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Abstract

For smart mobility to be cosefficient and ready for future needs, adequate research and innovation (R&l)
this field is necessary. This report provides a comprehensive analysis of R&I in smart mobility and sémvices

Europe Oc’ \'nn nnh io ajggjrn oc’ h>ocj jgj ansport. " q°

Research and InnovatioMonitoring and Information System (TRAIS). The report critically assses research
by thematic area and technologies, highlighting recent developments and future needs.
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Executive summary

The report presents a comprehensive analysis of research and innovation (R&I) in smart mobility and services
in Europe in the last years, focusing on European Union (EU) funded projeidsntifies progress in several
thematic fields and technologies. It also highlights the relevant policy context and the market activities both in
Europe and outside

Policy context

In May 2017, the European Commission (EC) adopted the Strategic Trar®geearch and Innovation Agenda
(STRIA) as part of th “@p mj k= i o (Europedn QomatissiaiR0I74) \which highlights key
transport R&l areas and priorities for clean, connected and competitive mobB®HRIA includes seven
roadmaps on sevenransport priority areas aiming at a more integrated and effective transport system
across Europe and to make better use of innovation and new technology in transport. The r8&a&i#ap for
Smart Mobility and Servicefocuses on the assessment of emergingnart technologies and the impacts of
such technologies on transport and mobility systems and services.

Smart mobility systems and services have the potential to contribute to the decarbonisation of the European
transport sector A critical link exists beteen new technologies, services and transport decarbonisation.
However, policy and innovation efforts have focused on small changes to improve car technology rather than
on integrated transport and mobility strategies. Breaking this patpendency remains key innovation
challenge. Future transport and mobility services will need to be part of smart and sustainable city strategies
to improve urban resource efficiency, decarbonisation and ensure an integrated transport system.

New mobility and transport setices and systems are being created due to developmentmformation and
Communication Technologig$CT-enabled web, mobile and big data applications. Traditional automotive,
public and private transport models are being challenged as new players eenwith disruptive services;
blurring traditional demarcations between public transport and private mobility, including in the area of urban
logistics.

In October 2019, the European Commission published the second, updated version of the STRIA roadmap on
smart mobility and serwdes which builds on the 2017 roadmap and further develops the research and
innovation strategyjn close cooperation with EU member statasd industry stakeholdersThe Commission

will adopt a strategy for sustainable and smart maity in 2020 that will address this challengand tackle all
emission sources

Considering the abovehe analyses include in this reportare based on the targets and proposed actions set

in the latest version of the roadmap and aino support the further developmentof the roadmap by
assessing research carried out the specific area The analysis identifies the current state of play and
describes developments that future R&I initiatives should consider. The analysis is based on the European
>j h h d n TrahgporiResearch and Innovation Monitoring and Information System (TRIMIS).

Key conclusions

Focusing on selected EU funded projects starting from 2012 onwards, this report presents a comprehensive
analysis of R&l on smart mobility and services in Eurdpethe last years. The report identifies relevant
researched technologies and their development phase and highlights the relevant policy context and the
market activities both in Europe and outside.

Altogether, this report provides a comprehensive andtopdate review ofsmart mobility and servicesSMQ
R&I across Europe. Although with limitations (more notably, the lackember State S projects in the
assessment), findings and insights into the current R&I status and future needs, help the SVdrkig
Groups (V@ to better identify R&I activities and provides valuable informationSMO $akeholders.

Main findings

Underthe 7" Framewrork Programme for ReseardfP(j) and the Horizon 2020 Framework Programme for
Research and InnovatiorH2020) abop 0  b® has been invested in SMO research projects. This includes
O32h+ ja @P api _n mbofown contripuioms bbeneficiary organisations.

Atotal of 1,621 unique organisations participated in FP7 and/or H2020 projects on SMO. The vasitgnajor
the organisations involved focus on more than one transport mode, and all of them include multimodality in



their activities. Multimodal applications are the most popular followed by réhsport Rail, air and water
transporthave much less instazes compared to the two main ones.

In many projects a large number of organisations from various countries participate. Italy is the largest
beneficiary in absolute terms, followed by Germargven though arimbalanceexists betweenthe various
countriesin terms of SMO research, it does appear to be less profound when compared to the other STRIA
roadmaps.

Spending on SMO research under H2020 peaked in the first quarter of 2018. Multimodal transport received
the greatest interest, while waterborne transporéceives the smallest amount of funds for SMO research
amongst all modes.

From a text analysis on scientific research from the Scopus database, the humber of publicaiioB880 in
general has an increasing trend from year to year, with documentsrelstgd oc~> o mh ©°nh\ mo
from only 1 in 2010 to 150 and 127 in 2018 and 2019 respectivelpi o " m>  nodi bgt ' oc’ o
mostly used in Europe (7 ouwdf 10 countries areinthe EU r doc Do\l gt ] "di b oa _j
n"mgd”  » dn \i \'m\ ja m n \'m®»c m g\lo _ 0]j pm]\i
peaking in 2018 and 2019 with theUnited States (IS appearing by far the first in terms of publications,
followed by Germany and théJnited Kingdm (UK from Europe. The US, China and large EU countries
generally occupy the first places in terms ofmall and Mdium Enterprise SMB-related scientific
publications. A notable case that should be highlighted is the domain of urban air (Yraobility where the

EU presence is minimahnd the USis clearly leading. On the upsid&uropean countries are leading in the
domains of soft or active mobility and the concept of living labs. Both urban air (drone) mobility and living
labs are trending areas whta low number of outputs that offer opportunity for research.

The technology analysis highlightsudters that are researched iRrameworkProgrammes(FPs)at different
development phases. The concept of development phase as an indication of technolaiyityn has been
consolidated in the TRIMIS assessment methodology and is widely us#éus report. Three of the tofi0
technologies have been researched ovee tentire development phase iRPs Eticketing schemehas been
researched only at a researcphase, something indicative of the (still) low maturity of these technologies.
This is also the case fothe mobility services open platform concepésearched at research and validation
phase.Communication COMNI network for intelligent mobility, evidemebased road safety research, Eco
Drive app,Mobility as a Service Maa§ model, and car-sharing platform have beenalso researched
significantlyin implementation projects.

Among the top20 technologies, 12are linked to road transport, 6 to multimodal @ansport, 1 to aviation
(personal aerial transportation systems), 1 to rail (track side train presence alert) and 1 to waterborne
transport (Efreight systems). Communication network for intelligent mobility has received the highes
funding: almost half ofd 045 #th)@hrough two large scale H2020 projects.

Related and future JRC work

This report on research and innovation in smart mobility and services in Europe is one of the seven reports
that support the implementation of the STRIA roadmapke TRIMIS tea is consolidating and expanding the
data repository to better assess R&l efforts of projects not funded by the EU or MS. As part of this effort,
information will be added on technologies, patents and publications, and various other topics of interest,
induding on SMO TRIMIS will continue to provide support to STRIA aaded onits research, provide
recommendations to policymakers.

Quick guide

The report is structureas follows Chapter 1gives a brief introductioron SMOresearch. Chapter 2 provides
the scope of the report together with a methodological background. Giraptprovides the state of playnd
Chapter 4 the policycontext. Chapter Jrovides aquantitative assessment obmart mobility and services
related research and inn@tion. Chapter 6shows the R&l assessment, dividing smart mobility and services
research in fie subthemes. Finally, Chapterfrovides the conclusions.

mh
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1 Introduction

Smart mobility and services (SMO) have the potential to contribute to the decarbonisation of the European
transport sector. A critical link exists between new technologies, services and transport decarbonisation.
However, policy and innovation efforis the pasthave focusedto a certain extenton small changes to
improve car technology rather than on intedeal transport and mobility strategies. Breaking this path
dependency remains a key innovation challenge. Future transport and mobility services will need to be part of
smart and sustainable city strategies to improve urban resource efficiency, decarbémisand ensure an
integrated transport systemNew mobility and transport services and systems are beitrgated due to
developments ininformation and Communication Technologie€Ttenabled web, mobile and big data
applications. Traditional automotiveublic and private transport models are being challenged as new players
emerge with disruptive services; blurring traditional demarcations between public transport and private
mobility, including in the area of urban logistics.

In this context andn orderto better address current soci@conomicand environmentakhallengesarising
within a transport environment that is changing with constantly added factors of complexitgw
technological developmentand innovative approaches are requiredesRarch andinnovation (R&l)can
provide the answer to many issues arising through this changing readitfigring novel solutionso assistthe
mobility of people and goods, but it has to be supported by the appropriate policy framework that will act as
an enabler tavard this direction.

To this aim,the European Commission (EC) adopted the Strategic Transport Research and Innovation Agenda
(STRIAN May 2017as part of theVa@p mj k ~ | i o ¢, whicH lighlights mlaih ttahspdot R&I areas

and priorities for clan, comected and competitive mobility, covered by seven roadmaps focusing on seven
thematic areas including smart mobilifEuropean CommissipB017a):

Gonnected and automated transpo(CAT,)
Transport electrificatiofELT)

Vehicle design and manufacting (VDM)
Low-emissionalternative energy for transport (ALT)
Network and traffic management system@NTM)
Smart mobility and service€SMO) and

ax Ox ox Ox Ox Ox Ox

Transport mfrastructure (INF)

Nevertheless, new transperelated systems and servicegtroducedneed b be evaluated in terms of their
contribution tothe overall energy and ransport system sustainability. Hence, a&ffective monitorirg and
information mechanism is needed twupport the implemerdtion of STRIA. The BGint Research Centre (JRC)
has devebped the Tansport Research and Innovatidonitoring and Information System (TRIMiSprderto
provide support to the implementation of STRIA through holistic assessment of technology trends and
transport R&l capacities, publistransport R&l informabn and data onthe European transport system
(Tsakalidis et a).2018). TRINB received funding under the Horiz@920 Work Programme 2018017 on
Smart, Green and Integrated transpdEuropean CommissipB017b).

The 2017 SMO roadmajgEuropean Commisgin2016) was the result of an EC initiative to jointly develop a

dedicated R&lroadmap with the involvement of representatives of tlieuropean UnionEJ Member States

(MS)and stakeholders from industry, academia and authorities. In October 2@18econdrevised version

(European Commissip8019b) was publishedbuilding on the 2017 roadmap and further devglimg the R&lI

strategy. It is based on consultation with a wide range of European stakeholders and experts, including the
outcomes of two related eveonfi i \' h gt oc~ Apopm’ Hj ]dgdot ajm @pmj
Nom\ o> bd” Om\inkj mo M’ pwhichndbdle plateifrom 2827 NQvember A0[18 in Graz,” i _\ Y
Austria, as well as the STRIA validation workshop that took place on 15 2049 at the EC premises in

Brussels.

The revisedroadmap identifies severathallenges for integration of smart mobility systems and servicbat
also opportunities for innovation action targeting:

1. Development of sustainable and integrated smart mobhjlisystems connecting urban and rural
mobility services and promoting modal shift, sustainable land use, sufficiency in travel demadd an
active and light travel modes;



2. Design of effective operating models for integrating smart mobility with public tran$p@rvicesand
zero-carbon energy systems;

3. Fairaccess public digital infrastructure and mitity data management solutions;
4. Implementation of intermodality, inteperability and sector coupling;
5. Validation and integration of automategir and virtual mofility.

For eachof the abovethematic aeas, a package ofinnovationactions isproposedin order to address the
linked challenges. Moreover, the priorities for implementingse actions should focus on:

1. Increasing scale, scope and leverage of innovatation;
2. Managing and governing urban, rural and regibmebility systems and services;
3. Advancing sustainable system design, irdperability and sector coupling.

The present report supports this guess by assessing R&l in SM®ased on TRIMIS. It provide
comprehensive angsis of selected smart mobilityelated research projects that are financed by the"7
Framework Programméor Research(FP7) and the Horizon 2020 Framework Programme for Research and
Innovation (H2020) These findings an help transprt stakeholders, including polioyakers, regulators,
transport service providers, and standardisationdies in their respective domainsFurthermore, insights on
the current status and future needsan helpthe responsibleSTRIA working group (WG) to teetidentify the
status of R&l and potential performance indicators for the further monitoring and development of the
roadmap.



2 Methodological background

The main goal of this reprt is to thoroughly revievEUfunded projectselated to smart mobility systes and
services To do so, thre actions were necessary

1. The consolidation and further development of the TRIMIS project and programme database.

2. The development of a methodology for the identification and assessment of the technologies
researched withirFramework ProgrammedP3.

3. The conceptual framing for the project assessment.

Adescription of these steps is praded in the following sections

2.1 Database development and labelling

TRIMISontainsa continuously updated database of EU and ffaded programnmes and projects (currently

over 7,000) on transport R&I. Projects funded by the European FPs are retrievedghran automated data

link with the Community Research and Development Information Service (CORDIS), while projects funded by
MSs are insertedmanually by national contact poinfdut also by TRIMIS users on a voluntary basis. Project
inputs are then evaluated and labelleédccording toa series of criteria linkedto the STRIA roadmap
classification and then added to the database and publishedtbe TRIMISveb platform (van Balen et a.

2019).

An initial step is to identify those projects it fall within the SMO roadmap. The scope of the Ské@dmap

was defined by thenitial STRIA roadmapnd amended by the revised 2019 versiorrafisportexpats with
knowledge 6 the various aspects of smart mobilitand with a deep understanding of all SRIA roadmaps
manually labelle the projectsaccording to the STRIA roadmap classificati@Qonsidering that many projects
covervarious elements within theraart mobility domain only those projects that car a considerable smart
mobility research component in the project degition were assigned to the SMO roadmap. Alternatiyely
project can also be assigned to multiple roadmaip# covers aspects alsdalling within the domains of other
roadmaps An oveview on the extent to which SM@rojects overlapwith other roadmaps is presented in
Figurel. It isbased on 293FP7 and H2020 projectthat were assesse@nd shows how often the keywords

ja “\'~c oc h° r-m’ o "o _ #g ao cjmdujiolg ]\ mn$
combination of keywrds occurred (vertical bars). The experts also assessed several other aspects of the
projects includingthe mode of transport and geographical focus of the project. Through discussions and
inter-rater reliability assessments, the qualiof the labelling wa assured.

Figure 1. Overlap between smart mobility and services projects vather STRIA roadmaps

1504

136

Number of projects (per combination)

ML 5 o 6 .
: 1 @3 22211 11°2111113
0 — B _ -
T
T
VDM
ELT
INF
CAT
NTM :
sSMO @
300 200 100 0
Number of projects (Per roadmap)
®* Low-emission alternative energy for transport (ALT); Transpéeteification (ELT); Vehicleedign andmanufacturing (VDM)Connected and automated transpdi€AT);

Smart Mobilityand service{SMO), Netork andtraffic managementsystems(NTM)Transport mfrastructure (INF).

Source: TRIMIS.



2.2 ldentification and assessment of the technologies researched within
Framework Programmes
One of the subtasks of TRIMIS is the creation of an inventory and regular reporting on new aretgny

technologies and trends (NETT) in the traogpsector (Gkoumas et a).2018). To this aim a framework for
the taxonamy, assessment and monitoring of NET§ proposed(Gkoumas and Tsakalidi2019), which

supports innovation management at variousviels, thus providing insight§t o c ° n>-"~oj m#¥Bn nol\ f~

researchers, business operatorslJ andnational authorities and policymakersyvhile backing the current
om\inkjmo ntno  thmwdgh techmologita jadwdntes. dhei TRIMIS N&alysis currently
focuses on technologies researched in Europeais, Fpecifically FP7 and H2020 gexts from the TRIMIS
database.Figure2 provides an oerview of the methodology used for the technological assessinef the
projects

Figure 2. Technology assessment methodological steps

Technology Technology
theme

assignment

Data collection Technology Technology = == =

assessment

and filtering identification categorisation

SourceGkoumas et al., 2019

2,242 projects fall within the scope. Within these projects, 797 technologies were identified within 45
technology themes throgh a Grounded Theory apgach (Glaser and Straussl967). An iterative approach
led to the development of a consistent taxonomy for transport technologies and technology themes.

Hrst, the results of a study that identified technologies within Europeeansportresearch project§INTEND

2017) were analysed by three researchers who have complementary experience in the field of transport
innovation and who have individually assessed the technology list. Based on this review, the researchers came
up with astandardised approach on what constituted a distinct technology and how to label them.

Following this approach all 2242 project descriptions were read and flagged when a technology was
mentioned. This filtering exercise was required becausefiliided piojects also cover nottechnology
focused projects. Once a technology was flagged in the project description, another researcher would validate
the flagging andrecordthe technology name.

In a next step, the full list of technologies was evaluated, and tladelling of similar technologies was
aligned. The labels were inspired by existing taxonomies, such as those under the Cooperatve Pa
Classification(CPC2019).

When the technology list was established, a number of overarching technology themasglefined. Themes
enable a better understanding of how technologies cluster together and which fields of research receive
relatively greater interest. An extensive list of themes was created and consequently reduced to the minimum
number of themes under whitall technologies could still be logically placed. This process led to a total of 45
themes.

Moreover all projects were assesskeon whether they focused on SM® so, the associated technologies and
their themes were highlighted. The funds associatedhwéach technology were determined by linking them
with the total project budget. If multiple technologies were researched in the project, the budget allocated to
the technology of interest was determined by dividing the project budget by the number cbasted
technologies. The limitations of this attribution approach are acknowle¢ddmd it is considered to be
transparent and appropriate in the absence of technoldgydget reports.

Finally, a set of metrics was established to assesise 44 techndogiesidentified within the SMQoadmap.
These metrics are intended to indicate the potential for the technology to be taken forward to application
through the level of support for its development.

(



2.3 Project assessment

Using datafrom the TRIMISlatabase recentprogrammes that have funded research in topiedated to SMO
have been identified. All relateprojects within the last twd-Ps FP7 and H202(have been included.

The subthemes of this roadmap were selected according to the roadrsgmrtfolio of propsed actionghat
were introduced in the 2019 SMO roadmap version amdre presentedin Chapter 1. The suthemes are
analysed in detail in Chapter 6nder them™ k j m asgassmihtBY adopting this clusteringt is possible to
assess Ré&l findings foaing on specific areas of interest, give ideas on which areas have been left out until
now, and compare developmenta.complete table of all projects considered in this report, including the sub
themes that they are relevant to, is included in Annex 1.

2.4 Research scope

Each chapter of this report agsses SMO R&l from a complementary perspective, with a research samghe
timeline that is adjusted accordingly. Table 1 highlights the approaches used in various parts of the report to
facilitate understanding ad interpreting the results.

Table 1. Research scope of each chapter and section.

Chapter (section) UJTES O.f
analysis
Chapter 3: State of play Ir_;tveigf’ure Review of trends and business initiatives
Chapter 4: Policy context Literature Review of policy initiatives, focusing on the EU
review
Chapter 5, section 1 and 2: Statistical Covers FP7 and H2020 projects that commenced
Quantitative project analysis analysis between 2007 and 2019
Chapter 5, section 3: Statistical Covers FP7 and H2020 projects that developed a
. analysk technology between 2007 and 2019
Technology analysis
Chapter 5, section 4: Bibliometric | Covers publications withithe SCOPUS database
Chapter 6: Qualitative analysis Pmoject reviews | In-depth analysis of FP7 and H202frojects that
commenced between 2012 and 2019




3 State of play of smart mobility and services

Digitalisation and ICT developments facilitate the operation of shared anddemand mobility services
through red time information and algorithms based on big data. Mass public transport systems also benefit
from the application of digital and ICT solutions to enhance operations, payment systems and user
information. In turn, these technological advances allow fofuather integration of the emerging mobility
services with optimised public transport services and raise potential for the provision of a seamless transport
system based on the mobility as a service (MaaS) concept, which may represent a real altermapvedte
vehicle ownership. This new mobility paradigm could lead to a reduction in the number of vehicles overall and
traffic levels by increasing vehicle occupancy. This would bring significant benefits in terms of less
congestion and less pollutant essions, less need for parking space and cost reductions for users. At the
same time, the likely increase in fleet vehicle turnover derived from sharing business models may facilitate
the adoption of cleaner and smarter vehicle technologies such as automhat®nnected and alternative
fuelled vehicles. With regds to electric mobility, digélisationand ICTbased developments can facilitate the
smart integration of electric vehicles into local energy grids and systems.

As of October 2016, car sharing sepgs were operating in Europe with aroundndllion members sharing
over 60,000 vehiclegShaheen et a].2018). Car sharing services differ from traditional car rentals in that
they provideusers access to a car on a recurrent basis. Several business raduele emerged including
traditional roundtrip, oneway and freefloating, peerto-peer, and fractional ownership. A similar concept is
applied to bikes, scooters and motorcycles. Bike sharing platforms, either sthtieed or dockless, are
becoming inaeasingly popular in many urban areas.

Innovative mobility services are not only about sharing vehicles but also about sharing trips. The use of car
pooling for recurrent or long journeys planned in advance has grown significantly in recent years with the
widespread use of specific apps boosting the number of matching options for users. However, the most
obvious result of transport digitalisation is the uptake of a wide range of mobility services accessed on
demand with real time information. Ride hailipgatforms are generally used for noishared rides operating
similarly to a taxi, although these increasingly incorporate shared options. When rides or trips accessed on
demand are shared between different individuals or different parties and paid separathly are generally
referred as ridesharing services. Such services may use vehicles of different capacity, from passenger cars or
vans to minibuses or larger buses. The latter are sometimes named derrasgonsive transport (DRT) and
may offer a better dternative to fixedroute buses where there is low density of transport or when users
have special needs.

Generally, shared and edemand mobility services are still in the early stages of development as their
uptake is often hampered by existing market ass restrictions (e.g. limits on licenses for new mobility
services). Currently, ride hailing playemsostly based in China and the United Statg$S) are dominating the
di~"dkd io h\mf o ja diijg\lodg" ™ hj] dd éonuch smaliegahd ~ n)
leans towards car sharing with a more fragmented landscé@eosseOphoff et al, 2017).

Digital and ICThased solutions for mass public transport are already being applied in many cities and regions
around the world to optimise trdfc management and traveller support. Automatic vehicle location and
communication technologies can be used to improve the quality of services by optimising routing and
scheduling, and by feeding reéime information into various passenger information amaels. This also
encompasses intelligent traffic lights and priority schemes for buses and trams.

Hectronic and integrated ticketing of public transport services allow for multimodal payment with specific
smart cards or, increasingly, with contactless ditecards or mobile applications. The latter open the
possibility of further geographic integration, even an -llitle payment system(European Commission
2019c). At the same time, electronic ticketing systems can provide rich data on travel behaviour) vehic
increasingly used to enhance planning and operations of public transport systems.

The MaaS concept results from the convergence of multimodal journey planners, integrated and electronic
ticketing, and emerging mobility services based on ICT developsn®aaS can be defined as the integration

of various forms of transport services, including shared anddemand operations, into a single information
platform and a single booking and payment channel. Several MaaS schemes have emerged in recent years
with different levels of integrationKamargianni et aJ.2016). Whim, initially deployed in Helsinki, and UbiGo

in Goteborg are often quoted as pioneering examples of the implementation of the MaaS framework.
Companies attempting to offer mobility as a séce or single ticketing systems also have to manage the
expectations and different business models of transport operators that they want to include in the service.
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This framework demands new governance models with further collaboration between public avatep
agents, andappropriate data managemerpolicies.

Gonnected and automated vehicles will also revolutionise the transport market in many ways. Driver
assistance is already incorporated in many new vehicles sold in EuropedBeilig vehicles are auently
being tested and are expected on the market between 2020 and 2030, while fully automated vehicles should
arrive as of 2030(European Parliamen2019).

Manufacturers and suppliers are allocating a significant part of theisearch and developmerfR&D efforts

on connected and automated drivinACEA2020). In the coming years, the market for connected and
automated vehicles is expected to grow exponentially, creating new jolas dewveloping profits of up to
3620 bn by 2025 for the EU automotivendustry (Alonso Raposo et aR018).

Digitalisation and automation will also bring disruptive changes to freight services. A clear application of
connected and automated driving support systems to freight is the possibility to form truck platoons by
linking two or three trucks in a convoy. Truck platooning leads to significant fuel savings and less road
congestion, with a more efficient use of existing road capacity. A recent roadmapthlby European
Automobile Manufacturers AssociatioAQER states that by 2023 it should be possible to drive across
Europe on motorways with muttbrand truck platoongACEA2017).

Cther developments in electronically tagged cargo, connected infrastructure and artificial intelligéxige
applications in logistics will alle for a transition towards automated and optimised freight services both at
the transport and the terminal segments of the supply chain.

While the development of drones was initially motivated by military applications, the civil use of drones or
unmannedaircraft systems (UAS) is increasing year by year. According to a recent survey of drone users and
manufacturers(Drone Industry Insight2018), surveying is by far the largest civil use of drones, followed by
inspection, filming and photography, and mtming and surveillance. These applications are already
benefiting many sectors such as energy, agriculture, environmental protection and emergency management.
Current uses are mainly those that can operate at very low airspace levels, within the linglof sf the
remote pilot and out of populated area3argetedsafety regulations may allow for widespread applications

in the delivery of goods or even in the transport of passengerse TBe of Aland automated navigation
systems opens the possibility afutonomous drones with multiple additional applicatio®ecurity issues still

exist, considering thesubstantial data exchange betweetJAS and ground stations. The optimal secure
communication (drong¢o-drone and drondo-station) is an open research tapiwith different methods
proposed, including the use of blodkain(Bera et al,2020).

The European drone marketplace is promising. The total annual valvein. 0 dn ~nodh\ bon _ \ o
\ i _ j 1% bnnanndally by 2050 (SESAR2016). Civil applictions, including commercial services, are

expected to generate most of this valublevertheless, there is a need to better define use cases in Europe,
where drones could and could not be an appropriate option for deployriatambout et a].2019).
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4 Policy context

4.1 Smart mobility and services in European transport policy

There is a need to substantially reduggeenhouse gasGHG emissions economyvide in order to mitigate
climate change. Transport emissions are a significant proportion of these (ar@1md) andin 2017 were
28% above 1990 levels, despite a decline between 2008 and 20{BEA 2019). Because of this,
decarbonising transport systems is a key part of European policy to mitigate the effects of climate change.
Thetransport White Paper 0f2011 sets a target to reduce trasport GHG emissions by about Z0(relative

to 2008 lewvels) by 2030 and by at least 6% by 2050 (relative to 1990 levels) (European Commission,
2011). In addition, the European Green Desaglts out the objective of climate neutrajitby 2050, which has
as prerequisite the reduction of transport emission&uropean Commissipn2019a). The transport
decarbonisation challenge requires the adoption of low carbon vehetértologies and fuelshe optimised
use of transport and changesiitravel behaviour in terms of significant modal shifts towards more efficient
transport services. Other objectives of the White Paper are the reduction of transplated externalities
(congestion, air pollution, noise, accidents, etc.), and the aciiere of a resourceefficient, affordable and
accessible transport systenifThe Commission will adopt a strategy for sustainable and smart mobility in
2020 that will address this challenge and tackle all emission sour(Earopean Commissipf019a).

Digitalisation, automation and IGbased developments applied to transport have a high potential to
integrate energy, infrastructure and mobility systems and bring new paradigms of travel behaviour and
transport operations. Data colted from these ICT tools haa massive potential to improve the planning of

transport infrastructure and optimise the operation of mobility services. Neverthelesseding on how they

are implemented, disruptive technologies could exacerbate transport externalities. For exampleavel

time savings delivered by a fully connected and automated transport system could stimulate additional road
transport demand and increase trip lengths, as well as displace conventional public transport. This would lead

to increasedurban sprawl ad congestion, without other policy actior®c =~ pn~ ja _mji n ajm ©
hjl]dgdot» h\t g\ _ 0] n\a ot dnnp " n \i _ “s”~ " nndq gt
not properly regulatedTherefore, active policies in this fielchsuld not only promote technologies and

service innovations but also ensure that they contribute towards a low carbon, efficient and accessible
transport systems in line with White Paper goals. European policy in this field has focused on facilitating a
common market for the development and largscale deployment of Connected and Automated Mobility

(CAM) as part of the Digital Single Market (DSM) strat@gyropean CommissipA019d).

Tc° >jhhdnndji *%n <poj h\ o  _ Hj] dgd blished\as pait af théd rmobility> J H# - + |
package of May 2018 (Europe on the Move lll) sets the policy framework for the-tgkef automated and

connected mobility. As part of this strategy, the Commission will keep providing financial support to stimulate

private investment in the development of technologies and infrastructure linked to automated and connected

mobility. H2020 research funds in this area for 2018020 will focus on large scale demonstration pilot

projects for passenger cars, freight transport opeaats and shared mobility services in urban areas, and on

5G connectivity. In addition, Connecting Europe Facility (CEF) funding will support the digitalisation of road
infrastructure across the EU.

The ITS Directive {Directive 2010/40/EU} sets the legaihrfework for the deployment of Intelligent Transport
Systems (ITS) in road transport to ensure a coordinated implementation of ITS in terms of the compatibility,
interoperability and continuity of ITS solutions across the EU. The ITS Directive also setsbemof policy
measures to support accessibility of Bide multimodal travel information for ITS users. The Commission is
also currently in the process of developing a Delegated Regulation to facilitate the uptake of Cooperative
Intelligent Transport Syems (CGITS) across the E[European CommissioA019e).

The European policy regarding Kb&ised shared and omlemand mobility services is less explicit but this
issue has been embedded in many recent EU transport policy frameworks and programmes. Fqulexdue

Low Emissions Mobility Strategy {COM(2016) 501} underlines the important role of shared mobility schemes,
such as bike, casharing and caipooling, to reduce congestion and pollution as part of a sustainable urban
mobility planning. The 2016 resiv of the implementation of the White Paper on Transport {SWD(2016) 226}
also noted the increased use of shared mobility services under a broader trend for collaborative economy
and highlighted the application of big data and ICT tools to new business isaafeintegrated and optimised
mobility services. A number of innovative mobility solutions have been tested and implemented in many
European cities under the CIVITAS initia(i@évITAR020).
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New business models are emerging in the field of urban mapiland giving rise to innovative mobility
services, including new eline platforms for carpooling, car or bicycle sharing services, urban freight
services or smartphone applications offering rethe analytics and traffic information(Desruelle et aJ.
2019). Thesebusiness models have led to some legal issues. One of the main questions is whether to treat
companies offering these services as platforms and/or transport operators, which has implications for the
applicable labour law and for ensuring lavel playing field with existing mobility services (e.g. taxis). In the
absence of EU legislation in this area, these services are regulated by national and local authorities.

The communication on the civil use of remotely piloted aircraft syste {CONP014) 207} sets a European
strategy for the development of a common market of drone services and aircraft, and received the
endorsement of the aviation community through the Riga Declaration. The strategy acknowledges that
fragmented safety rules for dronebased on ad hoc operational authorisations hampers the development of
large-scale tests and services. Very recently, this restriction has been relaxed through the adoption of a
common European regulatorydmework for drones. ThEommission in close coopion with EASA adopted

an Implementing At to regulate the operations UAI®B Europe and the registration of drone operators and of
certified drones. The regulation will become gradually applicable within a year of publication. Safety rules will

apply to dl dronesunderarisf \' n°> _ am\h rjmf ]t “no\]gdncdib ocm ~ A
Yank " "dad”™ % \i _ ¥ " modad® %$ rdoc _daa mio n\la ot m I
4.2 Smart mobility and servicesinnon -2 ol i j _[h ]Jiohnlc_m¥% jifc]

The potential benefits of smart mobility in terms of safety, cost, efficiency, and global competition are
significant. As such, industrialised countries are competing to become forerunners of the smart mobility race.
In all areas related to smart mobility,@yernments are challenged to adapt current regulations to disruptive
changes and to promote innovation in vehicle developments and mobility services in a rapidly changing
environment.

The area of connected and automated mobility is where the global raceréhably more obvious. Based on a
study commissioned by the nited Kingdoni% fUK) Society of Motor Manufacturers and Traders (SMMT)
(2019), the UK scores best in a connected and automated vehicle development index taking account of
enabling regulations, mabling infrastructure and market attractiveness. The US follows the UK very closely in
second position, whereas Japan and China occupy thieafd 8" position, respectively, after European
countries such as Germany or the Netherlands.

In the US, testingf automated vehicles has been taking place for years led by Silicon Valley companies. A
result of this is the first commercial business model with autonomous vehicles in Arizona launched by
Waymo, a spinoff from technology giant Google. Nevada was thst fitate to authorise the operation of
autonomous vehicles in 2011. Since then, 21 other states have passed legislation related to autonomous
vehicles(NCSL2020). California, for example, has passed state level approval for driverless vehicle testing
with no safety driver present. The United States Congress is discussing a bill for @8e& Act, which would
prevent states from enacting laws regarding the design, construction, or performance of highly automated
vehicles or automated driving systems @sls such laws enact standards identical to federal standards
(United States Congres2017).

Testing with connected and autonomous vehicles is also taking place in China, Japan and Singapore. China
has already adopted a plan to set up a preliminary standiaaystem by 2020 and several roads in Beijing

have been designated for autonomous driving tests. Japan has identified autonomous driving as a key
innovation and has considered policies related to liabilities, driving licenses and cybersecurity laws.dgéngap
has introduced an amendment to the Road Traffic Act, which now recognises that motor vehicles do not
require human drivers, making it the first country to widely facilitate autonomous driving at a large scale.
However, a qualified safety driver is dtiequired to take control of the vehicle in an emergency.

Shared mobility services are globally led by ridiling companies, which are challenging incumbent services
such as taxis in many citieworldwide. In the USmarket leaders Uber and Lyft have mbined net revenues

of $13 bn (McKinsey & Company018). The Chinese company Didi has an estimated 5%&dlion users in

over 1,000 cities(Zhang 2019) and has recently entered countries such as Brazil, Mexico, Australia and
Japan. The rapid growth of ridhailing services has taken by surprise many transportation agencies and city
councils around the world. Some of the common concerns are related to working conditions and possible
negative effects on congestion and air pollution, due to a lack of regolatdf the vehicles used. In the US
some steps have been taken to regulate these services, ranging fromtmeifees in Chicago to caps on the
number of vehicles in New YorPanktratz et al.2018). Based on the Wuiversity of CaliforniaBerkeley
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Carshamg Outlook 2018(Shaheen et a]2018), Asia is currently the largest car sharing market with around

nine million users in 2016 and with an average yearly growth rate of around 100% from 2014 to 2016. In
North America, the uptake has been more gradualhe tast years and reached around two million users in

2016. Car sharing services are still in their early stages in Latin America and Africa.

As public transport is becoming a datdriven sector, new mobility players are emerging, and smart and
integratedticketing is being adopted in many cities worldwide, public transport authorities are increasingly
adapting their governance structures and expanding their activities beyond their traditional role to become
urban mobility providerqUITR 2019). The San Fncisco Municipal Transportation Agency, for example, is
transforming itself into a mobility manager, with responsibilities on bike sharing, car sharing, ride sourcing,
shuttles, parking and curb accegSuropean Commissip2018).

Regarding the use of dmoes, new applications for passengers and goods have been recently tested in North
<h " md~\ \i_ <nd\) <h\uji%¥n Kmdh™ <dm \i _ Bjjbg" %n
some locationg(Vincent and Gartenber@019). In addition, droneaxis have been tested in the U&urley

2019) and Asia with European technologyVeiss and Nicola2019). Theincreased use of dronedas
presented many countries with regulatory challengékevush 2016). The International Civil Aviation
Organisation ICAQ has developed a UAS ToolKICAQ2020) to support the adoption of safety regulations

for UAS. At the same time, most developed countries have either adopted specific legislation or implemented
temporary provisions on the operation of drondtevush 2016). The European Commission, adopted
common EWwide rules for the technical requirements for dronéSuropean Commissio8019f, 2019g). The
implementation of these rules across the EU will set the limits from a safety perspective, and, at the same
time, will provide the framework that will help foster investment and innovation, allowing seamlessly drone
business development operation. The new rules will come into force as of 1 July 2020 and include technical
as well as operational requirements for drose
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5 Quantitative assessment of SMO research

This section will display an analysis of research carried out under the EU research funding fram@hwerkK

was still a member of the European Union in the period covered by the analyses, and therefore thelis re

are included in the report. Furthermore, the UK continues to participate in programmes funded under the
current 20142020 Multiannual Financial Framework (MFF) until their closure

5.1 Framework Programmes analysis

Under FP7 and H2020 ] j [ bn h& been invested in SMOresed ¢ kmj e ~ on8yOmEEUn di ~gp
api _n \ i130m df gwp entributions by beneficiary organisations.

Figure 3 shows the aggregated funding statistics since 2008, assuming that project funds are dgeaally
through time. The figure shows an increase in funding under H2020 compared to FP7. Unlike other roadmaps,
most research is focused on multimodal transport, which is indicative of the holistic approach towards
modality that is propagated in the pjects and roadmap as a whole. The air transport research projects are
mostly focused on applications of drones in an urban context.

Figure 3. Daily research funding by transport mode.
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Source: TRIMIS.

The daily funding peaked in the first quant of 2018\ o \ k k mj 358,000. & funding f@ecast is also
provided, based on projects that were awarded by August 2019. As there are still open H2020 calls, it can be
expected that the final funding will be higher.

5.2 Geographical and organisation analysis

A total of 1,621 unique organisations participated in FP7 and/or H2020 projects on SNgOre 4shows the
top-15 beneficiaries with the total amount of funds received and their research focus in terms of transport
mode.

Some organisations focus exclusively MO research in one mode of transport, whereas others conduct
research across modes. Of the telb beneficiaries, 12 are active in road, 6 in rail, 15 in multimodal, 6 in air,
and 1 in waterborne transport.

https:/www.gov.uk/government/publications/continuekt participationin-eu-programmes/etfundedprogrammesunderthe-
withdrawalagreement
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Figure 4. Top15 SMO funding beneficiaries.
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The top15 beneficiand > n m™> A~ d g _96m df fumling which isappgokimat@ly1% of the total
SMO funding budgetTherefore, he funds are not very concentrated and benefia large number of
organisations.

Hgure 5 provides a deeer look nto the geographical spread of the fuls. Several beneficiaries iBermany,
France and Belgium receive a large part of the funding, as indicated by the size of the circles. In terms of
number of organisations, it appears that Italy is well reprased. Organisations from the EWU3 receive a
smaller share of the funds.

One remark is that the spending of research funds may happen in a different location than where a
beneficiary is registered. Such could happen when pilot studies occur at differées.sthe map does
however provide a reasonable approximation of where resources are allocated.
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Figure 5. Location of SMO funding beneficiaries.
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5.3 Country analysis

An assessment of FP7 and H2020 SMO reseaichterms of funds received by amtry, based on the

] i ad®d\md " n% \ _  m nn n' ncjrn oc\o Dolgt dn oc” g\
(see Figure 6)Even though arimbalanceexists betweenthe various countriesin terms of SMO research, it

does appear to be ks profound when compared to the other STRIA roadmaps.
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Figure 6. Shares of SMO fundin@y country

Source: TRIMIS.
Figure 7 provides a more detailed overview on SMO research funding, showing the totalra of funding

received per countrysplit by male of transport. The figure also highlights that there are fewofsund
differences between countriewhen it comes to the mode of transport that is researched.

Figure 7. SMO funding by countyyncluding division between transport modes.
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In many projects a large number of organisations from various countries participate. These caeltais can
be aggregated atountrylevel to show which countries work most often together in the field of SMO.

FHgure 8 shows the most common links by higghting those collaboratins between organisations from
European countriethat occurred at least 250 times. This means for instance that if in a project one Spanish
and two Austrian organisations collaborate, the link between Austria and Spain gaitteragth of two. These
counts are accumulated for all projects. The colours are indicative of the country, whereas the width of the
cords is indicative of the number of collaborations.

Ten countriessurpass the barrier of 250 organisational collaboraitis. Organisations from other countries
also actively collaborate, but these ties are not visualised as they do not surpass the barrier. The analysis
therefore focuses on absolute, rather than the normalised performance.

Afew observations can be shade Unsurpsingly, the larger Europeatountries are most visible in this chart.
Organisations from Belgium are also strongly present in the collaboration netwbnking with many
different countries Such can be explained by the presence of many Brussels basedcaations in the field
of transport and technology.

Figure 8. Chord diagram on collaborations in FP7 and H2020 SMO profactountry

Source: TRIMIS.

Additional analyses can be found in the dedicated TRIMIS publications on R&I capacity in smaittynixduil
Balen et al.2018) and the TRIMIS annual database assessment regesih Balen et a).2019). The TRIMIS
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online platform provides a dynamic dashboard with more information and updated insights for the users

(European CommissipR017b).

5.4 Technologies identified in the SMOroadmap

The analysesprési o~ _  aj “pn j-+ +&c o | qgi nmy gnght BMQ rdadmap. dhk aadial _

structure of Figure 9 highigon oc”™ f t h- o¥Wdd n™ ¢iaj @jcbd Yam) k

Figure 9. Top20 SMCtechnologiesn FPs
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Bars not in scale. Abbreviatis: COMM Communication MaaS, Mobility as a Service; 10T Internet of Things; GNSS Global
Navigation Satellite System; eMaaElectromobilityas-a-Service The figure is developedsingthe interactive tree of life(Letunic
and Bork2016).

The metrics analysed in this case are:

0 °Q\gp” ja kmje ~on»5 oc"’ ojo\g q\gp” ja \gg
investment, by both the EU and industry, in the developmenthef technology);
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0 °lph] " m ja kmje “on»5 oc iph] " m ja kmje ~on oc\o

0 °lph] " m ja jmb\idn\odjin digjgg  _»5 oc” iph] ™ m ja

have researched the technology;

0 °lph] " m j anbkmdelddnpip \m digjgq _ di»5 oc"’ ojo\g

(identified as having been involved in projects researching the particular technology) have been involved
in.
The first two metrics highlight the combined effort that has e put into the technology, while the third and

the fourth proxy the level of interest in the technology in industry and academia, indicating the available
capabilities to bing the technology to markeSome highlightof theseanalyses follow below.

Amorg the top20 technologies, 12are linked to road transport, 6 to multimodal transport, 1 to aviation
(personal aerial transportation systefis1 to rail frack side train presence alértand 1 to waterborne

transport Efreight systemg. Communication netark for intelligent mobility has received the highest
funding: almost half of it &5 m) through two large scale H2020 projects (S3@OBIX and 5&ARMEN).

Although with limitations linked to the approach followed for clustering technologies in technologmeis

and building a taxonomy, the exercise of linking several technology metrics with organisational data can be
useful for identifying technology value chains, including opportunities, as well as providing indications on
overspending and inefficiencies the future, efforts will be made to have a better coverage of technologies
researched within projects, indexed in higher aggregation levels.

In addition, the technology maturity was assessed for all technologies researched within the projects. The
assesment is based on the technology readiness levels (TRLs), a method for estimating the maturity of
technologies during the acquisition phase of a program, developed by the US National Aeronautics and Space
Adminn om\ odj i # | < N ¥able 2dprovidesche descfiftion #on g@ach of the nine TRLs, as taken
from Annex G of the Horizon 2020 work programme (832020) (European Commissip2017b) and the
corresponding development phases used in TRIMIS.

Table 2. Technology readiness levels (TRLS)

TRL

level Description TRIMIS development phase

TRL 1 | Basic principles observed
Research
TRL 2 | Technology concept formulated

TRL 3 | Experimental proof of concept
Validation
TRL 4 | Technology validated in lab

TRL 5 | Technology validated in relevant environment

Demonstration/prototyping/pilot

TRL 6 | Technology demonstrated in relevant environment .
production

TRL 7 | System prototype demonstration in operational environmer

TRL 8 | System complete and qualified Implementation

TRL 9 | Actual system proven in operationahvironment

Source: Horizon 2020 work programme (Z2020), Annex G

The European Commission advised that-fedded research and innovation projects should adopt the TRL
scale in 2010; TRLs were then implemented fo2A20 (Héder 2017), although in pratice TRLs are not
consistently assigned to all H2020 projects. TRLs are based on a scale from 1 to 9, with 9 being the most
mature technology.
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As can be seen in Tabt in TRIMIS, the nine TRLs have been consolidated into four development phases:
reseach, validation, demonstration/prototyping/pilot production, and implementation. These are used to
monitor and describe the maturing of each technology in a similar way to the original TRLs.

Figure10 presens the deelopment phases of thedp-10 researchedSMO technlmgies in FPs. Three of the
top-10 technologies have been researched over the entire development phasesirEfieketing schemehas
been researched only at a research phase, something indicative of the (still) low maturity of these
technologies. This is also the casér mobility services open platform concepésearched at research and
validation phaseCOMM network for intelligent mobility, evidenrbased road safety research, Edarive app,
MaaS modeland, @r-sharing platformhave been resarched significantly also in implementation projects.

Figure 10. Development phases of the teft0 researched SMO technologies in FPs.
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5.5 Analysis on scientific research

Theobjective of thefollowing exercisds to mark the evolution of peereviewed scientific publications in the
area of smart mobility research in the last years, providing also a perspective beyond Europe.

The Scopus citation database for scientific reseatchas been usedfor the exercise Considering the
broadness of thetopics addressed in the STRIA SMO roadmap and the overlapping of keywords with other
STRIA roadmaps (more notably CAT and NTM), it was found more appropriate to focus on specific topics that
can be linked directly to the SMO roadmap, instead of focusingtlan evolution of the topics addressed
within the fve SMOsuw ¢ " h" " n) Do ncjpg_ ] j]l]n mg _ oc\o njh"’
appear to be coined specifically for the roadmap or are simply forward looking. For example, the expression
"indvidual public mobility" does not appear in the Scopus database, whigmple search using a popular

web search engine provideshly 186 results.

The complete list of regular expression (REGEX) used is reported in ANNEX 1Tatid@& provides a
couplng between the STRIA SMO sthiemes and some of the expressions used in this exercise. Considering
the difficulty in defining REGEX and the not satisfactory results obtained, it was decided to not provide
findings for the 4" sub-theme.

2 WWW.SCopus.com
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Table 3. STRIA S®sub-themes and scientificesearch terms.

STRIA SMO sttheme Expressions

1. Development of sustainable and integrated smart mobility systems connec Carpeeling

urban and rural mobility services and promoting modal shift, sustainable land| Rde-sharing

use, sufficiency in tvel demand and active and light travel modes .
Car-sharing

2. Design of effective operating models for integrating smart mobility with pub| Mobility on demand

transport services and zeroarbon energy systems . .
P 9y sy Mobility as a serwie

3. Fairaccess public digital infrastructure and mobility data management

solutions Mobility data
4. Implementation of intermodality, interoperability and sectoupling Soft (and active)
modes
o ) ) ) ) . Drone mobility
5. Validation and integration of automated, air andtuial mobility o
Living labs
Source: TRIMIS.
<i didod\g n>\m”A~c aj ~pn’ _ | i Figue'llspows thejnamber of’itemse = mh ©° n

published (documents) between 2010 and 2019. Considering the low number of journal paper, (iLB&s

decided to extend the search including other sources (conference papers, book chapters etc.). Thus, the total
number obtained for theentre 24 "\ m k>  mdj _ dn 1+/) Do ncjpg_ ] ijo _
hj]dgdot » r-é&isenfingthe databasd. j i

Asit can be observed, the number of publication has increased significantly, from only 1 in 2010 to 150 and
127 in 2018 and 2019 respectively.

Figure 11. Overview of number of documents on Smart Mobility in the period 2119 (left) and document type

(right).
700
127
. 600
2 500 150
s 400 123
2 300 l
E 200 - &
=
100 42 mm
1 6 13 21 =
0 o =
2011 2013 2015 2017 2019
2010 2012 2014 2016 2018 = Conference Paper Article
_ = Book Chapter s Conference Review
Year = Other

Source: TRIMIS elaborations based on Scopus

Looking at the country breakdown (Figure)l2nd focusing on the tofd0 countries, interestingly, the term
°nh\mo hj]ldgdot» dn |offldagntries aren the EQ with i@}y inging the dérdinarnt p o
one). This can be explained, since the term has been used extensively in the first decade ofthertlry in
Europe, in the context of Smart Citi€Giffinger et al, 2007).
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Figure 12. Overview of number of docuemts on Smart Mobilityaccording to the country of origim the period 2010

20109.
W ltaly B Spain B United States B Germany B France
B Japan B Netherlands M United Kingdom M China B Portugal

Netherlands

Germany

United
United States France Kingdom Portugal

Source: TRIMIS elaborations based on Scopus
Following these first results, the rest of the analyses focus on regular expressions representativegbut
exhaustivg of the subthemes defined in the SMO roadmap.

On carpooling and ridesharingjgure B shows an increasing trend in the last five years, peaking in 2018
and 2019. The US leads the research on this topic with 506 documents since 2010, followed by China with
265 and France with 93.

Figure 13. Number of documents on carpooling and ridesharing in the period 2Q0Q9 (left) and country of origin

(right).
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» 1400 ﬁ United Sta‘_ces
g 1200 208 China —
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T 600 119 - [taly —
E 400 70 35 Wl United Kingdom ==
= 200 63 gl wm Canada ==

0 £ -— - Hong Kong =

Belgium m
2011 2013 2015 2017 2019
0 200 400 600

2010 2012 2014 2016 2018
v Number of documents
ear

Source: TRIMIS elaborations based on Scopus

On carsharing, Figure 14 shows an increase in publicationstia period 20172019. Germany leads the
research on this topic with 210 documents since 2010, followed by the US with 193 and China with 122.
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Figure 14. Number of documents on casharing in the period 2012019 (left) and country of origin (right).

1200
= Germany S ——
E 1000 216 i United States  me——
'-: 800 200 China =——
= ltaly  ——
% 600 128 United Kingdom
T 400 114 France s
2 94 - Canada s
; 200 g 57 a O Netherlands
28 o W South Korea  mmm
0 Switzerland s

2011 2013 2015 2017 2019 _ B B B
2010 2012 2014 2016 2018 o 100200 500
Number of documents
Year
Souce: TRIMIS elaborations based on Scopus.

Figure B provides the results on Mobility as a Service (MaaS), an area of research related to urban mobility
and that has been trending in the last years.

Figure 15. Number of documents on Maas in the period 202019 (left) and country of origin (right).

Source: TRIMIS elaborations based on Scopus.

Do dn dio m nodib mjj] dgldnotmag\'n o\c \no” nogcd * "o» mhin_ °° hj ] dgdo
constantly only on 2015, with 21 references, while 2017 this number rose to 55, to peak in 2018 and

2019 with 126 and 123 references respectively. Regarding the countries from which this research originates,

the US has the highest contribution with 115 documents, 44 of which originate from the Massatisuse

Institute of Technology (MIT).

Mobility data is characterised by the low number of publications and a constant average tieigdré 16.
US,Chinaand Italy lead the research on this topic since 2010.
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