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Vehicle technology is advancing at a whirlwind pace. How are
regulators, insurers, litigators, and drivers going to keep up?

On May 7, 2016, a Tesla Model S, while operating in the semi-
autonomous “autopilot” mode, struck the broad side of the trailer
portion of a tractor-trailer that had turned left in front of its path
on a clear and sunny day.

The driver of the Tesla was killed, the first reported fatality
involving a highly automated vehicle in “autopilot” mode.

In this case, neither the driver of the vehicle nor the automatic
braking system applied the brakes. The technology had reached
a limit condition in which its sensors could not differentiate

the trailer from its background, and the driver was reportedly
watching a movie.

It remains uncertain as to when
these technologies will be accepted by consumers,
and how quickly regulators, insurers, and litigators
address safety considerations.

This situation demonstrates a critical mismatch between the
driver’s expectations and understanding of the automated
technology’s capabilities and the vehicle’s requirements for driver
oversight and intervention.

The advent of the automobile has forever changed where
people live and how they travel. The introduction of advanced
vehicle technologies and autonomous vehicles is set to reshape
transportation yet again.

As with the introduction of any new technology, there have been
(and will undoubtedly be more) challenges to the industry as
consumers begin to use these new vehicles and systems.

This article discusses the effect of these new technologies on
both the driver and the task of driving in the context of what
these systems do to facilitate the driving task, and the challenges
and opportunities they pose for research, development, and the
insurance and legal industries.

AVAILABLE TECHNOLOGIES AND MARKET INTEGRATION

The Advanced Driver Assistance Systems (ADAS) that have
already hit the market are the foundational components of
tomorrow’s fully autonomous vehicles. These “high-tech” systems
are becoming more widely available with each new model
manufactured.
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A review of current automobile advertisements demonstrates
that many manufacturers are now focusing significant marketing
efforts their introduction of these technologies to the public.
Although the available technology differs among manufacturers,
several systems are already prevalent, including:

*  Electronic Stability Control. This system monitors the steering
input from the driver relative to the direction of vehicle to
improve driver control of the vehicle. If the vehicle's travel
path does not match the driver’s steering input, the vehicle
will selectively apply the brakes and/or reduce engine power
to mitigate against the loss of control.

* Adaptive Headlights. This technology functions to illuminate
turns and curvatures on the road in a dark environment. The
headlights swivel in the direction of the turn by monitoring
the speed, steering, and yaw of the vehicle.

*  Adaptive Cruise Control. This advanced speed control system
is @ modified version of traditional cruise control. It controls
headway distance as well as desired vehicle speed through
autonomous braking and acceleration. The system uses a
combination of camera, radar and laser or LIDAR systems to
scan the distance to lead vehicles when cruising, and is one of
the most common ADAS technologies.

*  Rearview Back-Up Camera. This technology displays the
conditions behind a vehicle and includes areas that are
not otherwise visible when backing up. The view is usually
provided from a wide-angle camera mounted on the back
center of a vehicle, generally displayed to the driver in the
rearview mirror, center console, or in the instrument cluster,
and is activated when the vehicle is in reverse.

In addition to the more widely available ADAS technologies
described above, there are other systems, which are more recent
innovations that exert independent control over certain driving
functions. These include:

*  Park Assist. As indicated by the name, this system uses
optical and other sensor technology to automatically
park the car without any interaction from the driver. Some
systems can parallel park or park in a perpendicular spot.

e Lane Departure Warning and Lane-Keep Assist Systems.
These technologies warn the driver when the car is drifting
out of its lane, and can either inform the driver or control
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vehicle heading to help the driver maintain the vehicle’s
travel lane. Warnings for these systems consist of
auditory (e.g., series of tones), visual (e.g., blinking light
in dashboard), and/or haptic (e.g., steering wheel or seat
vibrations) stimuli, and are triggered when the vehicle
nears or crosses edge lines without the activation of a
turn signal.

*  Forward Collision Warning and Autonomous Emergency
Braking. These technologies utilize a combination of
camera, LIDAR and/or radar systems to scan the path
ahead of the vehicle and calculate time and distance
to potential impact with a lead vehicle or other object.
If the driver is approaching an impending obstacle and
does not respond prior to reaching a certain time-to-
collision threshold, the forward collision warnings will
activate. The system may also prime the brakes to
enhance braking power for driver response, or tighten
seatbelts in case of collision. If the vehicle continues
toward the collision point without driver response and
passes a time-to-collision threshold, the vehicle will
apply braking power to reduce the severity of a collision
or potentially avoid the collision altogether.

Finally, automated, specialized “self-driving systems” are
currently available in select vehicles manufactured by Tesla.
Those presently available for use on the roadway include:

e "Summon.” This technology utilizes a form of Park Assist
that allows the operator to summon the car to a specific
location without being in the vehicle. This function is
currently limited to driving a distance of 39 feet, and
requires the operator to be within 10 feet to activate.’

*  AutoPilot. This technology affords autonomous or
“self” driving in many situations, using a system
of technological advances that merge computers,
electronics, cameras and sensors for active lane-
keeping, adaptive cruise control, lane changing,
self-parking, and other functions. It is presently only
available for use at highway speeds and functions for
limited traffic maneuvers (e.g., matching traffic speed
and lane changing).

In describing ADAS and related technologies, NHTSA has
adopted the Society of Automotive Engineer’s (SAE) Levels
of Driving Automation for On-Road Vehicles.?2 SAE’s J3016
provides definitions for automated driving. These levels
range from O (No Automation) to 5 (Full Automation). Many
of the ADAS technologies described in this paper fall in
levels 1 (Driver Assistance) to 3 (Conditional Automation).

While some ADAS components are becoming part of
standard vehicle packages, it remains uncertain as to when
these technologies will be accepted by consumers and thus
how quickly regulators, insurers, and litigators respond to
the demand by addressing safety considerations associated
with the new innovations.

Historically, the progression of technology has been
measured by the speed of proliferation and standardization.
For example, electronic stability control systems were
introduced in the late 1990s, but were not required as
standard in passenger cars and light trucks until model year
20124

The pace of adoption, however, seems to be substantially
increasing. For example, rearview back-up cameras

were introduced in the early 2000s.° By 2014, the U.S.
Department of Transportation’s National Highway Traffic
Safety Administration (NHTSA) issued a rule requiring rear
viewing technology to be included as standard in all vehicles
under 10,000 pounds by 2018.°

And more recently, an automotive manufacturers group
representing more than 99 percent of the U.S. vehicle
market,” has committed to speed the pace of adoption for
autonomous technologies; specifically, these automakers
agreed with NHTSA and the Insurance Institute for Highway
Safety (IIHS) to make forward collision warning and
autonomous emergency braking standard in passenger
vehicles by 2022.8

In partially automated and possibly
even in fully automated vehicles,
the driver will still be responsible for the
vehicle's operation.

This industry-led agreement is a novel approach aimed
at broadly and quickly introducing ADAS technology to a
wide consumer base. While the deadline for autonomous
emergency braking integration is still several years out,
many manufacturers have already begun offering forward
collision warning and automatic emergency braking as
optional or standard equipment within their fleets.

In addition, various companies (e.g., Uber, Google and Tesla)
have been working to be the first to bring fully-autonomous
vehicles to the marketplace.

Others in the industry are not far behind, also pledging to
bring fully autonomous vehicles to public roadways in the
near future. Volvo, for example, pledges to test self-driving
cars on public roads in multiple countries by 2017.°

There has been a natural time lag of two to three decades
between technology introduction and large-scale adoption
or regulatory mandate, as exemplified by Electronic Stability
Control and rearview technologies.

During this time-period, the technologies

are refined and improved by the manufacturers. This
adoption period also gives the industry the opportunity to
evaluate the technologies’ potential benefits to performance
and safety.

These benefits, and the associated risks inherent in all new
developments, can also be studied in detail before any type
of regulatory mandate. In addition, by the time a regulatory
mandate comes to fruition, because the industry tends to
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outpace the regulatory oversight, the advancements in
question are normally already standard in many vehicles
or provided as an option in most (e.g., rearview back-up
cameras).

This period of time — between introduction and regulation
— further permits insurers, litigators, and researchers to
observe potential issues and concerns with the technologies
and develop strategies on how to best respond.

The retrofitting of the infrastructure to
accommodate autonomous and connected
vehicles is lagging behind
the development of the vehicles themselves.

In marked contrast to this model, however, the introduction
and inclusion of autonomous vehicle technology has taken
a different path. For example, the autonomous emergency
braking systems as well as highly automated vehicles are
currently available to the public in various forms, and have
not experienced any hold back for regulatory orders.

As these and other similar ADAS technologies are
developed and introduced, a trend of shorter time periods,
from introduction to widespread inclusion may continue and
thereby reduce the time available for the industry and public
to observe, analyze, and react.

CHALLENGES WITH INTEGRATION

There are a number of hurdles that manufacturers,
consumers, researchers, and regulators face before the
full offering of ADAS technologies are truly accepted and
integrated into mainstream transportation. One set of
challenges relates to the interaction between vehicles with
various levels of autonomous technology on roadways.

As an example, according to Google's Self Driving Car
Reports,® of the 25 reported accidents between May 2010
and July of 2016, six occurred while the Google car was in
manual mode. Others involved a vehicle driver who was
deemed to be at fault in all but one of the 19 that occurred
while the Google cars were in autonomous mode.

It is likely that this trend will continue as long as there are
human drivers acting in sometimes unpredictable or atypical
ways.

Similarly, there are challenges related to cost barriers for
ownership of an autonomous or semi-autonomous vehicle,
as well as cost barriers to improving infrastructure that can
better accommodate such vehicles.

Discussions of the future of autonomous driving and
connected vehicles often refer to fleets of vehicles that
can communicate with each other (“V2V") and with the
roadway infrastructure (“V21"), allowing for faster speeds,
less separation between vehicles on the road, and a more
efficient utilization of the roadway system. However, that
level of investment in infrastructure will be substantial.
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Other challenges relate to consumers’ acceptance and
understanding of ADAS technologies. If consumers do not
prefer, understand or trust the technologies, they will not be
likely to purchase vehicles equipped with the technologies.
For example, consumers have been found to regularly
disable lane departure warning systems.""

Exponent Human Factors researchers have also conducted
a survey of naive and experienced driver perceptions of

and desire to own autonomous vehicle technologies.” They
found that only Tin 5 consumers surveyed was interested in
fully autonomous vehicles, and that 44percent of consumers
surveyed would prefer vehicles with no self-driving
capability.™

Poor acceptance and trust of existing technologies may be
related to drivers' expectations and the extent to which they
understand the systems.

For example, there have been a number of incidents with
currently-available ADAS technologies, including the Tesla
fatality mentioned above, wherein the operator thought the
vehicle was in one mode and would take one action, only

to find the vehicle was actually in another mode and took

a different action (e.g., the system did not brake when the
operator thought it would).

This mismatch between a user’s understanding of how

a system does or should function and how that system
actually functions, has led users to either not use or misuse
the technologies.

Historically, research has shown that humans are quite
sensitive when it comes to trusting and accepting
automated systems and that even infrequent violations
of their expectations can have a lasting impact on their
acceptance of automated systems.”

Thus, consumer expectations of system functioning are
intimately related to acceptance and trust. A critical feature
in introducing ADAS and automated vehicles technologies
is doing so in a way that allows the users to understand
how the technologies work and when they will be active and
inactive.

To this end, researchers, manufacturers and industry
members will need to focus on what information consumers
are getting and how they are getting it, perhaps including
the development of new methods of training and
instruction.

Without this consumer understanding,

there is a danger that introducing technologies might
result in users not only misusing, but entirely rejecting
autonomous technologies.

THE ROLE OF THE DRIVER WITH ‘SELF-DRIVING’
VEHICLES

One of the most crucial challenges relating to driver
acceptance is the behavioral shift that drivers must make
to operate a vehicle with autonomous or semi-autonomous
technologies.
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Specifically, the role and importance of active control

over vehicle functions has been reduced and made less
demanding with assistive technology (e.g., power steering),
or removed from the driver’s purview completely (e.g.,
automatic transmissions).

As a result of these technologies, less active control is
required of the human driver when operating a vehicle.
Instead, the responsibility for safe navigation of a vehicle
is distributed between the driver and the vehicle itself. The
primary hope is that increasing automation will reduce or
eliminate driver error, and thus prevent a large number of
accidents.'®

However, the driver is still required to operate at least some
aspects of the driving task. The driver in a semi- or fully-
automated vehicle becomes a less-active operator, who
performs fewer movements that govern the vehicle and
instead monitors the outcome information of the systems.

As such, a driver’s attention shifts from processing the
environmental stimuli outside the vehicle to performance-
related characteristics available inside the vehicle.

For example, in ADAS technologies that monitor the
environment for pedestrians, the driver’s attention is
directed to the vehicle’s alert system (e.g., auditory
warnings) and in-vehicle display only when a pedestrian
becomes a hazard. In this way, the change in the driver’s
role and responsibilities while driving introduces a variety of
issues, which are discussed in turn below.

While the driver’s role will necessarily be changing as these
technologies are implemented, it is important to remember,
and should be clear from the discussion above, that, at least
in partially-automated vehicles and possibly even in fully-
automated vehicles, the driver will still be responsible for the
vehicle's operation.

What will change is the way in which the driver interacts with
the vehicle to wield that responsibility.

ACCEPTANCE AND TRUST

A major hurdle to a driver’s transition to a less active role
when operating a vehicle is acceptance. On the one hand,
drivers with too little trust in the systems are unlikely to use
them, rendering the systems useless or even interrupting
their function.

For example, forward collision warning and mitigation
systems can detect and respond faster to an impending
collision than most human drivers can identify and react to
hazards.”

Yet, the system'’s response can be interrupted by driver
intervention, such as braking or movement of the steering
wheel. Drivers who do not sufficiently trust that the vehicle
will perform as intended can interfere with the systems, and
consequently interfere with the safety benefits.

While this behavioral pattern is not typically observed in
scientific investigations, many studies, in fact, suggest
the opposite — consumers exhibit too much trust when
interacting with the systems.

In particular, drivers often expect that they do not need to
be as vigilant when only monitoring the state of the vehicle,
compared to when they are actively driving the vehicle.

For example, drivers naive to the limitations of automated
vehicle technologies perform secondary non-driving tasks as
much as

261 percent more frequently in “self-driving” vehicles as
compared to a vehicle without ADAS.181920

Another related issue in drivers with too much trust in ADAS
technologies is that they may operate the vehicle at its limits
and assume he (or she) remains protected by the vehicle, a
concept known as “risk compensation.”

Consistent with this, drivers in partially-automated vehicles
have sometimes been observed to drive at increased speeds
with decreased headways, and exhibit less control of lane
position. 21222324

It should be noted that scientific studies indicate that

behavior is moderated by experience, such that drivers with
increasing experience generally demonstrate more reasonable
expectations and levels of trust.?>?%<’

LOSS OF SITUATIONAL AWARENESS/AUTOMATION
HANDOFF

Studies of driver interaction with autonomous systems
in vehicles indicate that the systems are very effective in
improving performance for simple driving tasks, such as
driving straight on highways.

However, if the systems suffer a mechanical impairment,

or reach their limits, drivers are often unable to take over
control of the vehicle in a timely manner.?®2° This may be
related to a driver’s inattention to the driving task and/or
performance of secondary tasks when driving a partially- or
fully-automated vehicle.30

Disengagement from the driving task makes it difficult for
the driver to respond in sudden emergencies because they
are "out-of-the-loop” (i.e., they have lost awareness of their
environment and situation).*

Findings from simulator® and on-road, closed course
studies indicate that drivers spend less time gazing at the
road ahead when utilizing adaptive cruise control and that
they exhibit increased reaction times to emergent situations
when various parts of the driving task are automated as
compared to when they are not.*

Further, when drivers in ADAS-equipped vehicles are
presented with an emergency situation without warning,
their responses to the emergency tend to be more
aggressive and less controlled than if they had been driving
manually.® Consequently, NHTSA¥ has recommended a
warning signal be put in place to notify drivers when they
will need to take over for the vehicle.

Studies into the effects of such a warning signal indicate
that it is generally effective in encouraging smooth takeover
by the human driver, but may require some training for the
driver to achieve smooth takeover.®
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Exponent has similarly found that drivers engaged in

a secondary task (namely, mental arithmetic problems
administered over a cell phone) show a benefit in terms

of reaction times following visual and auditory forward
collision warnings that alert them to impending obstacles as
compared to drivers who do not receive such warnings.*

However, they have also found that drivers engaged in a
mental arithmetic task do not benefit from lane departure
warnings;* thus, warnings may be selectively effective in
redirecting driver attention depending on factors such as the
significance of the warning (e.g., imminent collision versus a
more innocuous lane drift) and exposure to the warning (i.e.,
effects of habituation).

TRAINING

The efficacy of a new technology ultimately relies on the
users’ ability to understand its purpose and interact with it
appropriately. For example, some vehicles with autonomous
emergency braking systems work effectively when the driver
remains passive and does not interfere with the system’s
sophisticated braking mechanism.

In these situations, drivers need to inhibit their trained
response (i.e., depressing the brake) because it interrupts
the vehicle’s optimal performance capability.

Exponent has previously shown that drivers naive to forward
collision warning and mitigation systems do not rely on
them when presented with a surprise lead vehicle braking
event; instead, drivers are likely to activate the brakes, which
is the result of training and many years of experiences in
non-ADAS-equipped vehicles.”

While this is an appropriate response in many cases,
interrupting the vehicle system'’s emergency response
process can purposefully or inadvertently result in
unexpected vehicle movements and handling.

For example, in early 2016, one Tesla driver inadvertently
pressed the brake and interrupted the vehicle’'s emergency
response, resulting in a rear-end accident on a highway.*?
Therefore, proper training on best practices for responding
with the vehicle systems, rather than against them, is
necessary.

Drivers also may need training to search and respond to new
information provided by the vehicle. Information provided

in a heads-up display can be confused with relevant road
features, such as traffic lights and signage.®

In the case of audible warning alarms, such as those
associated with lane departures or backing, the observer
must be able to detect the warnings and identify their
meaning.*

It can be difficult for consumers to learn to associate
abstract sounds with the warnings they intend to convey;*
thus, training and experience are required to encourage
proper interaction with the alarm.

Studies of driver interaction with automated vehicle
technologies indicate that even limited experience with the
systems appears to help drivers understand how to best
utilize and interact with the systems. 4484950
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As people become more familiar with and better trained on
new automated vehicle technology, they will be faced with the
prospect of having to switch between active and semi-passive
roles depending on the level of technology present in the
vehicle they operate.

Specifically, drivers may become familiar with automated
technologies in their primary vehicle, but drive a secondary
vehicle without the technologies.

Reliance on a new technology may re-train attention to
work with the technology, at the expense of older habits
required in non-automated vehicles. For example, rearview
back-up cameras encourage visual search behaviors toward
the display, rather than turning around to look behind the
vehicle when reversing.”'

Such training may show persistent effects, changing
patterns of driver gaze behavior over time. Consistent with
this, intermittent removal of a lane departure warning
system in one study was not associated with worse lane-
keeping behavior, suggesting that the effects of the lane
departure warning system continued in its absence.*

While this is a positive effect for lane departure systems, it
could present potential risks for rearview back-up camera
system-taught behaviors. The issue would present most
saliently in situations wherein drivers are temporarily driving
a vehicle, such as a rental car.

INDIVIDUAL DIFFERENCES

It is generally expected that certain populations, such as
elderly drivers, will disproportionately benefit from partially-
or fully-autonomous systems.>>%%> Exponent has found
some support for this contention in a large online survey

of naive and experienced driver preferences, as well asin a
post-test survey of driver preferences after initial exposure to
forward collision warning and mitigation systems.*®

Older drivers who already have high levels of experience with
ADAS generally report that they like the systems. Somewhat
surprisingly, older drivers are more likely than younger drivers to
report that they would purchase similar technologies, even after
a single exposure to forward collision warning and mitigation.

However, older drivers were also more likely to report
difficulty understanding the forward collision warning and
mitigation system than were younger drivers. Consistent
with this, older drivers do not show an overall benefit from
technologies such as heads-up display systems.*’

Furthermore, older naive drivers report lower preferences
for more automated vehicles.>® Thus, it is unclear how and
whether older drivers will experience the intended safety
benefits, perhaps due to the well-established apprehension
of naive users to use and rely on new products.

BENEFITS OF ADAS AND AUTONOMOUS VEHICLE
TECHNOLOGIES

ADAS technologies are designed to increase safety, reduce
driver workload, reduce crashes (and by proxy injuries and
fatalities), and increase the overall efficiency of vehicle
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performance on the roadway. Initial reports suggest that
ADAS technologies are successful in their aims.

One study from IIHS*® found that vehicles equipped with
automatic braking showed a reduction in rear-end crashes
of about 40 percent as compared to vehicles without the
technology. The Highway Loss Data Institute (HLDI) reported
reductions of about 10 percent in property damage claims
and reductions of approximately between 20-45 percent

in bodily injury claims in vehicles equipped with forward
collision warning and lane departure warning systems as
compared to vehicles without these

ADAS features.®®

Other benefits to the proliferation of ADAS technologies

in consumer vehicles include advances in the data
collected on driving behavior, vehicle operation in different
circumstances, and information on what the vehicle and
driver were doing in the moments surrounding an accident.

Data from sources such as the air bag control module,
electronic data recorder, crash data recorder, or the vehicle's
controller area network (CAN) BUS continue to improve and
track the state of more vehicle systems.

Tesla, for example, has used data it has collected to show

the state of its Autopilot and Summon features at the time
of incidents, allowing investigators insight in to the role of
those systems during incidents.®"%?

Specifically, on more than one occasion, Tesla has shown
that in crashes where the driver thought these systems were
active, they were in fact not and the vehicle was under the
control of the driver and not the automated system.

As discussed above, these incidents highlight the
importance of an operator’s understanding of an automated
system and the necessity of vehicle performance data

that details the activity of both the operator and system
technologies.

Another potential benefit associated with increased data
collection comes in the form of rate adjustment for vehicle
insurance.

Traditionally, rate determinations have primarily accounted
for specific driver's demographics and personal driving
history (e.g., driving record and claims history), with the
type of vehicle the person drives being only a secondary
consideration.

As vehicles become more automated, however, the driver
may play less of a role in this determination. Insurers will
be faced with entirely new questions and issues when
determining insurance risk and rates.

At the same time, they will also have the benefit of new data
to help understand the risks. These benefits may be passed
on to consumers; for example, at least one insurer in the
United Kingdom is offering incentives to its customers who
have vehicles with assistive technologies and has plans to
offer further rate adjustments as the demonstrated safety
increases and thus risk of loss decreases.®

However, other factors will need to be considered when
determining insurance rates for ADAS equipped and highly
automated vehicles. While the new technologies are aimed
at reducing both the number and severity of crashes, the
equipment used to realize these systems can be quite
expensive and is often located in areas of the vehicle most
susceptible to damage in collisions, such as bumpers.

As a result, the cost to repair ADAS equipped vehicles may
be significantly more expensive than for similar repairs on

a non-ADAS equipped vehicle.®* It is still unclear how these
conflicting paths will bear out, but these are important
considerations to account for when trying to understand the
totality of the effects of advanced vehicle technologies on
our infrastructure.

CONCLUSIONS

While the safety-related data are certainly encouraging,
there is a certain amount risk of accidents involving vehicles
equipped with automated technologies. Human interaction
with technology cannot completely eliminate the element of
human error.

As the technology matures, it is possible that any number of
issues may arise, including: a vehicle may not be equipped
with a particular ADAS that a customer might assume is
“standard equipment,” a particular ADAS did not function
as expected, ADAS produced false alarms, and that ADAS
was confusing, not understood, or impaired a driver’s ability
to operate the vehicle. In light of these potential challenges,
it is imperative that the proper tools are used to evaluate
those incidents.

For original equipment manufacturers, component part
suppliers, researchers, insurers, and litigators alike, staying
abreast of current scientific findings and real-world incidents
and accidents is imperative.

A thorough understanding of the ever-changing role of the
driver, from active controller to passive supervisor, in the
context of using ADAS is one essential step in meeting the
challenges that lie ahead.

As discussed above, an immediate need is addressing how
users and consumers will gain knowledge and training in the
use of these technologies. Mode confusion, over- or under-
reliance, trust in automation and misunderstanding of the
capabilities and limitations of ADAS and automated vehicle
technologies can lead to crashes and have other unintended
consequences including misuse and nonuse of safety critical
systems.

The automotive experience is moving towards an eventual
end state of fully autonomous vehicles. If perfectly
implemented, full autonomy means moving to zero crashes
and zero fatalities or injuries from crashes, faster commutes,
greater efficiency on the roadway, and more time for
commuters to engage in other activities.

However, there are a number of hurdles that must be
overcome before full connectivity and autonomy can
be realized. The current fleet of non-autonomous,
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non-connected vehicles on the roadway will be around for
many more years and the retrofitting of the infrastructure

to accommodate autonomous and connected vehicles is
lagging behind the development of the vehicles themselves.

Substantial advances across multiple domains must be
completed in order to deploy wide-spread autonomous

and connected vehicles on the road. Nevertheless, so long
as consumers demand the promise of increased safety and
travel efficiency, we must continue to prepare for the almost
driverless revolution.
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