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SAMMANFATTNING 

Det här examensarbetet består utav ett produktutvecklingsprojekt som utfördes i samarbete med 
Bombardier Transportation i Kingston, Ontario, Kanada. Syftet med arbetet var att utveckla ett nytt 
infotainment system (Informationsbaserat medieinnehåll som även innehåller underhållning i ett 
försök att utöka populariteten med publik och konsumenter) (David, 2005) för spårbundna fordon för 
att motverka negativa känslor såsom tristess och otålighet samt förstärka Bombardiers konkurrens 
på tågmarknaden. Bombardier Transportation kommer ursprungligen från Kanada och är 
världsledande inom rälsindustrin med produkter och lösningar för alla ändamål.  

Examensarbetet har haft två fokusområden: passagerare och deras upplevelse av det nya 
infotainmentsystemet samt konstruktionen av skyddsinkapslingen av den tänkta elektroniken. Den 
utvecklingsprocess som beskrivs i (Ullman, 2010) har utgjort grunden för den process som har följts i 
detta arbete, dock med utökad fokus på användarna. Ergonomistudier utfördes med hjälp av 
programmet ICIDO tidigt i arbetet för att hitta möjliga platser att placera skärmarna på i tågen samt 
arrangemang av sitsar. En så kallad ”User Experience Prototyping” gjordes i mitten av projektet med 
hjälp av papp och utskrivna bilder för att få en bättre förståelse kring viktiga aspekter för att en 
sådan produkt ska vara framgångsrik på marknaden utifrån de slutgiltiga användarna. 

En virtuell prototyp togs fram där tågets fönster fungerar som interaktiva skärmar med hjälp av 
projektorer. Prototypen tilldelades även material och undersöktes samt utvärderades även inom 
tillverkningsbarhet, underhåll samt ekonomiska aspekter. Testerna visade att konceptet fungerade 
som önskat men att det även finns andra aspekter som behöver redas ut. Tågindustrin har många 
bestämmelser när det handlar om att installera elektronik men även när det kommer till vilka 
material som får användas ombord på tågen vilket medför att det finns tester för respektive 
bestämmelse som måste göras. Inga av dessa gjordes i detta projekt på grund av projektets 
tidsbegränsning men behöver göras innan en fysisk prototyp tas fram. 

Slutsatsen av projektet är att passagerare, Bombardier samt operatörer är positiva till konceptet. 
Konceptet har fördelar gentemot nuvarande infotainmentsystem som finns ute på marknaden idag 
då den ger större skärmar, är interaktiv, mindre påverkan på tågens inredning samt ger utökade 
reklamintäkter gentemot reklam på papp i tåg.  
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ABSTRACT  

This thesis consists of a product development project carried out in cooperation with Bombardier 
Transportation in Kingston, Ontario, Canada. The aim of this work was to develop a new infotainment 
system (information-based media content or programming that also includes entertainment content 
in an effort to enhance popularity with audiences and consumers) (David, 2005) for rail vehicles to 
counteract negative emotions such as boredom and impatience, and strengthen Bombardier's 
competitive rail market. Bombardier Transportation is originally from Canada and is the global leader 
with products and solutions within the rail industry. 

The work has had its focus on two areas; passenger’s experience of the new infotainment system and 
the construction of the protection enclosure of the proposed electronics. The development process 
by (Ullman, 2010) served as a base of the process which has been followed in this work, however, 
with an amplified focus on the users. Ergonomics studies were performed using the program ICIDO 
early in the process to investigate possible locations for screens on the trains as well as arrangement 
of seats. User Experience Prototyping was done in the middle of the project using cardboard and 
printed images to get a better understanding of important aspects of such a product to be successful 
in the market by the end users. 

A virtual prototype was developed where the windows of the train functions as interactive screens 
by usage of projectors. The prototype was assigned materials but also examined and evaluated 
within manufacturability, maintenance, and its economic aspects. The tests showed that the concept 
functioned as desired, but that there are also other aspects that need to be sorted out. The rail 
industry has numerous directions when it comes to installing electronics, but also when it comes to 
materials that may be used on board. This means that tests needs to be performed for each 
provision. None of this was done in this project because of the project's time constraints but need to 
be concluded in order to continue with the product development. 

The conclusion is that passengers, Bombardier and operators are optimistic towards the concept. The 
concept has advantages over current infotainment systems available on the market today as it 
provides larger screens, offers interactive features, has less impact on train interior, and increases 
advertisement revenues than traditional mass transit advertisement on billboards.  
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NOMENCLATURE 
Following abbreviations and designations are used in the report. 

Abbreviations 

3D   3 dimensional 

CAD (software)  Computer Aided Design 

CAD (currency)  Canadian dollar 

CCFL   cold cathode fluorescent 

DFA   Design for assembly 

DFM   Design for manufacturing 

EMC   Electromagnetic Compatibility 

EMI   Electromagnetic Interference 

GBP   British Pound (£≈ 1,57 CAD) 

HVAC   Heating, Ventilating and Air Conditioning 

ICIDO   Virtual Reality and Virtual Engineering Solutions  

KTH   Royal Institute of Technology 

LCD   Liquid-crystal display 

PPHPD   Passengers Per Hour Per Direction 

RMS   Root Mean Square 

SEK   Swedish Krona (1 SEK ≈ 0,156 CAD) 

UCD   User-Centered Design 

UI   User interface 

USD   United states dollar ($ ≈ 1,056 CAD) 
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1. INTRODUCTION 

1.1 Assignment description 

Bombardier has the objective to be a state of the art manufacturer of rail vehicles for the worldwide 
market. They want to deliver the best solutions possible for their customers considering both 
aesthetics and technical solutions. In order to stay competitive on the market Bombardier is always 
aiming to provide features that the clients want and lower the costs. The product line is always 
supposed to be up to date with the latest technology together with the best material.  

The transportation industry is not only a huge part of the society but it is also a growing and 
innovative industry. Something which has not had a significant change is train interiors. If one 
removes the design of seats, there is not much else that has been changed. New areas of 
improvements must be considered and investigated in order to for Bombardier to stay as the leader 
in the rail market. One of these areas is the human-train interaction. Today there are nearly no 
interaction between the passengers and the train except for the notifications of the next station 
which the train will arrive to. 

1.2 About the employer 

Bombardier is the world’s only manufacturer of both planes and trains. With the rail industry alone, 
Bombardier has 62 production and engineering sites in 25 countries and more than 40 service 
centres at customer premises across the world. Bombardier covers the full spectrum of rail solutions, 
ranging from complete trains to sub-systems, maintenance services, system integration and 
signalling. Today there are more than 100,000 rail cars and locomotives worldwide.  

1.3 Purpose 

Through basic research and personal observations, see appendix 2, it is known that a significant 
percentage of passengers experience negative emotions of boredom and impatience on rail vehicles 
today. This fact points to a product opportunity to reduce discomfort such as boredom and 
impatience.  

Interactive touchscreens and projectors are being used more and more in the world in fields such as 
advertisement and entertainment. They attract attention and bring amusement to the publics by 
interaction through physical contact or gestures. At this point, this type of interactive media has yet 
made its way into mass transit systems. However, such integration is inevitable given social and 
technological trends. It is in the interest of Bombardier to develop this aspect of their future product 
in order to remain competitive in the years to come.  

 

1.4 Frame of questions 

 How can Bombardier enhance the user experience on the train? 

 How can screens be implemented in a rail vehicle interior without having impact on the 
available space? 

 How can Bombardier show that they are environmental friendly to daily travelers and make 
it a part of their brand identity? 
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1.5 Objectives 

Below are the objectives which have been chosen after deliberation with the supervisor of 
Bombardier. They have the following order of priority: 

1. Market research for the best applicable screen/monitor with interactive possibilities for 
passengers (end-users) to be able to interact with the train.  

2. Development of its installation in the interior (well integrated) of a rail vehicle.  
3. Aspects which will be investigated and taken into account for interactive technology and 

installation: impact on interior space, vandal-resistance and aspects of integration into a Rail 
Vehicle (shock and vibration, mounting methods (is it a retro fit? or for new vehicles only?), 
accessibility (access to all), manufacturability, ergonomics, Improve the client’s product 
experience (without sacrificing the experience of some people to improve it for others) and 
strengthen the brand identity of Bombardier “the climate is right for trains” and make it well 
known to everyday people. 

4. Create portfolio with pictures of virtual developed prototypes for Bombardier 
Transportation. 

5. Simulation and tests of the installation to fit Bombardier rail vehicle requirements and critical 
evaluation of concept. 

6. Estimations of manufacturing costs together with a brief financial analysis.  

1.6 Limitations 

Below are the following limitations which have been applied for this project to specify the scope. 

 Time frame of the product life span will not be presented in this project due to further 
investigations are needed after the thesis is finished. 

 A complete financial analysis of the development cost will not be produced in this project. 
Estimations of the manufacturing costs will be represented. 

 The market potential for this project will also be investigated briefly to outline the overall 
value of the product; however, a comprehensive research will not be included.  

 Development in regions beyond the areas of expertise of the graduate student such as smart 
systems, advanced electronics and programming of software will not be included in this 
thesis project. Guidance will be provided by suppliers and manufacturers, and Bombardier 
will assign competencies when necessary.  

 The concept will be developed to fit commuter trains and subways.  

 The result of the project will be tested as a user experience prototype. 
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2. METHOD 
Methods which have been used are described and motivated in this chapter.  

2.1 Work process 

A new concept will be developed to enhance the experience on a commuter train/subway. 
Objectives were set up together with a supervisor from Bombardier Transportation during the 
beginning of the thesis. Three objectives were set up to please the three biggest stakeholders in this 
type of project: passengers, the clients and Bombardier. The objectives were selected to have small 
restrictions to make sure that the restrictions are as small as possible in the beginning of the project. 
The only constraint is that the product is supposed to be a part of the train interior. 

The six-phase design process developed by David G. Ullman (Ullman, 2010) is used for this project 
since it applies to new, innovative products and to changes in existing products.  

The six phase design process can be seen below in Figure 2.1: 

 

Figure 2.1 Six-phase design process established by David G. and Ullman 

The different steps in the process can be described shortly as follows:  

 Product Discovery: There are three primary sources for design projects. Technology, market 
and product change. To start a new design project one of these three will have to have a 
need which has not yet been met. When the need is defined it will get to the next stage in 
the project process. 

 Project Planning: In the project planning phase, the market gets defined and analyzed in 
order to investigate possibilities. Resources such as money, people, and equipment and time 
estimations are put together. 

 Product Definition: The goal in this stage is to understand the problem and lay the 
foundation for the remainder of the design project. This stage has great importance since it 
defines important stakeholders such as the users and is also supposed to evaluate the 
competition and generate engineering specifications. 

 Conceptual design: This stage is used to generate and evaluate concepts for the product 
using the results of Planning and Product Definition phases. Criteria from customers and 
stakeholders serve as a foundation of the functional model of the supposed product. 
Concept evaluation and final selection of concepts are also chosen in this phase. Selections of 
concepts are established by evaluation based on the product requirements 

 Product Development: When concepts have been generated and evaluated the best of them 
are refined into actual products. At the end of this phase, the actual product is released for 
production which means that technical documentation, manufacturing, assembly and quality 
control must be finished. Once they are complete the purchase manufacture and assembly of 
components can be done. 

 Product Support: After the product has been released to production, support is needed, for 
example vendors. Changes to the product might also occur due to various reasons. How the 
product will be retired from the market is also within this phase.  
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To investigate whether the general mechanical design process by David G. Ullman will fit this project 
and its limitations, it was assumed with this criterion: 

 The product which will interact with passengers on the train will be new in its kind. 
Technically difficulties may easily occur and there are possibilities of insufficient user tests 
which results in a high risk of goals which will not be reached or may not be able to be 
proven.  

This means the process must be user oriented and have focus on the user experience. The entire 
progression of the project will have an iterative process, from hypothesis, methodology, analysis, 
evaluation and conclusions. However, during the concept development phase, a greater iterative 
process will have more importance than during the regular process to make sure that the concept 
performs desirably. See Figure 2.2 for a User-centered Design process made by SAP (the world's 
leading provider of business systems). 

 

Figure 2.2 The different phases of SAP User-Centered Design process. (Design & Research Methodology, 206) 

 Plan – Planning is critical to the success of all projects, and this is also true of projects using 
UCD. In the Plan phase, the team determines all of the UCD activities and ensures that the 
necessary resources are available. 

 Research – Before you can design a product, it is imperative that you have a clear 
understanding of the users' goals and tasks, the market needs, and related work. 

 Design – In the design phase, you define your system from the users' perspective. Initially, 
this phase takes the form of use cases and an object action model, which describes the tasks 
that the system will support. From these tasks you create UI designs, beginning with rough 
sketches and ending with detailed UI design specifications. 

 Adapt – The adapt phase acknowledges that even the best conceived designs often need to 
be adapted when development begins coding. This adaptation can occur as a result of 
unforeseen limitations in the target technology, new requirements, or missing functionality 
in the initial design. 

 Measure – When the product is released, it is possible to measure its usability quantitatively. 
These tests measure a product's effectiveness, efficiency, and satisfaction. 

User-centered design process is ideal for software and program developers but also for interaction 
designers, which makes it very useful in this project as well.  

Due to limitations in time, not all phases in the mechanical- and the user-centered design process will 
be implemented. The user-centered design process will be modified to fit within the mechanical 
design process. Furthermore, the adapted process will explore Product Development phase but it will 
not be completed. This means the Product Support phase will not be included in this project. 
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Measure phase will not be reached since it would also need the product to get released on the 
market. See the adapted design process in Figure 2.3. 

 

Figure 2.3 Adapted design process 

The new adapted design process shows that the project has a more iterative process where users 
and stakeholders are involved in the entire process. Users are used in the beginning of the project 
through a user-based product discovery. The need of a new product which does not yet exist on the 
market gets discovered by a user research.  

Planning and definition has been put together in one shared phase. The market and the stakeholders 
are defined and analyzed in order to investigate possibilities. Resources such as money and time are 
estimated. Furthermore, the problem gets understood and lay as a foundation for the remainder of 
the design project. 

Before the development of the installation can begin, the hardware which will be used for the human 
integration purpose must be selected. The selection is based on evaluation criteria which has been 
prepared together with Bombardier and operators.  

In the conceptual design phase there are several areas which will be investigated. It was decided to 
use User Experience Prototyping in this stage in order to receive important feedback as early as 
possible to facilitate the concept development. In addition to conceptualization system design will 
also be included with analysis such as DFM, DFA and deformation simulations. Refinement of 
concepts and final selection of concept will also be executed in this phase.  

In the product development phase a final virtual prototype is created from the feedback given from 
users. The prototype is also tested from a maintainability point of view, materials are selected and 
tests of key functions are performed. Optimization of the virtual prototype is the last change which 
will be completed in the project. These changes will likely be smaller changes that have more to do 
with aesthetics than function. Since one of the requirements from Bombardier was to create a 
financial analysis this is conducted last in the product development phase in order to see a brief cost 
and revenue analysis. 

2.2 Time planning 

To have a good overview of the project with milestones and important deadlines, the program 
Microsoft Project 2010 was used. In this program it is possible to make a detailed Gantt chart with all 
different activities and when a less detailed chart is needed a simple time table can be created.  

The mechanical design process by David G. Ullman (Ullman, 2010) was used first to have a good 
foundation to work on. After the project got clearer and further information was given from 
Bombardier the time table was changed to fit the project more accordingly. New milestones were 
added and others were deleted. The design process for user-centered design was added into the 
time-table when the criteria for the product had been discussed further with Bombardier. Tasks and 
milestones where identified early since the complexity of the project required long-term thinking. To 
make sure that the amount of work is going to be spread out evenly over the entire project, the 
activities have been created together with continuously report updates. A common problem in 
product development projects is how the amount of work increases towards the end of the project. 
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This brings down the quality of the final stages of the project and at the same time ads difficult 
unnecessary stress.  

2.3 Risk analysis 

Risks are always present in new projects. New methods, new material and new focus areas are only 
some regions which can result in future obstacle and difficulties for the continuation of the project. 
In this project, the project member has never worked in the rail vehicle industry beforehand. This 
results in a greater probability of risks in the project in areas which the project member does not 
have expertise in. Therefore, before the project started, a risk analysis was prepared to identify the 
risks together with plans of action to prevent them from happening and to have knowledge on how 
to resolve the problems when they occur.  

2.4 Frame of reference 

To get a wider knowledge within the chosen area, research was implemented both theoretically and 
empirically where the three biggest stakeholders were taken into account.  

2.4.1 Theoretical research 

During the planning stage of the project research was performed around areas such as trends in rail 
vehicles, interactive advertisement and interactive projectors and screens to get a good overview of 
the subject. Before the project was initialized, a user survey was completed with the help of social 
media Facebook (Facebook, 2013) in order to do a product discovery.  

A market analysis was also executed in the rail vehicle market to get a better understanding in the 
field of rail vehicles. It was also investigated what competitors offer in their product range as well as 
trends within structures and entertainment in Rail vehicles.  

The information was gathered through a wide internet based research, brochures from the Railway 
expo in Boston and databases of Bombardier. Bombardier Transportation in Kingston also assisted 
with information since they have experts and managers which have been working with similar 
projects before. The most common keywords during the research are presented. 

Bombardier, Interactive advertisement, Interactive walls, Interactive 
hardware, interactive projectors, rail vehicle entertainment, transport 

entertainment  

2.4.2 User-Centered Design 

This is not only a technical design project, but also a human interaction project. Therefore, it was of 
great importance to continuously receive feedback from users during the entire development to 
make sure that the concept is designed correctly. The user-centered design process is a worldwide 
used process that makes sure that enough consideration of the users has been taken. 

2.4.3 User surveys 

Surveys, interviews and video researches will be performed to get all necessary knowledge regarding 
the requirements from the biggest stakeholders; Bombardier transportation, end-users and the 
owners/operators of the train lines.  

Questionnaire survey 

Even though surveys can be difficult to get back in a short amount of time it is considered to be a 
good way to get an overview over needs and a better understanding of what focus groups values, 
require and prefers. This method can be used for any user-related reasons and at any time in a 
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project. There are other methods which give more specific and properly interpreted answers such as 
face to face interviews. The results are generally harder to compile and less efficient in quantitative 
researches in comparison to questionnaires. With good formulated questions, it is easier to get 
information about what the user value most. This method was used to get approximate overviews 
which resulted in a well-accepted method. 

A questionnaire was completed for users of rail systems in the beginning of the thesis to discover a 
need for a new product. The questionnaires were executed with the online questionnaire tool 
(Surveymonkey, 2013) which allows the author to use tools such as email, social media and websites 
to reach out to a large audience. It also gives the user the possibility to have an overview of the 
process and useful functions such as diagrams that have an outline of the results. 

2.4.4 Potential market research 

Before the thesis project started there was an expo in Boston (USA) regarding “Railway & Mass 
transit interiors – Technology Design Expo” between 24th and 26th of October. This is the world’s 
only international convention which is exclusively dedicated to railway and mass-transit interior 
design, materials and technology.  

Design Engineers from bombardier attended the expo on behalf of Bombardier but also on behalf of 
this project since the main purpose of the project was known. Relevant information such as 
entertainment technology companies and interior designs were brought back in form of booklets and 
information sheets for later use.  

2.4.5 Empirical research 

In addition to the theoretical research, empirical research was implemented in form of interviews, 
specification workshops and User Experience Prototyping. The interviews were going to answer 
questions regarding current infotainment systems, earlier projects and specifications for a new 
infotainment system to be successful.  

2.4.6 Interviews and specification workshops 

Interviews were held with managers from Bombardier Transportation with experience within sales 
and infotainment systems, and managers within communication. The goal with the interviews was to 
gain knowledge in marketing and PR, and to get better understanding of what operators are looking 
for in products within transit business. The results worked as guidelines and were therefore also used 
during the evaluation stage of the concept development.  

Interviews were also held with different engineers such as design engineers, EMI engineers and 
environmental engineers to get a better understanding on technical and user requirements for 
installing electronics in rail vehicles.  

2.4.7 User Experience Prototyping 

In addition to the interviews and specification workshops, User Experience Prototyping was held with 
co-workers from Bombardier when the concept had begun to take shape. The goal was to receive 
feedback regarding aspects considering the user experience of the concept as well as a brainstorm 
session with the main goal to achieve a layout which would focus on the specification of not 
sacrificing the experience for some in order to improve it for others. The test subjects got to explain 
what they would like to have on the screens, what they would not want to have, and the reasons 
why and so forth. 

The results from the theoretical study, user surveys and the empirical studies laid the foundation for 
creating the final specification of requirements of the infotainment system concept. 



8 

 

  



9 

 

3. THEORETICAL FRAMEWORK 
The objective of this section is to get a greater knowledge of the current field which will make it 
easier for the continuation of the project.  

3.1 The climate is right for trains 

Trains are currently the best way of traveling of all mass transit vehicles. It has the lowest energy 
consumption per passenger than any other mass transit vehicle. At the same time it is the fastest 
transportation vehicle over short and medium long distances. Subway systems such as the London 
Metro transports approximately 3,23 million passengers a day and it contains 270 stations.  

With the development of today, it gets quicker and quicker to travel over long distances with new 
very high speed (VHS) trains around the world. See below in Figure 3.1 for the (VHS) train of 
Bombardier ZEFIRO 380 which can reach speeds up to 380 km/h. (Bombardier, 2013)   

 

Figure 3.1 The Very High Speed (VHS) train ZEFIRO 380 of Bombardier. (Bombardier, 2011) 

To be able to keep up with the growth of big cities in the world, new systems and solutions of 
subways are constantly evolving. New train lines are build and driverless trains which enables a 
higher frequent of traffic is one of the results to solve communication issues. See Figure 3.2 for one 
of the driverless Metro’s of Bombardier.  
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Figure 3.2 INNOVIA Metro 300 of Bombardier.  

3.2 Live/Interactive advertisement 

Interactive advertisement and entertainment is used today in places where there is a high volume of 
people in movement.  

It is known that when companies incorporate new technology such as digital signage displays, it 
increases brand awareness by 48%, and sales volume by 32%. If an assumption is created that an 
interactive floor and an interactive window on the train has the same effectiveness it is also known 
that patrons exposed to the interactive advertisement are more likely to purchase the products by 
47%. (GestureTek, 2003) 

According to the TCRP report 133 (Alpers, 2009) advertisers demand media opportunities that are 
new, exciting, fresh and cutting edge. They are looking to maximize the chance to get their ads of 
being noticed, as well as it perhaps add to their brand’s reputation as a trend setter.  

There are currently two main types of hardware that are used for this purpose: interactive LCD 
displays, and interactive projection. However, there are three main ways of using these technologies: 
interactive wall system, interactive floor system and interactive windows. 

3.2.1 Ergonomics 

Interactive advertisement is designed to be fun and give pleasure to people passing by. It is possible 
to draw parallels from the Donald A. Norman’s Emotional Design (Norman, 2004) to understand 
some of the pleasure which makes interactive media as effective as it is. It has been interpreted that 
it uses the following three pleasures. 
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Physio-pleasure - This is the pleasure of the body. It uses the senses of the human body such as 
sights, sounds, smells, taste and touch. Interactive advertisement uses mostly sights, sounds and 
touch to establish pleasure from the user.  

Socio-pleasure - Social pleasure derived from interaction with others. Many products play an 
important social role, either by design or by accident. Examples of this are communication 
technologies such as telephones, email etc. Sometimes it can even derive serendipitously as a 
byproduct of usage, for example the coffeemaker in an office environment. Interactive 
advertisement has a social role by accident in a wide extent. It is known that for every person who 
integrates with them, 40 more people can be attracted.  

Ideo-pleasure - This is the reflection on the experience. Appreciation of the quality, aesthetics or the 
way the product enhances life, for example the way a product respects the environment. Depending 
on the message with the interactive advertisement, this aspect may differ for the user.  

3.2.2 Interactive floor system 

This technology allows any floor surface to become a unique advertising or entertainment medium 
which allows users to interact with images projected onto a floor. Interactive advertisement uses a 
motion capture camera to track the movement of the people within the range of the projected 
image. The motion capture camera is precise enough to track the motions of several people at the 
same time. However, the motion capture does not have the same accuracy as a capacitive touch 
screen which has the accuracy of a few pixels. (Steve Litchfield, 2009) But it is accurate enough to 
react on the movements of the users’ hand or foot. (touchmagix, 2013) See Figure 3.3 below for an 
example of an interactive floor projection where leafs reacts to the movement of the person.  

 

Figure 3.3 A floor projection advertisement where the company name reveals when somebody walks on the 
projection. (passargad, 2013) 
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3.2.3 Interactive wall system 

This system functions the same way as an interactive floor with the only exception that the 
projection is placed onto a wall. The size of the projected image has no limit since several projectors 
can be connected to each other and functions as one. The hardware needed for these systems is a 
computer, a projector and a motion sensor (usually infrared tracking kit). For the most of the cases 
an infrared tracking kit is used but it is also possible to use an interactive projector alone. See Figure 
3.4 below to see an interactive wall. 

 

Figure 3.4 An interactive wall reacting to the movement of the user. (Vimage, 2006) 

3.2.4 Interactive touchscreen system 

Interactive touchscreen systems can be obtained by either an LCD display or a projector together 
with a glass plate and a touch screen foil. The touch screen foil turns the glass into a sensitive and 
precise touch screen. LCD displays mainly uses capacitive technology today in every day products 
such as smartphones, tablets and computers. The projection can either be from the front or the rare. 
Stores have started to use the projection touchscreen today as a way to keep the stores constantly 
“open” for customers even when the store is closed.  See Figure 3.5 for an example.  

 

Figure 3.5 Interactive touch screen obtained by a projector in the rear for outside use of a brokerage shop. 
(Above Media, 2012) 
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3.2.5 Hardware 

There are currently two types of techniques used for these purposes: projectors and LCD 
touchscreens, where projectors need additional components such as a touchscreen foil or a motion 
capture camera. Both techniques have their advantages. A comparison is created in section 6.4 
Selection of hardware.  

Ultra short throw projector 

Ultra short throw projector is a projector which allows it to be mounted only a couple of inches away 
from the wall/glass on which the image will be projected on. (Epson, 2013) This results in a much 
smaller chance of image disruption due to shadows of objects in front of the projector lamp as well 
as the opportunity to project large images in small spaces. See Figure 3.6 where the differences 
between an Ultra Short Throw, Short Throw and Long Throw projector is demonstrated. 

 

Figure 3.6 Ultra Short Throw, short throw and normal projection. (picopros, 2011) 

LED backlit LCD display 

An LED-backlit LCD display (from now on referred to LED monitors) is a flat panel display which uses 
LED backlighting instead of the CCFL backlighting used by most other LCDs. LCD is an electronic 
visual/video display that uses the light modulating properties of liquid crystals. LED TVs can be 
extremely slim (less than 1 cm), have longer lifespans and lower power consumption to name a few 
advantages over the traditional LCD monitors with a CCFL backlit display. Even though LED monitors 
are more expensive, the advantages make it preferable over LCD screens. (Akshay, 2013) 

3.3 Requirements for mass transit interior 

When developing a new product within public transportations there are numerous of guidelines and 
requirements to follow. Train companies have their own requirements and there are also 
international requirements to make sure that train manufacturers around the world have a given 
standard on their products. Bombardier is not an exception and as a company in the market leading 
position they also have their own requirements and rules on for example materials, safety and vandal 
resistance. 

Since this is a project that involves entertainment in the interior users were involved as well as 
operators/owners of mass transit systems, in order to get significant input from their needs and 
perspective.  These three stakeholders were used to get the specification of requirements, which can 
be found in chapter 6.2 Specification of requirements.   
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3.4 Market and external analysis 

The rail industry market has players worldwide with the biggest companies located in North America, 
Europe and in China. Bombardier has been well-established in the top for a long time until recently 
when a research was performed by the analyst company SCI Verkehr. They looked at the 170 biggest 
manufacturers of rail vehicles. The research shows that the Chinese company CSR (5.20 billion Euros) 
has taken over the first place as Bombardier (4,83 billion Euros) together with the second Chinese 
company CNR now is on the second place. A big part of this, according to SCI, has to do with the 
extension of the Chinese rail system. It is unclear if the success can be continued on the export 
market due to safety incidents on metros and high speed trains. Bombardier’s largest competitor 
Alstom (3.03 billion Euros) is on the fourth place.  

Noticeable in this research was that between the top 10 manufacturers of rail vehicles, they have all 
focused on passenger trains instead of only freight traffic. (Abrahamson, 2012)  

3.4.1 Infotainment systems 

Rail vehicle companies generally do not produce their own infotainment systems. They are bought 
from companies which have specialized in infotainment systems for public transportation purposes. 
Due to the high amount of regulations and requirements for electronics onboard rail vehicles, new 
techniques and solutions which have reached the private and company market will reach the rail 
industry market later due to necessary tests and re-design.   
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4. USER SURVEY  
In this chapter, results from the surveys which were done during the entire thesis project are 
presented.  

4.1 Online Survey 

It is essential within all product development projects to understand and consider the end-users of a 
product. The end-users in this project are the train passengers. The online created survey was meant 
to be a way to find a product possibility in the beginning of the project as a quantitative research. 
However, it also allows good feedback for further development of important aspects for 
advertisement purpose to increase ridership. The results can be found in this chapter, but the entire 
survey can be found in Appendix 5. The research was created to see important aspects about 
travelers of trains and their traveling experience. The participants in the survey were kept 
anonymous, but they had to select their age group so that a demographic overview could be done of 
the respondents’ ages. 

The survey was created with the online tool (Surveymonkey, 2013) which was then sent out to 
people using social media such as (Facebook, 2013). It was a total of 100 respondents of this survey. 

4.1.1 Result 

The respondents were mainly in the ages between 18 and 35 (which has a lot to do with the fact that 
Facebook was used to reach a big audience) and mainly from countries around Europe, due to the 
location of the contacts. The main part of the respondents also travels with trains on a regular basis 
which gives the survey a high reliability.  

Awareness of the environment - It was shown that a large majority of the respondents were 
concerned about the environment. 75 percent answered 6 or more on a scale from 1 to 10 where 1 is 
not concerned and 10 is very concerned.  

Choose to ride trains for the environment - All though most people choose trains because it is either 
cheaper or faster than going by car, a third of all respondents also choose trains because of the 
environmental benefits. (This question was a multi selection question which means that the 
respondents could select more than one answer) 

Occupation during train rides - A big group of the respondents uses their phones while they travel on 
trains for entertainment (73 out of 100). 66 percent of the questioned listens to music and 48 
percent usually read a book or a magazine. (This question also had the possibility to have multiple 
answers) 

Experience on the train - As understandable most of respondents answered that they felt relaxed 
onboard the trains, 50 percent. At second place came bored with 33 percent and impatient got third 
most with 16 percent.  

Space on train - Most respondents wanted the available space on the trains to improve. A certain 
situation which was mentioned repeatedly was the limited space during rush hours.  

4.2 Interview with managers from Bombardier with customer 
experience 

To get a better understanding of operators and owners of train systems to Bombardier two 
interviews were held with different managers from Bombardier with customer experience. The first 
interview was held with Bruce Anderson (Communication manager), and the second featured Carla 
Rogers (Senior Project Manager, Monorail).  
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The interview was a qualitative unstructured interview where the interviewee got to associate and 
respond freely to the questions asked. The interview was started by explaining the purpose of the 
project and followed with conversation regarding operators’ interests and requirements for a 
product within infotainment. 

4.2.1 Result 

The results of the interviews showed that the biggest concern for operators is the cost of the new 
infotainment system and whether it can increase the revenue. Below are other important aspects 
which came up during the interviews.  

Cost - The price must not be too high for the new technology. All costs are included in this, not only 
price of the train with the new technology installed, but also the costs within maintenance of the 
hardware and software updates.  

Not service infecting - The product must not infect the service at any circumstances. For example, if 
a failure occurs with the new infotainment system, it must not affect any other systems. 

Increase revenues - The new infotainment system must have a clear advantage over the currently 
ones, which are used in rail vehicles today, such as increasing the revenues for the operator. 
Advertisement is one example which is in today’s infotainment systems. It is not uncommon that a 
certain company/brand pays for the infotainment system in order to get free possibilities to use it in 
order to increase their revenues.  

Improvement of service - For operators to be interested, the product must also improve the service 
provided by the operator. It must be clear how the new interactive infotainment system is better 
than the currently used in the rail industry. It should be pointed out how it helps to both themselves 
as operators and the passengers.  

4.3 Discussions with technical specialists of electronics 

Due to the high amount of requirements for electronics to be installed in rail vehicles, guidance was 
needed from experts within the areas in which the infotainment system would touch upon. 
Engineers who were contacted for guidance were for example EMI engineers, electronics engineers 
and design engineers. Through these discussions, help was given to the thesis student in form of 
providing documents of regulations, insight on currently used methods and later on, feedback on the 
design of the enclosure. 
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5. SITUATIONAL ANALYSIS  
With rail systems getting bigger and more complex, travelers need help with directions, upcoming 
stations, connections to other lines etc. These systems are called infotainment and they show things 
that passengers need to be able to direct themselves and make the traveling faster and easier.   

5.1 Infotainment in rail vehicles today 

Infotainment is spreading more and more into train industry today. Operators choose to order trains 
with these systems in order to increase revenues by advertisements and improved ridership by 
helping travelers with directions, train connections, upcoming stations and traffic information to 
name a few. The screens are today small to be able to fit to the interior without having a negative 
impact on the interior space. The positioning of the screens varies from being mounted on walls, 
ceilings but also on stanchions.  See Figure 5.1 and Figure 5.2 for a wall mounted display respectively 
a stanchion mounted display.  

 

Figure 5.1 An infotainment display mounted on the wall onboard a mockup of a new subway train for 
Washington D.C. (Hedgepeth, 2011) 
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Figure 5.2 Stanchion mounted display on the new metro in Dubai. (Leijen, 2013) 

5.2 Potential improvements 

Integration to interior - Integrate the infotainment in a better way without having a negative Impact 
on the available space.  

Size - Due to lack of space within mass transit trains, infotainment systems of today are small in sizes 
to not have a negative impact on the space. As a result of this, less information can be shown at the 
same time. It also limits the number of passengers who can interact with the screen due to the far 
distance between the passenger and screen. Hence, the distance needs to be sufficiently short. 

Interaction - From a human interaction point of view, infotainment systems today only bring 
interaction through vision and sounds (news, destination and information announcements mainly). 
More activated senses would increase product and human interaction but also give attention to 
people around the user.  
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5.3 Inspection of rail vehicles 

An inspection of the train INNOVA Metro 300 was held before the concept generation to get a better 
understanding of trains in general and its components. It was assumed that it would serve as a good 
foundation and represent trains in the same mass transit category. CAD files, renderings and 3D 
visualization program ICIDO were mainly used to inspect the interior and the locations of hardware in 
the roof such as HVAC, air piping and Wi-Fi. See Figure 5.3 for the HVAC location located on the roof 
of the train. 

 

Figure 5.3 Position of the HVACs on the INNOVIA Metro 300 of Bombardier. 

The arrangement of seating was also inspected since there are not any predefined arrangements. 
They are decided by the customer who has their requirements of the amount of seats, positioning 
and space for standing. For heavy and frequent high loads of passengers, fewer seats are placed in 
the train so that it will be easier to enter and exit the train during rush hours. The opposite if there 
are fewer passengers and not as high pressure during rush hours. See Figure 5.4 and Figure 5.5 for 
two different arrangements of seating, where the first figure is typical for trains with a constant high 
amount of passengers. Worth mentioning is that the ceiling stanchions are not in the figures below. 

 

Figure 5.4 Rendering of a car from INNOVIA Metro 300 train with a very high passenger capacity.   
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Figure 5.5 Rendering of a car from INNOVIA Metro 300 train with a not as high passenger capacity as the 
previous car but instead has more seats.  

5.4 Specification and requirement gathering with Bombardier  

In order to get all requirements for a new infotainment system for rail vehicles, meetings were set up 
together with employees from Bombardier specialized in fields which were going to be touched 
upon. 

5.4.1 Ergonomics 

Human ergonomics is applicable to everything in the train interior, including infotainment. Height, 
positioning, screen size, but also maintenance. It is important that a product is designed in way that it 
is suitable for its intended user. It must be comfortable for a person to use, but at the same time it 
has to be ergonomic for personnel installing and maintaining the product. “Human factors must be 
taken into account for every person who comes into contact with the product, whether during 
manufacture, operation, maintenance and repair, or disposal”. (Ullman, 2010) The Bombardier site in 
Kingston has a 3D test room which uses the software ICIDO to see 3D images of CAD models in 
demonstrational purposes as well as ergonomic purposes. The program was used frequently during 
the ergonomic studies as well as during the inspection of the Metro 300 train due to its simplicity and 
broad functional area. See Figure 5.6 below for the 3D test lab. 
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Figure 5.6 3D test room at the Bombardier transportation site in Kingston,Ontario. 

For this project, it has been focused on ergonomically areas as seen below: 

Availability to all  

All passengers must be able to see the entertainment system during traveling. It will not be possible 
for all travelers to be able to use the interactive function of the entertainment system during 
situations such as rush hours, or when the cars are having a very high amount of travelers. To reach a 
satisfying result the placement of the interactive screens must be placed in strategic positions 
throughout the entire car so that as many as possible will therefore be able to see the content. 

Not sacrificing experience for others to improve it for some 

This is a very important area to be aware of during installations of any entertainment systems, 
especially in public transportations. If the entertainment systems bother some travelers, their travel 
experience gets negative and might lead them to not continue traveling with the transportation 
system. This will not only have a bad impact on the environment but also a negative impact for the 
operator.  

Size of screens 

The size of the screens is very important due to the fact that everybody on the train should be able to 
interact with it when they are sufficiently close to the screen. As everything else installed on a public 
transit system it must be designed to fit the 95th percentile human traveler. Therefore it is important 
that users within this range should have the same pleasant experience while using the interactive 
feature. 

Positioning of screens 

The screens do not only have to be in positions where they can be seen by multiple passengers in 
different locations inside the train car. It is also important that the screen is located at a desirable 
height in order for passengers to comfortable look at the screens. To get a better understanding of 
this, an ergonomic study was completed with the same program, ICIDO, with help of a 3D human 
model. This program allows the user to see how different positioning of the body affects the human 
body. For example, if a position is satisfactory for joints and muscles in that area, it gets a green 
color. If a certain position results in a small amount of stress on the joint, it turns yellow, and if the 
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stress gets too high, it turns red. See Figure 5.7 for a position of the head which is not ergonomically 
preferable. Notice that the arrangements of the seats appearing in the following pictures are only 
placed in demonstrational purpose.    

 

Figure 5.7 Picture from ICIDO where it is possible to see the red color on the back of the neck. 

The best position of the interactive screens, with focus on the ergonomics, was on the glass walls 
next to the doors. The second best place was on the windows, but with the passenger sitting at the 
ends of the window and not in the middle. The cones which can be seen going out from the human 
model’s eyes are showing the different zones which has different limits of performance.  The 
smallest/thinnest cones represent the normal sight line, the middle size cones represent the optimal 
viewing range (approximately a viewing angle of 15 % up and down), and the biggest cones represent 
the viewing limit for noncritical controls. See Figure 6.3 for an anthropometric woman at a control 
panel with the different viewing limits.  
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Figure 5.8  The human model looking straight onto the glass wall. (Ullman, 2010) 

Figure 6.4 shows a decent place to sit in order to see content on the entire window. The traveler will 
even be able to see the upper part of the window without having stress on the neck. 

 

Figure 5.9  A good position of the seat to view projected content on the window.  

When designing new components for commercial transportation, it has to be adapted after the 95 
percentile human. The human model which is used has these measurements based on the North 
American population. The model was therefore also used to retrieve useful measurements regarding 
standing and sitting height. These measurements together with the feedback from the human model 
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show the ultimate positioning of the interactive screens. See Figure 5.10 for the height of a 95th 
percentile person sitting in a seat. The black background behind the 3D human model represents the 
window. Having seats .in front of the window as shown in the picture, results in having the passenger 
blocking a large part of the window. Therefore it would be more preferable to have the seats 
arranged in the ends of the windows in order to use the windows as screens. 

 

Figure 5.10 The height (Y axis: 1,34 m) of a 95 percentile human sitting in a train seat.  

In Figure 6.6 it is possible to see, with help from the viewing cones, that if the screen would be placed 
on the window it would nearly be perfect from an ergonomic point of view. The height of the human 
model can also be seen to have a reference point of the size of the human model. 

 

Figure 5.11 The height of a standing 95
th

 (1,893 mm) percentile human and the vision limits shown as cones (y-
axis).  
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5.4.2 Function analysis from Bombardier 

Bombardier follows international standards as well as their own developed standards. These 
standards of electronics and their installation has been investigated and taken into account during 
the entire project and are described in this section. Other requirements such as EMI standards 
(EN50121), electrical safety (IEC60950) and environmental standards (EN50125) has only briefly been 
taking into count later in the project in phases such as selection of hardware, components and 
materials.  

Vandal resistance 

One of the biggest requirements on train interiors is “vandal resistance”. Trains are a public 
transportation system, which means it is a vehicle that is meant to be suitable for everyone. By so, it 
will also attract all sorts of vandalism to both exteriors and interiors. This results in the need of using 
durable materials which can withstand heavy treatment without failure. Everything has to be vandal 
resistant on a train, including the glass in the hallway, as seen in Figure 5.12, which consists of fiber 
glass in order to be strong and shatter resistant.   

 

Figure 5.12 The interior of a train from the Stockholm underground train system where the glass has been 
marked.  

Vibration 

All electronics on trains must be able to operate during conditions which occur while the train is in 
operation. The International standard document (IEC 61373, 2010) was used to receive necessary 
information regarding vibration tests and requirements which are arranged to see if the electronic 
device can be installed, or if further improvements are needed. The electronics are divided into four 
categories which have different requirements depending on where on the rail vehicle the electronic 
is mounted. The first two categories are mounted on the car body, the third category is for 
electronics mounted on the bogie and the fourth category is for electronics mounted on the axle (See 
Table 5.1 and Table 5.2. The electronics/hardware of the interactive system belongs to either Class A 
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or Class B. But due to uncertainty of location/placement it is preferable that group B is chosen upon 
recommendation of (IEC 61373, 2010). Due to confidentiality, the figures from the tables cannot be 
posted in the report. 

Table 5.1 Test severity and frequency range for vibration tests. (IEC 61373, 2010) 

Category Orientation RMS 
m/s2 

Frequency range 

1 
Class A 
Body mounted1 

Vertical 
Transverse 

Longitudinal 

0,750 
0,370 
0,500 

Figure 2 

1 
Class B 
Body mounted2 

Vertical 
Transverse 

Longitudinal 

1,01 
0,450 
0,700 

Figure 3 

2 
Bogie mounted3 

Vertical 
Transverse 

Longitudinal 

5,40 
4,70 
2,50 

 
Figure 4 

3 
Axle mounted4 

Vertical 
Transverse 

Longitudinal 

38,0 
34,0 
17,0 

Figure 5 

Table 5.2 Test severity and frequency range. (IEC 61373, 2010) 

Category Orientation RMS 
5 h test period 

m/s2 

Frequency range 

1 
Class B 
Body mounted 

Vertical 
Transverse 

Longitudinal 

5,72 
2,55 
3,96 

Figure 2 

Shock resistant 

Electronics also need to pass shock tests but in contrast to the vibration requirements the electronics 
does not need to be operating during the shock tests. However some equipment may need to keep 
its functional integrity. For this type of hardware it is assumed that it does not have to be operating 
during these circumstances due to it will not be service infecting of the train. See Table 5.3 for test 
severity, pulse shape and direction. 

Table 5.3 Test severity, pulse shape and direction. (IEC 61373, 2010) 

Category Orientation Peak acceleration A 
m/s2 

Nominal duration 
D ms 

1 
Class A and Class B 
Body mounted 

Vertical 
Transverse 

Longitudinal 

30 
30 
50 

30 
30 
30 

                                                           
1
 Class A - Cubicles, subassemblies, equipment and components mounted directly or under the car body. 

2
 Class B – Anything mounted inside an equipment case which is in turn mounted directly on or under the car 

body. 

3
 Category 2 Bogie mounted: Cubicles, subassemblies, equipment and components which aret o be mounted on 

the bogie of a railway vehicle. 

4
 Category 3 Axle mounted: Subassemblies, equipment and components or assemblies which are to be 

mounted on the wheelset assembly of a railway vehicle. 
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Ambient temperature 

The ambient temperature range which is required for electronics onboard rail vehicles (IEC 60571, 
2012) depends on the climate where the vehicle will be operating. There are seven different classes 
(T1, T2, T3 etc.) where one class includes the range of all of the previous six classes (TX). The 
common class which is used by electronic manufacturers is T1, since it has a wide range with a low 
coolest temperature and a high maximum temperature, see Table 5.4.  

Table 5.4 Ambient temperature classes for electronics in rail vehicles. (IEC 60571, 2012) 

Class Column 1 Column 2 Column 3 Column 4 

Ambient 
temperature 

outside vehicle 
 

(oC) 

Internal cubicle 
temperature 

 
 

(oC) 

Internal cubicle 
over temperature 

during 10 min 
 

(oC) 

Air temperature 
surrounding the 

printed board 
assembly 

(oC) 

T1 –25 +40 –25 +55 +15 –25 +70 

T2 –40 +35 –40 +55 +15 –40 +70 

T3 –25 +45 –25 +70 +15 –25 +85 

T4 –10 +40 –10 +70 +15 –10 +85 

T5 +5 +45 +5 +70 +15 +5 +85 

T6 –20 +45 –20 +75 (NOTE 2) –20 +(NOTE 2) 

TX –40 +50 –40 +70 +15 –40 +85 

Other requirement which does not have the same clear standards as for resistance of vibrations and 
shocks but which are equally important in order for a good installation are product life and 
maintainability. 

Product Life 

There is not a given standard for how many years these kinds of electronics will have to be operative. 
Whether or not the product can be used is determined by the costs and the profits of the product 
when it is in use.  

Maintainability 

Maintaining the hardware should be fast and easy without having the person who is maintaining it in 
a bad position. It should not bring any harmful stress or danger to the person maintaining it.  

5.4.3 Requirements from operators/ owners 

An informational interview was held with a communication manager from the systems division in 
Kingston in order to get important input on how operators decide upon which infotainment system 
they will use. The most important fields were: 

 How does the new technology benefit me? - It is very important that the customers of 
bombardier can understand what the new technology will do for them. If they are going to 
pay for something more than the actual transportation system they must be convinced by 
the advantages of the technology. 

 What are the total costs (maintenance, updates etc.)? - Additionally to the costs of buying 
the technology, there will also be costs in form of maintenance, updates and services. Will it 
be profitable for the operators having it? 

 Will it increase the ridership? – The operator wants to attract more people to use their 
transportation system to increase sales.  
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All of the requirements where then put together in the groups which were created from during 
Specification of requirements.  

 

5.5 Specification of requirements 

The specifications of requirements for the installation of the interactive infotainment system were 
created based on the three biggest stakeholders. All of the gathered information was then divided 
into six groups/areas. These are function, construction, technical, users, operators and economy. To 
make it easy to refer to the requirements a system was set up with abbreviates for each of the 
groups. For example, the first requirement in Construction has the name C1, the second requirement 
is named C2 and so on. To differ between the different types of requirements, they also have their 
own abbreviations for each requirement. For example, H stands for hardware and I for is installation.  

Specifications of requirements were gathered during theoretical studies, interviews and user-
experience prototyping. Depending on the requirement and its importance they were given a 
number signifying its importance where 1 is the highest and 3 is the lowest.  The importance of each 
requirement was decided depending on its importance for the thesis project and the available time 
span. In the system column, the hardware which is related to the requirement is described by a P for 
projector, L for (LED monitor) and S for (screen). See Table 5.5 below with requirements from 
Construction. The other specifications of requirements can be seen in Appendix 3.    

Table 5.5 Constructional requisite 

Requisite 
ID 

System Requirement Priority Status 

C1 L/P+S All components must be well integrated into the train 
interior without sacrificing space.  

1 Finished 

C2 L/P+S Vandal-resistance. 1 Finished 

C3 L/P+S The system must be easy to clean in a daily basis 
without chance of getting damaged. 

1 Finished 

C4 L/P+S The system must have good accessibility in order for 
maintenance. 

1 Finished 

C5 L/P+S The entire system must be able to withstand shocks and 
vibrations that occur in service without malfunction. 

1 Started 
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6. CONCEPT DEVELOPMENT 
This chapter covers the selection of hardware, concept development of the thesis project, concept 
generation and evaluations. 

6.1 Selection of hardware 

Before the concepts can be generated the best suitable hardware for the purpose had to be 
investigated. As mentioned before, there are two types of hardware today which can perform 
desirably; interactive projection and capacitive touchscreens (LED). To decide which of these 
technologies would be best suitable for the purpose, they were compared in a decision matrix. 
(Ullman, 2010) The importance of the criteria was selected with a number between 1 and 100, which 
function as a weighted number. Higher number represents a higher importance, and a low number 
represent a low importance. To make it easier when deciding how to weight each requirement, 100 
points was put as a maximum to be used for all of the weights together. This way it will be a bigger 
difference between the most important and the least important requirements. How well the 
hardware can perform each criterion is then given a number of 0, 1, 3 or 9 where 9 is the highest 
score and 0 the lowest. The scoring was based on the knowledge obtained from the theoretical 
framework and discussions with electrical engineers. The criteria which have been used in the 
decision matrix can be seen on below, and the decision matrix is shown on the next page as Table 
6.1. 

Impact on train interior: How big negative impact the technology would have on the interior space.  

Possibility of large interactive areas/size: How large the interactive screen can be when installed in a 
rail vehicle.  

Availability for multiple users: How many can use it at the same time if it is installed in a rail vehicle. 
Worth mentioning is that this also has to with the location of the monitor. 

Vandal resistance possibilities: How well the technology can be protected against vandalism and 
external hazards.  

Weight: The total weight of the product.  

Life span: The time the product will be “into date” while it is used in service. 

Price: The total price of the technology and installation into the train interior. This was estimated by 
the findings during the theoretical research. 

Shock and vibration (EIC 60571): International installation requirement for all electronics in rail 
vehicles. There are no projectors known to the student that has been specifically developed to be 
installed in rail vehicles. Therefore it has been assumed that it is possible to customize Ultra Short 
Throw projectors to be installed in rail vehicles.  

Ambient temperature (EIC 60571): International requirement for ambient temperature of which the 
electronic must be able to operate in. The same assumption as previously acquired applies to the 
requirement of ambient temperature.  
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Table 6.1 Decision matrix of the available hardware used for interactive screens. 

                                Hardware 
Criteria                              

Ultra Short-Throw 
projector 

LED monitor 

 Weight   

Impact on train interior 15 9 3 

Possibility of large 
interactive areas/sizes 
inside a train 

10 9 1 

Availability of multiple 
users 

10 9 3 

Life span 10 9 9 

Maintenance  10 3 9 

Price 5 1 3 

Vandal resistance 
possibilities 

15 9 9 

Weight  5 9 3 

Shock and vibration 
standard (EIC 60571) 

10 3 9 

Ambient Temp (EIC 
60571) 

5 3 9 

Result 680 610 

6.2 Concept generation 

The second stage in the development process is the concept development. It started with a concept 
generation, followed by an evaluation of concepts with Bombardier, and was finalized with selection 
of concepts. The different concepts are presented next in this section.  

6.2.1 Installation of projectors 

After the hardware was selected, the first concepts of the installation were sketched with help of 
information gathered from the inspection of the rail car INNOVIA Metro 300. Renderings were used 
as sketching underlays to get the right proportions and also see in an early stage how the different 
installations would look like in the train interior. A light box was used to see the contours of the 
printed renderings through the blank sketching paper. Different sizes of fine liners were used for 
tracing and sketching. See Figure 6.1. 
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Figure 6.1 The Light box with sketches on top. 

Three concepts were developed with three different ways of integration into the train interior. The 
first concept is marked with red, the second with purple and the third concept of installation is 
marked with green. See Figure 6.2 below 

 

Figure 6.2 The three different concepts of installation. 

  

1. 

2. 3. 
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Concept 1: Stanchion mounted  

The first installation concept has two brackets in order for it to be installed on either the stanchions 
from the ceiling or the wall. As long as it is attached in a sufficiently high position, it will be able to 
project on to the train walls, windows or on the glass sidewalls.  

The projector is inside a protection enclosure to be able to withstand vandalism and outer physical 
treatments. Vibrations and shocks are absorbed by dampers inside the protection box. High 
endurance glass will provide protection against vandalism at the same time as the light beam will be 
able to propagate through. See Figure 6.3 below for a sketch of the concept. 

Pros and cons: 

+ Can be installed on already existing stanchions 
of the train. 

- Has a negative impact on the interior. 

+ Protects the electronics from all directions. - Easy to do damage on the enclosure due to its 
accessibility for passengers.  

+ Easy to maintain the electronics as well as the 
projector. 

- May have difficulties to project images high on 
the walls/windows, due to a certain needed 
throw distance of the projector. 

 

Figure 6.3 Concept 1 

Brackets 

Vibration and 
shock absorbers 

Projector 

Protection box 
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Concept 2: Ceiling panel and stanchion mounted 

The second concept is mounted in the ceiling panel as well as being mounted with a stanchion to the 
cross beam in the roof of the train. The protection box and the ceiling panel is combined and 
functions as one part. It is reinforced to withstand vandalism and at the same time make it easy to 
maintain, as the service personnel only need to remove the ceiling panel to be able to reach and do 
service on the projector. The protection box also protects the electronics inside from vandalism due 
to the protection enclosure. However the projector is not very well integrated to the interior since 
the protection box protrudes from the roof, see Figure 6.4 below. 

Pros and cons: 
+ Needs minimal space in the roof for 
installation. 

- Does not protect the electronics from hazards 
coming from the roof. 

+ Large variation of places for installation. - Difficult to change the entire projector if 
malfunctioned. 

+ Easy to perform minor maintenance on the 
projector. 

- Has a negative impact on the interior 

 

 

Figure 6.4 Concept 2. 

  

Vibration and 
shock absorbers 

Ceiling panel 

Transparent glass 

Stanchion 

Protection box 

Projector 
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Concept 3: Ceiling panel 

When designing something that is supposed to surprice the user by its functions it is mostly wanted 
to leave very few hints that something is actually there. The impact will be bigger if the user does not 
expect anything to happen. This worked as a guideline for the thrird concept. It has the protection 
box as a part of the ceiling panel and the vibration and shock dampers inside the protection box. This 
results in the fact that it does not have to be mounted with a stanchion in the ceiling, and that way 
be more height effective. By saving space, it does not have to protrude from the ceiling panel but 
instead only have a transparant area which the light beam can travel through, see Figure 6.5 below. 

Pros and cons: 

+ Minimal impact on the train interior. 
- Does not protect the electronics from hazards 
coming from the roof. 

+ Can project images high on the walls/ windows 
due to the high position of the projector 

- May be difficult to install in some parts of the 
ceiling due to insufficient space in the roof. 

+ Easy to make minor maintenance work on the 
projector 

 

 

 

Figure 6.5 Concept 3. 

 

Protection box 

Vibration and shock 
absorbers all directions 

Projector 

Ceiling panel 

Transparent glass 
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6.3 1
st
 Evaluation with Bombardier 

The first evaluation was held as a discussion session together with an interior design engineer and an 
engineer manager of Bombardier Transportation. The focus was on the integration of the projector 
into the interior. For the user to get the best impression as possible, the projector must be carefully 
hidden in the interior. It was realized that the best place where this would be possible would be in 
the ceiling. This would also allow the major part of the equipment to be safely hidden behind a 
ceiling panel. The projector lens must also be hidden as affective as possible but since it needs to get 
its light beam on to the screen it must not lose any intensity which would lead to weaker projected 
brightness.  

It was pointed out that the vibrations with the frequency of normal operation will include 
acceleration, and deceleration. The train body gives vibrations within the range of 2 and 6 Hz during 
operation. But most critical vibration will occur while heavy breaking such as when the train activates 
its rail locking brakes. This braking mechanism will decreases the speed with an almost constant 
deceleration but in the end has a somewhat crash stopping effect. This will result in a shock which 
the damping of the projector must be able to protect against.  

Finally it was stated that the projector will need a protection enclosure in order to protect it from 
external damages in form of leakage of fluids and dust. The roof might not be completely sealed, and 
failure of components in the roof such as the HVAC unit will result in an environment with moisture 
which would lead to electronic failure.  

6.4 Continuation of concept development 

6.4.1 Available height in the roof 

To be able to hide the projector into the roof of the train interior, measurements of the main 
components was done from a Catia (3D modeling program) model. The main object in the interior 
which takes a great percentage of total space in in the roof is the HVAC. The distance between the 
HVAC and the ceiling panels decide how big percentage of the projector can be hidden and how 
much will be below the ceiling panels. See Figure 6.6 for the available height between HVAC and the 
ceiling panels, respective distance between roof and the ceiling panels.  

 

Figure 6.6 Available height in the roof with measurements in metric 

As Figure 6.6 demonstrates, the available height between the HVAC and the ceiling panels are 
approximately 128,5 mm. For this reason, the new concept of the installation needs to be designed 
very height effective in order to be installed beneath the HVAC (Heating, Ventilating and Air 
Conditioning). If it is not possible to install it beneath the HVAC unit it must be able to fit within the 
roof, but that will result in not being able to have the projection on the windows in the front or in the 
back of the train car, but on the windows between them, see Figure 5.3 earlier in the report.  

128,5 mm 

434,9 mm 
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When it comes to types of Ultra short throw projectors there are two different types of 
constructions. One has a mirror which gets folded out, for example Hitachi’s Ultra short throw which 
can be seen in Appendix 8  and there is one without a foldable mirror, for example PowerLite 480W 
ultra-short-throw projector from Epson which can be seen in Appendix 7. When looking into the sizes 
it is preferable to use one which does not have a foldable mirror since it generally takes up less 
space. As an example, Hitachi’s ultra-short-throw projector total height with the mirror in projecting 
position is 192 mm while the ultra-short-throw projector from Epson is 142mm. With this in mind 
two concepts were developed based on the previous evaluation and the previous concepts.  

6.4.2 Selection of concepts 

Based on the input received from the first evaluation with Bombardier, two new concepts were 
chosen for further development. The two new concepts were based on the earlier concepts with the 
same placement as the third concept, in the ceiling. This allows the entire protection box to be 
positioned above the ceiling panels. That way, the installation will not have a negative impact on the 
interior and it will be less exposed for vandalism.  

Concept 4 - This is a continuation of all three previous concepts, and was created in case the weight 
from the projector and enclosure would be too much for the ceiling panels to bear. The robust 
enclosure/ safety box is brought from the first concept. The attachment to the cross beam of the 
train is brought from the second concept, and the small impact on the train interior is brought from 
the third concept. 

This results in having the main part of the protection box above the ceiling panels, only showing the 
transparent high endurance glass. See Figure 6.7 for a sketch on an exploded side view, and Figure 
6.8 of the enclosure assembled. 3 axis projector mount has been added to the concept in order to 
adjust the projector for retaining a high quality image. The vibration isolators have been positioned 
between the roof cross beam and the projector mount. 

 

Figure 6.7 Sketch of the exploded view of the projector protection enclosure. 

Roof cross beam Vibration dampers 

Bottom plate 

3 axis projector mount  

Projector 

High resistant glass 

Ceiling panel Outer enclosure plate 
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Figure 6.8 Sketch of the assembled projector protection enclosure together with the 3 axis adjustment plate. 

Continuation of Concept 2 – This is a continuation of the third concept. The main part of the 
enclosure is hidden above the ceiling panels but the protection enclosure now surrounds the entire 
projector. Instead of having the enclosure attached to the roof cross beam, it uses brackets which are 
attached to the ceiling panel. The vibration isolators are located between the ceiling panel and the 
brackets which results in vibration isolation of the entire enclosure. See Figure 6.9 below for a sketch 
of the installment. The low profile adjustment plate has been positioned inside the box in order to be 
able to adjust the projector.  

This design makes the total height lesser than Concept four since it does not need to be attached in 
the cross beam of the train, and because of the relocation of the vibration absorbers. It also has a 
better chance of being retro fit than concept four since all trains does not have the same type of 
cross beam. 

 

Figure 6.9 Redesign of concept 2 with brackets holding the enclosure and the relocated vibration and shock 
absorbers between the ceiling panel bracket. 

Brackets 

Ceiling panel Vibration Isolator 
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The enclosure in both concepts has influences from enclosures of surveillance cameras due to their 
resistance against external stresses such as dust and water. All surveillance cameras have in general 
Ingress Protection (IP) number of 54 or greater to have enough protection for being operational 
outdoors. The first number stands for the resistance against solid objects, and the second stands for 
resistance against fluids. The scale of resistance against objects is between 0 and 6, where 0 is no 
protection and 6 is completely protected against dust; complete protection against contact. The 
protection against fluids goes from 0 and 8, where 0 is no protection at all and 8 protects against long 
periods of immersion under pressure.  

6.4.3 Arrangement and placement of projections 

Where to project the interactive screens in the interior was investigated briefly by the interior 
inspection, and the ergonomic study. Since the arrangement of seats can be changed after 
customers’ requests, they can also be adapted to fit the best position for having a large size on the 
projected image. The possibility of having a large size on the interactive screen at the same time as it 
is transparent, gives it a great advantages of using a projector instead of a LED monitor. With this in 
mind, the location which would be able to have the greatest projection size together with an 
adequate ergonomic position for travelers would be the windows, as seen in Figure 6.10. 

 

Figure 6.10 A thought preferable position of the seats and the position of the projection (marked in green) 

6.4.4 Height distance between projector and screen 

Product information has been taken from the data sheet provided by Epson (EPSON Canada, 2013) 
on their model PowerLite 485W, to get estimation on the necessary height difference between the 
projector and the projected screen. The needed height between the projector and the screen for an 
image that would use the width of the INNOVIA Metro 300 window (1400 * 1235 mm) is 222 mm, 
see Appendix 14. As can be seen in Figure 6.11, the height difference from the ceiling panel to the 
upper window frame is 104,2 mm. This results in a necessity for the projector to not be too close to 
the ceiling panel in order to be able to use the upper part of the window as a screen.  
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Figure 6.11 The height distance between the ceiling panels and the top of the window in the INNOVIA Metro 
300 train. 

6.5 2
nd

 Evaluation (users and Bombardier) 

In this section the final users were brought to provide feedback regarding aspects such as 
ergonomics and positioning of seating. A discussion was also held with the supervisor from 
Bombardier to get further input on the development of the concept.   

6.5.1 User Experience Prototyping 

A user experience prototype was created with cardboards, post-its and office chairs to represent the 
interior of a mass transit vehicle. The cardboards were cut into the size of a window and the post-its 
were placed to represent the inner wall of the of the INNOVIA Metro 300 train of Bombardier. The 
train was chosen since it is newly developed with the latest technology and design language 
according to the trends within the rail industry market of today. Images with subtitles were also 
printed out and placed on the top so that the test persons could easier decide distance and visibility 
of the projection. See Figure 6.12.  

 

Figure 6.12 Setup of the user experience prototype. 

Printed images with subtitles 

Different arrangement of seats 

Post-it (wall of the train) 
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The user-experience prototyping was held to keep emphasis on the main focus group, the end-users. 
The user-experience prototype was led by five main questions, and follow up questions to get input 
on the wanted areas (see questions below). Ten persons from Bombardier Transportation were 
selected, within the 95th percentile (American data), to participate. The session was always started by 
an introduction of the area which had been set-up, to give the subject a clear view of what he/she 
would imagine the surroundings to be like. 

The main questions were: 

1. What is the accepted distance to the window in order to be able to see the content clearly? 
2. How is the placement of the projection, would you prefer to have it somewhere else? Which 

arrangement of seats would you prefer? 
3. Layout of the projection screen. What would you want to be able to see on it? Sounds? 
4. Ergonomics. Would you use it? How would you use it? Would you be annoyed if somebody 

else was playing with it? Can you read the subtitle from far away? 
5. What do you think about the projection size, interactive size etc… 

Results:  

Question 1. Due to the size of the projection (the entire window) non of the test persons had any 
problems with seing the images that was placed on the top of the window. The idea of the top row is 
to offer entertainment for the passengers which cannot interact with it.  

Question 2. The placement of the projection were preferred to be on the windows by all ten test 
persons. Other places which came up was on the floor, ceiling and on the glass wall, but having the 
projection on the windows were the optimal placement.  

The preferred seating was to have the seats (next to window) facing each other. The placement on 
the opposite side of the interactve window had two satisfacting arrangements. On the first place the 
test persons wanted to have all the seats against the wall facing the interatcive window. It was more 
preferrable than the second option of having them in the same arrangement as the ones next to the 
interactive window due to better ergonomics.  

Question 3. The top row with three different vidoes got really good feedback. Most preferred 
content on those three screens was news, advertisement and funny shorter clips. If the system would 
be inside long distance trains, movies and series could also be shown. In case of large sports events 
of which the majority of the passangers would like to watch, this could also be shown on one of the 
screens.  

Below the row of videos the majority of the test persons wanted to have a notification row which 
would display station names. It could also with information regarding train stations but also be able 
to show breaking news.  

It came up that it was important that it should not have too many things showing at the same time 
since it would be hard to focus on one particulor thing. It could also have a negative effect on the 
passengers causing them to feel irritation and disturbed. A third statement which came up by several 
test persons is to also have environmental messages/statements to make people awere of how they 
save the environment by choosing the train. This also came up from the survey which was created in 
the beginning of the project as one of the reasons why people choose to ride the train instead of 
other mass transit vehicles (30 % of the asked subjects). 

The rest of the window was wanted to be as transparent as possible and only have projections on a 
small part of it during interaction with the passenger sitting right next to it.  

Question 4. The majority of the test persons said that they would use the interactive part of the 
window while sitting in the closest seat. The top row with the videos would not be used as much if 
they were seated closest to the window due to discomfort (which was also pointen out during the 
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ergonimic studies). The upper part of the screen could be used without discomfort from the second 
closest seats. An input which was stated by one of the subjects was that if he would use it, it has to 
give a more pleasant experience than the experience given from the smartphone or any other 
multimedia device which he is using. 

Regarding multiple passengers using the interactive screen at the same time it was very important 
that it wouldn’t effect the personal space with sounds or animations. It would not be appreciated 
when the person is tired or simply does not want to get disturbed.  

Question 5. If the train travels above the ground, the test persons were clear about not having the 
entire window covered by advertisement or videos. The ability to see the surroundings and 
landscapes is a big part of traveling with trains above ground. It would be ok to have interactive in a 
way that when it is not in use the window would be transperent, or having the animations 
transparent and reacting to the movement of the train.  

But if it is installed in subways or on trains where the routes have a high number of underground it 
could use the windows as screens since there is nothing to see until the train reaches the stations.  

Se Figure 6.13 below for pictures taken during the user experience prototype research.   

 

Figure 6.13 Pictures taken during the User Experience Prototyping.  
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6.5.2 Material of protection enclosure 

In order to meet customer requirements of ceiling panel materials, this also has to be taken into 
account when designing the enclosure. Aluminum honeycomb is used most frequently at the 
moment for ceiling panels, but other materials such as Nomex and Fiberglass can also be requested. 
Therefore, the enclosure should be able to fit in with all these materials to offer a good aesthetic 
solution for the customer.  

6.5.3 Selection of brackets for enclosure 

In order to have a strong infotainment product on the rail market it needs to have an easier way of 
installation since all rail vehicles may not have the same cross beam layout or hardware. A discussion 
was therefore held with the responsible engineer of the ceiling panels of Bombardier Systems to get 
a better understanding of the structure.  

It was assumed earlier in the project that the ceiling panels might not support the weight from the 
projector the way they are designed today. But the design also allows them to be reinforced which 
would make them appropriate to use for carrying the weight of the protection enclosure. This 
resulted in choosing the second concept. 

6.6 Continuation of concept 

In this phase, focus has been put on the layout of the projection, but also on the branding of 
Bombardier, as well as maintenance and sealant of the cables running in to the enclosure.  

6.6.1 Usability and ergonomics  

This is highly dependable on two things; the layout of the projection and the arrangement of seats. 
The interactive window layout was chosen according to the feedback given from the user-experience 
prototype, as well as the preferred seat arrangement. 

In Figure 6.14 below it can be seen that the top row of multiple screen has been kept due to the 
positive feedback from the user experience. Underneath it, a thinner row has been added where 
more important information can be shown such as breaking news, the upcoming station or simply 
environmental facts for rail vehicles. Below the message bar is the interactive part of the projection. 
This part contains special interactive effects to engage the closest passengers to the window. The 
layout has been designed to not be overwhelming with too much information which very likely could 
distract passengers in a negative fashion.  
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Figure 6.14 How the interactive window can look like (based on the feedback from user experience prototype) 

6.6.2 Branding of Bombardier 

Improving the branding of Bombardier was one of the objectives in the thesis, and can now be 
implemented on the projected image, as an addition to the improvement by using interactive 
features to their infotainment system.  

Bombardier uses the slogan “The climate is right for trains” together with “ECO4” in advertisements 
of the company. This could take turn to be shown with “Next Station” and “Breaking News” on the 
notification bar, and in that way make everyday passengers aware of the company and their strive 
for improving the environment.  

6.6.3 Maintenance 

In order to maintain the projector it has been realized that the high endurance glass should be able 
to be removed instead of opening the entire enclosure.  That way, it will be fewer parts which have 
to be removed in order to reach the electronics, and for example changing the lamp. 

6.6.4 Electronic safety 

To keep the enclosure resistant to fluids and dust, the ingoing cables to the enclosure must be 
sealed. The enclosure also needs to be safety grounded, and have protection against overcurrent. 
This will be taken into account for the system design.  
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Interactive space 
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7. SYSTEM DESIGN 
This chapter includes system design with the chosen concept, which includes definitions of all the 
components together with virtual prototype development, simulations and analysis. 

7.1 Components 

Components of the installation and hardware are presented in this chapter. The main components 
and how they are connected can be seen in Figure 7.1 below. The focus has been put on the 
protection enclosure of the projector due to the fact that computers, motion captures and projection 
film already exists as of the-shelf-products.  

 

Figure 7.1 How the main components are connected  

7.1.1 Hardware 

Ultra short throw projector - It will be placed inside the protection enclosure as mentioned before 
with the main part above the ceiling panels. It will have to have a lamp brightness of at least 3000 
lumens, which needs to be tested later with the physical prototype. The projector is the critical part 
in this concept since there are no projectors (known to the student) developed according to 
international standards for rail vehicles. Standards which will have to be met include electrical safety: 
IEC60950, EMI: EN50121 (European standards), environmental: EN50125 and the ambient 
temperature standards as mentioned earlier in the report. The vibration standards are thought to be 
met with the vibration absorbers of the enclosure.  

Computer - Desktop PC with I5/I7 Processor with 2.8GHz Intel Quad Core or better, 4GB DDR3 RA, 
Full Size PCI slot,  graphics card with 1 GB Memory and having CUDA5 support, Windows 7 32 bit OS, 
1333 MHz FSB or better, 150 GB HDD or of better configuration. One PC can run two independent 
experiences in the same vicinity using single CPU. (touchmagix, 2013) 

                                                           
5
 CUDA™ is a parallel computing platform and programming model that enables dramatic increases in 

computing performance by harnessing the power of the graphics processing unit (GPU). 
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HDMI cable - (Standard Automotive HDMI Cable) transfers high definition video together with sound 
between the computer and the projector. “Supports up to 720p/1080i (does not support HDMI 
Ethernet Channel). Since an automotive system may be wired with one or more internal relays that 
can affect signal strength, the Standard Automotive HDMI Cable needs to send a stronger signal than 
other cables types, so it is tested to higher performance standards”. (HDMI.org, 2013) 

Holographic film - This is a thin layered adhesive transparent projection film which is applied on the 
window. It gives an identical image on both sides of the glass, and produces a high resolution 
projection image without any hotspots. It is also transparent when it is not being projected on. 
(ProAVscreens, 2013)  

IR motion capture camera - This functions as a motion tracker of the end-user. It is generally 
included in the packages when interactive software is purchased. It needs to be installed on its own 
since there are already off-the-shelf cameras which are developed for rail vehicles, and in order to 
keep the size of the enclosure small. As mentioned before, it is not as precise as capacitive touch 
screens. But since the interactive advertisement does not need a high accuracy, it is suitable for this 
type of media.  

Resettable fuses - Will have to be installed in a physical prototype and in the final installment to 
protect the projector and other electronics from overcurrent. 

Grounding of electronic - Just as all other electronics installed on a rail vehicle, they all have to be 
safety grounded to protect passengers and service personnel from dangerous voltages. This will be 
taken into account during the material selection. 

 

7.1.2 Protection enclosure 

The development of the enclosure was based on the previous sketched concepts which were created 
in the earlier stage of the project. The development focus is on the protection enclosure for the 
projector due to the other hardware, computer and motion capture camera are off-the-shelf-parts. 

The components of the enclosure assembly will be presented in this section. Each component has 
been given a number in Figure 7.2 for easier identification. 
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Figure 7.2 Exploded view of the complete enclosure together with the ceiling panel.  

1. Bracket with spot welded screws - Holds the entire enclosure on its place above the ceiling 
panel. The sport welded screws minimizes the amount of parts since they are welded on the 
bracket. 

2. Conduit/ hermetic connector - Surrounds the cables to prevent liquids and dust to enter the 
enclosure. 

3. Lock nut (Nylok nut) - Nuts which will not get loose from vibrations. 
4. Mount plate with threaded inserts (countersunk head) - The upper part of the enclosure 

which is attached to the brackets, and of which the projector mount is attached to. It 
functions as the main frame since it has most parts attached to it. 
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5. Vibration isolator - Isolates the projector from all vibrations which occurs from imperfections 
on the rail, accelerations and deceleration. Must also be able to isolate from vibrations 
accordingly to the vibration requirements. 

6. Lock nut (Nylok nut) and wide washers - Same as number 3, only that washers will be used 
as well to distribute the pressure on a bigger surface.  

7. 3 axis adjustment plate (low profile projector mount) - Allows the projector to be safely 
attached to the mount plate.  

8. Ceiling panel - The ceiling panel will have a cut-out of which the enclosure will be inside.  
9. Seal - Closed cell foam which prevents fluids and dust to enter the enclosure. 
10. Cables (HDMI, power and dongle) - Power cable powers the projector, and a dongle will 

contain all the media and special effects which the projector will be showing on the window. 
Last but not least, in order to be able to show news and live content, a HDMI cable will have 
to be used as well.  

11. Projector - Ultra-short-throw projector which has been modified for rail vehicle standards. 
Measurements have been gathered from the Epson projector PowerLite 480W. (EPSON 
Canada, 2013) 

12. Enclosure lid with threaded inserts (countersunk head) - Protects the electronics from outer 
damage, and has a cut-out where the high endurance glass will be in order for accessibility 
without having to remove it.    

13. Screws - Attaches mount plate and enclosure lid 
14. Seal - Same as number 9 but has a different size. 
15. High endurance glass - Protects the electronics inside the enclosure at the same time as it 

lets through the projector beam.  
16. Safety screws - Special screws which attached the high endurance glass. They need a special 

screwdriver in order to be loosened to prevent vandalism on the electronics.   

7.2 Virtual prototyping  

A virtual CAD prototype was developed with the design guidelines achieved from the sketches of the 
latest concept, which is installed on the ceiling panel. The prototype was created in the 3D modeling 
program SolidWorks 2012 edition. SolidWorks is widely used in the engineering world by both 
students and professionals. The software allows the users to create parts, drawings and assemblies, 
but it also allows the user to inspect the design for manufacturability, stress analysis and more. 

When creating the parts, it was realized that some of them are quite complex and depending on the 
design of each other. Therefore a function in SolidWorks named “split part” was used frequently to 
make the CAD development fast even during changes. The main work was completed on one “master 
part”, where all parts are created in the same “part” file. By using the function “Split part”, the 
“master part” gets divided into several individual parts that are saved as new parts at the same time 
as they are linked to the “master part”. When changes are needed, they are executed directly on the 
“master part”. Since the other parts are linked to the “master part” they will be changed 
automatically.  

Another function which was used is the sheet metal function in SolidWorks. This function allows a 
part to be created the same way as if it would be materially manufactured. Automatic manufacturing 
cost estimation and quoting/design cost, were easily prepared with this feature which saves time 
during the financial analysis later in the project.   

See Figure 7.3 to see how the protection enclosure is attached on the ceiling panel and see Figure 7.4 
for a top view of the protection enclosure.  
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Figure 7.3 Installment of the protection box of the  

 

Figure 7.4 Top view of the protection enclosure. 

7.3 Preliminary assembly and mounting sequence 

The mounting of the protection enclosure is executed on one base (enclosure mount plate) and it has 
two assembly directions. It is not meant to be assembled by automation since it would be too 
complex to have it fully assembled and then directly installed in the train car. Smaller subassemblies 
like the adjustment plate can be assembled beforehand, but it is not vital. Since it might be harder to 
attach it to the enclosure mount plate, it is not necessary. Only electronics will arrive fully assembled 
since they are bought from external companies.  

Therefore, the best way to assemble the components for the interactive system has been selected to 
be held at the same location as the train is manufactured (if a train is ordered with the interactive 
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infotainment system). That way it can have its own installation/building stage. If the system is to be 
installed into a train which already is in service, the train needs to get certain parts adapted in order 
for the system to fit. For instance, reinforced ceiling panels, so they can hold the weight, and cutouts 
for the enclosure. The changes are not very complex which makes the enclosure design close to be 
retro fit.  

7.4 Simulation and Analysis 

The following chapter deals with simulations of the bracket. The simulations deals with deformation 
due to the weight of the enclosure, compares two different Aluminum alloys, as well as whether a 
new reinforced design of the bracket is needed. 

7.4.1 Bracket deformation 

Aluminum alloy T6 of group 2000 was selected as a preliminary material for the brackets, which hold 
the entire protection enclosure including the projector and cables. The 2000 series together with the 
7000 series of Aluminum alloys, are high strength aluminum alloys which are commonly used in the 
aerospace and rail industry as a replacement of steel. The deformation tests also determined the 
thickness of which the brackets require in order to have minimal deformation while holding the 
components and the protection enclosure. The thicknesses which were investigated were 2 and 3 
mm. A total force of 300 N was placed on the four spot welded screws to represent the total weight 
of the electronics and the enclosure with a safety factor of 2. See Figure 7.5 below. 

 

Figure 7.5 A total force of 300 N has been applied on the screws of the bracket to represent the total weight of 
the enclosure with its components and hardware. 

Before deformation tests can be performed the component needed to be meshed with the right 
density of smaller elements. A smaller size on the elements, improves the accuracy of results in that 
region. The size of the mesh was therefore experimented until a satisfied accuracy was reached. 
There is no use in choosing the smallest mesh size since it will not make a difference once the highest 
accuracy has been achieved. It will only increase the time of the simulation, see Figure 7.6. 
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Figure 7.6 The bracket after it has been meshed in Solidworks with a desirable accuracy.  

Due to the high mechanical strength of both aluminum alloys neither of the thicknesses would come 
close to plastic deformation. In Figure 7.7 below, which shows the Von Mises stress simulation on the 
3 mm thick bracket it is possible to see that the yield strength (σy) of the aluminum 2000 series alloy 
is more than ten times higher than the biggest stress occurring on the bracket as a result from the 
applied forces. Therefore it is also not needed to use aluminum alloy from 7000 series. It is worth 
mentioning that the deformation shown in these figures below are highly exaggerated in order to 
show the deformation. 

 

Figure 7.7 The test result of Von Mises with a thickness of 3mm. 

The deformation simulation showed that a 3 mm thickness would be preferable due to the flex of the 
bracket of 2 mm. The bracket would flex downwards of a total 2 mm in the middle with the thickness 
of 3 mm, while the thickness of 2 mm would flex downwards of a total 7 mm. See Figure 7.8.  
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Figure 7.8 Result of the deformation simulation of the bracket with a thickness of 3 mm.  

7.4.2 Design for Assembly (DFA) 

To investigate how well the prototype was designed from a mounting friendly point of view, it was 
analyzed regarding Design for Assembly. According to The Mechanical Design Process by David G. 
Ullman (Ullman, 2010), DFA measures a product in terms of the efficiency of its overall assembly and 
the ease with which components can be retrieved, handled and mated. A product with high assembly 
efficiency has a few components that are easy to handle and virtually fall together during assembly. 
Even though it states that DFA is applied late in the design process when the product is refined 
enough till the point where fasteners are decided, it is of high value if it can be used early in design 
processes as well.  

The evaluation included the following framing of questions (total 13 but due to the early stage of the 
product development it has been narrowed down to 4).  

Overall Assembly 

1. Overall part count minimized 
2. Minimum use of separate fasteners 
3. Assembly sequence efficiency 

Part Mating 

4. Maximum part accessibility 

The concept gets a score (0, 2, 4, 6 or 8) for each framing of a question. Higher scoring equals a 
better design of the concept and its parts. (Ullman, 2010) 

Overall part count minimized 

It is of high importance to minimize the number of parts in a product, and still keep the functionality 
in order to reduce costs, improve installation and manufacturing. It is the first measure of proficiency 
and a prime approach of an assembly used in a product.  

Reduction of parts can be completed by for example, incorporating hinges, use snap fits and 
incorporate guides and covers. Snap fits or threaded inserts can be integrated into the part, and in 
that way reduce used parts. For this concept, most reduction can be accomplished by reducing the 
numbers of separate fasteners by adding them to the main parts during their manufacture phase. 
However, this was taken into account early in the development stage together with design engineers 
of Bombardier which should result in a good starting point in number of parts used.  

The evaluation is calculated below by the improvement potential according to (Ullman, 2010).  
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All components were included except for the parts which belong to the adjustment plate, (was 
counted as one part) which is an off-the shelf-part. The theoretical minim number of components 
where calculated by an assumption of possible redesign of parts and less usage of screws. 

According to David G. Ullman, “Typical improvement in the number of components in the range of 30 
to 60% is realized by redesigning the product in order to reduce the component count.” (Ullman, 
2010) 

Possible changes can be implemented by changing the fasteners by integrating them into the 
different covers such as the mount plate, protection lid or the high endurance glass. However, due to 
the percentage was below 30%, and the fact that it was taken into account during the design stage, it 
is decided that changing the design is unnecessary. 

Score: 8 

Minimum use of separate fasteners 

This is, as mentioned in previous section, believed to be the reason why the concept has the amount 
of parts as it has. To be able to reduce the usage of separate fasteners they would have to be mainly 
replaced by snap fasteners. Due to the need of service and maintenance it would add risks of 
component failure, and leakage of the enclosure. As a result, it could lead to hardware failure when 
the enclosure gets exposed to dust or fluids.  

Score: 6 

Assembly sequence efficiency 

According to The Mechanical Design Process (Ullman, 2010), an efficient assembly sequence is one 
that: 

 Affords assembly with the fewest steps 

 Avoids risk of damaging components  

 Avoids awkward, unstable, or conditional unstable positions for the product and the 
assembly personnel and machinery during assembly 

 Avoids creating many disconnected subassemblies to be joined later 

It also states that the product should be designed so it has the base component in the end of the 
assembly line, and requires the least subassembly, and allows the assembly to be from fewest 
directions as possible.  

The base component in this concept is the mount plate. It will have two assembly directions; on the 
upper side for the brackets respectively the bottom where the hardware and the protection lid with 
its components are attached.  

The protection lid has been designed to be fastened after the mount plate has been assembled with 
the ceiling panel. However, the protection lid must be inserted in the cavity of the ceiling panel. This 
results in having the installer to assemble the protection lid while the mount plate has been fastened 
in the ceiling of train. The location of the assembly cannot be changed due to the required placement 
of the projector in the train. But once the projector is put in place, it also needs to be adjusted in 
order to get a high quality projection. It will also need to be easy to maintain in case of lamp failure, 
or for service of the projector itself. The current design allows change of lamp bulb, but the projector 
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cannot be removed from the enclosure for bigger maintenance. This is an area which need 
improvement, therefore the low score. 

Score: 4 

Maximum part accessibility 

The part (in this sense the projector) accessibility of the current design is not optimal. For example, 
opening the enclosure cannot be done directly since the screws are hidden behind the ceiling panel. 
They cannot be reached by removing the high endurance glass since they are located outside of the 
enclosure. They can only be reached by removing the ceiling panels around it which offers a difficult 
position to work in. Therefore, the concept is rewarded by a low score, and needs furthermore 
improvement. 

Score: 4 

7.4.3 Design for Manufacture (DFM) 

When designing products for high volume productions it is vital to incorporate aspects of 
manufacturability during the development, in order to make the production more efficient which 
results in cost reduction, and also to improve quality of the product.  

The handbook Design for Manufacturability (Bralla, 1999) was used to get a deeper understanding 
within the area. Due to limited time of the project, only a primary evaluation was executed of the 
concept. A larger focus was designated on design, economical and production aspects.  

Evaluation (Design For Manufacturability Handbook) 

The result of the evaluation was performed with the guidelines from the handbook and is presented 
in this section. The guidelines have been selected due to the stage of the project, and the limit of 
available time. The entire assembly of the enclosure was investigated, hardware such as the 
projector and the IR camera was not considered in this evaluation since they will be developed and 
purchased from external suppliers.  

Basic Principles of Designing for Economical Production 

 Simplicity - The fewer parts a product consists of, the least complex shape, the fewest 
precision adjustments and the shortest manufacturing sequence will be the least costly to 
produce. Additionally to these advantages, it usually will be the most reliable and easiest to 
service. 
The concept has been designed to be simple and easy to maintain but the maintainability of 
the projector while it is fastened needs improvement. The low profile adjustment plate will 
be hard to adjust after the projector has been put in place. There are a high amount of 
screws of which would need be adjusted to get a desirable position. They would also be 
hidden behind the projector which means it would be necessary to remove the surrounding 
ceiling panels in order to reach the adjustment plate. This would be very time consuming and 
not desirable from the operators point of view. 

 Standard materials and components - It is preferable to use available materials and off-the-
shelf parts since it would enable the benefits of mass production even though it is a low-unit-
quantity product. Use of standard components also has other advantages such as; simplifies 
inventory management, eases purchasing, avoids tooling and equipment investments, and 
speeds the manufacturing cycle.     

 Liberal tolerances - The finer and tighter tolerances the more expensive manufacturing will 
be of the part. The higher costs comes from factors such as extra operations, higher tooling 
costs, longer operating cycles and higher scrap and rework costs to name a few. See Table 
7.1. 
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Table 7.1 Cost of Producing Surfaces Finishes (Design for Manufacturability Handbook) 

Surface symbol designation Surface 

roughness, µ in 

Approximate 
relative cost, % 

Case, rough-machined 250 100 

Standard machining 125 200 

Fine machining, rough-ground 63 440 

Very fine machining, ordinary grinding 32 720 

Fine grinding, shaving, and honing 16 1400 

Very fine grinding, shaving, honing, and lapping 8 2400 

Lapping, burnishing, superhoning, and polishing 2 4500 

To decide which tolerances the components of the enclosure needs it will have to be decided upon IP 
tests and requirements from customer. The tolerances of the enclosure protection box will be the 
same as the tolerances of the ceiling panels (if the chosen material is Aluminum).  

Design rules 

 The mount plate, enclosure lid and the brackets must be designed without sharp corners. 
They should instead be designed with generous fillets and radii. This is a universal rule which 
is applicable to castings, molded, formed and machined parts. Rounded corners also have a 
number of advantages. Less concentrated stress on the part as well as on the tool, which 
results in both lasting longer. Material will flow longer during manufacture. A good guideline 
is to have the radius at least twice as big as the thickness of the part.  

 Draft is required in sidewalls in order to have an easy removal of the work piece as it shrinks 
during cooling. According to the handbook it needs a least to be ¼ o with a female tooling and 
1o with a male tooling (this is also wanted with castings).  

 The mount plate and the bottom enclosure will be manufactured by Thermoforming or by 
injection molding, if they will be fabricated of a nonmetal material. If a metal is selected, they 
will be manufactured with permanent molding. Both methods (nonmetal) are relatively 
cheap where thermoforming is more suitable for smaller productions and injection molding 
suitable for large quantities (10,000 or more). For cost differences between different 
permanent mold processes, see Figure 7.9. Most profitable would be to purchase standard 
enclosures and modify them later on, or use permanent mold casting. Sand-mold casting 
would be risky since the material does not get a high mechanical strength. For larger 
production sizes, die casting would be preferable.  
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Figure 7.9 Relative cost of different casting process for one particular aluminum alloy part at various production 
levels. (Bralla, 1999) 

 Since there are manufacturers of electronic enclosures it would be preferable to have a 
simple design so that standard and off-the-shelf parts can be used. This would enable the 
benefits of mass production to be realized by even low-unit-quantities. Changes to make it 
suitable for its purpose can either be performed by the manufacturer or by the supplier. Cost 
savings would also be possible due to avoidance of tooling and equipment investments.   

 The designed fittings of the brackets should have wide washers between the screw and the 
mount plate to distribute the stress of the fastening on a bigger area. This is of high 
importance if the mount plate is fabricated of thermoformed plastics.  

 The different thickness of the enclosure lid is not preferable. Either it is redesigned with the 
same thickness on the entire part, or the transition should be executed gradual and not 
abrupt. If the part is not designed properly, problems such as warpage can occur from 
uneven shrinkage, cooling and solidify before the mold is filled (thermoforming) or different 
cooling velocities (casting). 
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7.4.4 Modifications of concept 

In the following section, the improvements are presented as a result of the previous concept 
evaluation. The improvements which have been performed are: wall thickness, drafts on needed 
parts, aesthetic improvements, assembly sequence efficiency and optimization of the size of the 
enclosure.  

Uniform wall thickness 

Parts of the installation concept which did not have a uniform wall thickness got modified as much as 
the current design allowed to be changed. The enclosure lid was changed to a greater thickness 
(from 4 to 5 mm thick), the design of the enclosure lid was also slightly changed so get a better 
uniform wall thickness. On some areas this was not possible due to limitations from threaded inserts, 
screw holes and the flat section between the mount plate and enclosure lid. To make the transitions 
smoother it was compensated by rounded edges and drafts. The overall thickness was also changed 
from 4 mm to 5 mm (Bralla, 1999). See Figure 7.10 below for a section view of the enclosure lid. 

 

Figure 7.10 The redesign of the enclosure lid with a uniform wall thickness. 

Note that it was not possible to do a redesign to achieve the same wall thickness overall, therefore it 
was focused on making the transitions as gradual as possible while keeping the same functionality.  
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Draft 

As discovered earlier, drafts were put on the parts which are permanent molded for easier tool 
removal (mount plate and enclosure lid). See Figure 7.11 for the redesigned enclosure mount. 

 

Figure 7.11  Shows the applied draft angles of the enclosure mount plate 

Change of standard projector mount 

The projector mount was changed from one which attaches the projector by pushing it into place by 
another which gets locked into place by a turning motion. Previous selected projector mount also 
needed to loosen/tighten six screws in order to release the projector (see the red screws in the 
projector mount to the left, Figure 7.12) while the new mount has a lock mechanism that only 
requires three screws which reduces the complexity for removing the projector. But the enclosure 
needs to be a slight wider in order to be able to turn the projector 180 degrees while the attachment. 
Therefore, the enclosure was also modified.     

 

Figure 7.12 The old projector mount to the left and the new chosen projector mount to the right. 

Deletion of gap between enclosure and ceiling panel 

To delete the gap between the enclosure lid and the ceiling panel an extra part was created to 
function as a frame around the high endurance glass. The high endurance glass has been designed to 
be wider in order to cover the gap and to make it possible to have the same wall thickness on the 
entire frame part. See Figure 7.13 below to see the gap and the frame marked inside the black circle. 
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Figure 7.13  High endurance glass and frame covering the gap between the ceiling panel and the enclosure. 

Turn clearance 

The new projector mount for the concept has a gyrolock function which allows the projector to be 
installed by twist and lock. For that reason, it is vital that the projector has enough room inside the 
enclosure for a twist motion to be possible. The tool “rotate component” was used together with 
collision detection on SolidWorks 2012 to see how much the projector could be turned inside the 
enclosure without interfering with the walls.  

 

Figure 7.14 The improved turn clearance of the projector inside the enclosure.  
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Assembly sequence efficiency  

The size of the cut out in the bottom of the enclosure lid was also modified to give more space for 
the projector when it is attached in the mount plate. The entire projector can now be taken out from 
the enclosure by removing the high endurance glass together with the frame, by unscrewing the 
security screws. Therefore, it is not needed anymore to remove the ceiling panels in order to 
maintain the projector inside the enclosure. The assembly is now done by four steps. The enclosure 
lid is attached to the mount plate in the first step. In the second, the brackets are attached to the 
vibration isolators, which are attached to the ceiling panel. Thirdly, the projector is mounted inside 
the enclosure to the projector mount as well as the cords. In the fourth and last step, the seal, 
together with the high endurance glass and glass frame, is attached to the bottom part of the 
enclosure lid. See Figure 7.15 Assembly sequence of the main parts of the protection enclosureFigure 
7.15 below for the assembly sequence.  

This results in easier assembly as well as less time consuming maintenance of the projector. The 
projector and cords can now be easily reached while it is still attached to the mount plate. 

 

Figure 7.15 Assembly sequence of the main parts of the protection enclosure. 
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8. PROTOTYPING 
This section deals with the virtual prototyping of the interactive infotainment concept.  

8.1 Visual prototyping and rendering 

Different renderings have been created in this section in order to illustrate how the interactive 
infotainment system concept will look in operation. 

8.1.1 Advertisement opportunities 

After communicating with one of the leading companies within interactive advertisement it was 
discovered that nearly anything can be made. The opportunities for advertisement using the 
interactive projection are close to be limitless and can be fully customized by the customers´ 
requests. See Figure 8.1 for the advertisement possibility on the interactive infotainment system. 

 

Figure 8.1. Advertisement placement possibilities on the projection screen 

8.1.2 Human interaction 

The human interaction is what makes the concept special. The passengers who are standing a bit 
away from the screen can see how other passengers, sitting next to it, are playing with all of the 
different effects from the advertisements. Videos, news, and advertisements are available to 
everybody on the train, as well as the amusement of watching other passengers play with the 
screens. An illustration is shown in Figure 8.2 on a possible way of catching the passengers attention 
to start interact with the advertisements being shown on the screen. 
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Figure 8.2. Illustration on how the interaction with the projection can look like inside the train. 

Since the image is projected on a transparent film with properties that does not have any quality loss 
whether the viewer is behind or in front of it, the image will be exactly the same for passengers on 
the train as well as outside the train, with the exception of being reversed. See Figure 8.3 below for a 
demonstration.  

 

Figure 8.3 Illustration on how the view of the projection can look like for people standing on the platform. 
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8.1.3 Combinations of metal glass frame 

The idea of having a frame around the high endurance glass was developed as a solution in order to 
delete the gap between the enclosure and the ceiling panel. But It can also enhance the retro fit 
possibility of the concept. The frame can for example be painted or anodized in order to fit different 
types of trains and altered interior materials and colors, see Figure 8.4 below.  

See Figure 8.5 where the projector and the motion capture camera is installed inside a train car with 
ceiling panels constructed of aluminum. 

 

Figure 8.4. Illustration on how the frame can have several colors and also different surface finishes depending 
on the material of the ceiling panels.  

 

Figure 8.5 View from a passengers viewing angle. 

Motion 
Capture Projector 
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8.2 Tests 

Since no physical prototype is created in this project, tests were executed on the virtual prototype. 
The tests were performed with the programs ICIDO and SolidWorks 2012. The tests considered the 
installation and maintenance of the concept with focus on available space for attaching the 
projector, and hand clearance for the maintenance personnel. 

8.2.1 Adjustment clearance 

Tilt clearance 

How many degrees the projector model can be tilted without interfering with other parts was also 
tested. Through basic research it was discovered that most of the projector adjustment plates has 
the ability of tilting between 15 and 20 degrees. However due to the fact that most of today’s trains 
do not have tilted ceilings it was assumed that the tilting function only will be used for minor 
adjustments to get an optimized image. Therefore it was assumed that the tilting ability only needed 
to be 5 degrees, see Figure 8.6 below for illustrations. The current design however did not allow 
more than 1.76 degrees which resulted in changing the current design. The red part is the position of 
the high endurance glass before and after the change. A safety margin of 10 mm was also added in 
case of deformation of the high endurance glass to in order to not affect the projector if damaged.  

  

Figure 8.6. Before and after the change of height of the enclosure. 

8.2.2 Maintenance 

To get a better understanding on how the maintenance and the final installation steps will be 
performed, the 95 percentile human model of ICIDO was used as a test and illustration tool. The 
human model is the same as the one that was used for the ergonomic tests. The positioning of the 
human model was put so it would not put too much stress on the shoulders. If the person would 
work with the arms straight in the air it was noticed that it would be very stressful on the shoulders 
which would result in an unwanted situation. However, it was also discovered that if the person 
would be moved closer to the enclosure (by standing on a stool or similar, less stress would be put 
upon the shoulders which would lead to a more comfortable experience for the service personnel, 
see Figure 8.7 below. Notice the green color on the shoulders of the model which indicates an 
adequate position without unwanted stress. The yellow color indicates a small amount of stress, but 
small enough to be disregarded. 
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Figure 8.7 Intended position of service personnel during maintenance. 

8.2.3 Hand room 

Furthermore, the size of the opening on the enclosure lid was investigated. It was important to see 
whether the person would have enough space to grip the projector and at the same time have 
enough room inside the enclosure to be able to perform the intended work, such as remove the 
projector from the mount. As can be seen in Figure 8.8 below there are plenty of room due to the 
space needed in order to attach the projector by the twist motion for the gyrolock projector mount.  

 

Figure 8.8 Clearance between the projector and the protection enclosure.  



66 

 

8.3 Selection of materials 

This section considers the materials for the enclosure in order to be suitable for the environment and 
hazards that might occur on a rail vehicle. To decide the materials for the enclosure, help was taken 
from electrical engineers of Bombardier as well as design engineers. The program CES Eco EduPack 
2008 was also used to get further information about available materials that can be used for the 
concept. 

Enclosure mount plate + enclosure lid - It was realized that the enclosure cannot shield the projector 
from EMI since it has an opening in the bottom. Therefore the projector manufacturer must 
construct a projector with satisfying properties.  

As mentioned before, the enclosure also needs to be safety grounded. Help was taken from an EMI 
and electrical engineer to get better an understanding in the area. It was understood, due to its size 
this is done by single point grounding from the enclosure to the main structure. Because of this, the 
enclosure needs to be manufactured of a material which can function as an electrical conductor. It 
also needs to be resistant for corrosion, have high impact and mechanical strength, and at the same 
have a small weight to strength ratio.  

Aluminum is a material which is widely used in the transportation industry due to its light weight and 
non-corrosion feature. Different alloys and heat treatments are used for different purposes and 
needs. Due to the excellent mechanical properties of the earlier tested aluminum 2000 series T6, it 
was also chosen as the material for the enclosure. 

High endurance glass - This transparent component must be exceptionally resistant to vandalism 
since this is the only component that protects the projector from outer damage. It must also be 
operational in the same. Polycarbonate has the highest mechanical strength of transparent material 
in the market and is commonly used for exactly this purpose which is why it was also chosen as a 
material for the high endurance glass. 

Glass frame - The material of the glass frame will be manufactured by the same type of Aluminum as 
the enclosure to keep the weight down and still have a high performing material.  

Seals - The main part of the used seals in this concept will be die-cut Neoprene foam. There are two 
available foams to use: open cell and closed cell. In order for the foam to be operational it needs to 
be closed cell since moisture and fluids then cannot transport through the material. Neoprene is 
widely used on the market today as seal between flat surfaces. This material is extensively used in 
the rail industry today due to its excellent seal and non-toxic properties which results in a great 
choice for the concept as well. But even though Bombardier are currently using Neoprene, if the 
supplier is changed, new tests must be performed to make sure that the material is approved from a 
environmental perspective.  

Vibration and shock absorbers - The shock absorbers must be selected to fit the vibrations occurring 
on rail vehicles. As discussed before in the report, it is low frequency vibrations that occur most 
regularly but it is the vibrations which occurs from heavy deceleration and acceleration which needs 
to be isolated to not damage the electronics. The vibrations and translations are in all three 
directions: vertical, transverse and longitudinal. Most of the shock absorbers out on the market that 
can provide this kind of protection are manufactured of rubber or silicone and can either be square 
or cylindrical in their shape. Even though silicone protects against low frequently vibrations, their 
typical characteristics results in having their resonance point at 9,5 Hz and resonance magnification 
at 6,5 (Advanced Antivibration Components, 2013), which is not desired. Therefore a rubber isolator 
is more suitable for isolating the enclosure. See Figure 8.9 for a comparison between silicone and 
rubber dampers.  
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Figure 8.9 Typical characteristics of silicone and rubber dampers. (Advanced Antivibration Components, 2013) 

Transparent projection film - This film has three different kinds of materials that can be used: optical 
film, glass/ optical film or Acrylic. The thickness varies between 0,2mm - 1 mm, 4 - 5 mm and 5 mm. 
To choose the right type it must be tested in an environment of daylight in order to get enough 
amounts of contrast and gain from the projected image. It is also possible to have the thinner type 
for subway trains and then one of the thicker ones for commuter trains due to the different light.  

8.4 Prototype optimization 

This chapter takes on the last modifications on the installation with basis of previous tests.  

8.4.1 Design optimization 

After discussions with the supervisor from Bombardier regarding the design of the concept, it was 
recognized that from a vandal resistant and aesthetic point of view, would be better if the projector 
could be hidden in some way instead of being exposed through the transparent polycarbonate glass.  

This problem can be solved by using a tint film, like which are used in the automotive industry, to 
cover the part of the glass which is not being used by the projector beam. This way the color 
brightness will not be affected negatively. 

8.4.2 Change of projector gyrolock mount 

Minor adjustments are likely needed to be executed during the installation of the projector to get a 
high quality image with a good focus. The part of the gyrolock which is attached to the enclosure 
mount plate has therefore been redesigned in order to be able to make smaller horizontal 
adjustments.  See Figure 8.10 on the next page.  
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Figure 8.10 The redesigned projector gyrolock mount with more adjustment possibilities. 
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9. FINANCIAL ASPECTS 
The financial aspects of the interactive screen concept are covered in this section. Revenues from 
advertisement, maintenance and production costs have been taken into account in order to get an 
approximation of the product situation in the real market.  

9.1 Production costs 

Below are the production costs of the interactive infotainment system concept. 

9.1.1 Enclosure parts 

As mentioned before in the DFM analysis, the best option would be to buy a standard enclosure and 
then modify it to the proper design. But due to the uncertainty of the availability of correct enclosure 
sizes it has been assumed the enclosures will have to be customized by the process permanent 
molding or die casting. A precise way to estimate the manufacturing costs of the enclosure would be 
by contacting manufacturers of electronic enclosures and present technical drawings for a 
customized design. That way, an accurate quote can be performed.  However, due to the early stage 
which the concept is in, it was decided that an estimated quote is preferable. The website 
(Custompart.net, 2013) allows a cost estimator for die casting which would be sufficiently accurate.  

By putting in variables and data for the three aluminum parts of which the enclosure consists of 
(mount plate, enclosure lid and glass frame), an estimation of the costs are presented in material, 
production, tooling and installation. The Information which was put in was for example: 

 Quantity 
 Material (Different Aluminum alloys) 
 Size (X-Y-Z in metric) 
 Projected area (mm2) 
 Volume (cm3) 
 Maximum wall thickness (mm) 
 Tolerance 
 Surface roughness 
 Complexity 

The estimator tool used the variables above and presented the results as mentioned before. The 
costs were then divided into two categories; fixed and variable costs which are presented in Table 
9.1Table 9.1 below. 

Table 9.1 Fixed and variable costs from die casting. 

Fixed costs Variable costs 

Installation of the machines for production 
This cost is assumed to be zero since the time it 
takes to set the machine for production is too 
small to be considered  

Material 
Cast aluminum  alloy, A201.0, T6  
Price: 3 USD per kg (from CES edupack 2008) 

Tooling 
Die making rate (USD/hour): 65 

Production 
Production rate (parts/hr): 58 
Machine setup time (hrs): 8 

The aluminum alloy which was chosen in the material section was not in the data base of 
Custompartnet.com. Therefore the price was retrieved from CES Edupack 2008 and put into the 
estimator tool.  



70 

 

In order to estimate the enclosure manufacture quantity a situational case was created with help of 
an Operation & Maintenance Analyst from Bombardier. The data which have been used in this case is 
supposed to be seen as a rough calculation of a credible medium size subway system. By doing this 
estimation, it is possible to assume the amount of stations, trains, cars and passengers per year. With 
this data available an estimation of the total amount of subway train cars can be gathered.  

With the data from this case, it was possible to get an estimated amount of the total market of 
subway trains. See Table 9.2 below. 

Table 9.2 Situational case which was prepared to represent a smaller metro system. 

 Situational case 

Stations 10 

trains 30 total (4 car 
trains) 

cars 120 

Passengers per 
year 

109 millions 

As a comparison, there are 188 subway systems in the world today where the biggest is Tokyo Metro 
with an annual ridership of 3102 million.  

If the developed case is assumed to be the average size of a metro system the total amount of trains 
would be 22 560 cars (188*120=22560). Since the thought amount of projectors per car have been 
decided to be four, the total amount of projectors to cover the entire world market would be 90 240 
projectors. Further on it is assumed that the manufacture quantity will be at approximately 15% of 
the Metro world market. This results in a total amount of 13 536 enclosure sets. Furthermore, 
commuter trains have not been included since the number would be too big to speculate around.  

9.1.2 Development and components costs 

The costs of the hardware were calculated with help from quotes from manufacturers with help from 
the global trading website (Alibaba, 2013) when quotes could not get received. Prices differ 
considerably depending on where the manufacturers are located and the size of the order. Parts 
which the student has not been able to get a price quote for larger orders, has been given the same 
price and percentage of decrease as a comparable product. For example the price of bigger orders of 
the projector from Epson, was calculated with a price quotation of large orders of an equivalent 
projector from Shenzhen Innove Display Technology Co., Ltd. Smaller components such as bolts and 
screws have not been included in this cost evaluation since the project is in a very early stage and 
changes are likely to occur. See Table 9.3 for the components and estimations of their manufacturing 
costs.  
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Table 9.3 Estimations of the costs for manufacturing the interactive infotainment system based on quotes from 
manufacturers and online tools (June 2013). 

Component costs Quantity 
per unit 

Price 
(single) 

Unit Price 
(500 units) 

Company 

Software + motion capture 
DEFI (70 interactive effects) 

1 650 USD 220 USD Nanjing DEFI software 
Technology 

Projector  
PowerLite 485W WXGA 3LCD 

1 620 USD 520 USD Shenzhen Innove Display 
Technology Co., Ltd. 

Computer for rail vehicles 
(one per car)  

1/2 3989 USD  1672USD MOXA Online store 
MC-4510-C23 

HDMI cable (shielded) 1 - 8 USD SHENZHEN YITAILI 
ELECTRONICS Co.,Ltd 

Enclosure 
(Estimated) 

1 - 100 USD 
10 000 total 

custompartnet.com 

Enclosure base plate 
(Estimated) 

1 - 35 USD 
10 000 total 

custompartnet.com 

Projector mount 
(Estimated) 

1 150 14 USD  

Glass frame 
(Estimted) 

1 100 USD 49 USD 
10 000 total 

Solidworks cost estimator 

Holographic film 
Proscreens (CLARITY) 

1.524*1.0
0 (m) 

842 USD 
555 GBP 

126 USD 
(Roll of 30*1.524 m 
2500 GBP) 

Proscreens ltd. 

Bracket 
(Estimated from Solidworks) 

2 48 USD 28 
(10 000 pieces) 

Solidworks cost estimator 

Vibration isolator 
(Silicone vibration damper) 

8 - 1 USD  
(8*300) 

Shenzhen Fushiyuan Rubber 
& Plastic Factory 2012 

Polycarbonate glass 1 5 USD/m2 

100 m2 
4 USD Approximated by several 

manufacturers (Alibaba.com) 

Total cost for one unit   ≈2800 USD 
= 2742 USD 

 

Total cost for one train car (4 
units) 

  ≈ 11 000 USD 
= 10 968 USD 

 

9.1.3 Installation costs 

To cover the costs for installing the equipment in the rail vehicle a table has been created with the 
installation time of each component, installation rate and an overhead cost. The installation rate is 
assumed to be the same as the previously used maintenance rate (40 USD/hour). The overhead cost, 
which usually is 30% (Ullman, 2010) is a cost which is added to cover all costs for administration, 
engineering, secretarial work, cleaning, utilities, leases and other costs that occur day to day. Since 
the assembly and installation takes place on the train most of these expenses will already be covered 
by the train manufacturer and was therefore decreased to 10%. 
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Table 9.4 Installation costs 

Component Quantity 
per unit 

Installation time 
(minutes) 

Software + motion capture 1 5 

Projector  1 3 

Computer + cords 1/2 5 

Enclosure 
(Estimated) 

1 2 

Enclosure base plate 
(Estimated) 

1 3 

Projector mount 
(Estimated) 

1 5 

Glass frame 
(Estimted) 

1 0,5 

Holographic film 
Proscreens (CLARITY) 

1.524*1.0
0 (m) 

5 

Bracket 
(Estimated from Solidworks) 

2 1 

Vibration isolator 
(Silicone vibration damper) 

8 1 

Polycarbonate glass 1 0,5 

Total time (minutes)  31 

Installation cost (40 USD/hour)  20,7 USD 

Overhead (10 % )  2,1 USD 

Final installation cost per unit  ≈23 USD 

Final installation cost per car (four 
units) 

  92 USD 

9.1.4 Maintenance costs 

The costs for maintaining the equipment of the infotainment system has been calculated briefly to 
get an assumption on the costs for having the infotainment system running continuously. Aspects 
which has been taken into account here is the frequency of hardware replacement and the hourly 
personnel costs. Assumptions of each component product life have been appointed with help from 
the warranties received from manufacturers and product manuals. For parts which are more exposed 
and have a higher risk to get damaged from sabotage, for example the polycarbonate glass, it has 
been assumed it needs to get replaced every half a year. This was assumed due to scratches and 
other damages which might decrease the projection quality. The personnel costs have been assumed 
with help from bombardier which represents a possible fictional hourly rate. The time which it takes 
to clean and to change respectively component has also been assumed in order to calculate 
personnel costs. Finally the costs for developing new interactive special effects has been assumed to 
be zero since it depends on whether the advertisement companies would like to make their own 
special effects or use effects which has already been developed. The manufacturers of interactive 
medias usually also give out new effects to their customers which makes it hard to predict the costs. 
See Table 9.5 for the time it takes for replacement of each component and Table 9.6 Maintenance 
costs to see total costs of maintaining the interactive infotainment system and its components.  
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Table 9.5 Consumed time for maintenance of each component 

Component  Time to change  Two year period (one 
projector) 

Polycarbonate glass 0,5 minutes 2 min 

Lamp 1 minutes 8 min 

Projector 5 minutes 10 min 

Cleaning (every three months) 5 minutes 40 min 

Total 60minutes 

Table 9.6 Maintenance costs 

Maintenance  Changes 
per year 

Two year period 
cost 

Software development  ≈0 13 ≈0 

Change of lamps 
(every 3 months) 

 4 560 USD 
70*8 

Personnel hourly rate  
(total 60 minutes) 

 60 min 40 USD 
40 USD/hour 

Polycarbonate glass 
Changed every half year 

 2 20 USD 

Projector  0,5 260 USD 

Transparent film 
(change every three years) 

 0,3 84 USD 

Total cost (two years, one 
set) 

  ≈1000 USD 
= 964 USD 

Total cost for one metro car 
system (480 units in two 
years) 

  ≈4000 USD 
= 3856 USD 

9.1.5 Total cost for Bombardier 

The total cost for Bombardier would be different depending on if they would outsource the 
infotainment system to an external company or if they would run the interactive infotainment. To 
make it easier to calculate the costs, the same ratings for installation and maintenance has been 
used. It has been assumed that Bombardier outsources the maintenance personnel, but in this 
simplified model the results would be the same even if they would not outsource it. 

9.2 Advertisement rates 

How much bigger revenues operators will achieve together with the new interactive screen solution 
and how big the costs are, are very hard to find correct numbers of since there are many factors that 
needs to be taken into consideration. The costs which were presented in the section before should 
give an acceptable picture of all the costs for the interactive infotainment system.  

9.2.1 Rates for transit billboards and live advertisement 

Since there are not any rates for having transit advertisement on an interactive infotainment system 
it needs to be estimated. For making a good estimation rates has been used from billboards and live 
advertisement. These rates used together will give a proportion which then will be used to multiply 
the rates for general advertisement rates on paper.   
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(Clear Channel, 2009) is the biggest player in outdoor advertising in Sweden. They deliver target 
groups throughout traditional outdoor poster formats as well as transit media. The prices for 
billboards and live advertisement are as follows. 

Billboard 2-groups (backlit) are placed on the walls of the subway stations.  

Number of billboards Days Media cost Installation cost Total price 

44 7 103 000 SEK 13 000 SEK 116 000 SEK 

Total price for having advertisement for four weeks: 

                 (   )             

The price per billboard is then: 

      

  
           

Play has a loop of 1 minute where each advertisement is shown for 5 seconds. Transit information, 
time and weather is shown between each campaign 

Spot length Loop length Number of screens Days SoV (Campaign space) Total price 

5 seconds 60 seconds 127 7 1/8 259 000 SEK 

10 seconds 2/8 415 000 SEK 

The total price for having advertisement on Play for one week with full campaign space would then 
be: 

                    (   )          (   )  

To have the same advertisement time (four weeks) as the onboard transit advertisement of paper 
this total amount is multiplied by 4. The price per screen is then calculated by dividing the total 
amount by 127.  

         

   
          

The price proportion between the two different advertisement media is: 

    

    
           

9.2.2 Rates for transit advertisement onboard trains (paper) 

General rates were gathered from the American market with help from the website (BlueLineMedia, 
2013). The rates of the advertisement in a rail vehicle differ depending on the location of the 
advertisement in the car. Furthermore the prices also vary depending on which city the trains are 
and how big the transportation system is. The two interesting display types which can be used as 
guidelines for estimating rates for the interactive infotainment system are the following: 

 Interior Display (Vertical Format): Range of $75 - $150 per ad per 4 week period.  

 Interior Display (Horizontal Format): Range of $50 - $100 per ad per 4 week period. 

The vertical advertisement format is located on the wall of the train car and is located approximately 
on the same eyelevel as the interactive part of the concept. The horizontal advertisement is located 
in the upper part of the train car closest to the ceiling which can be compared with the upper row of 
the projection.  

The prices presented above vary due to different PPHPD (Passengers per hour per direction) of each 
transportation system. In another word it depends on the amount of daily travelers on each transit 
systems. 
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9.2.3 Rates for transit advertisement on the interactive infotainment 
system 

By using the proportion which was calculated by comparing the two media from (Clear Channel, 
2009), a new rate will be possible to be calculated together with the rates from advertisement 
onboard trains of billboards. But since the live advertisement from (Clear Channel, 2009) does not 
have the interactive or double sided feature, and the interactive size of the projection is more than 
double as big as the vertical format poster, 50 % is added in the rate calculation for the interactive 
part. The horizontal projection is not interactive and has approximately the same size as the 
horizontal paper advertisement. Therefore it is only multiplied by the proportion found earlier with 
Clear Channel. Lastly worth mentioning is that the same type of campaign space has been assumed 
to apply for the interactive infotainment system. 

                      

                      

The interactive part of the infotainment system has then a total rate between 416,25 - 922,5 USD per 
unit for a four week. 

               

                

And the horizontal projection screen has a rate between 205 - 410 USD per unit for a four week 
period. The total rate for advertisement on the interactive infotainment system is then calculated by 
adding the lowest interactive rate with the lowest horizontal rate and then the highest interactive 
rate with the highest horizontal rate. 

                      

                     

9.3 Cost evaluation 

The cost evaluation section, prices towards customers, profits with the  

9.3.1 Price of the interactive infotainment system for customers 

To calculate the price of the interactive infotainment system for customers a profit margin has been 
added to the total cost for Bombardier. As per directions from David G. Ullman (2009) a margin to 
the selling price must be added in order to generate a good profit. 40 - 50 % will generate a good 
profit but for high-volume productions this might drop to 10 %. For custom production the margin 
can be as high as 60 - 70 %. In order to choose a sufficient margin for this concept it has been taken 
into account that Bombardier will use this product as an extra feature in order to be competitive on 
the market which means that the profit for this system does not need to be high. The profit margin 
has therefore been set to 10 %.  
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9.3.2 Profit for one car with traditional advertisement 

The cost of printing paper ads has been taken from (bestprintingonline.com, 2010). It is a printing 
company which has specialized on taking orders online and providing the customer with quotes 
directly, depending on the printing size and size of the order.  

The order size which has been used is the same amount that corresponds to the amount of 
interactive infotainment systems in a complete metro system of 120 cars for a period of 4 weeks. The 
order amount has therefore been set to 500 units of the vertical poster and 500 units of the 
horizontal poster. Additionally an option called High Resolution was added for having prints in a high 
quality and a matte coating on the printed side for protection. 

Table 9.7 Costs for printing the advertisement 

Size Number of copies Price per unit (quantity of 500) 

18 x 24 (inches) 4 * 26 = 104 1,36 USD 

12 x 18 (inches) 4 * 26 = 104 1,18 USD 

Total cost for one car 141,44 + 122,72 = 264,16 USD 

                               (                 )                                

Profit from paper ads from one car in a two year period is calculated below: 

(     )                                   

(       )                                   

9.3.3 Profit for one car with the interactive infotainment system 

It has been assumed that the rates can be raised by approximately 50% in relation to video 
advertisement as a consequence of the benefits from having interactive advertisement and the 
possibility of reaching more people by the two sided advertisement: people on the train and people 
on the platforms (even though the image viewed from the outside is reversed). This results in two 
new ratings which together will produce revenue of at least 666,25 USD every 4 weeks from 
companies who use the interactive infotainment system. Other possible income such as 
advertisements on the message bar or from the other two horizontal projection spaces has not been 
included due to uncertainty of the content and unknown rates.  

Below are the profit calculations of the interactive infotainment system. 

                                                
           
                                                               
                               

                                     

                                      

The total profit of having the interactive infotainment system will then be approximately between 55 
000 and 123 000 USD depending on how busy the passenger traffic is on the train system (PPHPD).   

9.3.4 Comparison 

As mentioned before in section 4.2 there are several aspects which need to be met in order for a 
train operator to be interested in investing a new infotainment system. Two of those aspects had 
only to do with the financial aspects of the interactive infotainment system; cost and increase 
revenues.  
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To get a better understanding of the increase of profit which the operator will be able to get, a 
comparison has been created with the previous results of having advertisement on billboards, and 
having advertisement on the interactive infotainment system. See Table 9.8 below. 

 

Table 9.8 A Comparison on the profit over a two year period of the two different advertisement media. 

 
 

The comparison shows that the profit of the operator with the new infotainment system will increase 
the profits quadrupled. This increase is also only based on the advertisement revenues, which means 
that potential revenue from increased ridership has not been taken into account. This results in a 
possibility of higher profits than what is presented in Table 9.8 above. 

 

A more precise percentage of the increased profit is calculated by dividing the profit from the 
interactive infotainment system with the profit from billboards. The calculation can be seen below, 
and demonstrates that the precise percentage of the higher profit is as high as 423%. 

      

      
           

 

9.3.5 Unique selling point (USP) 

The developed concept has a unique selling point on the rail vehicle market (commuter- and metro 
trains) of which no other products deliver today. It is the only product that delivers: 

 A large screen of its size 

 A smaller impact on the train interior than currently used LED monitors. 

 Interactive features to reduce negative emotions such as boredom. 

 Produces larger profits for the operators.   
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10. FULFILLED GOALS 
The goals which were created in the beginning of the project are presented in this section.   

In the beginning of the project, a list of objectives was created to be sure that they would be 
considered in the concept development.   

 Market research for the best applicable screen/monitor with interactive possibilities.  

The projector was selected due to its superior image size and ability to have a smaller impact on the 
available space in the interior. Even though requirements from the rail industry are not met by 
projectors out on the market today it was assumed that they can be adapted to these requirements. 
Bombardier will need to start cooperation with a projector manufacturer but also with a company 
who develops the interactive software.  

 Develop the installation in the interior of a rail vehicle taking the following into count. 
o Small impact on interior space 
o vandal-resistant 
o Integration into a Rail Vehicle (shock and vibration, mounting methods, is it a retro 

fit? or for new vehicles only?) 
o accessibility (access to all),  
o Manufacturability 

The second goal, that was to develop the installation, has been completed to full extent. The final 
design of the concept allows it to have minimum impact on the rail vehicle interior. The main part of 
the hardware is place above the ceiling panels which allows it to not take up any space which can get 
occupied by passengers. The design also allows it to be more protected against vandalism but at the 
same time makes it a little less convenient during maintenance but at the same time it is estimated 
to be sufficient due to the earnings on the small impact.  

Shock and vibration has been taken into account in the mounting design as well as the ability of 
having a retro fit construction. The design has been height optimized in order to be able to fit in small 
spaces. Due to the available corrections of the position of the projector it will also be possible to 
install it in tilted ceilings where the slope is within the range of which the projector can be adjusted 
within the designed limits of 5 degrees slope on the projector.  

The accessibility of the concept was investigated in the user experience prototype. The layout of the 
projection was intended to make it possible for passengers to see the content no matter where in 
the train the passenger is located. But due to the different amount of available space in the roof the 
projector together with the hardware was not able to be installed in places to cover the entire car. 
Therefore it has been positioned the best places as possible where as many passengers as possible 
can see and enjoy it. 

The concept has also been adapted for manufacturability with drafts, minimalized the amount of 
parts, and adapted the assembly sequence.  

 Ergonomics and users experience (not sacrifice the experience of some people to improve it 
for others)  

The third goal was to make sure to design the layout in a way so to not sacrifice the experience of 
some to improve it for others. This was investigated during the User Experience Prototyping as well 
where ten test persons got to give theirs inputs and thoughts about the concept. From that session it 
was realized the interactive features must not have special effects that appear on the entire window 
but only where the passenger is touching the window. That way it will not intrude the personal space 
of the other passenger next to the window. 

 Brand of Bombardier “the climate is right for trains”. 
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As mentioned before in the report, when companies incorporate new technology such as digital 
signage displays it increases brand awareness by 48% and sales volume by 32%. If an assumption is 
created that an interactive floor and an interactive window on the train has the same effectiveness 
(it is likely to be bigger since due to the interactive feature) patrons exposed to the interactive 
advertisement are more likely to purchase the products by 47%. (GestureTek, 2003) 

According to the TCRP report 133 (Alpers, 2009) advertisers demand media opportunities that are 
new, exciting, fresh and cutting edge. They are looking to maximize the chance that their ads get 
noticed, as well as perhaps add to their brand’s reputation as a trend setter. This would also apply to 
Bombardier as they will likely be able to show that they are a trendsetter within infotainment 
systems for rail vehicles at the same time as they are able to provide a new media opportunity for 
advertisers.  

As shown before on the situational renderings Bombardier can also incorporate their own 
advertisement in the projection such as “the climate is right for trains” to make Bombardier more 
known to the public.  

 Create portfolio with pictures of virtual developed prototypes for Bombardier 
Transportation. 

A portfolio with situational pictures as well as renderings of the enclosure has been created during 
the entire project to be available for future work and publications for Bombardier.  

 Simulation and tests of the installation to fit Bombardier rail vehicle requirements and critical 
evaluation of concept. 

The tests were executed both in the beginning of the project as well as in the end. Mechanical 
strength of the brackets, roof space as well as maintenance tests was performed.  

 Estimations of manufacturing costs.  

The last goal has also been completed to an extent which was possible due to the early phase of the 
concept. Smaller hardware such as bolts and seals were not included in the manufacturing costs but 
all of the bigger components and hardware such as the projector and software dongle was included.  

With help from other transit advertisement media companies; Clear Channel and BlueLineMedia it 
was also possible to calculate revenues and profits by using the interactive infotainment system 
instead of more traditional media such as billboards.  
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11. CONCLUSIONS 
This chapter presents the conclusions from the results of the project. The conclusions are presented 
with decreasing relevance regarding the goals and purposes of the master thesis project which are 
considered to be completed according to the statements below.  

 A new infotainment system concept has been developed that does not take up any space in 
the interior. At the same time, it delivers a larger screen than the currently available 
infotainment systems on the market, as well as it offers interactive features. 

 The concept has met all the requirements set by the end-users such as ergonomics, visibility, 
and not sacrificing the experience for some to improve it for others.  

 The brand image of Bombardier would be acknowledged as a trendsetter within 
infotainment systems by the usage the developed concept.  

 The profit which transit advertisement companies will be able to make with the concept is 
going to be higher than the currently common advertisement media of billboards.  
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12. DISCUSSION 

12.1 Results 

The enclosure which has been developed in this project is a good start for creating an interactive 
environment in rail vehicles that does not have a negative impact on the available space. The design 
allows it to be both vandal resistant as well as hidden to not attract attention of the passengers to 
make it a surprising experience.  

It was not possible to make it thin enough in order to install it beneath the HVAC in the cars. This 
results in reduced availability to the passengers who are standing in the front and in the back of each 
train car. The first idea was to have an interactive window on each seat row in the train so that 
everybody could enjoy the entertainment. The second best alternative was then to have it installed 
to project on all four windows in the middle of the car. 

The design of the enclosure was based on the ceiling panels of Bombardier INNOVIA Metro 300. They 
are all horizontal which makes the design only applicable for this type of ceiling panels. In order to 
actually call the concept a retro fit it would be possible to install it in every type of mass transit train 
cars. Therefore it is needed to have enclosures which also can be installed in these kinds of 
circumstances and in that way appeal as big part of the train manufacturers.  

Another important aspect to be aware of is the sizes of the train windows. The size of the windows 
decides how large the projection can be. Smaller sizes would lead to smaller video screens in the 
upper part and a smaller interactive part. This would then result in lower advertisement rates but 
also a redesign of the layout where it might be more appropriate to have two video screens instead 
of three. 

12.1.1 Financial evaluation 

The calculations of the financial aspects of the concept used a low profit margin with the motivation 
that Bombardier Transportation want to become more competitive and win more biddings with the 
help from the interactive infotainment system. It is likely though that the profit margin of the 
interactive system will be higher if Bombardier Transportation is to sell the interactive system as a 
product on its own.  

12.2 Method 

12.2.1 Online survey 

The online survey had its biggest age group between 19 and 35 years of age. This could have been a 
problem since other age groups where not well represented. But an assumption was made in the 
early stage of the project that the hardest group to get attention from, would be the age group of 19 
to 35 years of age, due to their frequently usage of handheld entertainment systems such as smart 
phones and tablets onboard trains. The fact that these were very well presented in the online survey 
signifies that the result of the online survey is applicable to the other age groups as well. 

12.2.2 User Experience Prototyping 

The User Experience Prototyping was a very good way of getting the subjects point of view of the 
concept and design input on the layout. It didn’t matter if the feedback was accorded with the 
previous assumptions since it only confirmed the assumptions were correct. That way it was also 
result in a high credibility regarding if the design choices has been correct or not.   
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In this project, only one User Experience Prototyping was held due to the limited time of the project. 
It is vital that several more will be held when doing the final design of the interface. By doing so, the 
possibility of optimizing the layout is greater, and inputs which have not yet been pointed out may be 
discovered later on. 

12.2.3 Selection of hardware 

Since there are other new technologies constantly coming out on the market it was hard to 
investigate them all due to the limited available information. There are for an example new LED 
screens which can operate as both as transparent glass and as a screen.  

12.2.4 Standards and requirements for rail vehicles  

The electronic requirements which were taken into account were the ones which were assumed to 
be able to be tested and designed around in the early stage of the product development. A majority 
of the requirements is tested after the product is in its final design stage when physical prototypes 
are being developed. Therefore these were only mentioned and taken into account as much as the 
limited time allowed it. For an example it was not possible to incorporate requirement such as 
environmental standards (EN50125) and the fire protection standard (NFPA 130) since they need to 
be investigated more during the material selection of the enclosure and to see whether the materials 
used in the projector need to be replaced or not. The same applies for the electrical safety standard 
(IEC 60950) which only was incorporated briefly by selecting an aluminum alloy for the enclosure 
which makes it possible to safety ground the enclosure and last but not least EMI standards 
(EN50121) which were not incorporated due to the early stage of the concept. The EMI standards of 
electronics are either tested by the supplier of the electronic equipment or by Bombardier itself. All 
cords going out of the enclosure must be shielded in order to not interrupt other electronic devices 
which otherwise could lead to failure and danger for passengers.  

12.3 Critical concept evaluation 

12.3.1 The projector 

There are no projectors on the market (known to the student) that are designed accordingly to 
standards used by the rail vehicle market. The common range which manufacturers have designed 
their projectors to be operating in is between 5 and 40 degrees Celsius. The assumption that it is 
possible to make projectors that will be able to have a service temperature which corresponds to the 
ambient temperature (IEC 60571, 2012) requirements by installing a heating respectively a cooling 
system. It does not matter whether the projector will have a slow starting time  

12.3.2 Positioning of enclosure and projector 

Something which has not been taken into account in the report is some complications which might 
occur with different types of interiors. By having an infotainment system such as the concept which 
has been developed in this project, it brings some complications with the possible arrangements of 
stanchions in the interior. Since the projector is installed in the ceiling, the light beam can get 
obscured by the stanchions if their design is not adapted to avoid this from happening. 

12.3.3 Openable train windows 

Some windows on trains are openable, which results in a joint placed on the window. This would 
affect the projection in a negative way causing a bad image where the joint is located. A way to get 
around this problem would be to only have these types of windows in the front or in the back of the 
car (since the projection is installed on the windows in the middle). By doing so, the car can have 
both openable windows and interactive windows. Passengers who like to sit next to an open window 
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can then be pleased, as well as passengers who like to interact with the interactive infotainment 
system. 

12.3.4 Prevention of vandalism 

An interesting parallel that can be drawn is the connection between vandalism on rail vehicles, and 
vandalism in schools. According to Karin Wandrell (Wandrell, 2008), “Graffiti, vandalism and arson 
are major problems in today's schools. Part of the solution is to build beautiful functional schools 
where students are seen and acknowledged and feel pride in themselves and their school.” She also 
states that sabotage is an expression of dissatisfaction, a sense of loss of status and not be seen.  

If passengers feel pride of the train cars because of the interactive infotainment system, less 
vandalism could very likely be a result. As a consequence, operators will be able to save money on 
maintenance and reparations. They will then make larger profits, have more trains rolling, and 
maybe most importantly, increase positive experience onboard the trains.   
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13. RECOMMENDATIONS FOR CONTINUATION 

OF WORK 

13.1 Projector and materials 

In order to get the needed expertise within projectors cooperation or have a contractor with a 
projector manufacturer would be preferable. The projector manufacturer will then specifically 
develop a projector which has all requirements and standards to be installed in rail vehicles. This is 
the main part of the concept which needs to be solved. When all tests and certifications have been 
approved it is possible to try the concept in rail vehicles for further investigations.   

Other materials which has been used on the concept such as the projection film or even the 
materials of the enclosure must be investigated as well. If some materials does not pass the 
requirements, further communication will have to be held with the manufacturers and suppliers in 
order to find other suitable materials.  

 The most important standards can be seen below. 

 EMI: EN50121 (European rail standards) 

 Electrical safety: IEC60950 

 Environmental standards: EN50125 

 Ambient temperature: IEC 60571 

 Fire protection NFPA 130 (North America standard) 

 

13.2 Partnerships and testing 

When it comes to using new technology for advertisement and entertainment purpose in mass 
transit systems several industries must work together.  

Transit Cooperative Research Program (Alpers, 2009) claims the following: “Success in introducing 
new products and technologies will require stronger partnerships between transit agencies and sales 
contractors than, by many accounts, exist today. Advertising sales is far from the primary business of 
public transit agencies. Moreover, being subject to public scrutiny, transit agencies are, perhaps 
prudently, risk averse when it comes to their advertising. However, without the commitment of the 
transit agency to pursue new advertising ideas, and without the proper financial motivation for both 
parties, innovation in transit advertising is unlikely to happen.” 

This refers to new technology for merely advertisement purpose, but it is likely it will apply for this 
kind of product as well since advertisement revenues is the main income source. The idea is to also 
increase the ridership but before this can be proven it must be investigated through for example, 
having the concept installed in a few train cars which are running together with ordinary cars and 
then record the reactions from the passengers. Do passengers choose to travel with the cars where 
the projectors have been installed instead of the regular train cars, are they using the interactive 
features and so on, are questions that need to be investigated.  
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Appendix 1. Comprehensive time line 

 

 

 

 

 



 

 

Appendix 2. Detailed time table 

 



 

 

 



 

 

 



 

 



 

 

Appendix 3. Specification of requirements 

This section contains specification of requirements with decreasing of priority in respectively table. The requirement 
with highest priority is processed first. The system designations; C, L, P and S stands for computer, LCD monitor, 
projector and screen. (Last updated: 2013-07-31) 

Functional requirements 

Requisite 
ID 

System Requirement Priority Status 

F1 S It must not sacrifice the experience of some people to 
improve the experience for others.  

1 Finished 

F2 L/P+S It must be able to operate in a bright environment 1 Started 

 
Constructional requirements 

Requisite 
ID 

System Requirement Priority Status 

C1 L/P+S All components must be well integrated into the train 
interior without sacrificing space.  

1 Finished 

C2 L/P+S Vandal-resistance. 1 Finished 

C3 L/P+S The system must be easy to clean in a daily basis 
without chance of getting damaged. 

1 Finished 

C4 L/P+S The system must have good accessibility in order for 
maintenance. 

1 Finished 

C5 L/P+S The entire system must be able to withstand shocks and 
vibrations that occur in service without malfunction. 

1 Started 

 
Technical requirements 

Requisite 
ID 

System Requirement Priority Status 

T1 L/P+S The hardware must be able to operate with voltages 
available on the rail vehicle  

1 Not 
Started 

T2 L/P+S The interactive screen size must have a satisfied size to 
be visual to all passengers.  

1 Started 

T3 C The hardware must be powerful enough to operate 
without delays in interaction. 

1 Finished 

T4 L/P+S It must follow electronic standards for rail vehicles IEC 
61373 

1 Started 

T5 L/P+S It must follow the EMI requirements according to 
document EN50121 (European rail standards) or 
equivalent standards depending on the location. 

1 Not 
started 

T5 L/P+S The hardware must be able to operate with voltages 
available on the rail vehicle  

3 Not 
Started 

 
User requirements 

Requisite 
ID 

System Requirement Priority Status 

U1 L/P+S The product must reduce feelings such as boredom and 
anxiousness.  

1 Started 

U2 S The interface must be user-friendly. 1 Started 

U3 L/P+S Number of interactive screens must be sufficient to the 
number of passengers.  

1 Finished 

U4 L/P+S Not sacrifice the experience of some to improve it for 
others 

1 Finished 

 



 

 

Operator requirements 

Requisite 
ID 

System Requirement Priority Status 

O1 L/P+S It must have a clear advantage against infotainment 
system of today. 

1 Finished 

O2 C+L/P+S It must be profitable. 1 Finished 

O3 L/P+S The system must improve the service of the operator. 1 Started 

O4 L/P+S The system should increase the ridership (Need to 
investigate) 

1 Not 
started 

 
Economical requirements 

Requisite 
ID 

System Requirement Priority Status 

E1 L/P+S The final product must have a desirable cost for 
operators to be willing to purchase 

2 Finished 



 

 

Appendix 4. Risk analysis 

Risk Consequence 
Suggested 
initiatives 

Probability 
P (1-5) 

Consequence 
C (1-5) 

Sum of Risk 
(P*C) 

Action 

1 
Lack of full 
consideration of 
the specification. 

A product which will not meet all 
requirements. 

Use requirements 
management tool 
were feedback can 
be given at target 
milestones 

3 5 15 

Rework the concept or 
necessary stages until 

requirements have been 
fulfilled 

2 
The solution 
exceeds capacity. 

Time delay, stress and client gets 
dissatisfied 

Make sure to get 
guidance from 
Bombardier or KTH 
when a problem 
occurs. 

3 4 12 

Make sure that the company 
knows the situation so that 
the problem can get solved 

quickly. 

3 
Inadequate 
quality of product 

Lack of support from Bombardier, 
short product life. 

Over dimensioning 
during uncertain 
strength, follow 
environmental 
standards, review 
weight etc. 

2 4 8 

Make an extensive research 
of materials and their impact 
on environment and optimize 

the amount of material to 
match right weight.  

4 
Insufficient testing 
of material 

Errors might not get discovered 
in time/at all. Further work will 
have to be done  

Keep track of time 
table and make sure 
to follow deadlines 
and milestones 

1 4 4 
Do new tests and also 

investigate whether different 
tests should be performed. 

5 

Lack of 
communication 
between student 
and company 
supervisor  

Project will get delayed and 
unnecessary problems will occur 

Make sure to have 
good 
communication and 
have meetings 
continuously 

2 4 8 
Rework affected areas of the 
project until they get solved 

to satisfaction. 



 

 

Appendix 5. Product Discovery Survey  

 

 

 

 



 

 

 

 

 



 

 

 

 

  



 

 

APPENDIX 6. SYSTEM DESIGN OF PROTECTION ENCLOSURE 

 

  

1 

2 

3 

4 

5 
6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

17 

16 



 

 

1. Bracket with spot welded screws - Holds the entire enclosure on its place above the ceiling panel 
2. Conduit/ hermetic connector - Surrounds the cables to prevent liquids and dust to enter the enclosure. 
3. Lock nut (Nylok nut) - Nuts which will not get loose from vibrations. 
4. Mount plate with threaded inserts (countersunk head) - The “bottom” part of the enclosure which is 

attached to the brackets and of which the projector mount is attached to. Functions as the main frame 
which has the most parts attached to it. 

5. Vibration isolator - Isolates the projector from all vibrations which occurs from imperfections on the rail, 
accelerations and deceleration. Must be able to isolate from vibrations accordingly to the vibration 
requirements. 

6. Lock nut (Nylok nut) and wide washers - Same as number 3 only that the washers will be used as well to 
distribute the pressure on a bigger surface.  

7. 3 axis adjustment plate (low profile Gyrolock mount) - Allows the projector to be safely attached to the 
mount plate, and eases the installation as well as the maintenance. 

8. Ceiling panel - The ceiling panel will have a cut-out of which the enclosure will be inside.  
9. Seal - Closed cell foam which prevents fluids and dust to enter the enclosure. 
10. Cables (HDMI, power and dongle) - Power cable powers the projector and the dongle will contain all the 

media and special effects which the projector will be showing on the window. Last but not least, in order to 
be able to show news and live content a HDMI cable will have to be used as well.  

11. Projector - Ultra short throw projector which has been modified for rail vehicle standards. See  
12. Enclosure lid with threaded inserts (countersunk head).  
13. Screws (Attaches mount plate and bottom enclosure 
14. Seal - Same as number 9 but has a different size. 
15. High endurance glass - Polycarbonate glass 
16. Glass frame - Deletes the gap between the ceiling panel and the enclosure, and improves the possibility of 

having it installed in different types of interiors and colors.  
17. Safety screws - Screws which needs a special tool to be loosened.  

  



 

 

Appendix 7. The projector which served as a base in the project 

 



 

 

APPENDIX 8. ULTRA SHORT-THROW PROJECTOR FROM HITACHI 

 



 

 

APPENDIX 9. PROJECTION FILM 



 

 

Appendix 10. Vibration isolator 

 

  



 

 

Appendix 11. Projector mount (GKC) 

  



 

 

Appendix 12. Virtual Prototype development 

 

Bracket which holds the enclosure 

 

Mount plate 

 
Model of the projector PowerLite 480W  
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Appendix 13. User Experience Prototyping 

A mockup of the interior of the INNOVIA Metro 300 was created with card boards used as a window, office chairs 
were placed in different positions to represent the seats and the outlines of the interior walls were created with 
post-its. A total of ten subjects, both men and woman, from Bombardier Transportation participated in the User 
Experience Prototyping session.  

Key questions 

6. What is the accepted distance to the window in order to be able to see the content clearly? 
7. How is the placement of the projection, would you prefer to have it somewhere else? Which arrangement 

of seats would you prefer? 
8. Layout of the projection screen. What would you want to be able to see on it? Sounds? 
9. Ergonomics. Would you use it? How would you use it? Would you be annoyed if somebody else was playing 

with it? 
10. What do you think about the projection size, interactive size etc… 

 

What is the accepted distance to the window? 

 I can easily see it from across the train car, and several meters away in all directions. 

 As long as I am in a good angle I can see it easily.  

 Great! It is so huge that I will always be able to see atleast a little part of it even during rush hour! 

 It is awesome! Cannot complain at all! 

 Like 15 meters, but you won’t be able to be that far away because of the glass walls and people around you. 

 Very good sight from great distance. I can see the subtitle very clear!  

 Very good.  

 Great visibility from far away 

 I can see it easily wherever I am. As long as there isn’t anyone tall in front of me to block the sight. But that’s 
how it would be in with everything else as well. 

 You can stand really far away! It is very big so there are no problems at all. 

Notes 

All users said that it would be optimal to have all windows interactive. If that was not possible due to technical 
aspects or costs it would be best to have one on each row (on the opposite side).  

 

How is the placement of the projection, would you prefer to have it somewhere else? Best 
arrangement of seats? 

 I was thinking about the floor but people would create too many shadows. No, the window is the best.  

 The window is the best place due to its size and for the interaction. 

 Well, the window is pretty much the best place to have it. I cannot figure out another place to have it that 
would be better.  

 The window is the best place. As long as it does not make the entire screen not transparent. You wouldn’t 
want that. Except if the train is going through tunnels, if it is dark outside or night. Would be absolutely 
perfect for subways! 

 Not the roof or on the glass walls (would probably be too small). The windows are definitely the best place 
to have it. 

 I would not want to have it somewhere else. It is super big and it goes high up as well. Even perfect for 
passengers who are standing.  

 I agree, the best place to have it is on the window. 

 No I cannot believe there is another place to have it, the windows are the best place to have it. 



 

 

 Other places to have it would be in the ceiling but that would not be pleasant for the neck. The floor would 
be pretty good but there would be a lot of shadows. Maybe in the gangway but it would not be as good as 
having it in the windows. 

 I cannot come up with another placement that would be better. 

Notes 

The arrangement of seats that was preferred was to have seats facing each other next to the interactive window and 
then have seats on the opposite side facing the interactive window as well. Have all the seats facing each other on 
the opposite side was also good but not as ergonomic.  

 

Layout of the projection screen; what would you want to be able to see on it? Sounds? 

I love the top row with always showing news, funny clips and advertisement. The advertisement should be in the 
middle. The interactive part of the screen for passengers sitting close to it should only have effects on their side of 
the window/ where they are sitting, otherwise it would bother me. I would use it in the beginning but I think I would 
rather watch the other person when he is playing instead.  But it would be annoying if every time he used it would 
give away a sound. Especially when you are on your way home from work etc. and just want silence and peace.  

 The top row with multiple screens is very good since you can see it all the time, even if you are not using it 
for interaction/standing further away. But the design must also be in a way so it will not be too much 
happening at the same time. You would get too much information at the same time and in that way be 
confused where to look. Sounds can be used to get attention from the travelers now and then but it should 
definitely not be all the time.  

 The layout is really cool and I like it a lot. How far down can it be projected on the window though? Since it is 
a projection the passenger might cast a shadow if it gets too low… 

 You could also include the route map under it so we don’t have to have it above the doors. Information 
about the stations etc. The route map should be visible all the time or almost all the time but the station 
information can come up before arrival etc. 

 Instead of just having a text with the next station maybe it would be better to have an animation of a human 
walking in on the top of the screen and then tell you the next station. But to not make it boring and 
monotone several different persons should be able to do it. Maybe famous people or something. You should 
also have animations that attract the attention from the passengers which would invite them to interact 
with it. Something flying in on the interactive part, maybe with a sound as well. But not too often so that 
people would get annoyed by it. The upper part with videos and advertisement is really good since it is 
always showing and has great visibility for passengers who are standing. 

 I like the idea of having multiple screens on top with news and advertisement. The interactive part is also 
great.  The possibilities are really endless. You could also show live sports events if it was something that the 
majority would like. Like World Cup in Hockey when Canada plays etc… Will it have sound as well (like the 
train in Zurich)? I thought it would be crazy to have sounds but the passengers absolutely love it! But not too 
often though. I imagine that people would get disturbed by it.  
A great way to test the product is to install it in some trains as “interactive cars” or something similar and 
then see if people would rather be in these than the regular ones. That way you can also see how much 
bigger percentage of passengers it attracts. Easy way to show companies the benefit in investing money in it 
than regular advertisement…  

 The layout is really cool and I like the screens. I’m not sure how much I would play with the interactive part 
but I would enjoy watching the person in front of me playing with it. Maybe not if it was a kid but definitely if 
it was a hot girl.  

 The layout is really good. I wouldn’t change it. If it is possible, make sure to have the necessary information 
on it as well. Route map next station etc. That would remove the other LCD displays… 

 The layout is really good. The screens on top and then the interactive part where the passengers sit. You can 
have animations on the screen to attract attention for passengers to use it or simple have a text saying touch 
me. Perfect for advertisement in this moment as well. 



 

 

 The advertisement aspect is critical for making this product a success. That’s how the product will sell and 
I’m sure that this would attract more attention than normal or current advertisement on trains. I love the 
screens on top too. Short videos/clips would be grate on shorter rides and longer clips movies if they are 
installed in long distance trains.  

Notes 

All test persons liked the upper row with video clips. Most common selections of videos were News, advertisement 
and funny clips such as (home videos, funny sketches etc). Longer videos would not be optimal for short rides but 
would be great to have for longer rides. 

All test persons also agreed that sounds could be used sometimes, but not too often due to the high possibility of 
being irritating. As an example, if the top row, constantly showing videos and clips, it would be frustrating and hard 
to even hear or focus on the right sounds. A much greater idea would be to have subtitles and then use sounds to 
catch passengers’ attention.  

 

Ergonomics; would you use it? How would you use it? Would you be annoyed if somebody 
else was playing with it? 

Notes 

The main part of the test persons would use it (all except one). A good thing which came up from one of test persons 
was that the experience must be better than the experience using his/hers smartphone in order to make him use it. 
It can be the fact it is a bigger screen, or a better response to touches etc… 

None of the test persons would get annoyed as long as their personal space would not get disturbed, either by 
animations on their side of the window or by continues sounds of the animations during usage of another passenger 
of the interactive window. In other words, the personal space must not be disturbed.  

 

Thoughts about the projection and the  interactive size? 

Notes 

If the train travels above the ground it was important that the entire window would not be covered by 
advertisement or videos since a big part of traveling with trains are to see the surroundings and beautiful 
landscapes. It would be ok to have interactive in a way that when it is not in use the window would be transperent. 
But if it is installed in subways or on trains where the routes have a high number of underground it could use the 
windows as screens since it there is nothing to see anyway. 

  



 

 

APPENDIX 14. IMPORTANT MEASUREMENTS INSTALLING POWER LITE 480 

 



 

 

Appendix 15. Installation measurements in millimeters for PowerLite 480 W

 


