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What People Are Saying About Driverless Vehicles

“The state of autonomous vehicle technology seems likely to advance
with or without legislative and agency actions at the federal level. However,
the manner in which autonomous vehicle technologies progress and will
eventually be implemented depends heavily on these efforts. Intelligent
planning, meaningful vision, and regulatory action and reform are required.”
Preparing a Nation for Autonomous Vehicles:
Opportunities, Barriers, and Policy Recommendations
Eno Center for Transportation
October, 2013

“‘One thing is clear. The next five to 10 years are going to be the most
disruptive weve ever seen in the history of personal transportation.”
Karl Brauer
Senior Analyst, Kelley Blue Book
July 18,2015

“‘We don't want to be part of the problem of integrating this technology into
the marketplace ... we want to be part of the solution.”

Anthony Fox

Secretary, U.S. Department of Transportation

May 13,2015

“We don't actually think there is a regulatory block. [National Highway
Traffic Safety Administration] is not a permission-granting organization ...
[the NHTSA] could certainly reactively ban it, but we don't think that
they need to grant permission.”
Chris Urmson
Director
Google Self-Driving Car Project
January 12, 2015

‘A lot of times ... the cities and the counties ... are developing long-range
[transportation] plans, but they are always using today's technology. The
20 top MPQs [metropolitan planning organizations] in the nation haven't
addressed autonomous vehicles and their impact on mobility in the future.”
Randell H. Iwasaki
Executive Director
Contra Costa Transportation Authority
May 20, 2015

“We will see more change in the industry in the next five to 10 years than
we have in the last 50.”
Mary T. Barra
Chairman and CEO
General Motors Company
September 16, 2015



Preface

Driverless vehicles have the potential to change all aspects

of mobility - from driver safety and insurance liability to car ownership
and how Americans commute—and could disrupt both public and private
transportation as we know it. As Google, Uber, the automobile industry
and other organizations continue to make rapid technological advances
in driverless cars, it is vital that federal, state and local governments
establish policies, laws and requlations that account for this disruptive
technology. Of utmost importance is finding a balance between guarding
public safety while regulating insurance/liability and simultaneously
encouraging investment in research and development of driverless
vehicles and their implementation and integration into our

transportation system.

Most research papers and news reports regarding driverless vehicles
focus on the technological advancement or implications for society (e.g.,
improved safety and greater mobility for the elderly and disabled people).
Some articles cite the importance of government regulation; however,
very few provide targeted guidance on how government agencies should
respond. Driverless vehicles will likely have a huge impact on our future;
however, it is the government's actions (now and in the future) that will
determine how they are integrated into society and if the impacts are
largely positive or negative. The intent of this guide is to outline the role
of government in the integration of driverless vehicles in society and
present the information that local and regional governments need to
inform planning and decision-making — now and in the future.

The intended audience for this guide includes:

* State/regional/local government officials interested in
understanding the state of driverless vehicle technology and how
government officials should be planning for driverless vehicles.
This group includes representatives from municipalities, transit
agencies, metropolitan planning organizations, air quality agencies,
departments of transportation, departments of motor vehicles,
departments of insurance, highway departments and departments
of public works.

* Federal government officials interested in determining which
driverless vehicle issues should be addressed at the federal versus
state/local levels.

* Transportation consultants interested in supporting state, regional
and local governments as driverless vehicle technology evolves.
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*Other driverless vehicle stakeholders (automakers, technology
developers, insurance brokers, transit advocates, safety advocates,
privacy advocates, and the general public) who are interested in
understanding governments role in driverless vehicles and how
they can best work together.

This guide does not address the following topics:
- Automated vehicle technology advancement.

- Automated vehicle standards, including manufacturing
and data, communications.

- Connected vehicles.

- Licensing requirements.

- Privacy or cyber-security regulations.
- Insurance/liability policies.

- Ethical decision-making.
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Driverless Vehicles 101

This section presents an introduction to driverless vehicles — what they
are and are not, the key players in their development, their status and
potential implications on society.

What Driverless Vehicles Are and Are Not

Fully automated vehicles (AVs), also referred to as driverless cars or
self-driving cars, are capable of sensing their environment and navigating
roads without human input. They rely on technologies like GPS, Lidar
and radar to read their surroundings and make intelligent decisions about
the vehicle’s direction and speed and interaction with other road users,
including cyclists and pedestrians.

Both the National Highway Traffic Safety Administration

(NHTSA) and SAE International have defined levels of vehicle
automation, ranging from driver assistance for a single vehicle function

to full automation with no driver required. The focus of this guide is on
the highest level of automation: fully automated vehicles (or “driverless
cars”). NHTSAS highest level of automation (level 4), also referred to

as “full self-driving automation,” is defined as a vehicle “designed to
perform all safety-critical driving functions and monitor roadway
conditions for an entire trip. Such a design anticipates that the driver will
provide destination or navigation input, but is not expected to be available
for control at any time during the trip.” SAE defines its highest level of
automation (level 5) as 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.”

The following provides a list of what driverless vehicles are not:

* Function-Specific Automation (NHTSA and SAE levels 1and 2).
Automation at this level involves one or more specific control
functions (either independent or working in unison), such as cruise
control and/or lane centering.

* Limited Self-Driving Automation (NHTSA and SAE level 3
and SAE level 4). Vehicles enable the driver to cede full control of
all safety-critical functions under certain traffic or environmental
conditions. For level 3, the driver is expected to be available for
occasional control, but with sufficient transition time. An example
is the current Google car with a steering wheel and brakes available
as back-up for the driver. For SAE level 4 automation, the system
has the capability to restore the vehicle to a minimal risk condition,
even if the human driver fails to respond to a request to intervene.


http://www.nhtsa.gov/About+NHTSA/Press+Releases/U.S.+Department+of+Transportation+Releases+Policy+on+Automated+Vehicle+Development
http://www.sae.org/misc/pdfs/automated_driving.pdf

* Personal Rapid Transit (PRT) - Small automated vehicles that rely
on fixed guideway.

* Connected Vehicles - Connected vehicle (CV) safety
applications are designed to increase situational awareness and
reduce or eliminate crashes through vehicle-to-infrastructure
(V2I), vehicle-to-vehicle (V2V), and vehicle-to-pedestrian (V2P)
data transmissions. Applications support advisories, warnings, and
vehicle and/or infrastructure controls!

Connected vehicle technology is being developed concurrently with
automated vehicle technology, although the relationship between the

two is still being determined. A driverless vehicle uses technology that
exists completely within the car; this technology can read standard traffic
signs, identify bicyclists hand signals, and sense pedestrians independent
of wayside infrastructure. Connected vehicles, on the other hand, rely on
broadcasted communications from other vehicles or the infrastructure

(e.g., roadside signals). Connected vehicles could be automated, but that is
not a necessity. Driverless vehicles may have connected vehicle features, but
thats not essential. Industry observers have wide-ranging opinions on the
likely future for these technologies. Specifically, some industry stakeholders
see connected vehicles as an important step toward a driverless vehicle
society. Some see connected vehicles as the end goal, while others believe
driverless vehicles can be developed and fully integrated into society
without any connected vehicle features. Additionally, many believe the
benefits of these technologies cannot be realized without both in place.
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Driverless Vehicle Impacts

The potential impact of driverless vehicles is vast, with both positive and
negative implications. The extent of these impacts will largely be driven
by government policy (see chapter 5); however, some potential positive
impacts are:

- Improved public safety. This is the largest positive impact, with the
potential elimination of 90 percent of automobile accidents that are
caused by human error.?

- Improved mobility for the elderly, disabled and youth. A survey
found that nearly 15 million people nationwide, six million of whom
are disabled, have difficulties getting the transportation they need?
Moreover, by 2030, one in five Americans will be over 65 years old.*

- Improved traffic circulation. Assuming a 90 percent market share
of driverless (mostly shared) vehicles, freeway congestion could be
reduced by 60 percent.® Also, vehicles cruising the street looking
for parking spots account for 30 percent of current city traffic. That
could potentially be eliminated with shared driverless vehicles.

- Reduced need for parking. In one study, no matter which scenario
was tested, self-driving fleets completely removed the need for
on-street parking due to the level of increased ride sharing and
vehicle sharing. Additionally, up to 80 percent of off-street parking
could be removed, generating new opportunities for alternative uses
of this space.®

- Improved personal mobility options and reduced personal mobility
costs. Each new self-driving taxi added to the fleet eliminates the
need for about 10 privately owned cars.” Essentially, people’s mobility
options will be increased substantially, so the need to own a private
vehicle will be less necessary (at least in most urban and suburban
areas). Among other opportunities, driverless cars could provide
first/last mile transit solutions.

-Reduced emissions. A self-driving, electric taxi in 2030 would
produce 90 percent lower greenhouse gas emissions (GHG) than
a 2014 gasoline-powered privately owned vehicle, and 63 to 82
percent fewer GHG emissions than a 2030 privately owned vehicle
with a hybrid engine.®

- Increased road capacity and throughput. The ability to constantly
monitor surrounding traffic and respond with finely tuned braking
and acceleration adjustments should enable autonomous vehicles
to travel safely at higher speeds and with reduced headway (space)
between each vehicle. Research indicates that the platooning of
autonomous vehicles could increase lane capacity (vehicles per lane
per hour) by up to 500 percent.’



Potential negative impacts include the following:

- Increased vehicle miles travelled (VMT). One study showed that
VMT per driverless vehicle is 20 percent higher than non-driverless
vehicles in a society with minimal vehicle and ride sharing. Additional
VMT increases may be realized from induced demand as travel costs
and congestion fall.®

- Increased urban sprawl. Regardless of the mode of available transit,
people tend to live an average of 25-30 minutes from where
they work!™ And it is predicted that driverless vehicles could travel up
to 120 miles per hour on major highways.”? For this reason, and the
ability of people to engage in activities in their vehicles other than
driving, it is likely that people will be willing to live even farther from
where they work, which could result in reduced accessibility to public
services, increased infrastructure requirements, reduced farmland
and reduced natural land.

-Job loss. 915,000 people are employed in motor vehicle and parts
manufacturing. Additionally, truck, bus, delivery, and taxi drivers
account for nearly 6 million jobs.” These jobs, and others, could
potentially be impacted by vehicles that do not need drivers.
However, this would likely happen gradually and it is anticipated
that many new jobs would also be created with the introduction
of autonomous vehicles.

Driverless Vehicles Time Line

Industry experts and stakeholders have widely varying opinions

on when driverless vehicles will be available. Automakers and
technology developers estimate that driverless vehicle technology
will be publicly available in 2018-2020; however, there are other
factors that will influence the driverless vehicle time line, including
consumer acceptance and adoption, government regulation, privacy
and security requlations and insurance industry adjustments.

Traditional automakers like Mercedes and Toyota already make vehicles
equipped with systems that keep cars within their lanes, apply brakes
when necessary or park themselves. Automakers plan to gradually
automate more functions of driving until, perhaps by 2025, some

cars will be fully capable of driving themselves

On the other hand, Google, Alibaba, Baidu and other technology
companies are aggressively working on their own driverless vehicles, and
could leapfrog the car industry in bringing them to market. Generally,
however, researchers believe that driverless vehicles will not be ubiquitous
on roadways until 2025 - 2040 (and some believe even later).

Chapter 1: Driverless Vehicles 101

Driverless Vehicle “Players”

Google, Uber, most major automakers, and other organizations

are investing significantly in the advancement of driverless technology.
Additionally, many research institutions are partnering with automakers
to provide research support, validation and testing sites. For example,

a few universities are studying the ethical questions associated with
driverless cars (i.e., how to determine who gets harmed versus saved in
an unavoidable accident). The following table provides a partial list of the
key players in the driverless vehicle space (focused on the United States).
Note: This table is not comprehensive and the list of “key players”

is constantly growing.

Key Driverless Vehicle Players Organization Names (Examples)

Automakers Nissan, Mercedes, Tesla, Daimler, Ford, Volvo, Audi

Technology Companies Google, Uber, Apple, Alibaba, Baidu, Easy Mile, Navya

Carnegie Mellon University Traffic21

Stanford University's Center for Automotive Research
University of California, Berkeley's PATH Program
University of Michigan Transportation Research Institute
Virginia Tech Transportation Institute

Research Institutions

United States Department of Transportation

National Highway Traffic Safety Administration

Federal Highway Administration

Federal Transit Administration

Federal Motor Carrier Safety Administration

Intelligent Transportation Systems Joint Program Office

Federal Government

California Department of Motor Vehicles California
Department of Transportation

Michigan Department of Motor Vehicles

Virginia Department of Transportation

State Government

Contra Costa Transportation Authority (Bay Area, California)
Tampa, Florida

Ann Arbor, Michigan

Los Angeles, California

Austin, Texas

Local and Regional
Government




Our Driverless Vehicle Future

This chapter introduces two extreme visions of how society could look
in the long term as driverless vehicles become integrated into society.

It also outlines a potential path for how society could evolve from
today’s manually operated cars to tomorrow’s driverless vehicles. While
envisioning this future may seem like a fantasy, it is important to visualize
this futuristic world in order to understand the potential implications on
our cities. Ultimately, envisioning a driverless vehicle future could help
guide government agencies decision-making in the near and

long term (see chapter 5).

Potential Future Scenarios

It is unclear when society will fully adopt and integrate driverless vehicles;
however, we will likely see increasing numbers of driverless vehicles in the
2025-2030 time frame. The graphic on page 8 presents two extreme
options for what our society could become: a driverless “nightmare”

or a driverless “utopia.”



These scenarios are highly dependent on the level of ride sharing and
vehicle sharing that occurs, although there are other factors to consider
as well. There are significant differences between ride sharing and vehicle
sharing, as described below:

*Vehicle sharing refers to people owning a vehicle and sharing it
rather than purchasing a vehicle with others. Since vehicles are empty
95 percent of the time,” vehicle sharing maximizes the vehicle's
potential while also minimizing the parking requirements associated
with idle cars. The ease of vehicle sharing is greatly enhanced by
driverless vehicles due to two factors:

1) Technological advancements allow for sharing vehicles easily via
a Smartphone app (similar to Airbnb or Uber); and

2) Vehicles can be “delivered” without any person-time required as
drivers are not needed.

* Ride sharing refers to vehicles that are occupied by more than
one person. This refers to buses, car pools or van pools, or a mobility
service (e.q., Lyft Line, Uberpool). Ride sharing can occur regardless
of who owns the vehicle; the key is that vehicles on the road are shared,
as this greatly increases each vehicle’s utilization rate and reduces
demand for parking in crowded urban areas. The benefits of ride
sharing are expanded further when ride sharing enables dynamic trip
matching for multiple passengers. The ease of ride sharing is greatly
enhanced with driverless vehicle technology due to two factors:

1) The perceived time loss or stress associated with picking up and
dropping off other passengers will be minimized because people
will not have to drive or navigate; and

2) The cost of ride sharing services will likely decrease significantly as
drivers will not be needed.

While the “nightmare” and “utopia” scenarios may present extreme
options, this is intentional in order to present cogent visions for the future.
These scenarios will, ultimately, allow for the development of planning
activities and policy guidelines that support the preferred outcome. The
reality will likely be a combination of the two scenarios, each of which is
described in more detail below.

Scenario 1: Scenario 2:
Driverless Nightmare Driverless Utopia

Level of Vehicle and Ride Sharing |

0% of Society 100% of Society

Scenario 1: Driverless Nightmare

Vision: People love the new freedom driverless vehicles afford them

and they typically travel alone in their own (privately owned) vehicle
because they do not want to sacrifice the time needed to share the ride.
Moreover, people send their vehicles to run their errands and, when not
in use, to park in a remote parking lot. Many have chosen to live far from
their jobs, which increases urban sprawl and the overall level of travel

due to the convenience of driverless vehicles. The significant increase in
vehicle miles travelled results in increased traffic and road capacity needs.
Shared trips are, for the most part, taken by low-income individuals who
use ride sharing to supplement limited public transportation options.

Key Attributes:
* Technology: All vehicles operate only in driverless mode.
* Mobility Options:

oCars are mostly privately owned, but even when people
use mobility services, they do not share rides.

oPublic transportation is limited. It is in place, for the most part,
to support low-income individuals. It is highly subsidized and
targeted at specific neighborhoods. Public transportation is,
otherwise, unnecessary because people rely on their own vehicles.

* Government Role: The government allows the private sector to
control and influence the mobility marketplace. Most government
actions are reactive.

*Key Impacts on Society:

o Vehicle miles travelled (VMT) increases dramatically due
to longer commuting distances (urban sprawl), lack of trip linking,
more people using vehicles (e.q., elderly, disabled), and lack of ride
sharing. This results in increased congestion and travel times.

oGovernment must increase road capacity due to the significant

increase in VMT.

oParking needs remain the same as the current day due to a similar
private ownership model. (Parking spaces are relocated because
cars can park themselves remotely.)

olow-income people must live in the few neighborhoods that still
have public transit in order to access their jobs.

olrrespective of VMT increase, greenhouse gas (GHG) emissions
are significantly reduced as many driverless vehicles will likely
be electric.



Supporting Study:

* The International Transport Forum (ITF) conducted a study to
examine the potential impacts of a fully shared, driverless fleet of
vehicles in Lisbon, Portugal. A simulation model found that if
50 percent of car travel is by shared self-driving vehicles and the
remainder by traditional human-piloted cars, total vehicle travel
will increase between 30 percent and 90 percent. This was true
regardless of the availability of high-capacity public transport.'®

Scenario 2: Driverless Utopia

Vision: There are so many cost-effective and reliable transportation
options available that people will not need to own their own cars (or they
will own cars that they choose to share when they're not using them).
Transit agencies (in partnership with private companies) are the main
providers of the driverless shared vehicles. Privately owned cars are not
necessary or desirable in urban and suburban settings. In rural settings,
vehicle and ride sharing are the norm. Moreover, this high level of sharing
has increased each vehicle’s level of usage. Vehicles reach the end of their
useful lives and are replaced sooner, thus allowing the earlier introduction
of new vehicle technology.

Key Attributes:
* Technology: All vehicles operate only in driverless mode.
* Mobility Options:
oPublic Transportation: high-speed rail, commuter rail and other
long-distance rail options are fast, reliable and competitively priced
with single or shared ride services. Driverless vehicles dynamically

provide first-mile and last-mile solutions at lower cost than
traditional transit service.

oCars are mostly owned by businesses providing mobility services.
Individuals may purchase their own car; but will likely share their
vehicles when they're not using them.

oUse of alternative transportation increases due to safer roadways
and more opportunities for bicycling and walking.

* Government Role: The government provides competitive public
transportation options while regulating safety. Additionally, travel
demand is proactively managed through the use of updated land
use, parking and road pricing policies combined with taxation.

*Key Impacts on Society:

oVMT either stays the same as today or increases, but congestion
and travel times are improved due to reduced vehicle headways,
faster roadway speeds and fewer accidents.

oGovernment policies discourage urban sprawl in order to keep
commute times and VMT reasonable.

oRoad capacity needs decrease.

oParking needs decrease substantially due to the reduction
in single-occupancy vehicle/privately owned cars.

olLow-income individuals have excellent access to mobility
options — both public transportation and other shared
driverless rides.

olrrespective of VMT increase, GHG emissions are significantly
reduced due to the high likelihood that many driverless vehicles
will be electric.

Supporting Studies:

* The aforementioned I TF study found that shared driverless vehicles,
combined with high-capacity public transportation, could remove
9 out of 10 cars in a mid-sized European city, but would increase
VMT. Additionally, most on and off-street parking could be removed.”

*Based on a 2014 study completed at the Massachusetts Institute
of Technology, data suggested that a shared-vehicle mobility solution
in Singapore could meet the personal mobility needs of the entire
population with a fleet whose size is approximately one-third of
the total number of passenger vehicles currently in operation.®

* A Columbia University study modeled the impacts of shared
driverless fleets on three environments: a mid-sized U.S. city
(Ann Arbor, Michigan), a low-density suburban development
(Babcock Ranch, Florida) and a large and densely populated
urban area (Manhattan, New York). The study found that for the
120,000 residents of Ann Arbor who travel less than 70 miles
a day, the shared fleet could provide near-instantaneous access
to a vehicle on request with just 15 percent of the vehicles currently
needed for these trips. However, overall travel would increase
due to the need for repositioning vehicles. Similar findings
emerged from the Babcock Ranch case study (3,000-4,000 vehicles
for a projected population of 50,000 people). In the case of
Manhattan, the study found that a fleet of 9,000 taxis could replace
all of the trips taken today by more than 13,000 taxis with average
waiting times of less than one minute (much lower than today).”

Scenarios Summary

The following table presents a summary of these scenarios,

including their attributes and impacts. As mentioned earlier, these
scenarios are purposely depicted as extremes in order to demonstrate
the consequences for society. The future will probably fall somewhere in



between these scenarios. Regardless, the level of impact will largely be
determined by government policy.

Impacts Summary of Driverless Vehicle Future Scenarios
(Changes from Today)

Driverless Driverless

Nightmare Utopia

Safety S S B

VMT

GHG Emissions . 3 ‘

Urban Sprawl B

Parking Requirements No Change ‘
Roadway Maintenance Requirements o ‘
Low-Income Mobility S B

No matter the scenario, there are a few impacts that are likely in a future
driverless vehicle society, including increased safety, increased VMT and
decreased GHG emissions. Driverless vehicles eliminate the human factor,
which, in all forecasts, will significantly reduce the number of vehicle
accidents. VVMT will likely increase as the cost of travel decreases and more
people are able to drive. The experience for passengers in a vehicle will
greatly improve, and vehicles will be able to complete trips without anyone
in the car. Finally, GHG emissions will likely be significantly reduced due

to the likelihood that many driverless vehicles will be electric.

Path to Driverless Vehicles

It is yet to be seen exactly how driverless vehicles will be integrated into
society; however, it will likely be a gradual evolution that occurs over the
next few decades. As the technology continues to be developed and
tested, driverless vehicles will appear first on closed campuses

(e.g,, colleges and military bases) and then on highways, with freight
vehicles appearing first. It is likely the mobility providers (e.g., Uber,

Chapter 2: Our Driverless Vehicle Future

Lyft and automakers) and then public transit agencies will follow suit.
Public transit agencies may see early opportunities to test driverless
vehicles with bus rapid transit or other protected and fixed guideway
services. Additionally, driverless vehicles may provide first/last-mile
services to transit via driverless shuttles. In the short term, we may see
driverless vehicles used in services that do not have passengers, such as
street cleaning, parking enforcement, or delivery services. The following
graphic illustrates how this concept may evolve over time.

As of January 2016, driverless vehicle testing is taking place on closed
campuses in places like MCity (the University of Michigan’s test site),
Santa Clara University and the Contra Costa Transportation Authority’s
GoMentum test site. Additionally, driverless vehicles are being tested on
highways in mixed traffic.

Public transit
is mostly AV ™
100% y t
Roads are

S designated for
£ N manual cars
S on-passenger
U,g seﬁwces g Public transit

£ switchto AV adopts AVJO’

< Tan

'% Freight AVs flrst//ast mile

i:; are earliest solutions Auto dealers

£ adopters @ selling AVs
g AVs on roads (mainstream)
I | for testmgl

o urposes on

® P P y

Mobility providers
introduce AV
Today 2020 2035 2040
Time Line

Note: ‘Manual cars” refer to vehicles that require drivers (today’s cars).

In the future, it is likely that the roll-out of driverless vehicles on highways
will happen more quickly than on local roads due to the more predictable
operating environment of highways, including consistent lane markings
and signage and significantly fewer physical obstacles than local roads.

Over time, it may be viewed as less safe to have conventional manual
vehicles on the roadways. In fact, during a transition period when both
conventional and self-driving vehicles would be on the road, the risk for
conventional vehicles could be elevated.® At some level of driverless
vehicle proliferation, it's possible the government might certify or approve
only certain lanes as acceptable for manual vehicles or ban manually
operated vehicles outright (see chapter 5).



Government’s Current Role in Driverless Vehicles

Currently, the governmentss role in the burgeoning driverless vehicle
industry is limited. This chapter describes the government’s role as of
January 2016 at the federal, state and local levels in the United States.

Federal Government Role

At the federal level, the National Highway Traffic Safety Administration
(NHTSA) is supporting some initial research in automated vehicles,
human interactions with automated vehicles, and performance and safety
requirements.”’ The organization has also established a classification
system for various levels of vehicle automation (see chapter 1). NHTSA
issued policy guidance with recommendations (not requirements) for
states that have authorized the operation of self-driving vehicles, including
how to ensure safe operation of the cars throughout the testing phase.2
Many of the federal government’s efforts have been focused on funding
research and policy development on connected vehicles, including
getting pilot programs off the ground.

State Government Role

At the state level, a wide variety of laws and regulations have been
enacted or implemented. As of January 2016, California, Michigan,
Florida, Nevada, Tennessee and Washington D.C. have enacted
legislation allowing limited driverless vehicle testing on public roadways.?
Related legislation is pending in many other states. The statutory
language varies among the states and the focus of legislation

varies among these topics:

* The “drivers” (people sitting behind the steering wheel) need
to be pre-approved and they need to have proof of training by
the manufacturer;

* These “drivers” must also have the ability to take over control of the
car (via a steering wheel, gas pedal, and brake pedal, at a minimum)
at any time;

* Manufacturers are required to maintain some level of insurance coverage;

* Manufacturers need to show that their driverless vehicles have
been tested and can safely comply with all applicable traffic laws;

* Driverless vehicles must store sensor data for a pre-established
amount of time; and

* Some reporting (of incidents, at a minimum) is required.

Currently, there is little consistency or precedent on a safety and licensing
framework among the existing and emerging legislation. Some states
have opted against the creation of new requlations for driverless vehicle



testing or operation because of concern that previous laws have stunted
research in those states that passed testing regulations.?*

Local Government Role

Local government involvement in the advancement of driverless
vehicles is minimal. A few cities are making the news as driverless
vehicles are being tested on their streets (notably Mountain View,
California and Las Vegas, Nevada); however, the cities are not
necessarily investing in the technology or actively forming
partnerships with the technology developers.

Chapter 3: Government’s Current Role in Driverless Vehicles
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Proposed Government Role in Driverless Vehicles

The following section describes the aspects of driverless vehicles that

will likely require government involvement now or in the future. As shown
in the graphic below, the federal government will likely need to update,
establish and enforce policies and regulations related to safety, privacy/
data sharing and cyber security, in addition to establishing and enforcing
vehicle and safety standards. On the other hand, state and local
governments will need to update, establish and enforce policies and
plans for mobility, infrastructure, transit and financials. This will maintain
the governments role in protecting individuals safety and improving
mobility around the country.

Proposed Government Role in Driverless Vehicles

Federal Role State and Local Role

Manufacturing Mobility

Vehicle Design Infrastructure

Privacy/
Data Sharing

Infrastructure Transit

Cyber

Security Data/

Communications Financial

Proposed Federal Government Role in Driverless Vehicles

It is crucial that the federal government proactively establish policies

and regulations for driverless vehicles to ensure that passengers and
bystanders are safe, but also because it is inefficient, costly and confusing
for stakeholders to comply with multiple, disparate state laws. The
following are issues that are most appropriately addressed at the

national level:
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*Safety. The federal government should lead the charge in
establishing (or updating existing) safety standards for driverless
vehicles, similar to those already in place by NHTSA. Specifically,
the federal government could establish standards for manufacturing,
vehicle design, infrastructure, and all aspects of data and
communications — all with the intent of improving safety on
our roadways.

* Privacy/Data Sharing. Because driverless vehicles will gather
a large volume of data to operate most effectively, there are
significant concerns about data ownership, collection and use.
The federal government should, as it has with other data-rich
industries, require that the driverless vehicle industry is secure
and transparent with consumers about data ownership, storing,
sharing and security breaches.

* Cyber Security. Driverless vehicles could be targets for terrorists,
and an attack carries the risk of significant, coordinated traffic
disruptions or collisions. The National Institute of Standards and
Technology (NIST) is currently developing a framework to improve
critical infrastructure cyber security?® It is vital that the government
ensures that this encompasses the risks associated with
driverless vehicles.

It should be noted that many of the issues described above are relevant
for connected vehicles as well.

Proposed State, Regional and Local Government Role in
Driverless Vehicles

Driverless vehicles have the potential to impact states and municipalities

in a number of ways, with the greatest impact being significantly improved

safety. Other potential effects include:

» Traffic congestion and tax revenues may increase or decrease;

* Current public transit options may need to become more competitive;

* Parking needs may decrease; and
* Roadway infrastructure may need to be adapted (to name a few).

Local governments will need to plan for these many changes and
influence outcomes by enacting thoughtful policies.

Depending on the governance model of a particular region, various
local entities will have jurisdiction over driverless vehicles. These local,
regional and state governments could include transit agencies,
metropolitan planning organizations, air quality districts, departments
of transportation, highway departments, departments of motor vehicles,
departments of insurance and departments of public works.

The following are a range of issues that are most appropriately addressed
at the local level:

* Mobility. There are many factors that will influence the level of
congestion within and around our cities. As described in chapter 2,
the level of ride sharing and the competitiveness of public
transportation will be significant factors. Additional factors include:
increased mobility options for the elderly, disabled and youth
populations; people being willing to live farther from their jobs;
and increased road capacity due to shorter headways between
vehicles and reduced parking requirements.

* Infrastructure. Depending on the evolution of driverless vehicles
(and connected vehicle technology as well), local infrastructure will
need to keep pace. Specifically, local governments may need to
update and reconfigure signage, speed limits, signal timing, roadways
and parking spaces.

* Transit. As driverless vehicles become more popular, everything
from service coverage to vehicle types to labor requirements stands
to change. Transit agencies will need to rethink their services, labor
needs and fee structure in order to stay competitive in the new
transportation environment.

* Financials. The widespread use of driverless vehicles will have
potentially significant financial consequences for local governments.
Taxes, parking fees, speeding tickets, parking real estate and incident
management are just a few of the revenues and costs likely to be
impacted. Moreover, local government may need to identify
new sources of revenue to pay for infrastructure.

In the near term, states are in a position to provide requlations
regarding the testing and public use of driverless cars. States will also

likely determine the licensing requirements associated with driverless cars.

Researchers from the University of Michigan Transportation (UMTRI)
suggest that self-driving vehicles should be subject to a license test.

The following chapter describes specific actions the state, regional, and
local governments can take both now and in the future to proactively
address the issues likely to arise from the proliferation of driverless
vehicles in our society.
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Local, Regional and State Recommendations for Action

As outlined in chapter 1, driverless vehicles will have significant impacts on
society. Local, regional and state governments need to start planning for
these impacts now. In fact, governments need to consider the following
planning and policy actions over the next decade, as the driverless
vehicles roll-out is well within typical transportation planning time frames:

* Near-term planning activities.

* Medium- to long-term activities, including planning and
infrastructure modifications.

*Policy development.

While short-term planning activities need not be excessively

time consuming or labor intensive, policy development and medium-

to long-term activities will require significantly more resources and
political will. It should be noted that the anticipated benefits far outweigh
the costs associated with these activities.

Near-Term Planning Activities

As described in_chapter 1, the next few years will likely be a time for
continued development and testing of driverless technology. The
recommendations outlined for the near term are focused on supporting
the advancement of the technology and positioning the government
to successfully plan for the future driverless vehicle society.

1. Stay Educated on Diriverless Vehicle Progress

It is vital that local, regional and state governments become educated on
the state of this constantly evolving disruptive technology. Government
representatives should follow the development of driverless vehicles —
both with respect to technology advancement and policy development,
in the United States and internationally. While many aspects of the
technology are being developed confidentially, there is plenty of publicly
available information from which to learn. These are a few suggested
approaches to monitoring these developments:

*Subscribe to ITS America Smartbrief and attend local and

national ITS conferences.

* Follow the Transportation Research Board (TRB) Vehicle
Highway Automation Committee.

* Subscribe to the Association for Unmanned Vehicle System’s
International (AUVS) listserv and attend AUVSI conferences.

*Set up a weekly news alert for “driverless vehicles” and
“driverless cars.”
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* Follow blogs for emerging developments in driverless vehicles,
such as my own DrivingTowards Driverless blog or

Driverless Car Market Watch.

Other reports and websites can be found in the Additional Resources
section at the end of this guide.

2.Incorporate Driverless Vehicles into City Goals

Driverless vehicles present an opportunity for state and local
governments to meet many of their goals. Many cities are undertaking
Vision Zero initiatives, setting greenhouse gas reduction goals, increasing
transit cost-effectiveness goals, and aiming to enhance freight mobility.
Government agencies may consider evaluating how driverless vehicles
could directly impact long-range goals such as these. The USDOT
report, Benefits Estimation Framework for Automated Vehicle
Operations, provides an approach for estimating the potential benefits
associated with automated vehicles.

3. Establish Communications and/or Coalition with Driverless

Vehicle Stakeholders

Ideally, government entities will become partners with this ever-growing
community. Stakeholders to consider include local representatives

from the “key players” listed in chapter 1. Participation in a coalition can
be a way to garner or provide valuable input as policies and plans are
developed in future years.

4.Support Testing Activities

States will likely continue to be responsible for driverless vehicles’ licensing
and testing requirements. This includes establishing the standard for who
can “drive” (or be responsible for) a driverless vehicle, and how and where
the vehicle must be tested. This guide does not have any specific
recommendations for these requirements; however, consistency among
states and collaboration with the technology developers is recommended.

Additionally, government entities might consider offering
government-owned closed-campus land parcels as locations for
technology developers’ testing. Examples include: college campuses
(e.g., Santa Clara University), islands, and former military bases

(e.g., GoMentum). This can support the advancement of the technology
while also keeping government informed and connected to its private
industry partners.

5.Establish Policies and Plans with Consideration for the Future

In addition to increasing awareness of driverless vehicle technology,
local, regional and state governments should develop plans and policies
with an eye to the future and a focus on safety. The ability to create
plans and policies that are flexible and easily updated will be vital as
technologies evolve and society’s needs change. For example, a transit

agency’s fleet management plan may specify vehicle needs for the next
30 years; however, it should also acknowledge the potential for a
significant change in vehicle technologies and vehicle sizes. Additionally,
plans for expanding roadways and parking may end up being
unnecessary and these possibilities should be incorporated in agencies’
planning functions and vehicle procurement.

6.Encourage Open Data Sharing

As more information becomes available, the government is in a position
to encourage the open sharing of data. While it is important to preserve
people’s privacy, open, anonymized data can improve government
decision-making and help the government to develop more informed
policies and plans. Information on what open data is and why it's important
can be found on the website of Government Technology.

Private companies may not be willing to share their data. In order

to motivate these private companies, government may consider giving
companies strong tax incentives for sharing data for the public good.
Additionally, public and private companies will need to work together
to identify models for data sharing in ways that respect personal privacy
and security.

Medium to Long-Term Recommendations

The following recommendations present activities that will likely need

to happen irrespective of which driverless vehicle scenario occurs. These
include planning activities, infrastructure modifications and a few
additional miscellaneous activities.

Planning Activities

The following activities represent short-range and long-range planning
considerations that will continue to evolve over the next few decades.
It will be important to reevaluate these activities as driverless vehicles
become more pervasive.

1. Update travel demand model

As more information about driverless vehicles and their usage becomes
available, travel demand models will need to be updated. Ideally the
models should include updated information regarding who is traveling
(i.e., elderly and disabled may travel more with access to driverless
vehicles), where people are living and working, how many trips they are
taking, how they value the time while traveling, what level of shared rides
are occurring, and the vehicle ownership model. The models should also
capture any changes associated with freight delivery. All of these factors
are likely to impact travel behavior. Modeling these impacts will likely be
refined as the technology is developed further; however, a research paper
prepared by staff of the Puget Sound Regional Council describes one
approach to updating an existing activity-based travel model.
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2. Evaluate Road Capacity Needs

It is recommended that based on findings from the travel demand mod-
els, government agencies update long-range plans to consider whether
driverless vehicles will result in increased or decreased

congestion, and develop strategies to address increased congestion if
warranted. Road congestion may increase or decrease depending on
whether or not VMT increases or decreases and whether or not

vehicle throughput is increased (see chapter 2).

3. Assess transit service delivery plans and fleet requirements

Transit agencies should seek to leverage driverless technology to
maximize the cost-effectiveness of their service while ensuring equitable,
fairly priced mobility options for everyone. As such, transit agencies will
need to evaluate the full mobility eco-system (and how it has evolved in
recent years with many private companies getting involved) to determine
the appropriate level and location of transit services. Transit agencies
might consider the following:

- Leverage private mobility companies to provide first/last mile
solutions to longer-distance transit services.

- Transition the transit fleet to leverage driverless technology -
potentially beginning with bus rapid transit and other services
operating in protected guideways.

- Transition or subsidize paratransit services to private
mobility companies.

Transit agencies will also need to reevaluate their fleet management
plans in order to incorporate driverless vehicles in their fleets. This will
have significant implications for labor requirements (and union
agreements), maintenance facilities, maintenance workers and the

safety and security of passengers. Note: This applies to public school bus
systems as well.

4.Forecast financial implications

A cross-functional group of stakeholders and government officials should
examine every line item of the budget to evaluate the potential financial
implications of driverless vehicles. Examples of items to consider are:

* Parking revenues (or alternate revenues associated with land
previously used for parking).

*Speed ticket violation fees.

* Tax revenues related to vehicle purchases, registration fees, and VMT.
*Health and life insurance costs.

* Transit agency costs and revenues.

* Incident management costs.

*Insurance costs.

* Government fleet transition to driverless vehicles.
*New enforcement activities.

* Unemployment insurance.

Note: Driverless vehicles could provide opportunities for municipal
services to be delivered more cost-effectively as well.

Infrastructure Modifications

The following activities highlight the many infrastructure changes likely
to be necessary over the next couple of decades. Many of these will not
be determined until driverless vehicle technology is more fully developed
and, in some cases, not until these vehicles are widely used on roadways.
However, some may be necessary prerequisites for driverless vehicles to
be able to operate efficiently and safely.

1. Update traffic signs and markings

Local governments should monitor and provide feedback on any updates
to the Federal Highway Administration’s Manual on Uniform Traffic
Control Devices (MUTCD). This document provides information on
changes to standards regarding how traffic signs, road surface markings,
and signals are designed, installed and used.

2.Reduce lane width

Assuming lanes are marked appropriately, driverless vehicles will not
require the traditional 10-12 foot lane widths on local roads or highways.
Reducing the width of lanes might not be a necessity, but it could increase
the capacity of roadways, provide added space for bike lanes, and/or
improve walkability.

3. Alter speed limits

Driverless vehicles will travel at or below the speed limit specified on
roads. In a fully driverless vehicle environment, it might be just as safe to
have higher speed limits in some areas, especially highways, and speed
limits in urban areas could also be adjusted to maximize safety benefits.
It is likely that the methods for setting speed limits will change over time.
Federal guidance regarding speed management safety can be found on

the FHWA website.
4.Adjust traffic signal locations and timing

A fully driverless vehicle society will likely introduce entirely new travel
patterns. As a result, the local government might need to alter traffic
signal locations and timing. In the future, traffic signals may be
unnecessary or they may be highly adaptive to current traffic flow. This
introduces new concerns regarding pedestrian and biker safety.
Additionally, local governments may consider prioritizing pedestrians,
cyclists, transit, and shared-occupancy vehicles at intersections.
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5.Eliminate/reduce parking and add more drop-off/pick-up locations

As mentioned in chapter 2, many parking spaces (both on-street and
off-street) may be unnecessary due to the potential for reduced private
vehicle ownership and the ability of driverless vehicles to park themselves
in remote locations. On the other hand, parking spaces might still be
necessary, but they could be relocated, potentially outside of city centers.
For these reasons, more infrastructure for passenger pick-up and
drop-off locations may be required. Additionally, parking space sizes
could be reduced.

6.Add electric vehicle charging infrastructure

Most forecasts and studies assume that driverless vehicles will utilize
electric-powered vehicles. This technology is still evolving; however, it

is likely that public infrastructure, including parking spaces and pick-up/
drop-off locations could better support mobility by providing electric
charging stations. Moreover, “dynamic wireless power transfer” technology
may provide mobile charging to vehicles via roadways while in motion.#”
The U.S. Department of Energy’s website has useful information about
this technology.

7. Develop new predictive models for pavement maintenance

The timing for pavement maintenance may be quite different from
today's requirements. Level of roadway usage would significantly increase
or decrease (depending on whether or not VMT increases or decreases)
and driverless vehicles may be lighter and operate in a way that has less
impact on the roadway.

8.Designate/certify roads for driverless and/or manual operation

Designating or certifying roads for driverless vehicles implies that the
roadway owner (a government entity) would provide some framework
for evaluating and confirming that a roadway is acceptable for a
specified usage. It is debatable whether or not this will be needed. Some
see designated roadways as inevitable since government agencies will
assume some level of responsibility for the “driving public.” Others think
that certifying roadways (whether for driverless or manually operated
cars) would be too resource-intensive and would also result in

a higher level of liability than would be reasonable. Examples of
certification requirements may include:

* Clear markings or signage for the vehicles to read.
* Electronic communications/updates regarding speed limits.
* Appropriate signage regarding construction zones.

* Communications to other road users about the vehicle types allowed
on that roadway.

Miscellaneous

The following activities do not fit into any of the previous categories.
They include updating of enforcement and incident management
functions of local government.

1. Update enforcement function within government
Existing enforcement activities, including the pursuit of speed limit
evaders and drunk drivers, will likely be completely unnecessary in
a driverless vehicle society. In fact, the enforcement requirements
will likely shift to include the following types of activities:
* Certifying roadways and ensuring driverless vehicles are driving
safely on these roadways.

* Ensuring the safety of transit passengers.

* Ensuring any managed roadways (Express Lanes, HOT
lanes, etc.) are collecting appropriate revenues and that transit
passengers pay fares.

* Ensuring data is shared appropriately.
2. Update incident management function within government

Currently, the government spends a significant amount on
responding to accidents and even removing roadkill. While some
level of vehicle accidents will be inevitable, the number of incidents

is forecasted to decrease substantially. As such, the local government
can reduce that function and potentially reduce costs.

3. Incorporate driverless vehicle technology into government services

The government provides many services and conducts many
activities that could involve vehicles without passengers. These are
potential early opportunities for the government to consider testing
and incorporating driverless technology into their operations.
Examples include street cleaning and parking enforcement.

4. Update government workforce to match needs

There is no question that, irrespective of which scenario

(from chapter 2) occurs, the government’s role will need to change.
As such, it will be necessary for the government at all levels to ensure
that its workforce has the skills needed to fill various positions and
functions that emerge as people change their travel behavior and
patterns. While this is hard to predict at this point, it will be important
to follow driverless technology developments around the world and
invest in training throughout this time of significant change.
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Policy Activities

As outlined in chapter 2, driverless vehicles could create a “driverless
utopia” or a “driverless nightmare.” This guide assumes that local, regional
and state governments will want to take actions that encourage moving
toward the “driverless utopia” scenario. The following activities represent
policies that the government could put in place to influence how
driverless vehicles can affect VMT, urban sprawl and/or parking
requirements. These policies could be put in place at any time; however,
the sooner they are in place, the sooner any potential negative impacts
of driverless vehicles could be mitigated.

1. Update roadway policies and infrastructure to manage the

VMT impact

Unless a ride-sharing model prevails, driverless vehicles will likely
encourage people to increase their travel significantly. With the
propagation of electric vehicles, the cost of fuel likely decreasing, and
the expectation they will be productive while in their car, people may
travel more often and for longer distances. For that reason, the following
changes to roadways may help to dis-incentivize this potential increase
in VMT by encouraging shared mobility models:

* Adopt or increase roadway tolls in general and/or specifically
for single-occupancy vehicles.

* Add or designate more high-occupancy vehicle (HOV), high
occupancy toll (HOT), and express lanes.

* Add congestion pricing in and around urban areas or downtown
cores/central business districts.

* Develop policies for managing the likely need for more curb
space for pickups/drop-offs, and provide priority access for
high-occupancy vehicles.

2.Adjust land use polices to reduce urban spraw!

Driverless vehicles present the possibility of people being willing to live
much farther away from their workplaces since their commute times
may be newly productive. For that reason, it will be important for local
governments that wish to reduce urban sprawl to establish specific
policies to encourage high-density, walkable communities.

Examples include:

* Add more transit-oriented development and transit service,
in order to allow better hubs for driverless vehicle pick up
and navigation.

* Make pedestrian access to destinations (housing, schools, stores)
faster and easier by minimizing the space allocated to parking lots
and parking garages.

* Create policies and processes that encourage developers to build
walkable communities.

* Create and enforce urban growth boundaries

*Develop policies that make greenfield development and
septic-based development very expensive and onerous while,
similarly, supporting infill development.

*Improve the quality of the schools in the urban core.

3. Adjust the tax/fee structure to dis-incentivize car ownership

and/or parking
Driverless vehicles may result in an increase in single occupancy vehicle
trips (and, ultimately, increased VMT). Taxes and fees can be increased
or decreased to incentivize sharing rides and dis-incentivize private car
ownership and single-occupancy vehicle rides. Examples of taxes that can
do this include:

*Sales tax or vehicle license fee on private vehicle purchases.
*Taxon VMT.
*High fees for public parking and high taxes for private parking.

*Reduced (or even subsidized) costs and parking fees for shared
ride services.

*Reduced (or even subsidized) costs for bike share, shuttles and
other first/last mile solutions.

* Leverage driverless vehicle services for local “‘quaranteed ride home”
programs so commuters feel confident they can get home regardless
of how they got to work.?®

4.Alter parking policies to reduce the need for private parking

If people own driverless vehicles and rarely share them, parking needs

will probably remain similar to today or increase commensurate with the
population. On the other hand, increased ride sharing and vehicle sharing
could significantly reduce or alter parking requirements. Parking policies
can be established to minimize the land dedicated to parking and manage
where parking spaces are located. Examples include:

* Eliminate minimum parking requirements in zoning laws and
encourage more pick-up/drop-off locations at developments.

*Require developers to pay for the right to develop parking
spaces and use that funding to pay for parking in designated
(and possibly remote) locations.

* Establish a city-wide limit on parking spaces.

* Dedicate parking spaces for shared vehicles.
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* Institute variable-priced parking to proactively manage how
parking spaces are used.

* Establish policies requiring all new parking facilities to be designed
and built to be adaptable (since they may not be needed for parking
in the future). Key elements of adaptability are flat floors, comfortable
floor-to-ceiling heights, and enough loading capacity to support
another structural use.?”

Other examples of parking management policies can be found in
Parking Best Practices: A Review of Zoning Regulation and Policies
Pertaining to Parking, produced by the New York City Department of
City Planning.

5.Change transit pricing

As described earlier in this section, transit agencies will need to determine
the appropriate level and location of transit service. For example, smaller
transit vehicles with dynamic service may make public transit competitive
with private vehicles and other mobility providers. In conjunction with

this planning effort, it will be important to evaluate transit's “competition”
and ensure that transit service is competitively priced and comparable in
reliability, convenience and safety. Transit has always been subsidized and
this will likely need to continue - especially if it is intended to support

the low-income population and potentially low-ridership routes. Without
reduced labor costs - including salaries, benefits and pensions - there is
a real opportunity for transit agencies to become more competitive and
financially sound through the use of driverless transit vehicles.
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Conclusion

Driverless vehicles are coming, with or without government

involvement, and there is no question that they will have a significant
impact on society. People may choose to live farther from their jobs, roads
may become more congested, and public transportation may no longer
exist. On the other hand, road safety may be drastically improved and
current non-drivers may have new mobility options. The driverless vehicle
could, literally, change how we approach all aspects of life.

Simultaneously, the lines between public and private responsibilities

with regard to mobility are blurring. Automakers are becoming service
providers, the taxi business model is becoming obsolete, and ride-hailing
companies are providing new mobility options. This has created new
‘competition” for public transit and, as such, is requiring the government
to rethink its role in mobility. These changing perspectives, combined
with the potential of driverless vehicles to transform all transportation
sectors, creates a huge opportunity for local, regional, state and federal
governments to use driverless vehicles to meet their transportation, land
use and mobility goals.

With the coming of driverless vehicles, government at all levels in the
United States has the opportunity to proactively establish goals and
policies that can continue to support the driverless vehicle revolution
while keeping the traveling public safe and mobile. If successful, the U.S.
experience could be a model for other countries.
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Glossary

Automated vehicles (AV) - Vehicles that use advanced technologies
to assist a driver. Fully automated vehicles are driverless. See definitions
in chapter 1.

Driverless Vehicles - Vehicles that are designed to perform all
safety-critical driving functions and monitor roadway conditions for

an entire trip. Such a design anticipates that the driver will provide
destination or navigation input, but is not expected to be available

for control at any time during the trip. See definitions in chapter 1.

Connected Vehicles (CV) - Connected vehicle safety applications are
designed to increase situational awareness and reduce or eliminate
crashes through vehicle-to-infrastructure (V2l), vehicle-to-vehicle
(V2V), and vehicle-to-pedestrian (V2P) data transmissions.

Function-Specific Automation — The National Highway Traffic Safety
Administration's (NHTSA) definition of the lowest level of automation.
It involves one or more specific control functions (either independent or
working in unison), such as self-parking assist or cruise control.

Global Positioning System (GPS) — One of the key technologies in
driverless vehicles. GPS is a space-based navigation system that provides
location and time information in all weather conditions.

Lidar - One of the key technologies in driverless vehicles is Lidar. It is a
spinning light detection and ranging system that allows reflections from
the spinning lasers to produce a point cloud. It can sense movement all
around and is therefore fully aware of all objects on all sides and tracks
them in real time.

Limited Self-Driving Automation — This is NHTSA third level of
automation. It refers to vehicles that enable the driver to cede full control
of all safety-critical functions under certain traffic or environmental
conditions. The driver is expected to be available for occasional control,
but with sufficient transition time.

Mobility Providers — Public and private organizations that are providing
transportation services to the traveling public. These may include public
transit agencies, transportation network companies (e.g., Uber and Lyft)
and taxis.

National Highway Traffic Safety Administration - NHTSA is responsible
for reducing deaths, injuries and economic losses resulting from motor
vehicle crashes. This is accomplished by setting and

enforcing safety performance standards for motor vehicles and motor
vehicle equipment, and through grants to state and local governments
to enable them to conduct effective local highway safety programs.
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Personal Rapid Transit (PRT) - Small fully automated vehicles that rely
on fixed guideway.

Vehicle Miles Traveled (VMT) - A measurement of distance traveled by
vehicles across all roads. VMT is a metric used to study travel and traffic
trends over time.

Notes

1 http://www.iteris.com/cvria/html/about/connectedvehicle html, August 5, 2015

2 http://deepbluelibumich.edu/handle/2027.42/64993, Tri-L evel Study of the Causes of
Traffic Accidents, May 20, 2015

3 http://wwwiritadot.gov/bts/sites/rita.dot.gov.bts/files/publications/
special_reports_and_issue_briefs/issue_briefs/number_03/html/entire.html, July 1, 2015

4 http://longevity3.stanford.edu/wp-content/uploads/2013/01/
New-Realities-of-an-Older-America.pdf, July 1, 2015

5 http://www.caee.utexas.edu/prof/kockelman/public_html/ TRB14EnoAVs.pdf,
February 8, 2015

6 http://www.internationaltransportforum.org/Pub/pdf/15CPB_Self-drivingcars.pdf,
July 1, 2015

7 http://www.internationaltransportforum.org/Pub/pdf/15CPB_Self-drivingcars.pdf,
July 1, 2015

8 http://www.nature.com/articles/nclimate2685.epdf?referrer_access_token=JF80Oeal M
Kxpts_1bkyVEUdRgNOjAWel9inR3Z0 TvOOgWH88gW1xBh-ptYSEqpmrED
hKDMpwux-PzU5_NObBblu59Isblsjk8sfA28 WIFIBjJ5ylWfs2H5KmMbPT2c V3Ol
R8iJpMEAewRHZ1GalyinKhAgapKLb4_IMVB7l jpgouVf_gg365AgTNzU-83
ukiwg-zk4QUI3j TbvsiPrE1eaxJo4JLIgCijiNI98bgGgaZ 9lmKXc4Hué1
LxhLpulcE2IbhUhA3a9PObHYIAtTBYDQnlvmyrECEoZLQPjulr3nUA%3D &

tracking_referrer=www.slate.comhttp://www.nature.com/nclimate/journal /vaop/ncurrent/

full )nclimate2685.html, July 12, 2015

9 http://home.isruc.pt/~pedro/T-ITS-11-02-0065.pdf, August 25, 2015

10 http://www.caee.utexas.edu/prof/kockelman/public_html/TRB14EnoAVs.pdf, July 1, 2015

11 http://www.citylab.com/commute/2014/06 /why-commute-times-dont-change-much-
even-as-a-city-grows/373051/, July 1, 2015

12 http://ideas 4brad.com/120mph-robocar-mostly-lane-hours, July 1, 2015

13 http://www.bls.gov/iag/tgs/iagautohtm, July 1, 2015

14 http://bigstory.ap.org/article/e48b7812dfea4bbb806e8313dc618e42/
2-visions-emerge-getting-self-driving-cars-road, August 28, 2015

15 http://www.reinventingparking.org/2013/02 /cars-are-parked-95-of-time-lets-check html

16 http://www.internationaltransportforum.org/Pub/pdf/15CPB_Self-drivingcars.pdf,
August 25, 2015

17 http://www.internationaltransportforum.org/Pub/pdf/15CPB_Self-drivingcars.pdf,
August 25, 2015

18 http://hdlLhandle.net/1721.1/82904, August 25, 2015

19 http://sustainablemobility.ei.columbia.edu/files/2012/12/
Transforming-Personal-Mobility-Jan-27-20132.pdf, August 25, 2015

20 http://deepblue lib.umich.edu/bitstream/handle/2027.42/111735/103187,pdf,
November 16, 2015

21 http://www.nhtsa.gov/About+NHTSA/Press+Releases/U.S.+Department+of+
Transportation+Releases+Policy+on+Automated+Vehicle+Development, May 20, 2015

39


http://www.iteris.com/cvria/html/about/connectedvehicle.html
http://deepblue.lib.umich.edu/handle/2027.42/64993
http://www.rita.dot.gov/bts/sites/rita.dot.gov.bts/files/publications/special_reports_and_issue_briefs/issue_briefs/number_03/html/entire.html
http://www.rita.dot.gov/bts/sites/rita.dot.gov.bts/files/publications/special_reports_and_issue_briefs/issue_briefs/number_03/html/entire.html
http://longevity3.stanford.edu/wp-content/uploads/2013/01/New-Realities-of-an-Older-America.pdf
http://longevity3.stanford.edu/wp-content/uploads/2013/01/New-Realities-of-an-Older-America.pdf
http://www.caee.utexas.edu/prof/kockelman/public_html/TRB14EnoAVs.pdf
http://www.internationaltransportforum.org/Pub/pdf/15CPB_Self-drivingcars.pdf
http://www.internationaltransportforum.org/Pub/pdf/15CPB_Self-drivingcars.pdf
http://www.nature.com/articles/nclimate2685.epdf?referrer_access_token=JF8OeaLMKxpts_1bkyVEUdRgN0jAjWel9jnR3ZoTv0OgWH88gW1xBh-ptYSEqpmrEDhKDMpwux-PzU5_NObBblu59Isbl8jk85fA28WIFJBjJ5yIWfs2H5KmMbPT2cV3OIR8iJpMEAewRHZ1GaIyinKhAgapKLb4_lMVB7Ljpg0uVf_gg365AgTNzU-83ukiwq-zk4Ql3jTbv5iPrF1eaxJo4JLlgCijNI98bqGgqZ9ImKXc4Hu61LxhLpuIcE2IbhUhA3a9PObHYlAtTBVDQnIvmyrECEoZLQPju1r3nUA%3D&tracking_referrer=www.slate.comhttp://www.nature.com/nclimate/journal/vaop/ncurrent/full/nclimate2685.html
http://www.nature.com/articles/nclimate2685.epdf?referrer_access_token=JF8OeaLMKxpts_1bkyVEUdRgN0jAjWel9jnR3ZoTv0OgWH88gW1xBh-ptYSEqpmrEDhKDMpwux-PzU5_NObBblu59Isbl8jk85fA28WIFJBjJ5yIWfs2H5KmMbPT2cV3OIR8iJpMEAewRHZ1GaIyinKhAgapKLb4_lMVB7Ljpg0uVf_gg365AgTNzU-83ukiwq-zk4Ql3jTbv5iPrF1eaxJo4JLlgCijNI98bqGgqZ9ImKXc4Hu61LxhLpuIcE2IbhUhA3a9PObHYlAtTBVDQnIvmyrECEoZLQPju1r3nUA%3D&tracking_referrer=www.slate.comhttp://www.nature.com/nclimate/journal/vaop/ncurrent/full/nclimate2685.html
http://www.nature.com/articles/nclimate2685.epdf?referrer_access_token=JF8OeaLMKxpts_1bkyVEUdRgN0jAjWel9jnR3ZoTv0OgWH88gW1xBh-ptYSEqpmrEDhKDMpwux-PzU5_NObBblu59Isbl8jk85fA28WIFJBjJ5yIWfs2H5KmMbPT2cV3OIR8iJpMEAewRHZ1GaIyinKhAgapKLb4_lMVB7Ljpg0uVf_gg365AgTNzU-83ukiwq-zk4Ql3jTbv5iPrF1eaxJo4JLlgCijNI98bqGgqZ9ImKXc4Hu61LxhLpuIcE2IbhUhA3a9PObHYlAtTBVDQnIvmyrECEoZLQPju1r3nUA%3D&tracking_referrer=www.slate.comhttp://www.nature.com/nclimate/journal/vaop/ncurrent/full/nclimate2685.html
http://www.nature.com/articles/nclimate2685.epdf?referrer_access_token=JF8OeaLMKxpts_1bkyVEUdRgN0jAjWel9jnR3ZoTv0OgWH88gW1xBh-ptYSEqpmrEDhKDMpwux-PzU5_NObBblu59Isbl8jk85fA28WIFJBjJ5yIWfs2H5KmMbPT2cV3OIR8iJpMEAewRHZ1GaIyinKhAgapKLb4_lMVB7Ljpg0uVf_gg365AgTNzU-83ukiwq-zk4Ql3jTbv5iPrF1eaxJo4JLlgCijNI98bqGgqZ9ImKXc4Hu61LxhLpuIcE2IbhUhA3a9PObHYlAtTBVDQnIvmyrECEoZLQPju1r3nUA%3D&tracking_referrer=www.slate.comhttp://www.nature.com/nclimate/journal/vaop/ncurrent/full/nclimate2685.html
http://www.nature.com/articles/nclimate2685.epdf?referrer_access_token=JF8OeaLMKxpts_1bkyVEUdRgN0jAjWel9jnR3ZoTv0OgWH88gW1xBh-ptYSEqpmrEDhKDMpwux-PzU5_NObBblu59Isbl8jk85fA28WIFJBjJ5yIWfs2H5KmMbPT2cV3OIR8iJpMEAewRHZ1GaIyinKhAgapKLb4_lMVB7Ljpg0uVf_gg365AgTNzU-83ukiwq-zk4Ql3jTbv5iPrF1eaxJo4JLlgCijNI98bqGgqZ9ImKXc4Hu61LxhLpuIcE2IbhUhA3a9PObHYlAtTBVDQnIvmyrECEoZLQPju1r3nUA%3D&tracking_referrer=www.slate.comhttp://www.nature.com/nclimate/journal/vaop/ncurrent/full/nclimate2685.html
http://www.nature.com/articles/nclimate2685.epdf?referrer_access_token=JF8OeaLMKxpts_1bkyVEUdRgN0jAjWel9jnR3ZoTv0OgWH88gW1xBh-ptYSEqpmrEDhKDMpwux-PzU5_NObBblu59Isbl8jk85fA28WIFJBjJ5yIWfs2H5KmMbPT2cV3OIR8iJpMEAewRHZ1GaIyinKhAgapKLb4_lMVB7Ljpg0uVf_gg365AgTNzU-83ukiwq-zk4Ql3jTbv5iPrF1eaxJo4JLlgCijNI98bqGgqZ9ImKXc4Hu61LxhLpuIcE2IbhUhA3a9PObHYlAtTBVDQnIvmyrECEoZLQPju1r3nUA%3D&tracking_referrer=www.slate.comhttp://www.nature.com/nclimate/journal/vaop/ncurrent/full/nclimate2685.html
http://www.nature.com/articles/nclimate2685.epdf?referrer_access_token=JF8OeaLMKxpts_1bkyVEUdRgN0jAjWel9jnR3ZoTv0OgWH88gW1xBh-ptYSEqpmrEDhKDMpwux-PzU5_NObBblu59Isbl8jk85fA28WIFJBjJ5yIWfs2H5KmMbPT2cV3OIR8iJpMEAewRHZ1GaIyinKhAgapKLb4_lMVB7Ljpg0uVf_gg365AgTNzU-83ukiwq-zk4Ql3jTbv5iPrF1eaxJo4JLlgCijNI98bqGgqZ9ImKXc4Hu61LxhLpuIcE2IbhUhA3a9PObHYlAtTBVDQnIvmyrECEoZLQPju1r3nUA%3D&tracking_referrer=www.slate.comhttp://www.nature.com/nclimate/journal/vaop/ncurrent/full/nclimate2685.html
http://www.nature.com/articles/nclimate2685.epdf?referrer_access_token=JF8OeaLMKxpts_1bkyVEUdRgN0jAjWel9jnR3ZoTv0OgWH88gW1xBh-ptYSEqpmrEDhKDMpwux-PzU5_NObBblu59Isbl8jk85fA28WIFJBjJ5yIWfs2H5KmMbPT2cV3OIR8iJpMEAewRHZ1GaIyinKhAgapKLb4_lMVB7Ljpg0uVf_gg365AgTNzU-83ukiwq-zk4Ql3jTbv5iPrF1eaxJo4JLlgCijNI98bqGgqZ9ImKXc4Hu61LxhLpuIcE2IbhUhA3a9PObHYlAtTBVDQnIvmyrECEoZLQPju1r3nUA%3D&tracking_referrer=www.slate.comhttp://www.nature.com/nclimate/journal/vaop/ncurrent/full/nclimate2685.html
http://home.isr.uc.pt/~pedro/T-ITS-11-02-0065.pdf
http://www.caee.utexas.edu/prof/kockelman/public_html/TRB14EnoAVs.pdf
http://www.citylab.com/commute/2014/06/why-commute-times-dont-change-much-even-as-a-city-grows/373051/
http://www.citylab.com/commute/2014/06/why-commute-times-dont-change-much-even-as-a-city-grows/373051/
http://ideas.4brad.com/120mph-robocar-mostly-lane-hours
http://www.bls.gov/iag/tgs/iagauto.htm
http://bigstory.ap.org/article/e48b7812dfea4bbb806e8313dc618e42/2-visions-emerge-getting-self-driving-cars-road
http://bigstory.ap.org/article/e48b7812dfea4bbb806e8313dc618e42/2-visions-emerge-getting-self-driving-cars-road
http://www.internationaltransportforum.org/Pub/pdf/15CPB_Self-drivingcars.pdf
http://www.internationaltransportforum.org/Pub/pdf/15CPB_Self-drivingcars.pdf
http://hdl.handle.net/1721.1/82904
http://sustainablemobility.ei.columbia.edu/files/2012/12/Transforming-Personal-Mobility-Jan-27-20132.pdf
http://sustainablemobility.ei.columbia.edu/files/2012/12/Transforming-Personal-Mobility-Jan-27-20132.pdf
http://deepblue.lib.umich.edu/bitstream/handle/2027.42/111735/103187.pdf
http://www.nhtsa.gov/About+NHTSA/Press+Releases/U.S.+Department+of+Transportation+Releases+Policy+on+Automated+Vehicle+Development
http://www.nhtsa.gov/About+NHTSA/Press+Releases/U.S.+Department+of+Transportation+Releases+Policy+on+Automated+Vehicle+Development

40

22 http://www.nhtsa.gov/staticfiles/rulemaking/pdf/Automated_Vehicles_Policy.pdf,
August 4, 2014

23 http://cyberlaw.stanford.edu/wiki/index.php/Automated.Driving:
_Ledqislative_and_Requlatory_Action, June 19, 2015

24 http://www.bendbulletin.com/business/3460085-151/states-rules-step-into-the-
back-seat#, November 16, 2016

25 https://www.enotrans.org/wp-content/uploads/2015/09/AV-paper.pdf, August 4, 2014

26 http://www.umtri.umich.edu/what-were-doing/news/drivers-licenses-self-driving-cars,
January 2016

27 http://www.citylab.com/commute/2015/08/the-uk-is-testing-roads-that-recharge-your-
electric-car-as-you-drive /401276 /, November 20, 2015

28 http://www.shareable.net/blog/policies-for-shareable-cities-transportation, August 3, 2015

29 http://www.citylab.com/design/2013/11/its-time-design-parking-garages-car-less-
future/7583/, November 20, 2015

Additional Resources

Additional Resources

Reports
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Uncertainty by the Corporate Partnership Board

Automated Vehicles: The Coming of the Next Disruptive
Technology by the Conference Board of Canada

Autonomous Driving Regulatory Issues by the Corporate
Partnership Board

Autonomous Vehicles: Self-Driving the New Auto Industry
Paradigm by Morgan Stanley

Autonomous Vehicle Technology: A Guide for Policy Makers
by Rand Corporation

City of the Future: Technology & Mobility by the National League
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Dynamic Ridesharing and Optional Fleet Sizing for a System
of Shared Autonomous Vehicles by Daniel J. Fagant and
Kara M. Kockelman of the University of Texas at Austin

Preparing a Nation for Autonomous Vehicles: Opportunities,
Barriers and Policy Recommendations by the Eno Center
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Re-Programming Mobility: The Digital Transformation of
Transportation in the United States by the New York University
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Websites

American Association of Motor Vehicle Administrators

- AAMVA has established an Autonomous Vehicle

Information Sharing Group to gather, organize and share information with
the AAMVA community related to the development, design, testing, use
and regulation of autonomous vehicles and other emerging

vehicle technology.

Autonomous Transportation.com — Up-to-date news, articles, events, and
publications regarding the autonomous transportation industry.

Automated Driving: Legislative and Regulatory Action - This web page
tracks legislative and regulatory developments related to autonomous
vehicles.

AUVSI - The Association for Unmanned Vehicle Systems International is
a non-profit organization devoted exclusively to advancing the unmanned
systems and robotics community.

GreenTRIP (Transform) - TransForm launched the GreenTRIP
certification program to make communities healthier and more affordable
places to live, work and get around.

VRA - Vehicle and Road Automation is a support action funded by
the European Union to create a collaboration network of experts and
stakeholders working on deployment of automated vehicles and
related infrastructure.

Local Testing Sites

GoMentum Station - The Contra Costa Transportation Authority facil-
itates industry partnerships to conduct research, development, testing,
validation, and commercialization of connected vehicle applications and
driverless vehicle technologies.

VTTI - The Virginia Tech Transportation Institute is managing a
full-scale, closed test-bed research facility for testing connected and
autonomous vehicles.

Florida Automated Vehicles - This is the online home for the Florida
Automated Vehicles program, led by the Florida Department
of Transportation.

University of Michigan Mobility Transformation Center - The University
of Michigan is joining with a team of industry, government and academic
partners to establish a testing facility for the advancement of connected
and autonomous vehicles.
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