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ABSTRACT 

The future of autonomous cars seems bright, even though, famous people like Elon Musk himself, 

among others, have been making promises around the fact that those cars would be part of our lives 

for almost ten years, but here we are, with our vehicles that are great, but for now they still don't drive 

for themselves.  

These false promises and the concept of a machine driving a car for us still generates rejection in the 

majority of the population, when the fact is that more than 90% of traffic accidents nowadays are due 

to human error, and these machines will be sort of things but not humans at all. 

This project investigates the current state of these vehicles, that in fact these autonomous car services 

already transit the streets of some of the largest cities in the world, cities like San Francisco. 

The key is to find out if autonomous vehicles have the real potential to become the service of the future. 

Therefore, Futures Design methodologies are used, analysing the trends of the sector and thus 

presenting a series of Future Scenarios. 

These methodologies will allow us to understand where current developments are leading us, so then 

we can understand the steps that we should follow as a society and those that we should not for a 

correct and efficient implementation of these technologies in the near future. 

Keywords: Autonomous Vehicles, Futures Studies, Design Process, Futures Research. 

RESUMEN 

El futuro de los coches autónomos parece brillante, aún así, personajes como el mismísimo Elon Musk, 

entre otros, nos llevan prometiendo que iban a ser parte de nuestras vidas desde hace ya casi diez años. 

Sin embargo aquí seguimos, con nuestros vehículos que sí, que son geniales, pero de momento aún no 

se conducen solos.  

Estas falsas promesas y el concepto de que una máquina conduzca el coche por nosotros aún genera 

rechazo en la mayoría de la población, cuando lo cierto es que más de un 90% de los accidentes de 

tráfico hoy en día son a causa del error humano, y estas máquinas serán muchas cosas pero 

precisamente humanas no son. 

En este proyecto se indaga sobre el estado actual de estos vehículos, que de hecho ciertos servicios de 

coches autónomos ya rondan las calles de algunas de las ciudades más grandes del mundo, como por 

ejemplo San Francisco.  

La clave es descubrir si los vehículos autónomos tienen el potencial real de convertirse en el servicio 

del futuro. Para ello, se recurre a las metodologías de Diseño de Futuros, analizando las tendencias del 

sector y así presentando una serie de Escenarios Futuros.  

Estas metodologías nos permitirán vislumbrar hacia dónde nos llevan los desarrollos actuales, para así 

descubrir los pasos deberíamos seguir y los que no para una correcta y eficiente implementación de 

estas tecnologías en un futuro más próximo que lejano. 

Palabras clave: Coches Autónomos, Estudios de Futuros, Proceso de Diseño, Investigaciones Futuras. 



AUTOMATES 

The Future of Autonomous Cars 
 

 Page 2 

           

    

 

RESUM 

El futur dels cotxes autònoms sembla brillant, tot i així, personatges com el mateix Elon Musk, entre 

d'altres, ens porten prometent que serien part de les nostres vides des de fa gairebé deu anys. Tot i això 

aquí seguim, amb els nostres vehicles que sí, que són genials, però de moment encara no es condueixen 

sols. 

Aquestes falses promeses i el concepte de que una màquina condueixi el cotxe per nosaltres encara 

genera rebuig a la majoria de la població, quan de fet més d'un 90% dels accidents de trànsit avui dia 

són a causa de l'error humà, i aquestes màquines seran moltes coses, però precisament humanes de 

moment no són. 

En aquest projecte s’indaga sobre l’estat actual d’aquests vehicles, que de fet certs serveis de cotxes 

autònoms ja ronden els carrers d’algunes de les ciutats més grans del món, com ara San Francisco. 

La clau és descobrir si els vehicles autònoms tenen el potencial real de convertir-se en el servei del 

futur. Per això, es recorre a les metodologies de Disseny de Futurs, analitzant les tendències del sector 

i així presentant una sèrie d'Escenaris Futurs. 

Aquestes metodologies ens permetran entreveure cap on ens porten els desenvolupaments actuals, per 

així descobrir els passos hauríem de seguir i els que no per a una correcta i eficient implementació 

d'aquestes tecnologies en un futur més aviat proper que llunyà. 

Paraules clau: Cotxes Autònoms, Estudis de Futurs, Procés de Diseny, Investigacions Futures. 
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1. INTRODUCTION 

Technology surpasses itself, day by day. And it also surpasses us. Not even the most experienced 

specialists in the field of Artificial Intelligence (AI) were able to predict the growth that AI language 

models, such as OpenAI's ChatGPT, have had in the recent years. Nowadays, at the mid-term of 2023, 

many people wonder if they can be potentially wrong and/or dangerous, and the truth is that they can 

(Jalil et al. 2023, Borji, 2023). In wrong hands, almost any system can be corrupted and put in the 

wrong and non-desired direction. That is why we must anticipate these subtle events and identify its 

strengthens and weaknesses in order to develop new reliable technologies and provide the future 

society with truly useful and safe developments. 

The world of autonomous cars (ACs) is not far behind. Its advances in recent years, although it may 

seem poor, are pretty huge steps forward. From parking sensors and auto-adjustment lane to automatic 

braking in case of imminent frontal collision. These advances bring us, slowly but surely, closer to a 

future with fully automated and autonomous vehicles (AVs). But... what will these cars really be like? 

What steps do we need to take and/or avoid? When will such a change occur? How will it affect our 

daily lives? These are some of the questions that this project seeks to answer. 

 

1.1. OBJECTIVES 

The main objective of the project is to understand the potential of AVs as a service. The future of those 

vehicles may seem bright, but the right steps must be taken and the society has to be aware of the 

benefits but also the potential dangers this kind of technologies may lead to.  

Secondary objectives are the analysis of the current situation of these technologies, the latest 

advancements and the implementations worldwide. Moreover, is the creation and testing of a 

methodology for futures design thinking, taking into account the methodologies used by experts in the 

field. And finally, the prototype design of an app as a complement of the Futurization, as it is a new 

field of design for the researcher and it is an interesting subject to dig in. 

 

1.2. HYPOTHESIS 

The hypothesis of the project is the following: 
 

Autonomous Vehicles are the service of the future. 

 

This statement may seem rather optimistic, given the false promises made by industry vendors 

regarding its implementation, but it may also be very interesting given the great potential that AVs 

have today, and how important they may become in the near future. 
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1.3. MOTIVATION 

Discussing with classmates and other close people about the chosen topic, CAs, the common concern 

was the severe lack of trust towards this type of innovative transport. Actually, the first Section of this 

project focuses on the analysis of this fact. 

Since then, the dedication to this project has been focused on finding a solution to give more visibility 

to these new technologies and to make people understand that it is more reliable, safer, greener, more 

comfortable and several more positives rather than conventional transport. 

After weeks of thinking about how to approach the project, the solution was found. The truth is that 

these new technologies are not yet fully prepared for today's world, but are designed for the near 

future’s society. Today we are at that point of development where researchers are in a hurry and the 

implementation of AVs is rushed, when a change as big as the mobility of people is not something that 

can change from one day to the next. 

For this reason, it has been decided to try to find out what will be the role of autonomous driving in 

the near future. Whether ACs will be individually owned or perhaps a service, if so, what kind of 

service are we talking about, how does it affect us as a society, what steps do we need to consider for 

a successful implementation of these technologies, and so on. These questions and many others are 

what this project seeks to address. 

 

1.4. SCOPE AND LIMITATIONS 

To begin with, the scope of this project focuses on the study of the future of AVs. These vehicles can 

be cars, but also motorbikes, trucks, boats, or any other vehicle with the potential to be automated.  

It should also be noted that, as far as prototyping mobile apps is concerned, the researcher has no 

experience in the field then it is foreseen as a challenge as well as a complement to the Futurization 

study being carried out. Therefore, the prototyping is rather simple, with a detailed explanation of the 

app's functionalities and a few screenshots of what the user interface would look like. 

On the other hand, in terms of limitations and speaking of the prototyping itself, the notions of 

prototyping are close to zero and it has been learnt on the way, so this part of the study is not explored 

in great depth. 

Furthermore, on the subject of the design of futures, it must be stated that, although the methodology 

behind them is strong and these studies are useful and effective in real life, at the end of the day the 

scenarios presented are always probable futures of the AVs topic, and must be understood in that way. 

In relation to the Double Diamond methodology, its fourth stage, the Deliver, involves testing different 

solutions on a small scale, rejecting those that will not work and improving those that will. This process 

is usually the most expensive in terms of resources and will not be implemented. Instead, something 

similar will be done in the Develop phase, choosing three Future Scenarios and prototyping an app for 

each one of them. 
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1.5. METHODOLOGY AND STRUCTURE 

First of all, the lack of trust issue stated in the Motivation will be addressed. Then, in the State of the 

Art, discoveries will be made in relation to the latest advances in autonomous mobility technologies, 

and not only in cars, but other ways of transportation are also being progressively automated. Some of 

them are already autonomous such as some trains and city metros, others are close to full-automation 

such as commercial flights and big ships. The most complex one, by far, is the automation of street 

vehicles, being cars and motorbikes the most common, because of the complexity of traffic and the 

huge number of inputs that a driver must overcome and think at the same time, in specific situations 

decisions must be taken in milliseconds. Advancements in the truck industry are also being developed.  

Subsequently, the methodology, which in that case the implemented one is the well-known Double 

Diamond, developed by the Design Council. The followed steps are: the Discovery, which in this case 

is already done by the State of the Art; the Definition, which is the recollection of information extracted 

from the first step; and the Development, which is the developed solution of the problem stated in 

previous steps. The fourth step, the Delivery, is not taken into account because of the limitations of 

resources and its requirements. 

Once the Discovery of the topic and the problem Definition is done and digging into the subject, this 

project focuses on a future study based on Futures Research, Futurization and Futures Design. These 

practices are very common in areas such as sustainability (Secundo et al., 2020, Wichaisri & Sopadang, 

2018), global politics and conflicts (e.g. Strategic Foresight Reports, Strategic Foresight Group), and 

obviously new technologies. The aim is to identify the current methodologies being used by those 

professionals, and some others developed by researchers and scientists.  

After studying all methodologies, a brand-new methodology of Futures Design will be developed by 

the researcher. First of all, the topic research. After that, a total of nine Trends are extracted from this 

information and are properly classified. Then, the envision of five future Scenarios, mixing two or 

more Trends at a time. Those Scenarios offer an overview of how AVs can be developed and 

implemented in the near future, depending on the focus of the researchers and manufacturers. 

Later, following a certain selection, three out of those five Scenarios are chosen to proceed with the 

prototyping of an app for each one. This app is called AutoMates, and it helps users to connect with 

their AVs in such different ways, depending on the Scenario. Those prototypes are quite simple, 

focusing on the key features of each one, and providing some screenshots of how the app would look 

like, and they act as a complement of the main Futures Study methodology. 

 

Finally, comparatives and conclusions can be extracted. Which is the most suitable scenario for the 

society? And for the planet? Are those scenarios really plausible? What do we need to achieve them? 

The action for change is key. After analysing the trends and mapping the probable scenarios, the 

influence can begin to take place. If how the path is being built is understood and the preferred future 

is also set, actions for change can be presented.  
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2. THE LACK OF TRUST 

Human beings love to be in control of the situation. The feeling that everything is under control. When 

we drive a car, this feeling is elevated to its maximum power. It is true that today's society leaves many 

of the daily tasks in hands of new technologies, but when it comes to our own lives, we prefer to be in 

control, although sometimes it is not the most appropriate thing to do. 

That's what happens when we drive a car. We do not leave our lives at the mercy of a machine, we 

always feel more at ease when we drive ourselves, or someone else is driving: a family member or a 

friend, a bus driver, an airplane pilot, etc.  

 

2.1. RECENT STUDIES 

Partners for Automated Vehicle Education (PAVE) is a coalition of industry players and nonprofits 

aimed at improving the public’s understanding of AVs. The organization polled in the early stages of 

2020 (PAVE Poll) 1.400 adults across the U.S. about those type of vehicles. Here are some of the most 

relevant results: 

- Nearly 3 in 4 Americans say AV technology “is not ready for primetime.” 

- About 48 percent said they would never get in a taxi or ride-sharing vehicle that was self-

driving. 

- Another 20 percent think AVs will never be safe. 

- Only 34 percent think the advantages of AVs will outweigh the disadvantages. 

- Only 18 percent are eager to get on a waitlist for the first AV. 

According to a study done by Intelligent Car Leasing (Vehicle Safety Survey), in which 1750 Britons 

between the ages of 18 and 65 were surveyed, 61% of people preferred the vehicle to be controlled by 

a human being, compared to the 17% who opt for AVs. The remaining 22% are indifferent. 

The other question is, why? Why is there this lack of confidence in this emerging technology? Well, 

there are many reasons. According to U.S. consumer data research and analytics firm J.D. Power and 

its 2022 U.S. Mobility Confidence Index (MCI) Study, consumer readiness and understanding of AVs 

remains low, posing challenges to mass adoption of this technology. It highlights the need for clear 

and consistent communication plus the adoption of effective learning methods to improve consumer 

understanding and confidence in AVs. 

The key points this study brings to the table are as follows: 

- Low consumer readiness for fully automated and AVs. 

- Consumer willingness to be trained to operate AVs, especially among younger generations. 

- Need for more effective learning methods to understand driver assistance features and AV 

technologies. 

- Current use of driver assistance systems influencing future intent to purchase AVs. 
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- Consumer comfort with automation may be overestimated, with many expressing a lack of 

confidence and concern about the developing technology. 

- Consumers want more information on how vehicle technology meets government standards to 

feel comfortable with AVs. 

 

2.2. THE SURVEY 

Despite the multitude of studies supporting the theory that there is a lack of trust in today's society 

towards AVs, a survey has been conducted addressing this issue. For a total sample of 25 individuals 

between 18 and 65 years of age, with different genders and professional occupations, they were asked 

the following open-ended question: 

Imagine that you are in a car, there are two options. What do you prefer, a human driving or the car 

being an autonomous vehicle? Why? 

Prior to the question itself, respondents were informed about the study being carried out, and were 

provided with additional information on the current state of the technology if demanded. 

 

 

Figure 1. Graph of survey results. 

 

The results obtained support those already found using different methods by other organizations. Out 

of the 25 responses, a total of 15 (60%) were in favour of human driving, as opposed to the 10 (40%) 

who favoured an AV. 

AV

40%

HUMAN

60%
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Digging deeper into the results, in relation to gender, men prefer a human driving over an automated 

vehicle (57%), while the percentage of women that choose this first option is higher (64%). Talking 

about age and dividing the sample in three different ranges: 18-35, 36-50, 51-65; we can conclude that 

the younger generations (18-35 y.o.) are less compromised with new technologies, 33% in favour, 

against the other two ranges with a total of 50% of the people in Favor of the innovation. 

This is certainly surprising, since in principle it should be the other way around: younger people are in 

favour of the implementation of new technologies and older people are somewhat more reticent. The 

high percentage of people over 35 who opt for AVs may be due to the safety that these vehicles can 

provide them, the comfort and also the increase of their free time. On the other hand, the low 33% in 

favour among younger drivers could be due to their confidence and enjoyment of driving, plus the 

possible lack of familiarity with this vehicles. 

As for the general reasons, there are several points of view, depending mainly on whether the answer 

was in favour of one side or another. For those in favour of human driving, the key terms most repeated 

in the responses are: being in control, driving enjoyment, confidence, trust and safety. On the other 

hand, for those who opt for autonomous driving, the most repeated are: human error, traffic congestion, 

efficiency and accidents. 

 

The complete survey data can be found in Annex A: LACK OF TRUST SURVEY. 
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3. STATE OF THE ART 

Throughout this State of the Art the current level of development, innovation, and progress in the field 

of Self-Driving Vehicles (SDV) is studied. It involves analysing the most advanced and innovative 

technologies, methods, and practices that are being used nowadays in the industry. Starting with a 

general understanding of an AV, then taking a look at its current situation, including a SWOT Analysis.  

Some other interesting topics that must be addressed are the regulations to integrate those vehicles into 

the streets, plus the liability issue, a hot topic nowadays. Lastly, a list of examples of ACs and other 

vehicles under development by several companies will be presented. 

 

3.1. THE AUTONOMOUS VEHICLE 

Before starting the discussion about the Autonomous Car (AC) its key to understand clearly what is 

an Autonomous Vehicle (AV). As an easy way to define it, autonomous driving technologies allow 

for the transfer of some or all driving responsibilities from a human driver to a computer-based system 

(SAE International, 2021). These technologies have been implemented in the cars we drive today 

gradually, yet we are still a long way from full autonomous driving. 

A classification system with six levels – from fully manual to fully automated systems – was published 

in the first issue, dated in January 2014, of the Taxonomy and Definitions for Terms Related to On-

Road Motor Vehicle Automated Driving Systems, by standardization body SAE International. This 

document is revised periodically, being the latest actualization from April 2021. This classification is 

based on the amount of intervention and attention required on the part of the driver, rather than the 

capabilities of the vehicle, although these are generally related. 

 

 

Figure 2. The six levels of Automation. (SAE International, 2021) 
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Most vehicles on the road today are at Level 0, which means they are manually controlled. The driver 

performs the dynamic driving task, although there may be systems that assist the driver. An example 

would be the emergency braking system, which does not qualify as automation as it does not "drive" 

the vehicle. 

Level 1 is the lowest level of automation. The vehicle has a unique automated system for driver 

assistance, such as steering or acceleration control (cruise control). Adaptive cruise control, which 

allows maintaining a safe distance from the car ahead, is considered Level 1 because the human driver 

monitors other aspects of driving, such as steering and braking. 

Level 2 refers to Advanced Driver Assistance Systems, or ADAS. The vehicle can control both steering 

and acceleration/deceleration. However, automation falls short of autonomous driving because a 

human being is in the driver's seat and can take control of the car at any time. Both Tesla's Autopilot 

system and Cadillac's (General Motors) Super Cruise are Level 2 compliant. ADAS are used from 

Level 2 to Level 5. 

 

 

Figure 3. Cadillac’s Super Cruise Driving System. 

 

The leap from Level 2 to Level 3 is considerable from a technological perspective, but subtle or even 

negligible from a human perspective. 

Level 3 vehicles have "environmental detection" capabilities and can make informed decisions on their 

own, such as accelerating to pass a slow-moving vehicle. However, they still require human 

intervention. The driver must remain alert and ready to resume control if the system is unable to 

execute the task. 
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The key difference between Level 3 and Level 4 automation is that Level 4 vehicles can intervene if 

something goes wrong or if there is a system failure. In this sense, these cars do not require human 

interaction in most circumstances. However, there is still the option for a human to manually override. 

Level 4 vehicles can operate in autonomous driving mode. 

Finally, Level 5 vehicles do not require human attention, as the "dynamic driving task" is eliminated. 

Level 5 cars will not even have steering wheels or accelerator/brake pedals. Fully autonomous cars are 

being tested in several locations around the world, but are not yet available to the general public. 

 

3.2. TECHNOLOGIES 

ACs tend to use a combination of technologies to enable them to drive in an automated manner and 

without human intervention. Some of the most important and common ones are the following: 

 

 

Figure 4. Autonomous Cars technologies. (Center for Sustainable Systems, 2021) 

 



AUTOMATES 

The Future of Autonomous Cars 
 

 Page 17 

           

    

 

Ultrasonic sensors: Provide short distance data that are typically used in parking assistance systems 

and backup warning systems. 

Global Positioning Systems (GPS): Locate the vehicle by using satellites to triangulate its position. 

Although GPS has improved since the 2000s, it is only accurate within several meters. 

Light Detection and Ranging (LIDAR): A 260-degree sensor that uses light beams to determine the 

distance between obstacles and the sensor. 

Cameras: Frequently used inexpensive technology, however, complex algorithms are necessary to 

interpret the image data collected. 

Radio Detection and Ranging (RADAR): A sensor that uses radio waves to determine the distance 

between obstacles and the sensor. 

Infrared Sensors: Allow for the detection of lane markings, pedestrians, and bicycles that are hard 

for other sensors to detect in low lighting and certain environmental conditions. 

Inertial Navigation Systems (INS): Typically used in combination with GPS to improve accuracy. 

INS uses gyroscopes and accelerometers to determine vehicle position, orientation, and velocity. 

Dedicated Short-Range Communication (DSRC): Used in Vehicle to Vehicle (V2V) and Vehicle 

to Infrastructure (V2I) systems to send and receive critical data such as road conditions, congestion, 

crashes, and possible rerouting. DSRC enables platooning, a train of vehicles that collectively travel 

together. 

Prebuilt Maps: Sometimes utilized to correct inaccurate positioning due to errors that can occur when 

using GPS and INS. Given the constraints of mapping every road and drivable surface, relying on 

maps limits the routes an AV can take. (Center for Sustainable Systems, 2021). 
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3.3. CURRENT SITUATION 

For this section, it is decided to opt for a SWOT (Strengths, Weaknesses, Opportunities & Threats) 

Analysis, since it provides an overview of the positives and negatives of ACs in general. Its internal 

situation is studied through the Strengths and Weaknesses, while from the external point of view it 

focuses on visualizing the Opportunities and Threats that may arise.  

 

 

Figure 5. SWOT Analysis. 

 

The following four sub-sections will summarize each of the points highlighted in the four parts of this 

SWOT Analysis. 
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3.3.1. Strengths 

ACCESSIBILITY  

Autonomous cars have the potential to provide accessible transportation options for people with 

disabilities or limited mobility, as well as for elderly people who may face driving difficulties. These 

AVs could enable them to travel independently and perform daily activities without relying on the 

assistance of others. This would open up new possibilities and improve the quality of life for these 

people by providing them with greater autonomy and freedom of movement. 

Increasing accessibility and balancing its distribution across space and social groups are two 

fundamental goals to make transport more sustainable and equitable. In the next decades, AVs could 

significantly transform the transport system, influencing accessibility and transport equity. In 

particular, depending on the assumed features of AVs (e.g., private or collective) and the considered 

spatial, social, and regulative context (e.g., rural or urban areas), impacts may be very different. 

Nevertheless, research in this field is still limited, and the relationship between AV assumptions and 

accessibility impacts is still partially unclear. (Dianin et al., 2021) 

 

 

Figure 6. A disabled person getting into an AC. 

 

SAFETY 

ACs are designed to follow traffic rules and they use advanced sensors and camera systems such as 

the radars and lidars to continuously monitor the environment. This allows them to identify obstacles, 

pedestrians, traffic signs and other vehicles more accurately than a human driver. In addition, they can 

process and react quickly to dangerous situations, which can significantly reduce the possibility of 

accidents caused by human error, such as distractions, fatigue or inattention. 
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The sad reality is that, in fact, the majority of accidents on public roads are avoidable. According to a 

study by the U.S. National Highway Transportation Safety Administration, or NHTSA (2016 Fatal 

Traffic Data, NHTSA), 94% of accidents are related to "human decision". This means that virtually all 

traffic accidents are caused by human error: alcohol and other drugs, drowsiness and/or fatigue, 

distractions, speeding, aggressive and/or irresponsible driving, and a long etcetera. This study and 

many others support the certainty that, in general, more than 90% of accidents are caused by human 

error. 

 

EFFICIENCY 

ACs are programmed to maintain constant speeds and drive more smoothly than human drivers. They 

avoid abrupt acceleration and braking, which reduces fuel consumption and vehicle deterioration. By 

maintaining an optimal constant speed, greater fuel efficiency can be achieved and thus a reduction in 

greenhouse gas emissions. 

They can also take advantage from DSRC and other advanced navigation technology and vehicular 

communication systems to identify the best route based on real-time traffic conditions. They can use 

real-time data to avoid traffic jams and congestion, thus optimizing travel times and improving the 

overall efficiency of the transportation system. 

At the same time, with the help of DSRC they can communicate between ACs and coordinate their 

actions while in motion. This can allow vehicles to follow each other closely in platoons, reducing 

wind resistance and improving aerodynamic efficiency.  

Thanks to their sensors, they can drive at shorter distances from each other and react more quickly 

than human drivers, allowing higher traffic density on the roads without compromising safety. This 

means that more vehicles can drive on the same roads, reducing the need to build new infrastructure 

and contributing to better utilization of available resources. 

These combined features contribute to greater fuel efficiency, better utilization of road infrastructure, 

and a more convenient and productive travel experience. 

 

PRODUCTIVITY 

Riding an AC frees occupants from the task of driving, allowing them to use their travel time more 

productively. Passengers can engage in activities such as working, reading, studying or just relaxing, 

which could increase their productivity and comfort. 
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Figure 7. A man having a videocall with his family while being in an AC. 

 

In addition, autonomous cars can offer in-vehicle entertainment and connectivity services, providing 

an even more enjoyable travel experience. 

 

3.3.2. Weaknesses 

TECH DEPENDENCE 

These cars require sophisticated technology, as discussed above in Section 3.2. If any of these 

components fail or experience a malfunction, the AV may have difficulty operating in a safe manner 

for its occupants.  

In addition, autonomous cars rely on complex algorithms and software to interpret and respond 

appropriately to driving situations. In fact, some of these algorithms are still under investigation, not 

yet fully developed. More about these algorithms and the technology being developed by various 

companies in the sector also discussed in Section 3.6. 

 

HIGH COSTS 

At the current stage of development, autonomous cars tend to be expensive due to the advanced 

technology and complex systems they require. This can limit their accessibility and availability to the 

general public, making mass production and worldwide adoption difficult.  



AUTOMATES 

The Future of Autonomous Cars 
 

 Page 22 

           

    

 

LACK OF TRUST 

This weakness has been widely addressed in Section 2, as it is one of the main drivers of the project.  

 

MANUAL CARS INTERACTION 

In an environment where autonomous and human-driven vehicles coexist, there may be challenges in 

the interaction between them. Human drivers may have difficulty predicting and understanding the 

behaviour of an AV, which can lead to situations of uncertainty on the road. Similarly, autonomous 

car algorithms must be able to interpret and respond appropriately to the actions of human drivers to 

avoid conflicts and accidents. 

The ideal and utopic scenario is the one where there is no longer any human-driven vehicle, and all 

kinds of transportation are held by SDVs. Obviously, this will not happen so we have to try and 

overcome the difficulties that may appear. 

 

3.3.3. Opportunities 

OWNERSHIP PARADIGM 

Currently, most people own their vehicles, but if AVs are implemented globally, a shift in the 

ownership could start to take place. They could drive the transition from a vehicle ownership model to 

a shared model. Instead of owning a personal car, people could access ride-sharing services, where 

AVs would be available for on-demand use. This could lead to greater efficiency in vehicle utilization, 

as multiple people could share a single car at different times of the day, reducing the need to own a 

massive fleet of vehicles. 

In the other hand, the possibility of acquiring an AC for private use is also a possibility. In that case, 

the ownership can also change, since manufacturers and clients have not yet agreed on the liability 

terms. 

 

RIDESHARING 

As mentioned before, AVs could further boost the popularity of ridesharing, something that has been 

increasing in popularity in the latest years, likely due to high gas prices and the prices of the automotive 

sector in general.  

By eliminating the need for a human to be the driver, fleets of shared AVs can be created to provide 

efficient and convenient transportation services. This could reduce congestion and environmental 

impact. 
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In addition, if people choose to access ridesharing services instead of owning their own vehicles, they 

could save money on car purchases, maintenance and insurance. 

 

 

Figure 8. A man sharing an autonomous taxi service. 

 

CITY GROWTH 

ACs can have a major impact on large and medium-sized cities. If their use is widespread, the number 

of cars per capita would decrease considerably, as people would not need to take their car from home 

to go to work, for example. This would mean a considerable reduction in the number of parking spaces 

needed in the city, which would mean a reuse of the available spaces that parking lots would leave for 

their inhabitants. 

 

NEW BUSINESS 

AVs could be a starting point for the creation of new business models and related services. For 

example, AC fleet companies could emerge that offer on-demand transportation services, without the 

need for a human driver. In addition, AVs could give rise to autonomous delivery services, where 

vehicles are used to deliver products efficiently and conveniently. These opportunities could boost the 

economy and generate new jobs. 
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3.3.4. Threats 

SOCIAL DILEMMA 

Autonomous cars raise ethical dilemmas and liability issues. For example, in unavoidable accident 

situations, vehicle algorithms must make difficult decisions on how to minimize damage, which may 

involve choosing between different human lives. In addition, the question arises as to who assumes 

liability in case of accidents: the vehicle manufacturer, the software provider, the human driver (if 

any), or a combination of them? These ethical and legal issues have not yet been fully resolved and 

require careful attention. 

The liability issues are deeply addressed in Section 3.5. 

 

REGULATIONS 

As this technology evolves and becomes more commonplace on the roads, governments and regulators 

face the challenge of establishing appropriate regulatory frameworks to ensure the safety and 

effectiveness of AVs.  

More about this issue in the next Section, 3.4. 

 

EMPLOYMENT IMPACT 

Driving automation has the potential to affect drivers and workers in the transportation industry, 

potentially causing them to lose their jobs. As AVs become more common, there could be a decrease 

in demand for taxi drivers, truck drivers, delivery drivers, and other transportation-related roles.  

This poses challenges in terms of job replacement and the need to provide new job opportunities for 

those who can be affected. 

Detailed information about some of the autonomous services existing nowadays in Sections 3.6. and 

3.7. 

 

PRIVACY AND SECURITY 

AVs depend on advanced computer systems and network communication to function properly. This 

exposes them to cyber security risks such as cyber-attacks and hacking. A successful attack could 

compromise vehicle security, allowing hackers to take control of the driving system or access sensitive 

passenger information. Ensuring cyber security in autonomous cars is a critical challenge that must be 

addressed to gain public confidence in this technology. 
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3.4. REGULATIONS 

Any technological advance must be supported by a complete and specific regulatory framework for 

each case, and AVs are no less important. The regulations for these vehicles are designed to ensure the 

safety of road users and establish standards for their effective development and deployment. 

There is the so-called Vienna Convention on Road Traffic from 1968, signed by 86 countries around 

the world, which establishes principles to govern traffic laws. One of the fundamental principles of the 

convention has been the concept that the driver is always in full control and responsible for the 

behaviour of a vehicle in traffic. In 2016, a reform of the convention opened up the possibility of 

automated features in vehicles within countries ratified by the Vienna Convention. 

In January 2021, a proposed amendment to Article 1 and a new Article 34 bis were transmitted to the 

1968 Vienna Convention on Road Traffic for a one-year acceptance period. By January 14, 2022, the 

amendment to the convention was accepted, entering into force on July 14, 2022. 

This amendment to Article 1 and the new Article 34 (UNECE, 2021) states the following: 

- Article 1: two new definitions. 

(ab) “Automated driving system” refers to a vehicle system that uses both hardware and software to 

exercise dynamic control of a vehicle on a sustained basis. 

(ac) “Dynamic control” refers to carrying out all the real-time operational and tactical functions 

required to move the vehicle. This includes controlling the vehicle’s lateral and longitudinal motion, 

monitoring the road, responding to events in the road traffic, and planning and signalling for 

manoeuvres. 

- Article 34 bis: 

Automated driving 

The requirement that every moving vehicle or combination of vehicles shall have a driver is deemed 

to be satisfied while the vehicle is using an automated driving system which complies with: 

(a) domestic technical regulations, and any applicable international legal instrument, concerning 

wheeled vehicles, equipment and parts which can be fitted and/or be used on wheeled vehicles, and 

(b) domestic legislation governing operation. 

 

Nevertheless, AC regulations vary by country and jurisdiction. The most developed regions in terms 

of legislative and regulatory framework are: the US, Europe, China, the UK and Japan. There are two 

countries being studied that are a non-signatory country to the Vienna Convention: Japan and the US. 

There are some others also working on that area, but this study is focused on the main ones. 
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3.4.1. United States 

In the US, a non-signatory to the Vienna Convention, state vehicle codes historically did not provide 

for AVs. However, they did not prohibit them either. In 2017, the Republican-controlled House of 

Representatives unanimously passed the "SELF DRIVE Act" that would accelerate the adoption of 

ACs and prohibit states from setting performance standards. However, a companion bill in the Senate, 

"AV START," failed to pass after Democrats raised objections that it did not do enough to address 

safety and liability concerns. To date, no comprehensive regulatory structure has emerged at the federal 

or state level in the United States. 

In August 2022, members of the U.S. House of Representatives launched a bipartisan effort to revive 

legislative efforts to advance AVs. 

 

FEDERAL POLICIES 

NHTSA released for public comment the Occupant Protection for Automated Driving System on 

March 30, 2020, followed by the Automated Driving System Safety Framework on December 3, 2020. 

The Occupant Protection is intended to modernize the Federal Motor Vehicle Safety Standards by 

considering the elimination of manual controls with automated driving systems, while the Framework 

document is intended to provide an objective way to define and evaluate the competency of the 

automated driving system to ensure motor vehicle safety while being flexible to accommodate the 

development of safety-enhancing features. 

Historically, a vehicle without driving controls such as a steering wheel, accelerator and brake would 

not meet the Federal Motor Vehicle Safety Standards (FMVSS), which are the minimum safety 

equipment required to legally sell a vehicle to the public. On March 10, 2022, NHTSA updated and 

finalized the Occupant Protection safety requirements rule to allow a vehicle without driving controls 

to comply with U.S. regulations. The important update to NHTSA's regulations allows companies to 

build and deploy AVs without hand controls, as long as they comply with other state and federal 

standards. 

 

STATE POLICIES 

38 states have laws or executive orders related to AVs following reports up to 2022. 

In June 2011, Nevada passed a law allowing the use of ACs, becoming the first jurisdiction to legalize 

their operation on public roads. The legislation established safety and performance standards, and 

Google supported these legal tests. The law defined an automated vehicle as one that uses AI and 

sensors to drive without human intervention. 

In April 2012, Florida became the second state to allow testing of ACs on public roads. 

In September 2012, California became the third state to allow AC testing by signing SB 1298 into law. 

In February 2016, AB 2866 was introduced, which would allow the operation of AVs on public roads 

without a driver, steering wheel, accelerator or brake. Although this bill did not pass in November 

2016, California continued to discuss federal policy proposals for AVs. In December 2016, the 
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California Department of Motor Vehicles ordered Uber to recall its AVs after traffic light violations. 

California issues permits for AV testing and deployment, and Nuro was the first manufacturer 

authorized without a safety driver in December 2020, followed by Cruise and Waymo in September 

2021. 

In Washington, D.C., according to its district code, an AV is a vehicle that can drive and interpret 

traffic control devices without the active intervention of a driver. However, vehicles equipped with 

safety or driver assistance systems are excluded. For an AV to operate on a public road in the district, 

it must have a manual override function so that a driver can take control at any time, have a driver 

present in the control seat prepared to assume control, and comply with applicable traffic and motor 

vehicle laws. 

 

Those are some examples of the States that have laws and regulations related to AVs in the country. 

 

 

Figure 9. US States that allow testing of AVs on public roads as of December 2022. 
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3.4.2. Europe 

In November 2019, Regulation (EU) 2019/2144 of the European Parliament and of the Council on 

type-approval requirements for motor vehicles was established, which defines specific requirements 

for AVs and fully AVs. From 2022, this law establishes uniform procedures and technical 

specifications for systems and other elements. In April 2022, the EU presented a draft of its legislation 

for vehicles with Automated Driving Systems (ADS).  

In July 2022, the new "General Vehicle Safety Regulation" came into force, which establishes the legal 

framework for the approval of automated and driverless vehicles (level 3 and above) in the EU. In 

addition, regulations were introduced requiring all new cars as of July 6, 2022 to be equipped with 

Intelligent Speed Assistance (ISA) (Level 2). The EU Commission's delegated regulation contains 

specific requirements for different types of AVs. 

 

FRANCE 

In France, AV testing was permitted in 2015, with a demonstration in Bordeaux in October of that 

year. In 2018, a strategy for the development of automated road mobility was published, and the 

Mobility Orientation Act was enacted in 2019. In 2020, the strategy was updated to make France a 

leader in automated mobility services in Europe. In 2021, a legislative and regulatory framework for 

the implementation of AVs and transportation systems was established.  

 

GERMANY 

In Germany, in July 2021, the "Federal Law Amending the Road Traffic Act and the Compulsory 

Insurance Act" came into force. This law permits the circulation of vehicles with autonomous driving 

capabilities in specified areas of operation on public roads. These provisions correspond to Level 4.  

In addition, the German legislation sets out important implications for dilemmatic situations and 

specifies technical requirements for AVs. This includes for example the non-discrimination principle 

that applies to unavoidable crash situations. In February 2022, an ordinance for the approval and 

operation of AVs in specified areas of operation was introduced. 
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3.4.3. China 

In China, a signatory to the Vienna Convention, AV legislation and regulation is underway. In 2018, 

regulations were introduced to regulate the testing of AVs, setting requirements for testing in non-

public areas, testing on designated roads, and the presence of a qualified person in the driver's seat. In 

February 2020, a strategy for the development of intelligent vehicles up to 2025 was issued, including 

the revision of road safety and mapping laws.  

In January 2021, the inclusion of highways in the roads where local authorities can authorize the 

circulation of AVs was planned. In March 2021, proposed amendments to the road safety law were 

submitted. In August 2021, provisions on automotive data security were issued and in September 2021, 

a new data security law came into force.  

In February and March 2022, draft administrative measures and guidelines for data security and 

cybersecurity in connected vehicles were issued. China is developing a legal and regulatory framework 

to boost the innovation and development of AVs and ensure data security and cybersecurity in this 

area. 

 

3.4.4. United Kingdom 

In the United Kingdom, AVs have been allowed to be tested on public roads since 2013. In 2018, the 

Automated and Electric Vehicles Act was enacted. In 2019, the UK became a signatory to the Vienna 

Convention. In 2021, work was done on a law to allow automated lane keeping systems up to 60 km/h, 

with the possibility for the driver to take back control in unforeseen events. A comprehensive review 

of the legal framework for AVs and their use in public transport was conducted.  

The Society of Motor Manufacturers and Traders (SMMT) published guiding principles on 

misrepresentation in the marketing of these vehicles. In April 2022, planned changes to the "Highway 

Code" were confirmed to clarify the responsibilities of drivers in AVs. In August 2022, the UK 

government presented a plan to implement AVs on UK roads.  

The UK is working to establish a robust legal framework and promote the development of AVs, while 

ensuring safety and clarity on driver responsibilities. 

 

3.4.5. Japan 

In Japan, a non-signatory to the Vienna Convention, in April 2020, amendments to the Road Traffic 

Law and the Road Transport Vehicle Law came into force that allowed Level 3 autonomous driving 

on public roads. A safety certification process for the Level 3 autonomous driving function was also 

established.  
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In May 2020, the Highway Law was amended to include the definition of automatic operation control 

equipment in infrastructure. In July 2020, a nationwide roadmap plan was issued for the social 

implementation and acceptability of level 4 autonomous driving. In late 2020, amendments were made 

to the Road Transport Vehicle Safety Regulations to reflect UNECE WP.29 GRVA regulations.  

 

 

Figure 10. Boldly's self-driving bus in Haneda Innovation City in Ota City, Tokyo. 

 

In April 2021, the National Police Agency published a report on issues related to the performance of 

Level 4 mobility services. In March 2022, the Japanese government adopted an amendment to the 

Road Traffic Law to include an approval scheme for Level 4 services. In April 2022, the bill was 

deliberated and passed in the National Diet.  

As of April 1, 2023, the amendment to the Road Traffic Law came into force, introducing a licensing 

scheme for transport service operators using Level 4 AVs in limited areas. These vehicles are expected 

to be used in unpopulated areas. The Japanese government aims to realize Level 4 transportation 

services in at least 40 locations by fiscal 2025. From April 2023, Level 4 AVs are allowed to be used 

for transit and delivery services. 
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3.5. LIABILITY ISSUE 

The liability issue is a hot take around AVs. Experimental SDVs are being tested on public roads, and 

will at some point be commercially sold or made otherwise available to the public. An SDV and its 

digital control systems take over control tasks previously performed by the human driver. This places 

high demands on this control system which has to perform the highly complex task of driving the car 

through traffic. When this system does not perform its task adequately and damage ensues the failure 

of the control system may be used as a stepping stone to claim liability of the manufacturer of the car 

or the control system. Uncertainties about the application of (product) liability law may slow down the 

uptake of ACs more than is warranted on the basis of technical progress. (Schellekens, 2015) 

As higher levels of vehicle automation (Levels 3 and 4) are commercially introduced, the insurance 

industry should improve the proportions of commercial and product liability lines, being the AC the 

product itself, while traditional car insurances go down proportionally. 

A person being driven by a Level 5 AC would be understandably reluctant to accept responsibility for 

something that is out of their control. When there is some degree of shared control as in Levels 3 or 4, 

the person might be concerned that the vehicle will attempt to return control in the last seconds before 

a crash, to shift responsibility and liability as well. 

In circumstances where a human is not able to avoid the vehicle crash, if it is already difficult for the 

intelligent car and it decides to transfer control, it could be even more difficult for a human. In this 

way, the developers would avoid liability for the accident since control was handed over to the driver 

before it happened. 

When it comes to liability for fully AVs (Level 5), the legal aspects cannot be ignored. In any 

automobile accident, the issue of negligence usually arises. In the case of AVs, negligence is likely to 

lie with the manufacturer, as it would be difficult to attribute a breach of duty of care to the user who 

is not controlling the vehicle.  

The only time negligence was raised in an AV lawsuit, there was a settlement between the person hit 

and the manufacturer (General Motors). In addition, product liability is likely to fall on the 

manufacturer. For an accident to fall under product liability, there must be a defect or a lack of adequate 

warnings on the part of the manufacturer.  

Third, there is strict liability, which in this case is similar to product liability based on a design defect. 

According to a Nevada Supreme Court ruling (Ford vs. Trejo), the plaintiff must prove the 

manufacturer's failure to meet the consumer expectation test.  

That is potentially the way the three main legal issues regarding liability for AVs would work. 
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3.6. AUTONOMOUS CAR EXAMPLES 

Despite the efforts of some of the world's largest companies, ACs still have a lot of work ahead of 

them. After years of testing and trials, there is still no company offering a viable Level 5 solution on a 

large scale for the global market. However, just because we have not yet reached the top level does 

not mean that we have not made progress over the years. 

Manufacturers have already reached Level 4. They still have to reach a set of technological milestones, 

also some other important issues mentioned in previous Sections must be addressed before fully AVs 

can be purchased and used on public roads. Even though Level 4 autonomy is not available for public 

consumption, they are used in other ways such as ride-sharing services or autonomous street-sweeping 

vehicles. 

The following will introduce some of the automotive powerhouses leading the future of ACs. 

 

3.6.1. Tesla 

Tesla’s Autopilot is a set of ADAS features that relates to SAE’s Level 2 vehicle automation. The 

features of this system are lane centring, traffic-aware cruise control, automatic lane changes, semi-

autonomous navigation on limited access freeways, self-parking, and the ability to summon the car 

from a garage or parking spot.  

 

 

Figure 11. Tesla’s Autopilot in action, plus live images of its cameras working. 
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The company aims to deliver Level 5 autonomous driving in the near future, although they know that 

they have faced technical and regulatory barriers in achieving this. Also, their CEO Elon Musk has 

made a multitude of incorrect predictions about when this level of autonomy will be achieved over the 

past few years.  

Unlike other companies, Tesla's vehicles do not incorporate lidar, a decision that has been criticized 

by some experts.  

In October 2020, Tesla launched a full autonomous driving capability beta program in the United 

States through February 2023, in which about 360,000 people participated. However, this decision to 

use untrained consumers to test this beta version of the program has again been criticized as dangerous 

and irresponsible. Accidents and fatalities involving Tesla vehicles with Autopilot activated have 

generated media and government agency attention. 

3.6.2. Waymo (Google) 

Waymo LLC, formerly known as the Google Autonomous Car Project, is an American autonomous 

driving technology company. It is a subsidiary of Alphabet Inc, Google's parent company. 

In December 2018, Waymo launched "Waymo One”, a commercial AC service in Phoenix. In 

November 2019, Waymo One became the first autonomous service without safety drivers in the 

vehicle. In 2021, Waymo expanded Waymo One testing to San Francisco, initiating limited service 

with employee volunteers. In August 2021, commercial Waymo One test service was launched in the 

city. In March 2022, Waymo announced that they will offer driverless rides in San Francisco. 

 

 

Figure 12. A client using the Waymo One service in the US. 
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Nowadays, Waymo “Robotaxis” are operating freely in Phoenix, under a waitlist in San Francisco, 

and they are planning to launch their service in the city of Los Angeles. 

They have developed their own suite of autonomous driving hardware, which includes sensors, 

enhanced vision systems, radar and lidar. This technology reduces Waymo's reliance on outside 

vendors and allows them to efficiently integrate their technology into the hardware. Their vehicles are 

equipped with sensors that provide 360-degree vision and can detect objects up to 300 meters away. 

They use short-range lasers for close objects and radar for objects in motion and around other vehicles. 

In addition, they have a push-button system inside for passengers to control certain functions. 

Waymo has demonstrated a continued commitment to advancing autonomous driving technology and 

has achieved significant milestones in the field. Their focus on internal hardware and software 

development has enabled them to advance the creation of a fleet of safe and reliable AVs. 

Waymo's future looks promising in the autonomous driving industry, and their focus on safety and 

innovation positions them as leaders in the field. 

 

3.6.3. Aurora 

Aurora Innovation is a SDV technology company, co-founded in 2017 by Chris Urmson, the former 

chief technology officer of Waymo, Sterling Anderson, former head of Tesla Autopilot, and Drew 

Bagnell, former head of Uber’s autonomy and perception team. 

The company have developed Aurora Driver, a Level 4 system composed of sensors, software and 

hardware. It can be installed in passenger or commercial vehicles to convert them into AVs. The first 

vehicle equipped with this system was the Toyota Sienna, started testing in the early stages of 2022. 

 

 

Figure 13. A Toyota Sienna equipped with the Aurora Driver system. 
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3.6.4. Cruise (GM) 

Cruise, a largely-autonomous subsidiary from General Motors, is an American SDV company founded 

in 2013 by Kyle Vogt and Dan Kan. 

Cruise's first steps in automation, the RP-1 system, complemented the human driving experience by 

offering an on-demand autonomous feature available for the Audi A4 or S4 (2012 onward). The goal 

of the $10,000 kit was to eventually retrofit all vehicles with an on-road autopilot system. However, 

Cruise determined that the biggest challenge lay in conquering city driving. In January 2014, the 

company decided to abandon the RP-1 and produce a fully AV using the Nissan Leaf. 

In March 2016, General Motors acquired Cruise. They received a permit to test AV technology from 

the California Department of Motor Vehicles in June 2015, nine months before it was acquired by GM. 

Cruise forms the core of GM's autonomous driving efforts. 

The Cruise AV is a Chevy Bolt-based AV. The Cruise AVs features drive control algorithms and 

artificial intelligence created by Cruise. It uses Lidar, radar, and camera sensors; according to Cruise, 

40% of its hardware is unique to self-driving. The third generation (G3) of those ACs are Level 4. As 

of September 2022, the company operated 100 of those robotaxis in San Francisco, and announced 

their intentions to increase the size of their fleet to 5,000. 

 

Figure 14. Cruise’s self-driving car Chevrolet Bolt EV. 

 

The next generation of Cruise AVs is not the G4 as expected, they are working on the Origin, unveiled 

in January 2020. This Level 4-5 AV lacks driver controls entirely. The Origin was scheduled to be 

introduced in January 2023, although people is still waiting for it. 
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3.6.5. AutoX & Baidu 

China has two major players in the autonomous car sector. On the one hand AutoX, funded by Alibaba, 

Dongfeng and SAIC and on the other hand Baidu, the Chinese internet giant that became known for 

its search engines. 

As per AutoX refers, at the end of 2020, AutoX deployed its fleet of autonomous and driverless taxis 

in Shenzhen. Following the success of these tests, they finally obtained the license to open their fleet 

of ACs to the public. A total of more than 100 cars with dual LIDAR, 4D radar, high-resolution 

cameras and a multitude of sensors. 

Then Baidu, the company that have been working on AVs since 2013 and have been testing then on 

public roads around the country since 2015. In 2020, they launched its robotaxis service named 

“ApolloGo” in Beijing, then expanded the service to other Chinese cities such as Changsha, Cangzhou, 

Chongqing, Guangzhou, Shanghai, Shenzhen, Wuhan and Xi'an. In August 2022, Baidu obtained the 

permits to operate fully autonomous taxis without human assistants on board in designated areas in 

Wuhan from 9 am to 5 pm and in Chongqing from 9:30 am to 4:30 pm. 

In addition, in cooperation with Geely, another automotive powerhouse company in China, Baidu has 

focused on manufacturing its own electric and ACs under its “Jidu” brand. In October 2022, Jidu Auto 

introduced the Jidu Robo-01 Lunar Edition as a series production model. It is an electric AC with a 

maximum power of 400kW, loaded with technology and Level 3 driving characteristics. 

 

 

Figure 15. Jidu Robo-01 Lunar Edition on the Tianjin Auto Show in China. 
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3.6.6. Mercedes-Benz 

Mercedes-Benz has been working on the development of AVs for several years. In 2017, they 

announced a collaboration with Bosch, which would be in charge of the software to work on the 

manufacturing process of ACs with the main goal of launching their cars starting in the year 2020.  

In May 2022, they became the first company in the world authorized to sell cars to individuals with 

Level 3 autonomous functionalities. Since then, in Germany, the only country in Europe that allowed 

these functionalities at that time, the Mercedes S-Class and its electric sibling the Mercedes EQS were 

launched. These ACs can optionally incorporate the DRIVE PILOT system, which is the package of 

Level 3 functionalities that the company was allowed to launch. 

 

 

Figure 16. The DRIVE PILOT System being used in the streets of Germany. 
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3.6.7. AV technology companies 

Although there are many of the automotive companies working on AVs that develop their own 

software technologies for the autonomy of their vehicles, there are still many others that choose to 

collaborate with specialized companies. 

Some of the leading companies in this market are the following: 

 

MOBILEYE (INTEL) 

Mobileye is an Israel-based company focused on manufacturing advanced driver assistance systems 

and autonomous driving technologies. In 2017, Intel acquired all of Mobileye's AV technology for $15 

billion. 

Its driver assistance system makes it possible to reduce traffic accidents and hit-and-run crashes using 

a single camera. In addition, it allows sending information about urban structures contributing to build 

a smart city that serves as a basis for the autonomous car. We have tested it to find out how it works. 

Some of the most interesting collaborations that Mobileye have regarding ACs are with BMW, Ford, 

NIO, Nissan, Volkswagen, & WILLER. 

 

NVIDIA 

Nvidia is an American company that produces graphics cards and processors. They have also 

developed solutions for AVs and are leaders in AI technology. For example, the NVIDIA DRIVE is a 

platform for the development of software-defined AVs. From the cloud to the vehicle, NVIDIA's AI 

platform enables safer and more efficient transportation.  

This solution provides customers with various vehicle architecture solutions, such as car sensors, 

compute capabilities, self-driving simulation, prototyping, and software tools for vehicle perception. 

This platform is also a Level 4 automation feature. 

In addition, the scalable, software-defined NVIDIA DRIVE AGX platform delivers industry-leading 

performance, enabling AVs to process large volumes of sensor data and make real-time driving 

decisions. 

The list of companies that have a partnership with NVIDIA is a bit extensive: BYD, Faraday Future, 

Genesis, Human Horizons, Hyundai, IM, Jaguar, JiDu, Kia, Land Rover, Lucid, Li Auto, Lotus, 

Mercedes-Benz, NIO, Polestar, R Auto, Rimac, Roborace, Vinfast, Volvo Cars, WM Motor, XPENG, 

ZEEKR, 2GETTHERE, Aurora, AutoX, Cruise, DeepRoute.ai, DiDi, EasyMile, Oxbotica, Pony.ai, 

QCraft, WeRide & Zoox. 
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QUALCOMM 

Qualcomm is an American multinational corporation that develops semiconductors, software and 

services related to wireless technology. It is famous for its Snapdragon processors, which are used in 

a lot of smartphones and tablets. 

In relation to AVs, they have the Snapdragon Ride Platform, an ADAS for the development and 

deployment of software-defined AVs. This Qualcomm technology enables safer and more efficient 

transportation. 

This platform can deliver Level 2 functionality when its ADAS application processors are stacked and, 

when combined with AV accelerators, Level 4 functionality can be achieved. 

They have also established collaborations with automotive and technology companies to develop 

autonomous driving solutions. For example, Volkswagen has signed an agreement for the development 

of autonomous technology in its automotive conglomerate's electric cars. In addition, they have joined 

forces with BMW to bring the Snapdragon Ride platform with driving assistance technologies to BMW 

systems. 
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3.7. OTHER AUTONOMOUS VEHICLES 

While it is true that the leaders in the research and development of autonomous driving technologies 

are focused on ACs, there are also many efforts put into the automation of other means of humans 

and/or goods transportation such as trucks or ships. 

Here are some of the most significant examples: 

 

3.7.1. Trucks 

Autonomous trucks are cargo vehicles that use ADAS technology, similar to ACs, to drive 

autonomously on roads and transport goods. Several companies are working to develop those trucks 

including Waymo, Tesla, Embark Trucks, TuSimple and Aurora. 

These trucks aim to improve the efficiency and safety of the freight transport industry. By removing 

the need for a human driver, these vehicles can operate continuously and constantly, which could 

reduce delivery times and operating costs. 

They are also seen as a potential solution to the shortage of professional drivers in the trucking industry. 

By allowing trucks to operate autonomously, freight transport needs could be met without relying on 

human drivers. Those trucks only need to stop for fuel, load in and out, and maintenance. 

Waymo Via is the truck division of Waymo, working on autonomous trucks since 2017, they still 

haven’t launched their final project. Aurora also has a truck division, Aurora Horizon, which started 

to make business in July 2020 and they plan to launch their self-driving truck operation in 2024. 

 

 

Figure 17. Aurora Horizon’s concept autonomous truck. 
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3.7.2. Ships 

Autonomous vessels or ships are being developed for the maritime transport of goods and for 

applications in the offshore industry. Companies such as Rolls-Royce Holdings, Kongsberg and Yara 

are among those working on the development of the technology. 

Autonomous ships use a variety of technologies and systems similar to the AC ones, such as ADAS. 

These components enable ships to detect and avoid obstacles, maintain a correct course and 

communicate with other ships and systems on land. Their main advantage is that they can operate 

continuously and efficiently without the limitations of a crew. They are also expected to reduce costs, 

improve safety and reduce the environmental impact of the maritime industry. 

In terms of applications, those ships can be used in a variety of maritime industries and activities, such 

as transporting cargo through commercial shipping lanes, ocean exploration and data collection, 

environmental monitoring and disaster response, and inspection and maintenance of offshore 

infrastructure such as oil and gas platforms. 

One of the examples is the Yara Birkeland, a fully autonomous and electric ship that, in November 

2021, demonstrated its potential by sailing in Norway, between the cities of Horten and Oslo. Its 

project began in 2017, and the company is still working on the legislations of those type of ships, 

which still is almost inexistent, in order to start shipping continuously. 

 

Figure 18. The Yara Birkeland sailing around Norway. 
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3.7.3. Others 

In addition to trucks and ships, other autonomous means of transportation are being developed. For 

example, the Hyperloop, another of Elon Musk's ideas for the future, seeks to automate and shorten 

train journeys by means of a supersonic capsule that travels through tubes at low pressure, close to a 

vacuum, in order to travel without air resistance or friction, thus reaching speeds of 1,000-1,200 km/h. 

However, this technology is far from simple and is still under development. 

 

 

Figure 19. Hyperloop concept. 

 

Another interesting development in autonomous transport is delivery drones. The leading company in 

this sector, unsurprisingly, is Amazon. Its Amazon Prime Air division developed the design of a 

courier drone in collaboration with Siemens. Starting the project in 2013 and after several problems 

and delays, in 2022 they managed to launch their test service in a small town in California, Lockeford. 

 

 

Figure 20. Amazon Prime Air’s drone. 
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Last but not least, the Chinese city of Shenzhen has come up with an intelligent solution for 

maintaining order and cleanliness: autonomous street sweepers. The city, which in 2022 committed to 

major regulations in the field of autonomous vehicles, launched its fleet of autonomous street sweepers 

in the city's beautiful Xiangmi Park at the beginning of 2023. 

 

 

Figure 21. Autonomous street sweeper working in the Xiangmi Park. 

 

These vehicles have been tasked with removing litter from the park's streets generated by the large 

number of pedestrians who pass through the 424,000 square meters park throughout the day. These 

autonomous sweepers, developed by the company Taoping, incorporate autonomous technology to 

avoid collisions, detect people and follow a guided route to keep the entire park clean. 

Given the success of these vehicles, this technology has begun to be incorporated in other big cities of 

the country, such as Beijing and Shanghai. 
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4. METHODOLOGY 

After taking a deep look into the current state of development of AVs in general, the design process is 

the next step. In this case, the design methodology that is followed to achieve the objectives is the 

widely known and disclosed by the Design Council of U.K. in 2004, the Double Diamond. 

 

 

Figure 22. The Double Diamond (Design Council, 2004). 

 

The Double Diamond consists of four stages: Discover, Define, Develop and Deliver. These stages 

involve understanding the problem, defining the challenge, generating diverse solutions, and testing 

and improving them. The process is represented by two diamonds, indicating divergent and convergent 

thinking. 
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In addition to the design process, the framework emphasizes four fundamental principles for effective 

problem solving: putting people first, visual and inclusive communication, collaboration and co-

creation, and iteration and continuous improvement. 

The Design Council also provides a "methods bank" that offers various design methods categorized 

into three areas: exploring challenges and opportunities, shaping prototypes and perspectives, and 

building ideas and plans. It also highlights the importance of creating a culture of success within 

organizations, which involves leadership that fosters innovation, collaboration and learning. 

Stakeholder involvement and relationship building are seen as crucial elements in problem solving. 

Overall, the framework for innovation promotes a human-centred, collaborative and iterative approach 

to design and problem solving, with an emphasis on understanding user needs, effective 

communication and continuous improvement. 

 

As far as this project is concerned, efforts will focus on the first three stages of the method: Discover, 

Define and Develop. The fourth and final one, the Deliver stage, involves testing different solutions 

on a small scale, rejecting those that will not work and improving those that will. This process is 

usually the most expensive in terms of resources and, considering the constraints of the project and the 

theoretical framework in which the project is developed, this last stage will not be implemented. 

To sum up what is about the three Stages being developed, the Discover is the analysis of the current 

state of the problem, the Define is the definition of the problem thanks to the research of the previous 

Stage, and finally, the Develop is the solution development, based on the previous problem definition. 

 

4.1. STAGE 1: DISCOVER 

This first stage helps to understand, rather than simply assume, what the problem is. It involves digging 

into the problem, getting to the bottom of it, not just what is apparent at first sight. To sum up, discovery 

is the research that has been carried out in Chapter 3, the State of the Art. 

In fact, the discovery started when the problem was firstly noticed, the lack of trust that the society 

have regarding autonomous transportation technologies, specially from an individual perspective, 

including cars and daily services. 

After that, the decision to work on this project then led to the Research Phase, or in other words the 

State of the Art, which focused on the latest developments in AV technologies, their current status, the 

regulations needed to implement these innovations and the liability issue. 
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4.2. STAGE 2: DEFINE 

After all the information gathered in the Discover Stage, it is necessary to synthesize the findings in 

order to define the current state of the problem in a clearer and more concise way. This is the basis of 

this second Stage, the definition after the research. 

In order to proceed with this definition, a total of 6 key points of the problem will be extracted from 

the first Stage, which are basically the summary of the concepts to be taken into account in order to 

continue with the development of our solution. These key points are the following: the Levels, the 

Positives, the Negatives, the Regulations, the Liability and the Examples. 

 

4.2.1. The Levels 

First of all, in order to understand what is an Autonomous Vehicle, the Society of Automotive 

Engineers developed the Six Levels of Automation classification System in early 2014. This is a part 

of a document revised periodically, being the last actualization from 2021. This classification is based 

on the amount of intervention and attention required from the driver. 

This classification is divided in two segments, the first three are the ones where the human monitors 

the driving environment, starting with Level 0, which has no automation at all, the driver has manual 

full control of the vehicle. Then Level 1, where the driver has some assistance from the vehicle, such 

as the monitoring of the seep through cruise control. Finally, Level 2, having partial automation 

between the human and the vehicle, introducing the ADAS systems, where the vehicle can perform 

steering and acceleration. Those are the levels the society generally have nowadays. 

In the second segment of the classification the automated system monitors the driving environment, 

starting with Level 3. This means conditional automation, where the vehicle has environmental 

detection capabilities, although a human driver is still required to resume the control if the system is 

unable to execute some tasks. Then Level 4, involving high automation systems that lets the vehicle 

perform all driving tasks under specific circumstances, but a human driver is still an option. Finally, 

Level 5, full automation. The human driver is not needed in that case, and the vehicle perform all 

driving tasks required, and no attention or interaction is needed. 

 

4.2.2. The Positives 

After learning the basics of the technology surrounding AVs, an overview of the positives and 

negatives of this innovation is needed in order to understand its current state. A SWOT Analysis has 

been done in order to reach all concepts and points of view. 

Starting with the positives, it is key to highlight the safety aspect of this tech. More than 90% of 

accidents in the road are caused by human error. Being able to reduce this number of accidents could 
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make a huge difference. A part from that, the accessibility that those vehicles can provide for people 

with disabilities, limited mobility or elderly people is a huge advantage. 

Being able to maintain constant speed and drive smoother than humans will mean a substantial 

improvement in order to reduce traffic jams and contribute to the sustainability of the planet, reducing 

gas emissions and fuel consumption. Also, the concept of productivity is highlighted, because if 

driver’s attention is no longer needed, humans can start focusing in other tasks like working or studying 

or simply relaxing while being transported. 

AVs also offer interesting opportunities in future society, such as the ridesharing, a growing trend 

nowadays, and combining it with this type of mobility could provide efficient and convenient 

transportation services for people. Linked is the ownership shift that could be encountered, sharing it 

between passengers or simply changing it completely, being the new owners the vehicle 

manufacturers. 

Last but not least, those innovations can lead to city growth because of the potential reduction of cars 

in cities, providing the possibility to reduce the number of parking lots. AVs can also be the starting 

point for the creation of new business models, related services and new jobs. 

 

4.2.3. The Negatives 

Although the positives seem to be big and hard to overcome, some negatives are also there and must 

be taken into account to fully understand the actual status of SDVs. Beginning with the lack of trust, 

one of the disadvantages of today’s society regarding those vehicles, is something that has to be 

addressed in order to implement them easier. 

Then, related to the technology, obviously the dependence of the developments and the innovation is 

there, plus the high costs that can limit their accessibility to the society, especially in the first steps of 

development. In relation, privacy and security concerns may have to be faced in the upcoming years, 

due to the high dependence on networking and computer systems needed. On the other hand, the 

interaction between those high-tech cars and the common ones, which are everywhere, could be 

difficult if the transition is held slowly. 

 It is also important to bear in mind the commonly known as the social dilemma, which appears in 

unavoidable crash situations, where a fully automated vehicle must decide between two or more 

devastating situations. 

Finally, the employment impact, as it may also have a positive point of view, its undeniable that AVs 

can definitely affect drivers and some other kind of workers in the transportation industry, potentially 

causing them to lose their jobs. 
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4.2.4. The Regulations 

Every technological advance is supported by a specific regulatory framework, and AVs are not the 

exception. At first sight, regulations are a limitation for the technology because if governments and 

regulatory systems do not provide a window of opportunity for the development of those vehicles, this 

could lead to regrettable delays unrelated to the progress of the innovation. 

The Vienna Convention on Road Traffic is an international treaty (86 countries) designed to facilitate 

road traffic and safety. In 2016, it was reformed to allow automated features in vehicles. One of its 

latest updates, dated in 2022, defines the automated driving systems and sets requirements for a vehicle 

with automated driving system to comply with technical and legislative regulations. 

The focus is on the five most developed regions in terms of the regulatory framework of AVs: Europe, 

the UK, China, Japan and the US. The last two are non-signatories to the Vienna Convention. 

In Europe, regulations establishing approval requirements for AVs and fully AVs stand out. Within 

the European Union (EU), Germany comes first and France follows, countries that have specific 

regulations allowing testing and circulation of AVs in certain designated areas. In the UK, which is 

not EU anymore, testing of AVs has been allowed on public roads since 2013, and legislative changes 

have been made to clarify driver responsibilities and promote the development of AVs. 

In China, legislation and regulations are being developed to regulate the testing and circulation of AVs, 

as well as data security and cybersecurity. As per their Japanese neighbours, laws allow Level 3 and 

Level 4 autonomous driving on public roads. A safety certification process for AVs has been 

established and an approval scheme for Level 4 mobility services has been implemented. 

Finally, the US, the western country leading the development, testing and deployment of AVs. Its 

federal policies are developed by the NHTSA, highlighting an Occupant Protection for Automated 

Driving System and the Automated Driving System Safety Framework, both from 2020. In relation to 

state policies, 38 states have laws or executive orders related to AVs, but California emerges as the top 

one leading its development of the regulatory system for AV tests and deployments. 

4.2.5. The Liability 

Legal liability is another issue to consider when implementing these new technologies on our streets. 

AVs are being tested today on public roads and, sooner than later, they will start to be sold 

commercially or simply become available to the general public. As discussed in Section 3.1, in the 

latest Levels of Automation, the vehicle takes control of tasks previously performed by a human driver 

and, in the hypothetical case of an accident, liability could be claimed against the car manufacturer or 

even the control system itself. 

Indeed, uncertainties about the application of liability in such cases could hold back the adoption of 

AVs, as the manufacturer may be unwilling to accept such liability, although it is understandable that 

a person being transported by a Level 3 or higher vehicle would also be unwilling to assume such 

liability. 
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4.2.6. The Examples 

Finally, as the last one of the key concepts of the problem definition, a summary of the current 

deployments of AVs around the world is set. Although full autonomy (Level 5) has not yet been 

achieved on a large scale in the global market, significant progress has been made in recent years. 

Talking about ACs, there are companies such as Tesla and its Level 2 features with its Autopilot 

system; Waymo and its launch of Waymo One, autonomous taxis, in cities such as Phoenix; Aurora 

and its developments of Level 4 systems that can be installed in passenger or commercial vehicles; 

Cruise with its Cruise AV, operating in cities such as San Francisco with a large fleet of autonomous 

taxis; and Cruise Origin, its Level 4-5 AC concept. 

In China, AutoX and Baidu stand out, with the first one already deploying its fleet of autonomous taxis 

in Shenzhen and beyond, and the second also offering its taxis to some cities. In Europe, Mercedes-

Benz, in collaboration with Bosch, is leading the development of AVs with Level 3 capabilities, such 

as its S-Class series and EQS, its electric twin brother. In addition to these automotive companies, 

there are also major technology companies committed to the development of ADAS, with names such 

as Mobileye, NVIDIA and Qualcomm, among others. 

But it's not all about ACs, the truth is that other means of transporting people and/or goods are also 

being developed with autonomous technologies. These include autonomous trucks, with investment 

by companies such as Waymo, Tesla and Aurora, which offer a solution to the lack of professional 

drivers and the self-sacrifice involved in their long working days. Something similar is happening with 

autonomous boats, with companies such as Rolls-Royce, Kongsberg and Yara, the latter having 

already sailed for the first time at the end of 2021 between two Norwegian coastal cities with its Yara 

Birkeland, a fully autonomous and electric boat. 

Other autonomous means of transport to be highlighted are Hyperloop, the supersonic people-carrying 

capsule still under development, the obviously autonomous delivery drones led by Amazon Primer 

Air, and finally the autonomous street sweepers already operating in several Chinese cities. 
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4.3. STAGE 3: DEVELOP 

After the Discover Stage, in which the current state of the art of AVs technologies has been analysed, 

and the Define Stage, in which all the information gathered has been synthesised, the next step is the 

Develop Stage. This third step of the Design Council's Double Diamond focuses the work on designing 

multiple solutions to the problem defined in the previous Stages. To do so, we will proceed with a 

futures design research approach. 

Although the future is not predictable in any detail, it is manageable as an aggregate phenomenon 

(Simon, 1969). Following Herbert Simon’s classic work, predicting a precise future is quite complex, 

but it is not impossible if you do it in a certain way. The future is a combination of causalities, all one 

after another, or mixed as an accumulation of steps. 

The Futures Studies is a whole branch of research and innovation that promotes a strategic and 

organised methodology to help researchers predict the future. A large number of universities, 

researchers and companies use this design approach to offer solutions for the future that are useful 

today. Before discussing the methodology to be followed in this project, several tested and fully 

functional methodologies are analysed to introduce this research field. 

 

4.3.1. Methodologies 

Starting with two interesting articles, the first one to be taken into account was published in the Journal 

of Futures Studies or JFS, which is an open-access, globally-oriented, trans-disciplinary refereed 

journal. Its mission is to develop high-quality, futures-oriented research and thinking, based on the 

evolving knowledge base of Futures Studies & Foresight.  

In the Volume 23 Number 4, released in June 2019, of the Articles and Essays of the JFS, Stefanie A. 

Ollenburg, from the Freie Universität Berlin, published its own Futures-Design-Process Model. The 

objective of its model is to provide a structure for futures research to generate knowledge and possible 

actions in the present for a more sustainable future. It is based on the idea that design is a useful tool 

for scientific research and focuses on creating possible futures through design. 

The model consists of four phases: preparation, exploration, construction and evaluation. In the 

preparation phase, research objectives and questions are identified, methods are selected and criteria 

for evaluating results are established. In the exploration phase, information is gathered on the topic 

and ideas are generated for possible futures. In the construction phase, prototypes are developed and 

the results are evaluated against the criteria established in the preparation phase. Finally, in the 

evaluation phase, the process and results obtained are evaluated and lessons learned are identified. 

This Futures-Design-Process is very interesting because she is able to combine futures research with 

design, plus she focuses on the sustainability part of its plausible futures in order to take decisions and 

obtain conclusions. 
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Another interesting article on this topic is "Futures Studies: Theories and Methods", published in 2013 

by Sohail Inayatullah, a professor from the Institute of Futures Studies of Tamkang University, 

Taiwan. This article presents a wide variety of theories, methods and techniques used in futures studies. 

Starting with the theories, the article discusses foresight, a systematic approach to exploring the future 

developing future scenarios. It also discusses complexity, which focuses on understanding complex 

systems and the way they interact. Then it discusses chaos theory, where understanding dynamic 

systems and how small changes can have big long-terms effects is key. 

In terms of methodologies, Sohail addresses a wide range of techniques used in Futures Studies. Those 

include trend analysis, which involves searching for historical data to identify patterns, and then 

scenarios, which he describes them as narrative stories that can describe possible futures. 

Finally, the article introduces advanced techniques commonly used in this field such as social 

feedback, which means creating an interactive system to simulate possible futures, or agent-based 

simulations, where computer models are created in order to simulate those plausible scenarios. 

 

The next step is the introduction of three organizations that focus their efforts in studying the Future. 

First of all, the Copenhagen Institute for Futures Studies, an independent, non-profit think tank founded 

in 1969, is dedicated to research and analysis of future trends and scenarios in areas such as technology, 

economics, culture and politics. They offer a multitude of seminars and publications to help individuals 

and organisations prepare for the future. 

Their approach is basically centred on the study of what they call megatrends, which are long-term 

trends that influence societies globally and scenario planning, where they map the possible and 

plausible futures that their clients should be prepared to navigate. 

Scenarios are vivid narratives capturing the development of key aspects across the PESTE framework 

encompassing Politics, Economics, Society, Technology and Environment. Together, they outline your 

future contextual environment and create the foundation for strategy development and the opportunity 

to actively influence the future. The key here is the notion that ‘you can plan for some things most of 

the time, but you cannot plan for everything all the time’. Scenarios enable you to focus your efforts 

on the drivers which are key. (CIFS website) 

Then, the Institute for Futures Research, an institution of the Stellenbosch University, South Africa, 

specialised in futurology as a service for knowledge and strategic management. They are engaged in 

research on alternative futures and futures strategies, analysis and modelling of complex systems, 

among others. 

Their methodology is based on three phases: 

- Phase 1: Uncover the past and present about a certain topic 

- Phase 2: Imagine plausible futures  

- Phase 3: Capture of scenario stories or reports related to each future imagined 
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Last but not least, the Future Today Institute, a futures and strategy advisory company operating around 

the World. Founded in 2006, it focuses on research into emerging technologies and their impact on the 

near future. 

Their strategy for studying the future is called Scoping Foresight Work, and in short, they help 

companies through three blocks of study: 

- Block 1: What is influencing the future? Signals and long-term trends. 

- Block 2: What is the future? Global macro scenarios. 

- Block 3: What is the future of your organisation? Strategy. 

The first block is based on analysing signals and trends in the past or at present. The second focuses 

on the analysis of uncertainties that may be encountered and an approach to future scenarios. Finally, 

and more dedicated to the clients advised, the opportunities and threats and specific tests, a planning 

for the future and finally the action. 

 

It is also interesting to have a look at the concept of Futures Thinking, a discipline followed by some 

organisations and individuals to do research in relation to the future. It is based on the idea that today's 

world will not be the same as the world of the future and that it is not a fixed, immovable thing, but 

that there are a wide variety of alternatives, which obviously depend on the actions taken as a society. 

 

 

Figure 23. The Futures Thinking Scheme. 
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The principles of Futures Thinking are that the future is not predictable, the future is not predetermined 

and the future can be influenced by individual choices. It is also a diverge dissertation, as seen in the 

previous scheme, where the beginning is the present, a specific starting point, and while developing 

the study, the divergence starts taking place when thinking about the trends and signals, the drivers 

and forecasts, the personas and artifacts that affects those scenarios, and finally the number of possible 

future Worlds or scenarios. 

The key points of reaching the preferred future are: 

- Understanding the history: before starting with the predictions a goal must be set and the past 

and present of the topic must be well known and studied. 

- Looking at the near future: Dig into the current forecasts and trends related to the topic. 

- Realizing assumptions: Consider a combination of forecasts and trends that could affect in a 

certain way the future. 

- Think about alternative futures: After reviewing the assumptions, future scenarios can begin to 

be created. All possibilities that come to mind should be considered. 

- Identify the preferred future: this is the chosen one based on positive impacts and stakeholders 

involved, the future that can be more positive for the stakeholders / yourself / the planet … 

The important thing of this methodology is not to think on what will happen, but on what could happen. 

 

Finally, the methodology that professors Enric Trullols, Josep Maria Monguet along Alex Trejo 

recommend in their Future Design book is presented. The future study process that they suggest is 

based on understanding the future first, analysing what is changing, then mapping the future, modelling 

it for change, and finally influencing the future, the action for change. 

For the methodology, the Future Prism Model is introduced. Basically, this is a scenario planning 

methodology based on three big steps: Headlines, Trends and Scenarios. Headlines are the first step, 

which is a compilation of statement of facts, a piece of information, an item of data, or something that 

either has happened or is happening.  

Then the analysis of the Trends, aggregated interpretations of what is happening, found by analysing 

sets of similar headlines. These are structured as an addition of two of the following aspects at a time: 

Individual, Social and World added to Politics/Economics, Social/Cultural and Science/Engineering. 

Lastly the Scenarios, which are the forecasts of how the future may be. Those are conditioned by one 

or more trends at a time. To create a scenario two variables are set. Each variable has two sides, like 

technology development high and low. The sides are mixed between them in a total of four possible 

combinations, creating for possible scenarios. 
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4.3.2. Chosen Methodology 

The chosen methodology is a combination of some of the listed above, taking some ideas from each 

one of them. To begin with, an extensive analysis of the topic has to be carried out, in this case related 

to AVs, which has already been done with the State of the Art.  

Once an extensive search is done and all the necessary information has been compiled, a series of 

numerous Trends are extracted. These are classified according to the structure proposed by the UPC 

professors, as it offers greater order and coherence and facilitates their understanding and 

classification. This classification is structured as follows: an addition of two of the following aspects 

at a time: Individual, Social and World added to Politics & Economics, Social & Cultural and Science 

& Engineering. In order to an easier understanding of the classification, here it is a table that the Future 

Design book provides to order Trends: 

 

 

Figure 24. Trends classification table. 

 

Once all the Trends have been compiled, we will proceed to Integrative Futures Mapping. For the 

development of this methodology, first of all, two or more Trends will be interconnected with each 

other, generating fictitious future possibilities, the so-called Scenarios. These will define possible 

futures related to the AVs. 

Depending on the number of possible Futures or Scenarios that have been extracted from the 

Integrative Futures Mapping, it is sometimes necessary to filter them according to whether they are 

really interesting or not interesting enough to pursue. The selection criteria may vary according to the 

objectives or scope of the study.  

 

This would be the end of our Futures Design Studies. However, in this project it has been decided to 

go a step further and discover the potential of the AVs in each of the Preferred Scenarios. Therefore, 

the next step is to make a first prototype of a mobile application related to AVs.  

Each one of the scenarios is different, so each app will be different. It is important to note that the 

focus of the development will be on the functionalities of the app above anything else. Several 

screenshots of the app design in operation will be presented to complement the study. 
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4.3.3. Trends 

Once the research has been done as explained before, the second step is the Trends analysis. Those are 

classified following the Future Design book instructions, classifying them with a combination of two 

sets of variables.  

Set number one is: Politics & Economics, Social & Cultural and Science & Engineering.  

Set number two is: Individual, Social, World. 

Combining each variable from the first set with each variable of the second set gives you a total of 

nine trends. Following the information provided in Section 2 and 3 of this project, the trends extracted 

are the following: 

 

 

The adoption of AVs can lead to significant changes in urban planning and in the public and private 

transport infrastructure in cities. This leads to improvements in traffic management, reduced 

congestion, improved road safety and better mobility options for citizens.  

This is due to the driving efficiency offered by AVs, plus the concept of ride-sharing that would reduce 

the number of cars on city streets, which can have an impact on the amount of parking spaces needed, 

the reduction of the quantity of traffic lanes, etc. offering new spaces and possibilities for citizens. 

 

 

Governments and regulatory bodies in many parts of the world are recognising the benefits of AVs 

and are implementing regulations to support their development and implementation. This is leading to 

job displacements and new job opportunities in the AVs industry. The examples are shown in the 

Regulations Section of the State of the Art, where multiple countries such as the US or China are 

implementing new laws and permissions for those vehicles. 

In addition, the economic impact extends to other sectors such as insurance, transport and the 

development of new infrastructure.  

  

  TREND #1 
Politics & Economics with Individual 

Urban Planning 

  TREND #2 
Politics & Economics with Social 

New Regulations 
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International collaborations and partnerships are being formed to share knowledge, develop new 

technologies and establish regulations for AVs on a global scale. On the other hand, these vehicles 

have the potential to revolutionise cross-border transport and trade, with the development of 

autonomous trucks and ships improving international logistics efficiency. 

These collaborations between nations and companies around the world are actually happening with 

examples such as the partnerships taking place between companies in the automotive and technology 

sectors, joining forces for their innovations. Also, companies like Aurora or Yara are leading the 

revolution of autonomous good transportation. 

 

 

The increase of AVs on the streets has a direct impact on the current pattern of individual vehicle 

ownership. Not only the increase of autonomous mobility services may generate a drop in private car 

ownership, but the very fact of owning an AC at the individual level already generates a change in the 

ownership of the vehicle, since the concept of ownership of the vehicle itself is affected by the fact 

that the person is not driving. 

 

 

As already mentioned, AVs generate a large growth space for autonomous mobility services. 

Autonomous taxis, the concept of ride-sharing, etc. are options offered by these types of vehicles that 

improve driving efficiency, reduce the cost of transport at an individual and social level, reduce 

congestion and reduce the number of vehicles on the road, all round up favouring the sustainability of 

the planet. 

This is already being reflected in multitude of cities such as San Francisco or Shenzhen, cities where 

autonomous taxi and ride-sharing services are already fully operational for their citizens.  

  TREND #3 
Politics & Economics with World 

Knowledge sharing & Trade 

  TREND #4 
Social & Cultural with Individual 

Car Ownership Shift 

  TREND #5 
Social & Cultural with Social 

Autonomous Services & Ride-Sharing 
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In addition, other autonomous services are increasing its implementations like the street sweepers of 

China or the Amazon's autonomous delivery drones, among many other services that can be adapted 

to autonomous mobility. 

 

 

The potential is also reflected in the accessibility offered by AVs. These ways of transportation address 

the inequalities experienced by people with disabilities, the elderly and people with reduced mobility.  

The development of these technologies offers inclusive transport solutions, with features such as 

wheelchair accessibility, voice controls and user-friendly interfaces. This trend provides these 

individuals with safety, reliability and independence in their mobility choices. 

 

 

Advances in AV technologies also focus on user-centric design principles and human-machine 

interaction. It promotes the implementation of intuitive interfaces, improving individual-vehicle 

communication and generally considering the user's preferences and comfort when designing the 

vehicle. 

These advances also include the implementation of AI to create personalised user experiences. These 

algorithms can learn individual preferences, adapt to their user's behaviour and offer personalised 

services during the journey, such as personalised climate control, favourite music playlists, 

personalised route recommendations and so on. 

Another focus of the development of AVs is the enhancement of the entertainment and productivity 

features that the vehicle can offer. By freeing the user from having to drive, the user can work while 

being transported, study, be productive in any other aspect or simply entertain, relax and have a good 

time while in the vehicle without having to worry about driving. 

  

  TREND #6 
Social & Cultural with World 

Accessibility 

  TREND #7 
Science & Engineering with Individual 

User-centred Design 
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These technological advances also allow the vehicle to better understand and respond to human 

behaviour while driving and identify traffic patterns, thereby improving traffic flow and reducing 

congestion on the road. Collaboration between companies is key to also deliver Smart-cities initiatives 

incorporating AVs, optimising mobility and transport systems for the benefit of society. 

Improvements in ADAS systems that incorporate these AVs also increase the safety of pedestrians and 

cyclists in the presence of these type of vehicles, as opposed to conventional driving.  

 

 

The potential of AVs also relates to V2V and V2I compatibility and connectivity. This is about 

developing intelligent infrastructure systems that enable communication between vehicles, to send 

each other information on weather, traffic conditions, free parking spaces, etc. In turn, communication 

with traffic infrastructures generates an ecosystem, as in a smart-city, in which vehicles are more 

efficient and manage traffic situations better. 

  

  TREND #8 
Science & Engineering with Social 

Adaptability 

  TREND #9 
Science & Engineering with World 

Connectivity 
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4.3.4. Integrative Futures Mapping 

Now that the Trends have been generated and classified, it is the turn of Integrative Futures Mapping. 

This is based on generating as many plausible futures as possible by combining the Trends that have 

been extracted from the information of the Discovery and Definition Phases. 

To do this, two or more Trends will be combined to generate a scenario centred on the situation of the 

AVs in relation to the main ideas suggested by these chosen Trends.  

These futures do not have a specific date to take place or happen. According to the experts, a study of 

this type allows the generation of near or distant futures, depending on the methodology chosen and 

followed by the researcher. In this project, the scenarios are about 50 years from now, where SDVs 

are supposed to be fully and well developed and implemented. 

However, it is due to clarify that not all futures concerning these technologies are like this, as there is 

also a probability that AVs will never be fully developed, maybe something will happen that will stop 

their evolution, or some external factor that will hardly slow their implementation. In that sense, the 

solutions and scenarios extracted favour the development and continuity of the study. 
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In this first Scenario the Car Ownership Shift trend is combined with the User-centred Design trend to 

create a transformative and personalized mobility experience for individuals. 

The concept of private car ownership transforms as well as the adoption of AVs accelerates. The 

efficiency of autonomous mobility services led to a decline in private car ownership, meaning that the 

access of transportation becomes a service, eliminating the need to own a personal vehicle. 

At the same time, AV manufacturers and tech companies prioritize user-centred design principles to 

provide a revolutionary experience to passengers. Those vehicles no longer need a driver seat, so the 

whole space in the inside is all related to the comfort, the convenience and the productivity of humans. 

This includes user-centric interfaces, intuitive controls, and innovative human-machine interaction that 

satisfies the needs of the user. 

To make this a reality, the company to which these driverless cars belong has developed a system in 

which users create their profile and every time they get into one of their cars, they must identify 

themselves, in this way the system recognises them and is able to provide the customer with its best 

personalized preferences. 

To do so, those driverless cars are equipped with AI systems that learn and adapt to individual 

preferences, creating a personalised trip from start to finish. Those sophisticated algorithms are 

developed to learn from the commands given by the user, remembering them for next journeys with 

the same client.  

Moreover, the integration of entertainment and productivity features enhances the passenger 

experience at a higher level. The interiors are transformed into multifunctional environments that 

provides users with the best productivity and relaxation.   

  SCENARIO #1 
TREND #4 + TREND #7 

THE MOBILITY EXPERIENCE 
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Figure 25. Scenario 1: The Mobility Experience. 

 

Passengers can now relax, work, study, engage in entertainment activities, anything they want as the 

vehicle takes care of the driving tasks. They can access unlimited digital platforms, stream content, 

connect to their work systems and also engage in virtual or presential meetings.  

This scenario is a shift in both the car ownership model and the productivity while being inside a car. 
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In the second Scenario the trends of Regulations, Knowledge Sharing & Trade plus the Connectivity 

one are all combined to create a revolutionary and efficient network of autonomous transportation at a 

global scale. 

The collaboration between governments all around the world, the automotive and technology 

companies from different countries and the world’s best innovators lead the revolution in the field of 

AVs and transforms the old way of transporting people and goods across the globe. 

First of all, governments and regulatory bodies join forces and come together to establish international 

collaborations and partnerships. This helps the old system of trade and high fees that transportation 

had before. Autonomous mobility empowers the fast and secure delivery of goods and performs better 

in all areas, land, sea and air. 

At the same time, the automotive and technology sectors get together to improve innovation and 

overcome technical challengers all at once. International logistics and cross-border transport is one of 

the main objectives to enhance and smart infrastructure systems are developed to facilitate 

communication V2V and V2I, enabling real-time actualised data exchange between vehicles and with 

its environment, such as weather conditions, traffic flow, and so on. 

 

 

Figure 26. Scenario 2: The Global Autonomous Network. 

 

 

  SCENARIO #2 
TREND #2 + TREND #3 + TREND #9 

THE GLOBAL AUTONOMOUS NETWORK 
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The global network improves efficiency and safety of world logistics and also promotes economic 

growth and trade of all countries and regions connected. Goods can be transported faster and reliably, 

enhancing supply management. This boosts global commerce at a higher scale. 

The global network of autonomous transportation not only improves the efficiency and safety of cross-

border logistics but also promotes economic growth and trade. Goods can be transported more swiftly 

and reliably, reducing transit times and enhancing supply chain management. This, in turn, boosts 

international trade and strengthens global commerce.  
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The third Scenario is a convergence of the Autonomous Services & Car-sharing trend, with the 

Accessibility one and the User-centred Designs, creating an inclusive empowering mobility experience 

for users with disabilities, elder people and reduced mobility individuals. 

As AVs become relevant, autonomous services and ride-sharing plays an important role in its 

development. These services offer efficient and cost-reduced transportation, reducing congestion and 

lowering the number of vehicles, promoting sustainability. It also helps people with special needs to 

access mobility and transportation services easier, at any time, from anywhere. 

 

 

Figure 27. Scenario 3: The Empowering Mobility. 

 

  SCENARIO #3 
TREND #5 + TREND #6 + TREND #7 

THE EMPOWERING MOBILITY 
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Advancements in accessibility features in those AVs are strongly related to user-centred designs in the 

inner spaces, ensuring they address all needs of any kind of individuals. Wheelchair accessibility, voice 

controls, and specific user interfaces are integrated, providing a safe, reliable and independent solution. 

Those vehicles allow these people to navigate the city with ease and freedom while fostering an 

inclusive and accommodating urban environment for them. AVs have become now a reference of 

social equality, improving the quality of life for people unable to perform driving tasks at all levels. 
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Scenario number four presents a mixture of the Urban Planning, the Adaptability and the Connectivity 

trends to develop safety and interconnections at a higher level for Smart Cities to become a real and 

innovative way of living. Urban planning is transformed as SDVs become a key aspect to shape the 

development of smart cities. In fact, Smart Cities are a combination of those trends.  

First of all, the adaptability that AVs have, being able to analyse the environment and its surroundings 

to learn about it and perform better in specific situations is very important. Passengers, drivers and 

pedestrians are all safer while being in this environment. This also involves improved traffic 

management, less congestion and safety. AVs offer advanced technologies, ADAS Systems, AI, 

among others, to avoid accidents and improve the traffic flow. 

Connectivity also plays a crucial role, as those vehicles communicate with each other in V2V principles 

and also with the environment in V2I, the data management helps the development of those Smart 

Cities and enhances this interconnected network of vehicles and infrastructure, working all at once, all 

together. This affects vehicles and pedestrians but also traffic signals, road signs and lights and other 

infrastructure. 

 

 

Figure 28. Scenario 4: The Autonomous Smart Cities. 

 

  SCENARIO #4 
TREND #1 + TREND #8 + TREND #9 

THE AUTONOMOUS SMART CITIES 
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Smart Cities become the way of life of the society, combining the innovation of autonomous 

transportation plus the benefits of interconnectivity and adaptability that those vehicles can offer, cities 

are now safer, greener and intelligent. Urban planning offers new spaces and public areas for people 

to enjoy and spend their time. 
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Last but not least, the Scenario that merges the Car Ownership Shift with the Autonomous Services 

Car-sharing trend, leading to a revolution of mobility and how the society perceives it. The rise of AVs 

and promoting them as a service in combination with the attitude change towards car ownership 

develops an innovative future where the concepts of Ride-sharing autonomously is the way-to-go.  

Having a private car is no longer a thing when the society recognizes the benefits of accessing the 

transportation as a service. This shift is due to convenience, the reduction of costs related to owning a 

car, the efficiency and safety of AVs and the environmental impact that they represent.  

 

 

Figure 29. Scenario 5: The Ride-Sharing Mobility. 

 

Autonomous services have emerged as the service of the people. Autonomous taxis and ride-sharing 

services are all over the place. There is no longer a need to have a car, so the society have shifted into 

a shared transportation to go to work, to hang around with friends, to travel, and so on and so forth. 

People can simply request one of those AVs through a mobile app, and a driverless vehicle arrives at 

their location, ready to transport them to their destination. This change reduces traffic congestion and 

also the need for parking spaces in urban areas and big cities. 

  SCENARIO #5 
TREND #4 + TREND #5 

THE RIDE-SHARING MOBILITY 
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In addition, this transition promotes a new sense of community and social connection. Sharing rides 

allows the user to meet new people, probably people similar to you, maybe your neighbours, people 

working close to you, or someone that goes to the same concert as you. These new interactions offer 

the opportunity to enlarge networks, make new friends and create new connections between the 

society. 
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4.3.5. Prototype Development 

Once the Futures Design part is done and dusted, the time of Prototyping has arrived. This prototyping 

is based on an app that solves the needs of the AV users in a specific Scenario. For this Section, three 

out of the five Scenarios presented above will be prioritized, because those are the most promising. By 

reducing prototyping to three instead of five, limited development resources are optimised so the focus 

is on those that offer more future possibilities and also a better development of the app. 

These Scenarios are the following: 

- Scenario 1: The Mobility Experience 

- Scenario 3: The Empowering Mobility 

- Scenario 5: The Ride-sharing Mobility 

Each one of the scenarios promotes a different way of AVs usage and implementation, so each app 

developed in this section has nothing to do with the others. An imaginary brand is created for this 

purpose, and it is called AutoMates. This brand may differ between scenarios, but the main idea is 

always similar. This company offers AV services for the society, having a large fleet of those vehicles 

to provide citizens with the best autonomous services possible. 
 

 

Figure 30. AutoMates logo. 

 

All three apps developed in this Section are offered by AutoMates. A description of every app will be 

presented, focusing on the functionalities of the app, on what the app can offer to the user. Some 

screenshots of how the app will look are also presented, as a visual addition to understand the 

functionalities and the user interface.  
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AutoMates 1: The Mobility Experience (Scenario 1) 

This AutoMates app is a mobile application designed to enhance the personalised mobility experience 

for users of its AVs. It serves as a digital companion, connecting passengers with their vehicles, and 

providing a wide range of functionalities to make the journey productive and enjoyable, always taking 

into account the preferences of the user. 

First of all, an authentication is needed in order to securely identify themselves using biometric 

credentials. This ensures a personalized and secure journey. AutoMates allows users to create, manage 

and personalise their profile, setting up a profile picture and a brief description of themselves. 

 

       

Figure 31. AutoMates 1: Screenshots (1). 

 

Users can customise a wide range of settings such as the climate control, the seat positions, the ambient 

lighting and their music preferences. Once the AV arrives to its starting place and the user is identified 

and connected, all these settings are automatically applied.  

The app also integrates data sources connected to the vehicle, such as real-time traffic, weather 

conditions, user calendar, among others, so the AV can offer an intelligent trip planning for each 

occasion. Passengers put their destination and desired arrival time and AutoMates automatically 

suggests the optimal route. 
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The connectivity between the information of the user and the vehicle also offers a range of 

entertainment possibilities such as music player, films or series reproducer, streaming platforms… The 

app also connects the car with user’s work systems, making sure that the passenger can stay productive 

during the trip. Work calendar, mail, phone calling and entering meetings are some of the features that 

the vehicle can provide. 

 

       

Figure 32. AutoMates 1: Screenshots (2). 

 

The AV also has an AI assistant integrated in the vehicle and in the app that can help the passenger 

control various features, ask for information and get real-time updates. The voice assistant can also 

help with any inquiry, provide recommendations and assist the user with any question or concern 

during the journey. 

The AutoMates platform is a safe and secure application that ensures user’s privacy and its 

cybersecurity is up to date. With this app users can personalise their mobility experience, enhancing 

convenience and comfort, creating a productive and entertained journey with their AVs. 
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AutoMates 2: The Empowering Mobility (Scenario 3) 

This app is a mobile application designed to empower individuals with disabilities, elderly people and 

those with reduced mobility, providing them with the access to AVs plus a range of inclusive features. 

It serves as a powerful tool to improve their mobility experience at high standards, ensuring 

independence and convenience. 

This app also needs a registration profile in order to identify the users and create their specific profile 

for their situation. They can input accessibility requirements such as wheelchair access, preferred seat 

configurations, and more.  

The user-centred design of those vehicles is key in that case. This AutoMates app is integrated in AVs 

equipped with advanced accessibility features. The app enables users to request vehicles that can be 

accessed with a wheelchair or even request additional assistance if needed, such as support in getting 

in and out the vehicle. It also incorporates voice and gesture control functionalities for disabled people. 

Its database enables the vehicle to interact with the passenger in more than 120 languages, and includes 

sensors inside the car that can understand and respond to the language of signs.  

 

       

Figure 33. AutoMates 2: Screenshots. 
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The app also assists users in planning their trips efficiently. It looks for intelligent route options that 

consider accessibility, so the AV avoid areas with limited accessibility infrastructure or suggests 

specific places to hop on and hop off the vehicle. It also provides clear navigation instructions, ensuring 

a smooth and easy journey.  

Besides the AutoMates main features, a community forum where individuals can share their 

experiences, tips and recommendations is also available. To help its users, AutoMates collaborates 

with businesses and establishments that are accessible for them, such as accessible parking lots, 

restrooms, ramps and other facilities. 

It also includes a dedicated support feature that, if needed, helps users to connect with customer support 

or a specialised assistance team. The user can also provide this information to the app so the vehicle 

can instantly contact the client’s doctor, family or any other support contact. 
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AutoMates 3: The Ride-sharing Mobility (Scenario 5) 

The last app transforms the way people experience their mobility. A revolutionary system that, due to 

the reduction of private car ownerships, the transportation services become the main actor in the scene. 

This AutoMates connects users with SDVs and facilitates a safer, greener and more efficient 

transportation as the ultimate service for the society. 

With this app, users can request a ride anytime, anywhere, without efforts. The fleet of AVs that this 

company have in the cities is so huge that the response time since a client requests a transportation and 

the moment of arrival is always less than five minutes. 

At the same time, users also have the option of scheduling a pick-up: an occasional ride, where you 

schedule a trip for a specific day, time and location; or a periodical ride, where you schedule a specific 

time and location for multiple days. For example, you can request AutoMates to pick you up every 

morning at half past seven to take you to a chosen location, such as your place of work. 

AutoMates in this scenario offers two big services: the first one is the Solo Ride, a service that the user 

can request for its own, or the Shared Ride, with up to 3 more people. The fees depend on the number 

of occupants needed and the duration of the trip. The second one is the shared trip, where the fee is cut 

by half and you share the AV with other app users.  

 

       

Figure 34. AutoMates 3: Screenshots. 



AUTOMATES 

The Future of Autonomous Cars 
 

 Page 76 

           

    

 

The registration for this app is pretty similar as the last ones, but to ensure the safety of the clients, the 

app is very strict with bad conducts or any problem caused by their users. If a user is reported by 

another one, a file is opened and it can cause the permanent restriction. Once a user requests a shared 

trip, the app shows the profiles of the people in the AV, and if the user has any inconvenience, he or 

her has the possibility to skip the suggested trip, but only 3 times a day. 

AutoMates promotes ride sharing and social connections between users, and it also has algorithms that 

match passengers based on their profiles, so they share preferences and travel routes, facilitating the 

good mood and promoting the opportunities to meet new people that could get together easily. 
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5. CONCLUSIONS 

Once the study is finished, after investigating the current state of AVs, analysing the pros and cons, 

the latest innovations in the sector; after compiling all this information to extract nine trends, which 

lead to the imagination of five future scenarios in which autonomous driving is key, and consequently 

developing three mobile apps that offer the best connectivity to their users, it is time to draw the 

conclusions. 

First of all, in terms of the objectives that were set at the beginning of the study, they are more than 

completed. The potential of AVs has been well reflected and explained throughout the project, and the 

described methodologies have been effectively addressed. 

Taking into account the hypothesis raised at the beginning of the project, it can be determined that 

AVs do have the potential to be the service of the future. However, not everything is so simple. For 

this, the steps that we must take as a society and specifically the people who are dedicated to the sector, 

must be cautious and prudent. If you want to go very fast with the implementation of these 

revolutionary vehicles, the blow can be sudden. 

The Future Scenarios that have been extracted from the previous Trend analysis are really promising, 

even so, for any of them or a combination of them to come true, conscientious steps must be taken. 

First, the problem of society's lack of trust towards AVs is something that needs to be addressed sooner 

rather than later. Companies and researchers in the sector have to make society understand that their 

technology is reliable and safe, without trying to lie or suggest in any way. 

From time to time there is tragic news of autonomous car road accidents, and these news only make 

the situation worse. In fact, some of these technologies are not yet fully developed, and wanting to run 

with the implementation leads to these catastrophic errors. 

It is also necessary to pay special attention to the paradigm of ownership of ACs and the problem of 

liability in the event of an accident. This issue is delicate, since, on the one hand, it seems obvious that 

if the person does not drive the car, they are exempt from any responsibility, then the ownership of the 

cars would be transferred entirely to the companies that manufacture the cars and/or driving control 

software. However, these companies are not interested in taking care of all the incidents that may occur 

with their AVs. For example, there have been cases in which a cyclist collides with an AC while 

stationary, and they have ended up going to trial due to the liability problem that these vehicles 

generate. 

Other challenges that need to be addressed are those already mentioned in the SWOT Analysis. Among 

them, the social dilemma presented by AVs in critical situations or the privacy and security required 

by these systems stand out, which, after all, are still software tools that manage people's lives while 

driving. 

However, if science and technology, laws and regulations, implementation and services of the sector 

and also users and society in general advance all together, unimaginable horizons can be reached, such 

as those presented in the Futures Scenarios. 
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7. ANNEXES 

 

7.A. LACK OF TRUST SURVEY 

 

Person Age Gender Occupation 
In 

favour? 
Answer (shortened) Key terms 

1 57 M Sales Manager YES 

I would love to try the 

experience of traveling in 

an autonomous vehicle, I 

think it would be 

exciting. 

Exciting  

2 56 F Finance NO 

I think autonomous 

driving has great future 

opportunities but I am 

used to driving and 

would not feel 

comfortable letting a 

vehicle take control. 

Control  

3 19 F 
Nutritionism 

Student 
YES 

Autonomous driving 

could be a solution to 

reduce accidents caused 

by human error and 

distractions behind the 

wheel. Safety is the most 

important thing. 

Reduce 

accidents 
Human error 

4 47 F 
Administrativ

e 
NO 

I'm quite sceptical of 

technology, so I prefer to 

be in control of the 

driving. I feel more 

comfortable when a 

human being is behind 

the wheel. I really enjoy 

driving. 

Control Enjoyment 

5 22 F 
Healthcare 

Documentalist 
NO 

A human being because 

it gives me more 

confidence in dangerous 

situations. I believe that 

human improvisation is 

better than the one of a 

machine. 

Confidence Improvisation 

6 31 M 
Project 

Manager 
YES 

I believe that 

autonomous vehicles can 

be a solution to reduce 

traffic congestion and 

Traffic 

congestion 
Travel time 
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optimize travel time, 

especially in urban areas. 

7 46 M 
Construction 

Manager 
NO 

Although technology is 

advancing very fast, I 

still believe more on the 

skills of a human driver 

to make decisions in 

complex situations and 

emergencies. 

Skills 
Decision 

making 

8 25 M 
Industrial 

Engineer 
NO 

I feel more comfortable 

driving myself. I have 

more confidence in my 

skills and my ability to 

react to dangerous 

situations. 

Comfortable Confidence 

9 44 F Architect YES 

I would love to test drive 

an autonomous vehicle. I 

think it would be 

exciting to experiment 

with this technology and 

see how it can make my 

daily life easier, 

especially in big 

congestions in 

Barcelona. 

Exciting 
Traffic 

congestion 

10 46 M Architect YES 

I consider that machines 

react better and faster 

than humans, and that 

they can decide better 

than a human would 

decide, since it always 

tries to protect itself. 

Reaction time 
Decision 

making 

11 34 M 
Project 

Manager 
NO 

I prefer a human driving 

the car, as I like the 

feeling of control and 

enjoy driving. I can 

choose the route and 

make improvised stops. 

Control Enjoyment 

12 28 M 
Mechanical 

Engineer 
NO 

I prefer to have a human 

being driving the car, as 

it makes me feel safer 

and more confident 

having someone in 

charge of the situation. 

Safeness Confidence 

13 54 M 
Industrial 

Engineer 
YES 

I am confident in the 

technology and believe 

that autonomous vehicles 

are more efficient and 

less prone to human 

error. In addition, they 

Efficiency Human error 
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could help reduce traffic 

accidents. 

14 51 M 
Industrial 

Engineer 
NO 

I understand the potential 

benefits of autonomous 

driving, but I also have 

concerns about 

cybersecurity and 

potential hacks of 

vehicles. 

Cybersecurity Hacks 

15 29 F 
Industrial 

Engineer 
YES 

With the number of car 

accidents caused by 

human error, I believe 

technology could make 

roads safer and save 

lives. 

Human error  

16 30 M Draftsman YES 

I believe that 

autonomous vehicles 

could be a solution to 

improve traffic 

efficiency and reduce 

traffic jams, then it 

would reduce stress and 

travel time. 

Efficiency 
Traffic 

congestion 

17 48 F Salesman NO 

I would prefer a human 

being driving. I like to be 

in control and rely more 

on human intuition and 

experience to make 

decisions on the road. 

Control Experience 

18 44 M Salesman YES 

I appreciate the idea of 

taking advantage of 

travel time to work or 

relax. Autonomous 

vehicles would allow me 

to do this without 

worrying about driving. 

Travel time  

19 24 M Urban Planner NO 

I do not fully trust 

autonomous car 

technology. I believe that 

technical failures could 

be dangerous and I prefer 

the ability of a human 

driver to solve problems. 

Trust 
Technical 

Failures 

20 25 F Economist NO 

Autonomous cars could 

mean job losses for many 

professional drivers. 

(Dad's a taxi driver) 

Job losses  

21 25 F Teacher YES 
I prefer an autonomous 

vehicle to drive the car. I 
Reliability Human error 
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believe the technology 

can be more reliable and 

would reduce human 

errors that can endanger 

others. 

22 25 M Teacher NO 

I like the idea of a human 

driving the car, because I 

like the human 

interaction and being 

able to have interesting 

conversations during the 

trip. 

Human 

Interaction 
Conversations 

23 25 F Psychologist NO 

Manual driving is a skill 

that I consider we have 

to maintain. I like the 

feeling of control and 

being able to enjoy 

driving. It would be 

boring. 

Manual 

driving 
Control 

24 24 F Teacher NO 

I don't fully trust 

machines and would 

prefer a human to drive, 

even if that means 

dealing with human 

error. 

Trust  

25 27 M Mechanic NO 

I love driving and the 

feeling of freedom I 

have. I prefer to have a 

human being driving the 

car to enjoy the trip. 

Enjoyment  

 


