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4 EXECUTIVE SUMMARY

At the turn of the century, Europe entered a new age, with the greatest 
demand for mobility in recorded human history. Today, European air 
transport is experiencing a plethora of challenges regarding its capacity, 
performance, sustainability and interfacing with other transport modes. 
While the global number of passengers in air travel has risen every year since 
the inception of commercial aviation, the arrival of the 21st century brought 
with it a significantly steeper increase travelling by air. 2018 has seen 4.3 
billion air passengers and, according to IATA, this will rise to 7.2 billion by 
2035 [1.1]. Roughly speaking, this means that every minute of the year around 
8,000 people start a flight, and it is very likely that this number will double 
over the next 15 years.

There are various reasons for this increasing demand for commercial aviation. 
Since the year 2000, there has been a particularly aggressive growth in the 
low-cost airlines sector, which has made flying more accessible to a greater 
number of people. The expansion of economies and higher living standards, 
especially in emerging economies such as China and India, is putting more 
people in the air both due to business and leisure travel (and sometimes 
both, conveniently coined under a single term of "bleisure travel"). Well-
established markets for air travel like Europe and North America are already 
expected to continue growing steadily while rapidly growing economies will 
see many new flyers. Additionally, the development of more fuel-efficient 
jets has allowed airlines to provide more direct routes, making the opening 
of new routes more feasible, even for some less popular routes. Lastly, with 
greater urbanisation all over the world and more rural regions getting more 
efficient acccess to airports, air travel is more available to a greater number 
of passengers.

European aviation is a crucial asset for economic growth and is a large 
wealth generator for the European Union. It provides transport links with 
key roles in the integration of Europe: facilitating the growth of businesses 
and enabling social mobility. The technologies and innovative concepts 
in aviation are often catalysts for many sectors, making research and 
development in aviation one of the initiatives with the greatest return on 
investment. Therefore, it is of vital importance to precisely identify gaps and 
adequately address challenges that threaten the sustainable development 
of the European air transport system. The European Union designates 
significant funds for various research areas via framework programmes such 
as Horizon 2020 (H2020), with aviation research being a major beneficiary.  
As part of its coordinating activity, the EU is performing investigative 
actions across these areas to make sure that use of these funds is optimal 
and properly addresses the needs of European citizens.  

EXECUTIVE SUMMARY
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This report is a result of research performed so far in the scope of the CAMERA 
Coordination and Support Action (CSA).  In CAMERA, we investigate research 
initiatives from the past decade that focus on the European air transport 
system and its integration with other transport modes, with a special focus on 
addressing the customer experience and point of view. The focus of this report 
is the review of the research under FP7 and its successor, H2020, as these have 
supported a large number of research activities in air mobility in the last 
decade. Its objective is to analyse 158 selected research initiatives in European 
mobility research to determine their coverage of mobility challenges, identify 
potential gaps and form recommendations for future research initiatives. 
This is the first of four Annual Mobility Reports that CAMERA is planning to 
publish. It outlines the initial findings and describes the future efforts of this 
Coordination and Support Action.

In CAMERA, we place a special focus on passengers as a vital part of the air 
transport system. Air travel is too often observed from the point of view of 
its providers of mobility (airports, air navigation service providers (ANSPs), 
airlines, etc.), and not often enough from the passenger perspective. However, 
recent digital transformation has changed passengers' expectations of air 
travel. Meanwhile, airports and airlines are meeting passenger demands 
with varying degrees of success. What is more, air travel often only considers 
one leg in a passenger's journey, and the interfacing of different travel modes 
remains under-explored. For a passenger, cruising above the clouds is just 
one part of the experience. Observing the whole door-to-door chain, a typical 
air travel itinerary includes various segments such as accessing an airport 
by road or rail and moving around the terminal(s). In many passenger 
itineraries, the time spent in the air is the shortest part of their trip.  
In order to understand the complexity of European air travel system and 
address the mobility challenges that system is facing, CAMERA frames 
the whole door-to-door travel chain as the centre of its research. This 
type of holistic point of view is especially important in today's age of 
artificial intelligence, increased connectivity and personalised services. 
The importance of the passenger experience has grown immensely. Moving 
towards a seamless and efficient door-to-door model, instead of focusing only 
on the gate-to-gate part, is becoming a standard for innovation in mobility. 
Air transport should be at the heart of an integrated, environmentally 
friendly and efficient transport system. European research communities and 
industrial partners across all transport branches need to work together to 
address the critical issues in mobility of European citizens, so that future 
generations can benefit from reliable, efficient, resilient, safe and sustainable 
transport systems.

Number of scheduled passengers 
boarded by the global airline industry 
from 2004 to 2019 (in millions)
https://bit.ly/2rNTzVm
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European mobility systems are not exempt from tackling the 
major challenges facing Europe today - rapid globalisation, 
digitalisation and climate change, among others.  
A significant number of challenges that require addressing 
by the air transport industry have been outlined in the 
document Flightpath 2050. 

These challenges need to be addressed by identifying gaps and bottlenecks 
that stand on the way of European vision for aviation, as presented in 
Flightpath 2050. Investing in interdisciplinary research and innovation is 
the European air transport system's key to keeping up with the increasing 
demand and maintaining its competitiveness and performance, while 
providing sustainable mobility.

Relying on the vision outlined in Flightpath 2050, and for the sake of 
systematic study of the current state and future needs of the ATM research, 
we have identified five major thematic groups of challenges.

FIGURE 1:
CONCEPT MAP MOBILITY CHALLENGES
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Travellers of the 21st century differ in all sort of ways, with diverse 
demands and requirements as regards the European mobility system. 
Certain passenger groups might also have particular needs due to 
physical impairment, travelling with children, or language barriers. 
Therefore, the future mobility system should be inclusive and provide 
intermodal solutions for all types of user. In the age of digitalisation, 
artificial intelligence, and data literacy, the demand for mobility from 
new generations of customers are becoming increasingly important.  
Upcoming generations of travellers will be more empowered with these 
technological advances and higher data availability. For instance, a fast-
paced lifestyle has made queuing more undesirable than ever, driving 
the increasing demand for various self-service options at airports.  
Travellers of today also show a greater desire to be kept informed about 
potential disruptions and delays, at all stages of their trip , with the ability 
to proactively react to potential hicough. On that same note, mobility 
providers are also realising that they need to provide more options 
for travellers to manage and customise their travel arrangements.  
Personalised travel experiences are one of the biggest drivers of 
customer demand in the age of big data. In the effort to create an easy 
and user-friendly transport system, single ticketing that incorporates 
all modes of transport could further increase service quality and 
seamlessness for users. All of these improvements must also keep in 
mind safety, security, and environment friendliness.

For these reasons, it is necessary to adopt a passenger-centred 
perspective in the CAMERA project. The realisation that each customer 
has unique travel needs has led to increased research into different 
customer profiles and respective expectations, including aspects of 
the passenger experience. Mobility providers have realised that these 
have an impact on the mobility choices that passengers make. In the 
end, passengers are the users of the system and shape the demand for 
mobility.  Another important aspect is the socio-political acceptance 
of mobility, with one example being the impact of transport projects.  
The business aspect addresses the incentives for innovation in new 
technologies, mobility products, and services and hence the potential 

for market penetration.

1.1
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Flightpath 2050
Europe's vision for aviation
https://bit.ly/2zQOpOz

Creating an individualised 
and seamless mobility system 
for everyone.

LAYER 1 CHALLENGES
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The future of the European mobility system cannot be discussed 
without addressing the performance of the transport system as 
a whole. One of the main goals, in terms of performance, is set by 
Flightpath 2050, which explicitly sets a target of 90% of intra-Europe 
journeys involving an air leg being achievable in under 4 hours door-to-
door (4HD2D) by 2050. Many other issues, such as supporting drivers to 
achieve this challenging goal, need to be linked to this central concept. 
Some of them are even necessary conditions for reaching the target - 
accessibility, interoperability, and punctuality are some of these.

In order to describe the current state of the mobility system in Europe 
and its progress towards the targets envisaged in Flightpath 2050, it is 
necessary to capture crucial information on the door-to-door journey, 
including economic and environmental considerations, as performance 
indicators in a more fact-based discussion of the CAMERA project. 
This type of framework can help drive innovation in transport and the 
optimisation of mobility performance. These metrics are valuable to 
travel process management by monitoring and forecasting the flows 
within the system. This framework would also provide benchmarks for 
the evaluation of the impact of new technologies and services.

LAYER 2 CHALLENGES
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Improving the overall 
performance of the 
mobility system.
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On a daily basis, commercial aviation is subject to a number of events 
that can disrupt the air traffic management system: bad weather, an 
external attack, a crisis, or an ATC strike being just a few of them. If the 
resilience of the air transport system falls short, this might significantly 
delay flights, which has the potential to affect a number of passengers 
due to the cascading effects across the overall network. It is important 
to understand how quickly and how well the overall system can react to 
these disruptions in order to ensure seamless and efficient operations 
and to avoid additional costs. This resilience of the European air traffic 
system is, without a doubt, a very difficult problem that needs to be 
tackled on the path to a more efficient mobility system in Europe.

Improving the resilience of the European transport system is an 
ambitious vision within Flightpath 2050, with the goal being that all 
flights arrive "within 1 minute of the planned arrival time, regardless 
of weather conditions". Additionally,  the transport system should be 
capable of automatically and dynamically reconfiguring the journey 
within the network to meet the needs of the traveller. The goal of 
CAMERA is to understand and analyse how far we are from providing 
passengers with an automatic system that tries to minimise their delay 
on their way to the final destination. How quickly can travel itineraries 
be reconfigured in the case of major disturbances? To answer these 
kinds of question, we need a number of metrics that measure how delay 
is propagated through the system in case of disruption, and how well the 
system can handle disturbances of various types and intensities.

LAYER 3 CHALLENGES
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1.3

Improving the resilience 
and re-configuration of the 
mobility system.

SECTION 1 | Air passenger mobility challenges



Providing safe and efficient 
air traffic management 
services.

The increase in the number of flights over the years has meant that 
the ability of the air traffic system to handle them has reached its 
capacity, thus resulting in major delays to scheduled flights. Future 
challenges that this system must face include the provision of 
services that enable the safe and efficient incorporation of "at least 
25 million flights a year of all types of vehicle" while also reducing the 
environmental impact of the overall system.

Hence, reducing and handling congestion is one of the major 
challenges to be addressed. CAMERA analyses the progress towards 
reducing en-route delay, departure delay, the expected number of 
additional flights at already congested airports, and the network 
throughput of additional flights. This includes the move towards the 
implementation of network congestion management and recovery 
mechanisms and the establishment of a system that accommodates 
all vehicle missions and aerial applications.

LAYER 4 CHALLENGES
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The efficient integration of different transport modes and the provision 
of air transport interface nodes is crucial in ensuring progress 
towards a seamless European mobility system, meaning meeting 
passenger needs and additional capacity requirements. As a result, 
the focus of European mobility goals, as outlined in Flightpath 2050, is 
on the optimisation of services and processes within these nodes and 
on the integration of air transport infrastructure with other modes 
- in other words, the goal is to achieve an intermodal network and 
related processes. This also includes the capability to integrate new 
(air) mobility concepts and technologies.

CAMERA investigates the progress towards increased interoperability 
across transport modes, including baggage handling, regulations and 
standards, or the advancement of single ticketing. All these aspects 
are considered significant in reducing travel time as well as reducing 
unnecessary hassle for passengers. Another challenge aims to ensure 
access and equity for different user groups, therefore monitoring 
the availability of barrier-free access possibilities or the availability 
of different ways for the redundant presentation of essential 
information across all transport modes.

Designing and implementing 
an integrated, intermodal 
transport system.

LAYER 5 CHALLENGES
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The five aforementioned thematic challenges (or "layers") are presented 
in CAMERA's Performance Framework (PF). The PF was assembled by 
a group of experts in mobility and air traffic management research 
from several research centres across Europe. They analysed the 
current state and future trends of European mobility and provided a 
set of key performance areas (KPAs) and measurable key performance 
indicators (KPIs) for each of these layers. There are eleven different key 
performance areas (KPA) which are defined to allow the performance 
of the mobility system to be examined from different perspectives. 
The same KPA can apply to different mobility layers. Some new areas 
in addition to the KPAs defined by ICAO are included in the CAMERA 
performance framework. KPIs are subsumed under each KPA and each 
layer and were defined with the intention of having a tangible way of 
quantifying the main goals for the future of the European mobility 
system. They rely heavily on challenges outlined in Flightpath 2050. 
Moreover, where possible, a KPI was defined along with its target value, 
or a concrete value outlined in Flightpath 2050 as a future goal for the 
European air transport system. As a result, the PF with its KPIs forms 
a benchmark for the quantitative assessment of research initiatives 
in Europe. On a macro level, the goal of assessing the state of mobility 
research in Europe against the PF is to identify gaps and bottlenecks 
in the European air transport system. Here, we present a summary of 
each layer. The full list of KPIs can be find in Annex 1.

Mobility Performance 
Framework

1.6

ASSIGNMENT OF KEY PERFORMANCE AREAS ACROSS MOBILITY LAYERS

KEY PERFORMANCE
INDICATORS (KPIs)

KEY PERFORMANCE
AREAS (KPAs)

FIGURE 2:
MOBILITY PERFORMANCE
FRAMEWORK

SECTION 1 | Air passenger mobility challenges

KPAs:
1. DIGITALISATION AND INFORMATION

2. INTEROPERABILITY

3. ENVIRONMENT

4. SAFETY

5. SECURITY

6. CAPACITY

7. PREDICTABILITY

8. EFFICIENCY

9. COST EFFECTIVENESS

10. FLEXIBILITY

11. ACCESS AND EQUITY

KPA 2 KPA ... KPA 11KPA 3KPA 1 KPA 4



FIGURE 3:
MAPPING MOBILITY LAYERS AND KPAs 
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PORTFOLIO OF  
MOBILITY-RELATED 
EU-FUNDED RESEARCH 
INITIATIVES2

SECTION 2 | Portfolio of mobility-related EU-funded research
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The first step of the CAMERA assessment is to 
identify all projects funded under the FP7 and H2020 
programmes relevant to improving air passenger 
mobility in Europe. To ensure that all meaningful 
projects for this scope are considered, automatic 
clustering models have been developed and run over 
the whole database of projects funded under these 
programmes regardless of their original topic. 

This FP7 and H2020 project information is freely available at the 
EU Open Data Portal [3.1] and [3.2], which contains all data included 
in CORDIS such as title, funding programme, project abstract,  
EC contribution, partners and coordinator.

The full dataset contains over 40,000 projects on very diverse topics, 
most of them not in the scope of mobility research. In order to narrow 
our analysis specifically to the projects relevant for this study, we 
needed to filter out the irrelevant (non-mobility) projects. The 
dataset provides a field with a code which classifies each project into 
a predefined topic. Even though those codes can be considered a good 
orientating point for classifying the projects, they are still too generic 
and cannot really shed light onto a concrete topic researched in each 
project. However, each dataset also contains a title of the project 
and a short summary (abstract), which proved to be very useful for 
classifying projects according to their research topics. 

For the clustering of the 40,000 projects, we have relied on Natural 
Language Processing (NLP) algorithms (i.e., text mining). Without 
algorithmic tools, relying on the traditional expert-based approach, 
this task would have been highly resource-consuming. The NLP 
algorithms have seen a large upsurge in efficiency and accuracy in 
the past several decades and are often able to differentiate between 
topics at levels closely comparable to human interpretation. 

First, we needed to obtain a reduced dataset to be used in further 
analysis and that contains a set of research initiatives that focus on 
European mobility research. The algorithm we employed for this task 
works in a semi-supervised way and provided us a set of 158 projects, 
divided into nine automatically created topics, relevant to mobility 
research. Each topic is represented by a cloud of words (terms, tags), 
so we refer to each topic as a word cloud.

SECTION 2 | Portfolio of mobility-related EU-funded research

FP7 Projects
EU research projects 
under FP7
https://bit.ly/2Dgtbcv

H2020 Projects
EU research projects 
under Horizon 2020 
https://bit.ly/2ckXLmz



The map shows the distribution of the projects by coordinating country for 
the analysed mobility projects. 

Germany leads coordinator-countries with 34 projects, followed by Belgium 
and the UK with 21 projects.  In total, centres located in 21 different European 
countries have coordinated at least one R&D mobility initiative since 2007. 
The map reflects a fairly broad geographical range of institutions leading 
mobility research projects, with several countries established as the leading 
hubs of mobility research in Europe.

In the subsequent versions of this Mobility Report, the performance of the 
algorithm will be validated and the list of projects will be extended to include 
new H2020 projects not yet started. Clean Sky and SESAR programmes are 
not included in this Mobility Report 1.

FIGURE 4: 
NUMBER OF PROJECTS PER COUNTRY

Geographical distribution
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In Figures 4 and 5, we again outline 
the number of projects per leading 
country together with the total financial 
contribution received from the European 
Commission for those projects. 
There is a fairly linear correlation 
between the total contribution a country 
received and the number of projects 
they led, with a few countries deviating 
from this trend (e.g. France). However, 
such slight deviations are normal as they 
can be influenced by other variables 
such as duration of the project, number 
of participating member entities, or 
special needs of a particular project. 
Better understanding of the financial 
distribution will be achieved through 
further analysis as CAMERA continues.

FIGURE 5:
NUMBER OF PROJECTS PER LEADING COUNTRIES

FIGURE 6:
TOTAL FINANCIAL CONTRIBUTION RECEIVED FROM 
THE EUROPEAN COMMISSION 

€0m €90m30 20 10 €30m €60m

Number of projects EC Contribution

SECTION 2 | Portfolio of mobility-related EU-funded research
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In terms of EC contribution, CHIC - a fuel cell-powered bus project 
coordinated by Evobus GmbH - is the largest on the list of projects 
retained for analysis, with €25.9m of total EC contribution under the 
Fuel Cells and Hydrogen Joint Undertaking (FCH JU) programme.  
If we analyse the top coordinators in terms of number of projects, we 
arrive at the following list, led by Fraunhofer:

Leading coordinating entities

2.2

COORDINATOR TOTAL EC CONTRIBUTION 
COORDINATED

NUMBER OF PROJECTS 
COORDINATED

FRAUNHOFER GESELLSCHAFT 
ZUR FOERDERUNG DER ANGEWANDTEN 
FORSCHUNG E.V.

€10 212 473.33 8

EUROPEAN ROAD TRANSPORT 
TELEMATICSIMPLEMENTATION 
COORDINATION ORGANISATION - 
INTELLIGENT TRANSPORT SYSTEMS 
& SERVICES EUROPE

 €8 565 947.25   6

ETHNIKO KENTRO EREVNAS KAI 
TECHNOLOGIKIS ANAPTYXIS  €6 874 744.00 4

VDI/VDE INNOVATION + TECHNIK GMBH  €6 368 736.50 4

UNION INTERNATIONALE 
DES CHEMINS DE FER  €13 090 538.00 3

AVL LIST GMBH  €6 981 650.25 3

UNION INTERNATIONALE 
DES TRANSPORTS PUBLICS  €6 169 697.00 3

POLITECNICO DI TORINO  € 6 101 513.00 3

UNIVERSITY OF NEWCASTLE UPON TYNE  €5 209 711.00 3 

FORUM DES LABORATOIRES NATIONAUX 
EUROPEENS DE RECHERCHE ROUTIERE  €4 877 050.45 3 

EDINBURGH NAPIER UNIVERSITY  €4 490 095.00 3

FIGURE 7: 
LEADING ENTITIES AND PROJECTS

SECTION 2 | Portfolio of mobility-related EU-funded research
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The following graph represents the distribution of the funds across 
the years from the start of the 7th Framework Programme, taking into 
account the starting year of the projects. Although this programme 
was launched in 2007, most of the projects started in 2008, as the graph 
shows. This also reveals a decreasing trend from the beginning of the 
programme to its end in 2013 (with some of the last projects starting 
in 2014 with the transition to H2020). This trend does not only appear 
in the mobility research area but in the whole programme as well, and 
as such should be considered a conclusion or result. However, when 
comparing the funds allocated during FP7 with those in H2020, we 
observe a slight difference in total contribution. This gap can be partly 
explained by H2020 still being in progress, contrary to FP7. Therefore, 
the total H2020 EC contribution allocated to mobility research projects 
should increase in the coming years and the gap (seen on the pie chart 
shown on Figure 8) should be bridged.

Additionally, this gap also exists because the current study does not 
include any SESAR or CleanSky projects, and these two programmes 
attract a large percentage of the funds allocated to the Transport area. 
In following editions of this Annual Mobility Report, new projects will 
be added as a result of both new projects being funded and the initial 
list of projects being revised.

Historical evolution

32%

68%

€132m

€280m

2.3

FIGURE 8 AND FIGURE 9: 
DISTRIBUTION OF THE FUNDS 
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FP7 Projects H2020 Projects Total Sum of EC 
contribution

Total 
number of 

projects

Row 
Labels

Sum of EC 
Contribution

Number 
of projects

Sum of EC 
Contribution

Number 
of projects

2007 €3 345 611.00 1 €3 345 611.00 1

2008 €70 929 125.82 18 €70 929 125.82 18

2009 €38 653 237.73 21 €38 653 237.73 21

2010 €54 516 227.50 17 €54 516 227.50 17

2011 €42 124 529.88 25 €42 124 529.88 25

2012 €44 416 160.01 21 €44 416 160.01 21

2013 €18 870 307.40 8 €18 870 307.40 8

2014 €7 801 869.53 3 €3 082 575.25 2 €10 884 444.78 5

2015 €46 746 077.79 15 €46 746 077.79 15

2016 €51 743 887.54 16 €51 743 887.54 16

2017 €30 787 440.80 11 €30 787 440.80 11

Grand 
Total €280 657 068.87 114 €132 359 981.38 44 €413 017 050.25 158

FIGURE 10: 
EVOLUTION OF EC CONTRIBUTIONS TO MOBILITY RESEARCH OVER TIME

SECTION 2 | Portfolio of mobility-related EU-funded research
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Figures 11 and 12 show that the majority of research initiatives receive 
an EC contributionof less than 5 million euros, especially in H2020 as 
there were no "level 2" projects. In fact, only 2 of the 9 projects with 
an EC contribution larger than €10m are funded under the H2020 
budget, showing that the budget for FP7 projects was typically larger 
than for those in H2020. These diagrams aim to investigate correlation 
characteristics between the sizes of projects in terms of funding 
and both project duration and consortium size. The average size of a 
consortium assembled for a mobility research initiative is around 11 
members, and the average duration of a project comes to about 2.5 years.

Only 6 out of the 158 projects  had more than 30 members, and 15 had 
between 20 and 30 partners, meaning the majority of the consortiums 
had fewer than 20 members, as can be observed in Figure 11. Interestingly, 
those projects with the largest consortiums (over 30 partners) received 
financing ranging from 3 million euros up to around 17 million euros, 
which is a significant range. This shows that the largest projects in 
terms of consortium size are not necessarily also the ones to receive 
the highest financial contributions. The projects with the highest 
number of participating entities are usually those closer to market, 
which typically includes validation exercises, prototypes, etc. and have 
a higher cost (as was the case with CHIC, the project with the largest 
EC contribution in the analysis). While there is no strong correlation 
between financial contribution and consortium size for large values of 
both of these variables, a stronger linear correlation can be established 
if we isolate projects with lower consortium size and funding. When we 
observe medium size projects with up to 20 participating members that 
received contribution of up to 5 million euros, we note a fairly rapid 
linear growth in financial contribution with each additional project 
member.

Moreover, both H2020 and FP7 projects exhibit similar behaviour in 
this regard, as can be seen in Figure 12.
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Comparing financial contribution with the duration of the project, 
we again observe different behaviour for the lower and higher values 
of both variables. For typical projects of up to 3 years, the increase 
in financial contribution with respect to the duration of the project 
is less than for longer projects: a large number of shorter projects 
received contribution of up to around 2.5 million euros. However, for 
a project duration of 3 years, the situation becomes more dispersed.  
It is especially interesting to note the significant variance in received 
funding for projects of 4 years, as seen in Figure 13. Similar effects can 
be observed for projects of 3 years, though with much lower variance. 
These effects indicate the need to further investigate the relationship 
between the time invested into a project and the financial contribution 
it received. Further detailed analysis should aim to better understand 
this trend and identify potential variables that can explain these non-
linear effects, i.e. the specific variables that dictate these financial 
differences: type of action, delayed projects, etc. This is needed for 
a deeper understanding of the financial flow in mobility research. 
CAMERA will dedicate effort to providing such an analysis in further 
Annual Mobility Reports.
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Using text mining methods, mobility research 
projects have been extracted from the full CORDIS 
database of H2020 and FP7 projects, which contained 
over 40,000 projects at time of analysis. 

As a first step, the grouping of the projects has been performed in 
a semi-automatic fashion, relying on a semi-supervised version of a 
popular Latent Dirichlet Allocation (LDA) algorithm. LDA is a topic 
modelling technique that is typically used to detect underlying 
topics across a corpus of text documents. The basic idea is that each 
document can be described by a distribution of topics and each topic 
can be described by a distribution of words. Therefore, LDA starts 
from the assumption that each document possesses a contained 
number of topics and, by attributing presence of certain words in a 
document to one of those topics, groups similar documents (or, in 
our case, projects) together. LDA discovers topics by spotting groups 
of words that frequently occur together in documents. In the semi-
supervised version of this algorithm, the creation of the topic model 
is initially guided by a small set of words that were chosen as the most 
relevant for the topic we wish to capture. After that initial seed, the 
algorithm autonomously performs topic modelling. Using a vector 
of terms as guidance enables the algorithm to separate topics with 
smaller representation in the corpus (in this case, mobility research 
projects) and guide the classification of documents. [4.1]

This part of topic modelling resulted in a selection of 158 projects. 
These projects were denoted as relevant for mobility research by 
the LDA algorithms, and for that reason we refer to them simply as 
mobility projects. The full list of selected mobility projects for this 
mobility report can be found in Annex 2. 
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Word clouds
Starting from the content of projects' textual descriptions, LDA 
analyses were carried out to explore underlying content patterns in 
those texts, to group the most similar documents together. Thus, in 
addition to obtaining a set of mobility projects used for this analysis, 
the second result of this topic modelling technique was the grouping of 
the selected projects into nine automatically created groups - i.e., topics. 

As the algorithm is semi-supervised, no explicit label is given to these 
groups; rather, each topic is described by a set of keywords, and we 
refer to a group of projects belonging to the same topic as a word cloud.  
For easier reference, an umbrella name was coined for each word cloud.  
The umbrella terms were chosen by observing a list of keywords for each 
cloud and descriptions of the projects with the highest scores for that 
cloud. Here we present each word cloud composed of its automatically 
extracted keywords. In addition to more descriptive and longer titles, 
shorter ones are used when more convenient (given in brackets).

Clustering Mobility Research 
Initiatives

LDA Topic Modelling
What Is LDA (Topic Modeling)?
https://bit.ly/2xIy2h8

3.1

FIGURE 15
AVIATION AND AIR TRANSPORT 
TECHNOLOGIES, INFRASTRUCTURE 
AND OPERATIONAL CONCEPTS 
(AIR TRANSPORT TECHNOLOGIES)
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GROUND TRANSPORT, INCLUDING ITS SAFE, SUSTAINABLE 
AND SOCIAL DIMENSION (GROUND TRANSPORT)

FREIGHT TRANSPORT, WITH A FOCUS ON POLICY OPTIMISATION, 
SUSTAINABILITY AND FUTURE CHALLENGES (FREIGHT TRANSPORT)

TECHNOLOGIES AND SERVICES TO ENABLE SEAMLESS 
INTERMODAL TRANSPORT (INTERMODALITY)

TOWARDS A SAFER, MORE ACCESSIBLE AND GREENER 
PASSENGER-CENTRED TRANSPORT (NEW CONCEPTS IN TRANSPORT)

INFORMATION SYSTEMS AND SERVICES SUPPORTING THE 
SOCIO-ECONOMIC TRANSPORT DIMENSION (SOCIO-ECONOMICS)

URBAN MOBILITY NEW CONCEPTS AND SERVICES 
(URBAN MOBILITY)

INTELLIGENT TRANSPORT SYSTEMS FOR PASSENGER,
TRAVEL SERVICES (INTELLIGENT TRANSPORT)

FIGURE 16

FIGURE 18 FIGURE 19

ENVIRONMENTAL IMPACT CAUSED BY TRANSPORT FROM 
A GLOBAL PERSPECTIVE (ENVIRONMENTAL IMPACT)

FIGURE 20

FIGURE 22 FIGURE 23

FIGURE 21

FIGURE 17

SECTION 3 | Results and insights



The topic modelling algorithm assigns a probability distribution  
that describes how well the project fits into each of the nine word 
clouds, to each of the 158 mobility projects selected. Therefore, by 
observing these probability distributions, we can extract a dominant 
topic/cloud for each project as the one with the highest probability.  
The pie-chart below shows the distribution of projects' dominant 
topics. The majority of the selected projects pertains to the third cloud, 
named "Intelligent transport systems for passenger travel services". 
On the other hand, the cloud with the weakest representation in the 
corpus is "Freight transport" with only 5.7% of the projects having it 
assigned as their dominant topic.

A general overview of the clouds and the distribution of dominant 
topics across the selected projects shows a satisfying initial performance 
of the algorithm when it comes to selecting projects relevant for air 
transport, but also a need for further refinement. While each project 
is assigned a dominant cloud, it is also important to observe the full 
probability distribution. Indeed, for a large number of projects the 
dominant topic is established only by a marginal probability over 
other topics. For example, if we observe cloud 2, "Ground transport", 
we can notice that many highly scored projects in that group focus on  
intermodal transport (e.g. project "The dynamic between airlines and 
high-speed trains in Europe"). Such projects typically also have high 
scores in cloud 1, "Aviation and air transport technologies". 

However, other projects focus solely on ground transport (e.g. "Grid for 
Vehicles - Analysis of the impact and possibilities of a mass introduction 
of electric and plug-in hybrid vehicles on the electricity networks in 
Europe"). Some of these projects could thematically be better placed 
in a different word cloud (e.g. "A Measurement tool to determine the 
quality of the passenger experience"), but the algorithm most likely 
'decided' to assign them a highest score for cloud 2 due to its content's 
largely referencing ground transport. Similarly, a project entitled 
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FIGURE 24:
DISTRIBUTION OF PROJECTS' DOMINATING TOPIC
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"Co-modal airport" has been assigned to cloud 3, Intelligent transport 
systems for passenger travel services, as it had the highest probability 
of belonging there; however, one can easily see how it could also be 
assigned to Air transport technologies or New concepts in transport. 
To address this issue, we introduce a metric that quantifies the level 
of confidence for assigning a project solely to its dominating topic. 
When a project is assigned a very high score for one particular cloud, 
we can confidently claim that it thematically belongs to that cloud. 
On the other hand, when a project has a more uniform probability 
distribution over clouds, its confidence metric will be low. This occurs 
when the topic of such projects is spread across several clouds and 
cannot be confidently assigned to one particular cloud. Unsurprisingly, 
many projects are spread across several clouds as many projects are of 
an interdisciplinary nature. We discuss the effects of this confidence 
metric in more detail in the descriptive analysis presented below.

Descriptive analysis 
In this part, we present inter-relationships between clouds and projects. 
Topic distributions rarely have one peak and thus a single project often 
covers multiple topics. The goal of this analysis is to better understand 
how topics are distributed within projects and how well each topic 
is supported. By exposing the topic distributions of projects, we can 
extract the general picture of how research in mobility is being tackled 
and what the predominant topics could be. 

Analysis of the Word Cloud presence
To understand the presence of each word cloud (topic) in the corpus of 
projects, in Figure 25 we plot the average probability that a given topic 
appears in any project. For every given topic, this is calculated as the 
sum of the probability of each project belonging to the topic divided by 
the total number of projects. 
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FIGURE 25:
AVERAGE PROBABILITY THAT A GIVEN TOPIC 
APPEARS IN ANY PROJECT
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FIGURE 26.A

FIGURE 26.B

FIGURE 26.C

This metric gives some insights into how well each topic is covered in 
the given corpus of documents. As we can observe, the distribution 
of topics is very uniform across projects. With an average probability 
of 13.91% , "Ground transport" is the most probable topic, followed 
closely by "Intelligent transport" with a 13.05% average probability.  
"Environmental impact" is much less represented, with a probability of 7.31%. 

First of all, this indicates that the topics are very sparsely distributed. 
Secondly, the probability distribution presented in Figure 25 shows the 
most and least covered topics in the observed set of mobility projects. 
Concretely, the most probable topic addressed in a randomly selected 
project is ground transport. On the other hand, the least addressed 
challenges in mobility projects analysed are those concerning the 
environmental impact of mobility.
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The following set of nine probability distributions, shown in Figure 
26A-26I, depicts the frequency with which a project is assigned a 
certain probability for a particular topic. For example, if we observe the 
distribution for the topic "Intelligent transport", and fix a probability 
of 0.3, we can see that around 0.7% of the total of number of projects 
were assigned a 30% chance of relevance to the "Intelligent transport" 
cloud. In general, all distributions exhibit a similar topology, with a 
high peak just greater than 0% as, for each word cloud, the majority 
of the projects are irrelevant for that cloud. Also, we can see that only 
a few projects get assigned predominantly to one cloud (probability 
greater than 50%). 
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FIGURE 26.D FIGURE 26.E

FIGURE 26.F FIGURE 26.G

FIGURE 26.H FIGURE 26. I
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To analyse the impact of R&I initiatives on the defined mobility 
challenges inspired by Flightpath 2050, we performed a comparison 
of the project summaries across five layers defined in the CAMERA 
Performance Framework. This methodology also relied on text 
mining techniques. In order for the text mining algorithms to better 
understand each layer of mobility challenges, the performance 
framework was extended with additional textual data describing the 
challenges. The extended text corpus contains a number of documents 
(reports, research papers, etc.) dealing with pivotal ideas relevant to 
each layer. The documents for each layer were selected by the experts 
from that area of research.

For the assessment of textual data, we rely on vector representations of 
analysed texts based on so-called term frequency - inverse document 
frequency (TF-IDF). TF-IDF is a commonly used language model 
in text mining that intends to reflect the importance of a word in a 
document over a corpus of documents. The general philosophy behind 
the concept is that the more the word is used in one document and 
less in others, the higher its importance for its particular document. 
To analyse the content of mobility projects, we relied on the semantic 
similarity metric called cosine similarity that compares two vector 
representations of a text document.

Evaluation of mobility 
projects against the mobility 
challenges
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FIGURE 27:
SEMANTIC SIMILARITY BETWEEN PROJECT DOCUMENTS 
AND MOBILITY LAYER DOCUMENTS
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The heatmaps in Figure 27 demonstrate the similarity results between 
mobility projects and layers of the performance framework. Darker 
blue colours (Z-score closer to 1) represent a higher semantic similarity. 
Essentially, projects with higher similarity score for a particular layer 
indicate a better coverage of the challenges defined in that layer. The full 
list of projects with their corresponding indices can be found in Annex 2. 

As a general observation, we can notice that layer 3, which defines 
the challenges regarding resilience and re-configuration in transport 
systems, seems to have the worst coverage with only a handful of 
projects addressing those challenges. One project with a high score 
with respect to that layer is "Common Framework for a European 
Life Cycle based Asset Management Approach for transport 
infrastructure networks", a coordination and support action that 
analyses the challenges that need to be addressed in order to achieve 
a well integrated, optimally performing transport infrastructure 
network in Europe. Indeed, after further inspection of the mobility 
projects, we noticed very few projects addressing these challenges 
("Mobility Optimization: Permits for Emissions from Driving" that 
studies mobility optimisation from the perspective of road congestion; 
"Strengthening European Transport Research and Innovation 
Strategies" that analyses six topics of "common interest" with one of 
them being resilience of transport systems; etc.). 

Observing the rest of the layers, many projects seem to cover the 
challenges defined in the first two layers: Mobility supply side and 
Mobility performance. Slightly lagging behind are the last two layers 
outlining challenges regarding ATM performance and Mobility demand. 
Moreover, the heatmap above indicates that research initiatives 
covering challenges in mobility performance tend to have poor coverage 
of mobility demand challenges: all the projects with the highest scores 
in layer 2 have very low scores in layer 5. We need more in-depth study of 
the mobility performance in context of its demand if we want to address 
the increasing demand and sustainable development of the European 
transport system. On the other hand, observing the last two layers, we 
notice there are a certain number of projects covering mobility demand 
as much as they cover ATM performance challenges.

As the main interest of CAMERA lies in research including air transport, 
it is interesting to observe the relationship between projects covering 
the ATM performance challenges and how well those projects cover 
challenges defined in other areas. These initial results indicate that 
there is room for improvement when it comes to researcing initiatives 
addressing mobility challenges across several categories.
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The Coordination and support Action for Mobility in 
Europe (CAMERA) is only in its first year. The analysis 
presented in this Mobility Report describes the insights 
obtained from the initial preparatory exploration and 
text mining of the database of H2020 and FP7 research 
initiatives. This analysis was performed on a macro-
level, or with the intention of analysing the general 
state of European mobility research projects. 

The macro-analysis presented in this document will be heavily 
expanded on through three subsequent Mobility Reports. Concretely, 
the list of selected mobility projects will be revised and extended (e.g. 
to include SESAR and CleanSky projects). In addition to the expanded 
dataset, we plan to cover more variables in the macro-analysis, with 
special attention paid to their confounding potential. Consequently, 
this will result in a more insightful presentation of financial and 
geographical distribution of research projects, going beyond the 
project size or duration.

A large part of future efforts will be dedicated to refining and validation 
of Natural Language Processing (NLP) algorithms in future iterations 
of CAMERA. This will include the development of more precise 
classification methods, semantic and confidence metrics, and a more 
detailed identification of the challenges tackled in the expanded 
set of mobility projects. The projects will be analysed with the Key 
Performance Indicators in mind, as identified in the Performance 
Framework (KPIs, see Annex 1), leading to a more detailed and prolific 
macro-analysis across the established challenges (presented through 
five layers and over 60 KPIs).

In addition to the macro-analysis, a micro-analysis of carefully selected 
research projects is planned. This analysis will rely on the Mercury 
modelling tool, a framework developed over a years of collaboration 
between the Innaxis Foundation and the University of Westminster. 
Mercury is capable of minutious modelling of passenger mobility, not 
only during air travel segments, but along the full door-to-door travel 
chain. It takes airport connections, rebooking, and airport access and 
egress times into account. Mercury is a data-driven simulator that 
can create realistic delay distributions for flights and passengers. The 
selection of the projects for micro-analysis will rely on the results of the 
NLP-based macro-analysis as well as expert analysis of a reduced set of 
mobility projects. The final set of projects will be assessed using existing 
or future features of Mercury, subject to some constraints such as data 
availability, reproducibility, etc.
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European aviation is facing a number of challenges 
that need to be addressed in order to secure its 
sustainable and competitive advancement. To fully 
meet the mobility needs of the European Union's 
citizens and society, European air transport needs to 
be studied in a holistic context that accounts for other 
transport modes that link together with air transport 
(road, rail, waterborne). 

For this reason, in CAMERA we focus on mobility research initiatives 
across different transport modes in addition to specific ones that 
integrate aviation into their research. Bringing such an approach to the 
study of mobility can lead to finding innovative solutions to achieving the 
European aviation vision for the year 2050, as outlined in Flightpath 2050, 
and lead to meeting the rising demand of current and future travellers.

The CAMERA initiative thus focuses on developing automatic methods 
of first detecting projects of interest in an automatic fashion before 
analysing and extracting key challenges tackled in identified mobility 
projects. Techniques developed in CAMERA provide automatic tools 
for performing an assessment of research projects. Moreover, relying 
on artificial intelligence methods enhances the analytical capabilities 
of the frameworks for assessing and reviewing large datasets. In order 
to do this, a benchmark was developed (a performance framework) that 
sets a reference point for the assessment of mobility research initiatives 
as framed by key challenges for the future development of mobility. 
The challenges in the developed framework were presented through 
the use of key performance indicators, which are mostly manifested 
as measurable features of mobility systems with tangible targets that 
need to be achieved in the future transport system. These indicators 
were assembled across five thematic layers and cover key points in 
transport systems that include air travel: mobility supply and demand, 
mobility performance and performance of the air traffic management 
system, and resilience of mobility systems against disruptive events.

Motivated by the fact that we live in an era of digitalisation and 
information, passenger needs were a driving factor for defining these key 
challenges. The trends indicate that future air travellers will demand an 
even more personalised and seamless travel experience. In order to keep 
up with these demands, businesses will have to change their operational 
models and adopt emerging technologies and innovative concepts. 
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Commercial aviation serves the needs of both the individual citizen 
and society, and thus passengers should be viewed as highly influencing 
factors in the process of building the future vision of aviation. As 
Flightpath 2050 states, in 2050 "the passenger experience is paramount". 
Airports need to ensure rapid and efficient passing through security 
checks and boarding processes. Airlines need to provide comfortable, 
enjoyable and personalised transport while enabling passengers 
to stay connected throughout their entire journey. Moreover, the 
understanding that passengers' experiences start long before they step 
onto the aircraft hugely influences future prosperous business models. 
Passengers need to be informed about multiple aspects of their trip 
before, during and after the journey. Mobility service providers linking 
passengers to air transport will play especially crucial roles in providing 
an efficient and fast door-to-door experience. 

Initial exploratory analysis performed so far identified a set of 158 
mobility projects. The analysis was performed on a macro-level, 
exploring the projects' goals and assessing them in two ways: against 
the challenges defined in the performance framework and through 
automatic clustering of projects into nine different groups. Automatic 
grouping of the projects revealed a fairly diverse coverage of various 
research areas in mobility. The selected projects cover a number of 
crucial topics for mobility, such as innovative technological concepts, 
socio-economic and environmental aspects of mobility, sustainable 
development, and so on. 

The initial assessment of key challenges defined by the performance 
framework indicates the need for further research in several areas. 
Initial findings show that research into the resilience of transport 
systems, that places a passenger at the centre of those systems, is a 
mostly unexplored area. Closely following is research that focuses 
on passenger demands. Lack of knowledge in this area can be 
flagged as a critical gap in light of the importance of the passenger 
experience in shaping the future of European air transport systems. 
Finally, across the board, there is a need for more multidisciplinary 
research on mobility. The number of holistic research initiatives that 
simultaneously address various mobility issues should be increased 
in order for Europe to be globally recognised as providing a high-
level mobility experience and delivering excellent mobility research 
results. The findings derived so far will serve as starting points for 
further research in CAMERA. The next three mobility reports will 
deliver more detailed analysis of mobility research in Europe, with a 
comprehensive list of insights, observed trends, and recommendations 
for overcoming gaps and bottlenecks.
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