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Abstract

Autonomous driving is becoming a central moving force towards the change in vehicles
and therefore among others the automobile and mobility business, as well as numerous
other industries, which today still believe that they do not have a relationship to digital-
ized autonomous vehicles. The changes in different industries, which can be initiated
by autonomous vehicles, are a good example of changes, which can be initiated by
digitalization on market places. This article is based on the hypothesis that the devel-
opment of automated and later autonomous vehicles are an unstoppable development,
which will be of great use to the economy and society. Against this background, the ar-
ticle illustrates what is to be understood by the concepts of automated and autonomous
driving, and what useful effects can be expected for a number of stakeholders. In addi-
tion to this, the article explains the technical fundamentals of automated vehicles and
the changes in the traffic-related industry. In the last part, the article elaborates the

impact on the automobile and traffic industry.

39.1 Introduction

Automated and autonomous driving has become a topic, which has gained broad attention
in the public during the last few years. The handling of the update for automated driving,

which has been available for the Tesla S for approximately one year, demonstrates
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intensity and emotionality of the public discussion. Immediately after the availability of
this functionality euphoric reporting started. Autonomous driving with the Tesla S and the
download of the software to the vehicle overnight was hailed by the press and by many
potential customers as a masterpiece of innovation [1]. Tesla was incorrectly named as
the pioneer of autonomous driving. Vehicles built by Audi, BMW or Daimler are more
advanced in development and covered large distances completely autonomously or with
speeds up to 240 km/h on closed racing circuits at a much earlier time [2]. However, Tesla
and Google’s small cars with panda faces dominate the discussion about autonomous driv-
ing [3]. From the start, it was predictable that automated and autonomous driving would
lead to serious accidents, just the same as traditional driving. Very quickly, videos of the
Tesla S appeared on YouTube, where it showed it being driven completely driverless,
against the provisions of Tesla [4]. When “expectedly” information about a fatal acci-
dent with a Tesla S, which was travelling autonomously, appeared in June 2016, reporting
tipped in the other direction [5]. The previously positive reporting changed to negative
almost overnight. The fact that the driver of the Tesla S used the vehicle contrary to the
provisions of Tesla played merely a subordinated role in the public discussion. Only a fact-
based and unemotional discussion can indicate the uses and dangers of automated and au-
tonomous driving, and establish a base for future-oriented decisions. This article seeks
to make a contribution to this discussion. It is based on the fundamental statement that
the uses of autonomous vehicles exceed the risks, and that autonomous driving as part of
the digitalization of vehicles is an unstoppable development. The competitiveness of the
European automobile industry will be determined decisively by the way digitalization is
handled. In view of the dominance of American companies, especially the so-called inter-
net giants such as Amazon, Apple, Google and Facebook, the discussion about automated
and autonomous driving is a central one for the industrial location Europe.

Against this backdrop this article deals with the different aspects of automated and au-
tonomous driving. In the first section we define automated and autonomous driving. The
second part of our article is concerned with the uses of automated and autonomous vehi-
cles. The third part shows changes in the vehicle, the traffic-related aspects and changes
in the IT infrastructure. The last section handles changes in the automobile industry, and
future developments in the mobility sector.

The article is based on discussions with experts and extensive literature analysis on the
topic “Automated Driving”, which was carried out in cooperation with Audi AG between
July 2015 and August 2016.

39.2 Automated & Autonomous Driving

The current development of vehicles, which are primarily steered by drivers to au-
tonomous vehicles, i.e. completely self-driving vehicles, can be divided into several
developmental steps. The Society of Auto Engineers [6] and the respective department in
Germany [7] has provided a structuring for those development steps. However, the model



39 Automated and Autonomous Driving 429

of the National Highway Traffic Administration (NHTSA), the civil regulating authority
of the USA, has established itself as a “de-facto standard” worldwide [8]:

o No-Automation (Level 0): The driver is in complete and sole control of the primary
vehicle controls — brake, steering, throttle, and motive power — at all times.

e Function-specific Automation (Level 1): Automation at this level involves one or more
specific control functions. Examples include electronic stability control or pre-charged
brakes, where the vehicle automatically assists with braking to enable the driver to
regain control of the vehicle or stop faster than possible by acting alone.

o Combined Function Automation (Level 2): This level involves automation of at least
two primary control functions designed to work in unison to relieve the driver of control
of those functions. An example of combined functions enabling a Level 2 system is
adaptive cruise control in combination with lane centering.

e Limited Self-Driving Automation (Level 3): Vehicles at this level of automation enable
the driver to cede full control of all safety-critical functions under certain traffic or en-
vironmental conditions and in those conditions to rely heavily on the vehicle to monitor
for changes in those conditions requiring transition back to driver control. The driver
is expected to be available for occasional control, but with sufficiently comfortable
transition time. The Google car is an example of limited self-driving automation.

o Full Self-Driving Automation (Level 4): The vehicle is designed to perform all safety-
critical driving functions and monitor roadway conditions for an entire trip. Such a de-
sign anticipates that the driver will provide destination or navigation input, but is not
expected to be available for control at any time during the trip. This includes both
occupied and unoccupied vehicles.

Computer-assisted driving at level 1 and 2 is described as automated driving, while
driving at level 3 is designated to be highly automated driving. The term autonomous
driving is reserved for driving at level 4.

Automated and autonomous driving at the experimental stage is already reality to-
day. Numerous vehicles already have relatively extensive packages of assisting systems,
which correspond to level 1 or level 2. Examples of these assisting systems are emergency
braking systems, lane or park assistant systems, and automatic vehicle interval control,
sometimes called “adaptive cruise control”.

Automated driving at level 3 will probably be feasible in the next few years, for exam-
ple with the highway assistant, which will probably be on the market in 2017 or 2018, for
instance with the Audi A 8. Autonomous driving is currently taking place at low speeds
on closed off sections or testing grounds, or with special permissions in public transport.
Google is testing autonomous vehicles in the vicinity of Mountain View. A vehicle made
by Audi drove autonomously from San Francisco to Las Vegas [9]. A further vehicle de-
veloped by the automotive component supplier Delphi drove from the west coast to the
east coast [10].
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Even optimistic estimates go on the assumption that autonomous vehicles will, at the
earliest, go into production between 2025 and 2030 [11, p. 8]. Against this background,
many statements and reports on the chances and dangers of autonomous driving are to be
viewed as speculation rather than based on facts and research. Major leaps in development
are not to be expected. The Apple iPhone and the ensuing development it created, for exam-
ple the app worlds, among them being Apple and Google, who initiated an app explosion,
prove that unexpected disruptive developments are possible. Like these developments, app
worlds have developed disruptively along new technical possibilities in the last ten years,
automated and autonomous driving will steadily continue to develop over the next years.

There could possibly be resistance against new technologies. The past has proven that
organized societal resistance can lead to the end of a technology, in spite of expert opin-
ions, as can be seen from the example of nuclear energy, to name just one. The philosopher
Nida-Riimelin demands, against this backdrop, an open discussion about the chances and
dangers of automated and autonomous driving [12, 13]. Also against this background,
the Tesla competitors should participate in the discussion about accidents through auto-
mated driving in a factual and businesslike manner. The discussion about the so-called
dilemma situation should also be conducted at a broad societal level. When talking about
dilemma situations we mean situations in which a robot must decide between two or more
catastrophic situations. A classical question is, for example: “Will an autonomous vehicle,
when faced with the situation of an unavoidable driving maneuver, run over a pedestrian or
will it collide with an obstacle thus endangering the driver”. Ultimately, these decisions are
based on philosophical discussions, which have been conducted for years, on the so-called
“Trolley Problem”. From today’s view, it remains a thought experiment as to how an au-
tonomous vehicle must and will react to a dilemma situation. Nevertheless, the automobile
industry will have to face this discussion and forward its assessment and possible solutions
at a broad societal level. The discussion as to the feasibility and future of automated and
autonomous driving in the US senate [14] and many parliaments worldwide and round-
table discussions [15] in Germany all offer constructive contributions to these discourses.

Automated and autonomous driving does not only concern vehicles carrying persons,
although these are currently often at the center of discussion. The starting point of the
development of autonomous vehicles were two competitions run by DARPA, part of the
American Ministry of Defense, in a desert-like area in the years 2004 and 2005, and a chal-
lenge in an urban area in the year 2007 (Urban Challenge [16]) The military continues to
be an important driver in the development of automated and autonomous driving. More-
over, there is intensive work being done worldwide on automated and autonomous trucks
[17-19], trucks for farming [20] and special vehicles, for example for mining [21].

39.3 Benefits of Automated & Autonomous Vehicles

The most important benefits of automated and autonomous vehicles is the reduction of the
risk of accidents. Every year more than 1.2 million people die as a result of traffic acci-
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dents: In Germany approx. 3500 people die in traffic every year and more than 300,000 are
injured, many of them seriously. According to coinciding estimates approx. 90% of these
accidents were caused by human error [22]. Automated and autonomous vehicles, i.e.
robots, work without error as long as they are programmed correctly. Robots are always
attentive, never tire and carry out the programmed maneuver under all circumstances. In
view of this, it can be assumed that the number of accidents will decrease with an increas-
ing degree of automation. The higher the level of development of these robots, the more
complex the traffic situations they can recognize, compute and master. Already currently
the figures issued by insurances indicate that, for example, the automatic emergency brake
assistant reduces rear-end collisions by 38%;, the lane keeping assistant reduces accidents
by 4.4% and the lane changing assistant by 1.7%. Whoever is driving on the highway
using the adaptive cruise control knows how comforting it is when the robot “thinks in
advance” and initiates a braking maneuver if another vehicle surprisingly pushes in ahead
of you.

A further benefit of highly automated and autonomous vehicles in future, is the fact that
the driver can better utilize the time spent in the vehicle. Initial tests show that the time can
be used for entertainment, for example in the form of movies, work, and also resting up.
Rupert Stadler, Audi CEO, speaks in this context of about 25 h, which customers can gain
through the use of highly automated and autonomous driving [23]. A study by Horvath and
partner, which was conducted in cooperation with the Fraunhofer Institute for Industrial
Science, showed that the additionally gained time in the vehicle could lead to a billion
Euro market [24].

Autonomous driving will make a contribution to increasing social justice. Older cit-
izens, sick and physically challenged people are partially excluded from automobile in-
dividual mobility today. They cannot or are not permitted to drive vehicles themselves.
Autonomous vehicles enable them to use this form of individual mobility, since a robot is
the driver. In a video on user behavior in the case of autonomous vehicles from Google,
shows a blind elderly man, as a representative of this group of people, who is quite obvi-
ously enjoying the trip [25].

Further benefits are expected from the influence on inner city traffic and city planning,
once autonomous vehicles have become reality. Public space can most probably be utilized
differently and more advantageously. It can already be seen that automated parking, which
will be offered in vehicles in the near future, will improve the usage of parking space in
park garages by approximately 30%. New traffic and city development concepts will be
possible. In the context of the Audi Urban Future Initiative [26] the city of Somerville,
a suburb of Boston, demonstrates what a suburb with autonomous vehicles could look
like. It is planned to realize this concept in the near future [27].

The benefits mentioned are difficult to quantify. Nevertheless, there are first attempts.
A study by Morgan Stanley estimates the benefits of automated and autonomous vehi-
cles in a pessimistic scenario 0.7, an optimistic scenario 2.2 and in a realistic scenario
1.3 quadrillion USD [11, p. 8]. The 1.3 quadrillion are made up of mainly 488 trillion
through savings by avoiding accidents, 507 trillion through productivity gains through
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better utilization of the time spent in the vehicle, 158 trillion through fuel savings and 138
trillion through the avoidance of traffic jams. A study by the Rand Corporation [28] goes
on the assumption that autonomous driving reduces accidents, makes a contribution to
social justice, avoids traffic jams, reduces land usage and reduces environmental damage,
among others.

39.4 Automated & Autonomous Vehicles and Their Infrastructure

Automated vehicles can be seen as so-called cyber physical systems, i.e. a combination
of physical product and associated computer supported information processing. Cyber
physical systems address the close connection of embedded systems for the control and
steering of physical processes using sensors and actuators via communications connec-
tions with the global digital net (cyberspace). The higher the proportion of information-
and communication technology, i.e. the degree of automation in the vehicle, the larger
and therefore more central will be the proportion of computer supported information pro-
cessing in adding value and in the development of a vehicle.

Automated and autonomous driving can be described by the structure “Entry — pro-
cessing — output”, well-known from information processing. The input of the data, which
the vehicle requires for automated driving, occurs via sensors. The sensor technology re-
quired for automated driving, is illustrated in Fig. 39.1 as an example on an Audi RS 7

g
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[29]. This vehicle is able to drive automatically at speeds of up to 240 km/h on a closed
racetrack. The cars available from other manufacturers currently possess — although there
are manufacturer-specific differences — basically a sensor technology, which is compara-
ble to that of the Audi RS 7. Not every model of car, however, has all of the sensors built
into the Audi RS 7.

The sensor technology of the RS 7 consists of GPS, ultrasonic sensors, radar- and cam-
era systems. Each of these sensors captures different aspects of the environment on the
basis of specific features. Therefore, ultrasonic sensors, for example, are efficient only in
the nearby area and are used for parking assistants. Radar systems are effective for greater
distances and are used for automatic vehicle interval control (in Audi terminology: ACC
Adaptive Cruise Control). Infrared sensors are used predominantly at night. Camera sys-
tems capture and identify objects, such as other vehicles, for example, and other motorists
or pedestrians and follow these. The GPS system is a further part of the sensor technology,
which recognizes the location and movements of a vehicle. Differential GPS is based on
the well-known and commonly used GPS, but it is more precise. The Lidar (Light Detec-
tion and Ranging), a sensor technology based on laser technology, which is related to radar
technology, will, in future, enhance the sensor technology of automated and autonomous
vehicles in the near future and will increase the precision and range of environmental de-
tection. Additionally, the entry of the destination takes place via the user interface of the
navigation system. The development of the sensor systems and the software to recognize
objects, identify them, track them and, in a best case scenario to predict their behavior
is a focus of research and development for automated and autonomous vehicles. In the
area of object recognition, identification and tracking, a jump in development is expected
through the increased utilization of machine learning, or deep learning [30].

The perceptions of the individual sensors are compiled during processing to show an
image of the environment. The processing system knows the destination from the entry
into the GPS system and the route to this via the maps. On this basis how the vehicle
should move is calculated in real time. Processing of the entries into driving commands is
a computing process, which has to take place in real time. It places high demands on the
computing process. The processors, which are responsible for this, will in future consti-
tute a central component of vehicles. Individual experts are of the opinion that this central
unit will equal the engine in significance for the vehicle. The issuing of the driving com-
mands is effected by so-called actuators to the electronic accelerator, the electronic brakes
and the electronic steering. In the automated vehicle, these power units are addressed via
the network, i.e. “by wire” and moved by electric motors. The movement of a vehicle
exclusively “by wire” is a jump in development, which is a deep encroachment into the
development and operation of vehicles.

The actual process of automated and autonomous driving will be completed by fur-
ther entry, processing and output functionalities. Above all, the interface to the driver,
the so-called user interface, is of great significance. A central aspect in automated and
autonomous vehicles is the process by which the driver wants to, or has to, because of
a dangerous situation, return to taking control while the vehicle is travelling in automated
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mode. Problems, which have to be solved for this process are, for example, how the driver
will be informed that he or she needs to take control, or how he or she receives the in-
formation that he or she can safely control the vehicle. Already today there are different
interfaces to the driver in automated vehicles, for example warning lights, which are pro-
jected into the windscreen, acoustic signals or vibration of the steering wheel with or
without automatic steering correction if the vehicle begins to leave the designated lane.
A further aspect which will play a major role in future is the interface of highly automated
and later autonomous vehicles with the environment, for example pedestrians.

When vehicles travel for longer periods of time in highly automated or later au-
tonomous mode, it will be possible to construct and use the interiors of vehicles differently.
In this context, one speaks of a change from driver-orientation to benefit-orientation. The
benefit-creating usage of time in the vehicle is in the foreground. The steering wheel,
for example, is reduced in significance in a highly automated vehicle. The Mercedes
FO15, a prototype of an autonomous vehicle, has only a rudimentary steering wheel.
Autonomous vehicles will not have a steering wheel anymore. The Mercedes prototype
and the Google vehicles illustrate that highly automated and autonomous vehicles enable
innovative design of the interior. What these vehicles will eventually look like will be
decided by the customer, or how they will imagine spending their time when the vehicle
is travelling autonomously.

In future, not only the interior but also the external appearance, or the concept of the
vehicle will most probably change [31]. The Google prototypes are built for low speeds
and short distances, the so-called “last-mile”. Their area of operation is the autonomous
short-distance traffic, for example home from the railway station. Road trains, a type of
bus with a capacity of up to 20 people, represent a mixture of classic bus and taxi. They
serve the more individual transport of several people over short or medium distances.
Contrary to these automatically travelling special vehicles will be the highly automated
and later autonomous universal vehicles. They are similar to today’s vehicles, but enable
highly automated and autonomous driving.

Independent of the development of automated and autonomous driving, today’s vehi-
cles have already been connected over the last few years, mostly via the mobile network.
Currently this interconnectedness is largely used for local communication, for text mes-
sages, and for entertainment. The interconnection of vehicles (Car2Car.communication)
with the infrastructure (Car2Infrastructure-communication) and with cloud services will
play a large role in highly automated and autonomous driving. Car2car-communica-
tion, for example, will enable the process where cars will transmit information about
speed, directional change or danger situations directly to all other vehicles in the vicinity.
Car2Infrastructure, for example, connects a vehicle with traffic signs or traffic lights. Of
special significance for highly automated and autonomous driving is the interconnection
of the vehicle with cloud services. Highly precise maps are of central significance for
highly automated and autonomous driving. Through interconnection with, for example,
highly precise maps available from the cloud, the steering of the vehicle can be improved
in extension with the environmental images received in the vehicle by the sensors. Infor-
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mation about temperature, weather, roadworks or danger situations can be made available
to the highly automated and autonomous vehicles. At a price of 2.4 billion euro Audi,
BMW and Daimler have bought HERE, the map division of Nokia against this back-
ground [32]. The aim is to make available to highly automated and autonomous vehicles
digital services, for example in the form of maps or route information, in the sense of
a digital ecosystem together with other partners, based on the highly precise map material
from HERE [33]. During the CeBIT 2016 in Hannover, Huawei presented a first prototype
for 5G networks. This technology will be of great significance when large amounts of
data are exchanged between vehicles, with the infrastructure or with cloud services [34,
35].

39.5 Automated & Autonomous Vehicles and Their Infrastructure

Highly automated and later autonomous vehicles will change the automobile industry. In
a structure-changing manner, as we know it from, for example, electronic commerce, we
will see the corresponding changes from a market penetration exceeding approximately
10%. The proportion of online purchases expressed as a percentage of total purchases in
Germany in 2015 amounted to approximately 11.5% [36]. The repercussions on the retail
trade are considerable. It is to be expected that the automobile industry will soon feel the
effects of highly automated and autonomous driving and that this will cause structural
changes shortly after 2020. These disruptive effects of automated and autonomous driving
in the automobile industry will further be exacerbated by additional megatrends:

e The development towards electric vehicles is a trend change for the established auto-
mobile industry, whose consequences are currently not foreseeable. Tesla has proven
that many customers in the high price bracket are willing to purchase electric vehicles,
regardless of the fact that electric vehicles are afflicted with many uncertainties.

e A further megatrend, which can alter the changes in the automobile industry, results
from the so-called “share-economy”. Enterprises such as, for example, AirBnb or Uber
have shown that the so-called share-economy was able to shake the lodging and taxi
industries in its foundations. The trend of many young people to see themselves as
participants of the so-called share-economy will have an effect on the mobility sector.
Offerings such as Drive-Now and Moovel by Daimler or Mobility in Switzerland show
that the share-economy is also moving into individual traffic.

e The growing environmental consciousness and, concretely, the aim of more and more
people to reduce their carbon footprints, increases the speed of the change.

These three megatrends will intensify the structurally changing effects, which occur
through the development towards autonomous vehicles.
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39.5.1 The Growing Impact of Information Technology

Automated and autonomous vehicles can, as already indicated, be seen as so-called cyber
physical systems. The proportion of information and communication technology to the
added-value and the functionality of the vehicle is a deciding factor in automated and au-
tonomous vehicles. In a study by the Fraunhofer Institute for Industrial Engineering and
Organization, which was conducted by mandate of the Federal Ministry for Economy and
Energy, it is estimated that the market volume of systems for highly automated driving
will grow from 4.38 billion euro in 2014 to 17.3 billion euro in 2020 [37]. The valued per-
centages in this market are spread as follows: 36% for sensor technology, 19% for control
units, 18% for software development, 17% for validation and testing (incl. sales margin)
and 10% for user interface, maps and back-end services as well as systems integration
[37].

The automobile industry has to establish expertise in the information and communica-
tions technology at the same high level as in the classic competencies, which it built up in
over 100 years. Different automobile manufacturers and suppliers, which are affected by
precisely these changes, are making great efforts to master this challenge. The absolute
figure as well as the relative number of people working on information and communi-
cations competencies, above all software development, is rising. Continental, one of the
large component suppliers, has already employed more than 10,000 software developers
since 2012 [38]. Numerous automobile manufacturers, such as VW, BMW or Daimler
and also suppliers such as Bosch or Michelin have established labs in Silicon Valley in
order to be closer to the development of information and communication technology. The
VW lab is integrated into the campus of Stanford University [39]. Many prototypes of au-
tomated and autonomous vehicles were developed in this laboratory in cooperation with
the Engineering Department of Stanford University. General Motors works together with
Carnegie Mellon University, one of the other hot spots of automated and autonomous driv-
ing [40]. Toyota invests a billion dollars in machine learning in universities on the west
and east coats of the USA [41]. All of these efforts indicate that the traditional automo-
bile industry and its suppliers have started with the so-called digital transformation. This
transformation process is proving to be very difficult when talking to leading personali-
ties from the automobile industry. The further development of vehicles to cyber physical
systems is not undisputed with many experienced employees of the automobile industry.
The cultural change of companies, which, in the past, produced mechanical products with
a few electronics, to move to products for which, in future, software is the deciding com-
ponent and the metrics of Silicon Valley apply, is a difficult step for traditionally thinking
and classically trained engineers. A further reason for resistance is the development from
driver to benefit orientation, which is being initiated by autonomous driving. For many
traditionally thinking proponents of the automobile industry it is simply not feasible that,
in future, not the sporting driver, but a programmed robot has control over the vehicle.
The change in the sector is visible: In his speech at the Consumer Electronics Show 2014,
Rupert Stadler made clear that digitalization in the automobile industry has top priority
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[42]. Numerous CEQO’s of the automobile industry have followed his example. Today the
CES is not only one of the most important fairs for consumer electronics, but also one of
the most important automobile fairs.

39.5.2 New Competitors & New Suppliers

The digital transformation of the automobile industry opens, just like every technolog-
ical change, chances for new suppliers. Above all, the combination of electro-mobility
and digitalization motivates people from outside of the industry and start-ups to invest
in mobility. Tesla is a well-known example, Faraday [43] is a further automobile manu-
facturer, which is developing in Silicon Valley. Mobileye, an Israeli high-tech company,
which develops camera systems and the corresponding software, among others, delivers
central components for automatic and autonomous driving to many traditional automobile
manufacturers.

In the vicinity of Stanford University in Silicon Valley not only labs of the traditional
automobile industry have been established, but also new players have been created. The
most well-known example is Google, which is engaged in autonomous mobility. Google
has enticed away numerous people, who worked on autonomous vehicles at Stanford or
Carnegie Mellon University, for example Chris Urmson [44]. The next internet giant,
which could become active on the automobile market is Apple. There have been rumors to
this effect for some time. For these internet giants the development to autonomous driving,
or the digitalization of vehicles is an ideal starting point. With their competency in infor-
mation and communication technology, above all the ability to master complex problems
with algorithms, and to utilize new technologies, such as machine learning in any given
area, the internet giants are opening up the automobile market from the software side. One
cannot say in the year 2016 whether these strategies will ultimately be successful, but they
will definitely accelerate the digitalization process and contribute to the structural change
in the automobile industry.

39.5.3 New Locations

Silicon Valley has been distinguishing itself for the last few years as the center for the
future in the automobile and mobility industry. When talking to insiders of Silicon Val-
ley one has been hearing now for several years “The valley loves mobility”. Numerous
companies and entrepreneurs are convinced that the increasing digitalization of vehicles,
together with mobility platforms on the internet, such as Uber, offers the hard- and soft-
ware industry in Silicon Valley the chance to penetrate the vehicle and mobility market.
The unique mixture of innovation power, entrepreneurship and currently almost unlimited
financial means in Silicon Valley, presents a good foundation for penetrating new markets.
The simple motto of these new suppliers is “The more software, the more Silicon Valley”.
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When talking to politicians in Detroit, Munich and Stuttgart, one indeed gets the impres-
sion that these traditional locations for the automobile industry are in direct competition
with Silicon Valley. For the automobile industry, on the other hand, there are no alterna-
tives to a certain degree to the establishment of at least research and development centers
on the west coast. Whether, in future, hundreds or thousands of software developers will
program software for automated and autonomous driving for traditional automobile man-
ufacturers in Silicon Valley cannot be predicted at the moment. It is, however, at least
a realistic option.

A central aspect in the development of new future-oriented locations for the automobile
industry is legislation. Automated and, in any case, autonomous driving requires changes
in existing laws. A real competition among legislators can be observed. In the USA, the
states California, Nevada, Michigan and Florida have taken the initiative [45]. In Germany,
a draft legal bill for autonomous driving was tabled in summer 2016 [46].

39.5.4 From Car Produce to Mobility Provider

For a few years now the mobility landscape has been changing. Car-sharing for exam-
ple, has been spread for example by Daimler’s Car2Go, BMW’s Drive-Now, or Audi’s
Unite [47] and also by vendors such as Mobility in Switzerland. Uber and Lyft, being so-
called mobility platforms, are very successful in attacking established taxi companies. Ad-
ditionally, they are building large customer bases, which can be analyzed for the mobility
requirements of these customers. Railway companies such as the German Federal Rail-
way or the Swiss National Railway collect extensive data on the mobility requirements of
their customers on their websites (bahnd.de and sbb.ch). Automobile manufacturers are
beginning to get increasingly involved in this market. Daimler has consolidated its mo-
bility platform in Moovel [48] and plans to buy up taxi companies across Europe [49].
Daimler already participates in Mytaxi. Moreover, there are cooperations with German
Federal Railways [50]. General Motors holds interests in Lyft [51]. According to press
reports, Uber is negotiating with Daimler as to the purchase of a large number of S class
models, which are suitable for autonomous driving [52]. Railway companies are busy in
the sense of strategic early recognition with the effects of autonomous driving. There are
indications that mobility platforms will play the central role in reaching so-called “Seam-
less mobility”, i. e. optimal connection of different means of transportation. Autonomous
automobile mobility will be an important contribution to the “Transportation chain”. In
view of this background, tests with the previously mentioned road-trains or the so-called
“Last-mile-vehicles”, which are similar to the Google vehicles, must be seen as a con-
tribution to future mobility. In this view, automobile manufacturers should rethink their
position in the transportation chain. Examples from other sectors, such as retail trade or
the travel industry show that the companies, or platforms, who have customer contacts
and customer data will ultimately determine which vendors under which conditions will
be used in future, and who are able to set up digital ecosystems. In any case, it is becoming
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apparent that the requirements of the young generation, the so-called digital natives, will
change the understanding of mobility.

39.6 Outlook: the First Steps on a Long Journey

Automated and autonomous vehicles are cyber physical systems, i.e. the mechanical
components are enhanced by extensive information and communication technology. This
means that in research and development, and also in the maintenance of the vehicles in
future extensive competencies in information and communication technology will be re-
quired.

In view of this, the automobile industry and the entire mobility sector are facing a major
upheaval. Software, whether it be in the car itself, or as a mobility platform, will become a,
perhaps even the deciding, factor in competition. For the traditional manufacturers and
component vendors, this represents a major challenge against this background of digital
transformation.

The further development of vehicles primarily controlled by humans to automated
and ultimately autonomous vehicles is unstoppable and offers numerous opportunities for
economy and society. The inherent dangers must be extensively and openly discussed in
political and social arenas.

At present, we still cannot predict how quickly or when autonomous vehicles will be
available on the market, reach greater market penetration and start the disruptive process
of change in the mobility sector. There are currently already automated vehicles on the
market. The structure change has already started. Mobility vendors, which are unable to
develop their core competencies will face great, perhaps existential problems. It seems
clear today that stakeholders in the ecosystem “Mobility” will have to concern themselves
with the digital transformation, in the sense of the Chinese philosopher Confucius, who
said: “Every journey starts with the first step”.
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