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Foreword

We are in the middle of a smart transition entering uncharted IoT (Internet of Things) territory - and on
the doorstep the migration of the physical and virtual world - with new rules, new stakeholders, new
consortia and new modes in the way we have to deal with unsustainable trends demanding disruptive
systems solutions to address the major challenges we face in health, energy, environment and mobility.

The world around us is changing fast, and so are our lives. We drive cars that automatically brake
because the vehicle ahead has warned of an accident. We use our smartphones and smart pads for
everything from counting calories to online banking and playing augmented reality games (Pokémon)
in the dunes. The face of our cities is changing through interconnected traffic control, intelligent
transport systems and smart power grids. In short, technological innovations have become an intrinsic
part of our daily lives. They influence how we perceive the world around us, how we interact, how we
move, work, and live. We are in the middle of a very disruptive smart transition.

Successful thought leadership in this area depends highly on our ability to share, working together
and adapt our way of working very rapidly and earn and maintain the trust of partners and consumers
in this smart transition related fast changing global marketplace.

This report is part of the VIBe initiative, a connected E-Mobility initiative which is more than ‘just’
equipping a car with a box. It involves making a secure connection to a service / node in the cloud
that makes data accessible via easy to use open APIs (Application Programming Interface) to multiple
parties who develop different applications whereby the driver decides who can have access to what
data and when. The connected car becomes a living room on wheels with the same familiar options
- including security and privacy - you get at home. Once this has been installed, virtually endless
possibilities are created for potential new multi domain applications.

Since the VIBe initiative is one of the first to move on this we have high expectations of its impact,
especially since the entire region around it is an internet of things breeding place; smart mobility,
smart city, smart energy technology including a university next that has energy and smart mobility as
two of its three strategic areas.

I’ve come to know Andreas as an entrepreneur, socially skilled, smart, hardworking, honest and too
modest for his own good. He as we are not experts in this field but nobody is because this topic
simply spans uncharted territories. A paradigm shift is going on; mobility solutions integrate with
smart grids, sustainability initiatives, the transition to electrical transportation, changing mobility use
concepts entering the new promising world of cyber-physical systems and the migration of our well
known physical and unknown virtual world. Just imagine how the future could look like. It’s mind-
blowing.
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I think Andreas has done a commendable job in quickly coming to terms with this new field and
in coming up with fresh ideas for issues that might help to tackle the challenge we have ahead and
let’s not forget keeping the VIBe initiative on speed.

I hope this report / his contribution will lead to the right decisions and the follow up efforts with
which we will create the VIBe infrastructure facilitating the VIBe applications we actually already
built.

I can hardly wait.

Hans Brouwhuis
Site Manager NXP Eindhoven
NXP Semiconductors Netherlands B.V.
Sept 28th, 2017
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Preface

This report is part of the final project of the Professional Doctorate in Engineering (PDEng) program
in Automotive System Design (ASD) and the work contained in this report was carried out under the
partnership and support of VIBe (Vehicle for Innovation Brabant - electric) and Eindhoven University
of Technology.

The focus areas of the work are the fields of ’Internet of Things’, ’Smart Technologies’ and espe-
cially ’Smart Mobility’. While there is still confusion around these terms and their potential impact
on society, numerous cities and industries are transforming their infrastructure by leveraging cloud
technologies in order to exploit new opportunities.

In this report, a cloud platform for smart mobility applications focusing on ease of development, open
standards, multi-vendor functionality and prevention of vendor lock-ins regarding the infrastructure
is proposed. In this way, a collaborative spirit and an open mentality are promoted towards enabling
innovative applications. In addition, a recommendation to the VIBe initiative is conducted containing
the necessary next steps for VIBe and the region regarding smart technologies and especially smart
mobility.

This report is intended for the domain experts working in the smart mobility and connected car tech-
nology domains. However, it can also be useful for experts in cloud computing technologies, as cloud
computing is at the core of the report.

A part of the report is also interesting to business enterprises and entrepreneurs, which would like
to explore the new disruptive smart transformation and seek ways to exploit new business opportuni-
ties.

Andreas Krivas

October 1st, 2017
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Executive Summary

The impact of the Internet of Things and cloud computing technologies is evident already in mod-
ern societies. Sectors such as mobility, healthcare or energy are being transformed and new business
opportunities are created every day. While IoT devices can generate massive amount of data, cloud
computing provides a pathway for that data to reach its destination. The VIBe initiative (Vehicle for
Innovation Brabant electric) has been active since 2013 in enabling business development in the re-
gion of Eindhoven, especially with respect to smart mobility and cloud connected vehicles.

There are two main objectives of this report. The first is the investigation of a possible way for-
ward for VIBe and the region of Eindhoven regarding exploiting new opportunities related to smart
mobility. This way forward was conducted in the form of a recommendation directed to the VIBe ini-
tiative and strategic objectives were defined on a proposed vision towards new business opportunities.

The second main objective of this report is the investigation of a cloud connected Smart Mobility
Platform. Having as distinctive features ease of development and deployment of applications, multi-
vendor functionality, open development and prevention of vendor lock-ins regarding the infrastructure,
this platform aims to start innovation in the context of smart mobility.

As a first demonstration of such a platform, a prototype was implemented focusing on ease of de-
velopment and deployment and vendor independence, as well as cost effectiveness and flexibility
regarding the underlying cloud infrastructure. In addition, a simple cloud application was developed
with the purpose to satisfy the prototype requirements. Unfortunately, open development and multi-
vendor functionality were not investigated in this prototype due to lack of available resources and are
considered as future work.

The prototype and application were implemented successfully. The results showed that it is possi-
ble to achieve easy initial instantiation of a cloud platform and fast deployment of applications. The
use of specific cloud services minimize the dependencies with cloud providers or hardware specifica-
tions. However, OS dependencies still exist and therefore, we can conclude that full independence is
not possible yet. The application showed that it is possible to create a simple application and deploy it
on the cloud in a matter of a few days. Regarding the costs, the implemented cloud services indicated
that it is possible to create a cost effective first instantiation of the platform with zero initial costs
and affordable recurring costs, while simultaneously providing flexibility regarding the infrastructure
resources.

Andreas Krivas

October 1st, 2017
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1 Introduction

This report provides a comprehensive overview of the results of the Automotive Systems Design
(ASD) Professional Doctorate in Engineering (PDEng) assignment on behalf of the initiative called
’Vehicle for Innovation Brabant electric’, known as VIBe. The nature of the assignment was ini-
tially focused on entrepreneurial objectives that led to the creation of a concept considering a cloud
platform for smart mobility applications, focusing on ease of development and deployment of appli-
cations, multi-vendor functionality with respect to hosting applications and components of different
vendors, open development and vendor independence regarding the infrastructure. Consequently, the
requirements of such a platform, as well as an implemented prototype are presented. Furthermore,
an implementation of a simple web application that aims to verify these requirements was achieved
and is explained in this report as well. Simultaneously, a recommendation to VIBe was conducted
regarding proposed strategic steps to be taken in order to exploit the new business opportunities from
leveraging smart technologies in the region of Eindhoven.

1.1 Background and context

Vehicle for Innovation Brabant electric (VIBe) is an initiative started in 2013 by a group of companies
and TU/e in the Brainport region of the Netherlands in order to promote innovation in the context
of smart applications, starting from connected cars and smart mobility [5]. More specifically, VIBe
supports the creation of multi-vendor and multi-user solutions, making efficient use of toolboxes and
components that are based on a common and open system architecture. Eventually, these solutions
can enable fast and simple application integration and development at the end of the value chain.
As a first step towards that direction, VIBe decided to develop a common open Application Program-
ming Interface (called VIBeX API) for electric vehicles (EVs) making use of the fast growing field
of Internet of Things. Their aim is to act as an enabler of several businesses by allowing applications
to be built against that API. More specifically, the VIBeX API aims to expose vehicle data to the
cloud via applications that can be built against it. This API was investigated in the work of Preethi
Ramamurthy [5], where an architecture design of an open source platform in the form of API focused
on EV users was proposed.
Furthermore, the cloud computing technologies are in the core of operations of VIBe. Thus, cloud
computing was used to realize the prototype of the smart mobility platform and the application. There
are several reasons regarding the decision to base the work explained in this report on cloud computing
technologies:

• Existing experience: Cloud is used by the majority of the companies comprising the VIBe
Steering Group committee (V-tron, NXP, Driessen), as well as by VIBe partners (Beijer Auto-
motive)

1



• Flexibility: The resources are scaled according to the demand and there is no need to build for
the future and put constraints on the infrastructure.

• Cost: Using cloud technology reduces the maintenance fees. Many of the hidden costs typically
associated with software implementation, customization, hardware, maintenance, and training
are rolled into a transparent subscription fee.

• Innovation: The use of cloud computing in automotive is currently being explored by the
automotive industry, which can unravel interesting opportunities ([11],[12])

1.2 Problem description

The use of the VIBeX API did not lead to achieving the desired goals. Apart from five main im-
plementations (section 2.5), a wider acceptance of the API was not achieved. Moreover, all these
implementations were followed individually by each company and there was a lack of monitoring the
developments. Thus, it was decided that in the last quarter of 2017, the Steering Group of VIBe would
reconvene to make a decision regarding the continuation of the initiative or the termination of activi-
ties. This decision would be based mainly on the results of this PDEng project and a recommendation
on how VIBe should renew their goals and motivations.
The existence of such a recommendation is desired to be accompanied by a showcase that can high-
light the key findings of that investigation. The intention is to investigate the potential of a cloud
platform for smart mobility applications taking into consideration four factors:

• Ease of development and deployment of applications: Creating and deploying an application
in a small amount of time (for example, in a few days) can really create numerous showcases
of smart mobility applications.

• Open development environment: Via the use of open APIs, such as the VIBeX API, it is
desirable to facilitate open development of applications towards maintaining open the interfaces
between components.

• Prevention of vendor lock-ins: Dependencies of any kind (hardware or software) are to be
avoided with respect to the required infrastructure. In this way, a flexible and independent
platform can be created towards developing more diverse applications.

• Multi-vendor functionality: Combined with open development and prevention of vendor lock-
ins, it is possible to create a multi-vendor environment, where applications from different ven-
dors can be hosted.
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1.3 Goals

After the context and problem description explained in sections 1.1 and 1.2 respectively, two main
goals can be defined:

1. A proposal for the VIBe steering group committee is desired regarding the next steps for VIBe
and the region in the smart technologies context. Based on this plan, the Steering Group of
VIBe will decide on the continuation of the initiative

2. A prototype of the smart mobility platform enabling the development and instantiation of a
smart mobility application, focusing on the four main aspects mentioned in section 1.2

1.4 Delimiting the scope

From the aforementioned goals the detailed scope of the report is presented below.

• Creation of a recommendation document to VIBe regarding the strategic next steps for VIBe
and the region

• Requirements and a proposed setup for the smart mobility platform

• Evaluation of the design choices regarding a cloud connected smart mobility platform

• Implementation of a smart mobility platform prototype based on a sub-set of the requirements
aiming to demonstrate ease of development/deployment of applications, vendor independence,
open development and multi-vendor functionality

• Development and implementation of a simple application for the prototype

1.5 Approach

This section explains in detail the approach towards conducting the recommendation to VIBe, as well
as implementing the prototype platform and the application.

1.5.1 VIBe recommendation

Initially, the main goal was to understand the global status of smart technologies especially in the mo-
bility sector and their current trends. To get a better overview, two market maps were created (global
and regional respectively, see Appendix B). In addition, worldwide events and conferences were an-
alyzed, as well as interesting business partnerships. In order to get a better insight on the regional
developments, several interviews were conducted. People from regional companies (NXP, Beijer Au-
tomotive, Vtron Technologies, Ericsson, HERE Technologies) were interviewed (see Appendix B for
a full list of the interviewees) and their view on the current situation in Brabant was recorded and an-
alyzed. In addition, people from the local authorities of Eindhoven (Gemeente) were interviewed on
how the authorities view the digital transformation of smart cities. Finally, local events (Automotive
Week 2017) were followed and discussion with representatives from local companies took place.
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Taking into account the above, an investigation in the form of a SWOT analysis (strengths - weak-
nesses - opportunities - threats) was conducted. Eventually, proposed steps for VIBe and the region
were defined on how to adapt to the smart technologies (more information about the recommendation
can be found on Chapter 3 and Appendix C).

1.5.2 Prototype of the Smart Mobility Platform

As mentioned in section 1.3, the second goal was to create a prototype of the smart mobility platform
towards enabling development and instantiation of a smart mobility application. Initially, the require-
ments for the platform were derived in cooperation with VIBe. The aforementioned benefits of using
cloud computing technologies (section 1.1) were taken into consideration, along with the require-
ments in having an open and multi-vendor environment for easy mobility applications development
and deployment, avoiding vendor lock-ins. Afterwards, the available resources (either complete cloud
platforms or individual components) where evaluated in order to determine if there is a possibility
to acquire an already developed platform and create the prototype with that reference. However, the
required resources where not found and therefore, it was decided that a new prototype will be devel-
oped.
Finally, a simple smart mobility application was developed and deployed on the prototype platform.
Different implementation and verification scenarios were used to verify several of the platform re-
quirements and evaluate the different cloud options related to instantiating such a smart mobility
platform.

1.5.3 Design process

The systems engineering process that was followed to implement the prototype platform is the V-
Model (figure 1.1). More specifically, the left part was followed starting from the business require-
ments (section 4.2) for the smart mobility platform. Afterwards, the system requirements (section
4.3) for the prototype platform and the application were identified, as well as the specifications (sec-
tion 6.5). Finally, a system and acceptance testing was perform via the implementation of a simple
application (chapter 7) and the prototype platform specifications verification (chapter 8).
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Figure 1.1: The V-Model. The red box represents the steps followed towards the implementation of
the prototype.

1.6 Results

Several results were achieved following the aforementioned approach towards achieving the goals
specified in section 1.3:

• The recommendation to VIBe was conducted. The recommendation was accepted by the pro-
gram manager of VIBe. However, the presentation was not conducted during October as ini-
tially planned, due to unavailability of the the steering group committee members. Instead, it
was published via email along with an executive summary and will be presented by the program
manager of VIBe at a later date. (Related to Goal No.1)

• Investigation of different cloud providers and services, as well as proposed design choices for
the smart mobility platform (Related to Goal No.2)

• A prototype of the smart mobility platform was implemented using cloud technologies and a
vendor agnostic approach, focusing on ease of development and deployment. It was not possible
to evaluate open development and multi-vendor functionality due to unavailability of resources
(see chapter 6) (Related to Goal No.2)

• A simple application was developed and used as a showcase for the prototype platform. A series
of verification tests were conducted towards verifying the prototype platform specifications.
(Related to Goal No.2)
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1.7 Report outline

The report continues by analyzing the problem more in depth, presenting the vision of VIBe as well as
a thorough investigation of cloud computing working principles and models. Next, the most important
findings of the VIBe recommendation are presented, which are also linked with the smart mobility
platform. Afterwards, the requirements of the platform are presented, focusing on the applicable
requirements to the prototype. Then, important design and implementation choices are discussed.
The report continues investigating the implementation of the prototype platform and the application
that was developed, as well as the verification of the prototype platform specifications. Finally, the
report concludes with recommendations for future work and the presentation of the results. More
specifically:

• Chapter 2: Problem analysis
Analysis of the terms internet of things, smart technologies, smart mobility and connected car
technologies. Moreover, detailed analysis of the global and regional developments regarding
the connected car technologies is presented, as well as in depth information regarding the VIBe
initiative. Finally, a presentation of cloud technology deployment and service models is in-
cluded.

• Chapter 3: VIBe recommendation
Includes the results regarding the recommendation to VIBe on how to approach from a strategic
perspective the smart technologies and especially smart mobility

• Chapter 4: Requirements elicitation
Describes the derived requirements for the prototype smart mobility platform. The requirements
for the complete platform can be found in Appendix D.

• Chapter 5: Prototype platform design choices
Investigates design choices regarding the prototype platform, focusing on vendor independence

• Chapter 6: Prototype platform implementation
Presents important implementation choices regarding the setup of the prototype platform, as
well as the derived specifications

• Chapter 7: Application implementation
Explains the different implementation efforts regarding the developed application using the
design choices of the prototype platform described in the previous chapters

• Chapter 8: Prototype platform verification
Includes an evaluation of the prototype platform with respect to costs, ease of development/deployment
and vendor independence

• Chapter 9: Conclusions
Presents the results and recommendations for future work

6



2 Problem Analysis

In this chapter, the problem context is further analyzed. Initially, the terms Internet of Things (IoT),
smart technologies and smart mobility are defined, which provide the domain context of the platform.
Moreover, in depth information regarding the global and regional developments in the smart mobility
and connected car context are provided. Afterwards, the goals and activities of VIBe are presented in
detail, as well as the key cloud computing principles and models towards creating a smart mobility
platform.

2.1 Domain context

The world is experiencing a new industrial revolution that impacts almost every aspect of modern
societies. This revolution (often referred to as Industry 4.0 [13]) started with the constantly increas-
ing evolution of the software technologies and is now led by the effort to connect everything to the
Internet. However, there is still a lot of confusion around terms like IoT, smart technologies or smart
mobility, as it is not entirely clear yet what will be the exact impact on society.

2.1.1 Internet of Things

The term known as Internet of Things is defined as the addition of connectivity to the Internet capa-
bilities to previously unconnected devices (excluding computers). These IoT devices can range from
connected home appliances (TVs, light bulbs, even refrigerators) to connected cars or consumer wear-
ables (figure 2.1).
Typically, IoT is expected to offer advanced connectivity of devices, systems, and services that goes
beyond machine-to-machine (M2M) communications and covers a variety of protocols, domains, and
applications. The interconnection of these embedded devices (including smart objects), is expected to
usher in automation in nearly all fields, while also enabling advanced applications like a smart grid and
expanding to areas such as smart cities. As well as the expansion of Internet-connected automation
into a plethora of new application areas, IoT is also expected to generate large amounts of data from
diverse locations, with the consequent necessity for quick aggregation of the data, and an increase in
the need to index, store, and process such data more effectively.
The predictions indicate that by 2020 there will be 50 billion things connected to the Internet [14],
while in 2017 there are already 8.4 billion devices connected according to Gartner [15]. This impres-
sive growth demonstrates the reasons why the impact of these technologies is closely monitored and
why the current business models are changing.
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Figure 2.1: Internet of Things impact [1]

2.1.2 Smart Technologies

Solutions based on IoT technologies are often addressed as Smart Technologies. The influenced sec-
tors, such as mobility or health, are becoming part of a bigger, connected and smart ecosystem that
represents the vision regarding the Smart Cities of the future.
IGI Global defines Smart Technologies as the technologies (including physical and logical applica-
tions in all formats) that are capable to adapt automatically and modify behavior to fit environment,
use technology sensors, thus providing data to analyze and infer from and drawing conclusions from
rules [16]. Machine learning techniques are used to improve performance, thinking, and reasoning
about what to do next, with the ability to self-generate and self-sustain. These actions aim to integrate
seamlessly these smart systems into modern society providing better safety, introducing more func-
tionalities, increasing efficiency while reducing costs and more importantly, focusing on the needs of
the consumers.
For example, Philips Lightning Hue Light Bulbs and Bridge system [17] provides users with a con-
nected device for home automation. Users have the ability to customize their interaction though a
smartphone, as well as connect their system to the wider world. With it, a user can control their lights
remotely or link them up to the rest of the web, news feeds, or even their inbox. Another example
is the iRobot Roomba [18], which is a smart product vacuum cleaner with iAdapt Technology (an
advanced system of software and sensors) that enables Roomba to find its way around any shape or
size of home, covering every area of floor multiple times for a complete clean.
However, the impact and the added value of these technologies is still being investigated closely and
their adoption from the consumers progresses at a slower pace. Although some sectors are more
advanced in creating new smart applications compared to others (for example smart home, smart mo-
bility, smart health care and smart energy), most cities are investigating how they can achieve smart
transformation of their overall infrastructure.
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Figure 2.2: Smart City vision[2]

2.1.3 Smart Mobility and Connected Cars

One of the front-runners in the development of smart concepts and applications is the mobility sector
(referred to as Smart Mobility). The term ’smart mobility’ is used more and more to describe new
services that aim to allow seamless, efficient and flexible travel across various modes of transport.
Moving from services to technology, the term ’connected car’ is mostly used. The connected car
technologies are defined as the presence of devices in an automobile that connect the devices to other
devices within the car and/or devices, networks and services outside the car including other cars,
home, office or infrastructure [19].
Internet connection can provide functionalities that warn of traffic, collisions and other safety alerts.
As an example, concierge services from applications or automakers alert the driver of the time-to-
leave to arrive on time from a calendar and sends text message alerts to friends or business associates
to alert them of arrival times.
Connected car features the use of vehicle sensor data and vehicle actuators (such as screens or speak-
ers) to increase safety, improve location or navigation services, boost in-car entertainment, optimize
energy usage, improve traffic conditions, reduce the operational and maintenance costs, provide real
time diagnostics and telematics services and connect the vehicle with the outside world. Every day,
more and more applications are being developed, tested and produced in all the above fields [20].
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Figure 2.3: Connected car environment according to Bosch [3]

2.2 Developments

In this section, the connected car developments are explored from a global and regional (focusing on
the region of Eindhoven) perspectives. Afterwards, VIBe is investigated in more detail regarding the
initial goals, as well as past implementations of the VIBeX API.

2.2.1 Global developments

The connected car technologies have risen in popularity in the last 5 years immensely as part of
the current and disruptive invasion of the smart technologies in various domains. Everyday new
partnerships, merges, and collaborations are formed. The automotive OEMs still explore how they
can maintain their market share either by trying to create a complete solution in house or by forming
partnerships with expert companies. Latest example is the partnership between BMW, Intel (along
with the recently acquired Mobileye) and Delphi (since May 2017) for autonomous vehicles.
Many of the contemporary companies recognize that eventually the car will be another connected
to the cloud device, just like modern smartphones or wearables, being part of the smart ecosystem.
Emphasis will be given to customization of applications that can be accessed from anywhere, even
from the car. Each user will have a unique, customized profile that can be accessed by each mode of
mobility (an initiative promoting this vision is MaaS Alliance) and would enable the user to choose
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the navigation system or infotainment application that satisfies the requirements. The attention will
be shifted from the device to the person using that device, creating a unique experience. This is very
important as traveling from A to B which used to be the main goal of mobility, will now be just one
of the many services available in the car.
Going more into depth regarding the global landscape, it is important to mention the number and
total raised funding of connected car startups. In 2014, 369 startups were registered as connected car
companies and raised 3.15 billion dollars [21]. One year later, the total number of companies almost
doubled (622) and the funding increased to 17.6 billion dollars [22]. In 2016, a number of 1053
companies raised an amount of 51 billion dollars [23], showing the rapid growth of the connected
car industry. The latest numbers for 2017 (recorded in August) indicate that 1148 startups raised 84
billion dollars [24]. A summary is presented in figure 2.4.

Figure 2.4: Accumulative funding from connected car startups

By the end of 2022, more than 120 billion euro revenue will be generated from leveraging connected
car technologies [25], with a tendency to grow every year. That is easily verified by the projected
number of connected cars on the road. Currently, almost 20% (15 million) of all new cars have some
connectivity embedded. By the year 2020, the number of new cars sold with connectivity services
will by around 75% (69 million) of all cars sold that year, reaching a total number of 220 million
connected cars sold globally from 2014 until 2020.
All these new companies are not traditional automotive suppliers. They are active in Information and
Communication Technology (ICT) being connectivity providers, service providers (car sharing, ride
hailing, etc), infotainment developers, etc. This creates the need for partnerships as the car technology
becomes more complex.
An important gray area is the choice between open standards and architectures or closed systems. The
automotive OEMs still try to maintain their business model and market share, investing in creating
complete, closed and customized solutions, while they explore the alternative path of initiating more
collaborations at the same time. However, they are not experts in the ICT components of the connected
car, which results in not achieving the desired quality level or the multi-domain functionality needed.

11



Figure 2.5: Number of projected connected new cars [4]

2.2.2 Regional developments

The Netherlands, and especially the Brainport region, have been active in the past years in initiating
innovative projects related to Intelligent Transport Systems (ITS). Authorities, companies, universi-
ties, institutes are executing pilot projects to demonstrate the added value of these systems and their
impact on traffic management in the Netherlands. To mention a few [26]:

• Initiatives: VIBe, Cooperative ITS Corridor, SPITS, Automotive Week, Shockwave Traffic
Jams, Talking Traffic, Smartwayz.nl

• Collaborations: Connected, DITCM, CHARM, Connekt, CoastToCoast EV Connection, Con-
necting Mobility

• Authorities/Institutes: RWS, Traffic Innovation Centre, ANWB, ndw

• Knowledge institutes: TU/e, TNO

• Private sector: TomTom, Beijer Automotive, V-tron, ULU, Driessen and around 20 more

Focusing on the motto ’learning by doing’, the region encourages the initiation of new concepts and
projects with the purpose of gathering data and learning the challenges of the autonomous and con-
nected vehicle technologies. Although this represents a proper foundation to build upon, a vision
regarding the future of overall smart mobility is needed and not only initiatives related to ITS. Learn-
ing by doing simulates a more traditional way of entrepreneurship, while the imminent and incoming
tsunami of smart technology demands a more visionary, proactive and decisive approach, addressing
everyone that wants to capitalize on the new business opportunities on the horizon.
However, only a few companies are deploying business models regarding the connected car technol-
ogy, trying to have a head start in the market. Most of the initiatives are side projects or proof of
cases, which means that in Brainport, while there is some awareness about the technology, there is
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lack of activities and leadership. If we consider the life cycle of innovation in business, feedback from
interviews with people from the region (the list of interviewees can be found in Appendix B) sug-
gests that the companies in the region are in the ’Valley of Death at the moment’(figure 2.8), meaning
that initiatives and leadership towards the realization and commercialization of pilot and experimental
projects are still missing.

Figure 2.6: Technology maturity versus available investment funds: The Brainport region is in the
"Valley of Death" when it concerns smart mobility.

2.2.3 VIBe - Vehicle for Innovation Brabant electric

The VIBe initiative was initiated by four organizations (TU/e, NXP, BOM and Autogroep Driessen).
Founded in 2013, they started with the shared vision of an innovation platform and the realization that
only through a collaborative environment it is possible to accomplish a swift establishment of new,
smart technologies in the automotive and energy sector (among the partners of VIBe is also Enexis).

Initial Goals

VIBe was started to enable businesses in the Brainport region of the Netherlands to make best use of
the existing infrastructure. The other reason behind VIBe is to integrate knowledge from various do-
mains like EV technology and charging, weather, etc to enable smart application development. One of
the subprojects of the VIBe initiative is aimed at standardizing the API as an interface against which
several applications can be built (VIBeX API project). This is useful when individual applications
want to communicate with each other and exchange information (figure 2.9). An important goal of
the VIBe initiative is to set-up an ’International Living Lab’ example in the Netherlands to showcase
the possibilities or the potential that arises when the cars become connected to the cloud and the in-
frastructure.
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Figure 2.7: VIBe platform vision [5]

The VIBe partnership is a facilitator towards the standardization of the Information Technology (IT)
infrastructure and for the additional growth of electric mobility. The intention is that through making
a secure connection to a service or node in the cloud, data become accessible via easy to use APIs to
multiple parties who develop different applications.
Summarizing, below the goals of VIBe are mentioned explicitly:

• Enable businesses in the Brainport region

• Integrate knowledge from various domains (EV technology, connected cars, smart application
development)

• Standardization of the Information Technology (IT) infrastructure (effort via the VIBeX API
project

• Creation of an ’International Living Lab’

Past projects

There are several projects carried out in the last 4 years that utilized the VIBeX API:

• Stella solar car application built by Ericsson (optimal route selection based on energy demand)
in collaboration with Solar Team Eindhoven in TU/e

• Driessen car share application built by Accenture

• Enexis energy management application

• Vetuda connected car platform built by Beijer Automotive in collaboration with Microsoft [27]

• V-tron customers are using the VIBeX API to build their own end-user solutions. V-tron intends
in the near future to rebuild their own applications integrating them with the API

From the above partners, TU/e, Driessen and V-tron are in the VIBe Steering Group committee,
whereas Beijer Automotive and Enexis are partners of VIBe. All these projects investigated the use
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of an open API to communicate with a vehicle, having in mind that it can lead to a standardized API,
which is in line with the initial goals of VIBe. Unfortunately, there is no public information regarding
the aforementioned applications (except for the Vetuda platform) and the only available source were
the VIBe steering group committee members.

2.3 Related work

As mentioned in section 1.2.4, the cloud computing technology and its applicability in smart mobility
is investigated in this report. Thus, it is necessary to explore the principles and characteristics of cloud
technology [28] and how they can be implemented in the prototype platform.

2.3.1 Cloud computing basics

Cloud computing (an overview is presented in figure 2.8) is a new form of Internet based comput-
ing that provides shared computer processing resources and data to computers and other devices on
demand. It is a model for enabling ubiquitous, on-demand access to a shared pool of configurable
computing resources (e.g., computer networks, servers, storage, applications, and services), which
can be rapidly provisioned and released with minimal management effort.

Figure 2.8: Cloud computing overview [6]

Basically, cloud computing allows the users and enterprises with various capabilities to store and
process their data in either privately owned cloud, or on a third-party server in order to make data
accessing mechanisms much more easy and reliable. Data centers that may be located far from the
user, ranging in distance from across a city to across the world. Cloud computing relies on sharing of
resources to achieve coherence and economy of scale.
In the next sections, the basic characteristics of cloud computing are explained in more detail. More
specifically, the cloud deployment models are initially investigated. A cloud deployment model rep-
resents a specific type of cloud environment, primarily distinguished by ownership, size, and access.

15



Afterwards, the cloud service models are explored, which represent a specific, pre-packaged combi-
nation of IT resources offered by a cloud provider. This design choice defines which features are the
responsibility of the cloud provider and which of the customer.

2.3.2 Cloud deployment models

There are three main cloud deployment models provided by the majority of the cloud providers:
public, private and hybrid cloud. Below, the differences and similarities of these models are explained
in more detail [29].

Public cloud

The cloud infrastructure is provisioned for open use by the general public [29]. It may be owned,
managed, and operated by a business, academic, or government organization, or some combination of
them. It exists on the premises of the cloud provider and can be acquired via a monthly subscription
based paying model.
The purpose of this model is to gain experience with cloud computing, rather than to create an en-
terprise cloud infrastructure. The advantages of public cloud mainly include automatic scalability,
elasticity, minimal management, and maintenance. All these are handled by the cloud provider. This
services can be acquired with zero upfront costs as no installation on premises is required. The dis-
advantages of this model are the limited security options and the dependence on reliable Internet
connection. Utilizing a data center of a cloud provider means that the customer relies on the security
of that provider, which is caused by the fact that all the data are hosted on shared computational re-
sources. Additionally, to use the public cloud, a reliable Internet connection is needed as primarily
remote connection services are used.

Private cloud

The cloud infrastructure is provisioned for exclusive use by a single organization comprising multiple
consumers (e.g., business units). It may be owned, managed, and operated by the organization, a third
party, or some combination of them, and it may exist on or off premises.
This model has high upfront costs and needs concrete, long-term planning, as the goal is to create a
customized, unique cloud infrastructure owned by a single organization. The purpose of this model is
to keep tight control of the cloud data and applications and it is ideal for security sensitive systems.
Unlike the public cloud model, it is not bound by a constant Internet connection, as private local net-
works can also be used. This results in generally better performance compared to the public cloud
model. However, it is harder to scale as it requires more time and capital. Furthermore, the mainte-
nance and management are completely a responsibility of the customers and their IT departments.

Special case: A particular case of the private cloud model is the Community cloud. The cloud infras-
tructure is provisioned for exclusive use by a specific community of consumers from organizations that
have shared concerns (e.g., mission, security requirements, policy, and compliance considerations). It
may be owned, managed, and operated by one or more of the organizations in the community, a third
party, or some combination of them, and it may exist on or off premises.
The community model is similar to private cloud with the difference that it is handled by a closed
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group of customers instead of just one organization. It is ideal for a small number of companies that
aim to create a shared, private cloud infrastructure.

Hybrid cloud

The cloud infrastructure is a composition of two or more distinct cloud infrastructures (private, com-
munity, or public) that remain unique entities, but are bound together by standardized or proprietary
technology that enables data and application portability (e.g., cloud bursting for load balancing be-
tween clouds).
This solution is the most popular of the four. It combines two or more of the aforementioned models
to create a hybrid system. A commonly used combination is using public cloud services and private
data storage facilities. In that way, the advantages of both models are preserved and the drawbacks
are minimized. In addition, there is still a need for IT personnel to manage and maintain the private
components of the cloud. However, the main disadvantage of this option is the introduced added com-
plexity (not only for the IT personnel responsible for the management of the infrastructure but also for
the developers, as a clear overview and design of the system should exist regarding which components
are used via on-premise private solutions and which via public services that are used at that particular
moment), which makes this solution suitable for enterprises that are already experienced with cloud
technologies (either public or private).

Overview

All three options have advantages and disadvantages that make them suitable depending on the re-
quirements and purpose of the designed system. Below, an evaluated overview of the characteristics
of these models is presented:

Figure 2.9: Cloud deployment models overview
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2.3.3 Cloud service models

As mentioned before, the Private Cloud deployment model means that all the cloud infrastructure is
on-premise. In this case, the cloud provider has the task to setup the initial cloud environment and
afterwards, the management, ownership, and responsibility of the cloud platform go to the customer.
In case of a public or hybrid model is chosen, the following service models can be used [30]: Infras-
tructure as a Service (IaaS), Platform as a Service (PaaS) and Software as a Service (SaaS).

Figure 2.10: Cloud service models overview

Infrastructure as a Service

The capability provided to the consumer is to provision processing, storage, networks, and other fun-
damental computing resources where the consumer is able to deploy and run arbitrary software, which
can include operating systems and applications. The consumer does not manage or control the under-
lying cloud infrastructure but has control over operating systems, storage, and deployed applications.
IaaS providers offer these cloud servers and their associated resources via dashboard and/or APIs.
IaaS clients have direct access to their servers and storage, just as they would with traditional servers
but they are provided with more scalability. Users of IaaS can outsource and build a ’virtual data
center’ in the cloud and have access to many of the same technologies and resource capabilities of a
traditional data center without having to invest in capacity planning or the physical maintenance and
management of it.
IaaS is the most flexible cloud computing model and allows for automated deployment of servers,
processing power, storage, and networking. IaaS clients have true control over their infrastructure
whereas users of PaaS or SaaS services have not. The main uses of IaaS include the actual develop-
ment and deployment of PaaS, SaaS, and web-scale applications.
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Platform as a Service

The capability provided to the consumer is to deploy onto the cloud infrastructure consumer-created
or acquired applications created using programming languages, libraries, services, and tools supported
by the provider. The consumer does not manage or control the underlying cloud infrastructure includ-
ing network, servers, operating systems, or storage, but has control over the deployed applications and
possibly configuration settings for the application-hosting environment.
The PaaS model typically provides a platform on which software can be developed and deployed.
PaaS providers abstract much of the work of dealing with servers and give clients an environment in
which the operating system and server software, as well as the underlying server hardware and net-
work infrastructure, are taken care of, leaving users free to focus on the business side of scalability,
and the application development of their product or service.
As with most cloud services, PaaS is built on top of virtualization technology. Businesses can ac-
quire resources as they need them, scaling as demand grows, rather than investing in hardware with
redundant resources.

Software as a Service

The capability provided to the consumer is to use the provider’s applications running on a cloud
infrastructure. The applications are accessible from various client devices through either a thin client
interface, such as a web browser (e.g., web-based email), or a program interface. The consumer
does not manage or control the underlying cloud infrastructure including network, servers, operating
systems, storage, or even individual application capabilities, with the possible exception of limited
user-specific application configuration settings.
SaaS is the most familiar form of cloud service for consumers. SaaS moves the task of managing
software and its deployment to third-party services. Among the most familiar SaaS applications for
business are customer relationship management applications like Salesforce, productivity software
suites like Google Apps, and storage solutions brothers like Box and Dropbox.
Use of SaaS applications tends to reduce the cost of software ownership by removing the need for
technical staff to manage install, manage, and upgrade software, as well as reduce the cost of licensing
software. SaaS applications are usually provided on a subscription model.

Overview

To summarize, the three different cloud service models represent the abstraction layer of the cloud
infrastructure [28]. IaaS has the purpose of hosting a cloud environment providing full customizability
to the cloud developer. PaaS handles the infrastructure and middleware to provide an environment
for development and deployment of applications. Finally, SaaS addresses the consumers of cloud
applications providing a complete, end-to-end solution.
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Figure 2.11: Cloud service models overview [7]
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3 VIBe Recommendation

In this chapter, an overview of the recommendation to VIBe Steering Group is presented (the full rec-
ommendation can be found in Appendix C). These results inspired the concept of the smart mobility
platform and consequently, the prototype platform that was developed. It is important to note that the
recommendation is intended for a managerial audience and therefore, it is written in a different style.
The purpose of the recommendation was to provide an alternative view on a possible way forward for
VIBe and the region of Eindhoven. As mentioned in section 1.5.1, the main source of information
were interviews with people from the industry around Eindhoven (for a detail list see Appendix B),
local events and conferences and publicly available information.
The recommendation proposes an alternative vision, embracing more smart sectors. However, the
rest of this report focuses on a smart mobility prototype platform, as a starting point, which could be
linked with more domains in the future. However, these potential links were not included in the scope
of this project.

3.1 Analysis

After investigating the global and regional developments regarding smart technologies and especially
smart mobility, a SWOT analysis (strengths, weaknesses, opportunities and threats) for VIBe and the
region was conducted, in order to get an indication of the potential of the region as well as identify
warning signs of wrong direction.

3.1.1 Region

This section presents the SWOT analysis for the region of Eindhoven (an overview is given in figure
3.1). More specifically:

Strengths

• Location: VIBe and in extension the Brainport, reside at the heart of Europe, having the po-
tential to become a technological hub of the continent. In addition, Brainport is considered to
be the smartest part of Europe, accommodating some of the most innovative companies of the
continent, knowledge institutes and international experts.

• Experienced in ITS: The Netherlands is a leader in Traffic Management innovation. A lot of
institutes, projects, initiatives confirm that every year. All these projects have provided very

21



Figure 3.1: Brainport SWOT analysis matrix

useful test data and learning lessons for the future and also prove that the region is open to
innovation.

• Resources: The individual growth of the companies in Brainport is suggesting that there is
room for investments and entrepreneurship. The region is expanding business wise and the
question is ultimately, how to better spend the available resources, serving the right vision.

Weaknesses

• Absence of smart leadership: As mentioned before, many prerequisites of being successful in
the smart domain exist in the region (capital, experts, companies, innovation). However, there
is one element missing: leadership. While in the past companies such as Philips could drive a
region forward, today no such company exists, especially in the smart mobility area. Conse-
quently, it is highly important to define clear roles and responsibilities, as at the moment the
absence of a clear vision creates obstacles in defining the way forward (investments, concepts,
planning, etc).

• Limited awareness: During the Automotive Week 2017, a survey from Connecting Mobility
was presented regarding the perception of the connected car among professional users. Almost
3 out of 4 people were not aware of the term connected car. That example indicates that the
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region is still not aware of the potential of smart mobility (and in extension smart technology)
and what that means for the consumers or the business players of the region.

• Lack of common vision: The absence of leadership influences heavily the the creation of a
common vision regarding smart mobility and smart cities. The lack of such a vision about
the region creates uncertainty regarding the direction of new (or existing) smart projects and
eventually fails to convince the region about the potential of these technologies. It also hampers
the placement of smart investments in platforms and toolboxes that could transform the region
(such as open and/or multi-vendor platforms).

Opportunities

• Technological maturity: The days when the ideas were mature but the technology could not
support them, are passed. Currently, technology is rapidly progressing (especially in the mobil-
ity sector) and is able to satisfy great demands. It is the first time in history, that it is a matter of
putting the right ideas in place rather than focusing on the technology behind it.

• Novelty: Smart mobility and smart technologies have yet to be evaluated and standardized.
While significant progress is being done worldwide, no one has all the answers yet. This gives
a huge opportunity to innovate and create original concepts in this domain.

• Foundations: The region of Eindhoven, despite being relatively small, has proven to be open to
innovation. From the ITS projects in Helmond to smart lighting grids in Eindhoven, the region
has shown that it welcomes new smart projects.

Threats

• Smart Tsunami: As mentioned in previous sections, a smart tsunami is coming our way, mean-
ing that many technology sectors are changing. Traditional practices and business models are
being replaced by new ones, that focus on the user instead the device itself. Cars are becom-
ing greener, smarter and more software oriented, demanding a change in the existing business
models. Therefore the question is how can each company find the way to be part of this smart
tsunami, utilizing the opportunities that arise and being agile enough to adapt to the new con-
ditions. Considering the second incoming wave related to augmented reality, the danger of
staying at the observer’s role rather than actively engaging in these technologies is real.

• TU/e readiness level: The Eindhoven University of Technology is an important source of neu-
tral and pure innovation. However, it is not clear yet if the university is ready to embrace the
smart technologies, addressing not only the application layer but the complete infrastructure.
Therefore, it is important to organize smart leadership inside the university as well.

• Lack of policies: The slow adaptation of the policy makers (in a country but also at European
level) could pose a challenge. The struggle to resolve the data ownership and privacy issues
is slowing down the process of enabling connected car technologies. However, the need to
establish legislation is identified in the Declaration of Amsterdam as highly critical towards the
development of connected car technologies and intelligent transport systems.
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• Solitary approach: Historically, in case of new technology, most companies try to create com-
plete, vendor specific solutions and claim novelty. This often costs capital, effort and time to
all the competing companies, who engage in a last-man-standing competition. If the region
is drawn into this process, Brainport will be falling behind compared to other regions that ap-
proach the smart transition from a collaborative and unified perspective.

3.1.2 VIBe

Similarly, the SWOT analysis for VIBe is explained in this section (similarly an overview is given in
figure 3.2)

Figure 3.2: VIBe SWOT analysis matrix

Strengths

• Innovative concept: The initial objective of VIBe was to design and develop an open platform
for electric vehicles in the format of a Living Laboratory. The rationale behind this objective
was to stimulate entrepreneurs and companies to develop and test their innovative products and
services in a real condition environment and produce results faster and cheaper. Innovation is
the reason for existence of VIBe and should remain us such.

• Applications based on open APIs: VIBe has succeeded in initiating discussions about open
architectures and joined initiatives with collaborative spirit. More specifically, VIBe has been
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responsible for the development of applications by members and partners using the VIBeX API.

• EV stimulation: The Netherlands are among the leaders globally in EV adaptation. VIBe
contributes by stimulating EV leasing schemes to employees of the VIBe company members
but also, by providing a fleet of EVs to be used for application development.

Weaknesses

• Business model: The industry is not convinced regarding the value of open architectures and
standards, questioning the existence of a viable business model. The reason for that is that com-
panies approach open standards and architectures from a business perspective, as companies try
to protect their intellectual property and individual commercial value generators.

• Branding: The publicity of VIBe is not high enough at the moment, meaning that apart from
the current members and partners, very few are aware of VIBe and its mission.

• Monitoring: The first idea behind VIBe was to create a communication platform in order to in-
spire companies to develop their own application using that API. However, after the first release
of the API, there was not enough monitoring of the updates and modifications implemented by
the companies that used the API.

• Showcase: Although there have been a few implementations of the VIBeX API, still the ab-
sence of a strong showcase is hampering the effort to attract more partners and to inspire the
region. Several times during the interviews with people from the industry, the remark was made
that a working proof of case is missing. Apart from the API, there is no establishment of open
innovation platforms yet and the absence of relevant showcases is an issue.

Opportunities

• Leadership: As mentioned in the regional SWOT analysis, the region is suffering from leader-
ship absence. VIBe has a real chance to tackle this problem by emitting the right vision about
the smart cities of the future and provide a clear direction.

• Extending the vision: Assuming leadership means to not only address one smart domain (e.g.
mobility). The vision need to be adapted in the smart ecosystem context. Having mobility as a
showcase, the first steps can be made into understanding how the bigger picture looks like.

• Growth: Through embracing the smart ecosystem vision, more sectors are addressed that could
also be linked with smart mobility (smart energy, smart business, etc). That could give the
chance to VIBe to connect all these domains and inspire multi-domain solutions.

Threats

• Suitable members: It is key to have members and partners that believe in the same vision. In
this way, everyone is an ambassador of VIBe. In the opposite case, it is difficult to set a strong
example in the region and therefore, the message will not be persuasive enough regarding the
urgency to adapt to the smart transformation.
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• Adaptability: The current developments have shown that creating an open API and providing
it to interested parties is not enough to create the avalanche effect that can change an industry
and alter mindsets. Adaptation is needed to introduce something bigger that demonstrates the
added value of using smart technology in an open and collaborative way.

• Message: VIBe should not be seen as a business entity. VIBe should represent the vision on
what it means to be smart and a plan on how to get there. It should be a hub of members that
believe in that vision and a facilitator of projects aiming at the right direction.

3.2 The vision

It is clear from all the above that a collaborative spirit is needed in order to survive in the new smart
reality. The private sector, universities or research institutes, and the authorities need to work closely
together, driving innovative and disruptive projects, as well as creating inspiring smart showcases.

Figure 3.3: The Way Forward

A lot of cities are already claiming that they are on the way to become ’Smart Cities’ or ’Smart So-
cieties’. The common denominator is always the efficient collaboration of the above three partners.
The private sector companies form mutually beneficial agreements with the authorities regarding use
of smart systems and handling of public data. The authorities rely on research and educational institu-
tions that can provide showcases to demonstrate the added value of the smart platforms, utilizing the
core purpose of these institutions which is to promote new technologies and to provide a peek into the
future. Finally, the business world combines forces with the universities to create innovative concepts
that can also be implemented in the real world. The combination of all these factors is able to create
the necessary foundations to transform a city into a smart society, having as core belief that the cities
of the future are people oriented.

26



3.2.1 Private sector role

As mentioned in the previous chapter, the region has a lot of potential when it comes to having the
necessary financial and technical infrastructure to realize innovative concepts. However, leadership
and awareness of the actual impact of these technologies are missing, which explains the delay in
adapting to the new reality.
The role of the industry around Brainport involves adopting a collaborative spirit and dismissing
the solitary approach. The realization that the transition to the smart era can unravel huge business
opportunities for everyone involved only if the region follows a unified approach.
However, there are a few aspects that need attention. Firstly, working together also means embracing
the open mentality. While this does not mean that everything should be open and free, it certainly
means that open development and sharing data under specific agreements are integral ingredients.
The individual vendor products that add commercial value to each company will remain black boxes
but the interfaces should be open and shared. The industry needs to be an example to follow on how
to adapt to the new smart reality, showing vision and decisiveness while understanding the numerous
opportunities that will arise, if a more collaborative and open mentality is adopted.

3.2.2 Universities Role

The Eindhoven University of Technology is a strong founding partner of VIBe. Being the place where
innovation starts and heavily involved in smart mobility concepts, the TU/e should play an elevated
and crucial role.
Supporting open standards and architectures is a common belief of TU/e and VIBe. That, combined
with young engineers with fresh ideas can be the spark to create these applications and be the source
of inspiration regarding smart (mobility) applications. These students are engineers that will play an
important role in the next 10 years in establishing the region as a smart era leader.
However, as mentioned in the SWOT analysis, the TU/e has not still reached the desired engagement
level. It is crucial that a world-renowned institute as TU/e understands what it means to be part of the
new smart reality. By taking actions such as organizing leadership at a higher level for the purpose of
connecting the different departments and smart projects. A unified communication stream is desirable,
as well as a integration of different projects that use the same infrastructure (especially related to
cloud computing). The university has a great chance to be the leader of the transition to smart, cloud
connected platforms, starting from mobility applications and expanding to all smart domains. In that
way, partnering with companies, very innovative projects can be created that would provide a chance
to build up on previously earned valuable lessons. TU/e can take the lead to demonstrate what it means
to be smart in the future and in this way prepare for the next tsunami related to augmented reality.

3.2.3 Authorities Role

The role of authorities is very crucial towards enabling connected car technologies and smart solu-
tions in the region. Policies and regulations can really accelerate the establishment of the required
infrastructure.
VIBe and the local authorities have several goals in common. Similarly with the TU/e, one of them
is the support for open standards and architectures. The first steps have been made from the local au-
thorities by publishing guidelines for using open architectures (IoT Principles document). That shows
eagerness to build the legal foundations for smart city and mobility initiatives. On the other hand, the
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business world understandably wants to protect its business models and is very skeptical towards that
mentality. If VIBe and the authorities align their goals, it could directly link the policy making with
the business world and the public interest, which could lead to more fruitful discussions and agree-
ments.
The collaboration of VIBe and the private sector of the region with the authorities is positive so far but
there is room for improvement. The local authorities really want to involve the industry in creating
innovative concepts and they want to form beneficial collaborations. In addition, they consider VIBe
to be a very good example of an attractive initiative, that can be inspiring for the government to invest
in. Therefore, it is definitely interesting to investigate ways for closer cooperation. The local authori-
ties aim to introduce several smart city initiatives in Eindhoven, which combined with smart mobility
and intelligent transport systems can really make Brainport a high-tech hub of the region. To realize
that transition, the authorities decided to create a smart leadership team that will be able to lead the
region with decisive actions. It was widely accepted that until now a lot of capital was spent without
having a clear goal and understanding of what it means to be smart. The authorities decided to change
that which provides a great opportunity for new agreements, showcases and projects that convey the
right vision.

3.3 Strategy management

To capitalize on all the above information, a strategy needs to be created taking advantage of the
strengths and opportunities but also try to mitigate the threats as well as improve the weaknesses. A
clear vision needs to be formulated regarding the future of the region in the smart era and how VIBe
can contribute.

Figure 3.4: Strategy management

3.3.1 Vision Statement

VIBe was initiated with the purpose to promote open architectures and standardization, utilizing EV
technology. This innovative mindset should remain a core element in VIBe. However, it is clear by
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now that addressing only one domain is not enough. The realization that the smart technologies should
be approached as a whole is needed.
Therefore, VIBe should represent the long term vision that the region needs. It is important to inspire
the region to see the bigger picture and how to transform their businesses (regardless of the domain)
to be smarter and in this way, unravel new business opportunities.
The Why of VIBe, the purpose, should be to help Brainport come together, adopt a collaborative spirit,
accept open architectures and standards and promote innovation in all domains. The How of VIBe is
to start from smart mobility and connected electric vehicles as a means to show what it means to be
smart today using smart platforms designed to enable innovation in an open and fast way.

3.3.2 Mission Statement

The vision statement can be the foundation of the mission of VIBe and in general the region in the
connected car and smart domains context. More specifically, the following questions can shape the
mission statement:

• Where do we want to be in 5 years?
As a region, we want to show leadership and initiative in the smart domain. On one hand,
we need to reach a common understanding and form agreements internally to face the smart
tsunami together.
On the other hand, we want Brainport to be used by every major stakeholder (OEMs, authori-
ties, suppliers) as a testing environment for the technologies that will shape our future. We want
to be considered innovative (EV technology, ITS initiatives, automated driving,etc), resourceful
(past experiment data, lessons learned, history), cooperative (open mindset in regulations and
policies), proactive (ensuring the required technology is in place) and most importantly, united
(authorities, companies, knowledge institutes all together). We want to be at the front of the
innovation and not trying to keep up.
Ideally, VIBe will have facilitated towards the creation of smart applications on several domains
using open standards and multi-vendor platforms. Mobility, will be the leading sector, demon-
strating the added value of the applications and the infrastructure behind them. In this way,
VIBe can also attract more members which will provide opportunities to create multi-domain
solutions.

• What do we do?
On the regional level, we accelerate the establishment of the necessary smart infrastructure and
encourage the local industry to initiate more pilot projects not only in ITS domain but in smart
mobility in general. The goal would be to have in place a smart platform, where everyone can
develop smart applications easily. This is the necessary extension from supplying an open API
to supporting an open, smart, multi-vendor platform.

• How do we do it?
VIBe and the Technical University of Eindhoven are already discussing the establishment of an
open multi-vendor platform that will enable rapid prototyping of smart mobility applications.
Similarly, this can be extended or connected with similar projects in other smart sectors to
form a unique smart city profile. By providing such infrastructure, we acquire a vast amount
of data and access to most of European and international projects that can provide valuable
information regarding the deployment of these systems. In addition, in this way an acceleration
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in policy establishment can be achieved. Using the VIBeX API along with platforms similar
to the aforementioned smart mobility platform, showcases of applications can be created fast
which is the first step in understanding what it means to be part of the smart ecosystem.
Finally, rethinking the way of approaching investments and projects at the authorities level is
necessary, as the people with the right vision and drive need to be involved.

• Whom do we do it for?
These are the necessary steps for the region to establish a profitable, innovative but mainly
sustainable future in the smart domain context. The private sector companies, the authorities
and the research institutes need to jump on the smart wagon as soon as possible. As explained
in the beginning of the document, there are already cities that take serious steps towards a long
term vision in a unified and collaborative way. Failing to follow a similar approach will result
in isolated efforts without a common vision.

• What value do we bring?
As mentioned above, the region will bring the needed leadership in implementation of innova-
tive, smart projects. In addition, for the region to be able to do that, a common consensus is
needed among the stakeholders. VIBe can create that value by being the bridge between the
authorities, the industry and TU/e.

3.3.3 Strategic Objectives

From all the above, it is necessary to derive more specific, strategic objectives: For the region:

• Organize smart leadership at authority and university level

• Form agreements and alliances among the three main sectors (private sector, authorities, uni-
versities)

• Initiate more smart projects, starting from mobility and connected car technology but extending
the vision to all smart domains

• Ensure the establishment of open, multi-vendor smart platforms (such as the TU/e Smart Mo-
bility Platform)

• Smart investments with clear goals and following a clear vision

• Support new promising startups with funding (Lightyear, Amber Mobility, etc)

For VIBe:

• Be the vision that the region needs

• Adapt the vision to include all smart domains towards the establishment of the smart city
through mainly addressing smart mobility and its connection with other domains.

• Promote open mentality and fight vendor lock-ins

• Take the lead to facilitate closer collaboration between the authorities, the industry and the
university

• Maintain and promote the EV mentality but support all types of vehicles
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3.3.4 Tactical Plans

The question now is how to realize these objectives and what are the steps and guidelines to follow.
Regarding the VIBe objectives:

• Evaluation of the current members and partners regarding support of the vision of VIBe

• Effort to include partners from different domains (cloud providers, authorities, smart energy,
smart city, etc)

• Create showcases of smart multi-vendor, mobility applications using open standards (VIBeX
API)

• Help TU/e by proposing (or investing in) applications or prototypes to be built regarding the
Smart Mobility Platform

• Integrate the feedback from the use of the VIBeX API into a new unified version

3.3.5 Performance Management

It is highly important to have an agile approach in the new smart era. Developments are happening
so fast that in order to keep up, regular refinements on the strategy and planning should be scheduled.
To make that measurable, at least every 6 months the members of VIBe should meet and adjust the
next steps. Close monitoring of the developments regarding open platforms, the VIBeX API and
applications developed is needed. In order to be successful in the connected car era, agility and
proactive behavior play an important role.

3.4 Presentation to the VIBe Steering Group committee

The presentation to the VIBe Steering Group committee was not possible to take place as the steering
group members were unavailable during the project available time. However, the recommendation
was published via email, along with an executive summary. The discussion will happen at a later
stage regarding the direction of VIBe and will be organized by the program manager of VIBe.
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4 Requirements Elicitation

In this chapter, the most important requirements for the prototype of the smart mobility platform are
addressed, as well as the stakeholders. The complete list of requirements for the smart mobility plat-
form can be found in Appendix D.
Before the system requirements for the prototype platform are presented, the business requirements
of the platform are investigated. More specifically, the business requirements relate to a specific need
that must be addressed to achieve an objective and address the ’why’ for a project [31]. Once the
business requirements are established, the system requirements are defined.
Furthermore, the requirements were derived focusing on the features mentioned in section 1.2: ease of
development and deployment, vendor independence, open development and multi-vendor functional-
ity. Apart from the description and rationale of the requirements, the relevant stakeholders as well as
a possible use cases are presented.
As mentioned in section 1.1, the PDEng Thesis of Preethi Ramamurthy [5] is related to open devel-
opment as well. However, the main objective of that report is to address the issues with developing an
open platform towards reducing the range anxiety problem of EV users in the form of an open API.
Therefore, the requirements in that report are related to the VIBeX API and more specifically address
security and privacy, performance and scalability, availability and resilience, as well as evolution and
interoperability. The requirements for the prototype of the smart mobility platform are related to the
underlying cloud infrastructure rather than the API VIBeX API itself and are influenced by the factors
mentioned in section 1.2.

4.1 Stakeholders of the platform

It is necessary to investigate the stakeholders of the platform and their view of the system. At a higher
level, the stakeholders are mainly the university (TU/e), private companies (at least in the Brainport
region), the regional authorities (Gemeente Eindhoven), individual developers and vehicle drivers.
Depending on their view on the system, they can be further categorized as Infrastructure administra-
tors, Infrastructure developers, Data providers, Data service providers, Data service developers and
Data users [32]. The next figure displays the correlations between the stakeholders and their roles.
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Figure 4.1: Stakeholders of the platform and their roles

• Infrastructure provider (physical): The availability of physical infrastructure such as test
tracks, road networks and road side units (RSUs) is necessary to deploy applications. Especially
the public authorities can provide the necessary permissions to use such infrastructure elements.

• Infrastructure administrator (cloud): This role belongs to the administrators of the smart
mobility platform (in our case, it is proposed to be the TU/e). Their concerns involve user
access management, maintenance, availability and scalability of resources.

• Infrastructure developer (cloud): These stakeholders are responsible for developing function-
alities for the cloud platform and extending its capabilities. They are driving automation pro-
cesses regarding development or deployment of applications and towards creating a true multi-
vendor and open platform. This can be achieved in cooperation with Data service providers.

• Data provider: This group is closely associated with the Data service developers. Promoting an
open platform and multi-vendor functionality, sharing of data is necessary and data lock-ins are
not desirable. Therefore, private companies, public authorities or even developers can provide
data. Eventually, the platform could host a vast amount of data for research or development
purposes for the Data service developers and Data Users.

• Data service provider: The cloud providers and infrastructure component suppliers belong to
this category. In case of private service providers, their main concern is commercial value and
profit. On the other hand, the public authorities can provide such services to explore ways to
make existing public systems more efficient and improve their quality.

• Data service developer: These are the application developers of the smart mobility platform.
They expect easy development and deployment of applications, comprehensive developer tools
and environments, as well as available data sets and testing infrastructure.

• Data user: Referring to the user of the application that requires access to in-vehicle data.
These stakeholders expect support during the lifetime of an application such as updates to im-
prove stability and functionality. Application management function such as installing, updating,
enabling, disabling, and removing of applications are expected [32].
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4.2 Business requirements

The business requirements of the platform demonstrate the added value of the platform from a busi-
ness perspective. They address directly the needs of the region that were explained in the SWOT
analysis in chapter 3. For the prototype platform only BR05 was taken into account. It was not pos-
sible to use the VIBeX API to satisfy BR02, as well as there was no possibility during the available
time to investigate BR03. Finally, BR01, BR04 and BR06 are not relevant to this prototype and are
more applicable for the long term potential of the smart mobility platform.

Figure 4.2: Business Requirement No.01

It is important that the platform is initiated and hosted on a neutral ground from a business point of
view. That is necessary in order to avoid potential issues from competing companies. In addition, the
purpose of a university is to promote technology and innovation, which perfectly fits with the goal of
the platform and provides a safer environment to attract more companies. It is equally important that
TU/e will be the chosen university as it resides at the heart of Brainport and can really influence the
industry. It is also one of the most prestigious technical universities in Europe which adds extra value.
Furthermore, this system will create many opportunities for the university to open new research areas
in cloud computing, big data and smart applications. It can potentially create a smart ecosystem by
bringing together in one platform applications from different smart domains (smart health care, smart
lighting, smart mobility, etc).

Figure 4.3: Business Requirement No.02

The support of open development is one of the core characteristics of the platform. Supporting open
APIs and standards and ensuring the availability of Software Development Environments and Kits
(SDEs and SDKs) for the development of applications and integrations of components are necessary
requirements. In this way, the platform can really accelerate innovation by providing the opportunity
of easy application development.
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Figure 4.4: Business Requirement No.03

One of the most innovative requirements is the support of multi-vendor functionality. Different com-
panies can use already developed components by different vendors and their products can also be used
by others. It is important to mention, that the individual components or applications will be treated as
black boxes and therefore, their business value can be maintained. Only the interfaces will be open.

Figure 4.5: Business Requirement No.04

By satisfying the first three business requirements, it is possible to create a shared marketplace of
components and applications. Similarly to the widely known Google Play Store, this marketplace will
provide developed smart applications and components for developers or users of the platform. It could
also be possible that the different vendors can sell their applications through the marketplace. This
can create an environment where openness and ease of development play a critical role in creating
new innovative concepts.

Figure 4.6: Business Requirement No.05

By enabling easy application development through providing a smart and open innovation platform,
showcases can be created that demonstrate the added value of smart mobility applications. The wider
acceptance of the platform can potentially lead to an increasing number of hosted applications and the
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system must still be able to provide the resources and integration functionality needed.

Figure 4.7: Business Requirement No.06

The final business requirement is related to the purpose of the platform. Hosted by a technical uni-
versity that has strong bonds with the industry, the goal of the platform is to inspire innovation and
at the same time, provide opportunities for companies to develop product oriented applications. In
addition, this will create more collaborations between the university and the industry and can lead to
the realization of new innovative applications.

4.3 System requirements

This section investigates the high level system requirements for the prototype of the smart mobility
platform which are further categorized as functional or non-functional requirements. The complete
list of system requirements can be found in the Appendix D.

4.3.1 Functional requirements

Figure 4.8: Functional Requirement No.01

It is highly critical that the platform provides all the developer tools and environments needed in order
to create and deploy applications fast. The end goal of the platform is to minimize the effort and costs
needed in order to develop new concepts.
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Figure 4.9: Functional Requirement No.02

One of the main business requirements and simultaneously drivers behind the creation of such a plat-
form, is the independence from software/hardware/cloud-provider specifications and support of het-
erogeneous systems. This is a key functional requirement towards development a platform without
vendor lock-ins, especially at the infrastructure layer.

Figure 4.10: Functional Requirement No.03

The platform administrators should have tools available for monitoring and maintaining the platform,
which is an important requirement for open systems. The number of developers of applications can
increase fast and therefore, the administrators will need to ensure the proper and uninterrupted func-
tionality of the platform. In addition, service management tools that can be deployed easily by the
end user are facilitating towards developing and deploying seamlessly smart applications.

4.3.2 Non-functional requirements

Finally, the non-functional requirements for the prototype platform are presented. Similarly, the com-
plete list can be found in Appendix D.
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Figure 4.11: Non-functional Requirement No.01

One of the core added values of the system is the easy and seamless integration of existing compo-
nents towards the creation of new applications. The different companies that desire to use their own
components should be able to do so with limited effort in integrating them with the platform.

Figure 4.12: Non-functional Requirement No.02

To be fully reliable and available, the cloud infrastructure needs to be able to continue to operate while
data remains intact in the virtual data center regardless if a failure occurs in one or more components.
Services need to be able to provide access to only authorized users and in this shared resource pool
model the users need to be able to trust that their data and applications are secure.

Figure 4.13: Non-functional Requirement No.03

New applications might need new services or specifications (storage, speed, memory, CPU, etc). Even
in this cases, the developer’s effort should not be hindered and the deployment should still be seamless
and fast. The goal is that a new applications can be developed in a matter of a few days regardless of
the computing power demand.
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Figure 4.14: Non-functional Requirement No.04

Finally, scalability and elasticity are two necessary features of the platform that will ensure the un-
interrupted functionality of the system and will guarantee that there will always be enough resources
available. Problems encountered by increasing number of connected vehicles, developed applications
and users or developers using the platform should be avoided and the system must be able to handle
increased workloads and number of applications.
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5 Prototype platform design choices

Before the setup and implementation of the prototype platform is explained, it is necessary to introduce
important design choices. More specifically, a service which can provide hardware, software and
cloud-provider independence is introduced (container technology) and additionally, data replication
strategies are investigated towards a better reliability functionality.

5.1 Container service

One of the most important design choices for this platform is the container service. It provides the
desired independence from hardware or cloud providers. Containers are an IaaS solution, as the ac-
cess to a virtual machine is needed. On an important note, recently the cloud providers have started to
support PaaS solutions with containers as well [33], since the PaaS models are more popular among
their customers. However, they have not reached yet full PaaS container functionality.
The container technology is introduced by Docker and is supported by all major OS (macOS, Linux
and Windows) and cloud providers (see section 6.3). Docker can be integrated into various infras-
tructure tools, including: Kybernetes, Apache Mesos, CoreOS rtk and DC/OS. More details about
containers can be found in the following sections.

5.1.1 Background

Containers decouple applications from operating systems, which means that users can have a clean
and minimal operating system and run everything else in some form of containers. Also, because a
container offers a convenient unit to encapsulate a small application component, it becomes an infras-
tructure of choice for building micro-service applications, which enables more manageable applica-
tion infrastructure and continuous application deliveries. Before the working principles of containers
is explained, it is necessary to understand the concepts of virtualization and virtual machines first.

Virtual Machines

In computing, a virtual machine (VM) is an emulation of a computer system. Virtual machines are
based on computer architectures and provide functionality of a physical computer. Their implementa-
tions may involve specialized hardware, software, or a combination [36].
Virtual machines (VMs) are an abstraction of physical hardware turning one server into many servers.
The hypervisor allows multiple VMs to run on a single machine. Each VM includes a full copy of an
operating system, one or more apps, necessary binaries and libraries - taking up tens of GBs [8]. Mul-
tiple virtual machines can run simultaneously on the same physical computer. For servers, the multiple
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operating systems run side-by-side with a piece of software called a hypervisor to manage them, while
desktop computers typical employ one operating system to run the other operating systems within its
program windows. Each virtual machine provides its own virtual hardware, including CPUs, mem-
ory, hard drives, network interfaces, and other devices. The virtual hardware is then mapped to the
real hardware on the physical machine which saves costs by reducing the need for physical hardware
systems along with the associated maintenance costs that go with it, plus reduces power and cooling
demand.

Figure 5.1: Architecture of a virtual machine [8]

Operating-system-level virtualization

Operating-system-level virtualization, also known as containerization, refers to an operating system
feature in which the kernel allows the existence of multiple isolated user-space instances. A computer
program running on an ordinary person’s computer’s operating system can see all resources (con-
nected devices, files and folders, network shares, CPU power, quantifiable hardware capabilities) of
that computer. However, programs running inside a container can only see the container’s contents
and devices assigned to the container [37].
On ordinary operating systems for personal computers, a computer program can see (even though it
might not be able to access) all the system’s resources. They include:

• Hardware capabilities that can be employed, such as the CPU and the network connection

• Data that can be read or written, such as files, folders and network shares

• Connected peripherals which can be interacted, such as webcam, printer, scanner, or fax
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The operating system may be able to allow or deny access to such resources based on which program
requests them and the user account in the context of which it runs. The operating system may also
hide those resources, so that when the computer program enumerates them, they do not appear in
the enumeration results. Nevertheless, from a programming point of view, the computer program has
interacted with those resources and the operating system has managed an act of interaction.

Figure 5.2: Architecture based on Docker container service [8]

With operating-system-virtualization, or containerization, it is possible to run programs within con-
tainers, to which only parts of these resources are allocated. A program expecting to see the whole
computer, once run inside a container, can only see the allocated resources and believes them to be
all that is available. Several containers can be created on each operating system, to each of which a
subset of the computer’s resources allocated. Each container may contain any number of computer
programs. These programs may run concurrently or separately, even interact with each other.
Containers are an abstraction at the application layer that packages code and dependencies together.
Multiple containers can run on the same machine and share the OS kernel with other containers, each
running as isolated processes in user space. Containers take up less space than VMs (container images
are typically tens of MBs in size), and start almost instantly. An overview of virtual machines and
containers is shown in figure 5.3.
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Figure 5.3: Comparison of Virtual Machines and Containers [9]

5.1.2 Consequences

The quick uptake of containers makes a lot of sense given what they offer. At a high level, containers
provide a lightweight platform abstraction without using virtualization. Containers are also much
more efficient for creating workload bundles that are transportable from cloud to cloud. In many cases,
virtualization is too cumbersome for workload migration. Thus, containers provide a real foundation
for moving workloads around hybrid clouds and multiclouds without having to alter much, if any, of
the application.
More specifically, containers provide the following advantages [34]:

• Reduced complexity through container abstractions. Containers remove dependencies on the
underlying infrastructure services, reducing the complexity of dealing with those platforms.
They are truly small platforms that support an application or application services that sit inside
of a very well-defined environment.

• The ability to use automation with containers to maximize their portability from one cloud to
another

• Better security and governance from placing services around containers rather than inside

• Better distributed computing capabilities, because an application can be divided into many sep-
arate domains, all residing within containers. Containers can be run on any number of differ-
ent cloud platforms, including those that provide the most cost and performance efficiencies.
Therefore, applications can be distributed and optimized, based on their utilization of the plat-
form from within the container. For example, an I/O-intensive portion of the application can
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be placed on a public cloud service without virtualized infrastructure (bare metal cloud [35]) to
provide the best performance, a compute-intensive portion of the application on a public cloud
to provide the proper scaling and load balancing, and perhaps even place a portion of the appli-
cation on traditional hardware and software. They can all work together to form the application,
which has been separated into components that can be optimized.

• The ability to provide automation services that offer policy-based optimization and self-configuration,
meaning providing an automation layer that finds the optimum place to run the container, as well
as manages the changes in the configurations

On the other hands, there are still some disadvantages from using containers:

• One of the main disadvantages of container-based virtualisation compared to traditional virtual
machines is security. Containers share the kernel, other components of the host operating sys-
tem, and they have root access. This means that containers are less isolated from each other
than virtual machines, and if there is a vulnerability in the kernel it can jeopardize the security
of the other containers as well [9].

• The kind of tools needed to monitor and manage containers are still lacking in the industry. This
is not a new phenomenon. The early days of hypervisor-based virtualization were marked by a
shortage of suitable tools. And just as capable VM monitoring and management tools are now
readily available, new tools are starting to appear for container management. These include
Google’s open source Docker management tools Kubernetes, DockerUI to replace Linux com-
mand line functions with a web-based front end, Logspout to route container logs to a central
location and many more.

• In addition, managing a huge amount of containers is challenging, especially when it comes to
clustering containers. Infrastructure tools that can facilitate container clustering are Kubernetes,
Docker Swarm and Apache Mesos.

Containers provide a standard application architecture that offers both managed distribution and ser-
vice orientation. In essence, containers can move from cloud to cloud and system to system, and thus
can also provide automation for this process. In other words, we not only can leverage containers, but
also can have them automatically ’live migrate’ from cloud to cloud as needed to support the applica-
tion’s requirements.
Docker provides the fundamental building block necessary for distributed container deployments. By
packaging application components in their own containers, horizontal scaling becomes a simple pro-
cess of spinning up or shutting down multiple instances of each component.

5.1.3 Docker swarm

Docker Swarm provides native clustering functionality for Docker containers, which turns a group
of Docker engines into a single, virtual Docker engine. The Docker Engine includes commands to
manage swarm nodes (e.g., add or remove nodes), as well as deploy and orchestrate services across
the swarm [38].
A node is an instance of the Docker engine participating in the swarm. One or more nodes can be run
on a single physical computer or cloud server, but production swarm deployments typically include
Docker nodes distributed across multiple physical and cloud machines. To deploy an application to
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a swarm, a service definition to a manager node is submitted. The manager node dispatches units
of work called tasks to worker nodes. Manager nodes also perform the orchestration and cluster
management functions required to maintain the desired state of the swarm. Manager nodes elect
a single leader to conduct orchestration tasks. Worker nodes receive and execute tasks dispatched
from manager nodes. By default manager nodes also run services as worker nodes, but they can
be configured to run manager tasks exclusively and be manager-only nodes. An agent runs on each
worker node and reports on the tasks assigned to it. The worker node notifies the manager node of the
current state of its assigned tasks so that the manager can maintain the desired state of each worker.
There are several features that make Docker Swarm useful [39]:

• Cluster management integrated with Docker Engine: Use of Docker Engine CLI to create a
swarm of Docker Engines where application services can be deployed.

• Decentralized design: Instead of handling differentiation between node roles at deployment
time, the Docker Engine handles any specialization at runtime. Nodes, managers and workers,
can be deployed using the Docker Engine. This means it is possible to build an entire swarm
from a single disk image.

• Scaling: For each service, the number of tasks to be executed can be declared. The swarm
manager automatically adapts by adding or removing tasks to maintain the desired state during
scaling procedures.

• Load balancing: The ports for services to an external load balancer can be exposed. Internally,
the swarm allows the user to specify how to distribute service containers between nodes.

• Service discovery: Swarm manager nodes assign each service in the swarm a unique DNS name
and load balances running containers. Every container running in the swarm can be queried
through a DNS server embedded in the swarm.

• Multi-host networking: An overlay network for the services can be specified. The swarm man-
ager automatically assigns addresses to the containers on the overlay network when it initializes
or updates the application.

5.2 Data replication

When an application is deployed to more than one data center, such as cloud and on-premises loca-
tions, it is important to consider how to implement the replication and synchronization of the data
that each instance of the application uses, in order to maximize availability and performance, ensure
consistency, and minimize data transfer costs between locations.
The data in a Microsoft Azure storage account is always replicated to ensure durability and high avail-
ability. Replication copies the developer’s data, either within the same data center, or to a second data
center, depending on which replication option is chosen. Replication protects the data and preserves
the application’s up-time in the event of transient hardware failures. If the data is replicated to a sec-
ond data center, it is protected from a catastrophic failure in the primary location. The replication
strategy applies to the data contained in a storage account and therefore, different storage accounts is
possible to have different replication strategies.
When a storage account is created, the following replication options are available [40]:
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• Locally redundant storage (LRS): Replicates the data three times within a storage scale unit,
which is hosted in a data center in the region in which the storage account is created.

• Zone-redundant storage (ZRS): Replicates the data asynchronously across data centers within
one or two regions in addition to storing three replicas similar to LRS, thus providing higher
durability than LRS. Data stored in ZRS is durable even if the primary data center is unavailable
or unrecoverable.

• Geo-redundant storage (GRS): Replicates the data to a secondary region that is hundreds of
miles away from the primary region. If the storage account has GRS enabled, then the data is
durable even in the case of a complete regional outage or a disaster in which the primary region
is not recoverable. For a storage account with GRS enabled, an update is first committed to the
primary region, where it is replicated three times. Then the update is replicated asynchronously
to the secondary region, where it is also replicated three times.

• Read-access geo-redundant storage (RA-GRS): Maximizes availability for the storage account,
by providing read-only access to the data in the secondary location, in addition to the replication
across two regions provided by GRS. When read-only access to the data in the secondary region
is enabled, the data is available on a secondary endpoint, in addition to the primary endpoint for
the storage account.

Figure 5.4: Replication strategies
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6 Prototype platform implementation

This chapter explains the approach and options towards implementing a prototype of the smart mo-
bility platform enabling the development of a simple mobility application. This application is not
required to be complex, as the focus is on the cloud infrastructure. Thus, a simple tracking web appli-
cation of vehicles using the VIBeX API was conceived. The application requests the coordinates of
the VIBe cars and displays the location on Google Maps.
The chapter starts by presenting a high level architecture of the cloud computing architectural lay-
ers and their basic components in the smart platform context, which provides a reference of required
components. This reference was used to investigate possible implementation scenarios of the proto-
type platform and the application. Finally, the decision on which concept was used for the prototype
platform is presented and the chapter concludes with the specifications of the prototype platform.

6.1 Reference

Through the high level architecture, it is possible to identify components and services that populate
the different layers. However, these components are defined at a higher level and are independent
from the chosen cloud deployment model (public, private or hybrid).
The cloud high level architecture can be divided in three layers (similarly to the cloud service models):

Infrastructure, Middleware and Application layers. More specifically:

• Infrastructure Layer: The Infrastructure as a Service main components (storage, servers, vir-
tualization, networking) are needed to host the applications and the different vendor compo-
nents. This layer ensures that the cloud infrastructure needed to store data, establish (remote)
connectivity with the servers and provide virtualization options (hypervisor, virtual machines,
etc) exist.

• Middleware Layer: The Infrastructure layer will guarantee the access to data centers. How-
ever, due to the increased number of possible applications, it is certain that traffic management
and load balancing functionalities are needed, as well as virtual networks and OS. These ser-
vices ensure the efficient distribution of the workload and the automatic scalability of computa-
tional resources in case there is a sudden increase in the demand. This layer is also responsible
for the messaging and communication protocols of the platform.

• Application Layer: Finally, this final layer is of most importance. Here, we want tools that
enable easy integration of different vendor components and fast development/deployment of
applications. It is important to note that the different vendor modules will be treated as black
boxes, interfacing only through APIs. This creates the concept of a marketplace, where the
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Figure 6.1: High level architecture as a reference. The arrows represent how the actors interface with
the components.

different vendors can place their modules for other developers to use during development. In
addition, monitoring, identity management, security and logging services are included in this
layer. Finally, it is important to use API management services as the intention is to accommo-
date a variety of APIs for developers to use.

As shown in the picture above, there are four actors that interact with the cloud platform. These actors
can be linked with the stakeholders described in section 4.1. Therefore, data providers are represented
as vehicles, data users as users, data service developers and providers as developers and infrastructure
administrators as administrators.

• Vehicles: The starting point for prototype platform is mobility applications This creates the
need for vehicle communication and module integration to extract data from the vehicle and
expose them to the platform via APIs. In addition, one of the predefined APIs will be the
VIBeX API.

• Developers: This group should be provided with developer tools and environments that will
enable them to create and deploy applications easily and efficiently. The different vendor com-
ponents are available for the developers as black boxes with predefined inputs and outputs and
can be used to create new applications.

• Administrators: Such a system will need administrator services to monitor the usage of the
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platform but also to handle access rights and user groups.

• Users: Finally, towards enabling showcases, the integrated as well as newly developed appli-
cations should be available to use. These users can be fleet owners, public authorities, OEMs,
research institutes, etc.

Typical examples of such applications that can be initially developed are applications in the areas of
telematics, fleet management, driver behavior, electric vehicles, weather conditions, traffic manage-
ment, navigation and location based applications.

6.2 Initiation

Since one of the goals was to have a working prototype of the platform and an application by the end
of October, companies were approached in order to investigate possible partnerships. The goal was
instead of creating the platform from zero ground to acquire components from different companies
and integrate them to form the prototype of the smart mobility platform. In this way, the effort and
cost needed to set the platform up would be minimized and at the same time, more companies would
be invited to contribute. Most importantly, the application would be developed and deployed on the
proposed approach, to provide an opportunity for continuation after the PDEng assignment using the
same (or similar) setup.
The companies in consideration were: Beijer Automotive, V-tron Technologies, Ericsson and HERE
Technologies. From these discussions, two separate concepts were created and investigated in parallel
until only one of them was continued.

6.2.1 Multi-vendor concept

In this option, every company contributes towards the assembly of the platform. As shown in the
figure below, HERE Technologies can contribute by supplying the cloud infrastructure through their
Open Location Platform. This company has a very similar mindset as VIBe and therefore they can
be a good fit. Additionally, Ericsson offered to be responsible for the communication between the
vehicles and the platform (in other words, implementing the VIBeX API). Finally, V-tron and Beijer
can provide applications and test cars in order to create showcases. It is also a possibility to use the
fleet of electric cars from VIBe as test vehicles. As proposed, the concept will be under the umbrella
of the university, which will be the administrator of the platform. The main challenge of this concept
is the integration strategy, as many partners will be included from an early stage.
This option uses the existing infrastructure of specific vendors and requires mutual agreements, de-
fined roles and clear responsibilities. The solution can be considered as a private cloud (can even
evolve to community cloud, if a group of dedicated companies that has access to the platform exists).
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Figure 6.2: Multi-vendor concept high-level architecture

Advantages

• True multi-vendor platform from the beginning

• Less TU/e human resources needed

• Integration technology on the spotlight

• More attractive showcase

Disadvantages

• Clear roles and concrete arrangements are needed and fast

• Increased complexity due to many different components

• Potential vendor lock-ins

• Unclear feasibility during the project timeframe
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6.2.2 Single cloud provider based concept

For the second concept, TU/e has an elevated role. In this case, fewer companies are involved initially
and TU/e is additionally the owner of the platform. This involves investigation of a possible partner-
ship with a cloud provider, who can facilitate in setting up the cloud environment. In addition, V-tron
and Beijer can still play the role of the application and testing facilities provider, whereas HERE
Technologies can provide an extra stream of location data to inspire location/navigation based smart
applications. Similarly with the first concept, the VIBe electric car fleet can be used for showcases.
However, the main challenge of this option is the elevated role of the university, which will have more
responsibilities.

Figure 6.3: Single cloud provider based concept - high level architecture

Advantages

• TU/e in the lead (closer to the recommendation)

• Opportunity to build knowledge on creating smart systems

• Simpler integration

• More flexibility
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Disadvantages

• More TU/e human resources and funding needed

• More basic showcase than the first concept

• Need to clarify ownership of the system

• Need for more changes internally in TU/e

6.2.3 Approved concept

Due to the time constraints, after two weeks of parallel investigation, it was agreed to implement a
prototype for the platform with respect to the second concept . While the first concept seemed very
promising, the companies did not react on time and therefore, the simpler but more feasible second
concept was followed. Taking into consideration the chosen concept, the next section presents a
market analysis to identify the optimum cloud provider to base the prototype platform and develop a
simple application.

6.3 Cloud providers comparison

While there are dozens of different cloud providers, the investigation was focused on the four biggest
[41]: Amazon Web Services, Microsoft Azure, IBM Bluemix and Google Compute Engine. There
are several reasons for this decision. Firstly, in the case of public cloud services, the existence of
a data center in West Europe is essential, as the performance in terms of connectivity speed and
reliability is highly dependent on that aspect. In addition, these companies offer the widest variety
of services and support, which makes them ideal for organizations new to cloud technologies. The
usability of these services is highlighted by the user experience criterion. This aspect indicates the
level of difficulty in the use of the services by developers, as well as the available on-line support
community. Furthermore, these cloud providers offer the most reliability choices, guaranteeing more
than 99% reliability of applications. Regarding the costs, the comparison considered only the public
deployment model costs and therefore, the on-demand monthly subscription model (recurring and
usage costs). The most important factors on determining the cost of a specific set of resources are the
geographic location of the physical resources and the use of solid-state drives (SSDs) [42]. Finally,
all the cloud providers in consideration support Docker container technology.
Another factor playing a role in the cloud provider decision, is the possibility to use the same cloud
provider for future prototypes and possibly the base the smart mobility platform on the same provider.
In this way, through this prototype, valuable conclusions about the chosen provider can be derived.

Amazon Web Services

Amazon is the global market leader in cloud services. They represent 31% of the market share in
cloud technologies and they are increasing the gap with the second. Amazon Web Services (AWS),
founded in 2006, offers the best variety of cloud services and every month new options are introduced.
However, the increasing number of services adds more complexity to the design. In addition, Amazon
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Figure 6.4: Cloud providers overview [10]

offers the most computational resources compared to its competitors. The price of using AWS is con-
sidered moderate, being neither the cheapest nor most expensive option in most cases [42]. Moreover,
AWS is used by TU Delft, which gives an indication that there is affiliation with universities. Finally,
AWS guarantees 99.995% reliability and has data centers worldwide.

Microsoft Azure

Microsoft introduced Azure services in 2010 and at the moment, it is the 2nd global cloud provider
(9% of the market share). The main advantages of Microsoft Azure are the better user experience as it
uses popular Microsoft Windows tools and the reduced cost compared to AWS in general, as well as
to GCE when SSDs and data centers in Europe are needed. In addition, Microsoft is more university
friendly having a precedence in collaborating with universities which could lead to a more extensive
collaboration with TU/e. Azure provides university packages for educators, students or researches
and is used by more than 750 universities. Finally, Microsoft Azure has a reliability percentage of
99.95% and has also worldwide presence when it comes to data centers.

IBM Bluemix

The third place in the global cloud market (7%) is held by IBM and IBM Bluemix cloud services,
founded in 2013. The difference in IBM Bluemix is that it is more suitable for enterprise solutions.
IBM is providing extensive tools and services for organization, promises reliability of 99.982% and
has data centers worldwide. Bluemix does not offer the variety of services or resources that Amazon
and Microsoft offer and the enterprise mentality (targeting the corporate rather than the consumer
market) categorizes Bluemix as the most expensive option among the top four. Finally, IBM is not
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university friendly as it targets the corporations.

Google Compute Engine

Google introduced their cloud platform named Google Compute Engine (GCE) in 2013. Taking
advantage of their pre-existing infrastructure, they are now at the 4th place in the global market,
representing 4% and growing at a high rate. GCE is considered to be the cheapest option in the USA,
offering a lot of computational resources but not many services yet. While the GCE reliability meter
is at 99.5%, only one data center exists in Europe so far, which is an important drawback, as it can
potentially introduce reliability and data speed issues due to limited resources, while at the same time
increase the costs. Finally, GCE is used by several universities in the UK, which make use of the only
GCE data center in Europe (also residing at UK).

Design choice

From the market analysis of the cloud providers, it seems that the best option for the prototype and
eventually the platform would be to use Microsoft Azure. Despite being the 2nd biggest market player,
Microsoft is known for working well with universities, forming attractive (also from financial point of
view) partnerships. In addition, their vast variety of services ensure that the requirements will be met
and the existing Microsoft developer tools are not only comprehensive but they are also widely known
to developers already. It is also important to note that there is a vast online community working with
Microsoft tools, which contributes to better support. Furthermore, using the public model of azure
services, reliability and good performance is guaranteed as there are plenty of Azure data centers in
Europe (currently, the closest one is in Amsterdam). Finally, one of the partners of VIBe (Beijer
Automotive) has already experience with integrating Microsoft Azure services with the VIBeX API,
which is valuable expertise and can be utilized. As an alternative in case that a cooperation with
Microsoft is not feasible, Amazon Web Services can be used. Apart from being the market leader,
we know that TU Delft is using AWS to educate students about cloud technologies, which means it is
possible that TU Delft has already some collaboration with Amazon.

6.4 Recommended setup

Towards establishing the required initial environment for the prototype platform and the implementa-
tion of the application, several choices were made.

• Cloud provider: As mentioned in section 6.3, Microsoft Azure is the desired cloud services
provider. Although the purpose is to create vendor and cloud agnostic applications, still there
is need for infrastructure to accomplish that. Azure represents for the reasons mentioned in
section 6.3 the most suitable choice for developing the prototype platform and the application.

• Cloud deployment model: From the analysis in chapter 2, it is clear that the most fitted model
for the prototype platform is the public cloud model. It is desirable to have minimal initial effort
and cost to setup the platform as one of the goals is to gain experience with cloud technologies.
In addition, the cloud provider handles the maintenance and management of the platform, as
well as scalability, elasticity and reliability of the services. Furthermore, with the subscription
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payment model, the university is provided with the flexibility of stopping and re-enabling the
services easily, without having any additional costs. The disadvantages of less flexible security
options and dependence on an Internet connection are not that important in this case, as the pur-
pose is not to create security critical and sensitive applications for the time being (e.g. personal,
financial, corporate information), which means that the basic security that Microsoft provides
is sufficient. In addition, the university has always a reliable and fast Internet connection.
Finally, this model provided the only feasible solution to create a simple application, as there
was no availability of a private cloud solution in the project context (section 6.2.3).

• Cloud service model: Ideally, the IaaS model is most suitable as it provides more flexibility
and customizability in creating the desired development environment. In addition, the container
technology is supported better for IaaS solutions currently. However, using an IaaS model
requires human resources, time and effort to design properly. To assess the ease of development
and deployment of a new application in Azure for the prototype platform, both IaaS and PaaS
service models were implemented separately.

• Container technology: As mentioned above, Microsoft Azure is the desired cloud provider
to initiate the platform. Docker is supported by Azure for the creation of single containers.
However, Azure also supports several popular container orchestration technologies, namely,
Docker Swarm, Kybernetes and DS/OS. In this way, the developer can choose which container
service to use and build their application cluster in a hardware and cloud provider agnostic way.
However, the application intended for the prototype platform requires a single container only
and therefore, the aforementioned container orchestration technologies were not used. Finally,
Microsoft provides detailed guidelines on how to work with containers and deploy applications
in them.

• Data replication: As the data flow in the application is minimal and not safety critical, the cho-
sen data replication is LRS for the prototype and the simple application. This choice includes
less costs and is sufficient for demonstration purposes.

• Vehicle integration: A fleet of VIBe vehicles with integrated VIBeX API is the primary option
for test cars regarding exposing real car data to the application.

These choices can be used to evaluate the feasibility of the system requirements of the prototype
platform and provide a solid basis to gain experience from working with such platforms, as well as
enable the creation of the simple application. In addition, it provides a flexible and agile option for
a cloud platform with less initial costs and the ability to stop or continue the services at any given
moment.
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6.5 Specifications

This section explores the specifications of the prototype platform that will be tested for verification
via the application implementation. The list for the complete platform can be found in Appendix D.

6.5.1 Functional specifications

These specifications ensure that the basic functionality of the platform will be present from the be-
ginning via the prototype platform. Developer tools and environments, monitoring and access man-
agement services, as well as services that ensure hardware and cloud provider independence are all
included, meaning that porting existing applications in the platform or developing new ones will be
possible.

Figure 6.5: Functional Specifications
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6.5.2 Non-functional specifications

The non-functional specifications ensure the required on-demand elasticity and scalability of the re-
sources (depending on the demand), as well as the reliability and availability of the platform. All
these functionalities will be handled automatically by Microsoft Azure public services ensuring the
uninterrupted deployment of applications and the scaling of the resources without implications to the
development environment.

Figure 6.6: Non-functional Specifications
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6.5.3 Business specifications

Finally, the business specifications for the prototype platform are intended to demonstrate that the
prototype platform is on the right direction. As mentioned in section, the purpose is to satisfy the
requirements for open development and the creation of simple showcases of smart mobility applica-
tions. The simple application will serve as a showcase of the prototype platform via using the VIBeX
API.

Figure 6.7: Business Specifications
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7 Application implementation

This chapter investigates the implementation options of the prototype platform and the application.
Several implementation scenarios were defined depending on the availability of human and data (par-
ticularly the VIBeX API) resources. Additionally, Microsoft Azure services were used to implement
the application and thus, a choice of a SDE and SDK was made.
The initial goal was to create a prototype of the smart mobility platform with the help of Microsoft and
implement a simple application using the VIBeX API. However, the time restrictions and the uncer-
tainty of available human or data resources, did not guarantee the successful implementation of such
a scenario. Therefore, two alternative scenarios were defined with a minimum requirement to have a
simple and working application using simulated data and Microsoft Azure services. All scenarios are
explained in the next section.
The chapter continues by presenting the requirements, specifications and structure of the developed
application and concludes with two separate implemented cases regarding the use of Azure services
(both the IaaS and PaaS models were implemented as mentioned in section 6.4).

7.1 Available human and data resources

After the two implementation concepts regarding the initiation of the prototype platform were ex-
plained in section 6.2 and the chosen concept was presented, three scenarios were identified as possi-
ble implementations of the application using that concept, depending on the availability of human and
data resources.

• Minimum scenario: The most basic scenario could be implemented if there is unavailability
of real vehicle data. In this case, the coordinates could be simulated and taken from a database.
Only the required Microsoft Azure services to create a functional application would be used, as
the whole application would be created without external assistance.

• Desirable scenario: In order to have real car data, V-tron technologies was approached to
explore possible collaboration. V-tron has knowledge on how to communicate via the VIBeX
API with a car and therefore, this option was promising. However, basic Microsoft Azure
services would still be used as, similarly to the minimum scenario, there would be no external
assistance regarding the use of Azure services.

• Ideal scenario: The best case scenario includes Microsoft, who could assist with connecting a
car to the platform easily, as they have experience with the VIBeX API after their collaboration
with Beijer Automotive in creating the Vetuda connected car platform [27]. Additionally, a more
sophisticated and advanced Microsoft Azure environment could be designed in cooperation with
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Microsoft Azure experts and include services like data analytics or application telemetry data.
In this way, the opportunity is provided to create a more solid basis for possible steps regarding
the development of the platform, as this option could be used to have a first instantiation of the
platform. However, it also represented the least feasible option in the project timeframe.

Figure 7.1: Implementation scenarios for the application. In all three cases, a docker application is
developed. The arrows represent how the components of the prototype are linked in each scenario.

In all three scenarios, a modular and extendable approach will be followed. The application will be
designed in a cloud provider and hardware agnostic way using container technology. It was chosen to
implement the minimum scenario for the prototype platform and the application as it has the fewest
dependencies with external required resources. The desirable scenario was not feasible to implement
due to technical problems of V-tron’s back-office and the VIBeX server. Finally, the ideal scenario
was decided to be impossible to implement due to time restrictions in forming a partnership with Mi-
crosoft.
The goal is to demonstrate the ease of development and deployment, the hardware and platform inde-
pendence, the presence of basic platform functionalities (networks, storage, communication), as well
as the container service and data replication strategies and evaluate the development time and costs
for creating a containerized cloud application in Azure.

7.2 Web application

As mentioned in the beginning of the chapter, a simple application was developed for the prototype
platform. There was no requirement regarding the actual functionality of the application, as the pur-
pose was to be used as a means to verify the prototype platform requirements. However, in this
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section, the requirements and specifications of the application are explained, as well as its structure.

7.2.1 Application requirements and specifications

The following table displays the requirements and corresponding specifications of the application,
based on the chosen scenario mentioned in section 7.1.

Figure 7.2: Requirements and specifications of the simple application

Summarizing, the application was not required to fulfill a specific functionality, as long as it is re-
lated to mobility (and ideally VIBe) and serves as a means for the prototype platform to verify its
requirements (mainly vendor independence and ease of application development/deployment). The
next section presents the technical specifications of the application (SDKs and frameworks used).

7.2.2 Technical specifications

The chosen tool for developing the application is Microsoft Visual Studio 2017 Community edition
and moreover, the .NET Framework v4.6 was used. However, it should be noted that Azure provides
several options for SDKs [43]. The reason to use .NET framework and Microsoft Visual Studio is
mostly due to better Azure support and more integrated developer tools included. In addition, the
Azure Portal was used to create the azure services and to host the application. The application was
created as an ASP.NET Web Application and the Model-View-Controller architectural pattern [44]
was used and the corresponding Microsoft Visual Studio template [45]. For storing the data, a SQL
database was preferred. Finally, the application uses the AngularJS [46] framework (version 1.4.6),
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which makes the development of MVC applications easier [47]. This JavaScript-based, open-source
and front-end web application framework aims to simplify both the development and testing of single-
page applications by especially supporting MVC architectures.

7.2.3 Application structure

This section provides an insight on how the MVC framework was used in the application context. As
mentioned in the introduction of Chapter 6, the tracking application displays the locations of VIBe
cars in Google Maps.
The application displays the location of seven VIBe Mitsubishi Outlanders. The first six have single
dedicated fixed coordinates and the seventh vehicle simulates a path. Every time the corresponding
button is pressed, a query to the database is performed, the respective coordinates are retrieved, and
finally displayed on the map.

Figure 7.3: User interface of the application

Model

Since the minimum scenario was followed, simulated data from a database were used. This data are
real vehicle data recorded from a past demonstration of VIBeX API in 2015. The creation of an MVC
model was not necessary, as the application only needed to interface with a database for that scenario.
However, in case of successfully implementing the desirable scenario with V-tron, an MVC model to
communicate with the car will be created.
The database was created using the ADO.NET Entity Framework [48] and more specifically the Entity
Data Model (EDM) [49], which is a set of concepts that describe the structure of data, regardless of its
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stored form. This framework is useful when the data have a relational structure as data access, storage
and scalability are very efficient.
For the creation of the database, SQL was used. More specifically, two tables were created, one for
the first six vehicles and one for the seventh vehicle.

View

The MVC view file is responsible for the user interface (UI) of the application. The algorithm creates
the initial UI by loading the Google Maps plug-in and the background image. Afterwards, requests
the names of the vehicles and displays them as buttons upon successful response from the controller.
Finally, after every new request for coordinates , the view displays on the map the corresponding
vehicle and its location.
At the end of this file, the necessary JavaScript scripts are loaded. This scrips are responsible for
loading the Google Maps using the AngularJS framework. Moreover, a Google API key is generated
to grant access to the map.

Controller

The MVC controller file represents the interface between the view and the database. It is responsible
for querying the database regarding the coordinates and data of each corresponding vehicle. Further-
more, updates the view with the responses of the database.

7.3 Implementation with Azure

The next step is publishing the application to Azure desired service model (PaaS or IaaS). It was
decided to use both models as a means to evaluate the requirement of ease of development and de-
ployment, as well as compare the costs. As mentioned in chapter 5, the container technology is a
key design choice and the intention was for that to be also included. The SQL database server and
SQL database were created to be the same for both options using the LRS data replication strategy as
mentioned in section 5.2.

7.3.1 App service - PaaS Model

Initially, the PaaS model was implemented. Microsoft offers three PaaS services: App Service, Cloud
Services and Service Fabric [50]. The choice of the suitable PaaS service was based on the criteria
of fast application deployment, support of SQL databases, scaling of resources without redeploying,
and associated cost. After evaluating the options, it was decided to use the App Service model, as
it satisfied all the aforementioned criteria. The application was developed on a local machine and
then deployed to the cloud. The Cloud Services option does not support seamless redeployment
in case of resources scaling and configuration. However, this model provides limited access to the
underlying infrastructure (while the App Service model does not). However, for our case, since the
virtual machines will be used for the IaaS model and access to the infrastructure is included, the use
of Cloud Services model did not add value and thus, the App Service PaaS model was preferred.
As far as the Service Fabric option is concerned, it was rejected due to a considerable difference
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in accumulative costs while providing much more functionality than needed, as Service Fabric is
intended for computation demanding applications.
The infrastructure and middleware layers are completely handled by Azure and the developer has
no way of accessing the computing resources. Furthermore, Azure determines the most computation
efficient way to allocate the resources and takes care of load balancing, automatic scaling of resources,
networking, operating systems and storage.

Figure 7.4: Azure services associated with App Service model
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The figure above shows the services generated by Azure after publishing the application to the cloud.
Only an App Service resource is created and a SQL server. While the App Service model provides
extensive tools for monitoring the resource health and activity of the application, it is not possible to
have access to the infrastructure. However, it is an almost instant way of publishing application to
Azure.
Unfortunately, the support of the PaaS models regarding the container technology is immature yet.
Microsoft only introduced migration of an App Service application to a specific version of Docker
in April 2017 and only for Linux OS. Although it is still under development, the use of PaaS model
is getting more popular than the IaaS models and therefore, Microsoft intends to fully support PaaS
services and all OSs with containers. However, the container service was used only in the IaaS Model
for this application, which is fully supported.

7.3.2 Virtual machine - IaaS Model

Using the IaaS service enables the developer to have an influence on the underlying infrastructure.
Although many flavours of Linux OS are supported, it was chosen to host the application on a virtual
machine running Windows Microsoft Server 2016, mostly for familiarity reasons. As mentioned in
section 5.1, Docker is supported as well. However, to be able to use Docker in that virtual machine,
effort and time was needed to install Docker and setup the development environment on that machine.
Afterwards, the developed application was migrated to a Docker container and successfully deployed
on the cloud.
It is clear that Azure only takes care of the infrastructure layer in this case (storage, networking,
virtualization). The developer needs to take care of the virtual networks, load balancing features and
traffic management. In addition, figure 7.5 shows the resources needed to operate a virtual machine.
The developer has access to storage accounts, virtual networks and even the virtual machine itself.
Firewalls, security groups and networks need to be configured by the developer as well.
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Figure 7.5: Azure services associated with Virtual Machines model
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8 Prototype platform verification

In this chapter, the implementation results of the simple application are verified against the specifica-
tions (section 6.5) regarding the prototype platform. Initially, the container functionality was tested by
migrating the developed application from Azure and Windows Server 2016 to Amazon Web Services
and same OS (section 8.1.1). In this way, the cloud provider independence can be verified. Next,
the docker container is migrated to a Linux Ubuntu 16.04 OS, to test the OS dependence in container
technology (section 8.1.2). Afterwards, an evaluation of the implemented Microsoft Azure services is
performed (section 8.2).

8.1 Container functionality

As mentioned in chapters 5, the container service is one of the important design choices that will pro-
vide independence of cloud provider and software/hardware specifications. The Docker technology
is the main supported container service by the majority of the cloud providers. However, it was only
on April 2017 that Azure officially supported Docker and provided relevant azure documentation and
manuals. Therefore, it is still interesting to verify the level of integration of container technology
in cloud services and the current capabilities regarding migrating to different operating systems or
infrastructure.

8.1.1 Migration to AWS

Similarly with Azure services, a virtual machine was created in Amazon Web Services cloud platform
and Windows Server 2016 was chosen as the OS. Afterwards, docker was installed on the virtual
machine. The next step was to export the container application to AWS virtual machine. The container
image was initially pushed to a Docker Hub repository from the Azure virtual machine.
Afterwards, it was pulled by the AWS virtual machine. The operation was completed successfully
and the image was loaded to the AWS virtual machine. Both procedures are shown below.
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Figure 8.1: Pushing the image to a repository from Azure Windows Powershell

Figure 8.2: Successful image loading in AWS Windows Powershell
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8.1.2 Migration to Linux

The next verification test is attempted migration to Linux Ubuntu OS. This test aims to test the migra-
tion functionality of a container from one OS to another, since all cloud providers support Windows
and Linux OS. However, the test was unsuccessful and the image could not be pulled to Ubuntu. The
reason is that containers are not meant for virtualization, and they are using the resources of the host
machine. As a result, for now, windows containers cannot run directly on a Linux machine.
To be able to run a Windows container on Linux, a Windows virtual machine on top of the Linux OS
is needed. In case of desired opposite operation (a Linux container on a Windows machine), at April
2017 a Docker toolkit was released (LinuxKit[51]). This toolkit provides enough features of a Linux-
based platform at a layer beneath the application, for a container to run a Linux-based application on
any operating system platform, (including Mac OS and Windows) and on any major cloud platform.

Figure 8.3: Unsuccessful image loading in AWS Ubuntu terminal

8.2 Evaluation

This section provides an analysis of the prototype platform and application implementation results and
consequently, the feasibility of initiating such a smart mobility platform is explored. The application
is evaluated against ease of development/deployment, costs, scalability/elasticity, maintainability and
vendor independence.
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8.2.1 Development effort and costs

The evaluation of the time and costs spent on creating the application will demonstrate if the require-
ments explained in chapter 4 are met. Four separate stages can be identified regarding the develop-
ment: creating the web application, publishing to Azure using the App Service (PaaS) without Docker,
publishing to Azure using the Virtual Machine (IaaS) with Docker and migrate the Docker container
of the application to another cloud platform and operating system.

Web application

The development of the Web application considers the minimum scenario regarding the availability of
resources. As described in chapter 7, the MVC framework was used and the application was developed
using the ASP.NET Web Application template of Microsoft Visual Studio 2017 Community Edition.
Effort was needed to reach the desired knowledge level regarding developing web applications, which
had implications on the development time needed.
Regarding the costs, the actual development of the application before it was deployed to the cloud, is
zero. All the tools and frameworks are provided by Microsoft for free.

Figure 8.4: Web application development effort and costs

Concluding, the development of the application had zero cost and in total 2 weeks of development.
Another 2 weeks were dedicated to acquiring the knowledge regarding building web applications
based on SQL databases.

App Service

Using the PaaS model had the advantage of almost instantaneous deployment to cloud. Azure takes
care of allocating the necessary resources to support the deployment of application and its continuous
functionality. Therefore, the only actions needed by the developer is choosing the desired services
and publishing the application.
The initial costs are zero, since the App Service is a public cloud service. However, the use of the re-
quired resources have a daily cost associated with them. For the specific application the cost is shown
below.
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Figure 8.5: App Service development effort and costs

As a reminder, the docker service was not used with this model, since the integration of docker with
PaaS models is not fully operational yet. However, Microsoft indeed offers almost instant deployment
of applications to the cloud with minimal effort to configure the infrastructure.

Virtual Machine

Creating a virtual machine in Azure gave the opportunity of directly having an influence to the under-
lying resources. Therefore, Docker needed to be installed and configured on the remote machine, as
well as development environments and frameworks. However, Microsoft has detailed guidelines on
these topics, and thus, setting up the environment was achieved in a day. Afterwards, the migration of
the web application to docker and the virtual machine required almost another day. The chosen virtual
machine specifications are 4GB RAM, dual core processor, 128GB hard disk drive and 64-bit OS.
Similarly with the App Service, the virtual machine service is a public cloud service for Azure. There-
fore, there are zero initial costs. However, a daily cost is associated with the use of the resource and
is shown below.
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Figure 8.6: Virtual machine development effort and costs

Concluding, the effort needed to use the IaaS service is indeed higher, as well as the associated costs.
However, the user has more flexibility to configure the resources, as well as fully functional container
abilities. In addition, more applications can be hosted in the same virtual machine, which the same
costs, where as in the PaaS model, every new application needs a new App Service plan.

Docker image migration

Migrating to another OS and cloud provider has also some costs and development effort associated.
Firstly, the required environment in AWS needed to be set up. While the instantiation of a virtual
machine in AWS is faster than in Azure, connecting remotely to a Linux OS is slightly more complex
than connecting to a Windows Server OS. Since this option was used to verify the functionality of
containers, the free subscription of AWS was used and therefore, no cost association was needed.

Figure 8.7: Migration development effort
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8.2.2 Microsoft Azure evaluation

After evaluating the two different service models (IaaS and PaaS), several conclusions were drawn
regarding Microsoft Azure services.

• Almost 85% of the development time was dedicated to building knowledge on how to create
web applications. Therefore, it is definitely possible to deploy applications fast with the current
cloud service models. Still, effort is needed to help the developer create applications faster.

• The App Service option is very useful for fast and easy deployment of applications. Combined
with the extensive tooling and environments, is indeed possible to have fast application develop-
ment. There is no need to redeploy the application in cases of scaling or reconfiguring resources
and several maintenance/monitoring tools are provided.

• The Virtual Machines service provides more choices and freedom in customizing the devel-
opment environment, but is also associated with higher monthly costs and development effort.
However, extensive support exists that enable even a single developer with minimum experience
to create an application in weeks.

• Migrating the docker application to another cloud provider was demonstrated successfully.
Thus, cloud vendor and infrastructure independence is possible. However, it was verified that
OS dependence exists for the time being. Virtualization techniques are needed to run docker
applications in different operating systems. For now, it seems better to create Linux containers,
as it is possible with the use of LinuxKit to run them in other operating systems.

• Docker containers are fully supported by Azure IaaS services and are well documented. In
PaaS services, Microsoft constantly increases support but containers are still not completely
functional.

• In all investigated cases, maintenance and management of the infrastructure was taken care of
by Microsoft, as well as elasticity and scalability. On one hand, in the App Service model,
the user has no influence on how the resources are allocated and therefore, Microsoft scales
them according to the demand. On the other hand, in the Virtual Machines case, the resources
were manually scaled successfully with no implications to the development environment or the
application, other than redeploying the docker container in the cloud.

• Regarding the costs, the App Service model charges only for the use of the needed resources,
where as the Virtual Machines model charges for a user-defined set of resources. This can
produce more costs than needed, since the resources used are not optimized according to the
needs of the application. On the other hand, with increased number of applications, the virtual
machines become more cost effective than the PaaS model.

• The public deployment model of Azure certainly fits the purpose of building knowledge regard-
ing cloud technologies and is ideal for the initial setup of the smart mobility platform.
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8.3 Specifications revisited

In this section, the results of the evaluation of the prototype platform are associated with the spec-
ifications and requirements defined in Chapter 6. From the specifications in section 6.5 only three
were not verified (FS04, NFS05, and BS02). The use of open APIs (BS02) was not satisfied due to
unavailability of real car data (section 7.1). As already mentioned, the vehicle data were taken from
a static database. Regarding access control mechanisms (FS04), it was not necessary at the end to
include these services. While it was possible, it did not add any valuable functionality at this specific
application. Finally, dynamic workload (NFS05) was not needed with a static database and therefore,
not evaluated.
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Figure 8.8: Specifications revisited
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9 Conclusions

This chapter presents the conclusions. Important findings and results, as well as recommendations re-
garding future steps, are discussed in detail. Initially, the conclusions regarding the prototype platform
are presented. Afterwards, the recommendation to VIBe conclusions are explained.

9.1 Prototype of the smart mobility platform

This section presents the conclusions after the successful implementation of the application for the
prototype platform. In section 1.3, the goals of the prototype platform were discussed. The intention
was to evaluate the platform on four aspects: ease of development/deployment, vendor independence
regarding the cloud infrastructure, open development and multi-vendor functionality. However, the
attention was focused on ease of development/deployment and vendor independence, as open de-
velopment (specifically the VIBeX API) and multi-vendor functionality were not included due to
unavailability of resources (see below and chapter 6). As far as the achievements with respect to the
prototype of the smart mobility platform are concerned:

• The requirements for the smart mobility platform were derived, focusing on ease of develop-
ment/deployment, multi-vendor functionality, open development and hardware/software/cloud-
provider independence (sections 4.2, 4.3 and Appendix D)

• A cloud-provider analysis was conducted regarding the cloud infrastructure for the prototype
platform and the Microsoft Azure services were chosen (section 6.3)

• Design choices regarding cloud computing deployment and service models, as well as associ-
ated services (i.e. containers) were investigated (chapter 5, sections 6.4, 8.2.2)

• A working prototype of the smart mobility platform and a simple application were successfully
implemented, focusing on the utilization of cloud infrastructure, ease of development/deployment
and cloud/hardware independence (chapter 7)

• Cloud-provider and infrastructure independence was demonstrated via the successful migration
of the application from Microsoft Azure infrastructure to Amazon Web Services using Docker
container technology (section 8.1.1)

• A cost and development time evaluation was conducted regarding the associated costs and time
needed to create and maintain a simple mobility application on the prototype platform (section
8.2.1)
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On the other hand, due to unavailability of resources and time restrictions, several aspects were not
explored. More specifically:

• Open development was not included in the prototype platform as the application did not make
use of the VIBeX API, since there were technical issues involved with the VIBeX server and
there was no connectivity with the VIBe car fleet. This issue could not be resolved during the
available time.

• The multi-vendor functionality was not investigated as there was no possibility to integrate an
existing, vendor-specific application or software component in the prototype platform

• Operating-system independence was not successful as currently Docker containers provide lim-
ited support for that functionality especially in the case of migrating a Windows Docker con-
tainer to Linuxs

From the above results, the prototype platform and the implemented application successfully demon-
strated some of the potential benefits of a smart mobility platform. On the one side, scalability,
maintenance, elasticity and allocation of resources can be handled by the cloud provider using pub-
lic services at affordable costs. In addition, comprehensive development tools and environments are
provided for free (including several tools aiming to facilitate the developer), as well as an extensive
on-line support community. For these reasons, Microsoft Azure proved to be a user-friendly option for
an initial setup of the platform. Moreover, docker was successfully used and proved to be functional
in IaaS Azure services. Thus, cloud-provider independence and ease of deployment are demonstrated.
On the other hand, container technology is currently in the process of being integrated with existing
cloud PaaS service models, and therefore, it is not completely functional yet. However, all the major
cloud providers are projected to provide full integration of container technology. For now, IaaS mod-
els can be used for container technologies, although it requires more setup and development effort. In
addition, effort is needed to create tools that enable the development of applications even faster. More
details on possible steps for technical future work are presented in section 9.3.1.

9.2 VIBe recommendation

Regarding the recommendation to VIBe, a detailed analysis of the region was conducted that resulted
in defining strategic objectives and tactical plans towards a proposed vision of regarding smart tech-
nologies. The VIBe recommendation will be a possible way forward for VIBe and the region in order
to prepare for the smart transformation and exploit the new business opportunities that arise. A clear
road map is defined regarding the steps needed to achieve this purpose. In this recommendation:

• An analysis of the reasons behind the smart transformation of cities around the world was done
(Appendix C)

• An analysis of the global and regional developments was conducted in the context of smart
mobility technology (Chapter 2)

• Two separate SWOT analysis processes were conducted, one for VIBe and another for the
region of Eindhoven (section 3.1 and Appendix C)
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• A proposed vision regarding the future, based on the findings of the above investigations was
presented (section 3.2 and Appendix C)

• Proposed strategic steps and objectives for VIBe were documented (section 3.3 and Appendix
C)

The recommendation was not presented to the VIBe Steering Group committee, due to unavailability
of the VIBe members. However, it was published via email along with an executive summary.

9.3 Future work and recommendations

This section provides recommendations for future work regarding the initiation and implementation
of the smart mobility platform.

9.3.1 Technical work

Firstly, the more technical next steps are identified.

• Docker integration with PaaS: Investigation of migrating an App Service application (or any
PaaS service based application) to a Docker container in Linux [33], since this case is supported
currently by Microsoft (there is still no PaaS support of a Windows container). Combining the
PaaS functionality regarding ease of deployment with the hardware and cloud provider indepen-
dence provided by a container technology such as Docker, can provide better optimization and
automatic scalability of resources needed for containers, as well as minimizes the development
environment setup effort, while simultaneously isolating the application from any dependence.

• Application using the LinuxKit: The use of LinuxKit can provide insight on how a Linux-
based docker application can be not only cloud provider and hardware agnostic, but also OS
independent.

• Implementing the VIBeX API: Real car data using the open API of VIBe in combination
with a docker application, can provide a better showcase of the smart mobility platform, as the
requirement of using open standards will be satisfied.

• Migrating a vendor application to Azure: Towards investigating the multi-vendor functional-
ity, an existing, vendor-specific mobility application can be migrated to a docker container and
eventually deployed through Azure.

• Continuous Delivery, Continuous Integration and Continuous Deployment tools: Towards
facilitating the developer, continuous delivery, integration and deployment tools can be inves-
tigated (Microsoft Visual Studio already provides support for this kind of tools). Continu-
ous integration focuses on integrating work from individual developers into a main repository
multiple times a day to catch integration bugs early and accelerate collaborative development.
Continuous delivery is concerned with reducing friction in the deployment or release process,
automating the steps required to deploy a build so that code can be released safely at any time.
Continuous deployment takes this one step further by automatically deploying each time a code
change is made [52]. In this way, the developer’s effort can be minimized and the development
process can be automated.
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• API Management service: API management is the process of creating and publishing web
APIs, enforcing their usage policies, controlling access, nurturing the subscriber community,
collecting and analyzing usage statistics, and reporting on performance. In case of multiple
APIs, this service can simplify the developer’s effort.

• Investigation of Docker Swarm: Orchestration of containers can be explored by using multiple
containers in the case of multiple running applications. In this way, management of containers
and maintenance can be investigated (section 5.1.3).

9.3.2 Smart Mobility Platform initiation

The recommendation to VIBe is accompanied by the proposal of a cloud platform for smart mobility
applications, hosted in the TU/e context.
One of the strong supporters of the effort is NXP Semiconductors, as they have committed in facili-
tating further even after the completion of the PDEng assignment. Similarly, V-tron technologies are
considering the option of developing a new application for one of their clients on an initial setup of
the smart mobility platform.
The interest of the public authorities is also quite high. Gemeente Eindhoven is considering using the
platform for smart city applications and smart mobility showcases. However, there have not been any
concrete arrangements with the Gemeente yet. In addition, the Organization of Dutch Municipalities
(Vereniging van Nederlandse Gemeenten) is fully supportive of the project.
Thus, several options can be interesting regarding an initial setup of the platform and are proposed
below:

• TU/e can assume the responsibility of creating an initial setup of the Smart Mobility Platform
with the help of Microsoft. After two initial meetings, Microsoft is very interested in helping
TU/e in developing knowledge regarding cloud computing and specifically Azure services. The
requirement is that the project is officially part of a department of the university.

• The members and partners of VIBe are eager to help with more projects and proof-of-concept
applications in the smart mobility platform (V-tron application for example)

• NXP has already agreed on financing at least one more PDEng trainee to further work on the
platform. In such a case, more prototypes can be created to get a better understanding of the
platform

• As mentioned above, the external interest is high which can create more opportunities for
projects and applications using an initial setup of the platform. However, concrete arrange-
ments were not discussed during the available project time.

• The Department of Mathematics and Computer Science has shown interest in being responsible
for the platform

• Thorough investigation regarding the required costs and human resources for a first instantiation
of the platform is needed
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A Project Management and Retrospective

In this chapter, the project management activities of the project are explained. The objectives of the
assignment were multidisciplinary and not strictly technical, which made the whole process a lot more
interesting and special.

A.1 Project approach

The initial questions of the project were at a higher level of abstraction, which required a more en-
trepreneurial approach. While the direction and the path to follow were not clear, the goal was of
great importance not only for the region and its adoption to smart technology but also for VIBe and
its continuity. Therefore, it was clear from the beginning that the technical part of the assignment
would derive from the analysis conducted for the VIBe recommendation. Consequently, effort and
time were invested in understanding deeply the smart domain and afterwards, the status of the region
in the smart area.
The creation of a prototype of the Smart Mobility Platform and an application were the technical as-
pects of the project. As mentioned in section 1.5.3, the V-Model engineering process was followed
from deriving the requirements up to creating a working prototype of the platform and the applica-
tion. On parallel, throughout the whole project frequent iterations of the VIBe recommendation were
conducted that resulted in the final version on October 2017.

A.2 Project stakeholder analysis

In this section, the stakeholders of the project are presented. The project owner and major stakeholder
is VIBe. An equally important stakeholder is considered to be TU/e and the reasons are analyzed
below. Finally, the importance and impact of the results of the project have a direct influence on the
business world of the region of Eindhoven, as well as the regional authorities. Below, a stakeholder
matrix presents the overview of the stakeholder analysis (figure A.1).

A.2.1 Technical University of Eindhoven

The Technical University of Eindhoven has multiple roles in the project. Firstly, as aforementioned
above, TU/e is an important member of VIBe via Professor Maarten Steinbuch and therefore very
interested in the results of the project. Additionally, it is necessary to keep the appointed supervisor
from the university satisfied, who has the task of ensuring that the project is in the correct direction
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Figure A.1: Stakeholder matrix

and fulfills the PDEng requirements. Finally, the ASD Management needs to be informed regularly
about the progress of the project, in order to be reassured that there are no issues with the process.

A.2.2 Region of Eindhoven - Brainport

Although Brainport is not directly linked with the project, several companies provided valuable in-
sights on the status of the region, which proved to be crucial in understanding the current regional
issues. Furthermore, these companies can potentially aid with the technical aspects of the project and
therefore, their feedback should be taken into consideration.

A.2.3 Local authorities - Gemeente Eindhoven

Similarly with Brainport, the local authorities represented by Gemeente Eindhoven, are not directly
linked with the project. However, it is very important for them to understand the problems of the
region in order to act accordingly. Thus, the authorities are an equally important stakeholder that need
to be monitored and informed about the results of the project.
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A.3 Planning

The following figure displays the final planning as it was defined. It is important to note that the
planning kept being adjusted according to the progress of the project and with the goal in mind to
meet the deliverables by the end of September.

Figure A.2: Final planning
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A.3.1 Activity-cost estimations

From the beginning of the project, the intention was that an application will be created using cloud
services. This resulted in a small cost of using Microsoft Azure services, which was presented in
Chapter 8.
The activities of this project had many facets. From discussions with Chief Executive Officers about
strategy and visions regarding the future to understanding cloud technologies and how to design smart
systems. The following figure gives an overview of the activities performed:

Figure A.3: Activities estimations

A.4 Communication management

As mentioned many times before, the project required a lot of meetings with people from the industry
for various reasons (VIBe recommendation, TU/e Smart Platform). Through the course of the project
more than 25 meetings with people from the industry were conducted, 9 Project Steering Group
Meetings (PSGMs) and countless meetings with the Project Owner and Mentor, Hans Brouwhuis.
The plethora of meetings often coincided with technical work about the prototype plaform and the
application development. Therefore, careful planning and arrangements beforehand were made. Be-
fore every meeting, an agenda was sent so that the participants have a chance to prepare. Similarly,
afterwards, the minutes of each meeting were written, recording the agreements and conclusions of
that meeting.
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A.5 Risk management

To mitigate potential risks of the project, a risk register was followed and reviewed every two weeks.
In case of critical risks, actions were discussed during the PSGMs and the discussions with the Project
Owner. The final version of the register is presented below:

Figure A.4: Risk register
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A.6 Project Retrospective

This section provides an opportunity to reflect on the PDEng assignment. As in every project, there
were aspects that progressed very well and other aspects that were more challenging. In any case,
valuable lessons were learned and personal growth was achieved in several areas.

A.6.1 What went well

The project started with the goal of creating a strategic recommendation for VIBe regarding the next
steps in the smart domain. Based on this recommendation the continuance of VIBe would be decided.
In these 10 months, the expectations of the client were surpassed as not only the recommendation
was conducted but a prototype of the platform and a simple application were designed, realized and
demonstrated. In this way, the project really opened the discussion regarding taking the necessary
steps towards exploiting new opportunities in the smart area. Furthermore, through this project, TU/e
has an opportunity to open new research areas and lead the region with respect to the smart tech-
nologies, as well as attract more talent, students and companies. Similarly, the region of Eindhoven
and the local authorities can now link with TU/e in creating showcases of smart applications and dive
into the smart domain. Finally, the management of the project was successful despite that it involved
several multidisciplinary activities (technical design, entrepreneurship).

A.6.2 What was challenging

As mentioned before, the project did not have a clear technical goal in the beginning. On the one
hand, this provided freedom to explore all possible directions but on the other hand, required a lot of
time to identify which direction would make sense for VIBe and the PDEng assignment. Due to this
situation, it was not until May that the Smart Mobility Platform was conceived as a possible technical
route that makes sense for all the stakeholders involved. Therefore, only 5 months were remaining to
design and implement the prototype. This period included also the summer holidays which made the
efforts to arrange meetings with interested parties more difficult.
It is also worth mentioning that there were limited resources in the university regarding building up
knowledge in the cloud computing domain. Consequently, it required personal and extensive effort to
reach the appropriate level of understanding in order to design the simple web application.

A.6.3 What I have learned

I entered a project having been trained in approaching a problem from only technical point of view and
at the end of the assignment, I experienced what it means to be an entrepreneur and a systems engineer,
trying to find multidisciplinary solutions that satisfy not only technical criteria but also business and
strategic objectives.
I strongly encourage the initiation of more similar projects, as they give an opportunity to understand
the roots of a problem (which are rarely only technical) and try to find the solution that satisfies
different kinds of requirements (system, business, etc).
Personally, I developed skills outside my comfort zone, which include being able to discuss at different
levels of abstraction (from strategic high-level concepts to low-level technical implementations), to
link technology with business and to manage stakeholders.
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B Entrepreneurial content

This appendix contains more details regarding the business aspects of the assignment. The interviews
and meetings conducted, as well as the construction of the market maps that gave useful insights are
presented.

B.1 Meetings and Interviews

In this section, the most important meetings and interviews are explained. However, numerous infor-
mal discussions took place throughout the project that gave crucial information towards the finaliza-
tion of the VIBe recommendation.

B.1.1 Initial interviews

• Olha Bondarenko - Gemeente Eindhoven, Strategic Advisor

• Ronald de Beijer - Beijer Automotive B.V., CEO

• Wim Vossebelt - V-tron Technologies, CEO

• Maurice Geraets - NXP Netherlands, Board Member

• Tim Wouda - Ericsson, Head of Transport Systems (ITS)

B.1.2 Meetings for the TU/e Smart Platform

• Ronald de Beijer - Beijer Automotive B.V., CEO

• Wim Vossebelt - V-tron Technologies, CEO

• Tim Wouda - Ericsson, Head of Transport Systems (ITS)

• Rene van der Mast - Ericsson, IoT and Applications, Business Unit

• Bart Coppelmans - HERE Technologies, Business Development IoT, Solutions Program Man-
ager

• Sander van den Hoven - Microsoft Netherlands, Principal Technical Evangelist (1st round)

• Sander van den Hoven - Microsoft Netherlands, Principal Technical Evangelist (2nd round)
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B.1.3 TU/e meetings

• Aleksandra Kuzmanovska - PhD candidate

• Prof.dr.ir. Dick Epema - Former faculty member TU/e, Chairman TU Delft Distributed Systems

• Prof.dr.ir. Maarten Steinbuch - Chairman Control Systems Technology

• Dr.Ir. Carlo van de Weijer - Director Strategic Area Smart Mobility

• Bert-Jan Woertman - Commercial Director

B.1.4 External interest meetings

• Guido Dierick - NXP Netherlands, General Counsel, Management Team member, Country
Manager

• CeesJan Mol - Gemeente Eindhoven, Strategy Digital Ecosystem advisor

• Marijn van der Poll - vanderPolloffice

• Cas Hariri - TU/e Innovation Lab

B.2 Market maps

As mentioned in chapter 1, two market maps were created in order get a better understanding of the
global and regional developments in the context of connected car technologies.

B.2.1 Global market map

Regarding the global developments, the top 300 companies worldwide were analyzed and categorized
according to their product domain. The identified categories were chosen based on general function-
ality and main business case. These information were mainly gathered from numerous sources from
the web and particularly the technology market intelligence company CBInsights and the goal was to
understand the reasons behind the success of these companies.

91



Figure B.1: Global market map
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B.2.2 Regional market map

The region of Eindhoven was investigated regarding the companies, institutes or initiatives related to
connected car technologies. Information was gathered mainly from the interviews, as well as from the
Automotive Week 2017 in Helmond, which took place in March 2017.

Figure B.2: Regional market map
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C VIBe recommendation

This section presents the proposed recommendation to the VIBe Steering Group committee regarding
the necessary next steps for VIBe but also the region of Eindhoven in the context of smart mobility
and in general the smart arena. Moving from examples of smart cities and zooming in VIBe and smart
mobility, key steps are identified in order to propose a vision regarding the future.

C.1 Introduction

Initially, examples of arguably the currently smartest cities in the world are explained. In addition,
global developments regarding smart mobility and connected cars are included and thoroughly inves-
tigated.

C.1.1 Smart cities

Over the past several years, the idea of the being ’smart’ has emerged as a key mechanism for cities to
find innovative solutions to the challenges that they are facing, as well as to offer an attractive environ-
ment for new talent and entrepreneurship. In addition, increased demand for infrastructure, housing,
transportation, jobs, energy, food and water are all straining city governments and infrastructure, as
people around the world flock to urban centers in hopes of a better life and more opportunity.
For many years, the push to create smarter cities was led by technology companies looking for uses
(and buyers) for their products. However, in recent years cities have begun to think more holistically
about what being a smart city could mean, and have innovated new ways to modernize how a city
serves its citizens. As shown in figure C.1, several sectors play a role in defining the concept of the
smart city. From smart energy and smart mobility to smart education and smart healthcare, these main
pillars play in important role in the smart transformation of cities.
Below, some examples of arguably the smartest cities in the world are presented:

• Copenhagen: Copenhagen is a living laboratory for testing smart technologies to handle the
challenges of urbanization and climate change. Unique access to data and efficient public-
private sector partnerships attract many multinationals. Copenhagen has become a preferred
living lab for testing and developing smart city technologies, owing to easy collaboration with
academia, the public sector and industry. Moreover, the Danes are early adopters of new tech-
nologies, and Denmark has a long tradition of citizen involvement in urban planning and devel-
opment.
Copenhagen is a breeding ground for smart city start-ups. Around 250 companies are involved
in smart city activities in Copenhagen, and small companies make up two thirds of the smart
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Figure C.1: Smart Ecosystem

city industry, offering attractive investment opportunities as well as bridgeheads for collabora-
tion with the public sector in Denmark. For decades, the Danish authorities have collected and
stored basic data about citizens, businesses and real estate in order to digitize services across
administrations and sectors. A new government program provides free access to public data
sources in the aim to drive smart city innovation.

• Barcelona: Barcelona has regularly ranked highly on the annual smart cities rankings. Perhaps
it is no surprise then that Barcelona is working on becoming the Mobile World Capital, is the
host of the largest annual smart cities event (the Smart City Expo) and was recently awarded
the title of Europe’s Innovation Capital.
The city has also made its Sentilo sensor and actuator platform available on the Internet. The
open-source software platform can be found on Github. The availability enables city plan-
ners around the world to study data from Barcelona’s smart city projects and learn from them.
Barcelona’s 22@ innovation district is also an impressive mix of smart urban planning and en-
trepreneurial innovation. This sector of the city has been transformed into an innovation home
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attracting local and international entrepreneurs to set up shop.

• Helsinki: Helsinki really shines in the Smart Government arena. They have more than 1,200
open datasets and 108 applications have been built and are in operation which leverage their
open data program. They also played host to the first global Open Knowledge Festival in 2012.
Helsinki also launched their Forum Virium Smart City Project to provide ubiquitous data to
their citizens in hopes of improving quality of life.
Helsinki has a strong commitment to digital technology. A full 100% of residential and com-
mercial buildings have smart meters, and 70% of commercial buildings leverage automation
systems to enhance efficiency.

• Singapore: Singapore is aiming to become the world’s first ’smart nation’ through a range of
initiatives leverage intelligence, integration and innovation to become a major player on the
world stage. .Singapore also has an open data platform related to data collected by sensors
located on the island. Some cities conduct smart cities projects and do not make their data
available to the public. When that happens, it is just the city deciding what will be done in
isolation. But Singapore is trying to engage its citizens to help determine what to do.

While there are many more cities that try to transition to the smart area, these are among the front
runners for specific reasons. They all follow a people-centric approach, realizing that the purpose
is to involve people in the process. Moreover, easy collaboration with academia, the public sector
and industry is seemingly the mindset and the difference maker compared with efforts of other cities.
Finally, innovating in an open and collaborative environment can capitalize on the collaborative spirit
and enable more innovation in the right direction.

C.1.2 Connected car and smart mobility

One of the main pillars of the smart cities is smart mobility. Undeniably, smart mobility and the
connected car technologies have been driving the efforts to understand what it means to be smart from
technological but also business point of view.

Developments

Especially the connected car technologies have risen in popularity in the last 5 years immensely as part
of the current and very disruptive invasion of the smart technologies in various domains. Everyday
new partnerships, merges, and collaborations are formed, while the automotive OEMs still explore
how they can maintain their market share. Either by investing in creating a complete solution in
house or by forming partnerships with expert companies, they try to leverage new technology to open
new business opportunities in order better adapt to the new reality. Latest example is the partnership
between BMW, Intel (along with the recently acquired Mobileye) and Delphi (since May 2017) for
autonomous vehicles.

Many of the contemporary companies recognize that eventually the car will be another connected
to the cloud device, just like modern smartphones or wearables, being part of the smart ecosystem.
Emphasis will be given to customization of applications that can be accessed from anywhere, even
from the car. Each user will have a unique, customized profile that can be accessed by each mode of
mobility (an initiative promoting this vision is MaaS Alliance) and would enable the user to choose
the navigation system or infotainment application that satisfies the requirements. The attention will
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Figure C.2: An overview of the connected car companies around the world

be shifted from the device to the person using that device, creating a unique experience.
Traveling from A to B used to be the main goal of mobility. However, it is expected to be just one
of the many services available in the car, which by itself will be another component in the smart
ecosystem, providing connectivity with the other smart domains.

Trends

There are several trends in the connected car landscape that are shaping the future of mobility. The
most important ones are:

• Radically new technology at low prices: Technological innovation is accelerating, particularly
the quality of connectivity and sensors. Innovative companies, both established automotive
manufacturers and new entrants from the technology industry, are investing accordingly in new
technologies and services.

• New mobility concepts focusing on urban customers: Urban residents in Western markets
appear to be losing interest in owning their own cars, a trend exacerbated by their desire to move
to urban areas, where cars simply are not a requirement, and where public transport and ride
hailing applications can easily fulfill their needs.

• Evolving regulatory and policy constraints: Policy and regulations typically lag behind tech-
nological progress, at least in the beginning of a new phase.

• New high-tech entrants drive faster: Nontraditional tech companies are gaining traction in
the very technology that makes cars run and in so doing, they are disrupting the traditional
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vehicle technology value chain. Their data-centric business models are different too, being far
more dependent on revenue from ongoing services and the sale of information.

• Smart domain and augmented reality: Being smart is being able to seamlessly integrate new
technology into daily operations. As connectivity (to the cloud, infrastructure, etc) is becoming
more and more important, the system integrators face new challenges such as: complexity, secu-
rity, development speeds and finally, integration of radically new technologies like augmented
reality, which introduce a new era of user experience.
Augmented reality is regarded as a new wave that is expected to have a serious technological
and societal impact, even in automotive applications. There are already concepts like augmented
reality dashboards or infotainment systems and they are expected to drive the automotive AR
market at an annual growth rate of almost 18% by 2020.
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C.2 Analysis

After investigating the global and regional developments, a SWOT analysis (strengths, weaknesses,
opportunities and threats) for VIBe and the region was conducted, in order to better understand the
potential of the region as well as warning signs of wrong direction.

C.2.1 Region

Below, the SWOT analysis for the region and the results are presented:

Figure C.3: Brainport SWOT analysis matrix
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Strengths

• Location: VIBe and in extension the Brainport, reside at the heart of Europe, having the po-
tential to become a technological hub of the continent. In addition, Brainport is considered to
be the smartest part of Europe, accommodating some of the most innovative companies of the
continent, knowledge institutes and international experts.

• Experienced in ITS: The Netherlands is a leader in Traffic Management innovation. A lot of
institutes, projects, initiatives confirm that every year. All these projects have provided very
useful test data and learning lessons for the future and also prove that the region is open to
innovation.

• Resources: The individual growth of the companies in Brainport is suggesting that there is
room for investments and entrepreneurship. The region is expanding business wise and the
question is ultimately, how to better spend the available resources, serving the right vision.

Weaknesses

• Absence of smart leadership: As mentioned before, many prerequisites of being successful in
the smart domain exist in the region (capital, experts, companies, innovation). However, there
is one element missing: leadership. While in the past companies such as Philips could drive a
region forward, today no such company exists, especially in the smart mobility area. Conse-
quently, it is highly important to define clear roles and responsibilities, as at the moment the
absence of a clear vision creates obstacles in defining the way forward (investments, concepts,
planning, etc).

• Limited awareness: During the Automotive Week 2017, a survey from Connecting Mobility
was presented regarding the perception of the connected car among professional users. Almost
3 out of 4 people were not aware of the term connected car. That example indicates that the
region is still not aware of the potential of smart mobility (and in extension smart technology)
and what that means for the consumers or the business players of the region.

• Lack of common vision: The absence of leadership influences heavily the the creation of a
common vision regarding smart mobility and smart cities. The lack of such a vision about
the region creates uncertainty regarding the direction of new (or existing) smart projects and
eventually fails to convince the region about the potential of these technologies. It also hampers
the placement of smart investments in platforms and toolboxes that could transform the region
(such as open or multi-vendor platforms).

Opportunities

• Technological maturity: The days when the ideas were mature but the technology could not
support them, is passed. Currently, technology is rapidly progressing (especially in the mobility
sector) and is able to satisfy great demands. It is the first time in history, that it is a matter of
putting the right ideas in place rather than focusing on the technology behind it.

• Novelty: Smart mobility and smart technologies have yet to be evaluated and standardized.
While some regions are further along than others, no one has all the answers yet. This gives a
huge opportunity to innovate and create original concepts in this domain.
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• Foundations: The region of Eindhoven, despite being relatively small, has proven to be open to
innovation. From the ITS projects in Helmond to smart lighting grids in Eindhoven, the region
has shown that it welcomes new smart projects.

Threats

• Smart Tsunami: As mentioned in previous sections, a smart tsunami is coming our way, mean-
ing that many technology sectors are changing. Traditional practices and business models are
being replaced by new ones, that focus on the user instead the device itself. Cars are becom-
ing greener, smarter and more software oriented, demanding a change in the existing business
models. Therefore the question is how can each company find the way to be part of this smart
tsunami, utilizing the opportunities that arise and being agile enough to adapt to the new con-
ditions. Considering the second incoming wave related to augmented reality, the danger of
staying at the observer’s role rather than actively engaging in these technologies is real.

• TU/e readiness level: The Eindhoven University of Technology is an important source of neu-
tral and pure innovation. However, there are issues suggesting that TU/e is not ready yet to lead
the region in the smart era. First of all, there are no faculty members with expertise relative
technologies and the focus is on the application level only rather than on the complete infras-
tructure. Moreover, the departments seem unconnected and unaware of the individual smart
projects that are being carried on by students. All the aforementioned elements demonstrate
that the importance of organizing a smart leadership inside the university as well.

• Lack of policies: The slow adaptation of the policy makers (in a country but also at European
level) could pose a challenge. The struggle to resolve the data ownership and privacy issues
is slowing down the process of enabling connected car technologies. However, the need to
establish legislation is identified in the Declaration of Amsterdam as highly critical towards the
development of connected car technologies and intelligent transport systems.

• Solitary approach: Historically, in case of new technology, most companies try to create com-
plete, vendor specific solutions and claim novelty. This often costs capital, effort and time to
all the competing companies, who engage in a last-man-standing competition. If the region
is drawn into this process, Brainport will be falling behind compared to other regions that ap-
proach the smart transition from a collaborative and unified perspective.
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C.2.2 VIBe

Similarly, the figure shows an overview of the SWOT analysis for VIBe and afterwards, the findings
are explained in more details.

Figure C.4: VIBe SWOT analysis matrix

Strengths

• Innovative concept: The initial objective of VIBe was to design and develop an open platform
for electric vehicles in the format of a Living Laboratory. The rationale behind this objective
was to stimulate entrepreneurs and companies to develop and test their innovative products and
services in a real condition environment and produce results faster and cheaper. Innovation is
the reason for existence of VIBe and should remain us such.

• Applications based on open APIs: VIBe has succeeded in initiating discussions about open
architectures and joined initiatives with collaborative spirit. More specifically, VIBe has been
responsible for the development of applications by members and partners using the VIBeX API.

• EV stimulation: The Netherlands are among the leaders globally in EV adaptation. VIBe
contributes by stimulating EV leasing schemes to employees of the VIBe company members
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but also, by providing a fleet of EVs to be used for application development.

Weaknesses

• Business model: The industry is not convinced regarding the value of open architectures and
standards, questioning the existence of a viable business model. The reason for that is that
companies approach open standards from a business perspective, as companies try to protect
their intellectual property and individual commercial value generators.

• Branding: The publicity of VIBe is not high enough at the moment, meaning that apart from
the current members and partners, very few are aware of VIBe and its mission.

• Monitoring: The first idea behind VIBe was to create a communication platform in order to in-
spire companies to develop their own application using that API. However, after the first release
of the API, there was not enough monitoring of the updates and modifications implemented by
the companies that used the API.

• Showcase: Although there have been a few implementations of the VIBeX API, still the ab-
sence of a strong showcase is hampering the effort to attract more partners and to inspire the
region. Several times during the interviews with people from the industry, the remark was made
that a working proof of case is missing. Apart from the API, there is no establishment of open
innovation platforms yet and the absence of relevant showcases is an issue.

Opportunities

• Leadership: As mentioned in the regional SWOT analysis, the region is suffering from leader-
ship absence. VIBe has a real chance to tackle this problem by emitting the right vision about
the smart cities of the future and provide a clear direction.

• Extending the vision: Assuming leadership means to not only address one smart domain (e.g.
mobility). The vision need to be adapted in the smart ecosystem context. Having mobility as a
showcase, the first steps can be made into understanding how the bigger picture looks like.

• Growth: Through embracing the smart ecosystem vision, more sectors are addressed that could
also be linked with smart mobility (smart energy, smart business, etc). That could give the
chance to VIBe to connect all these domains and inspire multi-domain solutions.

Threats

• Suitable members: It is key to have members and partners that believe in the same vision. In
this way, everyone is an ambassador of VIBe. In the opposite case, it is difficult to set a strong
example in the region and therefore, the message will not be persuasive enough regarding the
urgency to adapt to the smart transformation.

• Adaptability: The current developments have shown that creating an open API and providing
it to interested parties is not enough to create the avalanche effect that can change an industry
and alter mindsets. Adaptation is needed to introduce something bigger that demonstrates the
added value of using smart technology in an open and collaborative way.

103



• Message: VIBe should not be seen as a business entity. VIBe should represent the vision on
what it means to be smart and a plan on how to get there. It should be a hub of members that
believe in that vision and a facilitator of projects aiming at the right direction.

C.3 The Way Forward

C.3.1 Towards a smart society

It is clear from all the above that a collaborative spirit is needed in order to survive in the new smart
reality. The private sector, universities or research institutes and the authorities need to work closely
together, driving innovative and disruptive projects, as well as creating inspiring smart showcases.

Figure C.5: The Way Forward

A lot of cities are already claiming that they are on the way to become ’Smart Cities’ or ’Smart So-
cieties’. The common denominator is always the efficient collaboration of the above three partners.
The private sector companies form mutually beneficial agreements with the authorities regarding use
of smart systems and handling of public data. The authorities rely on research and educational institu-
tions that can provide showcases to demonstrate the added value of the smart platforms, utilizing the
core purpose of these institutions which is to promote new technologies and to provide a peek into the
future. Finally, the business world combines forces with the universities to create innovative concepts
that can also be implemented in the real world. The combination of all these factors is able to create
the necessary foundations to transform a city into a smart society, having as core belief that the cities
of the future are people oriented.
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C.3.2 Private sector role

As mentioned in the previous chapter, the region has a lot of potential when it comes to having the
necessary financial and technical infrastructure to realize innovative concepts. However, leadership
and awareness of the actual impact of these technologies are missing, which explains the delay in
adapting to the new reality.
The role of the industry around Brainport involves adopting a collaborative spirit and dismissing
the solitary approach. The realization that the transition to the smart era can unravel huge business
opportunities for everyone involved only if the region follows a unified approach.
However, there are a few aspects that need attention. Firstly, working together also means embracing
the open mentality. While this does not mean that everything should be open and free, it certainly
means that open development and sharing data under specific agreements are integral ingredients.
The individual vendor products that add commercial value to each company will remain black boxes
but the interfaces should be open and shared. The industry needs to be an example to follow on how
to adapt to the new smart reality, showing vision and decisiveness while understanding the numerous
opportunities that will arise, if a more collaborative and open mentality is adopted.

C.3.3 Universities Role

The Eindhoven University of Technology is a strong founding partner of VIBe. Being the place where
innovation starts and heavily involved in smart mobility concepts, the TU/e should play an elevated
and crucial role.
Supporting open standards and architectures is a common belief of TU/e and VIBe. That, combined
with young engineers with fresh ideas can be the spark to create these applications and be the source
of inspiration regarding smart (mobility) applications. These students are engineers that will play an
important role in the next 10 years in establishing the region as a smart era leader.
However, as mentioned in the SWOT analysis, the TU/e has not still reached the desired engagement
level. It is crucial that a world-renowned institute as TU/e understands what it means to be part of the
new smart reality. By taking actions such as organizing leadership at a higher level for the purpose of
connecting the different departments and smart projects. A unified communication stream is desirable,
as well as an integration of different projects that use the same infrastructure (especially related to
cloud computing). The university has a great chance to be the leader of the transition to smart, cloud
connected platforms, starting from mobility applications and expanding to all smart domains. In that
way, partnering with companies, very innovative projects can be created that would provide a chance
to build up on previously earned valuable lessons. TU/e can take the lead to demonstrate what it means
to be smart in the future and in this way prepare for the next tsunami related to augmented reality.

C.3.4 Authorities Role

The role of authorities is very crucial towards enabling connected car technologies and smart solu-
tions in the region. Policies and regulations can really accelerate the establishment of the required
infrastructure.
VIBe and the local authorities have several goals in common. Similarly with the TU/e, one of them
is the support for open standards and architectures. The first steps have been made from the local au-
thorities by publishing guidelines for using open architectures (IoT Principles document). That shows
eagerness to build the legal foundations for smart city and mobility initiatives. On the other hand, the
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business world understandably wants to protect its business models and is very skeptical towards that
mentality. If VIBe and the authorities align their goals, it could directly link the policy making with
the business world and the public interest, which could lead to more fruitful discussions and agree-
ments.
The collaboration of VIBe and the private sector of the region with the authorities is positive so far but
there is room for improvement. The local authorities really want to involve the industry in creating
innovative concepts and they want to form beneficial collaborations. In addition, they consider VIBe
to be a very good example of an attractive initiative, that can be inspiring for the government to invest
in. Therefore, it is definitely interesting to investigate ways for closer cooperation. The local authori-
ties aim to introduce several smart city initiatives in Eindhoven, which combined with smart mobility
and intelligent transport systems can really make Brainport a high-tech hub of the region. To realize
that transition, the authorities decided to create a smart leadership team that will be able to lead the
region with decisive actions. It was widely accepted that until now a lot of capital was spent without
having a clear goal and understanding of what it means to be smart. The authorities decided to change
that which provides a great opportunity for new agreements, showcases and projects that convey the
right vision.

C.3.5 Translating the words into actions

After the thorough analysis, it became clear that an initiative is needed to help the region understand
the long term vision.
A possible implementation of this initiative is the creation of a smart, multi-vendor toolbox led by
TU/e that can support smart applications, stressing mostly topics regarding the integration technology,
the seamless and open application development/deployment and the prevention of vendor lock-ins in
integration technology and open platforms.
Focusing initially on smart mobility applications, this platform will enable any developer (students,
companies, individual developers) to create and deploy smart applications fast by providing a toolbox
with all the necessary tools and infrastructure required. It is important to note, that it will be a multi-
vendor platform, meaning that the components and modules can be shared among the developers. In
this way, an open, collaborative and shared cloud platform is created that is able to host all different
kinds of smart applications in a vendor agnostic and independent way.
The creation of such a toolbox is very important for various reasons. First of all, a showcase envi-
ronment is created where anyone can develop and test an application but also create prototypes of
components. Moreover, it can potentially lead to an open multi-domain platform, where different
types of applications can exist and thus, evolving into a smart ecosystem. Finally, it will attract atten-
tion and spread the word that the region and TU/e are acting and taking the leadership.
This system not only has the potential to create a vast variety of demonstrators, but also will act as
a self-evolving system that could at the end be standardized. Services that create a hardware and
cloud provider agnostic platform can be developed and can provide true independence. It is also very
important to host the platform in the TU/e context, as it provides a neutral and safe ground for pure
innovation.
As potential users of the platform, there are already talks of hosting TU/e connected car hackathon
competitions for students and in addition, the High Tech Campus startups are interested in using the
platform to create prototypes. It is only logical that the interest will keep rising.
With the struggle between the open standards and the closed systems still in place, it is probable that
eventually the system integration strategy will be the most important aspect of the smart architecture.
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Figure C.6: High-level architecture

C.3.6 Current status - October 2017

The potential of such a platform immediately attracted interested from inside and outside the univer-
sity. As mentioned above, it is highly important to host the system in the TU/e context and several
activities were performed to ensure that.
On the one hand, Microsoft was approached after thorough analysis in order to facilitate with the first
stages of setting up the platform. The outcome of the meetings was very positive and Microsoft is very
interested in forming a partnership with the university. In this way, the university can also gain experi-
ence on how to work with such platforms and start initiating projects into achieving full functionality.
On the other hand, it is desirable that the university adopts officially the platform. Towards achieving
that goal, the relevant people were approached (Carlo van de Weijer, Maarten Steinbuch, Bert-Jan
Woertman). At this moment, there is a real proposal for the Department of Computer Science and
Mathematics to officially adopt the platform and integrate it with the department’s and consequently
the university’s activities. The outcome of this proposal has yet to be seen. However, other de-
partments of the university such as the Electrical Engineering department can also be approached as
potential owners of the platform.
In any case, there is a real chance and proposition at this moment to really engage in smart technolo-
gies with an open and vendor agnostic mindset. It is important to note as well, that several external
stakeholders have expressed interest in the platform already, either from the industry or the authorities.
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C.4 What do we want to be - Recommendation

To capitalize on all the above information, a strategy needs to be created taking advantage of the
strengths and opportunities but also try to mitigate the threats as well as improve the weaknesses. A
clear vision needs to be formulated regarding the future of the region in the smart era and how VIBe
can contribute.

Figure C.7: Strategy management

C.4.1 Vision Statement

VIBe was initiated with the purpose to promote open architectures and standardization, utilizing EV
technology. This innovative mindset should remain a core element in VIBe. However, it is clear by
now that addressing only one domain is not enough. The realization that the smart technologies should
be approached as a whole is needed.
Therefore, VIBe should represent the long term vision that the region needs. It is important to inspire
the region to see the bigger picture and how to transform their businesses (regardless of the domain)
to be smarter and in this way, unravel new business opportunities.
The Why of VIBe, the purpose, should be to help Brainport come together, adopt a collaborative spirit,
accept open architectures and standards and promote innovation in all domains. The How of VIBe is
to start from smart mobility and connected electric vehicles as a means to show what it means to be
smart today using smart platforms designed to enable innovation in an open and fast way.

C.4.2 Mission Statement

The vision statement can be the foundation of the mission of VIBe and in general the region in the
connected car and smart domains context. More specifically, the following questions can shape the
mission statement:

• Where do we want to be in 5 years?
As a region, we want to show leadership and initiative in the smart domain. On one hand,
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we need to reach a common understanding and form agreements internally to face the smart
tsunami together.
On the other hand, we want Brainport to be used by every major stakeholder (OEMs, authori-
ties, suppliers) as a testing environment for the technologies that will shape our future. We want
to be considered innovative (EV technology, ITS initiatives, automated driving,etc), resourceful
(past experiment data, lessons learned, history), cooperative (open mindset in regulations and
policies), proactive (ensuring the required technology is in place) and most importantly, united
(authorities, companies, knowledge institutes all together). We want to be at the front of the
innovation and not trying to keep up.
Ideally, VIBe will have facilitated towards the creation of smart applications on several domains
using open standards and multi-vendor platforms. Mobility, will be the leading sector, demon-
strating the added value of the applications and the infrastructure behind them. In this way,
VIBe can also attract more members which will provide opportunities to create multi-domain
solutions.

• What do we do?
On the regional level, we accelerate the establishment of the necessary smart infrastructure and
encourage the local industry to initiate more pilot projects not only in ITS domain but in smart
mobility in general. The goal would be to have in place a smart platform, where everyone can
develop smart applications easily. This is the necessary extension from supplying an open API
to supporting an open, smart, multi-vendor platform.

• How do we do it?
VIBe and the Technical University of Eindhoven are already discussing the establishment of an
open multi-vendor platform that will enable rapid prototyping of smart mobility applications.
Similarly, this can be extended or connected with similar projects in other smart sectors to
form a unique smart city profile. By providing such infrastructure, we acquire a vast amount
of data and access to most of European and international projects that can provide valuable
information regarding the deployment of these systems. In addition, in this way an acceleration
in policy establishment can be achieved. Using the VIBeX API along with platforms similar to
the aforementioned TU/e smart platform, showcases of applications can be created fast which
is the first step in understanding what it means to be part of the smart ecosystem.
Finally, rethinking the way of approaching investments and projects at the authorities level is
necessary, as the people with the right vision and drive need to be involved.

• Whom do we do it for?
These are the necessary steps for the region to establish a profitable, innovative but mainly
sustainable future in the smart domain context. The private sector companies, the authorities
and the research institutes need to jump on the smart wagon as soon as possible. As explained
in the beginning of the document, there are already cities that take serious steps towards a long
term vision in a unified and collaborative way. Failing to follow a similar approach will result
in isolated efforts without a common vision.

• What value do we bring?
As mentioned above, the region will bring the needed leadership in implementation of innova-
tive, smart projects. In addition, for the region to be able to do that, a common consensus is
needed among the stakeholders. VIBe can create that value by being the bridge between the
authorities, the industry and TU/e.
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C.4.3 Strategic Objectives

From all the above, it is necessary to derive more specific, strategic objectives:

For the region:

• Organize smart leadership at authority and university level

• Form agreements and alliances among the three main sectors (private sector, authorities, uni-
versities)

• Initiate more smart projects, starting from mobility and connected car technology but extending
the vision to all smart domains

• Ensure the establishment of open, multi-vendor smart platforms (such as the TU/e Smart Mo-
bility Platform)

• Smart investments with clear goals and following a clear vision

• Support new promising startups with funding (Lightyear, Amber Mobility, etc)

For VIBe:

• Be the vision that the region needs

• Adapt the vision to include all smart domains towards the establishment of the smart city
through mainly addressing smart mobility and its connection with other domains.

• Promote open mentality and fight vendor lock-ins

• Take the lead to facilitate closer collaboration between the authorities, the industry and the
university

• Maintain and promote the EV mentality but support all types of vehicles

C.4.4 Tactical Plans

The question now is how to realize these objectives and what are the steps and guidelines to follow.
Regarding the VIBe objectives:

• Evaluation of the current members and partners regarding support of the vision of VIBe

• Effort to include partners from different domains (cloud providers, authorities, smart energy,
smart city, etc)

• Create showcases of smart multi-vendor, mobility applications using open standards (VIBeX
API)

• Help TU/e adopt in the smart era by proposing (or investing in) applications to be built on the
TU/e Smart Platform

• Integrate the feedback from the use of the VIBeX API into a new unified version
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C.4.5 Performance Management

It is highly important to have an agile approach in the new smart era. Developments are happening
so fast that in order to keep up, regular refinements on the strategy and planning should be scheduled.
To make that measurable, at least every 6 months the members of VIBe should meet and adjust the
next steps. Close monitoring of the developments regarding open platforms, the VIBeX API and
applications developed is needed. In order to be successful in the connected car era, agility and
proactive behavior play an important role.

C.5 Conclusion

We think that, the smart tsunami is moving fast and is on our doorstep. It is crucial to make the region
more aware of these development and to identify the new business models that arise. The region
has a solid foundation to be successful and a pioneer. What is missing is a common consensus, the
realization that joined forces by the industry, the authorities and the knowledge institutes will be a
great benefit for all parties involved and especially for the region.
VIBe can be the linking component of that effort, promoting an open multi-vendor platform in the
university context to inspire more innovation and at the same time avoiding wasted time and capital
amongst competitors in their effort to be beat everyone else.
Now is the time to step up and take the leadership having in mind a clear vision on the impact of
the smart revolution. Raising awareness regarding smart technologies is definitely not achieved only
through presentations or conferences. Showcases and prototype platforms should be created in order
to inspire a community. And Brainport is waiting to be inspired.
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D Technical content

This appendix provides more details regarding technical aspects of the project. More specifically, the
full list of requirements is included as well as the specifications.

D.1 Platform requirements and specifications

D.1.1 Requirements
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Figure D.1: Full list of requirements
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Figure D.2: Full list of requirements
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D.1.2 Specifications
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Figure D.3: Full list of specifications
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