
What technological and physical advancements are needed for
autonomous vehicles to be available to the public, and what effects will

AVs have on our society?

Mason James

Senior Project Advisor: Dave Farkas

Abstract:
Autonomous vehicles are coming to the market in the near future. This means as a society, we
must prepare accordingly. In this paper, I explore whether we are ready for autonomous vehicles
and what preparations and precautions we must take before they are used by the public. I also
explore potential changes in cities and throughout the world once autonomous vehicles are
implemented. From my research, it appears we are not prepared for AVs. The biggest hurdles are
programming moral and ethical decision-making into autonomous vehicles as well as rethinking
and redesigning traffic control systems. The effects AVs could have on cities are increased
sprawl, increased traffic flow, and time efficiency, as well as saved lives. This information
indicates that we are not prepared for AVs yet. It will take much effort to correctly implement
autonomous vehicles but the results will be worth it.
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Part I: Introduction

It is tempting to think of the future as a world filled with intricate window-filled

buildings and accessible space travel. There could be flying cars and an eternally peaceful world.

Who knows? That could be a reality at some point. Unfortunately, that sort of world will not

exist in your lifetime or mine. However, a technology that will be available in the near future is

autonomous vehicles. These vehicles have the ability to drive themselves, so the passengers are

able to do almost anything while traveling. Additionally, roads are safer, and the flow of traffic is

more efficient.

Autonomous drones and planes already exist and the technology for low-level autonomy

is widely used in modern aircraft and vehicles. However, several logistical and conceptual

problems have arisen from the rapid development of autonomous technology. Moral

decision-making, traffic control, and the negative effects autonomous vehicles (AVs) can have on

cities have all come to the forefront as issues. The benefits of incorporating autonomous vehicles

into our society include increased time for individuals, improved traffic efficiency, and reduction

of environmental damage. To realize these benefits, new traffic control must be designed as a

grid connection system along with moral and ethical decision-making programmed into AVs.

Part II: Historical Background and Context

Autonomous vehicles seem to be a newer technological advancement, but the “dream of

AVs is not new. In the 1920s, radio-controlled Phantom-Autos were showcased in a few

American cities, pretending that ‘there was an invisible driver at the wheel’” (Duarte 4). With the

knowledge of how radio-controlled vehicles work today, it is clear there was not an invisible

driver at the wheel, but the idea of a car that drives itself captured the imagination of the
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population a century ago.

When the spark of autonomous vehicles started, General Motors created an ad in the

1950s that showed “a family enjoying a ride on a landscaped highway while chatting and playing

dominoes in a lounge-like car. In this case, the automation was embedded in the tracks along the

roads, not in the car; but the imagery of freeing your time while driving was the same” (Duarte

4). The vision that the radio-controlled Phantom-Autos carried was perpetuated and further

expanded upon by showing what a world could look like with AVs. The autonomous vehicle in

the ad might not be what we think of as today’s AVs, but the technology we use every day has

come a long way. The technological possibilities have opened up drastically in the past 50 years

and even the last decade.

With technological advancements for AVs on the rise, developers needed a way to

categorize all vehicles in terms of autonomy. So, an autonomy scale was created with six

different levels of autonomy. A level zero autonomous vehicle has no automated features and is

an everyday car for most people in 2021. A level one autonomous vehicle has some automated

features such as cruise control, lane-keeping assistance, and automated braking. A level two

autonomous vehicle has controlled steering and acceleration as well as lane-keeping assistance

and automated braking. The difference between a level one and level two, however, is that level

two can drive itself with minimal human intervention. There is a chance a level two AV will

malfunction or fail, so a driver must be behind the wheel to take control if necessary. Cars like

the Tesla Model 3 are level two AVs. A level three autonomous vehicle is almost identical to a

level two, but is more reliable and can drive itself in more challenging road conditions. A driver

is still required for this level of autonomy because if the road conditions are not perfect, the AV

may crash. A level four autonomous vehicle is again, almost identical to a level three, but can
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handle more extreme conditions when necessary. Finally, a level five autonomous vehicle can

drive itself in any conditions, and handle any circumstances with no human interaction needed.

This autonomy scale only applies to ground vehicles, there is no scale for autonomous aircraft

(Ong).

It is misleading to see the new technology put in new cars every year and to think that

AV’s are just around the corner. However, cruise control, steering assistance, and automatic

braking are only a small part of what needs to be in a fully autonomous vehicle. Even though

autonomous vehicles are an old concept, the technology and programming required to make a

level five autonomous vehicle is still in development. So, let us take a look at what still needs to

be created.

Part III: Research and Analysis

If our end goal is to have a fully automated transportation system, we first need to

address current issues and infrastructure surrounding AVs. Programming morals and ethics into

the AVs’ computers as well as redesign traffic control systems are critical first steps. But first, let

us take a step back and see what kind of progress we have made up to this point.

Current Progress

Currently, many different companies, such as Tesla, General Motors, Waymo, ABB, and

many more are developing autonomous vehicles. Perhaps one of the biggest leaders in this field

is Google, which has been researching AVs since 2010. Google’s autonomous vehicles have

clocked over 200,000 road miles around the Google headquarters in Mountain View California

(Lee). 200,000 miles may not seem like much, but the technology for autonomous vehicles is so

new that the large amount of testing miles are a huge step in the right direction.
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Google clocked these miles using their fleet of temporary AV systems. The actual vehicle

they use is a “standard passenger vehicle fitted with Global Positioning System receivers and

map technology, along with radar to detect obstacles, a laser ranging system to scan the

surroundings in three dimensions, and video cameras to identify objects such as traffic lights,

construction signs, pedestrians and other vehicles” (Waldrop 1). These vehicles are considered

level three autonomous vehicles. All of these sensors talk to a computer that has the computing

power of multiple desktop computers.

The purpose of the sensors Google uses is to see the AVs’ immediate surroundings, but

how does the AV see farther? Google equipped each test vehicle with an ultra-detailed map of

the roads these autonomous vehicles would be driving. This map even includes curb heights on

every street (Waldrop 1). This map seems hard to make and process, especially if this style map

were to be used widely around the world. However, the system used to collect the information to

make such maps is quite simple and in widespread use. All that is needed is a 360-degree camera

mounted to the top of a car (Waldrop 1). A similar system is used to record Google Maps and

Google Earth. The importance of this map can not be understated at this stage of AV

development. It is needed to see where stop signs, exits, and stoplights are. The goal is to not

depend on any sort of signage or stop lights in the future. To accomplish this, the map will need

to be so refined, any AV will know exactly where to go and what to do at every moment.

The progress that Google has made is greatly contributing to the integration of and trust

in AVs. However, we cannot plan for every traffic scenario that can happen. Many unlikely

events occur on the road, but these are extremely hard to predict. This has been a recurring

problem for all autonomous vehicles. For example, Google had one of their test AVs crash on

February 14th, 2016. This was not the first crash that Google’s AVs were involved in, but this
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was the first crash where the AV was at fault. The AV was stopped at an intersection with a bus

coming the other way. The person who was overseeing the car thought the bus was going to slow

down for the AV to cross the intersection. However, the AV’s visionary system got confused by a

sandbag on the side of the road. Making the AV move out into the intersection later than

expected and the bus T-boned the AV. Out of the millions of miles traveled around the country,

this was the first major crash Google’s AVs have encountered (Lee). To solve the general

problem of rare occurrences like this crash, Google has come up with a solution: high-powered

machine-learning algorithms.

These machine-learning algorithms are exactly what they sound like. Used in artificial

intelligence, these algorithms give AI the ability to learn from its mistakes. If implemented into

AVs, it will be able to learn from its surroundings and make roads safer. This means if all AVs

are connected through a grid then they all learn from each other’s mistakes. This is a huge

advantage because “if we do it long enough, the hope is that the software will be as safe as a

human driver and eventually much safer” (Thrun). If AVs can make their own intelligent

decisions, we can eventually make car crashes a very rare occurrence. To achieve this desirable

outcome, AVs need to have all aspects of driving dialed in. One such aspect that comes naturally

to humans is moral decisions and ethics.

Autonomous Morality

Moral and ethical decision-making is one of the most complex and elusive problems

autonomous vehicles face today. “We're talking about self-driving cars, up to two tonnes of steel

and machines that could crash into homes and people," says ethicist Patrick Lin of California

Polytechnic State University in San Luis Obispo. This subject should not be taken lightly; moral
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decision making comes easily to humans as they are the fundamental survival tool for early life.

Because moral decision making is such an important part of autonomous driving, AV developers

need to make sure the programming is bulletproof.

The programming of such moral-ethical decisions is vital to save lives and property. For

example, in the article How Should Autonomous Vehicles Be Programmed?, there is a problem

set by students at MIT that states, “an accident involving a vehicle, and the vehicle must opt for

one of two potentially fatal options. In the case of driverless cars, that might mean swerving

toward a couple of people, rather than a large group of bystanders” (Dizikes 1). This example

shows just how unsafe the technology used for AVs can be if not implemented carefully and

correctly.

A way to look at moral and ethical decision-making is through experiences and events.

One potential event is whether a school bus is full of children or not (Ong 3). If an AV

encounters a situation where it could hit a bus full of children or a group of pedestrians, it must

be able to sense there are children on the bus. If there are no children on the bus then the AV

should hit the bus. Sandy Ong discusses this further in the article Autocorrect:

Detecting a bus is one thing, detecting that it is full of schoolchildren is more

difficult. A human intervention might program in detail the number and age of the

passengers to be broadcast to surrounding vehicles, or sensors inside the bus

might autonomously track its weight, including whether a person is sitting in a

particular seat. (3)

Therefore, if sensors are present in the bus informing all surrounding vehicles how many

passengers it carries, their age, weight, size, etc, the AV can decide whether to impact the bus or

an alternate option.
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Broadcasting data to other AVs in the vicinity is the easy part, creating an algorithm that

calculates the best possible outcome for any given situation is much harder. This is why it is very

important to find a moral algorithm and program it into AVs before they are released to the

public. The research being done by MIT students with the Morality Machine is a start to solving

this problem. However, this concept needs much more work to be useful for autonomous

purposes. Another aspect of autonomous vehicles presenting a challenge is traffic control.

Traffic Control

Traffic control as we know it today will not work for autonomous vehicles in the future.

Current traffic control relies on the driver seeing a traffic light change color. Theoretically, an

autonomous vehicle could also use this, but it would make the flow of traffic less efficient. Using

our current traffic control system will also decrease safety and create a lack of prioritization. The

idea of prioritization is very important because “delaying the imagined emergency trip to the

hospital could cause someone to die; delaying someone’s trip to a job interview could deprive

her of the chance to support her family, etc” (Mladenovic. 1135). These factors all have to play

into the new autonomous traffic control system. So, what could that network look like?

Milos Mladenovic suggests an auction system to fix the prioritization problem as well as

a grid connection system for the traffic control itself. The idea is to run the prioritization system

off of an alternative monetary system called priority credits (₡). The main goal of this “fake

money” is, “unlike money, ₡ are to be made available to all on a transparently fair basis. Further,

₡ are to be made monetarily non-fungible, preventing economic inequality from directly

entailing inequality in the access to a movement that ₡ provides” (1141). As stated by Milos, the

monetary prioritization system will allow for equal distribution and no inflation of ₡. These
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credits can be spent in different amounts depending on how important the trip is to the

passenger(s). To keep passenger(s) from spending enough every trip to receive top priority, the

amount of ₡ an individual receives monthly will be limited. They will also be required to use

them for every trip they take in any vehicle, meaning they will spend them wisely. Now that ₡s

has been theoretically established as the system used, how will the system work?

A key principle for this traffic control system to work will be a vehicle to vehicle (V2V)

and vehicle to infrastructure (V2I) connection system, or a connection grid. This means every

vehicle on the road must talk to every other vehicle and the sensors on and around the vehicles

such as LIDAR, cameras, range finding lasers, moisture detectors, etc, will make roads safer.

Fortunately, “the proposal has the capability to accommodate both current and future vehicle

technology, which will potentially include driverless vehicles” (Mladenovic 1141). This means

we can implement a system before AVs are introduced, supporting the goal of preventing

autonomous to non-autonomous accidents. The current complication of implementing a grid

connection system is every registered vehicle today will need a connection device to connect

their vehicle to the grid.

This brings up an additional social issue; people may not want to have their driving

information shared. Although a very real issue, it is outside the scope of this paper. Now that

both sides of the traffic control system have been reviewed, they need to be combined.

Incorporating the monetary and physical system will allow us to efficiently move traffic

and for vehicles to cooperate. Milos Mladenovic’s idea for how to integrate these two parts

includes a set of rules and regulations surrounding cooperation:

The first level of cooperation occurs at the intersection. First and foremost,

intersection-level rules will focus on ensuring the safety of all persons and
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vehicles in the vicinity of the intersection. Second, the rules will assign

right-of-way to specific vehicles and platoons according to their time of arrival at

the intersection and their Individual Priority Index (IPI). IPI is the numerical

representation of individual trip priority for each vehicle. The second level of

cooperation is the link level, where vehicles can create platoons, based on their

IPI value and overlapping routes. This cooperation would be arranged by

communication between the vehicles themselves. Each vehicle, while entering the

network will invite other vehicles with overlapping routes to join their platoon.

Vehicles will have incentives to join platoons, as platoons will receive some

priority preference for movement through intersections, in light of the efficiency

gains of platoon movement. (1142)

The idea of platoons brought up by Milos will be talked about further in the next section.

However, the proposed cooperation rules he talked about will be paramount to AVs' success as

well as the Individual Priority Index. For instance, if an emergency vehicle needs to get through

traffic as fast as possible to reach a person in need of assistance, they would have a higher

priority than all other vehicles on the road. So, if all other vehicles on the road know the

emergency vehicle is coming, they can get out of the way faster and there is no more need for

sirens and flashing lights.

A proposed idea for how to allow emergency vehicles top priority is something called

emergency priority credits (E₡) (Mladenovic 1144). These emergency credits are dependent on

all other credits and allow a vehicle to have the top priority over any other vehicle on the road.

These credits will be given to emergency vehicles for emergency situations, but will also be

given to every vehicle for emergencies only. These special credits will be in limited supply to
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prevent the abuse of power they could allow someone to have. Pre and/or post verification will

have to be used to verify the use of E₡s.

This new traffic control system will cost millions of dollars and take much time and effort

to implement. It is an investment, but the benefits of saved time, money, and lives if

implemented correctly outweigh the costs, especially in the long-term picture of autonomous

vehicles. The known assets of traffic control are only some of the effects that the world will reap

from AVs, so let us look at some of the other benefits.

Benefits of Implementing Autonomous Vehicles

Once AVs have proper moral decision making programmed into them and a grid

connection system with sensors is implemented, AVs will be able to drive passengers around

safely. So what kind of effects, both positive and negative, will they have on society?

The first and most obvious benefit to autonomous vehicles is that the passengers can be

doing a multitude of activities and work while traveling. The total amount of time Americans

spend driving is, “about 50 billion hours annually behind the wheel compared to 240 billion

hours annually at work. Most of these driving hours are neither productive nor provide positive

utility” (Das 2). This means that the 50 billion hours spent driving can be used for many other

tasks. That can be productive work, sleep, chatting with other passengers, or nearly any other

option desired. The possibilities are open for what a passenger can do, but what does that mean

for the whole of society?

A benefit from modern-day vehicles to autonomous vehicles is the lack of drivers. This

means the design of the car is no longer limited to and based on drivers’ seats. “Freed from the

current form factor, AVs will not only allow us to play chess or have a picnic while traveling, but
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AVs could be used for other productive and pleasant tasks, decreasing the value of travel

time—and such users do not put much weight on travel time, since other activities can be

performed while traveling” (Duarte 12). This allows a lot of creativity in designing AVs,

especially in terms of efficiency and spatial conservation for parking.

Currently, in the United States, there are over 800 million parking spaces. If AVs are

designed to reduce the necessary parking space for each AV, then many current parking lots and

complexes can be reused for a different purpose. For instance, William Mitchell, Christopher

Borroni-Bird, and Lawrence Burns proposed an AV design that would, “weigh one-third of a

Toyota Prius, and, when folded, occupy 40 percent less space than a Smart Car” (Duarte 8). This

design would fold up when parked to save space, but the wheel and door configuration can be

changed based on how many passengers it will carry. This would be a version of public

transportation that could replace taxis, Uber, Lyft, buses, and possibly even trains. However, this

raises the question of whether or not people will want private autonomous vehicles instead of

sharing taxi like AVs.

Private AVs could be a popular choice of transportation within wealthier communities.

However, they might not be totally private vehicles. Ride-sharing companies have boomed over

the past few years, reducing the number of cars on the road (Duerte 10). A similar system can be

used for AVs. For example, if a person has their own AV, but goes to work each day for eight

hours, their AV can act as a taxi and drive passengers around until they get off work. This would

dramatically reduce the number of vehicles on the road, and consequently, increase traffic

efficiency and decrease the driving time for everyone on the road.

Other benefits of AVs include increased road safety, time savings due to increased

efficiency, and, because the automotive industry is moving toward electric vehicles, AVs are
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most likely going to be electric. This means the environmental impact of vehicle travel will be

reduced. However, the implementation of autonomous vehicles isn’t all sunshine and roses.

The biggest pitfalls of AVs are the environmental impact of increased sprawl and the

enormous amount of resources and time required to set up a grid connection system. Sprawl is

the increased rate of development of rural areas around cities. Currently, the motivation to live in

a rural area includes a better view and distance from the busy streets of a city. Although this is

enticing, people often avoid rural areas because of the long commute, and “one of the

consequences of urban sprawl is that it is significantly associated with fatal car crashes. Since

AVs might eliminate virtually all car crashes, this negative effect of sprawling will disappear”

(Duerte 13). Urban sprawl can negatively affect the world, but the benefits of increased safety,

time and traffic efficiency, and technological advancements outweigh the negatives.

Part Ⅳ: Conclusion

Implementing autonomous vehicles into our society will be a challenge. It has to be done

correctly to save lives and make AVs as efficient and useful as we imagine them. So far, there

has been minimal to no preparation for autonomous vehicles. The groundwork necessary

includes moral and ethical decision making programmed into AVs so they can make morally

correct decisions. In addition to autonomous morality, a new prioritization traffic control system

needs to be devised. Currently, this system would rely on a grid of sensors and cameras such as

LIDAR cameras, lasers, infrared cameras, moisture detectors, temperature sensors, etc.

Once all of the correct preparations have been completed, AVs will be a super-efficient

and safe way to travel. Beyond the benefits, the passengers of an AV will be able to do many

different things while traveling such as working, sleeping, eating, playing games, or just
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daydreaming. The unfortunate consequence of these luxuries is increased urban sprawl, which

will affect the environment as well as untouched natural land. Despite the downfalls of

autonomous transportation, the lives saved and traffic efficiency will be well worth it. That is if

AVs are introduced correctly.

It is easy to be skeptical about whether AVs will work at all, or if they will cause more

problems than they solve. A great example presented by Fábio Duerte of how the uncertainty

around new technology was the introduction of the automobile in 1909:

The First National Conference on City Planning, in Washington DC, was canceled

after it became evident that city planners could not solve the traffic and health

problems related to the then current transport modes. Big cities, such as New

York, relied heavily on horse-powered vehicles, even though they were imposing

a massive burden on the urban population.

However, around the same time, another mode was starting to take over

the streets, and less than two decades later, the problems related to horse-powered

transport were completely solved without any active participation of planners or

designers: internal-combustion vehicles (once called horseless carriages) freed the

cities from animal traffic, odors, and carcasses—thousands were left behind

yearly in the streets of New York alone once the “engine” of horse-powered

vehicles died on duty. (1)

This example shows that new technology brings change, and change is uncomfortable.

Pushing through and accepting that discomfort as a path to progress is going to be paramount for

the introduction of autonomous vehicles. Large amounts of resources and time will be required to

change current traffic control systems and develop autonomous technology to include moral
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decision making. It will not be easy, but it will be worth it for a world with self-driving cars and

a more efficient, productive society.
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