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PREDGOVOR MULTIKONFERENCI
INFORMACIJSKA DRUZBA 2021

Stiriindvajseta multikonferenca Informacijska druzba je preZivela probleme zaradi korone v 2020. Odziv se poveduje,
v 2021 imamo enajst konferenc, a pravo upanje je za 2022, ko naj bi dovolj velika precepljenost konéno omogocila
normalno delovanje. Tudi v 2021 gre zahvala za skoraj normalno delovanje konference tistim predsednikom
konferenc, ki so kljub prvi pandemiji modernega sveta pogumno obdrzali visok strokovni nivo.

Stagnacija dolo¢enih aktivnosti v 2020 in 2021 pa skoraj v nicemer ni omejila neverjetne rasti IKTja, informacijske
druzbe, umetne inteligence in znanosti nasploh, ampak nasprotno — rast znanja, ra¢unalniStva in umetne inteligence
se nadaljuje z Ze kar obi¢ajno nesluteno hitrostjo. Po drugi strani se je pospesil razpad druzbenih vrednot, zaupanje
V znanost in razvoj. Se pa zavedanje veéine ljudi, da je potrebno podpreti stroko, ¢edalje bolj krepi, kar je bistvena
sprememba glede na 2020.

Letos smo v multikonferenco povezali enajst odli¢nih neodvisnih konferenc. Zajema okoli 170 vec¢inoma spletnih
predstavitev, povzetkov in referatov v okviru samostojnih konferenc in delavnic ter 400 obiskovalcev. Prireditev so
spremljale okrogle mize in razprave ter posebni dogodki, kot je sve¢ana podelitev nagrad — seveda ve¢inoma preko
spleta. Izbrani prispevki bodo iz§li tudi v posebni $tevilki revije Informatica (http://www.informatica.si/), ki se ponasa
s 45-letno tradicijo odli¢ne znanstvene revije.

Multikonferenco Informacijska druzba 2021 sestavljajo naslednje samostojne konference:

Slovenska konferenca o umetni inteligenci

Odkrivanje znanja in podatkovna skladisca

Kognitivna znanost

Ljudje in okolje

50-letnica poucevanja racunalnistva v slovenskih srednjih Solah
Delavnica projekta Batman

Delavnica projekta Insieme Interreg

Delavnica projekta Urbanite

Studentska konferenca o radunalniskem raziskovanju 2021
Mednarodna konferenca o prenosu tehnologij

Vzgoja in izobraZzevanje v informacijski druzbi

Soorganizatorji in podporniki multikonference so razli¢ne raziskovalne institucije in zdruZzenja, med njimi ACM
Slovenija, SLAIS, DKZ in druga slovenska nacionalna akademija, Inzenirska akademija Slovenije (IAS). V imenu
organizatorjev konference se zahvaljujemo zdruZenjem in institucijam, Se posebej pa udelezencem za njihove
dragocene prispevke in priloznost, da z nami delijo svoje izkus$nje o informacijski druzbi. Zahvaljujemo se tudi
recenzentom za njihovo pomo¢ pri recenziranju.

S podelitvijo nagrad, $e posebej z nagrado Michie-Turing, se avtonomna stroka s podrocja opredeli do najbolj
izstopajoCih dosezkov. Nagrado Michie-Turing za izjemen zivljenjski prispevek k razvoju in promociji
informacijske druzbe je prejel prof. dr. Jernej Kozak. Priznanje za dosezek leta pripada ekipi Odseka za inteligentne
sisteme Instituta "Jozef Stefan" za osvojeno drugo mesto na tekmovanju XPrize Pandemic Response Challenge za
iskanje najboljsih ukrepov proti koroni. »Informacijsko 1imono« za najmanj primerno informacijsko potezo je
prejela trditev, da je aplikacija za sledenje stikom problemati¢na za zasebnost, »informacijsko jagodo« kot najboljso
potezo pa COVID-19 Sledilnik, tj. sistem za zbiranje podatkov o koroni. Cestitke nagrajencem!

Mojca Ciglari¢, predsednik programskega odbora
Matjaz Gams, predsednik organizacijskega odbora



FOREWORD - INFORMATION SOCIETY 2021

The 24™ Information Society Multiconference survived the COVID-19 problems. In 2021, there are eleven
conferences with a growing trend and real hopes that 2022 will be better due to successful vaccination. The
multiconference survived due to the conference chairs who bravely decided to continue with their conferences despite
the first pandemic in the modern era.

The COVID-19 pandemic did not decrease the growth of ICT, information society, artificial intelligence and science
overall, quite on the contrary — the progress of computers, knowledge and artificial intelligence continued with the
fascinating growth rate. However, COVID-19 did increase the downfall of societal norms, trust in science and
progress. On the other hand, the awareness of the majority, that science and development are the only perspectives
for a prosperous future, substantially grows.

The Multiconference is running parallel sessions with 170 presentations of scientific papers at eleven conferences,
many round tables, workshops and award ceremonies, and 400 attendees. Selected papers will be published in the
Informatica journal with its 45-years tradition of excellent research publishing.

The Information Society 2021 Multiconference consists of the following conferences:

Slovenian Conference on Artificial Intelligence

Data Mining and Data Warehouses

Cognitive Science

People and Environment

50-years of High-school Computer Education in Slovenia
Batman Project Workshop

Insieme Interreg Project Workshop

URBANITE Project Workshop

Student Computer Science Research Conference 2021
International Conference of Transfer of Technologies
Education in Information Society

The multiconference is co-organized and supported by several major research institutions and societies, among them
ACM Slovenia, i.e. the Slovenian chapter of the ACM, SLAIS, DKZ and the second national academy, the Slovenian
Engineering Academy. In the name of the conference organizers, we thank all the societies and institutions, and
particularly all the participants for their valuable contribution and their interest in this event, and the reviewers for
their thorough reviews.

The award for lifelong outstanding contributions is presented in memory of Donald Michie and Alan Turing. The
Michie-Turing award was given to Prof. Dr. Jernej Kozak for his lifelong outstanding contribution to the development
and promotion of the information society in our country. In addition, the yearly recognition for current achievements
was awarded to the team from the Department of Intelligent systems, Jozef Stefan Institute for the second place at
the XPrize Pandemic Response Challenge for proposing best counter-measures against COVID-19. The information
lemon goes to the claim that the mobile application for tracking COVID-19 contacts will harm information privacy.
The information strawberry as the best information service last year went to COVID-19 Sledilnik, a program to
regularly report all data related to COVID-19 in Slovenia. Congratulations!

Mojca Ciglari¢, Programme Committee Chair
Matjaz Gams, Organizing Committee Chair
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PREDGOVOR

Delavnica URBANITE bo forum za predstavitev najsodobnejSih mobilnostnih resitev v
urbanem okolju s poudarkom na prebojnih tehnologijah, kot so umetna inteligenca, sistemi za
podporo odloc¢anju, analitika velikih podatkov in napovedni algoritmi, ki se uporabljajo pri
analizi podatkov o mobilnosti, napovedovanju dogodkov in podpori javnim upravam pri
sprejemanju strateskih odlocitev.

Delavnica je aktivnost projekta URBANITE. Vabimo prispevke akademskega sveta, industrije
in oblikovalcev strategij na podro¢ju mobilnosti in pametnih mest.

Delavnica se bo osredotocila na naslednje teme v okviru mobilnosti v pametnih mestih:
« Umetna inteligenca
* Inteligentni sistemi
*  Strojno ucenje
» Podatkovno rudarjenje
»  Sistemi za podporo odlo¢anju
»  Analitika velikih podatkov
«  Dejavnosti soustvarjanja
«  Socialni vidiki
«  Urbana preobrazba

FOREWORD

The URBANITE Workshop will be a forum for presenting the state-of-the-art solutions for the
urban mobility with the focus on disruptive technologies such as artificial intelligence, decision
support systems, big data analytics and predictive algorithms, which are applied in mobility
data analysis, eventualities prediction, and supporting public administrations in making policy-
related decisions.

The workshop is an activity of the URBANITE project. We welcome papers from the academia,
the industry, and the policy makers in the mobility and smart cities fields.

The workshop will focus on the following topics within the scope of mobility within smart
cities:

« Atrtificial intelligence

» Intelligent systems

*  Machine learning

» Data mining

«  Decision support systems

* Big data analytics

»  Co-creation activities

«  Social-related aspects

»  Urban transformation
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How Disruptive Technologies can Strengthen Urban Mobility
Transformation. The Experience of URBANITE H2020 Project

Giuseppe Ciulla
Research & Development Laboratory
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Francesco Martella
Engineering Department, University
of Messina - ALMA Digit S.R.L.
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ABSTRACT

URBANITE (Supporting the decision-making in URBAN trans-
formation with the use of dIsruptive TEchnologies) is an H2020
project (started in April 2020) investigating the impact, trust
and attitudes of civil servants, citizens and other stakeholders
concerning the introduction and adoption of disruptive technolo-
gies (e.g. Al Decision Support Systems, big data analytics) in
decision-making processes related to the planning and manage-
ment of urban mobility. The project experiments and validates its
approaches and tools in the context of four real use cases in the
cities of Amsterdam (NL), Bilbao (ES), Helsinki (FI) and Messina
(IT). This article summarises the main findings matured during
the first half of the project in the four cities, their main mobility
issues and how disruptive technologies can play a role in support-
ing the decision-making process to solve them. Despite the four
cities face different kinds of mobility issues and are characterised
by different levels of IT maturity, we identified a chain of three
categories of technologies that can improve the efficiency and
effectiveness of decision-making processes in all four cities: data
access and harmonisation, data analysis and data visualisation.

KEYWORDS

Urban transformation, disruptive technologies, urban mobility,
URBANITE project, decision making, data access, data analysis,
data visualisation.

1 INTRODUCTION

Today’s cities are facing a revolutionary era in urban mobility;
this is due to different factors, among the others their continuous
growth and the concentration of human activities. To prevent
and solve problems related to mobility such as traffic congestion
and air pollution (for instance due to PMjs) and its potential
link with other risk factors (e.g. Covid-19 spread, as envisaged
in recent studies [3], [4]), cities are in continuous search of ad-
equate mobility solutions to satisfy the demand of the growing
population, both living in or moving around the cities every day.
As a result, decision-makers have to face more and more complex

Permission to make digital or hard copies of part or all of this work for personal
or classroom use is granted without fee provided that copies are not made or
distributed for profit or commercial advantage and that copies bear this notice and
the full citation on the first page. Copyrights for third-party components of this
work must be honored. For all other uses, contact the owner/author(s).
Information Society 2021, 4-8 October 2021, Ljubljana, Slovenia

© 2021 Copyright held by the owner/author(s).
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challenges when managing and planning mobility, combining
new forms of mobility, that must coexist in the urban structure
of modern cities, in compliance with the well-being of citizens
and protection of the environment.

The concrete adoption of disruptive technologies in the decision-
making processes can represent the pivoting point for a paradigm
change in the management of mobility. Decision Support Sys-
tems, Artificial Intelligence, predictive algorithms, simulation
models, Big Data analytics, etc. offer the opportunity to analyse
the current mobility situation, identify present and future trends
allowing to predict potential future mobility scenarios [6], [9].

Our investigation focuses on four European cities distributed
in four different countries: Amsterdam, Bilbao, Helsinki, and
Messina. Each of them offers a different perspective on urban mo-
bility, in terms of characteristics, offered services and challenges.
Section 2 presents the four cities, their general characteristics,
the specific urban mobility issues they are currently facing, and
which kind of disruptive technologies (e.g. artificial intelligence,
decision support systems, big data analytics, predictive algo-
rithms, simulation engines) can improve the decision-making
processes and how. Final considerations and conclusions are
reported in Section 3.

2 URBANITE CITIES
2.1 Amsterdam

Amsterdam, the capital of the Netherlands, in recent years has
been growing rapidly in terms of inhabitants and visitors; this
growth leads to increased mobility and traffic issues. The city
has complex traffic streams with massive amounts of bicycles
combined with cars and public transport; this drives the need
for finding solutions that can conciliate the ever-growing use
of bikes with the other means of transportation (from public
transportation to private cars) resulting in more sustainable mo-
bility for the whole city. Part of this view is a strategy tending to
increase the appeal of bikes as the main mobility option [5]. This
strategy goes through the improvement of the city network of
bike lanes and of the overall cycling experience within the city,
encouraging virtuous behaviours (e.g. respect of traffic lights) to
avoid potential discomfort.

What Amsterdam is aiming for. To reach these objectives the
city of Amsterdam would like to align the mobility policies to
the real needs of bike mobility, realise a data-driven decision
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mechanism, strengthen the safety and comfort of cycling, and
encourage citizens to make sustainable mobility choices.

The role of disruptive technologies in Amsterdam. From a broader
perspective, a unique point to access data coming from different
sources can support the decision-makers in the identification of
the required information, reducing the time spent to search it
and speeding up the decision-making process. Since different
departments of the municipality (i.e. civil servants) are involved
in decision-making, the possibility to easily share information
among them (such as data, results of analysis/simulations, map
layers, charts, graphs) would improve collaboration and over-
come inefficient communication and silos, allowing at the same
time the reduction of policy fragmentation and the subsequent
uncertainties. From a more specific perspective, data analysis
tools can support decision-makers in understanding different
aspects of bike mobility (through the analysis of bike-related
data) and in identifying dependencies among factors that could
influence directly or indirectly bike mobility and its adoption.
In this sense tools and models to simulate how decisions and
policies can potentially impact on traffic and mobility would offer
predictions and the possibility to compare different scenarios.
This would allow decision-makers to make choices with minimal
negative impact and to minimize related costs. Finally, effective
visualisation of information is essential; a dashboard offering
map layers, charts and graphs that summarise the status of bike
mobility in the city would allow decision-makers to have, in a
single view, the overall and relevant information they need to
gain new insights about bike mobility in the city (e.g. type of road
infrastructure/ bike paths, road safety level, traffic mix/sources,
congested routes, cleaner routes in terms of air quality, greener
routes, faster routes).

2.2 Bilbao

With an area of 41,60 km? and around 355,000 inhabitants, Bilbao
is the heart of a metropolitan area that extends along the estuary
of the Nervioén River with a population close to 1 million peo-
ple. In the last 25 years, Bilbao has suffered an important urban
transformation from an industrial economy to a city based on a
service economy. This has helped to balance the city and provide
a friendly environment for pedestrians with wider pavements,
reduction of on-street car parking in the city centre, traffic light
control system to cater for pedestrians and promenades for walk-
ing and cycling. Today, 65% of internal movements are produced
on foot. In this context, the Sustainable Urban Mobility Plan
(SUMP) [8] in Bilbao plays a significant role; its main objectives
are:

Reducing air and noise pollution.

Improving safety by reducing accidents and fatalities.
Guaranteeing universal accessibility.

Improving energy and transport (passengers and goods)
efficiency.

Contributing to improve the attractiveness and environ-
mental quality of the city.

Of particular interest is the “Pedestrian mobility strategy” aim-
ing to promote non-motorized modes of transport (especially
pedestrian displacement) since these best suit the sustainable
mobility objectives. Part of this strategy is the transformation of
Moyuéa plaza, for exclusive use of public transport, pedestrians,
and cyclists, prohibiting private traffic.

Ciulla, et al.

What Bilbao is aiming for. To reach its objectives, the city
of Bilbao aims to obtain a global vision of the city in terms of
sustainable mobility, to take decisions based on updated data
(predicting the impact resulting from applied measures), follow a
more agile decision-making process (facilitating communication
between stakeholders involved in the definition and development
of the SUMP), translate measures impact into health and life
quality indicators and access data coming from scattered sources
that is automatically collected and integrated.

The role of disruptive technologies in Bilbao. In the context of
Bilbao, it is essential that decision-makers can easily access the
most updated data; in this sense tools that facilitate the con-
nection of data sources and the data harmonisation (leveraging
common and well-defined data models) would support decision-
makers in their daily activities. Once data is collected, a data
catalogue (as a unique point of access to the data) would offer the
capabilities to search data considering different criteria; among
them, the possibility to filter the available data by for example the
“transport mode" would allow the decision-makers to reduce the
time they spend to identify the data they need. Facilitated setup
and execution of simulations (for instance, to forecast impact on
traffic, mobility patterns or SUMP’s KPIs resulting from a mea-
sure/policy applied) would support the decision-making process
reducing the time spent in performing those simulations. Tools
to create charts and graphs that summarise the status of mobility
in the city from the sustainability point of view would allow the
decision-maker to have, in a single view, the overall and relevant
information to globally monitor the mobility in the city. On the
other hand, the possibility to define and create customised KPIs
and indicators would allow the decision-makers to fine-tune the
dashboards with all the relevant information that they need to
take into account in the planning of the mobility in the city. To
this aim, checking if the data is updated would allow the creation
of analyses and simulations based on correct information that
represents the real status of the city, whereas pre-processing of
collected data would reduce the time needed to setup the analysis
and simulation for decision-making processes.

2.3 Helsinki

Helsinki, the capital of Finland, is a continuously evolving and
developing city. In this sense a particular example is represented
by the Jaétkaésaari area. The shore area of Jaétkaésaari, literally
meaning “Dockers’ Island”, was previously used for industrial
and harbour purposes; now it has gradually transformed itself
into a residential area offering workplaces and services. At the
same time, Jaétkaésaari is also a growing passenger and trans-
port harbour due to its location (right adjacent to the centre of
Helsinki). The harbour is the main connection between Helsinki
and Tallinn, with growing mobility and opening of a new terminal
in 2017. Annually 1 million private cars travel on the connection
where a single main road leads in and out of Jaétkaésaari. This
road feeds directly to the largest car commuting junction (70.000
cars daily) from the city centre to the western suburbs of Helsinki,
creating interference. The Jaétkaésaari area is emblematic of the
overall development Helsinki is facing, in particular, concerning
mobility. In this context, to correctly cope with this evolution,
the City of Helsinki’s traffic planning and traffic management
need up-to-date and high-quality traffic information to support
data-driven decision making. In addition, proactive and forward-
looking approach is needed as the population of the metropolitan
area grows and traffic situation changes.
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What Helsinki is aiming for. In this context, the City of Helsinki
aims to check the status of traffic and its development, analyse
how traffic could evolve, perform traffic forecasts, simulate traffic
planning and land use, check the development and implementa-
tion of new infrastructures and policies, develop a master plan
for city development (e.g. land use, mobility, housing). To reach
these objectives it is essential to establish a unique view and un-
derstanding among traffic planning and urban planning, allowing
the exchange of information among different departments (over-
coming information silos). In doing so, the city of Helsinki faces
some issues related to the availability of different map layers with
different information representations moving from a department
to another, the lack of people with competences for demanding
analysis, the lack of time to get deep understanding of data and
problems related to obtain raw data to be analysed with external
tools.

The role of disruptive technologies in Helsinki. A data catalogue
as unique point of access that brings under the same umbrella the
data produced by different departments would simplify the dis-
covery and access of needed data, avoiding complications caused
by scattered repositories managed by different departments of the
same organisation. The data catalogue could leverage tools for
the integration with existing ICT software and applications. This
would allow on the one hand, the automatic check of information
(e.g. automatic detection of inconsistencies in the data, such as
missing mandatory fields, infringement of time constraints about
updates) and on the other hand, the automation of repetitive
tasks (e.g. extract relevant information and provide it in a more
usable manner). Leveraging the data made accessible it would be
possible to define pre-packaged simulations that need only minor
operations to be executed (e.g. few parameters and/or initial in-
put data). This would simplify the use of this kind of technology
by personnel without specific competencies and skills who would
be able to set up an entire simulation from scratch, and reduce
the time needed and the acceptance of this technology, since the
personnel will not spend too much time to learn how to use it.

2.4 Messina

The metropolitan area of Messina is one of the most extended
urban areas in the south of Italy and the first in Sicily and counts
over 620.000 citizens. In the city of Messina alone, there are over
250.000 inhabitants and most of them are commuters between
Sicily and Calabria regions. Geographical peculiarities (the ge-
ographical shape of the city of Messina is stretched for 32 km
beside the Tirrenian sea, and tight between its hills and the sea)
and its role of main connection point between Sicily and the
Italian peninsula have a huge impact on mobility in the city of
Messina. The local transport system of the city consists of sea
transport (hydrofoil and ferry boats fleets) and land transport
(buses, tramway and rail transports network), operated by public
and private companies. One of the main issues that affects both
kinds of services (sea and land transport) is the lack of interop-
erability among the different departments of the Municipality
that are involved for different reasons in the management of the
mobility.

What Messina is aiming for. Concerning mobility, the main
challenge of the city of Messina for the upcoming years is twofold:
on the one hand, to build mobility services able to fulfil the
needs of citizens, dwellers, commuters and visitors, allowing
them to move around and through the city seamlessly; on the
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other hand, the challenge consists in optimising the management
and interaction among the different mobility and monitoring
systems and services available in the urban area of the city of
Messina reducing the waste of resources and costs for the Public
Administration. A particular attention is paid on light mobility
(e.g. extension of the cycle network with new bike-lanes and
links between the centre and suburbs zones of the city to spread
the use of bicycle mobility [2]) and pedestrians (definition of an
integrated system of pedestrian areas and paths).

The role of disruptive technologies in Messina. The different
Departments of the Municipality would benefit of a unique data-
access point to their data, avoiding the complication generated
by the need of accessing scattered data sources (for instance, in
the case of data hosted and managed in different repositories for
the different departments). This would simplify the discovery of
and access to the data needed by the decision-makers. In this con-
text, tools to facilitate the connection to data sources (also from
third parties) are vital. Data is the fuel of any activity related
to analysis, simulation and the more information is available
(not only in terms of amount but also in terms of variety), the
more accurate and precise can these analysis and simulations
be. In this context, advanced smart devices and virtual devices
[7] (abstracted component characterized by specific high-level
functionalities) offer the chance to access the needed informa-
tion with the most appropriate frequency and accuracy, avoiding
information overload and allowing a more efficient computation.
In the management of urban mobility, analysis and simulations
would support decision-makers in the identification of potential
solutions (such as multimodal paths and possible intervention to
increase public safety) [1] and hidden problems (such as related
to public transportation and for planning maintenance interven-
tions of road and public transportation vehicles). Customisable
dashboards to represent the information a decision-maker needs
would allow to obtain a clearer view of the status of mobility,
supporting the decision-making process in the most appropriate
manner. Finally, the possibility to share information (such as data,
results of analysis/simulations, map layers, charts, graphs) with
people working in the same or a different department would im-
prove the collaboration and the efficiency of the decision-making
process, overcoming inefficient communication and information
silos.

3 CONCLUSIONS

Despite their specific peculiarities such as organisational ap-
proaches and mobility needs to be satisfied, the cities of Ams-
terdam, Bilbao, Helsinki and Messina have some commonalities
in terms of potential application of disruptive technologies that
can help their decision-making processes. The main aspect that
emerged is related to the need of data, as a vital element to
perform any decision-making activity; in this sense it is impor-
tant to underline that here the need is related to the easiness
of accessing the data, that in most of the cases is scattered, or
represented using different data structures with non-uniform
standards. Uniform access to the data drives to another com-
mon point among the four cities, that is the exploitation of the
possibilities offered by simulation tools, in particular to forecast
and predict the impact of decisions taken on traffic and mobility
(such as the building of a new road, the creation of a LTZ). This
kind of technologies would allow the decision-makers to bet-
ter design mobility solutions and policies, giving the possibility
to tackle complex problems and to evaluate the implications of
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new policies. The third common point is the data visualisation.
Accessed data and results obtained from simulations and data
analysis must be visualised in an easy-to-understand manner, this
includes not only the data visualisation per se, but also the possi-
bility of creating customisable dashboards in which the decision
makers can arrange the information they need and represent it
according to their preferences. From the result here summarised,
it is possible to clearly identify a chain of needs with their cor-
responding solutions. The first link of the chain is the need of
accessing data. Here tools facilitating the connection to data
sources and the integration with existing IT systems can offer a
valuable solution to overcome information silos and to build a
unique data-access point to available data, allowing also the har-
monisation of the data thanks also to common and well-defined
data models and highlight the relevant information reducing
the time to find it. The second link of the chain is the analysis
of the data made accessible through the previous step and the
execution of simulation. Here it is important to highlight that
beyond the possibility to perform analysis and simulation, avail-
ability of tools that simplify and reduce the time needed to set
them up play a key role. In this sense, pre-packaged simulations
ready to use, that guide the users in their setup, and tools, that
allow the creation of customised KPIs and indicators, represent
an advantage for the decision-makers. The third and final link
of the chain is the data visualisation. Here, tools (e.g. Wizards)
guiding the users in the creation of charts, graphs, map layers, etc.
offer the opportunity to speed up the decision-making process
by reducing the time of interpreting and understating the infor-
mation. At the same time, the possibility to visualise different
data in the same view through customisable dashboards offers
the chance of obtaining a bird’s-eye view on the information that
is relevant for each decision-maker, according to their specific
needs. Considering the reported results, a final consideration
can be made; even if cities could be characterised by a different
IT maturity level, the most suitable way to effectively improve
mobility decision-making processes is not a single technology,
but a combination of disruptive technologies, that glued together
unlock their respective potentialities and benefits.
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ABSTRACT

In this paper a general view to transport planning approaches
have been articulated with a focus on the simulation models. To
this end, different analytical methods have been investigated
with regard to the scope of target policies, geographic scales, and
modelling techniques. The paper also provides an overview to
the transport planning approaches which are specifically applied
in the City of Helsinki in close relation to the land use policies.
Besides, further discussions have been included to shed light on
the approach URBANITE project is seeking. Although there is
still a need for overcoming the challenges regarding data-driven
decision-making, we see a potential in the project’s approach to
foster the use of disruptive technologies for accelerating the
uptake of the evidence-based policies.
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1 INTRODUCTION

Transport planning plays a major role in defining the way public
resources such as funds and spaces are used. Transport plans are
mainly applied to understand the strategic capacity and
consequences of high-level democratic decisions. Hence, it is
important to consider the political and societal preferences of
relevant stakeholders including citizens [1]. This also explains
the urge for developing transparent, open-source, and simplified
solutions in order to evoke citizen engagement and public
participation [2]. Moreover, the advantage of transport planning
models most probably lays in the fact that the scope of identified
solutions by these models are inherently geographic [3].
Geographic analysis and tools speed up the uptake of new
technologies due to the power and potential to provide evidence
for interventions in transport planning [4].

In the following, the different approaches to tackle transport
problems based on analysis levels will be addressed. In section
3, a schematic framework for transport planning approaches is
suggested with the focus on analytical and simulation techniques.
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Furthermore, the transport planning techniques applied
specifically by the City of Helsinki is included here. Section 4
discusses URBANITE project’s global view and argues the
advantages and challenges ahead of mobility decision makers.

2 TRANSPORT PLANNING APPROACHES

There are different approaches to analyze characteristics of a
transport network and to evaluate the outcomes of the strategic
and/or ad-hoc interventions with the transport. Ni [5] considers
the geographic scales of transport planning models and proposes
a framework which can enable multiscale traffic modelling
which can be seen in Figure 1. In another study, Vassili [6]
compares the transport analysis tools based on the scope and
complexity of research area and highlights the importance of
distinguishing between Analysis, Modelling, and Simulation
(AMS) tools. Some of the tools for each scale of geographic
analysis are already suggested in Figure 1. In addition to the
geographic scale, the purpose of policy making processes to
tackle a specific problem is also an important criterion in
defining the right approach. Larger geographic scale of analysis
can be chosen to support policy making with less data granularity
[7]. However, it is reasonable to opt for micro-scale analysis
when dealing with ad-hoc interventions in a specific area. This,
on the other hand, becomes demanding on obtaining more
detailed and comprehensive data.

Vehicle

Pico-scale

Street

Data granularity

Neigbourhood

Micro-scale

city

Meso-scale

souensies-foliod

Macro-scale

Figure 1.

Scales of Transport Planning
Approaches; Tools & Solutions

3 TRANSPORT PLANNING APPROACHES

De Dios Ortizar and Willumsen [8] structured the transport
planning approaches into five main stages as problem
formulation, data collection, modelling and analysis, evaluation,
and implementation of the solutions. In this paper, a new
schematic framework is formulated based on Dios Ortuzar and
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Willumsen’s approach in Figure 2. The framework is modified
in accordance with the approach of Helsinki Region Transport
(HSL) and URBANITE’s global view to provide a clear
understanding of current applied techniques as well as a basis for
the comparison of the two approaches.

Australian Road Research Board [9] categorizes the problem-
solving techniques into analytical and simulation techniques. The

Micro-model

Analytical techniques
(closed form equations)

Macro-model

e

Problem Formulation

Data Collection

Model Selection

Shabnam Farahmand

research implicates that the analytical techniques are sort of
closed form mathematical equations which provide statistical
results such as forecasts and predictions. On the other hand,
simulations are physical mathematical models, the results of
which is to project objects moving around in a transport network.
It is also possible to check the network state at different time
stamps [9] & [10].

Microsimulation

Simulation techniques
(network state at time stamps)

Macrosimulation

Scenario modeling
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|- Simulation parameters
- KPIs
- Decision model
Evaluate solutions/ Strategies or plans
Figure 2. Proposed Schematic framework for Transport Planning!

4 TRANSPORT PLANNING - Use Case of
Helsinki

The techniques used by the Helsinki Region Transport (HSL)
follow an analytical approach to enable strategic transport and
land use planning for the city. The model is called “HELMET”
and is built with the help of proprietary tool EMME?2. The
statistical mathematical models in the field of transport models
are usually referred as travel demand models when considered on
a macro-level. These models have Four Step Transport Model
(FSM) as the basis although they have evolved to more advanced
levels to encompass the intelligence of models’ agents [11]. The
last version of HELMET model is therefore considering agent-
based modelling (ABM) approach when it comes into trip chains
analysis [12].

Helsinki Region Transport (HSL) developed its Sustainable
Urban Mobility Plan (SUMP) for the City of Helsinki in 2015°.
In particular, this plan focuses on 1) strengthening the strategic
capacity and effectiveness, 2) integrating transport and land use,
and 3) clarifying transport policy choices as well as the roles of
different modes of transport.

According to the SUMP of Helsinki and on the basis of
interviews performed with the City stakeholders, the interrelation

between transport planning strategies as well as land use policies
has been come into our focus frequently. Stover and Frank [13]
suggested that development of transport and land use affect each
other continuously in a cycle which is illustrated in Figure 3.
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Figure 3. Transportation Land Use Cycle

! In blue: the main stages of transport planning processes; in yellow: URBANITE’s global view

2 https://www.inrosoftware.com/en/products/emme/

3http://www.bsr-sump.eu/good-example/helsinki-region-transport-system-plan-hlj-2015
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Bearing this in mind, the proposed use case scenarios aim to find
out the outcomes of the following decisions:

1. Intervention with the traffic network e.g., building a tunnel
on the west harbor’s junction to lead the main stream of
heavy-duty vehicles caused by the arrival of ferries

2. Interventions with the land use in the area as it has been
undergoing a lot of changes due to the constructions to turn
the harbor into a dense residential area

The results of such analysis will help with understanding the

causes of congestions and bottlenecks in the west harbor and

serve as a tool for measuring the impacts of different policies on
air quality and noise levels. Finally, the results will contribute to
comprehending situational and statistical awareness which is one
the main pillars of the City’s Intelligent Transport System
Development Programme 2030*.

5 Discussions and Future Directions

URBANITE project aims to build microsimulation models
which can help cities find out the outcomes of certain policies by
applying new technologies and advanced techniques. Building
transport models is demanding in terms of costs, time, data, and
computation space requirements. However, URBANITE aims to
take advantage of machine learning techniques as well of
decision support systems to overcome these challenges. Hence,
the models will be trained by the results obtained from
simulations’ input-output space exploration. Additionally, a
recommendation engine will be built to provide decision makers
with the relevant policies and KPIs tailored for their needs.

The approach facilitates data-driven decision making and will be
fundamental in enabling real-time implementation and
evaluation of solutions. Although there are still a lot of
challenges regarding available data sources whether on the level
of required infrastructure for gathering data or the quality of the
available data. Recognition of the most relevant data sources and
opening the data is a crucial step for the cities if they aim to
realize evidence-based decision-making. The other challenge
depends on the ability to include the benefits of all stakeholders
esp. citizens in building technological solutions. In this regard,
cities should come up with the ways to consider interests of all

relevant beneficiaries and move towards participatory
approaches.
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ABSTRACT

The urban transformation and the changes that the world is
undergoing lead, today more than ever, to the need to make
faster and more timely choices in the field of mobility manage-
ment. Technology is therefore essential for providing decision
support tools that help managers and politicians to better man-
age cities. The European project URBANITE (Supporting the
decision-making in URBAN transformation with the use of dis-
ruptive Technologies) aims to put in place a sustainable mobility
with the support of disruptive and innovative technologies for
this sector. The proposed study describes the URBANITE project
with reference to the technologies and the strategies implemented
in the city of Messina. As a partner and pilot use case, in the mu-
nicipality of Messina, software tools have been created starting
from a series of local data regarding traffic and public transport
tracking. These tools allow technicians to quickly view traffic
status or bottlenecks for public transport on a map.

KEYWORDS

Urban Transformation, Disruptive technologies, Urban mobility,
URBANITE project, Decision making, Data Access, Data Analysis,
Data Visualisation.

1 INTRODUCTION

In the context of Smart Cities it is crucial to pay attention to
issues relating to mobility. Today Smart Mobility allows people
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to optimize their travels by reducing the stress associated with
them, while Sustainable Mobility helps to protect the environ-
ment by improving the quality of life in Smart Cities. Institutions
around the world are implementing policies that allow to de-
crease CO2 emissions. The issues of mobility and its optimization
are therefore protagonists in the identification of these policies.
In particular, the European Commission encourages projects in
the field of Smart Mobility and Sustainable Mobility with H2020,
Horizon Europe and the Next Generation EU programs. The
URBANITE project was financed within the H2020 funding pro-
gram. Among the objectives of URBANITE the main one is to
promote the use of disruptive technologies in the nascent Smart
Cities in technological terms through the use and analysis of Big
Data, Al algorithms, etc. An innovative element, however, is that
related to the promotion of innovative tools for participatory
decision-making processes such as the Laboratory Social Policy
(SoPoLab). The aim of the project is to provide the Stakeholders
of the project with a series of innovative technological tools in
order to support the decision-making processes of managers of
public administrations and companies. Within the project there
are four pilot cities: Amsterdam, Bilbao, Messina and Helsinki.
In each of the pilots, the needs are studied and analysis tools
developed which will then be applied to each of them. As regards
the city of Messina, analysis were conducted on traffic and its
effects on local public transport. This work describes the refer-
ence scenario and the actions implemented for the municipality
of Messina within the URBANITE project regarding the purely
Information Computer Technology (ICT) aspect. In particular, in
section 2 the state of the art of the technologies studied and ap-
plied to achieve the objectives is described. Section 3 introduces
the reference scenario. In section 4 the tools implemented will be
illustrated, while in section 5 the final considerations and future
developments are reported.
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2 STATE OF THE ART

In [1] a case study concerning the home-office mobility of the
University of Messina staff is discussed. The home-work com-
muting of public employees in the city of Messina is one of the
main critical issues related to daily life. Traveling at particular
times of the day causes both traffic congestion and pollution. Au-
thors analyze different performance indicators to be used for the
design and development of Smart Mobility services by adopting
FIWARE technologies. After analyzing the travel habits of work-
ers at the University of Messina, authors described how FIWARE
can lead to an agile development of Smart Mobility services capa-
ble of minimizing traffic congestion, fuel consumption and CO2
emissions. In [2] authors describe the results of a Sustainable
Mobility project in Messina. The presented application aims to
encourage citizens to use low-impact vehicles instead of private
cars. Through a partnership between different stakeholders a
digital application to assign citizens electric bikes was developed,
free of charge for a limited time period. Authors describe cyber
security issues, both in terms of secure authentication for citizens
that access the service and tracking of the whole assignment pro-
cess. The flow is described from the user’s request to the e-bike
restitution. The adopted solution uses two-factor authentication
(2FA) and Blockchain as the main technologies in the implemen-
tation phase. Innovative and advanced smart devices and virtual
devices are described in [6]. Authors have designed, for one use
case in the city of Messina, an abstracted component character-
ized by specific high-level functionalities. The system offers the
chance to access the needed information with the most appropri-
ate frequency and accuracy, avoiding information overload and
allowing a more efficient computation. In this case it is important
the access control and the security of the data. An interesting
work for this purpose is described in [5]. In [3] authors show
the use of customized generic Edge devices to carry out multiple
activities at the same time, also focusing on how the proposed
solution can lighten the work of cloud infrastructures. The pre-
sented concepts were implemented and tested in a real use case
in the city of Messina by means Function as a Service (FaaS) para-
digm. The proposed work allows users to perform multiple tasks
on the same device. Applications such as vehicle counting, license
plate recognition, object identification, etc. are proposed. In the
considered use case two cameras were connected to a Raspberry
PI 4 and the performance was compared. It is possible to connect
different sensors to the proposed Edge devices and imagine each
sensor as a different service. In [8] authors introduce a tool for
studying mobility data. The basic principle is that technological
innovation has led to the spread of various data tracking systems.
The data are accumulated and can be used in various applications
such as the analysis of mobility, urban planning and transport
engineering. It is possible to use the data to extract information
in matters relating to rough space-time trajectories, or by relying
on statistical “laws” governing human movements [4]. However,
authors do not neglect the attention to user privacy [7]. From the
study and development comes an interesting Python library used
in URBANITE for the analysis of mobility data in particular in
Messina use case. From the state of the art it emerges that the city
of Messina has been the subject of various scientific studies that
have found practical application. Various national and European
grants made it possible to achieve relevant innovations in the
field of mobility. It is not clear how the data collected can be
useful to administrators and managers in the decision making
phase. This paper, therefore, want to synthesize and demonstrate

13

Martella, et al.

how, thanks to URBANITE project, it is possible to put together
what is already present in the systems of the city of Messina,
creating the basis for the creation of new useful decision-making
tools.

3 REFERENCE SCENARIO

The URBANITE project was created to provide communities
with a long-term sustainable ecosystem model. Through a co-
creation strategy we want to bring stakeholders (civil servants,
citizens, etc.) closer to the use of disruptive technologies in the
field of mobility. This model is supported with a data management
platform and algorithms for data-driven decision making in the
field of urban transformation. Furthermore, the model is validated
by pilot mobility use cases in the context of the proliferation
of sharing services. The URBANITE platform encapsulates the
experiences of four pilot cities and acts as a junction point to
create a unique analysis model for cities. Thanks to the platform
it will be possible to have information regarding mobility that
can be as a support in order to take serious technical and practical
decisions.

Impact analysis of
the use of
technologiesin
citizens and civil
servants

Co-creation activities between civil servants, citizens and private sector

I civilservants

Visualize and Analyse current (trafic) | gy civ servants
Recommendations flows
and lessons learned

Harvest, curate and fuse data

Simulate situations, predicting future
(traffic) flows

I civilservants

B ot sevans ticens,
298 private sector

I civilservants

(co-) Develop the policies

Figure 1: Urbanite Approach

In each pilot the data, useful for the mobility analysis, were
analyzed and collected. The data considered funcional are col-
lected on a single data storage. Thanks to different visualization
and Al techniques/algorithms, the data were processed and made
possible to create decision making tools that currently need vali-
dation (Figure 1). The use case regarding the city of Messina is
described below.

3.1 Briefly on Messina Use Case

The metropolitan area of Messina is one of the most extended ar-
eas of the south of Italy, the first in Sicily and counts over 620.000
citizens. The city counts over 250.000 citizens and most of them
are commuters between Sicily and Calabria. The local transport
of the city of Messina consists of both sea transport (hydrofoil
and ferry boats fleets) and land transport (buses, tramway and
rail transports network). They are managed by public and private
companies. The main issue that affects both kinds of services
(sea and land transport) is the lack of facilities that can permit
interoperability between different departments of the munici-
pality and the communication with citizens and stakeholders.
In order to overcome this problem, the Municipality of Messina
is investing in intelligent infrastructures and services for the
city and citizens. In particular, the main activities are focused on
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vehicle access detection in LTZ (Limited Traffic Zone) and pedes-
trian areas, centralised traffic management based on smart lights,
traffic flows and analysis, incentives to use public transportation
and video surveillance. URBANITE, for the city of Messina, is
focusing on light and pedestrian mobility. Concerning the light
mobility there are two main action lines:

(1) the extension of the cycle paths and the spread of bike mo-
bility (but the main goal is to promote the use of bicycles
and to offer better services to citizens)

(2) create new bike-lines and links between the centre and
suburbs zones of the city.

Regarding pedestrian mobility, the objective is the definition of
an integrated system of pedestrian areas and paths. Furthermore,
from a wider perspective concerning public transportation, the
city of Messina aims to extend the transport network in urban
and extra-urban areas. The use case scenario in Messina (Figure 2)
aims to evaluate the effects of the extensions of the public trans-
portation services in terms of frequency, itineraries and stops
on traffic and multi-modal transportation. In particular, a com-
parison of the impact on traffic between the different version of
the public transportation network was performed. Moreover, the
scenario includes an analysis of the suburban roads around the
city of Messina (that represent an important connection with the
surrounding towns) in terms of traffic congestion and connection
with public transport network.

fora Villa San

- Giovanni
Saponara =8
Rometta
Mili San Pietro
Reggio Calabria
i

REG.

Figure 2: City of Messina

3.2 The URBANITE Architecture

The architecture created within URBANITE is made up of several
abstract components that interact with each other. Thanks to
the interaction between the different components, it is possible
to provide all the tools necessary to achieve the objectives of
the project. In Messina this architecture has been enriched by
building new dedicated components, at the Edge level, which
fully integrate with the existing Cloud ecosystem as shown in
Figure 3, in which these components are highlighted.

In particular, for the Messina Edge Components, a local com-
ponent called Messina Data Storage has been added. This compo-
nent acts as a support for the parent component Data Storage &
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Figure 3: URBANITE Architecture - Messina

Retrieval (reported in URBANITE Cloud Components) through
the Data Harvester & Preparation and is filled with data by the
Data Importer. The Data Processor allows both to expose the data
via Restful API and to process them ensuring correct formatting.
Finally, within the Urbanite UL three new specific components for
the Messina use case have been built: Messina Traffic Evolution,
Messina Traffic Flows, Messina LPT Critical Areas.

4 MESSINA IMPLEMENTATION

The use case scenarios described in Section 3 are accessible thanks
to the functionalities provided by the URBANITE UI, the inte-
grated URBANITE’s framework at the UI level. The different
analysis and visualizations provided aim to help the municipal-
ity’s technicians in the extension of the current public trans-
portation network. The tools allowing the users to interact with
each visualization by filtering and querying the underlying data.
Concerning the traffic congestion analysis for the municipality
of Messina, Figure 4 depicts the temporal evolution of traffic flow
on selected roads entering or leaving the city of Messina.

Li urBaniTE 1

@ o Messies Tiothe okt

Figure 4: Messina Traffic Evolution

The traffic jam factor of each road, in a specific time of the
day, is represented by the colour of the road itself, following
the provided legend. Data used to this purpose are acquired and
stored for real-time and historic analysis. Figure 5 illustrates the
comparison analysis of the jam factors on two different roads of
the city considering the time window of a week.
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Figure 5: Messina Weekly Traffic Flows

The data source is the same of the previous analysis, but this
time the purpose and the target users are people with a more
technical background. For each road, if the road is bidirectional,
the dashboard provides a chart for each direction using a dif-
ferent symbol for each one. The colors indicate the jam factor
value. Finally, to identify areas of Messina where vehicles of pub-
lic transportation are stationary for a certain time in a specific
observation period, the heat-map analysis, depicted in Figure 6,
is provided.
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Figure 6: Messina LPT Critical Areas

To investigate if public transportation means use to be station-
ary in the same place for different time periods, the dashboard
allows to compare two different time slots. In this case the data
source is an historic database for the bus and tram position of
the Local Transport Company. The data are elaborated with the
scikit-mobility [8] Python library with the aim to obtain the
heat-map visualization. In each described visualization, in order
to have further information, the dashboard allows to visualize
Points of Interest and Public Transport Stops on the map.

5 CONCLUSIONS

This paper describes the current state of the ICT systems put
in place for the URBANITE project as regards the case of the
Messina pilot. From the first results it is evident that, thanks to
the use of data analysis and their appropriate visualization, it
is possible to obtain information that is often difficult to under-
stand. The visualization methods allow for immediate analysis
and support decision-making policies. Thanks to the presented
tools, in fact, it is possible to determine the effectiveness of the
mobility policies used compared to the past, thanks to the histor-
ical harvested data, and possibly try to improve them. The next
step will be to extend the functionalities. The scenario of each
single pilot must be applied to all the case studies of the project.
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Moreover, it is necessary to improve smart algorithms in order
to have responsive systems even in real-time. Finally, the system
will make the APIs available for open-data, giving other scholars
or stakeholders the possibility to carry out analysis or develop
innovative solutions.

ACKNOWLEDGMENTS

The research leading to these results has received funding from
the European Union’s Horizon 2020 research and innovation
program under grant agreement N° 870338. This work was co-
financed by the European Union - FSE, PON Research and Innova-
tion 2014-2020 Axis I - Action 1.1 "Dottorati innovativi con carat-
terizzazione industriale". The authors thank the deputy Mayor of
the Municipality of Messina Carlotta Previti and the administra-
tive manager of the URBANITE project for the Municipality of
Messina Dr. Placido Accolla for their support.

REFERENCES
(1]

Lorenzo Carnevale, Antonio Celesti, Maria Di Pietro, and
Antonino Galletta. 2018. How to conceive future mobility
services in smart cities according to the fiware frontiercities
experience. IEEE Cloud Computing, 5, 5, 25-36. DoI: 10.1109/
MCC.2018.053711664.

Alessio Catalfamo, Maria Fazio, Francesco Martella, Anto-
nio Celesti, and Massimo Villari. 2021. MuoviMe: secure
access to sustainable mobility services in smart city, (Sep-
tember 2021).

Antonino Galletta, Armando Ruggeri, Maria Fazio, Gianluca
Dini, and Massimo Villari. 2020. Mesmart-pro: advanced
processing at the edge for smart urban monitoring and
reconfigurable services. Journal of Sensor and Actuator Net-
works, 9, 4, 55. IsSN: 2224-2708. DOI: 10.3390/jsan9040055.
http://dx.doi.org/10.3390/jsan9040055.

Marta C. Gonzalez, Cesar Hidalgo, and Albert-Laszlo Barabasi.
2008. Understanding individual human mobility patterns.
Nature, 453, (July 2008), 779-82. poI: 10.1038/nature06958.
Valeria Lukaj, Francesco Martella, Maria Fazio, Antonio
Celesti, and Massimo Villari. 2021. Trusted ecosystem for iot
service provisioning based on brokering. In 2021 IEEE/ACM
21st International Symposium on Cluster, Cloud and Internet
Computing (CCGrid), 746-753. por: 10.1109/CCGrid51090.
2021.00090.

Francesco Martella, Giovanni Parrino, Giuseppe Ciulla, Rob-
erto Di Bernardo, Antonio Celesti, Maria Fazio, and Mas-
simo Villari. 2021. Virtual device model extending ngsi-1d
for faas at the edge, 660-667. po1: 10.1109/CCGrid51090.
2021.00079.

Yves-Alexandre Montjoye, Cesar Hidalgo, Michel Verleysen,
and Vincent Blondel. 2013. Unique in the crowd: the privacy
bounds of human mobility. Scientific reports, 3, (March 2013),
1376. po1: 10.1038/srep01376.

Luca Pappalardo, Filippo Simini, Gianni Barlacchi, and
Roberto Pellungrini. 2019. Scikit-mobility: a python library
for the analysis, generation and risk assessment of mobility
data. (2019). arXiv: 1907.07062 [physics.soc-ph].


https://doi.org/10.1109/MCC.2018.053711664
https://doi.org/10.1109/MCC.2018.053711664
https://doi.org/10.3390/jsan9040055
http://dx.doi.org/10.3390/jsan9040055
https://doi.org/10.1038/nature06958
https://doi.org/10.1109/CCGrid51090.2021.00090
https://doi.org/10.1109/CCGrid51090.2021.00090
https://doi.org/10.1109/CCGrid51090.2021.00079
https://doi.org/10.1109/CCGrid51090.2021.00079
https://doi.org/10.1038/srep01376
https://arxiv.org/abs/1907.07062

Data commons in smart mobility — the road ahead?
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ABSTRACT

Mobility data collection and governance are mainly dominated
by larger technology companies that gather all the data.
Therefore, they also have exclusive control over what happens
with the data. This calls for alternative data governance models.
A viable alternative, introduced in recent years, is the data
commons model. With this model, people can share their data on
their own terms, while maintaining a certain amount of privacy.
This model has been used with health data and scientific data,
however, no viable example of a mobility data commons has thus
far been found. This paper explores how local governments can
facilitate a mobility data commons. And: is the commons a
beckoning road for all of us?

KEYWORDS

Data governance, disruptive technologies, mobility data
management, digital literacy, data commons, policy making.

1 INTRODUCTION

In the last decades, the concept of a smart city has grown in
popularity both as a research subject and in government policies.
Cities all over the world have started using technology to look
for solutions that enable transportation linkages, mixed land uses,
and high-quality urban services with long-term positive effects
on the economy and sustainability of the city [1].

Smart cities are built on data. And one area where the generation
and analysis of data have steadily increased is the mobility sector.
App-based mobility services, like bike-sharing, scooter-sharing,
peer-to-peer carsharing, and ride-hailing gather enormous
amounts of information about how, when, and where people
travel. And not only sharing apps, also other apps like weather
apps or wayfinding apps generate data. Plus not only ‘smart
solutions’ generate data but also ‘regular’ cars and bikes are
becoming more and more mobile sensors in the city landscape by
offering, to name just a few examples, ‘tracking services’ in case
of theft, and cameras helping people to park.

In this context the City of Amsterdam aims to be a smart and
mobile city, offering a large supply of mobility options;
affordable, reliable, and accessible to everyone. However, most
mobility data are enclosed by private companies, while the data
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generated by these services can be of great public value. As the
city of Amsterdam is also part of the ‘cities coalition for digital
rights’ and aiming to be a number one city in the protection of its
citizens digital rights, Amsterdam is looking for good examples
in the governance of data and cocreation of public value together
with citizens, local stakeholders and SMEs.

Considering the context, and considering the role of the
municipality, this paper explores the following question: can or
should a local government organize a data commons in order to
enable parties to share data in a trusted, fair and economic way,
while observing privacy and security concerns? This paper
therefore shortly explores the ‘why’ and ‘how’ and evaluates the
applicability of a data commons as a disruptive technology and
framework. This paper is based on existing literature and
interviews with experts from the municipality of Amsterdam and
is structured as follows: section 2 will start with some
background information to support the research question. In
section 3 the concepts of a smart city and data commons are
explored, and section 4 will present the conclusions.

2 BACKGROUND

In the last couple of years, data have become a valuable asset to
our economy. Some have claimed that the world’s most valuable
resource is no longer oil, but data [23, 49, 53]. A new form of
capitalism has arisen where wealth is generated based on the
accumulation, extraction, processing, and use of data.

The term Big Data has been on the rise since the start of the new
millennium. Enabled by new and innovative technologies,
companies can gather and analyse data from their customers or
users and use it to their advantage. Digital data and information
have become a critical economic, political, and social resource
and most of this data is in the hands of just a few companies such
as Amazon, Google, Facebook, and Apple [41, 43]. With this
data, these few companies can have huge control and influence
over human behaviour and societies. As a response, politicians,
human rights movements and people in general have raised
concerns about the misuse of their data. For manyj, it is not clear
how much data these companies collect and what they do with it.
As a result, people opt to not share anything with anyone and
have started hoarding their data. However, data can be of great
value for everyone if used in the right way. In the near future for
instance, Artificial Intelligence will have to use data to play a role
in the delivery of services [36]. If this data stay in the hands of
big tech companies, the positive effects may never reach citizens.

As a digital rights city, therefore, it is of importance to look for
new technologies that enhance public value and public benefit at
the same time [43]. Citizens should have the power to decide on
who they want to share their data with, under which rules, for
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what purpose and in a transparent manner. Data are (too) often
regarded as a resource to be extracted for private profits, and
technical developments have enabled technology firms to
capture data from and about those who have not consented or
have no viable alternatives. The view on data therefore must
change from an asset that can offer a competitive advantage, to
one of public infrastructure to ensure common welfare, which
can be exchanged equally.

For this research, a smart city is defined as "A well defined
geographical area, in which high technologies such as ICT,
logistic, energy producti