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Abstract

This dissertation is a part of the MSc in Strategic Product Design at the International
Hellenic University. The idea of a “smart city” is not static, and it doesn't have a definition.
It is a process that makes cities more “sustainable”, and “viable” thus, able to respond
more quickly to new challenges. In smart cities, digital technologies are being utilized
and translated into better services to citizens, better use of resources, less environmental
impact and of course in a better way of living. It includes a more interactive and
responsive city administration. So, the goal of a smart city, is to improve the quality of
life of citizens, in the context of sustainable development. Many cities are extremely
polluting and unfriendly to their inhabitants. Traffic congestion, pollution, and outdated
infrastructures are problems in everyday life. Technologies such as IoT sensors, big data
systems, networks, 5G and Mobility as a Service (MaaS) platforms, autonomous driving,
telematics, and cloud platforms, enable the solution of today's major urban problems by
transforming them into smart cities. The electric car will definitely be a new infrastructure
of the smart city and will relieve the noise, and air pollution. It will also provide more
economical transportation for the owner of the electric car and will share energy between
the systems. In addition, the new design trend in the automotive industry provides for
electric vehicles, with technological innovations and interior flexibility. Finally, the subject
of this dissertation is related to automotive industry, and car transformation from an
environmental burden, to a boon. More specifically, it presents a design proposal for an
electric vehicle, redefining a new type of electric mobility.
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Preface

The car has always fascinated me, from my childhood, and the passion my father
brought to me. My interest in the automotive, product design, new technologies, and how
these can be combined to achieve a solution in a city, have been the trigger for me to
deal with this topic. In the last century, car culture has spread all over the world. Like any
other product, the car has shaped not only the society and the economy. It has also
influenced how many people live. My scientific background as a computer engineer
helped me to understand all the technologies related to the user-communication and his
interaction with the car as an entity. I found tremendous interest in designing an
autonomous electric vehicle, that operates in a smart city. A design proposal from my
personal perspective as an industrial designer. Moreover, the concept of cars in the
context of an autonomous future has made us excited about the eventual unveiling of
those on the market. A sustainable future with less pollution, and a clean environment
for a viable way of life. Overall, the industry expects to see a significant number of cars
by the early 2020s, with the first vehicles being mainly luxury cars or part of commercial
fleets. From the perspective of an autonomous future, services such as vehicle sharing
will be exponentially more efficient, as AI (Artificial Intelligence) and big data will come
to determine when and how to distribute vehicles. A truly intelligent, autonomous vehicle
can have a different impact on its environment, redefining how our cities are built
and how do we perceive mobility.
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Introduction

The purpose of this research is to reflect on my ability to organize a design proposal
based on the knowledge and experience as an industrial/product designer. This
dissertation aims to reveal the research and methodology needed to be carried out at
the design process. Therefore, the concept chosen must be a suitable vehicle for urban
mobility, aesthetically and morphemically appealing with adequate capacity up to three
people. The population in cities is growing rapidly, effectively creating many physical and
technical problems in both the social and organizational lives of people. Problems of this
type relate to high levels of interdependence, conflicting goals and values, as well as the
social and political complexity. In this sense, the problems in the city become
complicated. It is necessary to create innovative ideas based on energy management,
waste management, energy saving, quality of life and time.

A new and upcoming idea is the smart city. Usually, this type of city is referred as
sustainable city, digital city and connected city. The smart city is an urban area that
prevailed by conditions of green growth, sustainable economic growth and a high quality
of life. The conversion of a normal city to a smart one, works as a strategy to alleviate
the problems created by overpopulation and rapid urbanization. The more the urban
population grows, the smarter the cities must become. To become a city a 'smart' city all
its subsystems such as the transport sector, which is the main topic of the study, should
contribute to this goal. There is a demand for public and private transport is the clean
transport system, which rely on electricity. Electric vehicles (EVs) are increasingly
attracting the attention of users due to their fuel economy, and low emissions. These
types of vehicles use rechargeable batteries that can be easily charged at home or even
in public facilities. This dissertation consists of five chapters. The first chapter includes
the literature review, while the second chapter describes the methodology and the
approach of the work. In the third chapter, there is the phase of the design process that
led this proposal to different concepts, until the selection of the final one. The fourth
chapter presents the final vehicle, and the last chapter summarizes the work with
recommendations on this topic.
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Figure 1 Methodology of the design proposal
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1. Literature Review

Smart cities are essential for the development of autonomous vehicles, as large amounts
of data are used. They are adopting a new approach to infrastructure development to
take advantage of autonomous vehicles. This can create a safer and smoother travel
experience for both drivers and pedestrians.

1.1. Urban Mobility: Trends of the future
The smart cities of the future will also have fewer parking spaces than today's cities, as
they will have fewer independent cars and more self-contained vehicles offering transport
services. As self-driving cars are growing in numbers, they will fundamentally change
the way individuals and companies view personal vehicle ownership. A single
autonomous car could replace up to eleven cars, meaning that today's cities could face
the serious problem of parking especially in large cities. By 2050, 66% of the world's
population is expected to live in urban centers. This creates the need for governments
to implement effective strategies to meet the growing needs of the growing population.
Of course, technology will play a major role in meeting these needs.

1.1.1

Electrification: Improving urban mobility

Nowadays, people create sustainability in their ways, by installing solar panels, recycling
products, building energy homes and increasing their ecological awareness. This
environmental consciousness leads to greater investment in electric cars (also known as
EVs). Tesla is perhaps the most famous electric car manufactured the first electric and
connected vehicle in the market. Tesla Model 3 was the number one selling EV in
Canada in September 2018 and the safest according to the National Highway Traffic
Safety Administration (NHTSA). (Susan Fourtane, 2018).

Many cities as they are today, spend a lot of energy and are not friendly to their
inhabitants. Traffic congestion, pollution, and outdated infrastructures are common
problems in everyday life. The solutions that have been devised and implemented have
had some temporary positive effects. The progress in the operation of other complex
systems, e.g. electricity systems, by converting them to smart networks using today's
state-of-the-art electronic and digital technology, will create the smart cities.
-3-

The smart electric car will be an integral part of this type of city. It will relieve the city of
emissions and noise. In this regard, a technological revolution is now underway. The
new technology will provide an economical mobility model for the electric car owner,
while optimally will resolve the massive electricity storage. Most of the designers and
manufacturers all over the world have produced many electric vehicles that are as
practical as the common fuel vehicles. They can reduce the emissions that contribute to
climate change reducing environmental disasters and can save money.

Figure 2 - Mobility Futurevision (Source: Cisco)

1.1.2

Smart Parking

It is very difficult to find a parking space in a city. According to statistics, drivers lose 55,
hours a year looking for a parking space, and their vehicles account for 30% of
congestion in cities. It is obvious that parking makes the problem bigger and difficult for
drivers. Parking solution systems improve the use of parking in urban cities in a way that
is immediately effective, helping to better traffic flow and helping drivers manage their
time easily. There are many companies with innovative ideas around the world working
on how to make smart parking systems more sustainable and useful to help meet the
needs of different cities. The evolution of cloud-connected cars, auto-pilot vehicles, and
-4-

smart cities should keep pace. According to IDC in 2017 the autonomous vehicle market
will reach $29.6 billion, while smart city infrastructure investment will reach $16.5 billion.
Smart cars and smart cities need to be developed at the same time. Analysts recommend
carmakers work with state governments to move urban development faster.

Figure 3 Libelium Releases New High-Precision Intelligent Parking Sensor Node, Data Map (Source:
Smart Parking & Traffic, Libelium)

Figure 4 ACER's innovative smart parking system

Sensors are embedded in every physical device that makes up the IoT ecosystem. The
first stage of autonomy mobility requires the installation of smart parking sensors on the
road. A connection between vehicles and databases though cloud connection will inform
drivers for precisely available parking spaces. The next stage of autonomy wants
vehicles that take the user to a destination, and then leave to park wherever they find
space. The technology will allow drivers to leave their car at the entrance of large parking
lots (airports, hotels, shopping malls, etc.) and they will search for their empty parking
space.
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Figure 5 Virtual representation of how vehicles communicate within a parking service
(Source: http://www.pcmag.com)

When the driver needs the car, he will call it through a special application on his cellphone
and pick it up where he left it. Autonomous parking will be implemented for security
reasons and initially, the specific parking spaces will not be accessible to pedestrians to
avoid the risk of an accident. In the future, autonomous vehicles will park alone on their
own even in the neighborhood or in public spaces. In Nashville, Tennessee a large
shopping mall is being prepared and its manufacturer has provided a large underground
car-friendly garage. In the state of Somerville, Massachusetts a developer and Audi are
collaborating for smart parking spaces.

1.1.3

Shared Mobility on demand: Car - Sharing

The image of mobility is changing, with new services emerging every year. Technology
is evolving rapidly, perhaps faster than we would have expected, resulting in new
terminologies coming into our lives. There are some services named ride-sharing, ridehailing, car-sharing services where big automotive and tech companies invest their
money. These are relatively new services based on the concept of 'sharing economy',
rapidly developing around the world and bringing a new era in the field of mobility. This
is a key factor of tomorrow's smart cities plan, as they aim to use fully autonomous
vehicles to provide these services. After all, the first tests of Level 5 autonomous vehicles
in these urban cities will be piloted. The most well-known companies active in this kind
of service are Uber, Lyft, Gett, Juno, Curb, Wingz, Via, Bridj, Arro and Flywheel (Kailla
Coomes, 2018). One European city that supports free-floating services, is Milan. Mobility
is on the rise and citizens are increasingly choosing this type of transportation. This type
of service allows customers to lend a vehicle within a city area giving them flexibility in
one-way trips as an alternative to taxi service. To be successful, providers should
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consider the location, the cooperation between local authorities, the pricing politics and
the availability of cars. Such services are Enjoy, Car2Go, DriveNow and Share'ngo.
Stationary sharing has standard stations and provides round trips with starting and
ending points being the same. It is suitable for small to medium cities and rural areas.
To be successful, station-based services should consider the location, the availability of
the network, the pricing politics, and the variety of different cars. E-Vai Ubeeqo and
ReFeel. Peer to peer car-sharing offers vehicles that belong to individuals to a
community. It is a type of lending which provides for the pickup and delivery of the car
on the same trip. (Deloitte, 2017)

Figure 6 Classification of car-sharing among existing mobility concepts (Source: Monitor Deloitte analysis
and expert interviews)

1.1.4

Shared Mobility on demand: Ride-sharing service

Vehicle sharing offers users flexible, affordable mobility or the opportunity to make
money with their car. It is one of the key factors of companies’ plans for future mobility.
You can share a vehicle to get to your destination, whether it's a short ride or even a trip,
or make a reservation through special applications, that each company has. Vehicle
sharing offers users flexible, affordable mobility or the opportunity to make money with
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their car. Advocates of ride-sharing say the service is not about profit, but about
protecting the environment, fewer traffic jams and lower costs.

Figure 7 Ride Sharing (Source: www.dezeen.com)

1.1.5

Shared Mobility on demand: Ride-hailing service

Ride-hailing is a car hire service. In this case, the company connects public passengers
with simple drivers or taxi drivers who work part-time. With this service, you can rent your
personal guide which you can choose yourself, via a smartphone application to pick you
up from a point and take you to the destination you have requested, at a cost per
kilometer and time. The main key differences between ride - sharing and ride-hailing, are
as follows: The first is an alternate commute that requires a little planning from the
interested part and the other is a service that is offered immediately upon request.

1.1.6

Autonomous driving technology

Most automotive industries are making great efforts to put into practice all these years of
research on autonomous driving technology. Certainly, the problems that many people
face in cities are pollution, congestion, parking space and as they develop into smart
cities they expect to be resolved with the help of autonomous vehicles. The solutions
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that need to be developed will be based on technology, innovation meeting the
challenges of mobility.

Figure 8 Requirements and constraints of mobility

Another factor that exacerbates the problems is the expected urbanization that will occur
in the upcoming years. This, of course, leads to a 40% increase in public freight transport,
tripling travel times and emissions fivefold. As mentioned in the chapter above moving
from a common city to a smart city is not that simple. It takes efforts and financial support
from governments to create an appropriate base that will meet all the requirements for a
smart one.

Studies have shown that autonomous vehicle technology can reduce urban travel time
by a half and reduce emissions by a third. This equates to 400 fewer cars in a big city.
The consequence of this is to create more vacant parking spaces and reduce the need
for new ones. Another benefit of this technology is to reduce accidents and increase the
driver’s safety. Traffic accidents can be reduced to 87% by improving road safety.
Applying artificial intelligence to these systems make driving more efficient. Driverless
vehicles promise safer travel, more leisure time and more productivity.

The realization of autonomous driving requires machine learning systems. A variety of
data are required on vehicle sensors to complete a driven development cycle. This
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creates huge amounts of data that must be processed by the AI system. Cities that
operate under this model will be innovative, qualitative, attractive and create more
opportunities. Finally, autonomous vehicles are the key factor of future change and will
be available for everyone.

1.1.7

Connectivity & Communications

The key element that makes a smart city unique is connectivity. It is about the ability to
collect all the city's data and information, giving us a view of what's going on in the city
which now looks more like a digital organization. Mobile networks with 5G and services
can both help cities improve and manage transport either by car or public transport.
Flexibility becomes the most important and demanding benefit for passengers. In a few
years from now, mobility can become more efficient using connected data, sensors and
big data. Mobile operators that provide the basic element of connectivity can advise on
how to improve mobility, either through 5G networks or by any other digital overlay. This
connection is achieved with the Internet of Things (IoT). IoT is a concept that expresses
the connection of the technological 'operations' used today, as well as the connection
they could or would have in the future. However, without a strategic plan, there will be
no implementation for creating real, long-term benefits for businesses and citizens.
Connected vehicles provide drivers with interactive advanced driver-assistance systems
(ADASs) and cooperative intelligent transport systems (C-ITS).

These secure systems keep personal information private, and do not track the vehicle.
Drivers will receive a warning that informs them of potential hazards through a visual
display seat vibration or tone these are only warnings the driver always remains in control
of the vehicle. Warnings can help drivers respond quickly to avoid potential crashes
through Vehicle-to-Vehicle (V2V) and Vehicle-to-Infrastructure (V2I) communications.
(Susan Fourtane, 2018). Using connected IoT vehicles, it will generate large amounts of
data (text, audio, image) and sensor data that will help data companies understand driver
behavior. Α mobility model can be achieved to improve and regulate mobility systems.
The design of smart mobility in a smart city, that connects the cities between each other
seems feasible. (Worldmobility, 2018).
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1.1.8

Car – to – Everything Communication

The 5G network is just ahead of its worldwide launch and is expected to drastically
change people's lives in many areas. One of them is the automotive sector. Through 5G
technology, vehicles of the future will communicate with each other interconnected and
provide valuable information to both the driver and the system itself. The ideal vehicle
manufacturer protocol worldwide is called C-V2X (Cellular Vehicle-to-Everything) and
allows one vehicle to communicate with other vehicles as well as with computers,
sensors, cameras and other moving parts of the traffic system around them. Other types
of communication are V2P (vehicle-to-pedestrian), V2D (vehicle-to-device) and V2G
(vehicle-to-grid), V2I (vehicle-to-infrastructure), V2N (vehicle-to-network) and V2V
(vehicle-to-vehicle). Companies like Vodafone, Jaguar, and Huawei have announced the
results of their recent collaboration, presenting a live C-V2X (Cellular Vehicle-toEverything) car system.

Figure 9 Qualcomm Car-to-Everything Communication Details (Source: www.autoevolution.com)

Currently, more car manufacturers are experimenting with LTE-V2X and C-V2X. As the
5G network evolves and spreads across different regions of the world, companies
experimenting with interconnected vehicles will have the opportunity to try new ideas.
The goal is a safer future on the roads, as well as a new experience for future car
passengers. Such a system alerts users to obstacles, ice, rain, congestion or an accident
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so they can be informed and react immediately. Even in a self-driving city level, it is a
valuable tool for driver safety.

1.2. Exterior Design & Technology Design Trends
The cars of the future vary and the tastes are different for everyone. It is certain to be
effective and designed in a way that attracts drivers of different ages, genders, and
personalities. Nevertheless, there are innovative trends, both in design and technology.

1.2.1 Plug in electric or hybrid
Switching to electric motors is not that easy, as issues related mainly to battery
technology and their performance. This requires building infrastructure as soon as
possible. Until then, the automotive industry has taken advantage of the benefits of
electric power, such as direct power supply, zero- emissions and low costs.

Mild Hybrid Electric Vehicle (MHEV)

It is a hybrid technology that assists the fuel engine of the car if energy is available. The
system consists of three parts, a starter that starts, a converter and a battery. In this
technology, the battery is very small and the motor operates with gasoline or diesel fuel
(e.g. at startup). Examples are the Mercedes-Benz S 400 HYBRID, Audi A8 Hybrid,
Dodge Ram 1500 eTorque, and Range Rover Evoque.

Hybrid Electric Vehicles (HEV)

Toyota Prius HEV and Honda Civic HEV are typical examples of hybrid cars for the time.
It is a combination of an internal combustion engine and an electric motor, which is able
to drive for 2-3 km. Even with a partially charged battery, the motor assists the
conventional one.

Plug-in Hybrid Electric Vehicles (PHEV)

PHEVs are evolution of hybrid technology in which one part of the electricity is used to
drive them, is provided by an electricity distribution network. The use of these vehicles
-12-

creates a very important step in the direction of electric motoring and extends the range
of energy sources used for road transport. Plug-in hybrids require charging from the
home/network or through a charger. They can only be electrically supported for some
kilometers with zero emissions and low cost. The range that can cover is around 50 km,
with the immediate goal being to reach 100 km. Of course, there is also the possibility of
hybrid performance with gasoline, diesel, and electric motor. Due to their large battery
life, electric plug-ins are the most expensive hybrids in the market. Models supporting
this technology are Toyota Prius Prime, Chevy Volt, Chrysler Pacifica Hybrid, MINI
Cooper SE Countryman All4, Hyundai Sonata PHEV, Hyundai Ioniq PHEV, Volvo XC90,
and Cadillac CT6 PHEV (Source: New York State Energy Research and Development
Authority, 2019).

Figure 10 Types of cars (Source: New York State Energy Research and Development Authority, 2019)

Battery Electric Vehicle (BEV)

The ultimate form of electric mobility will be fully-electric vehicles. BEVs are more
efficient, small in size, quieter and with more interior space. This helps the automotive
industry to design cars with more space. There are some issues over time such as the
cost of the batteries, the charging time and their autonomy. The future goal is to have a
quick and full charge of 15 to 20 minutes. Companies like Tesla, which is the most wellknown company in the electrical field, are in research and development working to
increase the capacity of batteries. Some of the models that support this technology are
the Tesla Model 3, BMW i3, Nissan LEAF, Ford Focus Electric, Hyundai Ioniq, Karma
Revera, Kia Soul, Tesla Model S, Tesla X and Volkswagen e-Golf.
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1.2.2 Clear Panoramic Roof
A dominant element in car trends are panoramic roofs, with panels or motifs extending
to the roof. Indeed, such an option would be extremely unlikely and would pose a risk to
both the driver and the passenger of the car. For example, a crash in an accident could
result in serious and fatal injuries. Materials technologies have evolved rapidly in recent
years. In daily lives, products such as appliances, windows, containers, smartphones,
smartwatches are made of glass to withstand falls, pressures and extreme use. These
structures allow the sun and air to enter the cabin and provide passengers with an
excellent view and a sense of freedom.

Figure 11 Corning Gorilla Glass roof panels & Gorilla Glass Hybird Laminates (Source: Corning)

The panoramic roof as a new design trend incorporates state-of-the-art glass technology,
more durable than laminated glass. Corning Gorilla Glass can create a hybrid laminate
with better quality, clarity, than a conventional one. It allows extended visual access and
a new aesthetically driving experience. Because of its durability, laminated glass can
take up to 20 times longer to break than normal glass which can delay the exit of an
injured customer. Clearly, the cost of a panoramic roof may increase the cost of the
model, but the need for a more relaxing route or trip will make a big difference. It is
supported by doors and columns extending to the center to protect the car in the event
of a collision. The automotive exterior continues to explore the innovation opportunities
made with gorilla glass. Gorilla glass is a chemical complex of aluminum, silicone, and
oxygen. It is essentially made not of natural material but of a combination of composite
materials. Although other companies have been involved in the manufacture of durable
glass, Corning was the one that made the difference in 2007, by presenting its product
-14-

on a smartphone. The first car Gorilla Glass used by the BMW i8, Ford GT, Porsche 911
GT2RS and Porsche 911 GT3RS. In this hybrid glazing material, lighter, harder Gorilla
Glass forms the inner coating, making the glasses more durable and clearer. As there is
an aesthetical appeal trend for larger panoramic roofs with integrated technologies,
laminates will be used for extra security and durability. In addition to this, it offers other
advantages such as the vehicle’s lower center of gravity and better driver control.

1.2.3 Door designs
Many companies have designed models with different types of doors to impress or just
for practical reasons. It is very interesting when automotive companies go beyond the
limits of the design language of a car. Whether it's a concept car or a mass-produced
car, it's important to evolve and innovate in design, even at this part of the car. The door
design of a vehicle is one of the best ways for the automobile industry to differentiate the
car’s identity, giving a bold character. After all, the way a car opens its doors is its identity.
From the past to the present, there is a design trend with several door designs coming
back.

Gull-wing doors

The Mercedes-Benz 300SL was the first model to feature Gull-wing's innovative doors.
The same goes for the most modern Mercedes-Benz, SLS AMG but also for the electric
Tesla Model X. A car equipped with Gull-wing doors impresses and shows that it's an
exotic supercar. They are also known as falcon-wing doors and is a term used to
describe doors that are hinged on their car roof, open upwards on a vertical axis, and
reminiscent of a seagull's wings. The design is practical mainly in tight parking spaces,
as it allows passengers to enter and exit more easily than conventional doors.

Figure 12 Mercedez-Benz 300SL & Tesla Model X
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Scissor Doors
The “Scissor doors”, often referred to as “Lambo doors”, having their roots in 1968 Alfa
Romeo Carabo, are perhaps the most well-known informal door design in modern cars.
They were manufactured for the first time for a production vehicle for the legendary
Lamborghini Countach. Of course, they equip
the

Bugatti

EB110,

the

Lamborghini

Aventador and Huracan and the Spyker C8
which are just a few examples. The doors
rotate vertically to a hinge on the front door
and open vertically along with the car. Finally,
Figure 13 Icona Nucleus (Source: Icona Design)

even in this type of door, the design is very
practical mainly in narrow parking spaces.

Sliding Doors

There is a design trend for electric autonomous cars made in recent years to prefer
sliding doors, that open by sliding horizontally along or into the sidewall of the vehicle. It
is a feature than minivans and MPV’s have these days. The design is very practical
mainly in tight parking spaces, enhances easy entry or exit of passengers and avoids
the risk of damage to cars. The sliding doors have moved to the Peugeot 1007, the
Toyota Porte, the Renault Kangoo, the Citroen C8, the Peugeot 807 and the Icona
Nucleus electric autonomous car.

Suicide Doors
This door design refers to the door which is hinged on the rear end of the door’s frame
and replaced the terms like “coach door”, “rear-hinged” doors and “rear access” doors.
They usually require the first door to open, giving more safety to the passengers. They
were used in the older 1970s car models but stopped being an inspiration to designers.
Recently, suicide doors have appeared in many cars such as the Ford Ranger, the
Mazda BT-50 but also in the electric Mazda MX-30 EV.
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Figure 14 Mazda MX-30 EV (Source: Mazda)

1.2.4 Wheel design trends
Over the years the design of cars will change, but what will certainly not change is the
wheels will always be needed. This element is the key link between the road and the
body. The tires of the next decade will also come in the new age and from simple rubber,
they will become car information centers with street data collection. Many companies are
already following the trends of the new design era with tire sensors communicating with
the central control unit of the car, providing more useful information. The next design
trend is airless tires, like Michelin's Uptis.

Figure 15 MICHELIN UPTIS PROTOTYPE (Source: MICHELIN®)

These tires will have no fractures or damage, will adapt to the condition of the pavement
and will save the planet from the tons of tires that are withdrawn every year. A more
refined suggestion from Michelin is the Vision, a demonstration of the features that future
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car tires may have. Its mechanical structure is particularly durable so that it can withstand
the weight of the vehicle but also flexible enough to absorb vibration and withstand
stresses.

Another goal of the tire industry is to replace rubber with other more environmentally
friendly materials. Specifically, Continental is working on a material called Taraxagum,
which will be made from over a thousand plants dominated by Russian dandelion, and
is

estimated

to

be

ready

for

commercial presentation by the end of
the decade. These tires will already
be tested on the cycling tour of
France.

Other

developments

at

Goodyear include the incorporation of
Figure 16 Goodyear 360 Urban (Source: Goodyear)

special devices into the BH-O3 tire
which will also contribute to the

charge of the batteries. Another future design trend is the characteristic of Goodyear 360
Urban. It is about rediscovering the wheel, no longer round but spherical and equipped
with Artificial Intelligence, essentially a “brain” of communication with the car and the
road. Thanks to advanced electronic systems, this “tire” can change shapes, adjust to
the road, communicate with other cars about road conditions, change tread depending
on the condition of the road, repair the surface itself and determine when a service is
needed. Its spherical shape also allows it to move in all directions, which makes it quite
attractive for self-driving cars and particularly effective for parking in a narrow city
context.

Changes to electric mobility also affect the design of the
wheels and rims. In addition to conventional rims, there
is a trend for closed — encapsulated wheels, detached
or attached to the body that completely hide the spokes.
The closed arches help reduce drag and energy
consumption, giving a new futuristic style to the vehicle.
A great example is the BMW Vision Next 100, an electric
autonomous vehicle that mimics reptile skin while the

Figure 17 Taraxagum
(Source: Continental)

driver turns the wheel. The Volkswagen Cedric, the first
prototype autonomous vehicle designed for Level 5 autonomous driving, is moving
towards this trend. The covered rims are attached to its lower body, giving the vehicle a
more intense character.
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Figure 18 BMW Vison Next 100 (Left) & Volkswagen Cedric (Right)

1.2.5 Efficient headlights
Lighting has been part of the design signature of a new model for many years. The
“signature lights” are lights (headlights and taillights) with a specific pattern, that show
off the brand of the vehicle. Others linear with sharp edges, others with circular and more
user-friendly motifs are just a few examples of models that exist in the market. For
example, SKODA has its own Skoda Crystal Lighting. Innovative matrix technology
generates light through many individual and controlled components, allowing the driver
to use the full beam without blinding other vehicles. This system bases its operation on
a windscreen camera to detect the movement of other cars. The great advantage of
matrix technology is the system responds automatically to traffic conditions. It disables
sources that do not need to operate, does not reduce visibility, and does not disturb. So
the driver does not lose his sense of security at night.

Figure 19 SKODA Crystal Lighting (Source: Skoda)
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The LED technology is also used in redesigned fog lights. The design look is
complemented by taillights and flashes that also have movement. Of course, the
headlights, and taillights have the function “Coming / Leaving Home”, which lights up
when the driver locks or unlocks the car. The new decade will surely bring changes in
electric mobility for both design, and technology. The advent of electric drive leaves more
room for aesthetic overtaking throughout the car. The new design trend is the creation
of smarter lights that would help the driver to inform others who use the same route.
Beyond that, technology takes action to inspire the designer and is a great opportunity
for the company to diversify. The proliferation of LED lamp technology will give new
impetus to both the design and capabilities. Features that go beyond simple car lighting,
such as displaying signs or messages on the road. Mercedes Digital Light System is an
innovative opportunity. It is a smart system of 100 independent LEDs, controlled by the
vehicle's central system. In this way, the user can select exactly where it is necessary to
light the road, without disturbing the opposite vehicle. The system has other features,
such as displaying useful information on the road.

For example, the driver may project a snowflake icon and inform other drivers about a
frozen road. It will also be able to send messages to other drivers and pedestrians, even
flirting with text messages. Of course, lights personalization will also play an important
role, especially in electric mobility. The Audi Q4 E-Tron will allow the owner to choose
the design of the headlights, and taillights. The German company takes the idea one
step further by allowing the owner to choose from at least 25 different designs for his car.
Other companies such as BMW, Audi, and Lexus are developing similar technologies for
a bi-directional light signal communication between drivers. Large databases created for
autonomous driving, and the sensors which cover every corner of the car will make the
lights an active part of the car, more intelligent and more efficient than conventional ones.

Figure 20 AUDI Q4 E-Tron headlight motifs (Source: AUDI)
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Figure 21 AUDI Q4 E-Tron taillight motifs (Source: AUDI)

1.2.6 Side Mirrors
Each car is equipped with mirrors. They are an essential part of road safety, allowing
users to see what is happening behind them and react accordingly. However,
manufacturers are gradually moving towards eliminating the side mirrors and replacing
them with external cameras, which will transfer the view to the dashboard. Lexus was
the first automaker to make this technology a reality for a mass-produced model. A new
digital exterior mirror made its debut in the Japanese market, that uses external cameras
and inside monitors to replace the traditional mirrors. BMW has already introduced the
BMW i8 mirrorless concept. The car has side cameras around the vehicle, connected to
the car display. The result is a clear, unobstructed view of what's happening around
without blind spots. Nissan and Telsa Motors also have developed similar technologies
and have added elements to their prototype cars. This new technology needs adaptation
and must be safer than the conventional use of mirrors. The absence of mirrors reduces
vehicle width by more than 15 cm! Another benefit is aerodynamics improvement, that
makes the car quieter and more efficient.

Figure 22 Lexus ES camera mirror system (Source: Toyota)
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1.2.7 Sensors
Cars, even cheap ones, are already equipped with several sensors and cameras. But
the new decade brings even more technology. The main categories are LiDar, Radar
and ultrasonic sensors. The cameras are constantly improving and can create 3D
images, while new technologies allow them to image behind rain and snow, using AI and
reconstructing damaged or poor quality pixels. LiDAR sensors are the next technological
innovation and are based on the pulsed laser emission to the atmosphere and
subsequently, the recording of the retracted laser radiation, even 250 km away with high
accuracy. Radars have been around for a long time, are low in cost and are necessary
because of EuroNCAP crash-tests and the automatic braking systems they require. In
the coming decade, the focus will be on developing software that will link all these
sources of information and categorize each object. The highlight would be to be able to
predict the behavior of an object, based on the data it provides, which leads
to autonomous driving.

1.2.8 Photoboltaic panels
Solar energy is totally inexhaustible, sustainable, and therefore there are no space or
time constraints. A solar car is an electric vehicle that uses photovoltaic panels
(photovoltaic cells) to store solar energy. Apart from being environmentally friendly, it is
also quiet. Electric mobility will become more advanced in the future, and many car
companies are working on making hybrid solar cars. Toyota is partnering with Sharp,
New Energy and Industrial Development Organization (NEDO) to test new technologies
on a Prius. The tricky part in designing a solar car is the aesthetics, as the surfaces that
accommodate panels need to be considered. There are also other solar car projects,
making the automotive industry more sustainable in the future. Recently, a Dutch
company named Lightyear unveiled a prototype solar car and showed that photovoltaic
technology has the potential to add about 11 kilometers of autonomy per hour of car
operation to a vehicle that is preparing for 2022. There are some reasons why even the
most advanced car companies failed to develop fully solar cars. The first and foremost
reason is the weight and cost of the panels. More energy means more panels, so more
weight for the car itself. The second reason is that the production of the panels is not as
environmentally friendly as the photovoltaic panels themselves. The future is here and
the energy companies will find a solution. Technology is evolving, and solar power is
sure to be a major area of research in the coming decade.
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Figure 23 Lightyear One prototype (Source: Lightyear)

1.3. Interior Design & Technology Design Trends
There have been several design studies related to automotive interiors. However, there
are constraints to specific controls. Concerning the dashboard and the position of the
driver and front passenger, various stereotypes of the interior have been created. For
example, the need for accelerator/brake pedals and steering column. Both positions
must have access to a series of controls in a control panel. This can be done with the
development of Drive-by-Wire technology and Automated Freeway Systems. Thus, there
will be some freedom in design and lead to more configurations.

1.3.1 Intelligent dashboard
As the automotive industry moves towards electric mobility and autonomous driving,
innovations will also change the interior of cars. The dashboards will have a modern and
futuristic form. Buttons, switches and all analog components will be replaced by a large
digital monitor, where all data and information will be displayed. There will not be one or
more screens that will complement each other, but one that covers the entire width of
the dashboard. A new design trend has emerged from the need for digital connectivity
for both mobile devices and users. Sony has been associated with technology for many
years and unveiled its first electric concept car, the Vision-S. The dashboard features a
panoramic screen, for watching videos or even a series on Netflix. On the left, the driver
can see some classic information (speed, car status, navigation system) while on the
right the co-driver can use digital media (TV programs, video games, applications), as

-23-

well as the functions of the connected smartphones. Connectivity is everything in electric
mobility. The car's software is constantly being developed over the internet, with the
driver having his or her own profile, which he can see through his smartphone.
Augmented reality dashboards are already existing in the BMW Vision Nexus 100, but
industry experts predict that the bulk of new cars will be incorporated by 2022. Metalface
is an innovative product developed by the Japanese company Kemma.

The material is made of metallic resin that transforms its surface into a metallic touch
screen. Its technology is based on the transmission of light by radio waves. In addition
to operating as a touch screen, it can display information and transmit signals. Certainly,
its innovation makes it suitable to replace conventional metal surfaces for home and
consumer products. Of course, its use does not stop there and offers new ideas. Another
design trend is the Heads-Up-Display (HUD), a great location for viewing information on
the windshield of a car. With Heads-Up-Display (HUD) technology, the driver can view
information about the car and its surroundings without being distracted. This is not
technology from the distant future. There are HUD mini devices, that any user can
purchase and place in his car. Vehicles are becoming more automated and HUD
technologies will become more useful in the future.

1.3.2 Car OS Voice Activation
High on the list of innovations are personal voice assistants such as Bixby, Siri, and
Alexa. The car's interior will offer a whole experience of new voice control capabilities.
Voice recognition technology offers the ability to recognize multiple commands in the
same sentence and can complete each task separately even in autonomous driving. For
example, the system can promptly schedule a meeting, suggest departure times,
rearrange alternative navigation routes based on traffic information, or even find a
parking spot. It can also act as an auxiliary system, thanks to artificial intelligence,
anticipating the driver's needs and providing useful information. By 2022, voice-activated
systems will control most of the car's functions.
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1.3.3 Fully Autonomous Technology
Driving technology is closer than most people know, and many vehicles of the future will
have built-in driver assistance systems. Tesla, the ambitious Elon Musk company, was
not only the first company that makes electric cars popular but redefined an entire
industry.

Level 0 - No Autonomy

The driver is responsible for all vehicle control. Even if there are warning, the driver is
responsible for interpreting them.

Level 1 - Driver Assistance

The vehicles have basic driving assistance systems, such as adaptive cruise control
(ACC) and parking assistant. The driver plays a dominant role in driving, and anytime
should be able to control the vehicle.

Level 2 - Partial Autonomy

The vehicle itself can accelerate, brake, change direction on the road and deactivates
as soon as the driver takes control. The Mercedes-Benz E-Class and Tesla have level 2
autonomous driving systems. These can only drive under certain conditions and require
constant driver supervision. The driver is responsible for the safety of the vehicle and not
the manufacturer, which makes it easy for companies to unveil this technology for use.
However, drivers often forget to take the lead, which in the past has led to fatal accidents.

Level 3 - Conditional Autonomy

In specific environments such as highways, the driver may not focus safely on driving.
Self-driving vehicles are fully aware of the environment; however, the driver can be
informed at any time and may take several seconds to intervene and evaluate the
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situation. The user does not need to be careful on the road but must be able to take
control.

Figure 24 Levels of Autonomous Driving (Source: SAE INTERNATIONAL, Author: Lasse Rouhiainen)

Level 4 - High level Autonomy

Level 4 is one step before fully autonomous driving. At this level, there will be much more
time for the driver to take control. The autonomous vehicle can handle all driving
functions, however, under specific, “scenarios". For example, if a vehicle of this level
gets into an unknown area autonomously, it may occur problems.

Level 5 - Full Autonomy

At this level, the autonomous vehicle can manage easily all cases, under all weather
conditions, as a human would do. No prerequisites are needed to operate, as sensors
and software are fully aware of the environment. Level 5 is certainly the most difficult to
achieve since safety is just as important as efficiency. The ultimate trend of the next
decade is level 5 of fully autonomous driving.
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Figure 25 KPMG Mobility 2030 Scenario Analysis. (Source: KPMG Mobility 2030)

In any case, all companies go through this process, reaching to some level of
autonomy. The difficulties are many and significant, not only in cars, but also in the
specifications and legal framework. Level 1 and level 2 are operating with sufficient
security and predictability, but the transition to level 3 and level 4 seems difficult, at least
after 2022 or later. The problem is the lack of data that will “train” the cars, under
unpredictable scenarios. Waymo has already surpassed 2 million km of autonomous
driving and is still trying to categorize the data collection. These data, that need to be
processed by software and hardware, takes a long time to debug. The last and most
important issue for automotive companies, is the creation of a secure protocol data
transmission.

1.3.4 Living room feeling
Exteriors and interiors of cars are evolving, responding to the interaction of the users.
The interiors, which are defined with style, finesse, comfort, and security have changed
more than ever with social trends. In an urbanized world, mobility, and driving behavior
have taken a different form. The use of autonomous driving gives a new impetus to the
interior design with thinner lines. The interior is also a living space for both drivers and
passengers. This is how new types of vehicle typologies emerge, such as vehicles that
are easily transformed into a business office, moving home or entertainment room. A
personalized living room, a personal room where passengers can relax, work, just as
they do at home. Passengers will be transported from one destination to another, fully
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interconnected, enjoying a unique experience. The car is a vector that leads us from
place A to place B. George D. Liamadis mentions as a milestone in his article
(G.D.Liamadis, “Car as vector and topos”, 4wheels magazine, special issue “The Future
of Automobility”, December 2014, p.32), the perception of the car (front-back) indicate
its orientation, and therefore its direction. An automated non-driver transportation system
eliminates the need to distinguish between front, rear, and front-facing seating. A
driverless capsule following a certain path but not a certain direction would show a new
way of creating a new pair of opposite vectors such as in trains”.

Technology allows designers to create a new trend that will provide a futuristic
experience within the future. Large screens along the dashboard remove the analog
switches. Buttons and levers that are critical to safety may become smaller and lighter,
but they will never be completely removed. Innovative interior design has limitations and
cannot work against safety. The new design trend wants the seats to be made of flexible
materials, eccentric, tilted, offering a resting position similar to that provided to airlines’
first-class seats. As mentioned above, the interiors mark a new era for designers as they
move towards large spacious, lounge-like spaces. As future autonomous cars feature
electric motors with batteries on their floors, interior space can be maximized. In this way,
the designers are beginning to experiment with new seating arrangements, including
bench seating.

The conventional forward-facing 2+3 seating position disappears, allowing for a more
open living room layout. The two seats for the driver and passengers allow users to rotate
and interact with and their colleagues, friends or children. Examples of interior design
are the Audi AI: ME Concept, the Infiniti QX Inspiration, the Mercedes-Benz Vision Tokyo
and the recent Icona Nucleus. Mercedes-Benz unveiled its autonomous lounge vehicle,
the Vision Tokyo. The car has a traditional seating arrangement in a modern lounge
layout. There are no front, or back seats and passengers sit on an oval club couch. The
same style goes for the Icona Nucleus, which features a more modern seat bench layout.
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Figure 26 Audi AI: ME Concept Interior

Figure 27 Infiniti QX Inspiration Concept Interior (Source: motor1.com)

-29-

Figure 28 Infiniti QX Inspiration Concept Interior Visualization (Source: Autoconception.com)

Figure 29 Mercedes-Benz Vision Tokyo Exterior (Source: Mercedez-Benz)
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Figure 30 Mercedes-Benz Vision Tokyo Interior (Source: Mercedez-Benz)

Figure 31 Icona Nucleus Interior (Source: Icona)

1.3.5 “Inside - Out” design
The new automotive interior design trend is the “inside-out”. This approach focuses on
issues

such

as

the

number

of

the

passengers,

comfort,

and

safety.

George Liamadis mentions as a milestone three examples in his book (G.D.Liamadis,
Automotive Culture: Design & Styling, University Studio Press, Thessaloniki, December
2013), Isuzu Zen, Kar-a-Sutra and Renault Espace. The name of Isuzu ZEN comes from
Japanese philosophy and culture. The design elements for ZEN are the ancient harmony
of geometric and modern architectural lines. The design of this model starts from "inside
out" and materials such as wood, bamboo and straw were used. The front seats are
stacked to cover the dashboard while the rear seats are hidden on the floor, creating an
interior like a tatami room.
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Figure 32 Isuzu Zen Interior (Source: wheelsage.org)

Figure 33 Kar-a-Sutra concept

Kar-a-Sutra is another example that represents the interior design of future interior
spaces. George Liamadis mentions Bellini's concept, as a moving platform and a room
on four wheels. The relationship between the user and the car is redefined, to suggest a
traditional interior where users chat, have fun and relax. The interior of the car contained
pillows and folding seats giving a sense of harmony and warmth. The interior is accessed
through the back door, as in the house. He concludes for Renault Espace, that it applies
the design principles of Kar-a-Sutra to mass production, by creating the MPV. The
vehicle is elevated, spacious and can accommodate up to seven people in three rows of
seats. The alternate seating arrangement in the vehicle enables the formation of a fourseat lounge and a table.
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Figure 34 Renault Espace Interior (Source: Renault)

1.3.6 Steering Wheel
One of the elements that will determine the new design trend is the steering wheel,
confirmed by the world's largest manufacturer, JTEKT Corp. The company supports that
the drive-by-wire technology will offer plenty of space, removing the steering wheel’s
column and create more space. The steering wheel loses its round shape and becomes
rectangular, like those of Formula 1 cars. Of course, this shape is convenient for both
left and right-handed drivers and will improve the safety of autonomous cars, making
them easier in use. In autonomous driving, the steering wheel does not need to be bulky
because it is not as important as in a conventional one. As the vehicle enters this mode,
it can “hide” in the dashboard. BMW unveiled the shape and properties of its new
innovative H-shaped steering wheel at the BMW Vision Next 100. The steering wheel is
on the same level as the dashboard, fully in line with the design and is special geometry
has also ergonomic advantages.

1.3.7 Drive by Wire Technology
Bertone Filo was the first attempt to implement the “by wire” technology, which led to the
revision of the human-machine interface with internal architecture. The company in
collaboration with SKF transformed the polymorphic car into a mobile workshop with 'by
wire' technology, which combines mechanics with mechatronics. The steering wheel, the
gas pedal, the gears, the clutch, and the brake operate on electrical signals, as in
aircraft. The assembly all functions in a portable mobile unit allows maximum interior
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flexibility, leaves room for passengers to move, and minimizes the operating parts on the
dashboard.

Figure 35 Bertone Filo Interior (Source: allcarindex.com)

Passenger space is free of traditional restrictions on the freedom of the passengers'
movement. The absence of the intermediate ceiling pole is evident with the inverted
doors facilitating access to the car. The steering wheel, from which all functions are
controlled, rests on the central armrest. The “by-wire” technology will play a key role in
driving cars. Allows the vehicle to drive and stop by purely electronic means, eliminating
the need for a steering wheel or steering column. Even in autonomous cars with steering
wheels, the space saved by eliminating the steering column opens up completely new
possibilities for interior vehicle design. In 2018, Volvo began conducting an innovative
technology called Flex-0, which is based on drive-by-wire technology.

1.3.8 Electricity sharing platform - Giugiaro GFG Sibylla Concept
Italian design legend Giorgetto Giugiaro will unveil his 2018 version of the four-door
electric motor model at the Geneva exhibition, featuring a mix of retro and futuristic
elements. The prototype, named Sibylla, is a product of the new GFG Style design team
created by the Italian designer and his son Fabrizio, with Chinese energy company
Envision. Giugiaro chose to combine the rear glass part of the roof with the “gull-wing”
motif to create an impressive aesthetic effect. The rear seats are thus accommodated in
two separate and reclining seats, with plenty of space for the lower legs. The Sibylla
Concept features the most state-of-the art automotive trend, with four electric motors and
a fully autonomous drive system. The EnOS platform makes the car smarter in the wider
energy ecosystem, and provides intelligent control on when, where and how devices
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generate, store and use energy. The platform provides data from the outside
environment.

Figure 36 EnOS™ System (Source: GFG Style, Sibylla)

Sibylla's energy consumption will be monitored and managed by EnOS operating
system. Imagine a world where the car is no longer a car. The car is not just an energy
user but a creator of a new energy solution. It is a concept which organizes, uses, stores
and shares energy with others in a community, or even with other devices. The users
have the choice to power their electric vehicle by 100% clean and sustainable energy,
inspiring a whole generation of electric devices.

1.4. Case Studies
The Automotive industry is undoubtedly the most competitive market which is a key
sector due to its high value-added activities, with high employment characteristics and
increasing technology requirements. A potential market for electric vehicles is China, as
it keeps the number of electric vehicles high in these industries. There is also a demand
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for electric vehicles on increasing demand for fuel-efficient and low-emission vehicles in
Europe, where very important efforts are being made until today.

1.4.1 FIAT Centoventi
The Italian brand presents with a prototype from the Geneva exhibition its vision of future
city electric cars, focusing on the multitude of options designed to be accessible to all
and surrounding with the well-known Fiat authority when it comes to small cars. Due to
the 120 years since the founding of Fiat and the prospect of a new futuristic approach to
Panda, the Italian firm presented in Geneva, a design study that aims to map the electric
future of the future of urban travel to Italy.

Figure 37 FIAT Centoventi (Source: A&D)

In addition to characteristic squared shape interrupted by inflated domes, Centoventi is
designed with the prospect of changing the exterior panels and ceiling for the benefit of
personalization and offering multiple options to younger buyers of the future. The interior
is designed to maximize flexibility by offering the ability to remove and add elements
according to the needs of their respective owners, while the same original Plug and Play
motif adheres to the technological equipment of the cute prototype.
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Figure 38 FIAT Centoventi modular Interior (Source:A&D)

-37-

Customers will be able to change the car according to their personal style with the help
of a program. This will offer a limited range of accessories (ceilings, bumpers, wheel
covers, exterior design). This vehicle can be upgraded with great freedom in colors,
interior design, multimedia and even the range of performance of the motor. One of the
strongest points of the Fiat Centoventi is that owner does not need to wait for special
editions, as he can change it himself whenever he wishes. The Fiat Concept Centoventi
is the design response to a business challenge that deservedly represents the culture of
the company. The Italian design and embodies Fiat's “less is more” idea, meaning we
remove the unnecessary and complicated to give more space to people (More You), care
for the environment and the community More Care and its DNA brand in terms of values
and appearance (More Fiat). Well lit, spacious, and modular are the three words that
characterize the vehicle's cockpit and can accommodate up to four people. The
philosophy of the car is designed around people, the way they interact with today's world,
and the principle of “plug and play”. The components can be mounted in the small holes
of any shape. The doors are fully customizable and can be equipped with what the user
needs, such as storage cases, bottles, and speakers. The driver's seat is reasonably
stable except that the rest of the seats can be replaced with a child seat, storage box,
and pet storage box. The Key features are; Interactive messages, personalization, plug
and play interaction, eco -friendly materials, simple control switches and add-ons. The
design is inspired by everyday objects and uses innovative technological solutions, and
unique production process. One of many landmarks used is sneakers, fashion icon, and
high-performance products. The seat is made of an innovative plastic made of Polyolefin
resins slightly lightweight slightly lighter than other UV resistant plastics, self-cleaning
and adhering to "3D Knit" technology.

Figure 39 FIAT Centoventi details (Source: A&D)
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In conclusion, FIAT Centoventi is fully customizable as future buyers will demand,
complementing its features by designating the "most affordable electric model" as Fiat
notes, although it does not publicize features related to the electric motor, announces
that the Italian city car offers the same features as above for flexibility in the choice of
batteries and ancillary autonomy starting at 100 km and reaching 500 km.

1.4.2 HONDA Urban EV Concept
The new EV Honda features a stylish interior with a panoramic dashboard display. Honda
had presented a new electric vehicle at the 2017 Frankfurt Motor Show, under the brand
name Urban EV Concept. The prototype model is based on a completely new platform
and sets the technological and design direction for a future electric model. Honda's Urban
EV Concept is an example of advanced technology with sophisticated forms. The wide
and low proportions give the car a muscular character that reveals its sporty
performance. As a model, it's 100 mm shorter than the Jazz supermini. The Honda
emblem in the prototype has blue hidden lighting, giving a new design for the future EVs.
At the front view of the car, there are some interactive messages among the headlights,
such as tips for other drivers, greetings and battery charging updates.

Figure 40 Honda Urban EV Concept User Scenario (Up) & Front/Rear 3D Model (Down) (Source: A&D)
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The driver's visibility of the Urban EV Concept is exceptional thanks to its thin columns,
and a wide windscreen that allows the driver to have a nice and clear view. The entrance
to the vehicle is simple through two doors. The charging cable connector is located on
the bonnet of the vehicle. The new Honda EV can accommodate up to four people, in
two seating rows.

Figure 41 Honda Urban EV Concept Interior

To create a cozy living room feeling the front row is lined with natural gray fabric. On the
other hand, the seat backs seats and armrests adorned with modern wood finishes. To
the steering column, there is a set of simple control switches and a panoramic display.
The dashboard accommodates this long display running the console all its length and
reaching the doors. The dashboard displays vehicle information such as the battery
charge. External mirror usage is done with the help of digital cameras that are placed at
the door screens. The key features are, interactive messages, tips for other drivers,
charging updates, living room feeling, simple control switches and small size.

Figure 42 Honda Urban EV Concept LED Lights, side camera mirror and rim (Source: A&D)
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The Urban EV Concept captures the company's vision of a world where mobility and
everyday life are inseparably linked. Advanced Honda Automated Network Assistant
(HANA) acts as a personal assistant, learning the driving behavior, detecting emotions
through decisions, and finally can apply what he has learned f to make new choices and
decisions.

1.4.3 CITROËN AMI ONE
Citroën unveils its approach to 100% accessible urban mobility. The Citroën Ami One is
Citroën's conception of freedom in the city, mobility, mobility, freedom to be fashionable
and freedom of use for all. A unique product designed for urban mobility, the Ami One
features ultra-compact cubic body (2.50 m), which allows its occupants to move with
great agility in the city, suggests robustness thanks to its morphology. This model reflects
stability, flexibility, and amazing ease of maneuvering.

Figure 43 Citroen AMI One Exterior (Source: A&D)

The Ami One Concept is a new product with an expressive front and rear giving a strong
character to the vehicle. Daylights and flashlights reflect sophisticated image thanks to
their fluid lines. The orange color and the black lacquer mask give an expressive look to
the front of the prototype. Ami One has an intelligent design consisting of symmetrical
sections, which include the same doors to the right and left with reversed opening
mechanisms and the same front and rear fittings, low bumpers, wings and lining cases.
The Ami One Concept ensures freedom of movement and is aimed at city drivers with
or without a driving license. This vehicle is accessible to anyone from the age of 16 (14
in France), who shares the brand with the same love for the freedom of movement.
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Citroën created the Ami One Concept as an alternative to public transport and other twowheel-drive alternatives. The Ami One is 100% electrical, respecting the environment
and reducing operating costs. The vehicle reaches 45 km/h without CO2 emissions. Its
range of action is 100 km and is ideal for urban traveling. The recharging of the Ami One
Concept is easy via cable, either from a public charging station or home in just two hours.
The Ami One Concept is a 100% networked product whose smartphone is a fundamental
component of human-machine communication. The user has access to the Ami One
Concept using his smartphone. The key features are, modern, unique and cozy design,
simple control switches, smartphone as key, simple interior.
The doors are locked and unlocked via a QR code sensor located on the base of the
outer handles. As soon as the driver is seated, he places a specially designed slot on his
phone. As the device mounted in this special location communication between the Ami
One Concept and the driver begins. The selected application is pictured right in front of
the driver's field of view thanks to the HUD (head-up display) system. The driver can
access his personal data as well as a variety of services through his smartphone. The
Ami One Concept has two keys on the steering wheel; one for voice commands used to
call for help and one for different application menu options. To the right of the base of
the cell there is a cylinder housing the engine start button and gear selector. The cabin
is spacious and powerful for operation. The driver's seat (on the rails) and the front
passenger seat (fixed) are asymmetrically positioned for greater space and ease of
movement. The storages are cleverly designed to make the most of every corner of the
cabin. On the passenger side, the vehicle has storage for one bag. At the rear, a platform
is accessible through the folding driver's seat and can be used for standard luggage.

Figure 44 Citroen AMI One Steering Wheel & Seats (Source: A&D)
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1.4.4 RED EV
The vehicle was named REDS and differs from other cars in that it can serve as an office
for its owner at the same time. The car will be manufactured by REDSPACE, a new
Chinese car company. Apparently, what stands out is its squared cabin and its
semicircular roof, while incorporating half of solar panels to charge the battery. This EV
is 2.97 meters long and can accommodate up to 4 adults. Externally, the first thing
someone notices is the windscreen upside down, and the conventional a-pillar tilt, a
contrast that creates a gap between them. The key features are, cubic/boxy cabin,
geometric elements, upside down windscreen and small office environment.

At the same time, the very large roof allows the vehicle to sit in its own shadow. This
reduces the need for air conditioning and reduces energy consumption. There are also
intense color combinations that add to the aesthetic interest and break the monotony of
the "boxy" look.

Figure 45 RED EV Concept (Source: Chris Bangle Associates)

The rear has the same lines, with the rear windshield tilted, thin lamps that hug it, and
various geometric elements that act as graphics combining angles with curves. The Reds
is the proof that a car can be instantly acceptable and evoke strong emotions with its
appearance while being different from others. The authors of the evolution considered
the fact that on average only 10% of the total time is spent on the car. Most of the time it
is idle or moving on autopilot.
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For this reason, the interior has been transformed into a small room, allowing it to be
used as a mobile workspace. The steering wheel can be turned upwards. The 17-inch
screen informs the owner about the status of the car and its technical parameters. The
REDS EV accelerates from 0-50 km/h very fast without announcing the time, while the
top speed reaches 120 km/h and its autonomy range is 300 km.

Figure 46 Interior view of RED EV (Source: Chris Bangle Associates)

1.4.5 Renault Ellypse
Renault's latest concept car, the Ellypse, marks a new era of harmony between the car
and the environment. A friendly personality with a hidden aggression characterized by
structured forms. A cleverly designed new car with a human/engine interface. Inside the
Ellypse fold down the front and rear seats and disappear to the floor to frm a wavy surface
that acts as a lounge chair.

Figure 47 Renault Ellypse Exterior & Interior (Source: carstyling.ru)
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1.4.6 RCA One+ Concept
The concept "One plus+" was designed by a group of students inspired by Japanese
tatami. A tatami (畳) is a type of mat used as a flooring material in traditional Japanese
rooms. One+ is a driver-oriented project, which focuses totally on the driver. The idea
was named '1+', from the single driver's seat. Several seats could be adjusted around
an adjustable grid on the floor of the car. It also includes a system of solutions such as
a storage system and a food refrigerator. One + eliminates the idea of a typical car by
providing an open platform on which the users can customize the interior as they wish.

Figure 48 RCA One+ Concept (Source: Liamadis G., Design & Styling)

1.4.7 Suzuki M Terrace
Features a dashboard in the form of a horizontal electronic display that can slide and
swivel in a longitudinal position to be used as a table with the seats rearranged around
it. One more concept exploring the total freedom introduced to the design of the interior,
thanks to Drive-by-Wire technology.

Figure 49 Suzuki M Terrace (Source: Liamadis G., Design & Styling)
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1.4.8 Nissan Beeline
A state-of-the-art station that combines office and vehicle features into an all-in-one
concept. Its dashboard incorporates a folding steering wheel, a built-in laptop computer
and

a

writing

surface

enabling

for

vehicle-to-vehicle

and

vehicle-to-office

communications. The design allows the movement throughout the interior, and the autosliding side door creates a large, opening for the vehicle. The cargo space is fitted with
wall panels that fold down for use as a table or as a partition between the two basic
areas. The back-door folds in the middle for easy loading and unloading of cargo.

Figure 50 Nissan Beeline Interior (Source: automobilemag.com)

1.4.9 Citroen Osmose 2000
This new project, produced in 2000, aims at the responsible driver and pedestrian
mobility. This model is a five-seat sedan, with a hybrid drive and zero emissions. Osmose
aims to become a personal vehicle that opens a new kind of relationship between people
who have only one thing in common. Drivers will be able to show their destination on the
side of the vehicle and indicate if they are willing to take pedestrians going in the same
direction. It is an example of how today's carpooling applications work. Osmose can
carry four to five people and provides extra safety for pedestrians with external airbags.
It can also carry three people with luggage to the front, while the rear can be converted
to accommodate two more. The aim is not only to develop a new vehicle
philosophy but also to address the issue of a more responsible way of use. By combining
different interests, creates an exchange was between pedestrians and drivers. In this
way, mobility is shared by people who go in the same direction. A natural and fair
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exchange that respects the privacy of each passenger. The Osmose is powered by a
hybrid system designed to provide exceptional spaciousness and protect the
environment with zero-drive electric drive. The vehicle helps the quality of the air with a
solar-powered filter which revives air before landing it in the atmosphere. The vehicle is
compact and easy to handle at a height of 1.70 m which features a friendly
style. The Osmose has two sliding side doors and a luggage compartment door that
slides. The interior design focuses on nature, with an earth color scheme and a
transparent roof that casts shadows on the vehicle floor. The ergonomic position of the
driver station reflects new technology to the systems.

Figure 51 Citroen OSMOSE 2000 (Source: carstyling.ru)

1.4.10 Changan Oushang Nuage
The idea was to create a car that reflects the needs of the new extended Chinese family
that Changan's designers have studied. Nu-Age, which can be read in French "Nuage"
that means cloud. Indeed, the shape of the exterior reflects the morphology of a cloud.
At the back of the cabin, there is a mesh of wood, that shields the light from the large
window.

Figure 52 Changan Oushang Nuage Exterior (Left) & Interior section view (Right) (Source: A&D)
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Figure 53 Changan Oushang Nuage Interior sketches (Source: A&D)

It is also an opportunity for the company to change its image and define its new identity.
The Changan Oushang Nuage has two key requirements for future automotive mobility:
self-driving and electric motors. Traditional cars have three dimensions: passenger
compartment, engine compartment and the luggage compartment. In this model the
positions of the above are different. The motors are located between the four wheels.
Inside, a central table is in the center of the space and can be used by users very easily.
On the roof, there is a small sensor that detects drive vehicles and alerts them to road
accidents. When the car is stationary, the underside of the doors unfolds, expanding its
interior floor.

1.4.11 Renault Sumbioz
Following the vision of 2030 with the prototype SYMBIOZ model in September 2017,
Renault gives to the stakeholders the opportunity to get on board this car, the first fully
functional prototype to be built. Test drives by SYMBIOZ give Renault the opportunity to
demonstrate in real-life conditions a standalone, electric and connected car. The result
is a whole new driving experience. Traveling by car will become a multi-sensory,
personalized experience, with the cabin differently tailored to the chosen driving profile.
The car is gradually changing and becoming part of the personal ecosystem of each
driver and the occupants. Renault has a working prototype that gives us a look at, what
we need to expect in 2023. The company will start offering test vehicle drives to reporters
and has released several images to showcase the vehicle. The company says it wants
to demonstrate in real-life a vehicle that is autonomous, electric and interconnected. It
also focuses on the cabin experience and how it is influenced by autonomous driving.
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Figure 54 Renault Symbioz side camera mirror (Left) & Interior (Right) (Source: A&D)

To build the prototype, Renault worked with other companies. IAV helped Renault build
the car for level 4 autonomy. The screen was built by LG, using curved glass technology
and a heads-up display. The maps and navigation of the prototype system were
developed by Tom-tom, while the software for the Infotainment (onboard experience)
was curated by the French company Ubisoft.

Figure 55 Renault Symbioz Exterior (Source: A&D)

1.4.12 Icona Nucleus
This concept is the ultimate self-driving lounge vehicle of Italian finesse and design. It
the vision of the design house for the future of automotive. Icona is a new company
founded in 2010 in Turin and has offices in Shanghai and Los Angeles, headed by
Teresio Gigi Gaudio. He has previously worked for Bertone, Fiamm, and Aprilia. Nucleus
is Icona's latest creation and embodies all those elements that will characterize vehicles
of the future. It is a luxurious vehicle with a particularly aerodynamic appearance.
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Figure 56 Icona Nucleus Exterior & Interior (Source: A&D)
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Its length is 5.25 meters, its width is 2.12 meters, and its height does not exceed 1.75
meters. As a futuristic concept, it is fully interconnected and supports Level 5
autonomous driving which means it has no steering wheel, no control pedals, and no
conventional dashboard. The interior is spacious and can accommodate six passengers
comfortably. It refers to a luxurious lounge where passengers can relax enjoying the ride
or do their work without wasting time. The asymmetric approach to the layout of
comfortable moving seats that can even be converted into a sofa, as well as the
panoramic windshield, blast the concept of comfortable travel to another level. It is a first
class, elegant mean of transport focused on the destination, not the road.

1.4.13 Renault EZ-PRO
Renault presents the EZ-PRO at the Hannover Auto Show in Germany, an autonomous,
electric, interconnected, robotic concept car designed to shape the future of “last mile”
distributions for all types of professionals. Last-mile logistics refers to the final step of the
delivery process from a hub or distribution facility to the end user. Although the name
implies that it is the last-mile delivery, the actual last-mile delivery may range from a few
blocks to 50 or 100 miles. Most often, last-minute logistics involves the use of packages
or small means of transport to deliver products to consumers.

Figure 57 Last Mile Logistics (Source: Google Images)

The prototype EZ-PRO offers a secure and ergonomic solution for the professional, as
evidenced by easy access to the front panel, joystick control, or the versatility the fourway steering provides. EZ-PRO also offers customizable platforms that can meet a wide
variety of business needs, from distribution, to the needs of traders, craftsmen and
entrepreneurs.
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Figure 58 EZ-PRO (Source:Renault)

EZ-PRO is designed to provide a cutting-edge solution to the distribution needs of both
professionals and consumers. Recipients will be able to choose a convenient delivery
time & area. At the same time, the final recipient will be able to choose between delivering
the package manually or receiving it from the self-service pick-up boxes (slots) on the
platform. In fact, these lockers, which will be available 24 hours a day, 7 days a week,
can be unlocked with a special app from the recipient's mobile. Shipping capabilities for
consumers will even include real-time shipment information updates to mobile devices
for an even more unique, professional and efficient delivery experience.

Figure 59 Renault EZ-PRO (Source: Renault)

The EZ-PRO is designed to ensure the best possible aesthetic integration of its
components into the urban environment. The color of the satin body, the wheel arches,
the glossy finish of the opening surfaces help ensure that the result is effectively
integrated into the urban landscape. The shared platforms, flexibility and autonomous
mobility are the keys for Renault to solve the distribution problems. These properties will
help to make vehicles less crowded on the roads at rush hour, resulting in fewer traffic
jams due to bad driving habits or improperly parked vehicles. At the same time, the better
flow of traffic can be smoothed by the connectivity of robotic vehicles to city networks
and their structures, such as traffic lights and traffic control center. EZ-PRO is part of a
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series of Renault prototype vehicles that focus on the urban needs of moving products
and services. After all, EZ-PRO follows the introduction of EZ-GO, the electric,
interconnected, fully autonomous and shared robotic vehicle that helps people move.
With the common goal of achieving a sustainable car for all, the EZ-PRO is 100% electric,
contributing to a greener and quieter transportation network.

1.4.14 Renault EZ-Ultimo
Renault has unveiled its new standalone concept car at the 2018 Paris Motor Show and
gave a look at what the future car might look like. The EZ-Ultimo has no driver's seat,
can accommodate up to three passengers, is all 100% electric and inside it looks like a
luxurious lounge. The Renault EZ-Ultimo, is a showcase for a rich and superior mobility
experience. A mobile living room for the modern era. This is the perfect reference for the
definition of EZ-Ultimo, the latest concept car revealed by Renault at the 2018 Motor
Show in Paris. This autonomous, connected and 100% electric "robot vehicle" explores
tomorrow's emotional mobility sharing.

Figure 60 Renault EZ-Ultimo Exterior (Source: Renault)

Its promise is to provide a rich mobility experience, for a trip, an hour or a day. The
Renault EZ- Ultimo features a two-ton black bodywork with green tones at the bottom
with champagne at the top. The top consists of 600 diamond-shaped folds, which are
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treated as a one-way mirror. They filter the view of the interior of the vehicle to maintain
the privacy of the passengers - up to three people - while providing a transparent result
from the inside.

The EZ-Ultimo booth is presented as a gorgeous lounge where everything is done to
make the passengers feel like a lounge - a typical Haussmannian-style apartment, an
initial reference for designers. There is a wooden floor arranged crosswise, a marble strip
on the sides, leather and velvet for the armchair and seat. The structure supporting the
veneers and the Corian® belt surrounding the cabin are reminiscent of wall and ceiling
decorations. These premium materials are processed in a modern way to meet the
requirements of the automotive industry. They are very thin to reduce their weight. Their
presence allows passengers to enjoy a relaxing and enjoyable living space. A space that
offers sophisticated, interactive, and personalized content to enrich their journey and
travel beyond their simple destination. Finally, the cabin is particularly illuminated by two
lamps in pale gold, while a low-angle light source accentuates the floor. Finally, the EZULTIMO brings to life the Renault "Design French" and "Easy Life" genes and is
presented as a high-end vehicle inspired by French elegance.

Figure 61 Renault EZ-Ultimo Top view (Source: Renault)
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Figure 62 Renault EZ-Ultimo Interior (Source: Renault)

1.4.15 Volvo 360c
Volvo aspires to radically change the way we move, work and rest with the impressive
Volvo 360c Concept. The futuristic vehicle was presented at Volvo headquarters in
Gothenburg, Sweden, by Håkan Samuelsson (President & CEO of Volvo Cars). It is a
spacious, electric and fully autonomous vehicle (Level 5) with no pedals or other controls,
in which users can work or even sleep while driving normally. This is a prototype model
that obviously sets us up for tomorrow's driving many decades away from the present.
The propulsion system could be no other than electric when the 360c's technological
background is complemented by Level 5 autonomous technology, which means that the
vehicle will be fully "automatic" with the driver in the passenger seat. That's why the
interior of the 360c goes beyond the classic layout and can be configured as an office,
living room, playroom or even a bedroom. In fact, the speeds that the Volvo concept car
could drive would allow shorter travel times (along with transportation, parking, checks
and boarding at airports) than airplanes.
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Figure 63 Volvo 360c Exterior (Source: A&D)

The Swedish company claims the Volvo 360c could easily replace even the airplane (for
nearby destinations), ending endless queues, check-ins and the general inconvenience
of air travel. According to the developer, 360c incorporates a new autonomous navigation
system based on external sounds, visual signals, and movements, which helps inform
other drivers of its 'intentions', minimizing the chance of a car accident.

Figure 64 Volvo 360c Interior (Source: A&D)
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Figure 65 Volvo 360c Interior Meeting Layout (Source: A&D)

The integrated infotainment system and high-speed internet connectivity, comfortable
seats, customizable seats and a “space” style that magnetizes the look, leaving the
technical features second-hand, since we're talking about a Concept Car that is nothing
more from a vision, an idea that may never be produced. Volvo is proposing a new global
standard for how autonomous vehicles can communicate safely with other road users.
As stand-alone technology will be gradually implemented, fully autonomous driverless
vehicles will move in a mixed environment, sharing the road with conventional vehicle
users. In these traffic conditions, where there is no visual contact between drivers so that
they can tell each other their intentions, it is very important how vehicles interact with
each other. For Volvo, the future of automotive looks electric, autonomous, smart and
personal. The 360c represents what the car industry could be in the future. It is a car that
everyone can enjoy the comfort of his bedroom for a dreamy night's journey at high
speeds to wake up refreshed to reach his destination.
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1.4.16 BMW Vision Next 100
For the VISION NEXT 100, BMW's design team has considered all the design trends
and technological developments that will be most relevant in the future. Artificial
intelligence and technology are becoming one. Vehicles will be fully connected, and
digital technology will enter every area of our lives. Artificial intelligence will be learned
by the user to complete their tasks and
technology will become more human.
The starting point of the car was the
interior as it is designed from the inside to
the outside. This led to an architecture in
which the interior looks more spacious
compared to the rest. Despite its curved
Figure 66 BMW Vision Next 100 moving triangles

interior, the car retains the recognizable

(Source: BMW)

sporty style of a BMW. A very important

element of Vision is Alive Geometry, an innovation that has never appeared in a car
before. It consists of a kind of three-dimensional sculpture element that exists both inside
and outside the car. It consists of 800 moving triangles which are mounted on the
dashboard panel and in specific areas of the side panels. They operate in three
dimensions, maintaining direct communication with the driver and look more like
gestures, than sounds or visualizations on a screen. The triangles operate in about the
same way as a flock of birds in flight, creating a new kind of optical signal. In Boost and
Ease mode, vehicle technologies create the most intense and relaxed driving
experience. In Ease mode, passengers are given information on the road and any
acceleration or deceleration maneuvers. In Boost mode, the seat and steering wheel are
switched, and the center console is moved to better orientation for the driver. During the
journey, the driver can interact with the vehicle with hand movements. The smart digital
companion, a little element under the windshield, connects the driver and the car. The
large covered wheels look like flexible skin when turning. Once the driver is seated, all
systems are fully activated by a simple touch of the BMW signal in the center of the
dashboard. The door closes, the steering wheel comes out and the driving experience
begins.
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Figure 67 BMW Vision Next 100 Interior (Source: A&D)

Figure 68 BMW Vision Next 100 Exterior (Source: A&D)
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1.4.17 Sony Vision S
Sony unveiled its first concept car, the Vision-S, at the CES 2020 show, an electric
prototype with innovative ideas. The model features all the latest technologies that could
be used in new electric vehicles. The car has 12 cameras, 33 sensors and monitors both
internally and externally. It has 1 surround-view camera on the front, one surround-view
camera on the back, one on the right and left, while on the inside there are two cameras
on the back and four on the front (Figure 70). With the new driver assistance systems,
the Vision-S ensures safe driving on the road. Advanced level cruise control, selfparking, automatic lane assistant in safe mode, are some features that Vision-S offers to
the driver. The constantly updated software enables high performance and autonomy of
the car. As far as comfort is concerned, the car recognizes the condition of the driver and
passenger by their movements. For example, it informs about driver fatigue and adjusts
the temperature for everyone. On the dashboard, there is a panoramic screen across
the entire width that covers the needs of the passengers for entertainment. Sony has
managed to make the interior of the Vision-S look like the salon space. Each passenger
has their speaker and can only listen to the music he or she wants. The car saves the
user's personal profile and informs him about all systems and environmental conditions
through his smartphone. Thus, the cab will be constantly connected to the outside world
as Sony focuses on the evolution of cars through IoT technologies.

Figure 69 Sony Vision S Interior (Source: A&D)
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Figure 70 Sony Vision S Exterior Cameras & Radars (Source: A&D)

1.4.18 Hunday M. Vision S
Hyundai recently unveiled the original M.Vision along with its vision for future urban
mobility. This vehicle is a fully autonomous vehicle with large windows and a glass roof.
The wheels are fully covered and detached from the body, giving it a more futuristic style.
Its four batteries can be replaced when the car is not charging. Other features of the
M.Vision S are cameras, radars, and LiDAR sensors. The taillights are threedimensional, having an important role in the lighting communication system. This feature
is used in autonomous driving mode, to communicate with pedestrians. Moving to the
cabin, there is a lounge-seating layout, that allows passengers to work or relax. At the
same time, the cabin is equipped with a sound system, with a virtual
touch technology that allows users to interact easily with multimedia.
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Figure 71 Hunday M. Vision S (Source: Hyundai)

Figure 72 Hunday M. Vision S Interior (Source: Hyundai)

1.4.19 Mercedez Vision Avtr
Mercedes Vision AVTR Mercedes-Benz presented at CES 2020 its new autonomous
car, inspired by the future, and Avatar. The fast charging of the futuristic
Vision AVTR takes 15 minutes to complete and offers autonomy up to 700 kilometers. It
is also possible to charge while driving, contributing to the higher performance of the
entire system. The organic battery is made from recyclable, environmentally friendly
materials. The wheels of Vision AVTR are large with illuminated spokes, that allow it to
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move diagonally up to 30 degrees. At the back of the car, there are 33 bionic blades,
which can be used as photovoltaic panels, helping Vision AVTR to communicate with
the environment. In the interior, the center console is activated by touching the driver.
The car recognizes the driver only by breathing, having a biometric connection with him.
There is no steering wheel or dashboard with the functions handled by remote control.
Its seats are made of vegan leather. The floor is decorated with innovative wood, that
gives the interior a natural feel. The Vision AVTR is a car that shows new ways to
connect people and machines without wooden levers, plastic buttons or steering wheel.
Maybe Mercedes Vision AVTR it's an example of how fully autonomous cars will be in
10 years from now.

Figure 73 Mercedes Vision AVTR (Source: A&D)

-63-

Conclusions

Private cars are the primary cause of congestion and pollution in large cities. It has also
been observed an increase in the number of vehicles in them, making it difficult for
users and a social-environmental burden. Electric cars and their sharing will eventually
become a solution for a large public transportation system, if people stop using it as a
property, but as a service. There is also a design trend that focuses on the development
of the interior, turning it into a place of relaxation and serenity for the user. After all, the
car is an integral part of the smart city. So, what needs to be ensured is access to
affordable, reliable, and sustainable modern energy for all. The purpose of this work is
not only to create a new proposal but also to strengthen the relationship of people, with
a means by which they can come closer and become more responsible towards society
and the environment.
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2. Methodology

This thesis is a design proposal that shows how an industrial designer envisions the
creation of an electric vehicle, after studying and examining the design trends that have
been prevailed in recent years. Inspiration is related to the new design trend in
automotive and in particular in electric mobility. The design process involves gathering
information data through internet, literature, images, ideation and sketching, helping
understand the design proposal. The result is the creation of a concept that is designed,
both internally and externally. The exterior has features matching the design trends of
an electric autonomous vehicle, while the interior is simple and reflects the user needs.

2.1. Research and analysis
The functional design and development of a modern vehicle are usually done by a large
team of designers and scientists from many scientific areas. The design team's work is
divided into five stages: exterior design, interior design, color design, materials design,
and finishing. Designing a car from the initial stage to mass production requires different
stages, such as CAS modeling, Clay modeling, Vehicle ergonomics, Class-A Surface
Development, Color, Trim, etc. and it takes several years to complete. The dissertation
will not present these stages, but only a unique design proposal for a city vehicle.

Overview of the process

The design proposal process includes:
•

Research on smart city topics and future trends.

•

Research on topics and design trends for automotive industry.

•

Analysis of technologies in electric mobility, to find data and solutions for ideation.

•

Evaluation of the design proposal conditions.

•

Benchmarking of existing concepts to avoid deviations.

•

Brainstorming for morphology and aesthetics.

•

Concepts ideation and sketches, to specify features in the vehicle.

•

Development of final concept in 2D and 3D CAD. In this phase there were many
loops for the decision of the final model.
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•

Final design that shows how the different parts of the project come together and
complete the form of the vehicle. In this stage the vehicle is fully detailed. It is
worth noting that the above steps are not listed in the chronological order, as
there was a lot of back and forths between the research and evaluation phases.

•

Final render on the 3D model.

During the research phase, the required information was collected on the structure of a
'smart city', and the requirements that meet it. Afterwards, viable transport systems such
as buses, cars and pedestrians were examined and evaluated. Data collection continued
throughout the design period. As a result of the process, it is a definitive vehicle
description that includes user scripts and design specifications. The questions that arise
are "Is it a normal city vehicle?", "How will it communicate with the environment?", "What
size will it be?", "How many passengers will it accommodate?". The problem is that there
are several electric cars on the market, and this creates the need for a differentiated
proposal. The goal is to propose a design for a car that can operate in a smart city, be
electric, autonomous and easy to use.

2.2. User scenarios
Persona 1 - User Profile

Mike is 30 years old, young motivated, lives in Barcelona and works as a marketing
manager, in a slef-sufficient re-newably powered apartment. He is constantly on the
lookout to network and meet clients. He likes to dress sharp. Being an environmentally
consious guy, he likes to choose between different mobility systems. So, when he is
working, he prefers to go to the company by car-sharing service. Entering the vehicle,
he meets Tania who works in the sales department. Until they get to work, they have
plenty of time to relax, drinking their coffee, and arrange a mini meeting.
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Figure 74 Storyboard - User 1

Persona 2 - User Profile

Alessandro and his wife Donatella live with their family in Turin and work as freelancers.
Usually on Saturdays, they spend family time, making short trips around the countryside.
Because they are environmentally conscious, they decided to sell their old gas-powered
car and bought an electric one. After getting in the car, Alessandro is putting the
coordinates of the destination the vehicle begins. The name of the village is "Cantalupa"
and it is one of the latest to have charging stations installed. So, they can charge the
vehicle as well. After a few minutes, he is selecting autonomous drive mode and the
vehicle continues its course. Their seats turn 360 degrees, so they can interact with their
children, play and relax. Before arriving at the destination, the vehicle informs the
passengers that they arrived.
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Figure 75 Storyboard - User 2

2.3. Mission Statement
The vehicle's goal is to lead users from place A to place B with safety using electric
energy. Plenty of car owners have the knowledge, skills, and experience to drive a car
or use it as a mean of transport, so use is understandable.

2.3.1 User - Context - Product
According to different lifestyles and demographics, the target user will be families/users
of the Millennial Generation (the 1980s - 2000s) and Generation X (1965 - 1979), who
are more familiar with modern technology. The time framework for the vehicle is set
between 2025-2035 when most of the automotive companies will have reached full
autonomy level 5. The background location of the vehicle is a city (urban area) that
operates with “smart technology”, “smart infrastructures” and is looking for an alternative
way of mobility. The use of the vehicle is as ownership or as a car-sharing service.
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USER

Action
Brief Project
Description

PRODUCT

CONTEXT

Figure 76 USER - CONTEXT - PRODUCT

USER – WHO ?
Demographics

Age – Millennial Generation (1980s - 2000s), Generation X
(1965 - 1979) users and families
Educational level – No degree
Lifestyle – Urban resident & Families
Employment Status – Employed /Unemployed
Income – Medium
Gender – Male/Female
Marital Status – Single/Married

Anthropometrics Small-range vehicle, Spacious, 50th percentile male female
Needs

Electric Mobility, Autonomy, Car-Sharing

Desires

Connectivity, Safety, Fast Charge

Habits

Navigation, Personalization

Culture

Futuristic, Simple, Minimal
Table 1 USER - WHO -VEHICLE
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CONTEXT WHERE / HOW ?
Surroundings

“Smart” City, Urban and suburban areas

Emotions

Joy, Excitement, Comfort, Emotional warmth

Perception

Innovative design, Futuristic design

Activities

Driving, Leisure, Meetings, Chats

Interaction

Other drivers, IoT

Market

Sustainable materials, Best driving experience

Social Factors

Families, Colleagues, Citizens

Economy

Personal income, Family income, Municipality income,
Government grant
Table 2 CONTEXT - WHERE - VEHICLE

PRODUCT WHAT ?
Autonomous, Electric
Mobility, Driving, Car-Sharing
Cost of a small-range electric vehicle
Technical data of a small-range electric vehicle
White/Grey tones, Wood, Glass, Rectangular
Renault Symbioz, Hyundai Mobis Vision.S, Adient AI8
Table 3 PRODUCT - WHAT - VEHICLE
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Simple
Geometrical
Clean lines

Families
Executives
Citizens

SHAPE

Personalization
LEGO
Accesories
CONSTRUCTIO
N

USERS

Wood
Glass
Plastic
Fabric

DRIVE
VEHICLE
MATERIALS

Electric
Autonomous
(Level 0-5)

SAFETY
COLORS
Collision prevention
Backing up & parking
Lane & side assist
Maintaining safe distance

White/Grey/Blue
tones

Figure 77 Mind Map

Figure 78 Target user will be Millennial Generation (the 1980s - 2000s) and Generation X (1965 - 1979)
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2.4. Problems to solve
There are several electric cars on the market, different concepts and prototypes
competing each other. Therefore, it is a challenge to create a city vehicle, with features
that will make it stand out.

2.5. Project Description
As mentioned before, the purpose of this proposal is to design a vehicle that meets the
transportation needs of a smart city. It is a mean that can strengthen people's
relationships, by which, they can come closer, being more responsible towards society
and the environment. Both interior and exterior will differentiate from the usual ones. The
interior offers emotional warmth, tranquility, “Plug and Play” features, user-friendly
characteristics, comfort, and it is fully harmonized with the rest of the design. Elements
such as integration with the environment, use of natural light, simplicity in form, use of
natural materials, functionality, and comfort will determine its style.

At this point, some of the most important parts of the vehicle will be detected and will be
improved after the evaluation stage. Some of these are; headlights, taillights, side mirrors
doors, wheels, rims, spokes, ceiling, seats, dashboard, steering wheel, mirror, air vents,
internal mirror and displays. The purpose of the thesis is a proposal - a new design
approach for a product. For this reason, elements such as power supply, power storage,
ergonomics, frame, suspension, mechanical parts, and brakes, are not examined indepth, but there is a general presentation of the whole process.

The dimensions of the vehicle were defined, after research in both the case
studies and the internet. To meet the dimensions of a city vehicle, it should have less the
dimensions of a small-range car (approximately 4 m × 1.70 m × 2.4 m), and a clearance
of 10 cm from the ground. The body of the vehicle will be mounted on its base, which will
also accommodate the battery system. The layout of the platform offers more space,
thus, more freedom in design. The wheels will be covered, the chassis will be lightweight,
and both will assist the movement of the vehicle. More on the geometry and morphology
of vehicle parts will be presented below by detailed technical drawings.
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2.6. Design Guidelines
At this stage, it is necessary to record the characteristics, requirements, and
specifications that a city vehicle must meet. Ergonomic study was not carried out
because this is a design proposal. So, to have a realistic approach to spaces and forms,
simple anthropometry was used. With the help of a 3D dummy model, the interior and
exterior were designed with tests and visualizations in an upright and sitting posture. The
dummy model is 1.80 m tall, which represents the average user height (50th percentile).
The specifications related to the design and functional parts, are as follows:
• Distinct operation of the vehicle.
• Provision of easy access to the vehicle.
• Spaciousness in the cabin of the vehicle
• Flexibility in interior space.
• The capability of an interior configuration.
• User-friendly headlights/taillights with distinct message panels.
• Provision of small and flexible storage spaces.

1.80 m

Figure 79 Comparative representation of the 3D dummy (m)
(Source: Ben Donders, https://grabcad.com/)
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2.7. Inspiration
Ideation is the primary stage of the design process, where the designer using appropriate
tools, generate creative solutions, ideas, and suggestions for the product to meet the
goals of the design process. This concept is a futuristic version of the relationship
between humans and electric vehicles. In a world where spare time won’t be enough, it
is fundamental to create a relaxation space for the users. It is a multi-use, compact,
adaptable, customizable urban vehicle with many combinations, and no impact on the
environment.

Figure 80 Inspiration Board
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Figure 81 MOODBOARD
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2.8. Ideation and Sketches
Creative ideas are produced for each design specification, which is illustrated using
sketches. Comfortable spaces and flexibility were essential for design specifications.
Here were created sketches that meet the following needs. The vehicles are depicted in
a simple form, more geometric, without aerodynamics, complicated lines, and curves.
This was done to maintain a single line in all the sketches to highlight the details, and
solutions of the specifications. Such vehicles are driven at low speeds, so aerodynamic
design is unnecessary. Prior to the selection of the three final concepts, that met most of
the design specifications, brainstorming ideas were combined based on aesthetic and
functionality. The sketches below are the drafts, through which, the three final concepts
were selected.

Figure 82 BRAINSTORMING

2.9. Concepts
The following concepts are a quick representation of ideation, about the lines, and the
forms of the vehicle. After presenting them, and choosing the final concept, the interior
design will follow. The absence of engine parts creates concepts that have as basic
characteristic the design of larger forms. The idea of concept 1 is to design a static object
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based on rectangular forms. The exterior is simple, cubic, minimal and has the
architecture of a mini-shuttle bus with minimized height. The issue faced was more of a
stance that gave a simple and wrong impression for a vehicle that already
exists. The details are shown below. The idea behind this idea is to design a static and
low vehicle. The shape of the body looks like two shapes, one square, and one oval,
forming a single volume. The main feature is the windshield of the vehicle, which offers
a self-shadow to the driver.

Figure 83 Concept 1 sketches

Figure 84 Concept 2 sketches
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The

third

and

final

concept

is

a

more

geometric

compact vehicle with

a

special “passive” design that combines two shapes, a rectangle, and a triangle. The main
feature is the body of the vehicle with its exposed frame. The first concept is more
conventional with usual city vehicle elements, while the second is more modern with
character, making it more distinct and closer to a car. The third vehicle is different from
the rest, as it easily impresses the user with its futuristic shape and comfort in the interior.
The concept that satisfies all the specifications is the third concept and will be further
improved later. The ideas are clarified along with elements like geometry, morphology,
assembly, and aesthetics. The model will be simulated by SolidWorks, without the
creation of prototypes.

Figure 85 Concept 3 sketches

Figure 86 Comparative representation of the vehicle, Tesla Model X and Icona Nucleus (m)
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2.10. Drawings
This final phase includes communication of design proposal solutions, specifications,
description and documentation of options. At this point and after choosing the third
concept, the detailed design of the vehicle follows. It will be an electric vehicle that will
operate within a smart city, be used as a sharing service or as a personal vehicle, will
provide all the security systems of a modern vehicle, etc. The main features of the vehicle
are interior comfort, flexibility and communication with the environment. The vehicle
designed, using Solidworks.

2.10.1

Exterior 2D technical drawing

The external dimensions of the vehicle are, 3.52 m × 2.36 m × 1.66 m, while the internal
dimensions are 3.40 m ×1.66 m ×0.85 m. Below, are the technical drawings of the basic
parts of the vehicle with its dimensions in meters.

Figure 87 Exterior sketch
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2.10.2

Interior 2D technical drawing

Figure 88 Interior sketch

-82-

-83-

2.10.3 Seat 2D technical drawing

2.10.4 Steering Wheel 2D technical drawing
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3. Vehicle presentation

The vehicle features a harmonious, compact, welcoming, and friendly character. Next to
this, it combines ownership and public transportation and is an efficient way of mobility,
that helps users avoid costs. In addition to the conventional mode, it enables all levels of
autonomy, even level. Meanwhile, it doesn’t have the layout of an ordinary vehicle, but
a non-aerodynamic and one-volume form. Thus, the interior can form many layouts.
Despite its medium size, the vehicle offers four seats (2 in the front - 2 in the back), with
several layouts and stability, making it a safe way to travel within the city. The front seats
rotate 360 degrees to interact with passengers. More specifically, the front passenger's
seat is adjustable and can be moved along the interior. In autonomous driving, the
driver's seat rotates, so that both the driver and the passenger can interact with the
passengers. There are several interior layouts.

Figure 89 Normal layout with table
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Figure 90 Normal layout

Figure 91 Autonomous mode layout
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Figure 92 Autonomous layout with table

Figure 93 Front view
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Figure 94 Side view

Figure 95 Rear view
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Figure 96 Side view

Figure 97 The vehicle in urban environment
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3.1. Exterior Presentation
Externally, it is characterized by a rectangular body with no curvatures, linearly divided
in the middle, while the wheels are covered and detached from the rest of it.

Roof - Solar panel

Another essential element is the roof and support frames are made of a stiff transparent
glass material. It features a durable glass panel, offers natural lighting to the cabin, and a
better clear field of vision for the driver. A leaf motif covers the translucent roof and throws
shadows in the vehicle. These patterns are solar panels, that provide additional power
supply and illuminate the interior, during the night.

Figure 98 The two sides of solar panel leaf. The top part has solar cells, while the bottom has LED light

Door

One sliding door extends along the length of the vehicle, on the right side, enhancing the
easy entry/exit and its dynamic character. When the user wants to board the vehicle, he
places his hand on a touch plate, made of a metallic resin called, "metalface".
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Figure 99 The door

Wheels

Changes to electric mobility also affect the design of the wheels. In addition
to conventional rims, there is a trend for closed — encapsulated wheels, detached or
attached to the body that completely hide the spokes. Enclosed wheel arches reduce
energy consumption and drag. The wheels were designed by this design trend, with
geometric elements, offering a more futuristic look to the model.

Figure 100 The wheels
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Lights and panels

In addition to the above, the vehicle offers innovations for a unique impression. The
exterior of the vehicle is affected by the shape of lights, making it refined,
large and friendly. For example, every car is easily recognizable by its signature lights,
offering a dynamic identity to its character. So the vehicle designed with the realization
of light developments, inspired by the latest technologies. Next to this, the headlights
and the panels (front, rear) are equipped with OLED technology, the next advance of
LCD/LED.

Subsequently, these panels produce static or animated surfaces on the vehicle. For
example, it can inform the user when it is charging, or even if it operates on an
autonomous drive. The vehicle introduces the communication lighting technology of the
future autonomous driving. Next, the drive system recognizes the external environment
and communicates with other vehicles or pedestrians through messages. When a
passenger boards on the vehicle, it displays a message and "welcomes" the driver. The
vehicle with exterior sensors recognizes a kid pop on the road, signals the danger
around and stops immediately (BE CAREFUL!). It can also detect an obstacle on the
road and alert other drivers or pedestrians (BE CAREFUL!). When a bicycle or a
motorcycle behind, try to overtake the vehicle, it analyzes the risk of collision and warns
around with a message on the back led panel (CAUTION!). Finally, it can also inform
pedestrians by giving priority, e.g through a cross lane (> WALK >, < WALK <). It will
also be able to display every kind of messages to other drivers and pedestrians. Of
course, lights personalization will also play an important role, especially in a smart city
mobility.

Figure 101 Headlights layout
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Figure 102 LED layout - Message "WELCOME!" for new user

Figure 103 LED layout - Message "BE CAREFUL!" for pedestrians

-93-

Figure 104 LED layout - Message "Charging" for vehicle charging time

Figure 105 LED layout - Message "CAUTION!" for pedestrians
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Figure 106 LED layout - Message "> WALK >" for pedestrians

Figure 107 LED layout - Message "STOP" for other drivers
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Figure 108 LED layout - Taillights when the car turns left or right

Figure 109 LED layout - Message "CAUTION!" for other drivers
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Side mirrors

The side cameras placed where the side mirrors would normally be, and stream the
external environment, in two display panels on the sides of the panoramic display. The
driver's mirror also replaced by a rear camera, which transfers the image on the display.

Figure 110 Side camera (left side)

Sensors

Other features of the vehicle are cameras, radars, and LiDAR sensors. With its onboard
safety systems (Collision prevention, Lane & side assist, maintaining a safe distance,
etc.), it can anticipate collisions and combining with other driving systems, offers safety
for both the passengers and pedestrians. The vehicle features a new autonomous
navigation system based on external sounds, visual signals, and movements, which
helps inform other drivers of its 'intentions', minimizing the chance of a car accident. This
concept car also, features the most innovative fully autonomous drive system, with a
platform that generate, organize, store and share energy with others in a community, or
even with other devices. Thus, it is not just an energy user but a creator of a new energy
solution. The users have the choice to power their electric vehicles by 100% clean and
sustainable energy.
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Figure 111 Sensors, Lidar, cameras and radar

3.2. Interior Presentation
The cabin is presented as a cocoon, in which everything is designed like a pleasant and
relaxing living room, where users are interactive and enrich their mobility. The cabin is
also illuminated with lights placed on the level of the floor. Through filters, the interior
system cleans the air and offers an ideal environment for the passengers. The frames in
the interior should maintain a simple look, not be complex, to keep up with the style of
the internal space. Finally, the interior design focuses on nature, with a color scheme in
white, blue, and brown.

Figure 112 Interior bottom lights
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Seat

The front seats are mounted on a Z-shaped stand and allows them to rotate 360 degrees.
rotate 360 degrees to interact with passengers. More specifically, the front passenger's
seat is adjustable and can be moved along the interior. The new design trend wants the
seats to be eccentric, made of flexible materials, and
offering a relaxing position similar to that provided at
home. For this reason, the design of the seats was
inspired by the living room of the house. In fact, the use
of the above colors creates a combination that fits
harmoniously with the rest of the interior. The headrest
and seat cushion are made of an eco-friendly, non-toxic
foam-like material, covered with 3D knit fabric, making
them cheaper and faster to produce. In addition to the
materials, the fabric mesh allows the foam to ventilate,
giving the user more comfort and relaxation. The back
seat is made from oak wood, to match the rest of the
Figure 113 Driver's seat system

interior.

Steering wheel

The steering wheel loses its round shape and becomes rectangular. Of course, it doesn’t
need to keep his bulky shape, because it is
not as important as in a conventional one. As
the vehicle enters this mode, it retracts back
in the dashboard. Next, is based on drive-bywire technology and has an embedded
display,

with

four

buttons

made

by

“Metalface”. The steering wheel is on the
same level as the dashboard, fully in line with
the design and is special geometry has also
ergonomic advantages.
Dashboard display
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Figure 114 Steering wheel

On the dashboard, there is a wide, panoramic display across the entire width that
presents key information like, drive mode, charge status, battery status, image from
cameras, navigation, etc. The entire display is made of a metal resin, called, “Metalface.”
The mirror system screens are ergonomically placed at the center and the two ends of
the display, relaying the images from the cameras. Finally, the entire dashboard is
designed to increase the field vision of the driver.

Figure 115 The panoramic display with a simple UX layout

Accessories

The interior of the vehicle is spacious, well-lit, modular, and configurable as desired by
the users, with items they can buy. The philosophy of the car is designed around people,
the way they interact with today's world, and the “plug and play” principle. Next, there is
a mesh inspired by the LEGOs, mounted to the left, on the sides of the interior. The holes
on the grid interlock with the studs on rear of the accessories, like boxes, cup holders, a
table, hangers, thermos holders, speakers, etc. This proposal will present only three of
them. So, every passenger will be able to carry coffee, carry shopping, hang his coat on
the hanger, put his food in the box, or even have a meeting with colleagues. Finally, the
dashboard also features cup holders and a wireless IQ charger for smartphones/tablets.
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Figure 116 Example of accessories layout

3.3. Colors & Materials
As mentioned above the main colors used above are white, blue, and brown (oak). All
three are colors of nature and tranquility, they are modern and relaxing. They are not
used randomly, as each color has its symbolism. Pantone Brilliant White (RGB,
239 240 241, EFF0F1) which has awarded the “Color of the Year 2020”, symbolizes
purity of soul, faith, hope and transparency. It expresses sincerity, and brilliance. The
white light gives clarity and helps us get rid of negative thoughts and irrational fears.

Figure 117 Pantone color of 2020 (Source: Pantone)

Pantone Classic Blue (RGB15 76 129, 0F4C81) enhances emotional serenity, pleasure
and strength recovery. It symbolizes the ethical and honest treatment of survival
problems, seriousness, responsibility and knowledge. Oak is recognized in all historical
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times as a symbol of tranquility and relaxation, inspires balance, leaves an ecological
footprint and makes the place familiar. The colors chosen are one of the suggestions
that can be presented on a corresponding vehicle. However, the color choice was based
on the main body color, white.

Figure 118 Pantone's Classic Blue, Brilliant White and Oak Wood (Source: Pantone)

The chassis of the vehicle, as well as the wheel system, are made of aluminummagnesium alloys, which are highly corrosion-resistant and make the vehicle lighter. This
is where materials such as carbon fiber, and magnesium make their appearance.
Companies are determined to take the issue of lightweight materials more seriously in
the manufacture of their electric models. A US company called Alite has created a new
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alloy (Super Magnesium), significantly improving its comparative advantages over
aluminum as it is lighter and more rigid. This new metal can be machined so that it can
be used in many more parts of the car, from suspension couplings to entire body parts.

4.

Visualizations 3D

Figure 119 Use scenario - Family is charging the vehicle at home
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Figure 120 Use scenario - The vehicle informs the pedestrians to walk through the crosswalk

Figure 121 Use scenario - The vehicle analyzes the risk of collision and warns the cyclist
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Figure 122 Use scenario - The vehicle during the evening

Figure 123 Use scenario - The vehicle during the night
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Figure 124 Use scenario - The vehicle with recognizes a kid pop on the road, signals the danger and stops
immediately

Figure 125 Use scenario - A user boards in the vehicle
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5.

Conclusions and recommendations

It is necessary to create innovative ideas based on energy management, waste
management, energy saving, quality of life and time. A new and upcoming idea is the
smart city. Usually, this type of city is referred as a sustainable city, digital city, and
connected city. The smart city is an urban area that prevailed by conditions of green
growth, sustainable economic growth and high quality of life. The conversion of a normal
city to a smart one works as a strategy to alleviate the problems created by
overpopulation and rapid urbanization. The more the urban population grows, the
smarter the cities must become. To become a city a 'smart' city all its subsystems such
as the transport sector, which is the main topic of the study, should contribute to this
goal. There is a demand for public and private transport is the clean transport system,
which relies on electricity. Electric vehicles (EVs) are increasingly attracting the attention
of users due to their fuel economy, and low emissions.

The future city vehicle is intelligent, integrated and connected to other infrastructures
such as the Internet of Things, Mobility as a Service, WLAN networks, V2X
communications. There are technologies that stand behind smart mobility: Autonomous
driving and AI (Artificial Intelligence) enables software that helps the vehicle to operate
itself, while information streaming from V2X systems, cloud data platforms, networks,
and telematics offer more solutions. Information and IoT innovations are vital for
maintaining and creating a smart city infrastructure. Sensors, devices and services group
together and support mobility systems to improve city safety, congestion, and economy.
Connected vehicles collect and share data about cars, roads, cyclists, and surroundings.
A smart city can use them to provide users an improvement such as traffic optimization.

Finally, this design proposal suggested a new solution - a car transformation from an
environmental burden to a boon, redefining a new type of electric mobility. Finally, the
future of autonomous vehicles and smart cities will depend on whether citizens,
technology companies and car manufacturers embrace these new and exciting trends.
As smart cities dominate both the national and global landscape, travel and business will
evolve with these transportation trends. While people can always love the feeling that
they are driving, it is clear that autonomous cars have a dynamic that does not seem
transient at all.
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