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Abstract

Virtual Traffic Lights (VTL) is a novel technology which aims to provide
ubiquitous traffic intersection control by removing physical traffic lights
and placing them inside vehicles. It has already been proven, through
simulation, that VTL is capable of significantly increasing traffic flow and
reduce CO2-emissions and fuel consumption for individual vehicles.

To ensure a streamlined transition from traditional physical traffic lights
to VTL, several issues must be addressed. This thesis addresses the
issues regarding the business related aspects and migration of VTL. To
provide alternatives for migration and a business model for VTL, the
ecosystem of included actors surrounding VTL is presented and explained.
Benefits different actors will experience from the introduction of VTL is
also presented.

The current state of the adoption of VTL and the technologies to facilitate
adoption, is presented along with how central actors might react to
different scenarios regarding the adoption of VIL using economic theory.
Further, a business model for the service is proposed using the Osterwalder
business model canvas. In the business model it is proposed that the
company taking VTL to market will work as a software company, and it
is proposed to distribute the service as Software As A Service (SAAS).

It is further concluded that the deployment of VTL requires action from
governmental level to ensure interoperability and to facilitate ubiquitous
deployment. Lastly, further work regarding VTL is proposed based on the
research potential discovered through working with the business aspects
of the service.






Sammendrag

Virtuelle trafikklys(VTL) er en ny teknologi som har som mal & tilby
allstedsneerveerende trafikklyskontroll ved & fjerne trafisjonelle trafikklys
fra gatene og plassere de inne i bilene. Det har allerede blitt vist, med
simulering, at VTL er i stand til & drastisk bedre trafikkflyten og redusere
CO2-utslipp samt bensinforbruk for individuelle biler.

For & forsikre en god overgang fra tradisjonelle trafikklys til VTL, er
det flere spgrsmal som méa adresseres. Denne avhandlingen adresserer
sporsmalene relatert til business-aspektene og migrasjonen av VIL. For &
kunne foresla alternativer for migrering, og en businessmodell for VTL blir
okosystemet av aktgrer rundt tjenesten presentert og forklart. Fordelene
de forskjellige aktgrene opplever ved at VTL blir introdusert blir ogsa
presentert.

Den navaerende situasjonen rundt innfgringen av VT'L og de teknologiene
som ma ligge til grunn fgr VTL kan bli implementert blir presentert. I
sammenheng med dette vil det bli vist hvordan sentrale aktgrer vil forholde
seg til forskjellige scenarioer som kan oppsta ved innfgringen av VTL,
ved bruk av gkonomisk teori. Videre vil en businessmodell for tjenesten
bli presentert ved & bruke Osterwalder-modellen. I businessmodellen blir
det foreslatt at selskapet som tar VTL til markedet vil operere som et
softwareselskap og at tjenesten burde bli distribuert ved & bruke "Software
As A Service(SAAS)"-prinsippet.

Videre blir det konkludert at innfgringen av VTL krever handling fra
sentrale myndigheter for & forsikre interoperabilitet og far a tilrettelegge
for en allstedsnaerveerende innfgring. Til slutt blir videre arbeid knyttet
til VTL foreslatt.
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Introduction

1.1 Background and motivation

Intelligent Transport Systems(ITS) are well on their way to being integrated in large
parts of the world. Increasingly smart road networks aims at making traffic flow
better, improving safety and reducing the carbon footprint caused by traffic.

With road traffic injuries predicted as the third most common cause of death by
2020[10], and CO2-emissions from the transport section being responsible for 31% of
the current total emissions in the U.S.[11], there are large incentives for improvement.

The Norwegian Public Roads Administration(NPRA) estimates that intersections
governed by traffic lights experience less serious traffic accidents and a total accident
reduction of 15-30%. It is also estimated that small improvements in the signal
systems can provide large socioeconomic benefits, e.g. better traffic flow which will
lower CO2-emissions[12].

VTL is a proposed technology which aims to remove physical traffic lights and putting
them inside the vehicles. By doing so, one can obtain ubiquitous traffic intersection
control by providing every intersection with traffic lights, created only when needed.
In order for this to be realized, several issues must be addressed. Implementing such
a service over large geographical areas require a high level of cooperation between the
actors involved. This thesis aims at addressing issues regarding the business scenarios
for VTL, i.e. modeling the actor ecosystem, providing alternatives for migration
scenarios and providing a business model for the service.

1.2 Problem description

Virtual traffic lights (VTL) is a novel technology, providing in-vehicle traffic infor-
mation to cars and is visioned to replace traditional traffic lights in the future. In
order to have a successful deployment of VTL, there is need for secure and robust
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communication infrastructure, as well as sustainable business models for the actors
involved in the VTL ecosystem. This thesis will mainly focus on the business related
aspects regarding VTL, while providing the necessary technological background
information. The main goal for this thesis is to model the actor ecosystem, provide
migration alternatives for the most central actors and provide a business model
for VTL. The problem description has not been changed much after it was first
submitted. The only change is that the security issues connected to VIT'L have not
been prioritized.

1.3 Methodology

1.3.1 Background material

To gain knowledge about the necessary technologies, political aspects and related
work, background material was located through the use of search engines for scientific
papers, i.e. Google scholar! and Scopus?. For this thesis it was necessary to also
understand how legislation, regulations and working processes for road authorities
and public authorities are conducted. Two meetings with different employees from
the Norwegian Public Road Administration® was conducted. One meeting was with
Terje Reitaas and Erik Olsen, while the other meeting was with @rjan Tveit. These
meetings served as an introduction to ITS in Norway, how the road authorities in
Norway work, as well as providing resources for locating ITS organizations in other
parts of the world.

1.3.2 The actor ecosystem

The actor ecosystem of VTL is modeled using insights learned from studying VTL
and the organizational structure of similar services as a basis. The model provides
an overview of all the actors surrounding the VTL service. All actors are thoroughly
explained in chapter 4.

1.3.3 Benefits of VTL

Based on relevant literature, the benefits from the deployment of VTL for each of
the actors in the ecosystem are represented.

1.3.4 Migration strategies

Strategies to accelerate and streamline the adoption of VTL, and the necessary
technologies required for implementation, are explored using economic principles and

Lgoogle.scholar.com
WWW.SCOpUS.com
3www.vegvesen.no
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by investigating how other parts of the road network are financed. In this thesis, the
decision was made to use economic theory to highlight several migration alternatives
rather than going in-depth with one alternative. This is because of the complexity
and many uncertainties regarding the market surrounding VTL, which will be further
explained in chapter 6, Migration.

1.3.5 Business model

A business model for VTL is proposed using the Osterwalder business model canvas.
The business model canvas utilizes 9 building blocks to answer important questions
of a company’s business model such as 'who are our key partners?’ and ’how are we
providing value to our customers?

1.4 Limitations

Because of limited time, this thesis will mainly focus on the business related aspects
of VTL. Seeing as VTL is a service which might be implemented several years in the
future, some assumptions about VTL and the organization surrounding the service
have been made. These assumptions are listed in the thesis, where they are relevant.

VTL is a service which aims at providing ubiquitous traffic intersection management.
This causes the potential customers of VTL to be very large entities e.g. the European
Union (EU). Governments in different countries have different economies and road
networks. To limit the scope of this thesis, most examples provided in this thesis
might be more viable in Norway than other countries.

Because this thesis will mainly focus on the business aspects of VTL, the security

aspects listed in the problem description have been largely ignored.

1.5 Contributions

This thesis provides the following academic contributions:

e A model of the actor ecosystem surrounding VTL, this is found in chapter 4

e A thorough explanation of each actor’s role in conjunction with VTL, this is
found in chapter 4

e A collection of the benefits VTL provides for each actor in the ecosystem, this
is found in chapter 5

e Alternatives for migration to accelerate the adoption rate for enabling tech-
nologies and VTL, this is found in chapter 6
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e A business model for VTL using Osterwalder’s business canvas, this is found
in chapter 7

1.6 Outline

This thesis is divided into chapters, a short summary of the contents of each chapter
will be presented below.

Chapter 2 will provide the reader with background information necessary to the rest
of the thesis. The concept of VTL, other traffic signal control systems and some
relevant background theory will be presented.

Chapter 3 will provide an overview of similar work done by other researchers or
entities which is relevant to this thesis.

Chapter 4 will present the actor ecosystem and provide a thorough explanation of
each actor included in the system.

Chapter 5 will present the benefits each actor in the ecosystem will have from
participating in the market surrounding VTL.

Chapter 6 will provide the reader with the current political situation regarding the
adoption of ITS and the technology needed for the implementation of VTL. This
chapter will also provide alternatives for migration regarding enabling technologies
and VTL

Chapter 7 will provide the business model for VTL using the Osterwalder business
model canvas.

Chapter 8 will conclude the work done in this thesis, and provide suggestions for
further work.



Background

The aim of this chapter is to provide the reader with the sufficient knowledge to
fully understand the Virtual Traffic Lights (VTL) concept, and give insight into how
intersections with traffic signals are controlled today. Some relevant theory concepts
will also be presented in this chapter.

2.1 Vehicular Ad Hoc Networks

Vehicular Ad Hoc Networks (VANETS) is a type of wireless ad hoc network to provide
communications among vehicles and road side equipment. A goal of VANETS is to
provide efficient vehicle-to-vehicle (V2V) communication to enable ITS[13]. VANET
applications are often split into two categories: ITS applications and comfort appli-
cations. ITS applications include applications such as on-board dynamic navigation,
cooperative traffic monitoring and analysis of traffic congestion. These applications
convey messages either V2V or Vehicle-to-infrastructure (V2I). Mobile nodes in
VANETS can also be used to convey information about traffic accidents such that
approaching vehicles receive warning. Comfort applications are applications which
allow users to communicate with other vehicles or with Internet hosts to improve their
comfort, such as VANETS providing Internet connectivity to a user so that e-mail
can be accessed. VANETSs generally does not rely on fixed infrastructure, but can use
infrastructure to assist with e.g. propagation of messages. V2V communication and
VANETS are technologies needed for VTL. For VTL, the capabilities to participate
in a VANET will be included in an on-board unit(OBU) installed in the vehicle.

2.2 Virtual Traffic Lights

VTL is a technology developed in collaboration between Carnegie Mellon University
and the University of Porto. It is a technology that attempts to solve the rising
problem of traffic congestion which cost 1% of EUs total GDP in 2010 [14]. With
VTL, the traditional roadside traffic lights will be removed and represented with
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virtual signs inside each vehicle. These virtual traffic lights will be supported, ideally
only by V2V technology, mainly over DSRC radio[15]. Intersections where there
are potential conflicts will be managed by vehicles approaching the intersection by
creating a VANET between said vehicles.

The implementation of VTL is based on the following assumptions[14]:

e All vehicles must be equipped with DSRC devices
e All vehicles share the same digital road map

e All vehicles have a GPS device that guarantees global time and position
synchronization with lane-level accuracy, i.e. the GPS needs to be able to
accurately determine which lane a vehicle is driving in

e The security, reliability, and latency of the wireless communication protocol is
assumed to be adequate for the requirements of the VTL protocol

Approach intersection with potential conflicts

Communicate with one of more other vehicles nearby
in order to establish a scheduling plan for the intersection

Communicate with the other vehicles approaching the
intersection in order to elect a temporary leader

Participate in the scheduling plan for the intersection

Figure 2.1: Simplified flowchart for a vehicle approaching an intersection, inspired
by[1].

The hardware required for VTL to be implemented will installed as an On-Board
Unit(OBU) in the vehicles. Figure 2.1 depicts a simplified flowchart for a vehicle
approaching an intersection with VTL. The vehicle will continuously transmit beacon-
type signals containing information about e.g. the velocity, heading, speed, vehicle-
type, prioritization etc[1]. Each vehicle is capable of transmitting and receiving such
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messages. If there is a potential conflict zone nearby, the participating vehicles will
form a VANET to prepare a scheduling plan for the intersection[1]. The scheduling
plan is a plan containing scheduling for when vehicles from the different approaches
leading to the intersection will have green or red lights presented. The approaching
vehicles have to elect a "leader" which will coordinate the vehicles and ensure the
scheduling plan is executed.

VTL elected leader -/ .

Cluster leaders | ——

Figure 2.2: Leader election in virtual traffic lights [2].

If no leader is elected when a vehicle is approaching an intersection where conflict is
detected, one must be elected. First, an algorithm should resolve the cluster leaders
of each group of vehicles arriving from different lanes. When the cluster leaders
have been elected, they should communicate with each other and utilize a leader
election algorithm to decide which vehicle should take on the role as leader. The
cluster leaders and elected VTL leader are depicted in figure 2.2. The leader should
then present his cluster, including himself, with a red light so that a new leader
should not have to be elected immediately. The leader executes the scheduling plan
until a preset condition, i.e. a timer, applies. If there are no more conflicts in the
intersection, the leader concludes the VANET and proceeds through the intersection.
Should there still be conflicts in the intersection, the leader passes on its role to
another vehicle and proceeds to cross the intersection[16].
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Central
‘ coordinator

Figure 2.3: Traffic coordinated with VTL through a RSU, inspired by/[1].

Figure 2.3 shows a configuration of VTL where a road-side unit (RSU), named
"central coordinator" in the figure, is used to coordinate the traffic in the intersection.
Such units can be installed in e.g. densely built areas to assist with propagation
of signals sent by the vehicles. Such a configuration will also be useful during low
penetration of VTL and the required technology, i.e. DSRC. Another solution is to
use the cars themselves as RSUs, this has been researched by Tonguz et. al[17]

2.3 Traffic signal control systems

Traffic signals can be managed in several different ways. In its simplest form, traffic
lights have a static time interval which controls when there is a red, yellow or
green signal presented to a given approach, also called cycle-time or green-split.
Adaptive systems utilize different methods and information to manage intersections
in a dynamic way to improve traffic flow. In this section different systems, which are
deployed to some degree around the world will be presented. This is done to give the
reader insight into how traffic signals are controlled today.

2.3.1 Compass 4D

Compass 4D is a project aimed at implementing cooperative I'TS services in order
to improve road safety, increase energy efficiency and reduce congestion for road
transport[18]. Compass 4D is currently in the pilot project state in 7 countries
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around Europe, offering three different services, two of which are linked to traffic
signalling[19].
Red light violation warning

Red Light Violation Warning (RLW) is a service which aims to lower the severity of
intersection accidents by warning the driver if one of the following events is about to
occur:

e The driver is about to run a red light
e Another driver in the same intersection is about to run a red light

e An emergency vehicle is approaching the intersection and is likely to run a red
light

The driver is warned while turning, if more than one approach has a green light

e The driver is warned if cyclists/pedestrians are also acting on a green light at
the same time as the driver

The data produced by the service can be conveyed by either 802.11p, the V2V and
V2I communication protocol, or through 3G/4G from e.g. a traffic management
centre.

Energy efficient intersection

The Energy Efficient Intersection (EEIS) service aims to reduce the energy use and
vehicle emissions at signalised intersections[19]. By utilizing V2I communication the
Signal Phase and timing information (SPaT) can be sent to the vehicle such that
it is possible to anticipate the current traffic signal phase. EEIS has the following
functions:

e Drivers get information on how to best decelerate towards an intersection based
on the current signal phase to induce the most energy efficient speed

e Information about remaining time until a green-light is used to turn the engine
on and off

e Information about when the traffic signal will turn green is presented to the
driver so that he/she can be ready when the light turns green and time wasted
is reduced to a minimum

e EEIS offers the possibility to prioritize certain vehicles in traffic such as emer-
gency vehicles or heavy goods vehicles
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EEIS uses the same means of communication as RLW, either 802.11p or 3G/4G.

2.3.2 UTOPIA

Urban Traffic Control System Architecture (UTOPIA) is an adaptive traffic signal
management system currently deployed in several cities in Europe including Oslo
and Trondheim in Norway.

)
o @ — ) UTOPIA
~ 2N

+ F

Figure 2.4: UTOPIA|3]

Figure 2.4 depicts how UTOPIA works in practice. The system has two schematic
objectives:

e No public transport vehicles should be stopped at signal regulated intersections

e Other traffic should not experience deterioration of traffic flow as a result of
the first objective

To achieve this, UTOPIA utilize a distributed approach with three layers. A central
unit is used for surveillance and data collection, industrial computers are integrated in
local coordination areas to control the optimization of intersections, in its proximity,
and the traffic signals. By using detectors, the system analyze the traffic coming from
each approach as a basis for optimization [3]. UTOPIA claims to decrease travel
times by 15% for private traffic, 50% reduction in queue times and a 10% decrease
in emissions and fuel consumption in urban areas[20].

2.3.3 SCATS

Sydney Coordinated Adaptive Traffic System (SCATS) is an adaptive urban traffic
management system that synchronizes traffic signals to optimise traffic flow across a
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whole city, region or road section [21]. SCATS mainly use inductive loops[22] in the
ground to detect vehicles driving through an intersection. It is a real-time system
which adapts to the current traffic situation. Rather than optimizing each intersection
separately it uses algorithms to streamline traffic in larger areas containing several
intersections.

SCATS is a large scale system which has been sold to 27 countries world-wide. A
study conducted on a road containing 21 intersections, in Sydney Australia, over 24
hours showed that SCATS reduced travel time by 28%, traffic stops by 25% and a
potential reduction in CO2 emission by 15%[23].

2.3.4 SCOOT

Split Cycle and Offset Optimisation Technique (SCOOT) is an adaptive traffic signal
control system which uses vehicle detectors to determine a queue estimate and
optimise traffic signals. When the system detects a vehicle it computes the time the
vehicle will use to reach the intersection at normal cruising speed.

NN

Vehicle detector

H Signal Queue
LLLLE L LLLL tl 2 t. t
O e e 1105 |

Operator /O

On-line computer

Figure 2.5: The SCOOT system simplified [4].

Figure 2.5 depicts a simplified version of the SCOOT system. The data gathered
from detected vehicles is used to compute three key traffic control parameters: the
green-split for each approach at each junction, the time between adjacent signals
(offset) and the time dedicated to each approach in each intersection (cycle time)[4].
With these parameters SCOOT optimizes the intersections within the working area
of the service.



12 2. BACKGROUND

SCOOT has been demonstrated in 14 countries and claims to reduce traffic delays
with over 20%[4]. The system also has the possibility for public transport priority
and incident detection.

2.4 Network externalities and critical mass

There exists many goods where a user gains increased utility if other consumers
own the same good. This utility increase can come in several forms. A consumer
would not experience much utility from owning a cellphone if he/she was the only
person in the world with a phone, the consumer would gain increased utility for each
additional user purchasing a cellphone because of the increased network[24]. This
type of utility increase is known as a direct network externality where a consumer
experiences a direct advantage from increasing amount of users in a network. There
are several indirect effects as well; a user purchasing a specific gaming system will
be concerned with the amount of people purchasing the same system because the
companies developing software for the gaming systems will look for the platforms
where they can achieve the largest profits. A gaming system with low sales will
probably have less software developed for it, causing the utility for its users to be
lower as a result of few consumers in the network.

Rogers defines critical mass as: "the point at which enough individuals have adopted
an innovation that the innovation’s further rate of adoption becomes self-sustaining'[6].
Critical mass is especially important in innovations where network externalities are
present as each additional user joining the network towards the critical mass point
will gain utility from the other users already in the system. A user joining the
network will not only increase the utility for users already in the network, but also
lower the threshold for future adopters to join the network[6]. Critical mass is a way
of formalizing the "chicken and egg"-paradox; consumers refuse to enter a market
because the installed user base is too small, and the installed user base is too small
because an insufficient amount of consumers have entered the market[25].

Figure 2.6 depicts a demand curve with quantity @) based on expected quantity @7,
for a given price, in a market with network externalities. One can see that when the
expected quantity sold is zero, the actual quantity demanded will also be zero. With
increasing expected demand, the curve will shift upwards. The shift will be steep
at first, as one additional user when the network is small will have a larger positive
network effect than an additional user when there are already many users in the
network. The expected demand curve will flatten out as each additional user brings
less benefit for the other users. The red, 45°, line represents where expected quantity
equals actual quantity. between point C' and H the expected demand is higher than
the actual demand, to compensate for this, actual demand will be driven up all the
way to point H where there will be an equilibrium. As can be seen from the figure



2.4. NETWORK EXTERNALITIES AND CRITICAL MASS 13

-
7

QX

Figure 2.6: Quantity demanded based on expected quantity, with a given price, in
a market with network externalities[5]

there are 3 equilibria in this market; L, C, and H. The equilibrium existing at point
C has a different characteristic than the other equilibria. If one additional user joins
the network at point C, the market will be driven towards H. If however, one user
decides to leave the market at this point the market will be driven down to L. C is
defined as an unstable equilibrium, and can be seen as a presentation of the critical
mass. If the market manages to obtain enough users to surpass the critical mass, the
market will be driven towards a stable state where it is self-sustaining. Should the
market fail to do so, the market will never take off beyond the critical mass and end
in a market-failure[5].

Network externalities and critical mass for VTL

Network externalities and critical mass can be applied to many different markets.
For VTL, and V2V communication as a whole, it can be seen that it is a market
exhibiting direct positive network externalities. A consumer purchasing a vehicle
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with V2V communication capabilities will have little utility if it is the only vehicle
with such capabilities. For each additional user purchasing a vehicle capable of
V2V communication, the utility for all the users in the network will grow as well
as increasing incentives for new users to join the network of V2V communication
enabled vehicles. As will be further explained explained in section 6.1, one of the
biggest challenges facing the adoption of VTL is getting the penetration rate of
DSRC devices in vehicles to a percentage where VI'L becomes viable.
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Figure 2.7: The rate of adoption for usual innovations and innovations exhibiting
network externalities, showing the critical mass. inspired by [6].

Figure 2.7 depicts the rate of adoption for an innovation exhibiting network external-
ities compared to regular innovation, as a function of adoption percentage and time.
This graph can be applied to the adoption of V2V enabled vehicles to get an idea of
how the adoption rate of DSRC devices might look. It is vital for the stakeholders in
the ecosystem to provide means to reach the critical mass to avoid a market failure.
Such means can be e.g. providing increased subsidies for early adopters or bundling
the DSRC device with the vehicle.



Related Work

Making traffic more efficient and leave less of a strain on the environment have
been the goal of many studies over the last few years. A big part of this revolves
around traffic coordination in intersections, as these represent bottlenecks in the
traffic system. This chapter will give an overview of related work to this thesis.

3.1 Related Work

Gradinescu et al. proposes an adaptive traffic light model using V2V communication
where the vehicles approaching an intersection forwards information about heading,
speed, etc. to a control unit residing in the intersection which can then discern
if the intersection is crowded or not. Based on this information the control unit
formulates optimal cycle times and green-splits for each approach. The authors show,
through simulation, a decrease in total delay for vehicles of 28.3%, Fuel consumed
by 6.5% and CO2 emissions by 6.5%]26]. The difference between the work done by
Gradinescu et al. and this thesis is that this thesis explicitly address VTL as a mode
for intersection management.

Tonguz et al. proposes an implementation of VTL with partial penetration using
game theory. The authors utilize a grid-based topology to propose a scheme where
some lanes are dedicated only to VTL enabled vehicles. Figure 3.1 depicts an example
of such a scheme with three different configurations where the green lanes are only
usable by VTL enabled vehicles, while the blue intersections represent where non
VTL enabled vehicles are allowed to cross. The authors find that this approach
decreases the commute time for VTL enabled vehicles while increasing it for non
VTL enabled vehicles, causing incentives for users to obtain a VTL enabled vehicle.
The authors also state that the current industry forecasts for the U.S. and Europe
predict a 40-50% market penetration of DSRC radios in 2025.

Viriyasitavat et al. propose the same co-existence for accelerating the adoption of
VTL in [27] where it is shown, through simulation, that such a scheme can increase

15
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Figure 3.1: An example of different configurations for VTL coexisting with tradi-
tional intersection management systems|[7]

the average speed of a VTL enabled vehicle by at least 14% while decreasing it by
39% for non VTL enabled vehicles. This proves that this approach will create large
incentives for road users to adopt the VTL technology.

Sinha et al. proposes an intersection management system called VTL+. This system
is based on the VTL system proposed by ferreira et al.[14], but it utilizes V2I
simultaneously to address the issue of how VTL should be adopted. The proposed
systems functions the same way as VTL when there are only VTL enabled vehicles
in the vicinity of an intersection. When a non VTL enabled vehicle approache the
intersection they will be detected by e.g loops, as used in SCOOT and SCATS, and
traffic lights in the intersections will provide the non-VTL enabled vehicles with the
scheduling plan so that they can traverse the intersections safely together with the
VTL enabled vehicles. The authors argue that VTL+ is a more robust system than
VTL because it still functions during network failure (the system can always fall back
to existing infrastructure) and it uses existing infrastructure to make it possible for
pedestrians to cross the intersections[28]. Viriyasitavat et al., Tonguz et al., and Sinha
et al. propose partial penetration approaches for VTL using simulation to explore
its feasibility. This thesis does not utilize simulation to address migration strategies
but rather applies economic theory and how previous road network components have
been financed, in conjunction with central actors in the VTL ecosystem to explore
migration scenarios.

Tonguz et al. propose to use vehicles as RSUs causing a self-organizing network
solution. This is proposed to be an alternative to installing RSUs as a measure to
ensure that the coverage for DSRC is sufficient during periods of low penetration
rates for DSRC devices, seeing as it is very expensive to deploy RSUs over a large
area. The vehicles selected to function as temporary RSUs will have to make brief
stops in order do forward messages to nearby vehicles by acting as a communication
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bridge. The authors look at the propagation of post-crash messages to determine the
effectiveness of the proposed solution. It is concluded that the solution significantly
increase message reachability during low penetration rates of DSRC. This however,
comes at the cost of vehicles having to stop for a short amount of time to convey
these messages[17]. Tonguz et al. propose a way to manage low penetration rates of
DSRC while this thesis focuses more on how the penetration rate for DSRC can be
accelerated.

Safespot and Compass 4D are organizations providing intersection traffic control. In
the preliminary work for their services, the organizations provide reasoning behind
and proposals for organizational structure and participating stakeholders for their
services [29], [18]. This thesis utilize many of the same strategies as the ones provided
in the documents created by these organizations, but they are adapted and changed
to encompass VTL.

Osterwalder et al. propose a business model canvas for providing business models to
different companies and organizations, using 9 different building blocks. The authors
explore business models for several types of companies, many with similar business
characteristics as VI'L[30]. This thesis uses the business model canvas to propose a
business model for VTL.






Stakeholders

This chapter will Provide an overview of all the stakeholders which will be involved in
the adoption of VTL. Figure 4.1 depicts the actor ecosystem with all the participants
and their relationships with the other actors. The actors participating in the model
will be used as a basis for the migration strategies and Business model described in
chapter 6 and 7 respectively.

The model is created by the author on the basis of the business model and organi-
zational structure of Compass 4D[18] and Safespot[29]. These two systems share
many of the same characteristics as VI'L and they have therefore been adapted into
the model seen in figure 4.1, representing actor ecosystem surrounding VTL. To
make the model easy to interpret, the actors have been grouped into 5 categories
represented by different colors in the model:

Policy Makers and Regulators

Technology Suppliers

Service Enablers

Service Providers

e Users

These categories are the same as the ones used in the organizational structure of
Compass 4DJ[18]. To ensure that the model is not overly complex, the only service
providers represented in the model are VTL and Value Added Service Providers
(VASPs). There are other service providers which will be required to make the
ITS-ecosystem function properly, such as other safety services e.g. forward collision
warning systems. The services themselves are not included in the model, but the data
which is relevant for VTL or VASPs is represented through the "Content Provider".

19
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Each actor will be presented under its designated category and it will be explained
what functions and responsibility the actor have, which entities the actor will have
relationships with, and examples of stakeholders involved.
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Figure 4.1: A model of the actor ecosystem surrounding VTL

4.1 Policy Makers and Regulators

Policy makers and regulators represents the stakeholders who are responsible for
making policies, regulations, mandates, guidelines for standards and making sure
that they are enforced in compliance with relevant laws and legislation.
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4.1.1 Public Authority
Function and responsibility

Private actors have made large communication-based systems for V2I which have
been out on the market for some time e.g. SWARCO!. Systems created by private
actors often create lock-in effects which ensures that customers stay on their platform.
This can cause segmented markets where e.g. one city uses some I'TS services from
one country while another city is using a different service with completely different
data schemes and models making interoperability difficult. To ensure that the market
stays interoperable a public authority such as EU or the US department of traffic
is required to create standards and mandates. In EU’s action plan for deployment
of ITS it is acknowledged that the potential of ITS can only be realized if Europe
is transformed from the limited and fragmented implementation which is observed
today into an EU-wide one [31]. Public authorities have an important role in the
adoption of ITS, making policies and creating frameworks to ensure that the market
and platforms have interoperability. This is especially important when it comes
to safety applications because large differences in safety applications of different
countries could make it impossible for vehicles to cross borders and use the traffic
networks of other countries.

The public authority should adopt a role where it facilitates the adoption of ITS-
systems by gradually removing barriers to interoperability [29]. The innovation of
these systems introduce several new areas within everything from legal issues to new
technology which the private actors that will be working with the new technology
might not have seen before. There is thus a need for guidelines and regulations so
that the private actors will be able to cooperate with each other. It is important to
have strict guidelines about how one should handle the data gathered by a solution
such as VTL, and that the privacy of the users is maintained. Public authority
should basically carry out its authority on three fronts [29]:

e Financial support for research initiatives and marketing

e Driving standardization through the issue of mandates for standards ensuring
interoperability, including communication, security and privacy issues

e Issuing legislation or laws to guide participating countries towards the intro-
duction of this type of technologies

With the necessary support, private actors will have an easier time ensuring a large-
scale market approach with a successful deployment. Even though policies and

1 WWW.Sswarco.com
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regulations will be made at a high level such as EU, these have to be enforced at
a lower lever. The public authorities must therefore combine regulations of VIL
with their existing legislation at a national and local level. Actions which have to
be taken to perform this will be e.g. modifying tort and insurance laws, and traffic
rules. Authorities should also set up enforcement strategies, ensuring a safe use of
the system. This includes making sure that the V2V and V2I communication is
working as it should and that rogue operators are excluded from the system

Relationships

For VTL, public authorities will function as a legislator working under statutory
powers, making regulations and policies which is passed on to the standardization
entities to create standards. Public authorities will therefore have a relationship with
all those who must abide by the laws set by the authority.

Finally, the public authority will have an important part in the financial debate
regarding who should pay for the implementation of the system, OBUs and RSUs.
As well as negotiating with private actors interested in the market [29].

Stakeholders involved

For VTL, the stakeholders taking on the role of Public Authority is:

e EU

e U.S. Department of Transportation (DOT)

National Ministries of Transport (for those acting under EU)

Local Governments entitled to issue rules on traffic circulation and/or grants
for communication channels

National Communication license agencies

4.1.2 Standardization Entities
Function and responsibility

As explained in the last section, public authorities will provide policies and reg-
ulations for services such as VTL and other ITS solutions. The development of
standards designed to guide actors to enforce these policies is delegated to external
organizations[29]. For VTL, the needs for standardization and technical specification
might include several aspects of the service such as:

e Communication channels for updating the service remotely



4.1. POLICY MAKERS AND REGULATORS 23

e Ensuring that frequencies dedicated to VTL will not be interrupted by e.g.
value adding services on the 5.9GHz DSRC band

e Standards and specification of VTLs place in the ITS architecture
e Threat vulnerability and risk analysis

e How data obtained from VTL should be handled such that the privacy of users
is maintained

e specification of map structure and data communication to ensure interoperabil-
ity

When it comes to standardizing technologies, there are several entities representing
different parts of the actor ecosystem. EUCAR works with identifying needs for
research and development, and developing frameworks which might be used as basis
for new standards for service stakeholders in Europe [29]. ERTICO represents ITS and
service stakeholders in Europe. They support work advancing standards promoting
interoperability for cooperative services in Europe. For V2V communication there is
a non-profit organization called CAR2CAR consortium representing organizations
from all parts of the value chain working for standards to ensure safe and reliable
V2V communication in the future.

Relationships

Standardization entities receives mandates and policies to create suitable standards.
Their relationships consists mainly of interacting with other standardization organi-
zations to collaborate and agree on set standards with all the actors involved such as
vehicle manufacturers, Original Equipment Manufacturers (OEMs), OBU providers,
infrastructure operators, road operators etc. For VTL this work will ensure Data
harmonization and interoperability.

Stakeholders

The stakeholders involved are different standardization entities on different levels
such as ETSI? on an European level, IEEE? at an international level, ERTICO*
representing industrial industries and e.g. CAR2CAR? representing industrial driven
EU initiatives[29].

2http://www.etsi.org/
www.ieee.org
www.ertico.com
5car-2-car.org

4
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4.1.3 Road Operator
Function and responsibility

The road operator is in charge of managing certain parts of the road network and
includes all the activities needed to ensure a correct, safe and efficient use of the
road infrastrucute[29]. The road operator is closely linked to the RSU infrastructure
manager in figure 4.1, and is therefore mostly concerned with V2I. VTL is a service
based on V2V communication, relying 100% on V2V communication will probably
not be possible until the penetration of the service and needed hardware has reached
100%. Therefore, the road operator will have an important role in the migration
period of VTL, transitioning from traditional road-side traffic lights to relying purely
on V2V communication for intersection control.

There is a probability that the road operator and RSUs will play a role after the
transition period is over and VTL is operational. In densely built areas there might
be need for RSUs to convey messages from vehicles not able to achieve contact with
vehicles inbound for the same intersection. Road operators can hold, receive and
convey safety related information to vehicles travelling in their network. This will
make the road operators have a continuous role in the adoption and operational
phases of VTL.

The road operator is responsible for ensuring that all actors in the ecosystem have
updated and correct information about the road network governed by the operator.
This include e.g. map data, which needs to be in accordance with the actual road
network, signs and current information on the road so that providers are issuing
correct information to the users of VTL. This is vital to the service as it requires
lane level accuracy[14].

Relationships

Road operators can convey safety information and must therefore have a relationship
with content providers to obtain this data. In order to convey safety information
such as changes in the road network or that maintenance is being done somewhere
in the road network, the road operator must obtain long range connectivity from
the connectivity provider. As mentioned above there might be densely build areas
where V2V communication is difficult and the messages need to be conveyed through
RSUs. These areas need to be identified by the road operator and public authorities.
Where the jurisitiction of one road operator ends, another will begin. It is important
that road operators communicate to ensure that transitioning from one network to
another is without complications.
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Stakeholders
The stakeholders include[29]:

Motorway operators

e Tunnel and bridge operators

Urban road operators

Road authorities

Local administration authorities

4.1.4 Certificators
Function and responsibility

The role of the certificators will be to ensure that the components making up
the VTL system and the ecosystem of components supporting the service such as
RSUs are approved, and ensure that they meet regulations set by the authorities.
The certificators must develop methods to test the reliability and security of the
applications and equipment, and make sure that they use the same tests on systems
placed at different geographical locations to ensure interoperability.

Relationships

The certificators will need to have relationships with the following actors in the actor
ecosystem surrounding VTL

Map providers

OBU providers

RSU/sensor providers

Car manufacturers

Stakeholders

e Private certification entities

e Technical bodies of public approval authorities
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4.2 Technology Suppliers

The technology suppliers are the stakeholders which provides the technological devices
needed to implement VTL and other services.

4.2.1 RSU/Sensor Provider

Function and responsibility

For VTL, the role of RSU/sensor provider will have a different function based on the
penetration rate of VIL and DSRC. For low penetration rates RSUs can be used to
convey DSRC messages the necessary range for all intended vehicles to receive them.
The provider of these units will have the responsibility of delivering, installing and
doing maintenance on the RSUs. For high penetration rates of DSRC the RSUs can
be used to convey messages from other safety applications or assist with message
propagation in densely built areas.

Relationships

The RSU/Sensor provider will have relationships with certificators, so that the units
provided can be approved, map providers, to ensure that the units have maps on
the correct format and the RSU infrastructure managers which the units should be
delivered to.

Stakeholders

e Manufacturers of roadside devices
e Suppliers of telematic systems for roadside devices

e Software developers for roadside systems

4.2.2 Map Provider
Function and responsibility

The map provider is responsible for delivering the map structure to OBUs and RSU
providers. This structure should be in accordance with policies and regulations set by
the public authorities. For VTL the map provider will deliver continuously updated
maps to ensure that they are always up to date with the current road network. The
map provider should also comply with changes and new regulations set by the public
authorities with updates to the map structure.

As VTL requires lane level accuracy from its GPS and that all participants in the
system have the same map [14], it is important that updates from the map provider
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is delivered to all the users as soon as they happen so that all vehicles are updated.
Users that does not update their maps might be excluded from the system to ensure
safety for the other users. One way to accomplish ubiquitous updates is to deliver
updates over long range communication, and have it be downloaded as soon as they
occur.

Relationships

The map provider will have relationships with the different technological unit manu-
facturers to deliver map structure and services such as VTL to deliver static maps.
map providers will also be governed by policies and regulations and must therefore
obtain approvals for their map structure by a certificator.

If a change is made in the road network, the map provider must immediately be
notified. And thus the map provider will have strong ties to the road operators.

Stakeholders

The stakeholders will be companies producing digital maps for navigation and
location-based services.

4.2.3 OBU Provider
Function and responsibility

The OBU provider will be responsible for delivering the required hardware and
systems to run the VTL service. The OBUs should be delivered to the entity carrying
the role of installing OBUs in vehicles. This can either be the vehicle manufacturers
themselves by integrating the units in the vehicles from production or retrofitting
them in older cars, or dedicated retrofit installers.

It is vital for VTL that the OBU contains DSRC capabilities and extremely accurate
GPS technology. The OBU providers are essential for a successful deployment of
VTL because they determine the cost of their devices. It will be a challenge for the
OBU providers to trigger effective economies of scale to eventually reach a critical
mass of OBUs in the market [29].

Relationships

As with the other technological devices, OBUs have to be certified by certificators.
In addition the OBU providers will have relationships with subcontractors delivering
parts for the OBU, the vehicle manufacturers, retrofit installers and map providers.
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Stakeholders

The stakeholders will be automitive components suppliers and software developers
for the automotive industry

4.2.4 Vehicle Manufacturer
Function and responsibility

The vehicle manufacturer constitutes the role of the entity that manufactures the
vehicles on which the VTL service will be installed, either as an integrated device or
an aftermarket installation.

Vehicle manufacturers choosing to integrate the OBUs from production, if this is not
already mandated, will increase the amount of users having access to VIL and other
services such as Value Added Services (VASs). This means that vehicle manufacturers
can open their own telematic platforms to offer users not only safety services but
also e.g. business services and infotainment.

As with the OBU provider, the vehicle manufacturers will also have an impact
on the economic side of the VTL adoption. Vehicle manufacturers can choose to
actively participate in several stages of deployment. Supporting the standardization
work through standardization entities, being early adopters of technology, lobbying
public authorities and supporting research. It is also in the interest of vehicle
manufacturers to lower component costs to ensure a widespread market for VTL,
V2V communication and other services[29].

In the model shown in figure 4.1 the vehicle manufacturer also takes on the role of
providing the VTL service with vehicular data such as velocity, direction etc.
Relationships

Vehicle manufacturers should cooperate to accelerate large scale adoption as this will
have commercial implications for the stakeholders.

Stakeholders

The stakeholders will be companies manufacturing vehicles eligible for implementation
of VTL

4.3 Service Enablers

This role represents those stakeholders that are supporting the producers of the
functionality of the services, or the service providers with the necessary services and
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contents [18]. For VTL this can be e.g. safety data from other services or alerts from
road operators delivered through infrastructure.

4.3.1 Content Provider
Function and responsibility

In the proposed model of the organizational structure seen in figure 4.1, the content
providers assume the role of entities delivering data from other services than VTL
and VASs. This can include several types of data based on what kind of other
services are present in the ecosystem. For VTL relevant data can include e.g. data
from emergency vehicle systems alerting the VTL system of approaching emergency
vehicles before they reach the range of the VIL VANET in an intersection, so that
the participating vehicles can quickly adapt to the incoming emergency vehicle. Other
relevant data include e.g. weather induced road conditions or data from civil defence
systems.

Content providers can also provide valuable information to the VASPs ranging from
location data to public transport data which can be used to create services with
monetary value for the users.

This data will be provided to the OBU either through long range connectivity or
DSRC. It is important that the data exchanged between services is secure and that
bogus operators are not allowed to alter, interrupt or tamper with information
regarding safety. Therefore this communication should be regulated and data sources
validated.

Relationships

The content providers will rely on different forms of communication. For supplying
e.g. road operators with safety critical data, long range connectivity will be supplied
by a connectivity provider. Relationships with receiving parties of the data should
also be maintained to establish trust between communicating parties.

Stakeholders

The stakeholders can be grouped into three categories: Safety-related content feeding
VTL, non safety data and inputs on road geometry from static map layer updates[29].
Safety-related content:

e Road operators

e Roadside assistance services
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e Emergency vehicle operating services
e Weather monitoring centres

o Civil defence

Non-safety:

Road operators

e Traffic control managers

Traffic information managers

Fleet monitoring systems

Public transport coordination services

Business directories

Map-related:

e Road operators
e Local public authorities

e Drivers associations

4.3.2 RSU Infrastructure Manager
Function and responsibility

The role of RSU infrastructure manager and road operator will probably be governed
under the same entity but it is divided in the proposed model to easier explain
the roles. In the VTL ecosystem, the RSU infrastructure manager will serve as
an entity operating the infrastructure part of VTL. As explained earlier; road side
infrastructure can be used to convey messages originating from VTL.

If an infrastructure supported migration strategy is chosen when adopting VTL,
the RSU infrastructure manager will have to make sure that non-VTL vehicles are
seeing the same information on road side traffic lights as the VTL enabled vehicles.
This means conveying messages from the elected leader at the intersection, and
maintaining the infrastructure system so that the correct information is displayed.
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Relationships

Relationships of the RSU infrastructure manager include notifying road operators with
alerts, conveying event messages to VTL enabled cars, conveying beacon messages
and having a relationship with suppliers of the road side equipment.

Stakeholders
Stakeholders can include[29]:

e Road operators

e Companies managing traffic telematics on the behalf of road operators

4.3.3 Connectivity Provider
Function and responsibility

The connectivity provider in this model is an entity providing long range connectivity
to stakeholders requiring this. While VTL base its communication on DSRC, it is
very likely that long range connectivity will be needed for updating VTL, updating
maps, and receiving/sending safety critical information to e.g. road operators.

The responsibilities of the connectivity provider will be to set up communication net-
works, maintaining these and providing/selling communication channels to requiring
entities.

Relationships

e Road operators
e Service providers
e Map providers

e Content providers

Stakeholders

Stakeholders will be Telecom providers and Internet Service Providers (ISPs)

4.3.4 Retrofit Installer

Retrofit installers will fill the role of entities retrofitting vehicles with OBUs. This
role exists in the ecosystem because 100% penetration of DSRC will only happen
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within a reasonable amount of time if there exists solutions to upgrade existing
vehicles in the national car fleet. Only relying on new cars with such technology
installed might take a substantial amount of time seeing as the Norwegian car fleet
is 10.5 years old on average [32].

Relationships
The retrofit installers will have relationships with OBU providers to obtain the
devices, and the end users which need the OBU installed

Stakeholders

The stakeholders will be car workshops with knowledge on how to install OBUs in
different vehicles.

4.4 Service Providers

This role represents the stakeholders which deliver services to the end-users. For
the proposed model in figure 4.1, VTL and VASPs are listed as service providers.
the VASPs are included because they could play a role in the strategic part of the
adoption of VTL and DSRC.

4.4.1 VTL

In this chapter, VTL represents the role which the VTL service will have in the actor
ecosystem.

Function and responsibility

The VTL service is in the center of the proposed organizational structure. The VTL
service will be responsible for providing the user with information and interface to
securely traverse intersections based on VTL. How VTL works is explained in chapter
2.

The service will communicate with other vehicles, process data obtained from the
vehicle and facilitate scheduling plans for intersections. It is not yet known which
entity will have the responsibility for legal issues tied to VTL, but the service owner
may have to log events and provide them to road operators.

Relationships

e End-users

e Vehicle manufacturers
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e Road operators
e Map providers
e Content providers

o RSU infrastructure manager

Stakeholders

The stakeholders for VTL will be the entity that taking VTL to market and com-
mercializes it.

4.4.2 Value Added Service Provider
Function and responsibility

The role of a VASP includes delivering services that are not safety related. These are
important because they help increase the commercial attractiveness of the OBUs[29]
by providing services which can improve users’ quality of life such as free parking
discovery, dynamic navigation, infotainment etc. Such services can be applications
that the users download and spend money obtaining. Different vehicle manufacturers
can have different platforms on which to procure VASs or it can be a third-party
providing the same platform to several vehicle manufacturers.

While such services can increase the public attractiveness of the required devices to
implement safety services such as VTL, it is important to ensure that the data sent
out by these applications does not interfere with the safety messages from e.g. VTL.
Therefore it is important to regulate the communication in such a way to ensure that
this does not happen, DSRC have a dedicated safety application sublayer to convey
safety messages[15].

Relationships
e End-users purchasing services

e Wireless communication regulators

e Connectivity providers to deliver services to the OBU

Stakeholders

e Companies providing road navigation

e Telecom operators
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Suppliers of commercial services
e Road operators

Vehicle manufacturers

e Fleet managers

4.5 Users

This role represents the stakeholders which will consume the services provided by
the service provider. Either by spending money obtaining services or using security
services such as VTL.

4.5.1 Road Users
Function and responsibility

A road user constitutes a stakeholder present inside a vehicle on a road. The user
will be the one interpreting messages and data provided by the service providers
and deciding how to control the vehicle based on this. As explained earlier, service
providers might provide services improving general quality of life or security services.
Road users will find value in a security service such as VIL because many road users
value safety as their highest priority when driving [33].

From a strategic point of view, road users will be important in ensuring widespread
deployment of VTL and DSRC as public acceptance is important for safety applica-
tions.

Relationships

Road users will have relationships with the entity providing their vehicles with
OBUs and the service providers providing them with services. In addition, vehicle
manufacturers will provide the vehicles for the end-users.

Stakeholders

Private vehicle driver

Freight vehicle driver

e Emergency vehicle driver

Public transport driver

Passengers of e.g. public transport
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4.5.2 Fleet Managers

Fleet managers represents the entities overseeing fleets of vehicles such as taxi
companies and the emergency vehicle fleet department of a hospital. The fleet
managers will purchase devices and services from a business point of view and might
have other values than the private road users. Such fleets often consists of vehicles
not owned by the drivers, but the entity overseeing operations, therefore it is the fleet
managers who decides if they want to enter the market based on the business model
proposed by the OBU, and service providers. This makes fleet managers important
in the adoption of new ITS technology.

Relationships

The fleet managers will have relationships with the same actors as the road users.

Stakeholders

e Taxi companies

e Emergency vehicle fleets

Freight vehicle fleets

e Public transport companies






Benefits of VTL

The previous chapter listed all the actors participating in the actor ecosystem sur-
rounding VTL, this chapter will give the reader insight in the benefits of implementing
VTL for each of the presented actors. The chapter will be separated into sections in
the same way as chapter 4, where the benefits of each actor will be presented and

elaborated.

5.1 Policy Makers and Regulators

Stakeholder

Benefits

Public authority

- Better traffic flow for a country, city, etc.

- A more streamlined transport sector

- Less pollution

- Lower investments in intersections

- Reduction of traffic accidents happening in intersections
- Prioritization of emergency vehicles and public transport

- Potential to create new jobs

Standardization Entity

- No particular benefit other than being able to voice the

opinions and needs of their members

Road operator

- Less congestion in the traffic system
- Less of the budget spent on setting up and maintaining
intersection signal control devices

- Reduction of traffic accidents happening in intersections

Certificator

- Potential income from certification work

Table 5.1: Benefits of policy makers and regulators

Table 5.1 show a summary of the benefits policy makers and regulators will experience
with the deployment of VTL. With road traffic injuries predicted to being the third
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highest cause of death in 2020, policy makers and regulators, and road operators will
have large a large incentive to make roads safer[10].

As table 5.1 depicts, there are many potential benefits for public authorities. In the
United states in 2008, an estimated 40% of all crashes happened in intersections. This
amounts to about 2,300,000 crashes[34]. In intersection related crashes, the largest
driver attributed critical reason is inadequate surveillance with 44,1%. Following
this are false assumption of others actions(8,4%), turned with obstructed view(7,8%)
and illegal maneuvers with 6,8%. With VTL, every traffic intersection will be signal
regulated if needed[14], this will cause surveillance to be much less of a problem. The
Norwegian road authorities state that the amount of intersection related accidents will
be reduced if intersections are regulated by traffic signals. They also state that the
accidents where a vehicle is hit from behind might increase, however the important
note is that the severity of accidents is reduced[12]. By installing traffic signals in an
intersection with four approaches, the amount of accidents can be reduced by about
30%. This number is about 15% for intersections with fewer approaches[12]. Crashes
involving emergency vehicles might also diminish with the implementation of VTL.
By utilizing schemes and local rules in conjunction with VTL, more than 25% of
emergency vehicle accidents can be avoided[35].

The DOT lists "limit environmental impacts" as one of their strategic themes for their
ITS strategic plan for 2015-2019[36]. This includes managing traffic flows, speed and
congestion better by using technology. Several studies have been conducted on the
potential VTL have on improving traffic flows. Sommer et al. show that VTL can
improve traffic efficiency in intersections by up to 35% in realistic environments and
showing that the speedup remains stable under high communication load scenarios[37].
Ferreira et al. show, with simulation, that VTL has the potential to increase traffic
flow, with increasing density, by up to 60% during high vehicle density scenarios[14].

Environmental impacts also include carbon emissions, the European commission
estimates that about one fifth of EU’s total emission of carbon dioxide comes from
road transport[38]. Ferreira et al. conducted a study to determine the impacts VTL
would have on carbon emission mitigation. By using simulation, the authors showed
that carbon emissions could be reduced by as much as 20% under high density traffic
scenarios[39].

The potential for prioritization of vehicles is lucrative, studies show that prioritization
of public transport in intersections can decrease travel times by 5-15% and reduce
the amount of delays occuring by 40%[12]. When there is a matter of life and death,
every second counts. in [35], Viriyasitavat et al. proposes a scheme where VTL
in combination with local rules can be utilized to provide emergency vehicles with
priority in intersections, the authors produce findings which indicate that emergency
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vehicles can save a substantial amount of time, which might even be higher than
the paper proposes due to the low amount of intersections currently equipped with
traffic signals[35].

One of the goals of VTL is to render traffic signalling truly ubiquitous by making all
intersections capable of being signal regulated through VTL. When reviewing the
numbers it becomes clear that traditional traffic lights are not scalable if the goal is to
equip all intersections with traffic signals; in the U.S. less than 1% of all intersections
are equipped with traffic lights (260,000 of 50,000,000)[16]. The cost of installing a
traffic light can range from $50,000 to $200,000 based on its complexity, and running
the traffic light adds somewhere around $3000 each year[16]. By removing the cost
of such infrastructure in the road network, a substantial amount of money can be
saved due to the deployment of VTL.

The direct benefits for standardization entities and certificators are not as substantial
as those experienced by the public authority and road operators.

5.2 Technology Suppliers

Stakeholder Benefits

- Revenue from sale of RSUs and Sensors
RSU/Sensor provider ] )
- Revenue from maintenance of devices

. - Revenue from sale of map structure
Map provider . ) )
- Potential revenue from updating static maps

OBU provider - Revenue from sale of OBU

- Possibility to use VI'L as marketing for safer vehicles
Vehicle manufacturer | - Potential increased revenue from including OBU in vehicles

- Revenue for retrofitting OBUs in vehicles

Table 5.2: Benefits of technology suppliers

The technology suppliers of the ecosystem will have more revenue driven benefits
compared to policy makers and regulators, which are also concerned with the socioe-
conomic advantages of VTL. As was illustrated in section 5.1, it is very expensive
to install and maintain traffic signals. As explained in chapter 4 there might be a
need for RSUs in the migration period for VTL. The installation of a simple RSU
such as a roadway probe beacon can cost $15,000 in capital expenses and $2,400 in
operational expenses each year[17]. If a migration strategy is chosen such that traffic
signals and RSUs assist in the migration period and potentially persist after the
adoption is complete, RSU/Sensor providers could experience large revenues from
the deployment of VTL.
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Vehicle manufacturers will probably gain market opportunities with the deployment
of a new technology such as VTL. As explained in chapter 2, a vehicle needs to be
equipped with an OBU with DSRC capabilities to utilize the VTL service. Even
though new vehicles might be required to implement V2V capabilities, vehicle
manufacturers can gain an advantage over its competitors by being a first-mover
in the market and taking initiative to accelerate adoption of a new technology|[40].
Vehicle manufacturers can also obtain advantages by utilizing the increased safety
from implementing VTL as a marketing strategy to sell more vehicles.

The OBU, and map providers will have the benefits of selling their hardware and
services to other actors in the ecosystem.

5.3 Service Enablers

Stakeholder Benefits

. - Potential revenue from selling data to the VTL service
Content provider ] ) )
- Potential to use VTL as a springboard for other services

. - Less infrastructure to maintain by removing physical traffic
RSU infrastructure

manager

signals

- If private entity: revenue for maintaining RSUs

L. . - Revenue for selling connectivity services to actors involved
Connectivity provider |
in the VTL ecosystem

Retrofit installers - Revenue for installing OBUs in vehicles

Table 5.3: Benefits of service enablers

The benefits for the different service enablers are depicted in table 5.3. Based on
what kind of data a content provider provides, there is a potential for revenue by
selling this data to the VTL service. this can e.g. be a service providing info about
emergency vehicles approaching intersections, if this is not already built into the
VTL service. If public authorities decide to mandate VTL and OBUs with DSRC in
e.g. EU, content providers can springboard their services by populating potential
VAS platforms delivered with the OBU.

If a migration approach where RSUs are not prioritized is chosen, a RSU infrastructure
manager will have less infrastructure to maintain, and more money to invest in other
areas of the road infrastructure which needs improvement.

Connectivity providers and retrofit installers will gain benefits for selling their services,
hardware and software to other actors in the ecosystem.
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5.4 Service providers

Stakeholder | Benefits

VTL )
is chosen

- Revenue for selling the VTL service based on which business model

VASP - Revenue for selling value-added services to customers

- No particular benefit directly from the implementation of VTL

Table 5.4: Benefits for the service providers

Table 5.4 show the benefits of the service providers following the deployment of
VTL. For the organization taking VTL to market the benefits will be revenue for
selling and maintaining the service. Based on which migration strategy is chosen,
VASPs might increase their revenue from VTL being implemented by creating a
two-sided market with the end users to finance the OBU required to deploy VTL.
This approach will be further explained in chapter 6.

5.5 Users

Stakeholder Benefits
- Better traffic flow

- Less fuel consumption and air pollution

Road users - Smaller chance of traffic accidents
- Potential for cheaper insurance

- Less wear to the vehicle engine

- Better traffic flow causing a more streamlined operation
- Less fuel consumption for the whole fleet, saving expenses
Fleet managers | - Fewer expenses linked to accidents

- Potential for cheaper insurance

- Faster reaction time for emergency vehicles

Table 5.5: Benefits for users

From table 5.5 we see that there are several benefits for both the road users and fleet
managers following an implementation of VTL. Road users will experience several
of the same benefits as the public authorities which was extensively elaborated in
section 5.1. The difference between a road user and a public authority is that the
public auhtority sees the benefits from a socioeconomic perspective while the road
user experiences the benefits mostly as an individual. The collective benefits for all
the road users will reflect the benefits of the public authority and road operators.
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The same situation is seen for fleet managers. The benefits are similar to the ones
experienced by the public authorities, however, the benefits for the fleet managers
are driven purely by economic ambition. The only stakeholder this statement is not
valid for is fleet managers of emergency vehicles, where time is of the utmost essence
and an important benefit from implementing VTL.



Migration

The preceding chapters have provided an overview of the actors participating in the
ecosystem surrounding VTL. In this chapter we will look at how the most central
actors can react to different market scenarios regarding the migration period of VTL,
using economic theory. Insights regarding the migration from traditional traffic lights
to VTL will be presented. Looking at the requirements all vehicles must fulfill in order
for VTL to be implemented, listed in chapter 2 and [14], one can implicate that there
has to be a period between no cars being viable for VI'L and all cars being viable.
This is the migration period. This chapter will also present the current situation in
Europe and the U.S. regarding ITS and the adoption of V2V communication.

6.1 The current situation

There are many entities dedicated to accelerating the adoption of ITS and services
relying on V2V communication such as Ertico!, Amsterdam Group? and the Car 2
Car Communication Consortium? in Europe, and the DOT* and National Highway
Traffic Safety Administration (NHTSA)® in the U.S.. Several countries are including
ITS in their transport plans e.g. Norway has released guidelines for the new national
transport plan, which will last from 2018-2029, where the government express a
desire to increase the use of ITS. The Norwegian government also expresses concerns
about the lack of interoperability between different systems and requests suggestions
for how to overcome administrative barriers. The potential for a digital collaboration
platform is proposed to facilitate interoperability between different systems[41].

The largest hurdle for the implementation of VTL will be the penetration rate for the
OBU containing DSRC and the technology required for VTL. The problem regarding

1
2
3

www.ertico.com
www.amsterdamgroup.eu
WWW.car-2-car.org
4http://www.transportation.gov/
Swww.nhtsa.gov
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the penetration rate of DSRC devices is addressed by Tonguz in [16]. Tonguz says
the success of VT'L can be accelerated by the public authorities by mandating car
manufacturers to implement DSRC capabilities in their vehicles[16]. Such mandates
have already been discussed in the U.S. and the DOT has proposed legislation to
mandate that V2V communication should be implemented in all new cars[42]. This
legislation comes a result of a report made by the NHTSA where the benefits, costs,
the need for regulation, etc. for implementing V2V communication capabilities is
outlined[43]. The NHTSA estimates that the cost of equipping new vehicles with
DSRC devices for V2V communication will cost approximately $350 per vehicle. This
cost is notably less than other safety equipment currently mandatory in vehicles such
as airbags costing approximately $500.

Several issues have been raised in reply to the report written by the NHTSA. Brock
et al. writes, in a public interest comment, their concerns regarding the NHTSA
report[44]. The NHTSA claims in their report that market failure is likely to happen
for the adoption of V2V devices without federal regulation and mandates[43]. This is
claimed because of network externalities, and the NHTSA does not believe that there
will be enough incentive for vehicle manufacturers to produce V2V communication
enabled vehicles, thus regulatory action is required. Brock et. al provides several
examples of technologies exhibiting network externalities which did not require
regulatory action, such as facsimile [44]. Other issues addressed by Brock et al.
includes e.g. how benefits from V2V communication is quantified compared to
cost, how the extra cost for installing or purchasing an OBU will effect low-income
households, if the benefits for early adopters will be substantial enough to create a
stable market and if the technology will have public acceptance due to the privacy
concerns which follows a system monitoring information about a vehicle and sending
this to other vehicles[44].
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Figure 6.1: Phase concept of ITS deployment|[8].
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The Amsterdam group have produced a proposal for a road map regarding the
deployment of Cooperative Intelligent Transport System (C-ITS) in Europe, this
can be seen in figure 6.1. The Amsterdam group proposes an "evolution instead of
revolution"-approach to the adoption of C-ITS, meaning that there will be transi-
tioning phase over several years[8]. The road map emphasizes that fast penetration
is a goal, however market needs and business models should be taken into account.
Technical and operational interoperability, and scalability in conjunction with user
oriented services should be the goal of the technology. Two of the recommendations
the Amsterdam group has for an accelerated deployment of C-ITS is listed below|8]:

e Develop deployment scenarios for local authorities showing how to move in a
cost-effective way from existing systems to cooperative systems

e Develop robust business models for local authorities

As this section has attempted to illuminate, there is a large debate going on in
both Europe and the U.S. regarding how ITS and V2V communication should be
implemented, who should pay, if regulations are necessary and if they are, to what
extent.

6.2 Alternatives for migration

To stimulate the adoption of VTL, the vehicle fleet needs to be equipped with DSRC
devices. We define getting 100% penetration of these devices as the largest challenge
for the implementation of VTL. The stakeholders, and their relationships, included
in the VTL ecosystem were defined in chapter 4. If the stakeholders does not have
positive utility by participating in the market, they will choose not to. It is thus
important that all the stakeholders have a positive cost-benefit ratio. This section
provides alternatives to how different stakeholders can interact with each other such
that the market for DSRC devices will reach sufficient penetration, while keeping
the stakeholders in the market.

The section will be split into subsections where each subsection explains the alter-
natives for one central actor. As explained in chapter 1, the approach chosen for
this thesis is to highlight several potentially prevalent alternatives regarding the
acceleration of the penetration rate for DSRC. Another way of exploring migration
alternatives would be to focus only on one alternative and go in-depth with the
chosen alternative. The reason that this thesis shed light on several alternatives
instead, is because of the complexity of the market surrounding VTL. VTL is a
market with stakeholders from both the private and public sector. There are also a
substantial amount of stakeholders. Seeing as there are no certainties that VTL will
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be implemented, or that one can reach 100% penetration rate of DSRC devices; it
was deemed to many uncertain variables to justify focusing on only one migration
alternative. Different migration scenarios will be based on different assumptions.
These assumptions will be listed where necessary.

6.2.1 Publicly authority

The public authorities have much power when it comes to deciding how new tech-
nologies, which will affect large portions of the society, are implemented. Public
authorities have the power to enforce mandates or even change legislation to assist
in the deployment of new technology. By doing this, public authorities can provide
incentives large enough for end users to adopt the technology even before the network
externalities experienced by end users are sufficient for the market to reach critical
mass. One example of public authorities stimulating adoption of technology providing
benefits for the society is how the Norwegian government provides large incentives to
every citizen purchasing an electric vehicle.

Electrical vehicles in Norway received benefits because the government signed a
climate agenda which included that electrical vehicles would receive benefits lasting
until 2017 or until there were 50.000 electrical vehicles on the roads. After either
of these limits were reached, the benefits would be reconsidered[45]. The following
benefits were given to these vehicles:

e No "one-time-fee" (this is a fee which has to be paid for vehicles when they are
purchased, it varies based on weight, type of vehicle and CO2 emissions)

e No taxes for the vehicle on purchase

e Corporations only have to pay half the taxes, on their vehicles, if they use
electric vehicles as company cars

e In Norway all vehicle owners must pay a fee for each owned vehicle each year,
this fee is much lower with an electrical vehicle

e Free parking on public parking spots

e No road tax

e Can drive in lanes dedicated to public transport
e Free ferry transits

e Free use of public charging stations
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After the incentives were introduced, the sale of electrical vehicles increased by a
large amount. Looking at the statistics, one can see that the amount of electrical
vehicles in Norway has increased from 15 000 to approximately 50 000 in about 1.5
years[46]. It is thus obvious that the incentives provided by the government were a
large factor in the penetration of electrical vehicles in Norway. From the list above
it can be seen that the incentives provided either made the purchase and/or usage
of the vehicle cheaper, and the daily commute more practical for the users, i.e. less
congestion in public transport lanes and free parking. These are factors that greatly
affect road users travelling every day.

As mentioned, the incentives for electrical vehicles will not last forever. With the
explosive increase of such vehicles in Norway, the incentives are, as of May/June 2015,
being discussed. Currently, in the capital of Norway, electrical vehicles can not use
the public transport lanes unless there are more than one person in the vehicle[47].
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Figure 6.2: Model showing the revenue streams between actors when the public
authorities take a central role

For VTL, the willingness of a government to provide incentives might be crucial. As
the decision to provide incentives to electrical vehicles was driven by environmental
reasons, we can assume that at least the Norwegian government has the potential to
provide incentives for new technologies with the capability to improve the environment.
The benefits of VTL related to the environment were discussed in chapter 5. Such
incentives as the ones listed above can greatly improve the adoption rate of new
technology, as seen with the growth in sales of electrical vehicles, and help the market
reach critical mass.

Many of the incentives provided to the electrical vehicles could also be applied to
vehicles with DSRC installed, such as driving in lanes dedicated to public transport
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or cheaper taxes for either the vehicle or just the OBU. It is also possible to
prioritize vehicles with DSRC in intersections to further provide incentives for fast
penetration. Some incentives, such as driving in the public transport lanes, can be
very lucrative to the consumers in an early phase before these lanes become congested
with DSRC equipped vehicles, hindering public transport. Other incentives such
as being prioritized over regular vehicles in intersections will be viable through the
whole migration period.

Figure 6.2 depicts how the revenue streams between actors will flow if the public
authorities takes a lot of responsibility in the adoption of VTL. In addition to
providing incentives, the public authority can also provide mandates and legislation
to vehicle manufacturers and all vehicles driving on the roads. As explained in section
6.1 this is the leading approach in the U.S..

The public authorities will be the entity which decides if VTL should be procured
once the penetration rate is sufficient. To pay for the service itself, the public
authorities must either subsidise the whole cost, or make the end users help pay for
the service through e.g. taxes or surcharges. In Norway, vehicle owners have to pay
several taxes and surcharges on their vehicles on a yearly basis, such as the annual
motor vehicle tax. Public authorities can provide legislation to increase such taxes
so that they include part, or the entire cost of the VTL service. Another way the
public authorities can make end users help finance VTL is by employing the strategy
used for financing tunnels, bridges and roads in Norway. This strategy uses toll
stations set up on different roads. when a car passes the toll station, a sum of money
is paid as toll. Public authorities can thus increase these taxes, or set up separate
toll stations to help finance the VTL service.

6.2.2 Vehicle manufacturers

This section will elaborate on the role of the vehicle manufacturer in the adoption of
DSRC, and apply theory to analyze how a vehicle manufacturer might approach the
challenges facing an adoption of new technology. As explained in section 6.1 there is
an on-going debate to decide whether DSRC equipment should be included in all
new cars by mandate of the government. It is argued that not mandating DSRC
equipment will not necessarily cause a market failure[44]. We will now look at a
simple game to explore this statement, and how a vehicle manufacturer will act if
there is no mandate present. The goal of the following example is to show how the
required consumer base for a vehicle manufacturer to enter the market for DSRC
devices will vary based on the strength of the network externalities.

We assume that a vehicle manufacturer has monopoly and that all their customers
are identical. The vehicle manufacturer is faced with the choice of producing cars
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with DSRC installed, so that they can communicate with other vehicles or RSUs, or
without DSRC. We then have the following parameters:

¢ — Identical consumers which might purchase a vehicle

q — Quantity of vehicles sold

p — Price of a vehicle

B — The basic utility each consumer derives from owning a vehicle

« — Marginal utility for each additional vehicle in the network

g — Unit production cost for a vehicle equipped with a DSRC device

i, — Unit production cost for a vehicle without a DSRC device

0<pn < pa

The utility for a consumer will thus be

B—p+aq DSRC device installed
U=<¢(8-p no DSRC device installed

0 no vehicle purchased

It is further assumed that the consumers knows the total number of vehicles purchased
(perfect foresight) and that there are two perfect foresight equilibria ¢ = 0 and ¢ > 0.
Based on these assumptions, the utility of a consumer which is indifferent about
entering the market or not can be calculated by setting the utility function to 0. The
demand functions for a vehicle without a DSRC device, or with a DSRC device will
thus be:

No DSRC devices installed:

_J&  ifp<p
Yo ifp>5

DSRC devices installed:
g § ifp<B+af
0 ifp>p0+af

Since the vehicle manufacturer is operating as a monopolist, it will maximize its
revenue by setting the price of a vehicle equal to the price a consumer is willing to
pay. Following the case where DSRC is not installed in the vehicle, the price will be
p = B, and hence the profit equation for the vehicle manufacturer will be:

Tn = (5 - ,Un)f
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Figure 6.3: Customer base needed for different values of «

In the case where the vehicle manufacturer decides to install DSRC devices; p = S+a&,
giving a profit equation:

g = (B + a — pq)é

Comparing the profits from both scenarios, it can be calculated which circumstances
must be fulfilled before a vehicle manufacturer chooses to produce compatible vehicles
over non-compatible vehicles:

(B+a& —pa)§ > (B~ pn)

‘Which leads to
Ap = pig — pin < € (6.1)

Directly interpreting the equation, it is indicated that a vehicle manufacturer will
only produce DSRC enabled vehicles if the cost difference between producing the
vehicles is less than the gain from the network externalities. What this means is
that the positive effects a vehicle manufacturer experience from consumers having
DSRC enabled vehicles must be sufficiently large so that it is worth the extra cost
of producing these vehicles. Such effects can be e.g. higher willingness to pay from
consumers or a more attractive service platform for third parties to develop services
on. What this example show is that there might be need for regulations to get DSRC
to penetrate the market if the network externalities are not sufficiently strong during
low market penetration, so that vehicle manufacturers does not see the value in
producing and selling these vehicles, which might cause a market failure.
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Figure 6.3 depicts the customer base needed as a function of Ap(the cost difference
between manufacturing a vehicle with a DSRC device or not) for different values
of a. The graph show that if the marginal utility for each vehicle is low, a large
customer base is needed to make the vehicle manufacturer decide to enter the market
for DSRC enabled vehicles. This graph does not accurately depict the reality because
of the static value of «, this comes as a result of the perfect foresight assumption.

Being the first-mover
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Figure 6.4: Model showing revenue streams when vehicle manufacturers subsidises
OBUs

Figure 6.4 show a model where a vehicle manufacturer decides to subsidise the OBUs
for their vehicles. We now assume that there has been confirmed a mandate which
require all new vehicles to be fitted with DSRC radio, and that the only requirement
for the device is that it is able to communicate with V2V safety applications. The
vehicle manufacturers must then decide how they want to integrate and distribute the
OBUs in their vehicles. Assuming that there are no subsidies from public authorities,
vehicle manufacturers must decide if they want to increase their vehicle-prices to
compensate for the added cost of producing a vehicle with an OBU, or if they want
their prices to remain the same; which might lead to advantages in the market.

One such advantage is the first-mover advantage which have been extensively studied
in the field of economics. The key element of a first-mover advantage is an initial
asymmetry among competitors, enabling one firm to gain a head start over its
rivals[48]. There is however not unified evidence suggesting that first-movers will
always be at an advantage[49]. There have been suggested four types of mechanisms
that a first mover might experience. Economic mechanisms related to cost advantages
for scale and marketing. Preemption mechanisms related to factor inputs, i.e. the first
movers gets cheaper raw materials than their competitors and spatial preemption
related to preempting competitors by gaining customers in certain geographical
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areas. Technological mechanisms related to the product, processes and organizational
adaption. Behavioural mechanisms related to differentiation advantages related to
e.g. switching costs and product reputation|[50].

By providing consumers with OBUs for free, i.e. not raising prices after the mandate,
a vehicle manufacturer might be in a favorable position where consumers prefer their
vehicles because of the lower prices. The vehicle manufacturer must however be able
do economically defend their decision to not incur the cost of the OBUs on their
customers. One way to do this is to ensure that consumers are using services from
one vehicle provider which are not compatible with others. This can be achieved by
being the first-mover in a market to quickly obtain a large user base. By providing
a service platform to the consumers where they can create a profile, purchase apps
or other VASs, the vehicle manufacturer incurs a lock-in effect on their consumers.
A lock-in effect is an effect which tries to prohibit the user from switching to a
competitive product without paying switching-costs, e.g. a consumer with an iPhone
experiences lock-in by purchasing several apps from Apple’s appstore. A lock-in
effect comes as a result of switching costs. A switching cost is the negative cost a
consumer experiences by switching to a competitive product. Switching costs are
most often monetary but can also be psychological or effort-based.

VASP

VAS 1 VAS 2 VAS 3 VAS 4

Vehicle Manufacturer 1 Vehicle Manufacturer 2

Figure 6.5: Compatibility between a value added service provider and two vehicle
manufacturers
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Lock-in can be caused by compatibility. Figure 6.5 depicts a situation where a VASP
is providing services for vehicle manufacturers. As explained, we assume that a
vehicle manufacturer can have their own service platform, for providing services to a
user, on their OBUs as long as they are compatible with safety applications such
as VTL. In the example shown in figure 6.5, "Vehicle Manufacturer 1' has managed
to obtain a much larger market share than "Vehicle Manufacturer 2" e.g. by being
a first-mover. The lines between the boxes in the figure represent if a service is
compatible with the connected service platform. We see that the VASP provides 4
services; VAS 1-4. Because VM1 has a larger market share, the VASP has a larger
monetary incentive to create services compatible with VM1’s service platform. This
is caused by indirect network effects and can in turn lead to even more consumers
choosing to purchase a vehicle from VM1 because of their superior service platform.

The competition between private actors depicted above can cause a faster penetration
rate for DSRC and thus VTL. Several vehicle manufacturers already provide telematic
service platform in their vehicles, such as Toyota®, GM”, BMW?® and Mercedez Benz®.
There is no reason not to believe these platforms will be integrated with the OBUs,
should they be mandated in vehicles. This also gives vehicle manufacturers the
possibility to implement their service platforms in older vehicles through retrofit
installs.

6.2.3 Two-sided market

There are several examples of goods being given away for free or at strongly reduced
prices[51]. One market type where this kind of strategy is prevalent is two-sided
markets. A two-sided market can e.g. be shopping malls, where shoppers can enter
the mall for free but the shops have to pay rent. This is lucrative for all parties
because 1) the shoppers gain access to a platform where they can purchase products,
without having to pay for entry to the platform. 2) The mall gains revenue by
collecting rent from the shops in the mall, and 3) the shops gain revenue from selling
its products through their shops located in the mall. Such a market is driven by
network externalities because each user experiences increased utility for each user
located at the other side on the market, i.e. a shop experiences increased utility for
each consumer located in the shopping mall and vice versa.

Such markets can also be found in the IT-industry, e.g. Apple lets their users
download the app store for free and charges developers a fee for licensing and access
to the store where they can sell their apps to consumers. Apple also takes a small
portion of the sale of each app. For VTL a two-sided market can help accelerating

Shttp://www.toyota.com/safety-connect/
Thttp://www.onstar.com
8http://www.bmw.com/com/en/owners/navigation /assist__1.html
9http://www.mbusa.com/mercedes/mbrace
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Value of an extra VASP in the
network, to an End-user

Potential fee Potential fee

VASP 4} Service Platform { End User

Value of an extra end-user
in the network, for a VASP

Figure 6.6: Model of a two-sided market

the adoption of OBUs. The concept of a service platform was briefly introduced in
the last section, where a vehicle manufacturer could utilize it to gain a favorable
position in the market.

Figure 6.6 depicts how a two-sided market can exist in the VTL ecosystem. While the
model does not directly include VTL, it is interesting to examine because it can assist
with solving one of the preliminary problems of VTL, namely the penetration rate of
DSRC. In this model the service platform is in the center. The service platform can
either be owned by a vehicle manufacturer, as explained in the last section, or by an
independent third party such as QNX'°, OpenCar!'! or OpenXC'2. In this market
configuration, the service platform is installed on the OBU containing the hardware
needed to implement VTL. The owner of a service platform will have to decide on
optimal pricing for both the VASPs and end users. If it is financially viable, the
OBU can be given away for free to end users while the VASPs have to pay a fee for
accessing the end users. Once an end user is connected to the service platform, the
VASPs can offer their services to the end users. Such services can either be free, paid
by lump-sum fees or subscription based. Examples of VASs can be Parking assist or
dynamic GPS based on traffic.

As the value in such a market is created by the users positioned at each side of

Ohttp://www.qnx.com/
HMhttp:/ /www.opencar.com/
2http://openxcplatform.com/
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the market, it will be important for the different service platforms to gain enough
traction for their platform and attract as many users on each side as possible, i.e. a
mall without customers will never get shops to pay rent to set up their shops there.

Senvices Services
VASP Payment Service Platform Payment End user  —
iﬁubsidies |5
£
@
OBU OBU é 2
Frovider/Installer o
h =
o
&

b J

Figure 6.7: Model of revenue streams with the two-sided market approach

Figure 6.7 show how the revenue streams between actors in such a market would flow.
The service platform will be the most central part of such a market configuration.
By providing OBUs to the end users, either for free or subsidised, they facilitate
the adoption of VTL through accelerating the adoption of the required vehicular
technology. The incentives for a service platform will thus be the revenue collected
from VASPs and end users. Based on the choice of business model, the service platform
will try to maximize their profits while at the same time creating a sustainable
marketplace for the VASPs and end users.

6.2.4 End users

The end users are the group of stakeholders which will ultimately use VTL actively
when travelling on the roads. Based on the actions taken by the public authorities,
vehicle manufacturers and other actors in the ecosystem, the end users have to make
a choice whether to procure a VTL enabled vehicle or not. If the public authorities
choose to not subsidise VTL or DSRC devices, the end users will have to pay more.
The same holds for the actions of the vehicles manufacturers. Each end user has
individual preferences and criteria which will need to be fulfilled for the user to enter
the market. In this section it will be explained how the end users of VTL will react
to different scenarios in the migration period for VTL.

Rogers introduces the concept of product diffusion in his book [6]. He defines the
first 2.5% of consumers adopting an innovation as innovators, the following 13.5%
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as early adopters and the next 34% as the early majority. The different kinds of
adopters are defined, by Rogers, like this: the innovators are individuals which have
high social status and are willing to take risks. They have financial liquidity and
often ties to other innovators and research communities. Innovators can tolerate to
adopt innovations which may ultimately fail. Early adopters are individuals which
have higher social status, financial liquidity and have higher education than the
late adopters. The early adopters are the group which have the highest degree of
opinion leadership, meaning that they can influence other consumers to make choices
whether to adopt a technology or not. The early majority adopts an innovation over
a significantly longer period of time than the innovators and early adopters. They
have above average social status, contact with early adopters and seldom holds a
position of opinion leadership[6].

Early adopter

Late adopter

Individual utility

Median adopter

Extent of network 100%

Figure 6.8: Individual utility of end users based on the size of the network, inspired
by [9]

For VTL, it will be crucial to get the innovators, early adopters and the early majority
to adopt DSRC and VTL to reach critical mass, such that the rest of the population
will follow. The difference between these technologies and regular innovations is that
they exhibit network externalities. Figure 6.8 depicts the adoption of an innovation
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with network externalities. It is seen that early adopters of such technology have a
higher individual utility than the median and late adopters. These adopters does
not procure the technology solely based on the utility increase from other consumers
with the same technology, but rather because the technology provides high individual
utility. For DSRC and VTL this might be utility from service platforms, that the
early adopter have financial liquidity and wants to increase social status or that he
predicts the future value and desires to be early in the market.

It is difficult to say exactly how a market exhibiting network externalities will move,
Goolsbe et al. conducted research which showed that people were more inclined to
purchase a home computer in areas where there were already many others in close
geographical proximity with a home computer[52]. Goldenberg et al. concluded that
network effect also might have a "chilling" effect on consumers because they will wait
until the market is populated so that the network effects influence their utility in
a positive manner[53]. This show that early adopters and sufficient incentives are
important for the success of new technology and will play an important role in the
adoption of VTL.

Figure 6.2 show a model where the public authority subsidise the OBU and VTL to
some extent. However, the end users also have to make a payment to procure the
services and hardware. As explained, end users will gain different levels of utility
from VTL and thus have different reservation prices to procure the service and
necessary hardware, i.e. DSRC radio. We will now look at an example with bundling
to investigate how such a strategy might influence the adoption rate of DSRC.

The term commodity bundling was introduced by Adams et al. in [54]. When a
company sells two separate goods together at a discounted price it is called bundling.
By bundling DSRC device with other technology which an end user would be
interested in, the sales of DSRC devices can be increased.

GPS | DSRC device
John | 400 300
Peter | 300 400

Table 6.1: Reservation prices for two users contemplating purchasing GPS and/or
DSRC

Table 6.1 represents the reservation prices two end users, John and Peter, have for
purchasing a specific product. In this example these products are represented by a
GPS and a DSRC device for vehicles. John is willing to pay $400 for a GPS and
$300 to procure a DSRC device for his vehicle, while Peter is willing to pay the
opposite for both devices. We assume that there is a company producing both of
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these devices, which need to decide how they should price each of the devices. The
potential revenue the company can obtain by selling these devices to John and Peter
is:

2 % (300 + 400) = 1400
The company can choose to be greedy, and set the price of both devices to the
maximum willingness to pay experienced in the market, i.e. 400. The company will

then have a revenue of:
400 * 2 = 800

Only John will purchase the GPS and only Peter will purchase the DSRC device,
because $400 is above their respective reservation price for the other devices. To
make sure that they sell one of each device to both John and Peter, the company
can set the price of both devices to equal the lowest reservation price for each device.
The company will then have a revenue of:

2 % (300 + 300) = 1200

Which is still below the max potential revenue. To obtain the maximal revenue
from these two devices, the company has to, either deploy a personalized pricing
strategy where each consumer pays his or her max reserve price for each device(which
probably is not viable), or bundle the products together and sell them as one. By
selling the two devices as one for $700, the company stays within the maximum
combined reserve price for both John an Peter and obtains a revenue of:

2 % (700) = 1400

As VTL requires lane-level accuracy GPS, the OBU integrated with the necessary
technology for VTL will have to contain both DSRC and GPS. The example above
show that this might lead to several consumers purchasing the OBU based on their
reserve prices for different technologies integrated with the unit.



Business Model

This chapter will present the business model for the proposed VTL. In the previous
chapter different scenarios regarding the migration period for VIL was presented. It
was mainly focused on how to obtain a sufficient penetration level for DSRC such
that VTL could be deployed. In this chapter it is assumed that 100% penetration
is achieved, and that the service is deployed. Based on these assumptions and the
information presented previously in this thesis, the business model for the company
taking VTL to market will be presented using the Osterwalder business model canvas.
This modeling approach is widely used by many coorporations, such as IBM! and
Deloitte?[30]. Main points of the canvas will be presented, the interested reader is
encouraged to read Osterwalder’s book "Business Model Generation'[30] to further
understand the concept.

7.1 Osterwalder business model canvas

Osterwalder business model canvas uses 9 building blocks to present and help visualize
how a company intends to make money. The purpose of each building block will be
presented together with an explanation of what is included in the specific building
block for VTL’s business model. The proposed business model for VTL is depicted
in figure 7.2. It will be thoroughly explained in the following sections.

7.1.1 Key partners

The key partners building block describes the network of necessary suppliers and
supporting partners that makes the business model viable. Key partners can be used
in different strategic ways to improve the business model, such as alliances between
non-competitors or competitors, or buyer-supplier relationships.

1
2

www.ibm.com
www.deloitte.com
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For VTL the key partners were meticulously explained in chapter 4. Therefore they
will not be explained in detail in this chapter. As can be seen in figure 7.2, the
stakeholders included as partners are the ones directly supplying, supporting or
enabling the VTL service. The reader is referred to chapter 4 for explanation of each
partner’s function.

7.1.2 Key resources

The key resources building block contains the most important assets a company needs
in order to make the business model work. Key resources can be e.g. production
facilities for a physical commodity manufacturer or public trust for a banking service.
Key resources can take several forms; physical, intellectual, human or financial.

Another assumption about VTL has been made in order to accurately represent
the key resources. Based on the information presented in chapter 6 about the
current situation for governmental regulations and mandates for DSRC radio, and
ITS in general, it is assumed that VTL is a company selling a software service.
Seeing as the discussions regard mandating the required capabilities to facilitate V2V
communication but not specific services or service platforms, VIL will most likely
be a service which can be implemented or integrated with the mandated OBU. It is
therefore also assumed that all the required technology is included in the OBU.

VTL will have several key resources. Being a software company, the developers
developing, maintaining and updating the service will be important. The developers
will also have to make sure that the service functions properly on all OBUs and that
communication flows as intended between vehicular and infrastructure devices. If the
VTL technology aims to be able to accurately determine fault in accidents occurring
in intersections, a backend will have to be implemented to keep track of events
happening in the intersections. This backend could also be used for traffic monitoring
in intersections. VTL is intended to be a safety service providing ubiquitous traffic
control in intersections. For safety applications it is crucial to have public acceptance
and trust in the service. The public would not approve of using a service aimed
at keeping traffic safe, if they did not trust that the service could accomplish it.
Therefore it is crucial to obtain trust in the VTL service. Finally, the most central
resource for the VTL company will be the service itself.

7.1.3 Customer segments

The customer segment building block represents the groups of people or entities
which the company aims to reach and serve. A company can group their customers
into different segments with different needs, to better represent how each customer
segment is served.



7.1. OSTERWALDER BUSINESS MODEL CANVAS 61

VTL has several different customer segments. The customer segments are divided
into two main groups; Segments directly providing revenue for the VI'L company,
marked with blue color, and segments not providing direct revenue for the company,
marked with red. Exactly how the revenue streams flow will be explained thoroughly
in the section regarding the revenue streams building block. In the proposed model,
the public authority will be the actor which procures the service from VTL. The
service will then be distributed to the country or city it was procured for.

The non-paying segments are included because they are the entities which create
value for the service. Private vehicles, public transport, emergency vehicles and
freight /transport vehicles are the segments which will actually use the service and
the reason that a service like VTL will be procured, because of the many benefits
that follows. A segmentation of customers where some segments pay money directly
and some segments use the service for free is not a new phenomenon. Companies like
Skype and Google utilize such a strategy by providing free service to some segments,
and earning their revenue from the value the free users create or from other segments
which pay for advanced services.

7.1.4 Value propositions

The value proposition building block represents how value is created for the different
customer segments. By providing benefits and solving needs for a customer segment,
a company can acquire paying customers which is crucial for a business to survive.

The different groupings of customer segments was presented in the previous section,
this grouping will be used in all relevant building blocks where the content change
based on which segment it concerns. The value propositions are thus depicted in
red for the end users, and blue for the public authority. Value created by the VTL
service was thoroughly explained in chapter 5 and will not be repeated here.

7.1.5 Channels

The channels building block represents how a company is able to deliver the value
propositions to its customer segments. Channels can also be used for continuous
contact with customers, allowing customers to purchase products and providing
service for already purchased products

Being a software company, VIL has to be able to distribute its software to the
different customer segments. To facilitate V2V communication between all vehicles in
the road network, the service will have to be implemented on all OBUs. One way to
accomplish this is to integrate VTL directly with all new OBUs as soon as the service
has been procured from the public authorities, and employ a forced update for OBUs
already implemented in vehicles. Obtaining contracts and maintaining relationships
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with public authorities is crucial for the survival of VTL as a business, seeing as VTL
is aimed at ubiquitous traffic intersection control. It is therefore necessary that the
VTL company has contact with the public authorities to accomplish this. This contact
can be personal meetings, video conferences or similar types of correspondence.

VTL assumes that all vehicles have the same image of the road networks current
state, so that conflicts and accidents will not occur. The service must therefore have
a way to be updated should there be changes to the service or topology of the road
networks. In the proposed model, these updates are delivered over telecom-channels
such as 3G or 4G.

7.1.6 Customer relationships

The customer relationships building block represents the type of relationships a
company wants to maintain with different customer segments. Customer relationships
may be driven by different motivations such as customer acquisition or retention,
and it can be of several different types such as personal or communities.

The VTL company will have different relationships with the different groups of
customer segments. Firstly, relationship with a public authority must be negotiated.
This will result in a contract binding the public authority to using the VTL service.
The duration and/or terms for such a contract must be negotiated between the
VTL company and the public authorities. When VTL has been procured, it will be
implemented throughout the road network. The end users will then have to start
using VTL for traversing intersections. End users will not have a direct customer
relationship with VTL, they will be locked-in with the service because of regulations
from the public authorities.

7.1.7 Revenue streams

The revenue streams building block represents the revenue a company earns from
each customer segment. To be successful, a company must be able to determine
the willingness to pay a customer segment has for the company’s value propositions.
Revenue streams can take several forms, such as subscription fees, licensing and asset
sale

In the proposed model, the revenue streams seen from the VITL company’s point
of view will be coming from the public authorities. As explained in chapter 6, the
end users might very well be paying for the service one way or another, however the
VTL company will only see the money coming directly form the public authorities.
Because of this the end users are listed as having free usage of the service, while the
public authorities pays a service fee.
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VTL can be financed several different ways. The company could choose to sell VTL
at a lump-sum fee where the public authorities pay a one time fee to procure the
service. The public authorities would then be responsible for the infrastructure of
the service and delivering updates to vehicles etc. Support for the service would then
be obtained through recurring fees for the duration that VTL is in use.

VTL company

:

Public authority
Contact and payment

Mecessary data @

L{)ne time installation and updates

)

End users
Ad MAh Ml

Figure 7.1: Delivering software as a service

Ownership

Infrastructure

However, this thesis propose a different model of collecting revenue for VTL. Software
As A Service (SAAS) is an emerging trend in the IT-business sector which has
become increasingly popular with rise of cloud computing. This type of business
model aims at "lending" a software service to consumers rather than having them
buy it, install it on their own systems and run it from there. Being very scalable,
SAAS has seen much use in large corporate systems. By not being installed on-site
at a corporation but rather in the cloud, SAAS renders on-site compatibility checks
and other costly time consuming operations unnecessary. This makes SAAS very
favorable for the buyer, and research have shown that companies selling SAAS can
increase their revenues[55].
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Figure 7.1 depicts the proposed model for revenue streams seen from the VTL
company’s point of view. The infrastructure will be owned by VTL and the public
authorities will pay a recurring service fee to the company. Necessary data will be
provided to the public authority and continuous maintaining of the VTL service
as well as updates for OBUs will be managed from the company’s infrastructure.
Seeing as VTL is a safety service running over DSRC, the service will need to be
implemented directly on the OBUs to ensure reliable message exchanges. The one
time installation could e.g. be provided as a download from the infrastructure.

7.1.8 Key activities

The key activities building block represents the most important activities a company
must do to make its business model work. Key activities are used to create and
maintain the value propositions in the business model, and can include e.g. production
of goods or problem solving.

Maintaining the service includes making sure that the service deliver its value
propositions to the customer segments, and ensuring that continuous updates are
distributed so that the service function optimally. Being a software company it is
important to continuously develop and improve the service to provide a sufficient
product for its customer segments. As a safety application it will also be important
to immediately patch errors in the service to keep public trust in VTL.

As explained earlier, VTL aims at providing ubiquitous intersection management and
removing physical traffic lights. For this to be viable, all vehicles must be equipped
with DSRC and have the VTL service implemented. This means that VTL needs to
be implemented over a large geopgraphical area such as EU or the U.S.. To sell VTL
to such large actors, there is a need for good marketing to be able to penetrate the
market and gain traction by serving large customer bases.

7.1.9 Cost structure

The cost structure building block contains all the expenditures a company experiences
from operating the business model. Several building blocks in the business model
canvas incurs costs, such as the key activities and key resources. It is important to
keep the costs lower than the revenue to have a sustainable business model

Based on the other building blocks presented in this chapter, the costs can be easily
deduced. VTL needs developers to function, and the developers must be paid. The
proposed business model puts management of the service in the hands of the VTL
company. This will incur a cost for the company in terms of hardware costs and
general software management costs. As pointed out, VTL will need marketing to be
able to penetrate the market and this will cause expenditure for the company.



65

7.1. OSTERWALDER BUSINESS MODEL CANVAS

o3esn 991,] e

SWEBAIS NUIAY

09J QOIAIRS @

JUSWAT UL AJTAIOS @

s10dooAd(J e
SunoyIe|N @
INoNIS 150D

SO[OIYA

1odsuen ;s e
SO[OIYA

Kouddowy e

j1odsuen) o1[qng e

SO[OIYQA dJeALL] @

Kuoyne
ognd e

sjuow3ag
JowoIsn))

sanuoyne osrqnd
M JOBIUO)) @

S[oUURYD WO}
IoA0 s9jepd) e

uonnqLIsIp
21BM1JOS @

s[ouuey)

Cr= ]
PNy e

[en}oenuo)) @

sdiysuone[oy
Iowoisn)

RIRILETN

0] TBOM SSOT

SJUOPIOOE SSO

doueinsur 1odeay) e

MO[J OlJJeI} 1910 o
uondwmnsuod

[9NJ SSOT o

saniiqrssod
UONBZIILIOL] e
UOT}ONPAI JUIPIOOY o
SIUQUIISIAUL JOMOT o
uopnjjod ssaT e

MO[J J1JJel) 19119 e
uonsodoxd
anfeA

Q0IAIOS
TLASYL @
pueIq ur isnij e
puayorqd e
s10do[oAd( e

S0INOSY
eS|

SunayeN e

901A19s dA0Idur
pue dojoAd(J e

90IAIS
UIejuIRIA @

SONIATIOR A9y

s1opraoxd
AJIATIOUUO)) @

s1o3eurwW NSY @

szopraoad dey e

SI9[[BISUl
/s1opraold NqO o
saruedwod
oourINsuU] e
s1opraoxd
JuUO)) @
sonuoyne
peOY o
SIdIMoRINURW
J[OIYIA ®

s1ouped A9y

Figure 7.2: Business model for VTL






Conclusion & Further Work

8.1 Conclusion

This thesis has explained the concept of VIL and how it will be used to provide
ubiquitous and streamlined traffic intersection management for the road network. A
thorough explanation of the actors in the ecosystem and how they interact with each
other has been presented together with the benefits each actor in the ecosystem will
experience from the deployment of VTL.

Information about the current state of VTL and the required technology have been
collected and presented. Issues regarding the migration for VTL have been given. It
is shown that the biggest issue facing the implementation of VTL is the penetration
rate of the V2V communication technology DSRC. Migration scenarios to facilitate an
accelerated adoption of DSRC have thus been presented. Central actors have several
options to facilitate adoption, a handful such options were presented in chapter 6

A business model for VTL has been proposed using the Osterwalder business model
canvas. Using the different building blocks from this canvas, a complete business
model was presented in chapter 7. In this chapter it was also proposed that the
company taking VTL to market will function as a software company because of the
ongoing debate for implementing V2V communication hardware in vehicles. Finally,
it was proposed that VTL should be maintained as SAAS

VTL is a technology with a lot of potential to improve the current state of roads
all around the world. Facilitating the adoption of the VTL must be done at high
governmental levels to ensure interoperability and ubiquitous deployment.

8.2 Further work

Working with this thesis, several areas of potential further work have been discovered.
VTL is still in very early stages, and definitive costs of the different requirements
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associated with the service are not yet confirmed. There are also several debates
ongoing regarding V2V communication. When more information is available it will be
interesting to conduct a thorough cost-benefit analysis using real values to accurately
depict how value is created for each actor in the VTL ecosystem.

Due to the direction of this thesis, pedestrians and cyclists have not been taken into
account when discussing migration strategies, or how VTL will include pedestrians
and cyclists when implemented. This work is better suited for a thesis or paper using
simulation to explore the feasibility of a migration strategy or directly addressing
pedestrians and cyclists in conjunction with VTL.

This thesis defines the marked encompassing VTL as a market exhibiting network
externalities. To further explore the market, adoption rates and where critical mass
for this technology is found, business dynamics modeling can be used. A thesis or
paper exploring the business dynamics of VTL would be interesting to conduct in
order to explore this.

Several of the proposed migration strategies highlighted in the chapter regarding
related work have only been simulated using road network topologies found in e.g.
New York. Road topologies vastly differ in different parts of the world and it is
therefore important to ensure that partial penetration approaches are viable for
different road topologies. Research using simulation to explore the feasibility of
proposed migration strategies could be conducted in order to explore these issues.
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