. Insurers will need to anticipate these changes
and develop new products and actuarial models.
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One possible innovation for insurers is to use speed
and location data collected from the vehicle (see
next section) to generate a usage-based, driving
mode-based, or trip-based insurance product
(PricewaterhouseCoopers, 2015). This new product
could be targeted at an urban or casual driving
demographic that rarely uses their vehicles. Several
insurers, such as the San Francisco-based Metromile,
offer a usage-based insurance option for low-mileage
drivers through a USB-like dongle that plugs into the
vehicle and tracks movements. Another innovation
would involve creating new commercial and product
liability lines for manufacturers if they are required to
(or voluntarily) accept liability for accidents (Albright et
al., 2015).

and invalid AV traffic data being relayed through their
connected networks. Responding to these hacking
concerns, U.S. Senators Richard Blumenthal (D-CT) and
Edward J. Markey (D-MA) introduced the Security and
Privacy in Your Car Act (SPY Act) in 2015 that would
instruct NHTSA and the Federal Trade Commission
(FTC) to develop security standards for vehicle
software and networked controls. The bill is currently
in committee but unlikely to proceed further. In
August 2016, the Transportation Research Board (2016)
initiated a research effort to understand these threats
and create a cybersecurity primer for state DOTs. These
efforts are warranted as surveys show that potential
users are reluctant to adopt AVs because of hacking
concerns (Kyriakidis, Happee, & de Winter, 2015).

Cybersecurity and Privacy

Citizen privacy is another issue amplified by AVs. As
with smartphones, AVs will generate tremendous
amount of tracking data that will prove valuable
for advertising and marketing purposes. A study
conducted by Senator Markey’s staff found that even
at today’s level of vehicle connectivity and partial
autonomy, half of the automobile manufacturers
generate, transmit, and store on-board data on
vehicle movements and diagnostics (Markey, 2015).
These data are frequently stored in third-party data
centers, sometimes indefinitely, and citizens remain
unaware that their movements are being monitored.
The aforementioned SPY Act also instructs NHTSA
and FTC to develop privacy standards that would
force manufacturers to be more transparent in how
vehicle data are collected, stored, and used. It would
also prohibit data collection by default and would
require users to opt in without compromising critical
AV capabilities such as self-navigation. NHTSA’s
(2016) AV policy guidance reiterates many of these
recommendations to vehicle manufacturers. For
instance, it asks manufacturers to allow AV owners
to opt in to data collection rather than having them
collected by default. The policy guidance also suggests
that citizens need clear, plain language for what data
will be collected, how the data will be stored, for how
long, and how the data will be protected.

Autonomous vehicles will introduce a new layer of
complexity into growing concerns over cybersecurity.
To function properly, AVs must be connected to various
digital networks such as GPS systems and possibly
wireless and cellular networks. Each digital connection
creates a potential gateway and vulnerability for
remotely generated malicious intent (Anderson et al.,
2014). The magnitude of cybersecurity risk is amplified
with autonomous vehicles because the internal
vehicle software, which in normal vehicles is already
notorious for being “buggy” and requiring recalls, will
be designed to adjust safety-critical functions (Gelles,
Tabuchi, & Dolan, 2015). A hacker could access an
AV’s software system and remotely control steering,
breaking, and acceleration, as recently demonstrated
on a Tesla Model S operating in Autopilot mode (Clark,
2016). The possibility of a system-wide attack also
exists. If roadside communication units and ultraconnected V2I and V2V networks become embedded
in the U.S. transportation system, a coordinated
large-scale cyberattack could exploit that vulnerability
and potentially cripple vehicular transportation in
the country. Traffic Management Centers also need to
exercise caution against being spoofed by malicious

Paul Noth, The New Yorker © Condé Nast
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Delaware’s transportation planners, urban planners,
and policymakers will need to adjust their models
and analyses to account for the tremendous impacts
that AVs portend. Decision-makers must consider
the changes that AVs will cause to variables such as
passenger safety, ownership, parking demand, vehicle
miles traveled, roadway congestion, development
patterns, infrastructure design, employment, state
and local budgets, fuel economy, carbon emissions,
and transportation equity. In this section, the variables
listed above are investigated, and an attempt is
made to predict an increase or decrease for each
one. Delaware-specific predictions are made for each
variable by using data, when available, and logic based
on assumptions about the state’s transportation and
development environment.
This effort is complicated by the inherent uncertainty
surrounding the development, uptake, and
deployment of an advanced technology such as
AVs. There are countervailing social, economic,
political, environmental, and technological forces
that impact each variable discussed in this section,
and untangling their magnitudes to arrive at a final
result is an incredibly complex procedure. So, just as
early developers of the internet in the 1980s could
only speculate as to the network it would become
and how it would transform society four decades
later, prognostications surrounding AVs are, at this
point, educated best guesses. With that caveat, some
variables (safety impacts) benefit from greater certainty
than others (carbon emissions).

Roadway Safety
Every year in the United States there are approximately
5.5 million reported vehicle crashes and 33,000
fatalities, with annual economic loses of $300 billion
(Cambridge Systematics, 2011). More than 90 percent
of these traffic accidents are caused by human
driver error, and analysts predict that many of these

incidences will be eliminated with driverless vehicles
(Fagnant & Kockelman, 2015; Silberg & Wallace, 2012).
Indeed, a decrease in fatalities and injuries is one of the
most often-cited benefits of the technology. Analyses
of accident data indicate that even semi-autonomous
crash avoidance technology—such as forward collision
warning systems and automatic breaking—featured in
current vehicles decreases the frequency of incidents
(Highway Loss Data Institute, 2015). However, it is
not certain that AVs will deliver totally accident-free
transport, especially during the transitional period
when AVs and manually-driven vehicles share the road
(Sivak & Schoettle, 2015). Assuming full AV saturation,
a conservative estimate of a 50 percent reduction
in accidents would still yield an overall decrease of
approximately 12,000 crashes in Delaware annually,
based on 2015 crash data (Hyland, 2016). This would
avoid $320 million (in 2015 dollars) in economic loses
for the state.
A more realistic state-level estimate for improvement
in safety can be found by examining crashes in
which humans were impaired and distracted, such
as accidents that involved alcohol and texting. In
Delaware from 2005 to 2015, there was an average of
106 fatal crashes per year. Drivers under the influence
of drugs and alcohol were responsible for 20 percent of
those fatal crashes, while distracted drivers accounted
for 8 percent (Hyland, 2016). The figures are similar
for total crashes (which averaged 20,700 annually): 5
percent are due to impaired driving and 23 percent
to distracted driving. Therefore, a 28 percent decrease
in fatal accidents and overall accidents in Delaware is
an extremely conservative estimate for the expected
traffic safety benefits of AVs.

Ownership
A confluence of factors are prompting analysts to
question the historical trajectory of ever-increasing
vehicle ownership, with some suggesting that the

United States has reached “peak car” (Rosenthal,
2013; Sivak, 2013, 2015). One factor is rural-to-urban
migration, which decreases demand for vehicles
because urban areas are generally better equipped
with alternative transit options and offer greater
access to essential services. From 2000 to 2010, the
portion of Americans living in urban areas increased
by 2 percent while there was an equivalent 2 percent
decline in the portion of Americans living in rural areas
(Lambert, 2012). A second major factor is a partial
rejection of American car culture by the younger
Millennial generation. With increasing student loan
burdens, stagnant wages, and rising rents in urban
areas, Millennials do not have as much disposable
income to participate in car ownership (Badger,
2014; Davis, Dutzik, & Baxandall, 2012). There is also
evidence that younger Americans value minimizing the
environmental impacts of their transportation choices
and hence avoid high-polluting options like cars
(Sakaria & Stehfest, 2013). The third and, perhaps, most
important factor depressing vehicle ownership is the
rapid ascension of transport/mobility service providers
within the “sharing economy.” Uber, Lyft, and Zipcar are
the well-known companies operating in this space, and
Uber is currently testing AV rideshares in Pittsburgh
(Chafkin, 2016). For many urban residents, it is cheaper
and more convenient to hail on-demand transport than
struggle with driving, parking, vehicle maintenance,
insurance, and other costs associated with owning and
operating a vehicle (Hampshire & Gaites, 2011; Shaheen
& Cohen, 2013). These costs are already significant
for Delaware, which ranks in the top third of most
expensive states to own a vehicle (Kirkham, 2016).
The fusion of AVs with ridesharing services is an
explicitly stated goal of Uber and Lyft. Not only do
these companies anticipate replacing their presently
commissioned drivers with AVs, they are seeking to
upend the traditional model of vehicle ownership and
replace it with on-demand, autonomous transportation
(Gilbert, 2015). Uber CEO Travis Kalanick said that his
company wants to “make car ownership a thing of the

past” (Rulsi, 2014). In the future, those who own an AV
can ride to work, then release it to Uber or Lyft during
working hours. They will receive compensation as the
vehicle shuttles customers around until the owner calls
back the vehicle to return home. The impact on vehicle
ownership and parking (see next section) could be
significant, with one study predicting that each shared
AV can effectively replace 12 privately owned vehicles
(Fagnant & Kockelman, 2014).
The common thread that ties together the downward
pressures on vehicle ownership is population density.
Urban migration, changing cultural values, and
ridesharing all require population density. Delaware,
therefore, may experience more rapidly declining
vehicle ownership in New Castle County where urban
density amplifies these factors, while the sprawling
development patterns of Kent and Sussex Counties
could limit the impact of AVs on private-vehicle
ownership. Nevertheless, aggregated across Delaware,
it is reasonable to expect a “peak car” scenario after
Level 5 AVs diffuse.

Parking Demand
Deployment of Level 5 AVs will likely reduce the
need for parking spaces in urban areas for two main
reasons. First, because AVs have the ability to function
without a human present in the vehicle, AV owners
can be dropped off at their destinations and send
their vehicles to free parking spaces outside of the
city (Anderson et al., 2014). Second and perhaps more
significantly, shared-use AVs that engage in Uber-like
services may never need to park. Instead of an owner
getting dropped off and sending the vehicle outside
the city to park, the owner may choose to lend it to
Uber and receive compensation for each fare. This
scenario has been modeled and the results predict a
50- to 90-percent reduction in urban space dedicated
to parking (Fagnant & Kockelman, 2014; Skinner &
Bidwell, 2016). For Delaware, the impacts on parking

Autonomous Vehicles in Delaware:
Analyzing the Impact and Readiness for the First State

17

may not be noticeable in rural areas, but in denser
urban areas and locations where parking is constantly
at a premium, significant space can be freed up for
alternative uses.

Vehicle Miles Traveled
There is a consensus among researchers that AVs will
increase vehicle miles traveled (VMT) due to a rebound
effect, whereby riders choose to travel more because of
reduced travel costs (Anderson et al., 2014; Fagnant &
Kockelman, 2015; Litman, 2015). AVs have the potential
to reduce the time-related costs of transportation due
to the enabled ability to work, sleep, or play while
riding. In addition, with reduced congestion (see next
section), the cost of transportation declines further.
AVs also offer individuals who were previously unable
to drive—elderly, children, disabled—greater mobility,
with one industry estimate predicting that AVs will
increase the number of vehicle operators by 32 million
nationwide (Winterhoff, Mishoulam, Shirokinskiy,
Chivukula, & Freitas, 2015). The newfound ability of
populations who were previously unable to drive could
therefore result in increased VMT. There is also the
distinct possibility that owners could send their AVs on
nonessential trips and errands. For example, a family
flying to Vermont for a ski trip could conceivably load
their AV with all their gear and program the vehicle to
drive itself to their final destination. Analysts therefore
estimate that AV deployment could increase nationwide
VMT by 9 percent or more, with similar expectations for
Delaware (Fagnant & Kockelman, 2015).

Roadway Congestion and Capacity
Evidence suggests that AVs, especially those equipped
with V2V technology, could reduce congestion by
decreasing traffic accidents and increasing vehicle
capacity on highways by smoothing traffic patterns.
For instance, it is estimated that 25 percent of

congestion is attributable to traffic incidents, around
half of which are crashes (Cambridge Systematics,
2004). With the full deployment of AVs, crashes
related to certain factors such as operating under the
influence are expected to decline and therefore reduce
congestion by significant margins. V2V technology,
in the form of Cooperative Adaptive Cruise Control
(CACC), could reduce congestion even further. CACC
technology is similar to standard ACC but with the
added function in which vehicles can communicate
with each other and adjust their speeds in unison. It is
predicted that with widespread deployment of CACC,
time gaps between platooning vehicles can be shrunk
safely, which would increase traffic density. In addition,
highway traffic flows, lane merges, and intersections
will be coordinated and smoothed, with more laminar
queues and less stop-and-go (Lee & Park, 2012; Tachet
et al., 2016). One analysis suggests that when all
vehicles become equipped with CACC technology, it is
possible to effectively double lane capacity (Shladover,
Su, & Lu, 2012). Even at moderate levels of V2V
technology deployment, lane capacity is expected to
increase (Tientrakool, Ho, & Maxemchuk, 2011).
As with the other impacts of AVs, however, there are
countervailing user preferences that could force a
trend in direction of increased congestion (Barnard,
2016). For instance, if a perception of enhanced safety
exists, operators may program their vehicles to take
greater risks, which could possibly lead to more traffic
accidents. There also are fears about induced traffic
and increased VMT, which will neutralize some of the
congestion benefits highlighted above (Fagnant &
Kockelman, 2015; Litman, 2015). Increased congestion,
particularly in denser urban areas, might also occur if
owners get dropped off at their destination and then
order their vehicle to circulate until they are ready to be
picked up. Owners could also send their AVs on delivery
or pick-up errands without the inconvenience of having
to actually sit in the vehicle.

Even physiological factors become relevant, as one
recent study finds that vehicle passengers tend to
be more sensitive to acceleration than drivers. So
when occupants use travel time to work or rest, it is
plausible that, for comfort’s sake, users will program
their vehicles for lower acceleration/deceleration
characteristics, leading to reductions in total urban
roadway capacity (Le Vine, Zolfaghari, & Polak, 2015).
After accounting for both sets of congestion and
capacity dynamics, it is difficult to anticipate if the
induced risk-taking and travel demand will overwhelm
the safety and traffic smoothing benefits of AVs, and
what impact that would have on congestion and
Delaware’s roadway capacity. Some overall benefits
might be realized on high speed thoroughfares such
as highways, while denser urban areas could become
more clogged and congested with empty AVs.

(Sub)Urban Development
Patterns
As with many of the potential impacts of AVs, the
consequences for (sub)urban development and density
is influenced by countervailing forces and analysts
disagree on the ultimate outcome. On the one hand, as
noted in the previous section, AVs will likely decrease
parking requirements in cities, which will free up land
for high-density residential or mixed-use development.
One study anticipates a 15 percent to 20 percent
increase in urban land that will be made available
through this process (Skinner & Bidwell, 2016). As a
result of this land-use change, a number of analysts
argue that urban densification is a likely outcome of AV
deployment (Skinner & Bidwell, 2016; The Economist,
2015). On the other hand, there is a real possibility that
AVs could catalyze another round of sprawl beyond
the fringes of today’s suburban communities. This is
due to the fact that AVs reduce the opportunity cost
of transportation because the operator is now free to

engage in other activities such as work, entertainment,
or even sleep. Longer commutes become more
tolerable. In addition, as noted above, congestion will
likely decrease. In this way, a vehicle will be able to
cover a greater distance for any give length of time.
For these reasons, many analysts anticipate that AVs
will increase residential demand beyond the current
fringes and generate more suburban sprawl (Fox, 2016;
Gill, Kirk, Godsmark, & Flemming, 2015; Glancy, 2015;
Litman, 2015; McDonald, 2016).
The end result may likely be a mix of the two processes:
densification in urban centers coupled with sprawl
beyond the urban fringes. With the natural increase in
overall population and the rural-to-urban migration
mentioned earlier, people will need to find somewhere
to live in urban environments. AVs could offer residents
a choice to live in urban centers and not have to own
a vehicle and, by the same token, they could make it
desirable to live outside those cores. For Delaware,
which is experiencing sprawling development patterns
as well as densification of urban areas like Newark and
Wilmington, these dual trends could continue with AVs.

Infrastructure Design and
Upgrades
AVs could generate changes into the way that
engineers design and operate transportation
infrastructure. To start, it is possible that AV operation
will be so precise, traffic lanes could become narrower
(Blumenauer, 2016). Richard Biter, the assistant
secretary of Florida’s DOT suggested that 12-foot
lanes could be reduced, and it may be possible to
“get by with 9 ½- or 10-foot lanes. We could turn that
four-lane express highway into a six-lane express
highway with literally the same right-of-way footprint”
(McFarland, 2105). Traffic lights could also become
redundant by designing a “slot-based intersection”
where rights-of-way are optimized by a connected
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vehicle platooning model that coordinates groups
of vehicles to pass through intersections at variable
rates while still enhancing overall efficiency (Tachet
et al., 2016). Pedestrians and cyclists introduce
a degree of uncertainty and complexity into the
slot-based intersection strategy, so it also may be
necessary to design grade-separated intersections
that place vehicles on one level and pedestrians and
cyclists on another, thus optimizing AV traffic flow
while preserving non-motorized access to city spaces
(Alpert, 2012).
In terms of Delaware needing to install RSE statewide
to enable V2I functionality, it is still uncertain what
will be required. RSE could relay information between
vehicles and the Transportation Management Center
where it would be analyzed to monitor and optimize
traffic flows. But RSE will need to compete with other
forms of communication that AVs utilize. Low-latency
DSRC channels between vehicles and RSE operate
within the 5.9 GHz spectrum regulated by the Federal
Communications Commission, but it is not certain
that such short-range networks and the associated
hardware will be necessary. Some new vehicles already
come equipped with 4G LTE capacity that could
replace aspects of DSRC, effectively transmitting and
receiving information over the existing mobile network
rather than through dedicated on-board and roadside
infrastructure (Glancy, 2015). Looking ahead, the 5G
systems currently under research development will
likely compete with the low-latency DSRC option for

V2I communication (Bradbury, 2016). AV manufactures
also use their own closed private wireless networks to
send and receive vehicle information to monitor vehicle
diagnostics, update vehicle software, and perform
other real-time functions. While the networks and
information are proprietary, they too could be used as
channels to replace DSRC and enable V2I functionality.

Jobs and the Economy
The consequences of AVs for the country’s and
Delaware’s labor markets will be profound (Solon,
2016). There are nearly 10,000 Delawareans employed
as heavy and light truck drivers, bus drivers, taxi drivers,
and chauffeurs, and many of these workers could
be made redundant as vehicle automation reduces
demand for traditional behind-the-wheel employment
(Bureau of Labor Statistics, 2015). At the same time,
there is some evidence that over long-enough
timeframes, labor-displacing technologies stimulate
economic growth in unintended and unanticipated
ways, such that jobs lost in certain sectors are partially
compensated for with new employment opportunities
in others (Pianta & Vivarelli, 2003). Uncertainty
surrounds the extent to which AVs will stimulate new
markets, grow companies, and increase overall labor
productivity. What is clear is that there will be initial
job losses, particularly the behind-the-wheel type, as
AVs become commercially available. What is less clear
is whether or not those displaced workers are able to
translate their skills into employment elsewhere.

Ridesharing services are seeking to
upend the traditional model of vehicle
ownership and replace it with on-demand,
autonomous transportation.

State and Local Fiscal Impacts
Approximately one quarter of the Delaware
Transportation Trust Fund revenue comes from
motor vehicle fuel tax (Delaware Department of
Transportation, 2013; Transportation Trust Fund Task
Force, 2011). A number of factors will impact the ability
of the state to continue to produce this amount of
revenue through this vital source. First, in 2012 the
federal DOT and the EPA finalized a fuel efficiency
standard of 54.5 miles per gallon for cars and light-duty
trucks by 2025, which is predicted to reduce nationwide
oil consumption by two million barrels per day in 2025
(National Highway Traffic Safety Administration, 2012).
Vehicles are also becoming electrified, running on gridcharged batteries instead of liquid fuels. The United
States is already the largest market for electric vehicles,
and by 2040 they are predicted to comprise 25 percent
of all vehicles on the road, further displacing 13 million
barrels of oil per day globally (Bloomberg New Energy
Finance, 2016).
AVs could put further downward pressure on fuel
consumption and consequently gas tax revenue for
Delaware. For instance, AVs will reduce accidents and
related congestion. Vehicles can platoon and smooth
traffic flows through heavy volume. They can also utilize
GPS and traffic-sensing technology to navigate along
optimally efficient routes (Litman, 2015). AVs are also
predicted to be lighter (and hence more fuel efficient)
than a standard vehicle due to the reduced collision risk
they will provide to passengers. The ultimate impact
that AVs will have on fuel consumption and gas tax
revenue is uncertain, however, due to countervailing
factors such as a possible increase in VMT (see section
“Vehicle Miles Traveled” above). Nonetheless, it is
important to consider that AVs could depress critical
sources of transportation-related revenue for Delaware
at a time when those sources are predicted to decline
due to vehicle electrification and federally mandated
improvements to fuel economy.

For Delaware’s local governments, AVs could also have a
significant impact on revenue generation. For example,
from FY13 to FY15, Wilmington generated $5 million in
net revenue from red light traffic cameras alone (City
of Wilmington, 2014, 2015). In Dover and Newark, net
revenue from red light cameras was $3.5 million and
$2.4 million between 2010 and 2015 (Cohan, 2016).
Because AVs will be programmed to avoid these types
of traffic violations, this source of revenue will almost
certainly decrease as the technology diffuses. Citations
for other common driving-related offenses—speeding,
failure to stop, cell phone usage, driving under the
influence—will also decline. Additionally, municipal
parking revenue generated through meters and fines
will decline if the demand for parking decreases in
urbanized areas (see section “Parking Demand” above)
(Desouza et al., 2015).

Modal Shifts
Public transportation advocates are concerned that AV
deployment will be used to rationalize policy choices
to defund (or fail to invest in) more communal transit
options. The International Transport Forum (2015, p.
6) argues that in “small- and medium-sized cities it is
conceivable that a shared fleet of self-driving vehicles
could completely obviate the need for traditional
public transporter [because]….self-driving car fleets
will compete with public transportation services, as
currently organised.” There is some evidence that
this is already occurring. In Pinellas County, Florida,
the impending mobility afforded by AV was used
as an excuse by opponents to lobby against and
eventually defeat a plan to build light rail in the area
(Morris, 2014). Light rail has also been placed on the
backburner in Columbus, Ohio, after the city won a
major $40 million federal Smart City Challenge grant to
enhance the municipality’s intelligent transportation
system (Knox, 2016). However, some analysts predict
that AVs could help solve the first- and last-mile
problem of public transit, effectively making it more
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Affluent drivers who can afford AVs would
receive the full benef it of enhanced speed
and saf ety in dedicated lanes, while the
less affluent are resigned to slower, more
dangerous conditions.
convenient to take transit and therefore boosting
demand (Freemark, 2015). Municipalities are exploring
hybrid models of public-AV transit services, like
Beverly Hills, California, where the city council recently
accepted a funding request to study the possibility of
having publicly owned AVs close first- and last-mile
gaps for residents (Mirisch, 2015; Vincent, 2016). This
model would preserve the long-standing idea that
public transportation services are funded and delivered
by local and regional governing bodies.
If the cost of shared-use AV services becomes
affordable for all Delaware residents, short-distance
DART routes could face competition for riders. Statesponsored paratransit services could also experience
decreased demand because AVs could easily be
modified to comply with Americans with Disabilities
Act requirements to enhance mobility for physically
and mentally impaired users.

Fuel Economy and Carbon
Emissions
It is widely expected that AVs will have positive
impacts on average vehicle fuel efficiency. There are
several reasons for optimism. First, as noted earlier, the
reduction in crashes and congestion that AVs will likely

offer will smooth traffic flows and decrease inefficient
idling and stop-and-go traffic (Anderson et al., 2014;
Tientrakool et al., 2011). Second, further fuel efficiency
gains can be achieved through platooning in which a
series of vehicles follow in the draft of a lead vehicle.
The reduced wind resistance for all vehicles in the series
can increase fuel efficiency by up to 10 percent (Brown,
Gonder, & Repac, 2014). Third, analysts predict that
AVs will be lighter—and hence more fuel efficient—
than current vehicles because of the enhanced safety
and crash-avoidance benefits they will offer users
(Anderson et al., 2014; Mattow et al., 2014).
The impact of AVs on carbon gas emissions is less
certain. Despite the high confidence that overall
vehicle fuel efficiencies will increase, the possible
increase in overall VMT (see section above) could offset
the reduction in fuel consumed per mile and lead to
an increase in annual per-vehicle carbon emissions
(Wadud, MacKenzie, & Leiby, 2016). However, the
potential fusion of AV technology with ridesharing
services could reduce the number of vehicles on
the road, thus catalyzing a net decrease in carbon
emissions (Greenblatt & Shaheen, 2015). Several studies
analyzed the potential for shared-use AVs to impact
carbon emissions and they concluded that life-cycle
reductions are possible in urban areas despite the
expected increase in VMT (Fagnant & Kockelman,

2014; Greenblatt & Saxena, 2015). If overall decrease in
emissions is realized, this would be encouraging news
for Delaware, which has seen aggregate transportationsector emissions decrease only slightly in the past
twenty-five years (personal communication, February
7, 2016).

Transportation Equity
The anticipated safety and speed benefits of AVs
will increase as more and more AVs appear on the
road, displacing manually operated vehicles that
add uncertainty and risk into the optimally efficient
transportation network. Some commentators and
analysts suggest that AV- and manually-operated
conflicts can be avoided by creating dedicated
infrastructure that is only accessible with automated
technology (Kurczewski, 2014; Litman, 2015). For
instance, it would be possible to set aside existing
lanes—or build new lanes solely dedicated for AV
use—a situation similar to the current system of highoccupancy/carpool lanes.
Dedicated AV lanes could generate significant
transportation equity concerns. From a socioeconomic standpoint, AVs are predicted to attract
a price premium of $10,000 and will be financially
unfeasible for low-income individuals (Mosquet et
al., 2015). Consequently, affluent drivers who can
afford to purchase AVs would receive the full benefit
of enhanced speed and safety in dedicated lanes,
while the less affluent are resigned to slower, more
dangerous conditions. The result would be speed and
safety disparities among socio-economic levels and
raise serious questions of transportation equity. Even
without dedicated AV lanes, early adopters who can
afford the technology would still experience enhanced
safety and speed benefits.
There are additional scenarios whereby low-income
communities do not receive the full benefits of AVs.

For instance, AV access could be limited for lowincome individuals who do not have smart phones or
methods of electronic payment that are necessary to
use ridesharing services. The infrastructure upgrades,
RSE installations, and system maintenance to enable
AVs could be concentrated in wealthier communities,
effectively creating an unequal geography of AV
functionality.
Other equity concerns are possible when looking at
transportation funding. Fuel efficient AVs will pay a
smaller share of gas tax revenue even though they are
likely to travel greater miles compared to conventional
vehicles. If the current pay-at-the-pump transportation
funding system continues, non-AV vehicles will
effectively be subsidizing AV users. Again, because AV
ownership will be partially separated along a socioeconomic spectrum, the current transportation funding
model would become a regressive policy structure
(Blumenauer, 2016).
Finally, depending on policy and regulatory
frameworks that develop around AVs, urban mobility
could decline for low-income urban residents. Because
AVs, particularly shared-use AVs, will compete with
public transportation alternatives, the potential for
bus route closures would have negative mobility
impacts on low-income commuters if they are unable
to afford to ride in shared-use AVs (Arieff, 2013; Litman,
2015). It was noted above that public transportation
proposals in Pinellas County, Florida, and Columbus,
Ohio, were defeated because of the prospect of stiff
competition from AVs (Knox, 2016; Morris, 2014).
Again, transportation equity concerns are raised due
to negative AV outcomes falling on socio-economic
groups that already experience limited and unequal
access to mobility options.
For certain populations, AVs will enhance
transportation access. The blind, elderly, minors, and
those unable to obtain a conventional driver’s license
will all experienced greater access to mobility options.
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D e laware’s
Read i ne ss

The pace of AV innovation within the private sector is
remarkable, and the public sector needs to accelerate
its efforts in order to successfully integrate AVs on the
roads in ways that amplify the positive benefits of the
technology while minimizing the costly outcomes.
Two areas are particularly noteworthy for Delaware’s
public institutions, the current capacity of the state’s
transportation system technology and the state’s ability
and capacity to govern AVs successfully.

Technological Readiness
Delaware is well positioned, technologically speaking,
to expedite the integration of AVs. For several
decades, DelDOT has been building communications
capabilities such as high-speed fiber optic broadband
and Wavetronix hardware into the state transportation
infrastructure and is already capable of managing
traffic in real-time. The Integrated Transportation
Management System (ITMS), which comprises
these communication technologies and the human
resources that manage them, is an integral part of the
department, from planning and design to operations,
maintenance, and services. ITMS is built into planning,
capital project development, and design so that every
program and project, when appropriate, incorporates
the necessary technology and telecommunications.
Currently there are 300 miles of fiber optic cable in the
state, with another 300 miles planned. The system is
designed to be resilient to damage because it employs
a redundant signal routing process, meaning that if a
fiber cable gets cut in one area the network can still
transmit information from point to point. The result
is a state-owned telecommunications system—a
backbone for AV functionality and success—that is
highly advanced with regard to existing and planned
coverage, bandwidth and performance. For instance,
DelDOT’s computerized traffic signal system is a
useful tool for daily transportation management,
and it integrates with other data systems such as
traffic monitoring, incident management, and transit

operations. Furthermore, with its ITMS, DelDOT already
collects several types of data (signal timings, delays,
travel times, volumes) that connected and autonomous
vehicles will need for full functionality. Data collection
is processed through an open-architecture, stateowned database that can be readily amended and
adapted to incorporate emerging data.
In anticipation of connected and autonomous vehicle
deployment, DelDOT is taking additional proactive
steps to facilitate integration of these advanced
transportation technologies by extending the reach
and capacity of the state’s ITMS. Three projects that
are scheduled for 2017 are particularly noteworthy.
First, DelDOT will enhance ITMS in Dover by installing a
state-owned 4.9 GHz wireless system that will eliminate
the need to lease circuits from mobile carriers. A second
project designed to test signal timing will see an
upgrade to signal controllers at 11 intersections along
U.S. 13 in Smyrna, installation of networked roadside
equipment on the same corridor, and installation of onboard units in select DelDOT vehicles. The third project
involves DelDOT partnering with the Federal Highway
Administration to develop an artificial intelligence
system for northern Delaware that will analyze realtime data gathered through remote traffic detectors
and semi-automate decision-making and operations in
the area.

Administrative Readiness
From a technological feasibility standpoint, the
preceding section demonstrates that Delaware is
proactively preparing the state for testing, operation,
and deployment of connected and autonomous
vehicles. This advancement in transportation
infrastructure and technology must parallel a similar
effort to augment the state’s administrative and policy
structures so that timely testing, deployment, and the
associated AV impacts are appropriately managed.
DelDOT is already engaged in several AV-related

regional and national partnerships. For instance,
the state participates in the I-95 Corridor Coalition’s
Connected and Autonomous Vehicles Leadership Team
and the American Association of State Highway and
Transportation Officials’s AV Working Group. DelDOT
should continue to leverage these partnerships as
they will prove fruitful for information sharing, policy
development, and the creation of standardized
frameworks as well as standardized infrastructure
designs across state lines (e.g., pavement markings,
traffic signs, signals, lights).
NHTSA’s (2016, sec. II) guidance document offers a
number of recommendations to states for creating
decision-making bodies that will oversee and advise
on AV issues. They suggest that a lead agency be
appointed to oversee AV administration, especially
early testing. The lead agency would identify possible
gaps or legal issues in current state regulations, such
as the definition of “driver” within state statutes, and
propose necessary changes to permit AV testing and
operation. The agency would also examine state laws

for barriers in the areas of licensing and registration,
driver education and training, insurance and liability,
traffic law enforcement, and vehicle inspection.
For testing AVs on public roads, procedures and
protocols would be developed for accepting and
reviewing applications from manufacturers. This
may include designation of prohibited areas (near
schools, construction zones, etc.) and the submission
of applications for testing to a review by state law
enforcement representatives.
Two important pieces are in place to advance and
accelerate AV governance in Delaware. First, DelDOT
owns 90 percent of the roads and most of the traffic
signals, and it operates the transit system. Second, the
state’s small size generates a level of familiarity among
stakeholders, legislators, and administrators, meaning
that action can occur quickly. The combination of these
two factors could create a fertile environment for public
and private investment in a flexible transportation
system that is well positioned to accommodate AV
testing, operation, and deployment.

Delaware is well positioned, technologically
speaking, to expedite the integration of AVs.
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Conclu si o n

AV technology is rapidly advancing, and when these
vehicles become commercially available, they will
disrupt traditional forms of transportation behavior and
associated socio-economic outcomes—both positively
and negatively. The impacts will be long lasting as
urban development and policy structures become
embedded on Delaware’s landscape. If, because of the
pace of AV technology advancement, the new form
of transportation is accepted passively without an
effort to manage and direct its consequences, then the
likelihood of Delaware experiencing greater negative
impacts increases significantly.
The negative and costly consequences that Delaware
could experience if AVs are not managed properly
include cybersecurity and hacking threats, erosion of
citizen privacy, increased VMT, continued sprawling
development beyond the already-extensive urban
fringe, costly upgrades to state’s transportation
infrastructure, job losses for Delaware drivers and
vehicle operators, loss of revenue for state and local
governments, declining public transportation ridership,
increased carbon emissions, and inequitable access to

safe and efficient mobility. On the other hand, there
are substantial benefits that could be accentuated
through effective governance and management of AVs
including a reduction in the number of traffic accidents,
injuries, and fatalities on Delaware roads, less roadway
congestion, greater roadway capacity, and a decrease
in land used specifically for parking.
It is therefore imperative that the state’s transportation
planners and decision-makers engage in AV
development if they are to accentuate the beneficial
outcomes while minimizing the costly ones.
Fortunately, DelDOT has already anticipated the
needed upgrades to its ITMS and is taking a proactive
approach to preparing the state technologically.
As a parallel effort, Delaware should develop an
administrative and governance framework to enable
AV integration into the state’s transportation network,
thus ensuring that AVs serve the needs of Delawareans,
the state economy, and visitors alike. The state should
begin that process without delay since the AVdominated future will arrive shortly.

Vehicle to Vehicle (V2V) Communication

Source: DelDOT
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appendix e: meeting agendas & minutes

Advisory Council on Connected and Autonomous
Vehicles Meeting
(Executive Order 14)
Thursday, November 16, 2017
2:00pm – 3:30pm
DelDOT Administration Building, 800 Bay Road, Dover, DE
Farmington/Felton Conference Room

AGENDA


Welcome and Introductions



Review the Goals of Executive Order 14 and Participant Expectations



Current Assessment of the Transportation Network and Connected and Autonomous
Vehicles



National/Regional Perspective



Future Meetings and Topics for Discussion



Public Comment

Advisory Council on Connected and Autonomous Vehicles Meeting
(Executive Order 14)
Thursday, November 16, 2017
2:00pm – 3:30pm
DelDOT Administration Building, 800 Bay Road, Dover, DE
Farmington/Felton Conference Room
MINUTES
1. Welcome and Introductions
a. The meeting commenced at 2:02 PM. Secretary Cohan directed Advisory Council
members and attendees to introduce themselves.
Present Advisory Council Members
Jennifer Cohan
Delaware Department of Transportation (DelDOT)
Patty Cannon
Division of Small Business, Development and Tourism
Glenn Dixon
Delaware Safety and Homeland Security (DSP)
Elayne Starkey
DTI
Scott Vien
Division of Motor Vehicles (DMV)
Ed Osienski
House of Representatives
Jen Parrish
State Senate (Proxy for Senator Hansen)
Brian Pettyjohn
State Senate
Terri Megee
Delaware Automobile and Truck Dealers’ Association
Cathy Rossi
AAA Mid-Atlantic
Renee Gibson
Alliance of Automobile Manufacturers
Lee Derrickson
Delaware Motor Transport Association
Phillip Barnes
University of Delaware (UD) Institute of Public Administration
Jerome Lewis
UD Institute of Public Administration
John Sisson
WILMAPCO
Reed Macmillan
Dover/Kent Metropolitan Planning Organization
William Pfaff
Sussex County
Shari Shapiro
Uber
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Also Present
Brian DePan
Megan Rosica
Ian Grossman
Josh Froler
Verity Watson
Lisa Goodman
John Sisson
Debbie Pfeil
Peter Bourne
Matt Buckley
Peter Korolyk
Gene Donaldson
Mark Luszcz
Anne Brown
Rob McCleary
Nicole Majeski
Annie Cordo
Mir Wahed
Barry Benton
Jim Lardear

Jacobs
Jacobs
American Assoc. of Motor Vehicle Administrators (AAMVA)
Global Automakers
Ruggerio Willson
Hamilton Goodman Partners, LLC
Delaware Transit Corporation
KCI Technologies
KCI Technologies
WRA
Delaware OMB-Government Support Services
DelDOT
DelDOT
DelDOT
DelDOT
DelDOT
DelDOT
JMT
GPI
AAA Mid-Atlantic

Absent Advisory Council Members
Danielle Brennan
Attorney General’s Office
Ruth Briggs King
House of Representatives
Leslie Ledogar
Insurance Commissioner’s Office
2. Review the Goals of Executive Order 14 and Participation Expectations
a. Secretary Cohan reviewed Governor Carney’s Executive Order 14 which established this
council; referencing Item 5 of the order, the Secretary announced there will be at least
four subcommittees under this council to focus on the following subject areas:
i.
ii.
iii.
iv.

Promoting economic development
Technology, security, and privacy
Transportation network infrastructure
Impacts on public and highway safety
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3. Current Assessment of the Transportation Network and Connected and Autonomous
Vehicles
a. Secretary Cohan indicated DelDOT’s unique ability to implement such innovative
technologies as CAV by noting DelDOT’s ownership of 90% of roads and most of the
traffic signals in the state. The agency operates the transit system and tolls making it
truly multimodal. Innovations in Intelligent Transportation Systems (ITS) are well
underway.
b. Gene Donaldson reported on DelDOT’s current transportation network and Connected
and Automated Vehicle (CAV) installments.
i. Integrated Transportation Management System (ITMS)
1. Intelligent Transportation Technology
2. Incident and Event Management
3. 24-Hour Transportation Management Center (TMC)
4. Transportation Homeland Security
ii. Three Critical Functions of ITMS: monitoring, control, information
1. Almost all signals in DE are integrated into the central software system,
which increases the agency’s ability to implement CAV technologies in
accordance with traffic signals.
iii. Integration of operations and planning
iv. DelDOT ITMS Strategic Plan
1. In the process of being updated; will be available shortly.
v. Next phase of ITMS
1. Smart Delaware; DelDOT has built a state-wide telecommunications
system to promote connections.
2. Machine learning is at the core of advanced technology: Artificial
Intelligence and Automated Vehicles.
vi. Ongoing Projects
1. Connected Vehicle Enabled Weather Responsive Traffic Management
(CV-WRTM)
2. US 13 Technology Proving Ground
3. Signal Phasing and Timing (SPaT) Challenge
4. Machine Learning/Artificial Intelligence—Automating TMC Operations
5. Dilemma Zone
4. National/Regional Perspective
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a. Scott Vien reviewed the DMV’s role in the development of CAV in Delaware.
i. Currently the DMV is reviewing regulations and laws in order to make changes
where necessary in accordance with developing technologies.
ii. Throughout the process it will be important to focus on drivers amidst frequent
vehicle-centric discussions.
iii. There will be a major transition period before a commonplace is reached
regarding CAV operation, interaction, education and training; safety benefits will
become prevalent when this commonplace is reached.
iv. The DMV is staying engaged at a national level in preparation for when testing
can occur; the goal is to have a set of regulatory processes in place in advance of
any testing.
b. S. Vien introduced Ian Grossman who reported on the perspective of the American
Association of Motor Vehicle Administrators (AAMVA).
i. AAMVA is finalizing a report that will include considerations and
recommendations regarding CAV from driver, vehicle, and law enforcement
perspectives; the report should be completed by February/March 2018.
1. Administrative Considerations: recommends establishing a group
focused on the development of CAV technologies (Advisory Council
will serve as this group for Delaware).
2. Vehicle Considerations: addresses the application and permit processes;
discusses license plates for automated vehicles (i.e. identified separately
vs. standard for CAV and traditional vehicles).
3. Driver Licensing Considerations: discusses the testing process and how
this will change with future developments; addresses endorsements or
restrictions for drivers; considers how the skill set will change for a
driver in an automated vehicle vs. a traditional vehicle.
a. Secretary Cohan reiterated the benefit of increased mobility in an
automated vehicle for users who are unable to drive traditional
vehicles.
4. Enforcement Considerations: considers response and determination of
liability if an incident occurs.
ii. National Highway Traffic Safety Administration (NHTSA’s) Automated Driving
Systems voluntary guidance document
1. AAMVA recommends NHTSA create a central reference point for
research being developed under voluntary guidance.
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2. The guidance document is voluntary; however AAMVA strongly
recommends manufacturers/industry users follow its policies when
developing technologies.
3. Vehicle vs. Driver domain: federal vs. state authority
iii. Federal legislation
1. House Bill: SELF DRIVE Act
2. Senate Bill: AV START Act
iv. Common themes in CAV development throughout various states
1. Granting permission vs. limited restrictions (prescriptive vs. silent)
2. Insurance requirements
3. Program oversight is varying (DOT Level, DMV)
4. Regulations varied (statute, agency, executive order)
5. Incident reporting
6. Human driver presence
v. I. Grossman concluded his presentation by emphasizing the need for a balance
between promoting consistency and encouraging innovation as progress is made.
5. Advisory Council Discussion
a. A question about Delaware’s progress in autonomous vehicles was asked: How far along
is Delaware?
i. Secretary Cohan noted that Delaware is at the very beginning stages of
implementing CAVs. Different organizations throughout the country are
responding differently regarding a timeline for when these technological
developments will come in to play. There will be a major transition period
before connected and automated vehicles become a common part of the vehicle
fleet in Delaware. The purpose of having a council such as this is to be as
prepared as possible for development and implementation.
b. P. Barnes asked about data sharing and availability. Will the State know how a vehicle is
operating or where it is traveling?
i. I. Grossman responded that data requirements will vary: some regulations will
require reporting data on a more regular basis.
ii. AAMVA and NHTSA is recommending following Society of Automotive
Engineers (SAE) classification terms and definitions for shared vocabulary
moving forward- there is a need to standardize Title 21using SAE vocabulary.
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iii. Secretary Cohan mentioned from a public policy standpoint, data sharing is a
huge concern, as it becomes a privacy issue. These concerns will be further
investigated as a part of the Technology, Security, and Privacy subcommittee.
iv. Data will be a critical part of CAV technology development as a learning
platform.
c. P. Cannon mentioned that the permitting process for tractor trailers blends federal and
state authorization; attention was then directed toward the trucking industry and the use
of automation/platooning.
i. Platooning was compared to pilot operation of an airplane by I. Grossman: plane
operation is automated for most of the flight, with exception during takeoff and
landing.
ii. The first automated delivery was completed in Colorado (route had been mapped
many times; once the truck reached the interstate the system went into
automation).
d. R. Gibson asked I. Grossman to further explain his statement about balancing
standardization and innovation.
i. I. Grossman indicated that uniformity is important but developing standards too
soon may take certain options off the table that have the potential to be helpful.
ii. Definitions may change, overall vehicle design will not.
iii. Representative Ed Osienski: there will be difficulty during the major transition
period, because there is no common standard yet, especially in regard to vehicle
design; dashboard messages, make, model, symbols will all be different, perhaps
some federal standards should be in place when vehicles are manufactured.
e. Representative Ed Osienski: When does the focus move to vehicle-to-vehicle
communication from infrastructure concerns?
i. Secretary Cohan noted that there will be more progress more quickly on vehicleto-vehicle developments-infrastructure projects simply take longer.
ii. S. Shapiro responded by noting the importance of understanding the difference
between connected and autonomous vehicles.
iii. Secretary Cohan made the point that with these vehicle/infrastructure changes,
land use will also change: vehicle density is expected to change with the
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development of autonomous vehicles so coordinating with land use agencies will
be imperative throughout the process of developing CAV in Delaware.
f.

P. Cannon asked G. Donaldson if the technology regarding Dilemma Zone detection and
warning will link to in-vehicle technologies such as OnStar.
i. G. Donaldson responded by indicating that if a vehicle/device has connection
capability, the TMC will be able to communicate.
ii. Technology development is based on the willingness of users to share data and
personal information: the more information available, the more helpful the
system can become and the more accurately it will respond to incidents.
iii. Senator Cohan related this discussion to DelDOT’s partnership with Waze.

6. Future Meetings and Topics for Discussion
a. Secretary Cohan indicated the need to form subcommittees based on the subject areas
specified in Executive Order 14. The following subcommittee chairs/members were
established:
i. Subcommittee on Promoting Economic Development:
1. Chair: Patty Cannon (Division of Small Business, Development and
Tourism)
2. Members: Sussex County (William Pfaff), Representative Ed Osienski,
DMV (Scott Vien)
ii. Subcommittee on Technology, Security, and Privacy:
1. Chair: Elayne Starkey (DTI)
2. Members: DOJ (Annie Cordo), Uber (Shari Shapiro), Insurance
Commissioner’s Office, Senator Brian Pettyjohn, Alliance of
Automobile Manufacturers (Renee Gibson), UD IPA (Phillip Barnes),
DMV (Scott Vien)
iii. Subcommittee on Transportation Network Infrastructure:
1. Chair: Secretary Jennifer Cohan
2. Members: DelDOT (Gene Donaldson), DelDOT’s traffic group,
Representative Ed Osienski, Senator Brian Pettyjohn, Senator Stephanie
Hansen, Representative Ruth Briggs King, Dover/Kent MPO (Reed
Macmillan), DMV (Scott Vien)
iv. Subcommittee on Impacts on Public and Highway Safety:
1. Chair: Glenn Dixon (Delaware Safety and Homeland Security)
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2. Members: Senator Brian Pettyjohn, Delaware Office of Highway Safety,
Delaware Motor Transport Association (Lee Derrickson), AAA Mid
Atlantic (Cathy Rossi), DMV (Scott Vien)
b. Future Meetings:
i. Future discussions will include standardizing Title 21using SAE vocabulary to
ensure uniformity moving forward
ii. Advisory Council will meet monthly
1. Meetings will occur on the third Thursday of every month from
11:00AM-12:30PM.
2. Subcommittee chairs will report back to the Advisory Council.
3. It is expected that initial meetings will involve frequent expert
presentations in order to better establish where agencies stand with CAV
developments (entire council will learn what is going on to better
establish what the next steps are).
4. A. Cordo (DOJ) will follow up with administrative information regarding
FOIA and meeting details.
7. Public Comment
a. There were no additional comments from the public.
8. Secretary Cohan called the meeting to adjourn at 3:21 PM.
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Advisory Council on Connected and Autonomous Vehicles Meeting
(Executive Order 14)
Thursday, December 21, 2017
11:00am – 12:30pm
DelDOT Administration Building, 800 Bay Road, Dover, DE
Farmington/Felton Conference Room
MINUTES
1. Welcome and Introductions
a. The meeting commenced at 11:02 AM. Secretary Cohan directed Advisory Council
members and attendees to introduce themselves.
Present Voting Council Members
Jennifer Cohan
Delaware Department of Transportation (DelDOT)
Patty Cannon
Division of Small Business, Development and Tourism
Elayne Starkey
Delaware Department of Technology and Information (DTI)
Scott Vien
Division of Motor Vehicles (DMV)
Ed Osienski
House of Representatives
Brian Pettyjohn
State Senate
Jim Lardear
AAA Mid-Atlantic
Lee Derrickson
Delaware Motor Transport Association (DMTA)
Jerome Lewis
University of Delaware (UD) Institute of Public Administration
John Sisson
WILMAPCO
Reed Macmillan
Dover/Kent Metropolitan Planning Organization
William Pfaff
Sussex County
Shari Shapiro
Uber
Barzilai Axelrod
Attorney General’s Office
Ruth Briggs King
House of Representatives
Leslie Ledogar
Insurance Commissioner’s Office
Members Present by Proxy
Verity Watson
Alliance of Automobile Manufacturers (Proxy for Renee Gibson)
Jenn Parrish
State Senate (Proxy for Senator Hansen)
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Patrick Wenk

Delaware Department of Safety and Homeland Security (DSP)
(Proxy for Glenn Dixon)

Also Present
Philip Barnes
Barry Benton
Steven Chillas
Shante Hastings
Lisa Goodman
Deb Hamilton
Scott Clapper
Li Wen Lin
Nicole Majeski
Anne Brown
Rob McCleary
Gene Donaldson
Jen Duval
Erin Coombs
Megan Rosica
Debbie Pfeil
Peter Bourne
Brad Eaby
Matt Buckley
Jason Walsh
Dan Corey
Ken Grant
Lloyd Schmitz

University of Delaware (UD) Institute of Public Administration
GPI
Delaware OMB – Contracting (representing Peter Korolyk)
DelDOT
Hamilton Goodman Partners, LLC – Uber
Hamilton Goodman Partners, LLC
DMV
DelDOT—Technology and Innovation
DelDOT
DelDOT
DelDOT
DelDOT
Jacobs
Jacobs
Jacobs
KCI Technologies
KCI Technologies
Deputy Attorney General-DelDOT
WRA
Price Auto Group
AECOM
AAA Mid-Atlantic
State Council for Persons with Disabilities

Absent Voting Council Members
Terri Megee
Delaware Automobile and Truck Dealers’ Association
2. Approval of the Previous Meeting Minutes
a. J. Cohan made a motion to accept the minutes from the previous meeting held on
November 16, 2017. Motion was seconded by S. Vien. Motion passed and minutes were
approved.
3. Updates on Subcommittees
a. Promoting Economic Development
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b.

c.

d.

e.

i. First subcommittee meeting anticipated to be held in January.
ii. The committee anticipates a major challenge to be defining the type of
autonomous devices to target and addressing more general autonomous devices,
not just vehicles on the roadway, i.e. autonomous drones.
iii. More members to be added, including Rep. R. B. King and S. Chillas
Technology, Security and Privacy
i. First subcommittee meeting was held December 21, 2017 9:30 AM.
ii. Additional members were added to total thirteen voting members.
iii. Discussion included: open meeting requirements by DOJ; meeting frequency,
scope and topics for future meetings.
iv. J. Cohan and the Council agreed that a commitment to coordinate communication
between council members and subcommittees is important to ensure things stay
on track and continue to develop.
Transportation Network Infrastructure
i. First subcommittee meeting anticipated to be held in January.
ii. More members to be added, including R. McCleary.
iii. Various planning aspects were identified as an important discussion topic.
Impacts on Public and Highway Safety
i. First subcommittee meeting to be held on January 8, 2018 1:00 PM.
ii. More members to be added, including B. Axelrod.
Department of Insurance
i. Main concern: consumer advocacy
ii. Researching risks, holding separate meetings to analyze risks and how to insure
them in order to have the best products available for Delaware consumers.

4. Presentation on DelDOT’s Integrated Transportation Management System (ITMS)
a. G. Donaldson presented the Council with information regarding DelDOT’s recently
updated Integrated Transportation Management System (ITMS) Strategic Plan.
i. Updates include discussion of CAV in Delaware.
ii. DelDOT is collecting large amounts of data to facilitate in the design, planning,
management, and operation of its ITMS.
iii. A predictive and adaptive transportation management system is the ultimate goal,
using Artificial Intelligence (machine learning).
iv. Goals of Smart Delaware include: safety improvements, less congestion, less
energy consumption, and enhanced mobility.
b. G. Donaldson gave an overview of the interactive map that can be found on DelDOT’s
website. The map displays real-time data that is monitored by the Transportation
Management Center (TMC) to show users real-time data like traffic flow, travel times,
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traffic cameras, snow accumulation and weather reports, projects on the roadway, and red
light enforcement. http://www.deldot.gov/map/
i. L. Ledogar asked if the interactive map is interfaced with Google Maps. G.
Donaldson explained that DelDOT is currently engaging in further conversations
with Google.
c. J. Cohan pointed out that the ITMS Strategic Plan and DelDOT’s interactive map form
the foundation for the next steps toward CAV development in Delaware.
5. Presentation by the University of Delaware
a. P. Barnes presented the Council with an update on the University’s role in the
development of CAV, specifically in research, planning and policy, and public education.
b. P. Barnes showed a public education video that summarizes Barnes’s report on
Autonomous Vehicles in Delaware completed in April 2017; P. Barnes indicated the
importance of gaining public acceptance in regards to CAV development—goal is to
mitigate uncertainty, fear, and misconception.
c. The status of CAV research at UD was presented including an update on the UD Smart
City: a CAV model with intersections that display seamless acceleration and deceleration
of connected and autonomous vehicles.
d. Future developments:
i. Domenico Grasso (former provost) has identified the need for a focus on smart
cities and is supporting research in this area.
ii. UD Data Science Institute is being developed as big data research hub on
Newark’s campus.
iii. President of the University, Dr. Dennis Assanis, has indicated a high expectation
for UD as far as CAV, and supports the demonstration of an autonomous shuttle
on campus (in the coming months) as well as the UD Smart City development
and model
iv. The Biden Institute will serve as a foundation for research into smart cities,
public policy, and engineering for CAV.
e. S. Shapiro asked about the timeline for NSF research being developed by P. Barnes:
i. P. Barnes answered that the proposal is due February 28, 2018 and the four year
project will begin in the fall of 2018.
f. R. B. King asked if Barnes was looking at any available research prototypes and
considering coordinating with other development projects going on in the U.S.:
i. P. Barnes answered that he is coordinating with other states.
ii. J. Cohan indicated that DelDOT is also paying close attention to the development
of CAV in other states and that the focus should be more on Vehicle-to-Vehicle
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communication, since this aspect of CAV is moving forward fast (e.g. freight
platooning).
iii. J. Lewis noted that as a part of the research process, a literature review is
completed to keep updated on CAV development and progress in the US and
foreign countries.
iv. S. Shapiro recommended posting other CAV task force scopes/topics from other
states as a guideline for this council’s scope development. N. Majeski indicated
that information being gathered can be sent to her to be distributed to the rest of
the council.
g. J. Cohan asked council members to put ideas and questions together in order to develop a
scope for each subcommittee and the council as a whole.
i. Review of Title 21 and CAV in legislation needs to be included in future
discussions.
ii. Next meeting will include a discussion about the scope of the Council’s report
and committee actions to be taken moving forward.
6. Public Comment
a. There were no additional comments from the public.
7. Senator B. Pettyjohn made the motion to close the meeting and was seconded by S. Shapiro. The
motion passed and meeting adjourned at 12:11 PM.
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Advisory Council on Connected and Autonomous
Vehicles Meeting
(Executive Order 14)
Thursday, January 18, 2018
11:00am – 12:30pm
DelDOT Administration Building, 800 Bay Road, Dover, DE
Farmington/Felton Conference Room

AGENDA
1. Welcome and Introduction
2. Approval of the Previous Meeting Minutes
o December 21, 2017
3. Updates from Subcommittees
o Promoting Economic Development
o Technology, Security and Privacy
o Transportation Network Infrastructure
o Impacts on Public and Highway Safety
4. Presentation by UBER
5. Public Comment

If you have any questions please contact Lesley Devine at (302) 760-2197.

Advisory Council on Connected and Autonomous Vehicles Meeting
(Executive Order 14)
Thursday, January 18, 2018
11:00am – 12:30pm
DelDOT Administration Building, 800 Bay Road, Dover, DE
Farmington/Felton Conference Room
MINUTES
1. Welcome and Introductions
a. The meeting commenced at 11:04 AM. N. Majeski introduced herself and indicated she
would be representing Secretary Cohan at this meeting. She then directed Advisory
Council members and attendees to introduce themselves.
Present Voting Council Members
Barzilai Axelrod
Attorney General’s Office
Ruth Briggs King
House of Representatives
Patty Cannon
Division of Small Business, Development and Tourism (DOS)
Glenn Dixon
Delaware Department of Safety and Homeland Security (DSP)
Jerome Lewis
University of Delaware (UD) Institute of Public Administration
Stephanie Hansen
State Senate
Leslie Ledogar
Insurance Commissioner’s Office
Reed Macmillan
Dover/Kent Metropolitan Planning Organization
Terry Megee
Delaware Automobile and Truck Dealers’ Association
Ed Osienski
House of Representatives
William Pfaff
Sussex County
Cathy Rossi
AAA Mid-Atlantic
Shari Shapiro
Uber
Elayne Starkey
Delaware Department of Technology and Information (DTI)
Scott Vien
Division of Motor Vehicles (DMV)
Members Present by Proxy
Nicole Majeski
DelDOT (Proxy for Secretary Cohan)
Keri Rapa
State Senate (Proxy for Senator Pettyjohn)
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Tigist Zegeye
Tarik Zerrad

WILMAPCO (Proxy for John Sisson)
Alliance of Automobile Manufacturers (Proxy for Renee Gibson)

Also Present
Patrick Wenk
Philip Barnes
Chris Kelly
Barry Benton
Steven Chillas
Barbara McCleary
Wendy Carpenter
Joe Zilcosky
Leah Gallagher
Lisna Utami
Lisa Goodman
Scott Clapper
Li Wen Lin
Shante Hastings
Mark Luszcz
Gene Donaldson
Pat Kennedy
Jen Duval
Erin Coombs
Megan Rosica
Peter Bourne
Matt Buckley
Jason Walsh
Adam Weiser
Ken Grant

Delaware Department of Safety and Homeland Security (DSP)
University of Delaware (UD) Institute of Public Administration
University of Delaware (UD) Institute of Public Administration
GPI
Delaware OMB – Contracting
Delaware OMB—Department of Human Resources
Davis, Bowen, & Friedel, Inc. (DBF)
DOS
DOS
DOS
Hamilton Goodman Partners, LLC – Uber
DMV
DelDOT—Technology and Innovation
DelDOT
DelDOT
DelDOT
FHWA
Jacobs
Jacobs
Jacobs
KCI Technologies
WRA
Price Auto Group
AECOM
AAA Mid-Atlantic

Absent Voting Council Members
Jennifer Cohan
Delaware Department of Transportation (DelDOT)
Lee Derrickson
Delaware Motor Transport Association (DMTA)
2. Approval of the Previous Meeting Minutes
a. E. Starkey made a motion to accept the minutes from the previous meeting held on
December 21, 2017. Motion was seconded by S. Vien. Motion passed and minutes were
approved.
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3. Updates on Subcommittees
a. N. Majeski notified attendees that a website has been created for the Advisory Council
and that information regarding meetings and materials is available on the site. The
website can be accessed using the following link:
https://www.deldot.gov/Programs/autonomous-vehicles/
b. Promoting Economic Development
i. First meeting was held January 18, 2018 at 9:30 AM.
ii. Discussion was focused around the following topics:
1. Policy and code changes that may be needed to promote economic
development in regards to CAV in Delaware.
2. Potential incentives for using CAV and opportunities for the creation of
jobs.
3. Making Delaware a testing ground for CAV in order to gain recognition.
4. Being aware of impacts CAV may have moving forward and being
prepared for the future.
c. Technology, Security, and Privacy
i. Meeting held January 18, 2018 at 8:30 AM.
ii. Discussion facilitated by B. McCleary included the following:
1. Issues and unknowns surrounding CAV technology, security, and
privacy.
2. Focusing on a more detailed scope and mission for the subcommittee.
3. A draft charter for the subcommittee, including key deliverables and
target outcomes, will be ready for submission to the Secretary by the
February monthly meeting.
4. A representative from the DOJ was added to the committee, as well as a
representative from the private sector of cybersecurity.
d. Transportation Network Infrastructure
i. First meeting to be held February 1, 2018.
e. Impacts on Public and Highway Safety
i. First meeting was held January 8, 2018 at 1:00 PM.
ii. Discussion included the following topics:
1. A presentation by M. Luszcz on DelDOT’s Strategic Highway Safety
plan and the impacts CAV will have on Delaware’s safety-related issues.
2. Future discussion to include topics such as policies, infrastructure design,
legal aspects, enforcement, crash investigations, public acceptance,
insurance benefits, pedestrian safety, and driver education.
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f.

3. It was decided that the committee’s discussion and reports will follow a
structure based on the Society of Automotive Engineers (SAE) Levels of
Driving Automation.
4. A representative from Delaware Criminal Justice Information System
(DELJIS) was added to the subcommittee.
P. Cannon asked a question regarding the communication between subcommittees as
implementation of CAV technology develops moving forward, specifically having to do
with the recommendation of a pilot program.
i. N. Majeski responded that as these technologies develop there will need to be
increased communication between subcommittees, given that topics in CAV will
often overlap.
ii. A discussion occurred surrounding these topics:
1. Many factors would need to be considered before a pilot could be
implemented, such as the location (controlled environment vs. populated
roadway), insurance, code/regulations, etc.
2. Current testing is occurring in other states (e.g. Waymo /UBER
passenger vehicles, AAA shuttle bus in Las Vegas).
3. Public education will be crucial to gain acceptance and mitigate fear.
iii. N. Majeski assigned an action item to Jacobs to compile information on
surrounding state legislation relevant to CAV testing and implementation and
share with the Advisory Council.

4. Presentation by UBER
a. S. Shapiro gave an overview of UBER’s status in the development of autonomous
vehicles (AV).
i. UBER is already testing self-driving vehicles with passengers on public roads.
The company has testing locations in San Francisco, Pittsburgh, Toronto, and
Phoenix.
ii. A number of economic development opportunities are associated with AV
implementation; for example there are 750 engineers and vehicle operators
working in Pittsburgh.
iii. UBER focuses on the following areas of development as they implement AV
testing: safety, scalability, mapping, hardware, vehicle programs, and operations.
iv. AV Testing involves three steps: offline testing of the software, closed-course
testing, and on-road testing. S. Shapiro shared a video of a self-driving UBER
which can be accessed at the following link:
https://www.youtube.com/watch?v=YKQ-6YnrKNc
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v. S. Shapiro noted the need to consider opportunities in AV technologies, other
than in passenger vehicles; for example self-driving trucks for transporting
goods.
vi. Benefits of self-driving fleets were reviewed and include improved safety,
increased efficiency, decreased congestion, beneficial environmental impacts,
urban development opportunity and increased accessibility.
vii. Policies to improve AV utilization may include road/congestion pricing, urban
HOV lanes, smart pricing for off-street and curbside parking, parking maximums
instead of minimums as part of building code policy, in-lieu parking fees and
parking cash outs.
b. J. Lewis asked about the possibility of a self-driving vehicle demonstration in Delaware.
i. N. Majeski responded that DelDOT anticipates having a demo later this year for
the council.
c. S. Vien asked about testing being done by UBER in Delaware.
i. S. Shapiro responded that UBER has not mapped Delaware yet and therefore a
demo by the UBER self-driving vehicle is not yet possible.
d. T. Megee raised a concern about glitches in electronic systems, like satellite radio, when
a vehicle travels in areas with weak network connection.
i. S. Shapiro responded that mapping mitigates this issue and the autonomous
vehicle will be able to operate under all circumstances and will not depend on the
existing infrastructure. Even if there is limited connection, it is intended that the
vehicle will be able to navigate.
5. Topics of discussion for the next meeting:
a. NHTSA Automated Driving Systems 2.0 A Vision for Safety Report
b. Opportunities for Delaware to implement AV technologies
6. Public Comment
a. There were no additional comments from the public.
7. P. Cannon made the motion to adjourn the meeting and was seconded by S. Vien. The motion
passed and meeting adjourned at 12:11 PM.

Action Item Summary
1. Jacobs to compile information on surrounding state legislation relevant to CAV testing and
implementation and share with the Advisory Council.
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Advisory Council on Connected and Autonomous Vehicles Meeting
(Executive Order 14)
Thursday, February 15, 2018
11:00am – 12:30pm
DelDOT Administration Building, 800 Bay Road, Dover, DE
Farmington/Felton Conference Room
MINUTES
1. Welcome and Introductions
a. The meeting commenced at 11:01 AM. Secretary J. Cohan introduced herself and
proceeded to direct the Advisory Council members and attendees to introduce themselves.
Present Voting Council Members
Barzilai Axelrod
Attorney General’s Office
Patty Cannon
Division of Small Business, Development and Tourism (DOS)
Jennifer Cohan
Delaware Department of Transportation (DelDOT)
Lee Derrickson
Delaware Motor Transport Association (DMTA)
Renee Gibson
Alliance of Automobile Manufacturers
Jerome Lewis
University of Delaware (UD) Institute of Public Administration
Leslie Ledogar
Insurance Commissioner’s Office
Reed Macmillan
Dover/Kent Metropolitan Planning Organization
Ed Osienski
House of Representatives
William Pfaff
Sussex County
Cathy Rossi
AAA Mid-Atlantic
John Sisson
WILMAPCO
Elayne Starkey
Delaware Department of Technology and Information (DTI)
Scott Vien
Division of Motor Vehicles (DMV)
Members Present by Proxy
Jenn Parrish
State Senate (Proxy for Senator Hansen)
Keri Rapa
State Senate (Proxy for Senator Pettyjohn)

Also Present
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Bruce Demeter
CR Marshall
Dan Corey
Debbie Pfeil
Don Weber
Erin Coombs
Frank DeSanis
Gene Donaldson
Jaime Vargas
Jason Walsh
Jen Duval
Jim Garrity
Jim Lorden
Ken Grant
Li Wen Lin
Lisa Goodman
Mark Luszcz
Matt Buckley
Megan Rosica
Pat Kennedy
Peter Bourne
Rob McCleary
Scott Clapper
Shante Hastings
Steven Chillas
Tarik Zerrad

DTC
DelDOT
AECOM
KCI Technologies
DelDOT
Jacobs
OPC
DelDOT
Wallace Montgomery
Price Auto Group
Jacobs
Diamond Tech
AAA Mid-Atlantic
AAA Mid-Atlantic
DelDOT—Technology and Innovation
Hamilton Goodman Partners, LLC – Uber
DelDOT
WRA
Jacobs
FHWA
KCI Technologies
DelDOT
DMV
DelDOT
Delaware OMB – Contracting
Alliance of Automobile Manufacturers

Absent Voting Council Members
Ruth Briggs King
House of Representatives
Glenn Dixon
Delaware Department of Safety and Homeland Security (DSP)
Shari Shapiro
Uber
2. Approval of the Previous Meeting Minutes
a. B. Axelrod made a motion to accept the minutes from the previous meeting held on
January 18, 2018. Motion was seconded by B. Pfaff. Motion passed and minutes were
approved.
3. Updates on Subcommittees
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Advisory Council on Connected and Autonomous
Vehicles Meeting
(Executive Order 14)
Thursday, February 15, 2018
11:00am – 12:30pm
DelDOT Administration Building, 800 Bay Road, Dover, DE
Farmington/Felton Conference Room

AGENDA
•
•
•

•
•
•
•

Welcome and Introduction
Approval of the Previous Meeting Minutes
o January 18, 2018
Updates from Subcommittees
o Promoting Economic Development
o Technology, Security and Privacy
o Transportation Network Infrastructure
o Impacts on Public and Highway Safety
Presentation by AAA Mid-Atlantic
Launch of Autonomous Shuttle
Legislation on Connected and Autonomous Vehicles by Other States *
Public Comment

If you have any questions please contact Lesley Devine at (302) 760-2197.

* 2/13/18 - Revised agenda to add additional item.

a. Secretary Cohan updated the council that the subcommittee drafts will be due in July for
the final report to be completed by September. Templates for reports will be sent out to
subcommittee chairs. Attendees were reminded that a website has been created for the
Advisory Council and that information regarding meetings and materials is available on
the site. The website can be accessed using the following link:
https://www.deldot.gov/Programs/autonomous-vehicles/
b. Promoting Economic Development
i. P. Cannon reported that they had their second meeting on February 15. The
committee has shifted focus from “economic development” to “promoting
economic development” with more emphasis on how to create a market for
attracting businesses to Delaware.
ii. Discussion was focused around the following topics:
1. Promoting policies to make Delaware an attractive place for both CAV
and robotics technologies.
2. Creating marketing tools with a clear, defined message about CAV in
Delaware.
iii. P. Cannon shared that she had been in contact with Amazon about Delaware’s
HQ2 proposal, and Delaware was stated as a strong contender. That should be
leveraged in attracting future opportunities.
iv. E. Osienski plans to invite DelDOT Communications and the State
Representative’s Communication team to future meetings to discuss how
messaging can be released to the public. There was general discussion amongst
the council regarding public outreach and the importance of developing a
campaign that does not overwhelm the public.
c. Technology, Security, and Privacy
i. E. Starkey provided committee update. Third meeting hosted February 15.
Charter has been finalized and is expected to be submitted next week.
ii. Subcommittee has split into three groups, each investigating the top challenges
and opportunities of technology, security, and privacy.
iii. Added two new members, Aleine Cohen from DOJ, and Jim Garrity of Diamond
Technologies, a private sector technology firm. Committee membership is now
complete.
d. Transportation Network Infrastructure
i. R. McCleary provided subcommittee update. First meeting was held on February
1. Subcommittee discussed purpose and scope and plans to engage with other
subcommittees.
ii. Identified key stakeholders and is creating a questionnaire to be sent out to
stakeholders to gauge current CAV initiatives, interest, and input.
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iii. The subcommittee intends to meet the first Thursday of the month.
e. Impacts on Public and Highway Safety
i. M. Luszcz provided the subcommittee report on behalf of G. Dixon. The
committee met for the second time on February 2.
ii. Focused on levels of autonomy and will be creating recommendations based on
levels of vehicle automation.
iii. Discussed existing Delaware Code and potential amendments to code.
iv. Subcommittee has expressed concerns about driver safety during the transition
period of a mixed fleet on roadways.
v. There was general discussion amongst the council about OEMs moving beyond
the testing phase.
4. Presentation by AAA Mid-Atlantic
a. K. Grant presented “Connected and Autonomous Vehicle Insights from CES”
PowerPoint
i. Additional videos from the 2018 Consumer Electronics Show (CES) can be
found online at www.aaa.com/ces
ii. The presentation focused on the January 2018 CES held in Las Vegas, NV
iii. The key takeaways from the event were that CAVs are anticipated to be on the
street sooner than expected and public acceptance is increased with more
information.
1. AAA did a survey finding 63% of people are afraid to ride in
autonomous vehicles, down from 77% at the 2017 CES.
iv. Information Sharing and Analysis Center
1. AUTO-ISAC created in 2015 to share information with auto
manufacturers.
a. 99% of vehicles on the road toady are manufactured by members
of AUTO-ISAC
v. Video of people on board a level 4, self-driving vehicle with operator.
1. Vehicle was traveling 20 mph.
2. Shuttle is receiving ratings of 4.8 out of 5
3. Crash that occurred on day of launch was not caused by automated
shuttle but by a delivery driver making illegal turn. Shuttle stopped as it
was supposed to do but the delivery driver continued moving hitting the
shuttle.
4. Running on a V2I system, dependent on traffic signals and LiDAR.
vi. There was also an autonomous taxi run by another company and CAVs run by
Lyft at 2018 CES. This contributed to decreased fear amongst the public.
5. Launch of Autonomous Shuttle
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a. J. Cohan stated that the best way to attract and test is to do. She has met with the
President of University of Delaware and will be launching two autonomous shuttles at the
Science, Technology and Advanced Research (STAR) Campus. Decision to use two
shuttles was so that they can interact with each other as well as infrastructure. This also
serves as a public relations opportunity.
b. J. Lewis discussed that this opportunity allows for collaboration between DelDOT, UD
Institute of Public Administration and the Mechanical Engineering Department, and
WILMAPCO.
c. J. Sisson stated that putting the shuttles in a controlled environment allows the public to
safely experience and accept the technology.
d. Questions
i. P. Cannon asked about the timeline of the launch.
1. J. Cohan—working on the MOU now with UD. Will release RFP and
plan to have the council as engaged as possible. Shuttle launch will
remain a running agenda item.
ii. E. Osienski asked about the size of the intended shuttle loop.
1. J. Sisson—has not yet been defined but plans to start small and expand
with the intent to expand beyond campus.
e. J. Lewis stated that UD is looking at other shuttle demonstrations around the country to
learn from their experiences.
6. Insurance Commissioner Update
a. L. Ledogar provided an update about the Insurance Commissioner’s roundtable meeting.
The discussion was a broad ranging discussion about how to insure the risks of CAV
technology. She will be creating a summary to share with the Secretary and will outline
the next steps. It was decided that the insurance implications associated with CAV will be
included as a separate chapter in the final council report.
b. J. Cohan requested that Insurance Commissioner progress be included on the
subcommittee report outs during future meetings.
7. Possible Legislation
a. J. Cohan discussed the map and activities summary of other states CAV legislation.
There was general discussion amongst the council to keep legislation as a running agenda
item.
b. Alliance of Automobile Manufacturers—has model language available for legislation and
can provide to the council. The Alliance is also able to put the council in touch with
members of AUTO-ISAC for more information.
8. Public Comment
a. M. Topal from the Office of Highway Safety requested that the committee develop a
series of talking points for public interfacing on CAV.
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i. J. Cohan requested that CR Marshall (DelDOT) look into creating a one-page
document for committee on talking points.
9. Adjourn
a. S. Vien made the motion to adjourn the meeting and was seconded by P. Cannon. The
motion passed and meeting adjourned at 12:10 PM.
Action Item Summary
1. CR Marshall to develop talking points one-pager.
2. Add Insurance Commissioner to subcommittee updates and legislation for future agenda items.
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Advisory Council on Connected and Autonomous
Vehicles Meeting
(Executive Order 14)
Thursday, March 15, 2018
11:00am – 12:30pm
DelDOT Administration Building, 800 Bay Road, Dover, DE
Farmington/Felton Conference Room

REVISED AGENDA
•
•
•

•
•
•

Welcome and Introduction
Approval of the Previous Meeting Minutes
o February 15, 2018
Updates from Subcommittees
o Promoting Economic Development
o Technology, Security and Privacy
o Transportation Network Infrastructure
o Impacts on Public and Highway Safety
Update from the Delaware Department of Insurance
Presentation by Ed Bradley from Toyota
Public Comment

If you have any questions please contact Lesley Devine at (302) 760-2197.
* Revised Agenda 3/14/18 - Rescheduling the presentation by the Alliance of Automobile
Manufacturers

Advisory Council on Connected and Autonomous Vehicles Meeting
(Executive Order 14)
Thursday, March 15, 2018
11:00am – 12:30pm
DelDOT Administration Building, 800 Bay Road, Dover, DE
Farmington/Felton Conference Room
MINUTES
1. Welcome and Introductions
a. The meeting commenced at 11:05 AM. N. Majeski introduced herself and indicated she
would be representing Secretary Cohan until she arrived. She then directed Advisory
Council members and attendees to introduce themselves.
Present Voting Council Members
Barzilai Axelrod
Attorney General’s Office
Brian Pettyjohn
State Senate
Cathy Rossi
AAA Mid-Atlantic
Elayne Starkey
Delaware Department of Technology and Information (DTI)
Glenn Dixon
Delaware Department of Safety and Homeland Security (DSP)
Jennifer Cohan
Delaware Department of Transportation (DelDOT)
Jerome Lewis
University of Delaware (UD) Institute of Public Administration
John Sisson
WILMAPCO
Lee Derrickson
Delaware Motor Transport Association (DMTA)
Patty Cannon
Division of Small Business, Development and Tourism (DOS)
Reed Macmillan
Dover/Kent Metropolitan Planning Organization
Ruth Briggs King
House of Representatives
Shari Shapiro
Uber
Terry Megee
DE Automobile and Truck Dealers Association
William Pfaff
Sussex County
Members Present by Proxy
Jenn Parrish
State Senate (Proxy for Senator Hansen)
Frank Pyle
Insurance Commissioner’s Office (Proxy for Leslie Ledogar)
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Rhett Ruggerio

Alliance of Automobile Manufacturers (Proxy for Renee Gibson)

Also Present
Al McGowan
Brett Swan
Brett Taylor
Bruce Demeter
Chris Kelly
Debbie Pfeil
Ed Bradley
Erin Coombs
Gene Donaldson
George Spadafino
Jim Lardear
John Walsh
Jonathan Derryberry
Ken Feaster
Ken Grant
Li Wen Lin
Lisa Goodman
Lizzie Lewis
Mark Eichman
Mark Luszcz
Mark Thompson
Megan Rosica
Nicole Majeski
Pat Kennedy
Rob McCleary
Shante Hastings
Steven Chillas

TrafficCast
UD IPA
Diamond Tech
DTC
UD IPA
KCI Technologies
Toyota
Jacobs
DelDOT
GPI
AAA Mid-Atlantic
Price Auto Group
Davis, Bowen, & Friedel, Inc
DOJ/DelDOT
AAA Mid-Atlantic
DelDOT—Technology and Innovation
Hamilton Goodman Partners, LLC
Hamilton Goodman Partners, LLC
WHYY
DelDOT
WhyFly
Jacobs
DelDOT
FHWA
DelDOT
DelDOT
Delaware OMB – Contracting

2. Approval of the Previous Meeting Minutes
a. B. Axelrod made a motion to accept the minutes from the previous meeting held on
February 15, 2018. J. Sisson noted his name misspelling and. made a motion to approve
with changes. P. Cannon seconded the motion and motion passed and minutes were
approved.
b. Sec. J. Cohan announced there was an amendment to the posted agenda and that there
would be only one presentation from Toyota.
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3. Updates on Subcommittees
a. Promoting Economic Development
i. P. Cannon reported that there was no quorum for 3/15 meeting.
ii. Al McGowan, TrafficCast International, Inc., and Mark Thompson, WhyFly,
were invited to the 3/15 meeting to discuss their businesses. P. Cannon asked
them to explain their companies and why they were invited to present to the
subcommittee:
1. Al Gowan CEO of TrafficCast International—company provides realtime traffic data to 49 states. Recently moved to Wilmington because of
critical mass in Delaware and the ease of doing business/accessibility to
Delaware legislatures. Sees Delaware as a prime state for opportunity.
Believes that the Delaware’s Open Data attracts technology/businesses.
2. Mark Thompson ofWhyFly—Working in
Wilmington/Philadelphia/Baltimore to provide residential Wi-Fi and
Smart City retrofitting with sensors.
b. Technology, Security, and Privacy
i. E. Starkey provided committee update. The fourth meeting was held on 3/15.
ii. Productive discussion and the committee has moved past administrative set-up
and has begun to develop the research and content for report.
iii. Subcommittee has split into three groups, each investigating the top challenges
and opportunities of technology, security, and privacy. All three subgroups spent
time during meeting fleshing out issues—data ownership is going to be an
important focus of council—who owns/what kinds of data.
iv. Sec. J. Cohan asked if there are any hurdles or foreseeable issues arising. E.
Starkey responded that there are no major hurdles but it is important to note that
while it is tempting to enact state standards/guidelines the recommendation is to
let the federal government regulate.
v. S. Shapiro thanked E. Starkey for her diligence and focus in keeping the
committee moving.
c. Transportation Network Infrastructure
i. R. McCleary provided subcommittee update. Second meeting was held on 3/1.
ii. Subcommittee discussed the charter, identifying stakeholders, mission, and role
of subcommittee in relation to the larger report.
iii. Identified key stakeholders and have developed a questionnaire that has been sent
out to gauge current CAV initiatives, interest, and input—looking forward to
responses.
iv. Have scheduled stakeholder attendance at future meetings
1. Small cell companies
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2. 3M
3. Military organizations—Defense Advanced Research Project
Administration referred us to the ARMY for more information. Trying to
figure out the logistics.
v. The subcommittee intends to meet the first Thursday of the month, next meeting
April 5th at 10AM, all who are interested are invited.
d. Impacts on Public and Highway Safety
i. G. Dixon provided the subcommittee report.
ii. Discussed how police agencies will have to change and the changes to DE Code
based on level 5 automation.
iii. Members providing input to matrix looking at recommendations, actions, impacts
to various topics based on automation level.
iv. M. Luscsz and G. Dixon working on the final proposal for report.
v. P. Cannon asked L. Derrickson to explain about truck platooning.
1. Germany and Florida are currently running truck platooning pilot
projects
a. German project spent extensive time on driver training.
2. Kentucky—requiring trucks to be demarcated that they are participating
in platooning.
3. Platooning can occur at level 1—drivers have control of all functions
except following distance. Shifting from standard of 300ft to 50-60ft.
Lead truck controls the breaking, minimal lag between vehicles reacting
together.
4. Virginia Tech has two projects beginning with vehicle cut ins and
developing driver reaction models when platooning fails.
5. Auburn is developing cooperative adaptive cruise control and
engagement.
6. California PATH projects
vi. R. McCleary—TARDEC is a platooning technology and the committee wants to
explore if any road technology is needed to expand the data that they are
collecting. Hoping to have them on the April agenda, if not May.
vii. P. Cannon—committee discussed at last meeting that education is needed to
understand what platooning is, how to recognize on the roadway and how to
respond.
viii. S. Shapiro—this is important to the comprehensive nature of the CAV
technology and the different types of vehicles interpretation
4. Update from Delaware Department of Insurance
a. F. Pyle provided the update on behalf of L. Ledogar.
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b. He explained that L. Ledogar met with Insurance Commissioner and developed a draft
mission statement for the research to be conducted for report:
i. The mission of the Insurance Subcommittee of the Advisory Council on
Connected and Autonomous Vehicles is to identify ways for the Department to
ensure that, as insurance products evolve in response to the invention and
deployment of connected and autonomous vehicles, those products provide
consumers with appropriate and adequate insurance coverage.
c. Preliminary areas of focus
i. Track and report on the National Association of Insurance Commissioners
ii. Include the federal and state legislation as it impacts insurance products
iii. Understand the budgetary impact to department of insurance if there are any
shifts to the premium tax
iv. Assess insurance products that are designed to deal with the phase in period—
from level 1-level 5
v. Assess the development of new insurance products and liability
vi. Report on existing legal constraints to the insurance market and their potential
evolution
d. Meeting with other insurance regulatory bodies to garner understanding of what they are
working on
5. Presentation by Toyota
a. Ed Bradley—Program Manager Toyota Motor North America
i. Provide high level overview from Toyota perspective
b. Why do connected and automated vehicles matter
i. Improved safety
ii. Enhanced mobility
iii. Reduced environmental impact
c. Toyota approach
i. Collision avoidance
ii. Risk mitigation
iii. Risk avoidance
iv. DSRC enables expansion of the safety horizon
v. Tested in Japan
1. Sold over 100K vehicles with optional DSRC connectivity
a. Toyota Prius, Lexus RS and Toyota Crown vehicles
2. V2I technology—left hand turn detection
3. “Intersection Turn Assist App”
4. “Red Light Caution App”—Audio alerts/messages on display
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vi.

vii.

viii.

ix.

x.

5. “Signal Timing App”—Icons on instrument panel with vehicle
approaches DSRC intersection
6. “Eco Approach App”—Supports economical driving and driver notified
of signal timing (not V2I technology)
7. V2V
a. Cooperative Adaptive Cruise Control—icon illuminated to alert
that vehicle ahead has V2V technology
b. Emergency Vehicle Notification—notifies driver of the
location/direction of emergency vehicle
8. Toyota supports V2V federal regulation
a. DSRC
b. Future regulations for apps
c. SAE& IEEE standards
d. 5.9GHz spectrum
e. Support aftermarket devices as long as they meet same standards
Mobility Teammate Concept
1. Driving Intelligence
2. Connected Intelligence
Toyota sensors
1. Camera
2. Millimeter-wave radar
a. Vehicle pre collision system
b. Cruise control
c. Lane assist
3. Cooperative automated vehicle technology for greatest benefits
4. GPS, laser, cameras, radar, orientation via sensors, odometer, computing
power
Precision Mapping
1. 3D maps—expect the expected and reason what is different
2. Access to 3D maps make traffic signal detection highly reliable
Challenges (via J. Leonard MIT)
1. Adoption/technical
2. Left turn across traffic
3. Changes to surface markings
4. All weather driving
5. Traffic cops, crossing guards, police, fire
NTSB Investigation of Tesla Model S Crash
1. 13 factors contributing to crash of level 2 vehicle
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2. Safety recommendation to limit minimum performance standards for
CAV
3. Once developed—require these standards on all vehicles
d. Current state
i. AASHTO SPaT challenge
1. 20 intersections in 50 states by 2020
e. Current technology not ready for CAVs
f. Many factors play a critical role in how the technology is brought to market
g. Questions
i. C. Rossi—can you share with us what Toyota has in terms of planned vehicles
and levels of automation
1. Toyota does not disclose future product plans. Important to question in
regards to preparing for new technology but Toyota has level 2
technology in the US market in the Lexus LS sedan and can expect to see
that in other Lexus models and eventually throughout all Toyota models.
Doing tremendous amount of work, research and development in levels
3-5. Made the announcement that Toyota will introduce high levels of
automation in 2020—will have a demonstration in Tokyo at 2020
Olympics will transport athletes/spectators in Toyota owned vehicles.
ii. C. Rossi—Toyota has been very forward facing in educating the public. What
features are in the LS sedan and what is the price point?
1. Not standard features but included in the technology packages—adaptive
cruise control and lane centering. Other models have lane keep assist to
keep drivers from driving—lane centering keeps driver in the center of
the lane.
iii. A. McGowan—as you see other technologies like 5G where do you see that in
comparison to DSRC
1. There are questions about DSRC vs 5G. 5G is not ready yet for device
deployment and not quite ready as an LTE cellular technology. For
consideration for device-to-device it needs to advance—not able to
compare with DSRC at this point, similar to VHS to DVD. DSRC allows
for development now. 5G is many years away from a Toyota vehicle.
Must be fully developed, confident of interoperability and then testing on
vehicles to be able to roll out for consumers.
2. J. Cohan—Delaware wants to be 5G capable sooner than way out.
3. McGowan—TrafficCast is now deploying in 9 states after pairing with
Denso.
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4. E. Bradley—see connectivity to be through two mechanisms, V2V and
cellular.
iv. R. McCleary—we put data out through the TMC, a central hub for companies to
make available to the vehicles. Has Toyota thought about that as an alternative
via satellite instead of requiring separate device deployment.
1. Yes, fits with dual method of connectivity via cellular. Critical collision
mitigation/emergency situations are envisioned as being communicated
through DSRC.
h. SPaT challenge (M. Luszcz/G. Donaldson)
i. Delaware is participating
ii. Starting in Smyrna—11 signals on US 13
iii. 2 locations have cellular based first step, deployed in the field—currently in beta
testing, data not available
iv. First DSRC test is at the signal shop
1. Expect first signal to be released in the coming weeks
v. Largest issue is acquiring the equipment—in conversations with TurnerFairbanks
6. Public Comment
a. None
7. Adjourn
a. B. Axelrod made the motion to adjourn the meeting and was seconded by J. Cohan. The
motion passed and meeting adjourned at 12:05 PM.
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Advisory Council on Connected and Autonomous
Vehicles Meeting
(Executive Order 14)
Thursday, April 19, 2018
11:00am – 12:30pm
DelDOT Administration Building, 800 Bay Road, Dover, DE
Farmington/Felton Conference Room

AGENDA
•
•
•

•
•
•

Welcome and Introduction
Approval of the Previous Meeting Minutes
o March 15, 2018
Updates from Subcommittees
o Promoting Economic Development
o Technology, Security and Privacy
o Transportation Network Infrastructure
o Impacts on Public and Highway Safety
Update from the Delaware Department of Insurance
Presentation by the Alliance of Automobile Manufacturers
Public Comment

If you have any questions please contact Lesley Devine at (302) 760-2197.

Advisory Council on Connected and Autonomous Vehicles Meeting
(Executive Order 14)
Thursday, April 19, 2018
11:00am – 12:30pm
DelDOT Administration Building, 800 Bay Road, Dover, DE
Farmington/Felton Conference Room
MINUTES
1. Welcome and Introductions
a. The meeting commenced at 11:05 AM. Secretary Cohan introduced herself and directed
Advisory Council members and attendees to introduce themselves.
Present Voting Council Members
Barzilai Axelrod
Attorney General’s Office
Patty Cannon
Division of Small Business, Development and Tourism (DOS)
Jennifer Cohan
Delaware Department of Transportation (DelDOT)
Milton Lee Derrickson Delaware Motor Transport Association (DMTA)
Renee Gibson
Alliance of Automobile Manufacturers
Leslie Ledogar
Department of Insurance (DOI)
Jerome Lewis
University of Delaware (UD) Institute of Public Administration
Reed Macmillan
Dover/Kent Metropolitan Planning Organization
Terry Megee
DE Automobile and Truck Dealers Association
Rep. Ed Osienski
State Representatives
William Pfaff
Sussex County
Shari Shapiro
Uber
Elayne Starkey
Delaware Department of Technology and Information (DTI)
Patrick Wenk
Delaware State Police (DSP)
Members Present by Proxy
Jim Lardear
AAA Mid-Atlantic (Proxy for Cathy Rossi)
Tigist Zegeye
WILMAPCO (Proxy for John Sisson)
Absent Council Members
Rep. Ruth Briggs King State Representatives
Sen. Stephanie Hansen State Senate
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Sen. Brian Pettyjohn
Scott Vien

State Senate
DMV

Also Present
Christie Bonniwell
Steven Chillas
Aleine Cohen
Erin Coombs
Gene Donaldson
Jen Duval
Ken Feaster
Lisa Goodman
Ken Grant
Dawn Hopkins
Chris Kelly
Pat Kennedy
Anne Marie Lewis
Lizzie Lewis
Li Wen Lin
Mark Luszcz
Nicole Majeski
Rob McCleary
Colton Phillips
Megan Rosica
Peggy Shultz
Mark Thompson
Jason Walsh
James Wilson
Joe Zilcosky

DelDOT
Delaware OMB – Contracting
DOJ
Jacobs
DelDOT
Jacobs
DOJ/DelDOT
Hamilton Goodman Partners, LLC
AAA Mid-Atlantic
Economic Development
UD IPA
FHWA
Alliance of Automobile Manufacturers
Hamilton Goodman Partners, LLC
DelDOT—Technology and Innovation
DelDOT
DelDOT
DelDOT
DelDOT
Jacobs
League of Women’s Voters
WhyFly
Price Auto Group
BikeDE
DOS

2. Approval of the Previous Meeting Minutes
a. There was a correction to the 3/15 meeting minutes—section 4.b from the Insurance
Commissioner’s office:
We agreed on a draft mission statement for the Insurance subcommittee which is: “The
mission of the Insurance Subcommittee of the Advisory Council on Connected and
Autonomous Vehicles is to identify ways for the Department to ensure that, as insurance
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products evolve in response to the invention and deployment of connected and
autonomous vehicles, those products provide consumers with appropriate and adequate
insurance coverage.”
b. P. Cannon made a motion to accept the updated meeting minutes from the previous
meeting held on March 15, 2018. B. Axelrod seconded the motion and motion passed and
minutes were approved.
3. Updates on Subcommittees
a. Promoting Economic Development
i. P. Cannon reported that there was no quorum for 4/19 meeting. During the
allotted meeting time, there was a review of the ITMS Strategic Plan handout
(drafts provided to committee).
ii. L. Derrickson provided an update on the Commercial Trucking industry and the
upcoming state Truck Driving Championship for CDL drivers.
b. Technology, Security, and Privacy
i. E. Starkey provided committee update. The fifth meeting was held on 4/19.
ii. Productive discussion focusing on privacy and insurance.
iii. Subcommittee has split into three groups, each working through the template
provided to the committee. The working groups spent time looking at privacy
issues from different angles—driver, passenger, and manufacturer. The goal is to
identify the broad issues, pitfalls, and concerns.
iv. Sec. Cohan reinforced that the goals for the subcommittees and council is not to
solve all issues but to identify the issues and steer the direction moving forward.
c. Transportation Network Infrastructure
i. R. McCleary provided subcommittee update. There was no quorum for the
committee’s third meeting on 4/5.
ii. The committee hosted a Q&A session with TARDEC gaining more information
about their Leader/Follower technology for trucks and fleet vehicles. TARDEC
provided more information on roadside infrastructure and DSRC technology
deployment.
iii. 3M provided the subcommittee with a presentation on pavement markings and
visibility enhancements.
1. Sec. Cohan asked R. McCleary if 3M provided insight on any new
developments. R. McCleary explained that they discussed magnetic tape
being reintroduced for vehicles to identify in snow conditions and the
introduction of signage with invisible QR codes tied to a database that
can be read by an on-board camera.
iv. The next committee meeting is scheduled for 5/8/18
d. Impacts on Public and Highway Safety
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i. M. Luszcz provided the committee report for G. Dixon. Last meeting was held on
4/13 and the next meeting is scheduled for 5/11.
ii. The subcommittee is working to organize the matrix for safety related issues at
each level of automation. K. Grant has shared the matrix at the national level of
AAA and the subcommittee is in alignment with what they are also researching.
iii. The first draft of the subcommittee report will be sent out to the members in the
coming week.
iv. Key topics that the subcommittee is discussing:
1. Licensed driver in vehicle
2. Level of automation listed on vehicle for inspection
3. Testing on DE roadways
4. Update from Delaware Department of Insurance
a. L. Ledogar provided update on recent attendance to the National Association of
Insurance Commissioner’s (NAIC) quarterly meeting in Wisconsin.
i. NAIC establishes Model Acts for states to use for reference on legislation.
ii. NAIC has a committee dedicated to the insurance related issues of autonomous
vehicles.
iii. There is an Innovation and Technology Task Force and Cyber Security Working
Group
1. Discuss regulatory issues for AV and the state regulatory framework
2. Released model rule, Insurance Data Security Model Law in October
2017, that was adopted during National Cyber Security Awareness
Month. This model law requires companies to notify the public in the
event of a data breach. Delaware is looking at this model and will
consider the implications.
iv. Big Data Working Group
1. Reviewing regulatory framework and making modifications to model
laws as they relate to data needs.
b. Delaware Insurance Commissioner’s Office is looking at what the NAIC is doing and
basing the state direction on their efforts.
c. Sec. Cohan inquired about the insurance implications of current DE Code not explicitly
requiring a driver in the vehicle.
i. L. Ledogar did not have a definite answer.
d. L. Ledogar is currently investigating data collection devices that plug into the vehicle
allowing for the insurance company to collect data on personal driving habits. This data
is useful in determining insurance rates and driving trends.
5. Presentation by Alliance of Automobile Manufacturers
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a. “Automated Driving Systems (ADS) Equipped Vehicles” presented by Anne Marie
Lewis, Ph.D
i. Automated Driving Systems (ADS)
1. ADS is a natural evolution—anti-lock brakes to lane keeping assistance
2. ADS utilizes machine learning
ii. SAE Levels of Automation
1. Levels 3-5 “Highly Automated”
a. Conditional Level 3
b. High Level 4
c. Full Level 5
2. Personal vehicles at Level 3
iii. ADS-equipped vehicles—must meet FMCSA safety standards
1. GM Cruise AV
a. No steering wheel/no pedals
b. Posted safety self-assessment outline 12 safety areas that are
required by manufacturers
i. System safety
ii. Operational design domain
iii. Object and event detection and response
iv. Fallback (minimal risk condition)
v. Validation methods
vi. Human machine interface
vii. Vehicle cybersecurity
viii. Crashworthiness
ix. Post-crash behavior
x. Data recording
xi. Consumer education and training
xii. Federal, state, and local laws
2. Smart Vision EQ 2030
a. Concept vehicle
b. V2X communications
3. Toyota e-Palette Concept Vehicle
a. Electric vehicle
b. Designed in modular fashion—partnered with Amazon
i. No seating requirements
ii. Can be retrofitted for any concept/use
iv. When does this happen
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1. First Level 3 should be available for purchase in 2018 for stop and go
highway traffic only (37 mph or less)
2. 2020 available
3. 2030 common
4. 2035 standard
5. 2045 majority
6. 2055 ubiquitous (full fleet conversion)
v. Four dynamics influencing the modern auto industry
1. 4 trends happening in parallel
a. Automation
i. Innovation in traditional manufacturing companies, startups, mergers
b. Connectivity
i. Enhance safety capabilities of Automated vehicles.
Benefits of 5G/DSRC
ii. Signal phase and timing (SPaT), reducing congestion
c. Ridesharing
i. First applications of advanced automated vehicles will
be geo-fenced areas
d. Electrification
i. Concepts that have been announced are in electric or
hybrid electric platforms—not a requirement but the
trend is simultaneous to be more sustainable
2. Trends are not reliant on each other
vi. Infrastructure considerations
1. Comments submitted to FHWA Docket No FHWA 2017-0049
2. AV needs benefit non-AVs and cost effective for safety benefit
3. Consistency with MUTCD
a. Lane markings top priority
b. Traffic signals and signs –consistency
c. Construction zones
4. Digital infrastructure
a. Can provide benefits of communication, sharing information,
notifications to drivers’/emergency vehicles, V2I, SPaT
vii. Update on Federal Activity regarding ADS-equipped vehicles
1. NHTSA request for Comments on potential FMVSS barriers for ADS
equipped vehicles
2. NHTSA public meeting (3/6/18)
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3. NHTSA stakeholder meeting (4/3-4/4/18)
4. FHWA request for comments on potential FMVSS barriers for ADSequipped vehicles (3/5/18)
5. FTA request for comments (3/2/18)
6. FHWA meetings between ADS industry
7. Stakeholders and infrastructure owners and operators (TBD)
viii. Non-traditional seating configurations require additional efforts
ix. Alliance has reviewed and provided input on 30 FMVSS
1. It is important to keep in mind that any potential new FMVSS for ADS
or non-ADS equipped vehicles
x. Event Data Recorder SAE J1698 (black box) is being updated to account for
parameters uniquely related to ADS
xi. Auto Alliance Model Bill created based on SAE J3016. Technology neutral and
all-inclusive as technologies are being developed
1. Insurance
2. Ride-sharing networks
3. Reporting
xii. Instead of having a permitting process—utilize NHTSA
b. Questions
i. J. Lardear—curious about Level 3 automation and the distraction of the driver /
emergency situations
1. A. Lewis—some manufacturers are looking at Level 3 technology.
Important to stress response/reactions/focus on driving. GM Super
Cruise has camera that monitors driver eye movement. There will be
redundancies and further research over time.
ii. L. Derrickson—do you envision training for drivers before operating Level 3? In
Europe they require about 20 hours of training.
1. A. Lewis—not 100% sure of any plans but it is reasonable to expect
some level of training. Consumer must be educated on what vehicle
can/cannot do
iii. R. McCleary—can we get a copy of model legislation? Do you have
recommendations for roadside signage?
1. A. Lewis—clean signage and consistency. Outlined further in comments
to NHTSA report. No hard recommendations on DSRC/5G requirements.
iv. L. Ledogar—what are your thoughts on data recorder?
1. A. Lewis—the current “black box” standards are being updated.
v. L. Ledogar—what happens to the data of used cars?
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vi.

vii.

viii.

ix.

x.

1. A. Lewis—data is recorded when there is a trigger threshold met
(indicative of a crash). No personal data is stored and data is recorded in
the process of crash reconstruction.
B. Axelrod—there was a discussion about training drivers at various levels of
automation. Do you envision auto manufacturers embedding training in vehicles
so that the end-user is forced to learn?
1. A. Lewis—unaware of any manufacturers working on this.
B. Axelrod—how does the Auto Alliance envision having a measure of how
many automated vehicles are on the roadway?
1. A. Lewis—it is understood that that type of information would be
tracked through the Department of Motor Vehicles.
S. Chillas—what are the recommendations to the state to teach levels of
autonomy in the school curriculum?
1. A. Lewis—state level education not discussed at Auto Alliance and
would be up to the individual school districts or states.
E. Osienski—are manufacturers looking at standardizing dashboard symbols?
1. A. Lewis—currently manufacturers are engaged in conversations on this
but the competitive market has not always been receptive to the
standardizing of features and symbols.
M. Luscsz—what is the timeline for introduction?
1. A. Lewis—Level 3 vehicles will be on the roadways likely by the end of
2018. Manufacturers have announced plans to release Level 4 by 2020.
Level 5 is still unknown.

6. Public Comment
a. P. Shultz on behalf of the League of Women’s Voters requested that the council research
land use implications of CAVs and sustainable energy.
i. Land use—with the increase of vehicles what are the potential implications on
the land and development. Is it possible to add someone to the council from the
planning field to address land use?
1. Sec. Cohan informed that WILMAPCO is on the council.
ii. Sustainable Energy—what are the potential impacts of expending carbon dioxide
emissions?
7. Adjourn
a. Sec. Cohan informed council and attendees that there will be no May meeting and the
next meeting is scheduled for June 21st.
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b. P. Cannon made the motion to adjourn the meeting and was seconded by B. Axelrod. The
motion passed and meeting adjourned at 12:20 PM.
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Advisory Council on Connected and Autonomous
Vehicles Meeting
(Executive Order 14)
Thursday, June 21, 2018
11:00am – 12:30pm
DelDOT Administration Building, 800 Bay Road, Dover, DE
Farmington/Felton Conference Room

AGENDA









Welcome and Introduction
Approval of the Previous Meeting Minutes
o April 19, 2018
Updates from Subcommittees
o Promoting Economic Development
o Technology, Security and Privacy
o Transportation Network Infrastructure
o Impacts on Public and Highway Safety
Update from the Delaware Department of Insurance
Presentation by the Council of State Governments
Presentation by the National Automobile Dealers Association
Public Comment

If you have any questions please contact Lesley Devine at (302) 760-2197.

Advisory Council on Connected and Autonomous Vehicles Meeting
(Executive Order 14)
Thursday, June 21, 2018
11:00am – 12:30pm
DelDOT Administration Building, 800 Bay Road, Dover, DE
Farmington/Felton Conference Room
MINUTES
1. Welcome and Introductions
a. The meeting commenced at 11:04 AM. Secretary Cohan introduced herself and directed
Advisory Council members and attendees to introduce themselves.
Present Voting Council Members
Barzilai Axelrod
Attorney General’s Office
Rep. Ruth Briggs King State Representatives
Patty Cannon
Division of Small Business, Development and Tourism (DOS)
Jennifer Cohan
Delaware Department of Transportation (DelDOT)
Milton Lee Derrickson Delaware Motor Transport Association (DMTA)
Renee Gibson
Alliance of Automobile Manufacturers
Reed Macmillan
Dover/Kent Metropolitan Planning Organization
Jason Walsh
DE Automobile and Truck Dealers Association
Rep. Ed Osienski
State Representatives
Sen. Brian Pettyjohn
State Senate
William Pfaff
Sussex County
Shari Shapiro
Uber
Elayne Starkey
Delaware Department of Technology and Information (DTI)
Scott Vien
DMV
Patrick Wenk
Delaware State Police (DSP)
Members Present by Proxy
Philip Barnes
University of Delaware (UD) Institute of Public Administration
Jim Lardear
AAA Mid-Atlantic (Proxy for Cathy Rossi)
Tigist Zegeye
WILMAPCO (Proxy for John Sisson)
Absent Council Members
Page 1 of 7

Sen. Stephanie Hansen State Senate
Also Present
Erin Coombs
Megan Rosica
Jim Ponte
Colton Phillips
Greg Buckley
Norm Jones
Dawn Hopkins
Don Hannon
Scott O’Connor

Jacobs
Jacobs
Ponte’s Autocare
DelDOT
Buckley’s Auto Care
Kirkwood Auto Center
DOS
ERC
Delaware Department of Technology and Information (DTI)

2. Approval of the Previous Meeting Minutes
a. J. Lardear made a motion to accept the updated meeting minutes from the previous
meeting held on April 19, 2018. E. Osienski seconded the motion and motion passed and
minutes were approved.
3. Updates on Subcommittees
a. Promoting Economic Development
i. Industry as drive
ii. Osienski reached out to automotive professionals, curious about their needs,
workforce, training
iii. Seeing current training (comes from manufacturers) but need for training centers,
encourage manufacturers to consider Delaware as a regional training hub in this
technology
iv. Ford purchased transit center in Detroit, turning into training center
v. Gulftainer port deal – goal is to have same sort of operation building workforce
from within, bringing talent into marketplace
vi. Manufacturers and independents need to coexist better than they have been –
need to share, both need to learn
vii. Report should mentioned displaced workers, aware and connect them to training
viii. Comment from J. Walsh, dealers: technicians often trained on the fly, currently
not a lot of teams going to training center, building blocks coming from
mechanical understanding, not just aspect of self-driving but vehicle in general,
auto body, collision repair, etc.
1. S. Shapiro: Uber has done research—training AV techs is not needed
now, layer on automotive tech programs, computer related skills and
precision measurement skills; work with community college and tech
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schools for incorporation here; RBK need for skilled labor, agreed; need
connection between education and jobs and meaningful employment.
2. Discussion about the importance of attracting youth, getting youth
involved early
b. Technology, Security, and Privacy
i. Polishing final report, consolidated research
ii. Shared preliminary recommendations
1. Data collection/ownership: unanswered questions, recommend collect
least amount of data to have CAV functionality, minimalist approach;
keep data shortest time possible, anonymize, encrypt all PII, separate two
data’s (all in recs)
2. Resistance to adoption of this from consumers – joint DelDOT CPU
large scale education campaign to inform Delawareans about issues
3. Potential state legislation recommendations – automakers to provide
plain language consent in forms to owners, unknown data collection,
want consent forms and plain language; concern with used vehicles, wipe
clean data (secretary brought up rental vehicles, current issues, don’t
want conflicting legislation)
4. E. Starkey retiring, S. O’Connor taking over chair position.
c. Transportation Network Infrastructure
i. R. McCleary—last meeting there was presentation from George Zhao (IAI) –
technology experimenting with in Delaware and around, branches of DOD, other
companies
1. Testing RSU/OBU system, advance warning, Dilemma zone project –
advanced warning to drivers when to slow down.
2. Difficulty getting data from vendors – locked down for liability issues,
will probably be a barrier.
ii. Drafted recommendations report, generated comments, addressing comments in
July – will reach consensus to get out July 31.
d. Impacts on Public and Highway Safety
i. P. Wenk on behalf of Dixon.
ii. Final report, approved 4 sections
iii. 6 total recommendations with subcategories
iv. 3/6 approved
v. Meeting Monday, anticipating having final draft complete at the end of meeting.
4. Update from Delaware Department of Insurance
a. No update provided.
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b. Sec. Cohan—stated that there should be a separate section on insurance
recommendations.
5. Presentation by the Council of State Governments – Don Hannon
a. Regional, governmental perspective – northeastern states
b. CSG/ERC (Council of State Governments Eastern Regional Conference)
c. CV technology is already present—there are existing regulations across the nation
d. Federal/state roles
i. Federal rules the vehicle – safety standards, recalls
ii. State controls the driver – manage vehicle operations, licensing, regulating
behavior, speed limits, etc.
iii. AV combines car and driver
iv. Existing patchwork of state regulations makes it impossible to sell vehicle
nationwide; infrastructure is not consistent – can vary widely, makes it difficult
to ensure traffic jam pilot would work everywhere
e. States
i. 2010 – Google announces testing in CA – no regulation
ii. 2011 – Nevada, Florida
iii. 2012 – California, requires driver, wheel, av permit
iv. 2015 – Arizona signs executive order
v. 2016 – Florida and Michigan jump, no driver needed
vi. 2018 – CA let AVs operate without person, but have remote operations
1. Companies were testing elsewhere to avoid regulation
vii. 41 states legislation, 29 issued laws, 7 executive orders
f. Federal Government
i. 2010-16: seeking federal legislation to avoid patchwork of state laws
ii. January 2016: voluntary AV guidelines
iii. September 2017: updated version of voluntary AV Guidelines
iv. September 2018: Anticipate release of AV Guidelines 3.0 –develop “common
sense” regulations that don’t hamper innovation while encouraging safety
g. Congress
i. House: Self-Drive Act
ii. Senate: AV START Act
h. CA, AZ, FL, MI – states with significant activity
i. Idaho, established something similar to advisory council – let others solve issues
j. Northeast states: 11 states, 4 no legislation or executive order, 2 have existing order, 1
with both, 4 with enacted legislation
i. NJ
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1. Two bills in senate committee – insurance requirements and permitting
testing; avoiding authorizing on public roads
ii. NH
1. Bill last year would have prohibited AVs on roads – failed and ended in
session
2. This year again, lots of provisions
3. Senate picked it up, created commission
4. Av license testing, $500
iii. RI
1. Nothing now, DOT looking at P3 pilot program, see how AVs change
transportation, economy, social structure
iv. MD
1. Limited engagement; first testing permits to tech firm in DOT parking
lots testing; established UMD transportation institute with annual
funding
v. MA
1. First one with executive order
2. Working towards proposed legislation
3. Public outreach: holding 5 public listening sessions exploring
transportation issues including AVs
vi. ME
1. Executive order
2. Bill
vii. VT
1. Introduced legislation, identify policy areas
a. Avoid patchwork regulations
b. Safe deployment
c. Avoid delaying deployment if lifesaving technology
d. Don’t fall behind, take advantage of technologies
viii. CT
1. Legislation: allows cities and towns to enter agreements with testers;
concern in towns because of Tempe
2. Realization: safety #1
ix. NY
1. Legislation allows testing
2. Need approval and police escort
x. PA
1. Testing in Pittsburgh, active program on public street
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a. Issue: mayor doesn’t want to see uber testing unless meeting
restrictions
b. State pull power to regulate on this, not city
Av testing policy task force, recommendations
Actively engaged with federal and state agencies, etc.
Allow use of allocated funds for ITS applications (including CAV)
Increased safety oversight
AV summit
Seeking voluntary compliance legislative authority to oversee AV testing

2.
3.
4.
5.
6.
7.
k. Common issues
i. Physically present operator
ii. Special rules to ensure safe testing and operations
iii. Special training/certifications for AV operators
iv. Handheld devices
v. Av corridors
l. Important and what will differentiate
i. Electric vehicles and AVs go hand in hand
ii. Utilize university research capability
iii. Don’t lose sight of “connectivity”
iv. Balance safety with everything
v. Define goals, what will attract AV industry to DE
vi. Host ongoing AV car programs
vii. Transparent reporting
m. Questions
i. Secretary: Delaware is currently silent laws, is it better to not have?
1. Better idea to wait until after upcoming election – if bills pass it may
preempt anything you do. Find out what will make Delaware attractive
moving forward, best for citizens.
6. Presentation by the National Automobile Dealers Association
a. Missing from research: what do consumers think/wants? – measure predictions residing
with consumers
b. Surveyed focus groups, 1200 consumers – key findings
i. Presented data, safety, convenience, money savings (still wanted to own)
ii. 20% exclusively rideshare, 93% cars provide freedom vs. 7% car is hassle
c. Research in silicon valley focus on VMT – don’t look at how people use their cars (e.g.
person driving 10 mi each way, 20 per day, or person taking 10 2 mi trips)
d. Average US household – 10 trips in car per day
e. Number of trips, time waiting – another cost
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i. Wanted to drill down how people value time
ii. People giving up cars to save $9.44 per hour – 88.5% said they’d have to save
15% to rideshare only; 50%, $50 or more
iii. Time more valuable than money – third finding
f. Traffic could increase with shared autonomy
g. Generally people have favorable idea of AVs – 56% would purchase, this will change
over time
h. Safety benefit
i. Owning and rideshare
j. Questions and Discussion:
i. J. Lardear: how quantitative data? 2 focus groups, LA and Boston; survey with
1200 consumers, oversample 400 millennials.
ii. Economic and convenience factor
iii. Senior citizen survey? – yes, haven’t used rideshare
iv. Improve efficiency, less congestion, merging, etc.
v. Aesthetic – patty; not considered
vi. Uber – 25% pool trips
vii. B. Axelrod: is it the responsibility of automakers to educate the consumer?
1. J. Walsh: Dealers are expected to educate on features of vehicle however
after the lengthy purchasing process most consumers are ready to just
drive off. It is important to do things that are intuitively user friendly; try
to pair phones, getting them fully vested is difficult (under 10% come
back to learn)
7. Public Comment
a. D. Hannon: PA has no enacted legislation, but set aside 40,000 dollars for research.
b. Sec. Cohan: MOU is complete, NDA developed (UD Shuttle) – delivery by end of year.
8. Adjourn
a. P. Cannon made the motion to adjourn the meeting and was seconded by B. Axelrod. The
motion passed and meeting adjourned at 12:28 PM.
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Advisory Council on Connected and Autonomous
Vehicles Meeting
(Executive Order 14)
Thursday, July 19, 2018
11:00am – 12:30pm
DelDOT Administration Building, 800 Bay Road, Dover, DE
Farmington/Felton Conference Room

AGENDA






Welcome and Introduction
Approval of the Previous Meeting Minutes
o June 21, 2018
Updates from Subcommittees
o Promoting Economic Development
o Technology, Security and Privacy
o Transportation Network Infrastructure
o Impacts on Public and Highway Safety
Update from the Delaware Department of Insurance
Discuss Final Report



Public Comment



If you have any questions please contact Lesley Devine at (302) 760-2197.

Advisory Council on Connected and Autonomous Vehicles
(Executive Order 14)
Thursday, July 19, 2018
11:00 AM – 12:30 PM
DelDOT Administration Building, 800 Bay Road, Dover, DE
Farmington/Felton Conference Room
MINUTES
1.

Welcome & Introductions
a. The meeting commenced at 11:03 AM. S. Vien filling in for Sec. Cohan, introduced
himself and opened the meeting with a round of introductions.
Present Voting Committee Members
Barzilai Axelrod
Attorney General’s Office
Phillip Barnes
University of Delaware (UD) Institute of Public Administration
Rep. Ruth Briggs King
State Representatives
Patty Cannon
Division of Small Business, Development and Tourism (DOS)
Scott O’Connor
Delaware Department of Technology and Information (DTI)
Jim Lardear
AAA
Leslie Ledogar
Department of Insurance (DOI)
Jason Walsh
DE Automobile and Truck Dealers Association
Rep. Ed Osienski
State Representatives
William Pfaff
Sussex County
Shari Shapiro
Uber
Scott Vien
DMV
Patrick Wenk
Delaware State Police (DSP)
Absent Committee Members
Jennifer Cohan
Delaware Department of Transportation (DelDOT)
Milton Lee Derrickson
Delaware Motor Transport Association (DMTA)
Renee Gibson
Alliance of Automobile Manufacturers
Reed Macmillian
Dover/Kent Metropolitan Planning Organization
Sen. Brian Pettyjohn
State Representatives
John Sission
WILMAPCO
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Also Present
Steve Chillas
Erin Coombs
Gene Donaldson
Jennifer Duval
Ken Feaster
Ken Grant
Norman Jones
Pat Kennedy
Rob McCleary
Al McGowan
CR McLeod
Lloyd Schmitz
Mark Thompson

OMB
Jacobs
DelDOT
Jacobs
DOJ
AAA
Kirkwood Auto/DASP
FHWA
DelDOT
TrafficCast
DelDOT
Public
WhyFly

2. Approval of Previous Meeting Minutes
a. There were two requested amendments to the June 21, 2018 minutes—L. Ledogar was
not present at the meeting as listed and S. O’Connor needs to be listed at present.
b. E. Osienski made a motion to approve the minutes with the requested amendments.
Motion was seconded by S. Shapiro. Motion carried and the amended minutes were
approved.
3. Updates from Subcommittees
a. Promoting Economic Development
i. P. Cannon reported that the subcommittee is on task to have the draft report
finished before the July 31st deadline.
b. Technology, Security, and Privacy
i. S. O’Connor provided update—the subcommittee finalized report content during
the 7/19 meeting and plan to submit next week.
c. Transportation Network Infrastructure
i. R. McCleary provided subcommittee update.
ii. Last meeting held on 7/5 and the report submitted to Secretary Cohan.
iii. R. McCleary thanked committee members for efforts.
d. Impacts on Public and Highway Safety
i. M. Luszcz provided update on behalf of G. Dixon
ii. Subcommittee met 3 times over the summer. The report was approved during the
June 25th meeting and submitted to Sec. Cohan.
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iii. M. Luszcz thanked committee members for efforts and work to complete the
report.
e. S. Vien thanked everyone for participation and expects to see the overlap of committee
discussions in final report
4. Update from Delaware Dept. of Insurance
a. L. Ledogar reported that the draft chapter is finished and she has submitted to the
Insurance Commissioner for review before submitting to Sec. Cohan.
i. In order to develop the chapter, L. Ledogar attended several conferences
surrounding CAV/insurance issues
ii. Typically, she was one of the only members of the insurance sector to be
participating in the conversation/no one discussing risks
iii. It is important to stay ahead of innovation so that when CAV technology is
released the department is ready and innovators are encouraged to engage with
insurance agencies.
b. B. Pfaff questioned if the insurance ramifications will put barriers on development.
i. L. Ledogar explained that it is important to educate developers on the purpose of
insurance and its design. Insurance can potentially encourage innovation.
c. P. Cannon questioned if the report will address liability shifts.
i. L. Ledogar responded that report addresses liability shifts at length. The shift
from personal liability to vehicle manufacturers (product liability). The idea of
pedestrian insurance has also been introduced.
d. S. Vien asked if there has been any discussion between insurance industry and original
equipment manufacturers (OEMs) about liability shifts.
i. L. Ledogar responded that those discussions have not been happening yet but it is
important to discuss. The National Association of Insurance Companies has
developed task forces for outreach to OEMs.
ii. There is the issue of who is providing insurance and who provides the vehicle.
New providers of mobility allow for a broader picture of liability.
5. Discuss Final Report
a. Subcommittee reports are due 7/31 to Sec. Cohan. Draft of final report anticipated at the
August 16th meeting.
6. Public Comment
a. L. Schmitz concerned about multi-lane roadways and the consideration for CAVs to be
placed in the left lane to account for people with disabilities.
b. L. Schmitz mentioned the impact to state revenue since the DMV will potentially lose
relevancy and the impacts to municipalities.
i. P. Barnes discussed how the UD Institute of Public Administration is researching
state and local fiscal impacts—policy brief will be available on IPA website.
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7. Next Meeting
a. The next subcommittee meeting is scheduled for August 16th, 2018 from 11:00 AM –
12:30 PM. R. Briggs King made a motion to adjourn the meeting. E. Osienski seconded
and the motion was approved. The meeting adjourned at 11:40 AM.
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Advisory Council on Connected and Autonomous
Vehicles Meeting
(Executive Order 14)
Thursday, August 16, 2018
11:00am – 12:30pm
DelDOT Administration Building, 800 Bay Road, Dover, DE
Farmington/Felton Conference Room

AGENDA









Welcome and Introduction
Approval of the Previous Meeting Minutes
o July 19, 2018
Updates from Subcommittees on Final Reports
o Promoting Economic Development
o Technology, Security and Privacy
o Transportation Network Infrastructure
o Impacts on Public and Highway Safety
Update from the Delaware Department of Insurance
Discussion on Final Report and Recommendations
Presentation by University of Delaware and Nuvve Corporation
Public Comment

If you have any questions please contact Lesley Devine at (302) 760-2197.

Advisory Council on Connected and Autonomous Vehicles
(Executive Order 14)
Thursday, August 16, 2018
11:00 AM – 12:30 PM
DelDOT Administration Building, 800 Bay Road, Dover, DE
Farmington/Felton Conference Room
MINUTES
1.

Welcome & Introductions
a. The meeting commenced at 11:04 AM. Sec. Cohan introduced herself and indicated the
purpose of the meeting was to approve subcommittee recommendations for the final
Advisory Council report to the Governor due September 5, 2018. Sec. Cohan opened the
meeting with a round of introductions.
Present Voting Committee Members
Philip Barnes
University of Delaware (UD) Institute of Public Administration
Rep. Ruth Briggs King
State Representatives
Patty Cannon
Division of Small Business, Development and Tourism (DOS)
Jennifer Cohan
Delaware Department of Transportation (DelDOT)
Milton Lee Derrickson
Delaware Motor Transport Association (DMTA)
Leslie Ledogar
Department of Insurance (DOI)
Reed Macmillan
Dover/Kent Metropolitan Planning Organization
Scott O’Connor
Delaware Department of Technology and Information (DTI)
Rep. Ed Osienski
State Representatives
William Pfaff
Sussex County
Cathy Rossi
AAA Mid-Atlantic
John Sisson
WILMAPCO
Absent Committee Members
Barzilai Axelrod
Attorney General’s Office
Patrick Wenk
Delaware State Police (DSP)
Renee Gibson
Alliance of Automobile Manufacturers
Brian Pettyjohn
State Senate
Terry Megee
DE Automobile and Truck Dealers Association
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Shari Shapiro

Uber

Also Present
Steve Chillas
Erin Coombs
Annie Cordo
Gene Donaldson
Ken Grant
Shante Hastings
Willett Kempton
Pat Kennedy
Jim Lardear
Lizzie Lewis
Mark Luszcz
Rob McCleary
Colton Phillips
Todd Reavis
Megan Rosica
Ted Smith
David Weir

Delaware OMB – Contracting
Jacobs
DOJ
DelDOT
AAA Mid-Atlantic
DelDOT
UD
FHWA
AAA Mid-Atlantic
Hamilton Goodman Partners, LLC
DelDOT
DelDOT
DelDOT – Planning
DelDOT – Technology and Innovation
Jacobs
Nuvve Corporation
UD

2. Approval of Previous Meeting Minutes
a. There were two requested amendments to the July 19, 2018 minutes—R. MacMillan
should be listed as present, and Philip Barnes is spelled with one ‘l’ rather than two.
b. L. Ledogar made a motion to approve the minutes with the requested amendments.
Motion was seconded by E. Osienski. Motion carried and the amended minutes were
approved.
3. Presentation by University of Delaware and Nuvve Corporation
a. D. Weir reviewed UD’s partnership with the Nuvve Corporation related to Grid
Integrated Vehicles (GIV) with Vehicle-to-Grid (V2G) initiatives and introduced W.
Kempton who provided a detailed presentation about UD’s research and development.
i. Concept of electric vehicles (EVs) as grid storage capability and aggregating EVs
for power storage
ii. EV, V2G and AV
1. Highly compatible, V2G produces value and can produce revenue when
an EV is parked
2. AV/EV could go to nearby plug/build/substation when not in use.
iii. UD created V2G – licensing started 2011
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1. Patents for: aggregator, vehicle smart link (VSL), smart charging station
iv. W. Kempton reviewed Nuvve initiatives happening worldwide – including
locations in Denmark, United Kingdom, and California
v. Delaware Activities
1. Demonstration of grid services along with bill reduction at STAR
campus
a. EVs with GIV and V2G capability
b. Stationary batteries dispatched for grid services along with EVs
2. Technology demonstrated with PJM Interconnection registration and
revenue
3. Proposed project with Delmarva Power to manage EV charging (reduce
need to power system upgrades) – decision pending.
b. Potential acceleration
i. State fleets good for GIV/V2G in Delaware
ii. Could incentivize transit use
iii. DNREC tax credits for work place charging stations and EVs
iv. Adjust credits to add for GIV/V2G
c. Questions & Discussion
i. R. Briggs King – car batteries can ignite and are difficult to extinguish – is
battery storage a consideration as far as safety purposes?
1. UD is not developing battery packs as part of this research and
development; they are managing battery packs made by auto
manufacturers.
2. Fewer battery fires than gasoline fires – still hazard that needs to be
managed and auto manufacturers are aware.
3. OEM have override power if UD is heating batteries too much
ii. P. Cannon – is there a system in place to protect the decline in technology
functionality?
1. OEMs perform a lot of testing so things don’t go wrong
2. There is a diagnostic system in place for problems
iii. P. Barnes – are there policy changes regarding electricity usage being considered
to incentivize more rollout in DE?
1. To make this possible: there has to be allowance for storage behind meter
– adding refinement for SAE J372; there are rules required to operate (in
place in other countries, NJ, NY).
2. To incentivize: EV purchase, workplace charging stations in place; add
incentive to make more common, perhaps retrofitting initially, maybe for
school buses which are building in AC directional systems.
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iv. E. Osienski – Instead of going to grid can power go to household use, for
example?
1. Yes – fewer transactions, higher efficiency.
2. Operating based on local company (i.e. Delmarva) and grid operator.
v. R. McCleary – Does an EV owner know whether their vehicle is being used to
charge grid? Is there any policy that prohibits that today?
1. If using an employee lot or home charging station users do not know; can
look on app to see that charging is happening –legally need permission
from owner, but what power is going toward is not obvious, it will just
say “charging.”
2. Have to deliberately say what kind of charge the vehicle needs –tell app
how much charge the car needs, or tell app that the car needs to be
charged as fast as possible.
4. Discussion Final Report and Recommendations
a. Promoting Economic Development
i. The Council decided that the subcommittee should include a recommendation to
develop financial incentives in order to attract new CAV technology-related
companies, especially those focusing in robotics, sensors, and software
development, to encourage and attract businesses to locate in Delaware.
ii. P. Cannon emphasized the need for legislation that supports economic
development (existing and future) to include the need for robotics, sensors, and
software development.
iii. L. Ledogar made a motion to approve the subcommittee’s recommendations as
amended. S. Chillas seconded and the motion passed.
b. Technology, Security, and Privacy
i. Sec. Cohan asked for clarification of who is responsible for encrypting and
anonymizing CAV data, as stated in the recommendations. S. O’Connor
responded that there is ongoing discussion about whether the State or OEMs are
responsible, and since this has not yet been determined the language was kept
general. Sec. Cohan agreed it is best to keep this language broad in the
recommendations.
ii. Sec. Cohan asked for clarification on the term “living communications plan” in
reference to the subcommittee’s recommendation to continue to keep citizens
informed on data collection, use, and storage. S. O’Connor responded the term
“living” is meant to indicate the communications plan will be regularly updated.
iii. The subcommittee’s first recommendation for Potential State Legislation was
amended to be geared towards federal legislation for automakers to provide plain
language consent forms to owners.
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iv. The subcommittee’s third recommendation for Potential State Legislation was
amended to be specifically for state legislation and to add rental car providers to
those who should be required to wipe vehicle data clean before resale.
v. W. Pfaff made a motion to approve the subcommittee’s recommendations as
amended. S. Chillas seconded and the motion passed.
c. Transportation Network Infrastructure
i. Sec. Cohan suggested amending the recommendation to establish CAV testing
grounds to include deployment in addition to testing.
ii. Sec. Cohan indicated that the subcommittee’s recommendation for Potential State
Legislation regarding Delaware code encourage all companies manufacturing
and/or operating CAV on Delaware’s roadway to collect and share data specific
to roadway and traffic conditions is applicable on a federal level.
iii. Sec. Cohan indicated that the final report from the Advisory Council should
include considerations of impact to the State fleet after deployment.
iv. J. Sisson made a motion to approve the subcommittee’s recommendations as
amended. S. Chillas seconded and the motion passed.
d. Impacts on Public and Highway Safety
i. P. Barnes requested more information about the $2.8 billion figure for the cost to
society of highway crashes indicated in the discussion section of the
subcommittee’s final report. After a separate discussion, M. Luszcz and P.
Barnes agreed the $2.8 billion figure was defensible.
ii. P. Cannon made a motion to approve the subcommittee’s recommendations. W.
Pfaff seconded and the motion passed.
e. Delaware Dept. of Insurance
i. P. Cannon suggested adding a note to the potential state legislation
recommendation regarding the need for evidence of a testing entity’s ability to
satisfy a judgment for damages for personal injury, death, or property damage
caused by a CAV to include that innovation and creativity will not be stifled by
the need for coverage. The Council agreed the language can be softened as to not
scare away potential companies.
ii. S. O’Connor made a motion to approve the subcommittee’s recommendations as
amended. P. Barnes seconded and the motion passed.
5. Public Comment
a. There was no additional comment from the public.
6. Next Meeting
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a. All subcommittee chairs were directed to send their recommendation/report edits to the
Jacobs team to make adjustments as the final report is completed. The final report is
anticipated to be completed and sent to the Council for final review before the end of the
week of August 27th.
b. The Council agreed that a formal submittal of the final report to the Governor should
occur as an opportunity for public outreach. A specific date was not decided upon during
this meeting.
c. W. Pfaff made a motion to adjourn the meeting. J. Sisson seconded and the motion was
approved. The meeting adjourned at 12:46 PM.
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