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ABSTRACT
Ever since the earthquake of April 6, 2009 hit the city of L’Aquila,
Italy, the city has been facing major challenges in terms of social,
physical, and economic reconstruction. The system of public
urban mobility, the bus network, is no exception with its old bus
fleet, non-user-friendly information, and poor scheduling. This
paper argues that the public transportation system of L’Aquila
could be improved towards smart mobility models without large
infrastructure investment by leveraging the “infostructure”
approach, digital technologies, open data, and open source
software. This work presents the digitization and geo-referencing
procedure, software architecture, and the web and mobile apps
that have been developed to improve the information flow
available to citizens and to increase the user-friendliness of the
transportation system. Future research will seek to make use of
the data and develop applications to perform a public transport
accessibility analysis of major points of interest throughout the city.
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Introduction

The applications of new information and communication technologies (ICTs), computer
software, and web applications in the urban domain is constantly increasing. Various are
the examples that range from participatory planning GIS (PPGIS), planning support
systems (PSS), social media, decision support systems (DSS), trip planners, collaborative
mapping tools, web apps, and so on (Klosterman, 1997, 2012; Shim et al., 2002; Dunn,
2007; Ricca and Scattoni, 2008; Evans-Cowley and Hollander, 2010; Casey and Li, 2012;
Brown and Kytta, 2014; Pelzer and Geertman, 2014; Schmidt-Thomè et al., 2014;
Tomitsch and Haeusler, 2015; Stratigea et al., 2015). The emergence of new expressions
such as urban informatics, community informatics, e-planning and urban technology,
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and computing, just to mention some, is a clear indicator of their increased use in cities
(Gurstein, 2007; Silva, 2010; Zheng et al., 2014).

The availability of ICT and digital technologies and their application in urban areas and
in several sectors (i.e., public transportation, traffic management, governance, energy)
have certainly contributed over the last 20 years to the emergence of the smart city
concept, even though a shared and single definition of smart cities does not exist
(Albino et al., 2015; Caragliu et al., 2011; Hollands, 2008; O’Grady and O’Hare, 2012; Stra-
tigea et al., 2015). Within such a framework and under the wider umbrella of the smart city
concept, the present work has sought to apply the concept of infostructures – which could
be defined as targeted small interventions that rely on digital and information technologies
to improve the flow of information and data available to citizens (Tomitsch and Haeusler,
2015) – to the post-earthquake city of L’Aquila, Italy, and its system of urban mobility.

At the moment of writing, eight years after the earthquake, L’Aquila still represents a chal-
lenging context. The earthquake destroyed the whole city center and part of its suburbs, dis-
rupting the daily life of citizens (Valenti et al., 2013). Thousands of people were left without a
home temporarily. The national government, not without criticisms (Özerdem and Rufini,
2013), responded by building and providing new homes (Progetto CASE and MAP) in differ-
ent locations spread out within the municipal boundaries (See Figure 1). As a consequence, the
bus network, the only means of public transport in L’Aquila, faced greater challenges to serve
the population, as described in Castellani (2014) with reference to secondary school students.

The public investment for the reconstruction of the private and public parts of the city has
been considerable – 11.9 billion euros have been earmarked, 6.4 of which has already been
delivered, for all the municipalities hit by the earthquake, and about 3.5 billion euros for
L’Aquila only (CIPE, 2016; USRA, 2016). Given the considerable amount of money that is
being spent on the physical reconstruction of private residential buildings of L’Aquila, the
infostructure approach proves an implementable paradigm for the improvement of urban
services towards a smart city model. This work, inspired by the open data and open
source philosophy applied to the field of urban mobility in the challenging context of post-
earthquake L’Aquila, contributes to an improvement in the quality, amount, availability,
accessibility, and management of public transport-related information and data. With
regard to the public transport system, the infostructure approach guided us towards the
choice, development, and production of new digital tools, data, and information (GTFS
open source editor, web-based trip planner, GTFS data and geo-referencing of public trans-
port information such as bus stops and lines) that were never available before in L’Aquila and
that would improve access to the public transport service for citizens. As a consequence, the
application of the infostructure approach and digital technologies in the context of L’Aquila
aims to contribute to improving the living and mobility elements of the smart city concept
showing that a transition to smartness can be initiated without huge investments.

The main goal of this article is to show a technological strategy (i.e., a process and
related data) necessary to improve a public transport service with little investment. The
proposed technological strategy can be generalized and applied to other medium-sized
cities like L’Aquila which (1) have an important administrative role as regional or provin-
cial capital cities, and (2) struggle at solving the challenge of providing satisfactory ICT
services for the mobility of their citizenry.

For these reasons, the target audience of this article is academics, policymakers, and
local transport authorities. More specifically, academics can be interested in
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understanding how a technological strategy based on open-source technologies can be
defined and tailored to medium-sized cities with characteristics similar to those of
L’Aquila; policymakers and local transport authorities can be interested in understanding,
evaluating, and possibly replicating the proposed technological strategy in order to
improve the access to the public transport services for their citizens, thus making a positive
impact on their quality of life.

The tools and data discussed in this paper have already been presented to the citizenry,
public administration staff, and mayor of L’Aquila in the context of the third “Forum on
L’Aquila” organized by the Gran Sasso Science Institute on December 14, 2015 (GSSI
YouTube Channel, 2015). At that forum, the mayor of the city expressed interest in a
further collaboration on the topic for the implementation of the new tools in the future.

Figure 1. Post-earthquake changes in the spatial structure of L’Aquila: new settlements and the aban-
doned historical core. Sources: 2011 Census; Protezione Civile, 2016
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The software infrastructure realizing the proposed technological strategy has been
implemented and is (partly) available as open-source project. However, its actual deploy-
ment and operationalization has not been carried out yet since more work needs to be
undertaken by the municipality itself, especially in terms of GTFS data production and
adoption of the new technology. This article therefore aims to create awareness of ICT-
related opportunities in the field of urban mobility and to the development of mobility
and GTFS data applications with the development of specific software.

This article is structured into four main parts. In the first one, the concepts and
approaches of smart cities and infostructures are briefly presented as the conceptual
basis upon which the work has been developed. The second part presents the local
context of L’Aquila and specifically the local transportation system, describes the
process of producing the geospatial data and shows one exemplary application of the
data that has been produced. That is followed by sections that describe how the appli-
cations and software have been developed. Following that, we discuss the key technical
decisions we made when designing the proposed software suite, focusing on how they
can contribute to the smart cities agenda and their relation to the infostructure approach.
The final section sets out the conclusions. Future research efforts will be aimed at employ-
ing the data and tools that have been developed in the context of this research for the
analysis of the spatial accessibility via public transport of several points of interests
(e.g., city center, university facilities, hospital, CASE public housing projects) in post-
earthquake L’Aquila.

L’Aquila: A Smart City

Various definitions of a smart city are present in the academic literature. Albino et al.
(2015) provide a thorough account of the available definitions and of the evolution of
the concept over the years. Emphasis is on the elements of a smart city that can vary
from use of technologies to a strong governance-oriented approach, which emphasizes
the role of social capital in urban development, to the importance of higher education
and knowledge economy (Winters, 2011). Thus, the concept is not limited to the use of
ICT in cities but embraces people, governing bodies, institutions, and community needs
(Albino et al., 2015).

The elements that characterize a smart city are various and change in relation to the
definition of a smart city that we want to consider. A classification that appears to be par-
ticularly interesting in our case, since it is also used by the Osservatorio Nazionale Smart
City (ONSC) (Italian National Smart City Observatory), is provided by Giffinger and
Gudrun (2010) who identify six smart elements: people, environment, economy, living,
mobility, governance. L’Aquila, according to the ONSC, ranks 91st out of 116 provincial
capital cities, so it does not seem to be performing well (Ernst and Young, 2016: 15).
However, L’Aquila was awarded the SMAU “Smart Communities Milano 2015′′ award
for the project L’Aquila Smart City: Rete Elettrica Intelligente e Mobilità Verde (Smart
Electric Grid and Green Mobility). The details of the project can be found at the
website of the SMAU event (SMAU, 2015) and confirm the great investment and
amount of financial resources in infrastructure improvements, especially for the smart
electric grid that will provide charging stations for electric cars (the latter represents the
green mobility action). The project cost is estimated to be around 16 million euros and
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is entirely financed by the national government. This reinforces our thesis based on the
infostructure approach that aims to improve the city’s public transportation service
through the development and use of open data and digital technologies. Our focus is
on smart mobility and particularly on the “availability of information and communication
technologies” as one of the elements that make mobility smart (Giffinger et al., 2007: 12) to
improve the service, especially for weaker social categories such as seniors, students, and
immigrants (see Castellani, 2014 for work on public mobility and secondary school stu-
dents). Examples of ICT used to improve the quality of public services and the relationship
and communication between citizens and government officials abound in the literature
(e.g., Emotional Maps, FixMyStreet, FixVegas, PhillyWatchDog, SeeClickFix, Ushaidi).
Reviews and examples of many web and mobile applications are discussed by Anastasiu
(2012), Desouza and Bhagwatwar (2014), Ertiö (2015), and Panek and Benediktsson
(2017).

Urban mobility is a fertile field for the application of ICT. Examples range from traffic
and parking control, app-based bike and car sharing services, on-trip information, and of
course travel planning (EC, 2012). The impact of ICT on public transport users is empha-
sized by Cano Viktorsson (2016) who highlights that such uses of ICT can lead to
increased knowledge and changes in attitudes and behaviors. Moreover, as highlighted
by some authors (Baron, 2012; Meier, 2012), the application of ICT technologies can
also help communities become more resilient to disasters and crises and better adapt to
new situations after a shock – e.g., new bus schedules and routes after the earthquake,
wireless communication and warnings after Hurricanes Sandy in New York and
Katrina in New Orleans (for the evolution of the connotations of the term resilience in
different disciplines with regard to the built environment, see Amaratunga and Haigh,
2011). ICT can also contribute to increasing the participation and engagement of citizens
in public policies and government decision-making (Linders, 2012; Meijer, 2012; Skoric
et al., 2016), which is a fundamental strategy for increased post-disaster resilience as dis-
asters manifest a democratic deficit (Calandra et al., 2014; Castellani, 2014).

The next section will present the context of post-earthquake L’Aquila with an explicit
focus on public mobility after a brief general introduction.

Context: Post-Earthquake L’Aquila and Its Public Transportation System

L’Aquila, the capital of the Abruzzo region, despite its high-ranking administrative status,
is a town of moderate size. Some symptoms of economic stagnation were perceptible in
this mountainous, peripheral region already before the earthquake. In recent decades,
L’Aquila has benefitted much less from economic growth than maritime zones like the
Pescara-Chieti-Montesilvano agglomeration. Historically, L’Aquila has been considered
a part of Italy’s southern regions, i.e., of the so-called Mezzogiorno.

The city of L’Aquila is characterized by a dispersed settlement structure, because the
approximately 70,000 residents are spread over an area of 474 km2, giving an average
population density of less than 150 persons per km2. Population is split between the rela-
tively small and compact core and a number of smaller settlements ( frazioni), with a large
part of the municipal territory being composed of high mountain areas (the Gran Sasso
chain), and therefore not inhabited at all. The dispersed settlement structure offers chal-
lenging conditions for the development of an efficient public transportation system.
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The automobile appears to be a strongly preferred means of everyday commuting in
L’Aquila. In general, driving is more common in Italy than in Western and Northern
Europe, and within Italy itself the south is more automobile-dependent than the north
(Istat, 2011). Generally, in cities of the Mezzogiorno public transportation tends to play
a less important role than in the north. In the south, city residents use public transpor-
tation almost twice less frequently compared to their northern counterparts. Also, they
express more dissatisfaction with the quality of public transportation services (Istat,
2011: 16).

Even accounting for the regional differences, the supremacy of automobile commuting
in L’Aquila is remarkable. The city is characterized by an exceptionally high motorization
rate, which amounted to 745 automobiles per 1,000 residents as of 2011, compared to the
average value of 614 automobiles per 1,000 residents in the largest Italian cities (Istat,
2011: 3–5). Over 90 percent of commutes to work, and nearly 70 percent of commutes
for study purposes were effectuated by cars (See Table 1). Interestingly, most commuters
traveling to work were drivers not accompanied by any passengers. While automobile
commuting had been widespread already before the earthquake, the share of car traffic
increased after the quake. It appears that the increase occurred mostly at the expense of
pedestrian traffic, since the post-earthquake changes in spatial structure (i.e., the new
settlement projects) tended to increase distances between home and workplace. Only in
the case of trips to school has the public transportation slightly gained in importance,
while in the case of trips to work its role remained marginal.

During the first months following the 2009 earthquake certain measures were under-
taken in order to adapt the public transportation system to the emergency situation.
For example, the length of the public transportation network has been extended by
about 20 percent in order to reach the new settlements, and ticket fees had not been col-
lected until August 1, 2011 (Comune dell’Aquila, 2012: 15). However, it appears that in the
longer run public transportation is not perceived as a feasible alternative to the
automobile.

The reconstruction after the April 6, 2009 earthquake has profoundly changed the
spatial structure of L’Aquila, by shifting functions, creating new development poles, and
further decentralizing the already dispersed urban population. The national government
decreed the construction of new settlements for households displaced by the earthquake,

Table 1. Modal split of trips to work and study in L’Aquila, before and after the earthquake. Sources:
Comune dell’Aquila, 2012; Istat, 2016

Means of transport

Commutes by purpose

Work Study

2001 2011 2001 2011

Automobile – total 79.5% 91.9% 56.2% 68.8%
Automobile – driver – 86.6% – 13.4%
Automobile – passenger – 5.3% – 55.4%
Motorcycle/motor scooter 1.0% 0.5% 3.4% 0.8%
Train 0.0% 0.1% 0.0% 0.0%
Bus 3.5% 3.2% 24.4% 26.3%
Bicycle/pedestrian/not declared 16.0% – 16.0% –
Bicycle – 0.1% – 0.1%
Pedestrian – 3.9% – 4.0%
Other – 0.2% – 0.1%

104 E. FALCO ET AL.



sometimes referred to as “new towns.” They include 19 CASE projects (Complessi Antisis-
mici Sostenibili ed Ecocompatibili) for a total of approximately 15,000 residents, and 19
MAP projects (Moduli Abitativi Provvisori) for about 2,000 residents. According to plan-
ning guidelines, these new settlements ought to be constructed in the proximity of existing
built-up areas and the places of origin of the displaced persons (Comune dell’Aquila,
2014). However, in reality most settlements have been located in the periphery of the
city, and in this way they contributed to strengthening the already dispersed urban
tissue of L’Aquila (See Figure 1).

Research has shown that the residents of the new settlements show more propensity to
move to another place of residence (Contreras et al., 2013). However, relocation would not
necessarily imply returning to the previous place of residence, as the reconstruction in
large parts of the city has not yet been completed. Post-earthquake changes in the settle-
ment structure are more than just short-term displacements, and all these changes have
profoundly affected urban mobility in L’Aquila (LAURAq, 2010: 44). However, it is not
clear how the system of public transportation should adapt to the new conditions.
There have been several studies focusing on various aspects of the reconstruction and
recovery after the 2009 earthquake (see e.g., Alexander, 2013; Cofini et al., 2014; Contreras
et al., 2013; Özerdem and Rufini, 2013), but the subject of public transportation in post-
earthquake L’Aquila has not been addressed so far.

The public transportation system of L’Aquila is in need of substantial investments, both
in regard to the fixed infrastructure (especially the bus terminal Collemaggio, but also the
minor bus stops), and to the bus fleet. However, in a city still struggling with the recon-
struction of the historical core, the improvement of public transportation is actually just
one of many objectives, and apparently not one of the most urgent ones.

In 2012 the city of L’Aquila updated its urban mobility plan (piano urbano mobilità;
PUM). The previous version of the plan originated in 2008, but after the earthquake
many revisions were necessary. According to this document, the future system of public
transportation in L’Aquila should be based upon three main elements: (1) suburban
railway, (2) bus rapid transit, called “Metrobus,” (3) electric buses in the area of the his-
torical core (Comune dell’Aquila, 2012). The suburban railway should connect peripheral
districts located to the west and to the east with the core of the city, using the already exist-
ing regional railway corridor. Bus rapid transit is intended to complement the railway
system, including two lines also running from west to east, but serving districts more
distant from the railway corridor. In part it would follow the route of the abandoned
monorail project. The urban mobility plan also foresees the construction of a cable car
between the historical core and the university campus. Looking at the vision of the
future of the urban mobility plan, it is hard to avoid the impression of discrepancy
between the present situation and the desired state. Both the suburban railway project
and the bus rapid transit system would require substantial infrastructural investments,
and, therefore, they are strongly dependent upon the availability of external funding.

In our paper, we argue that improvements in the quality of public transportation could
also be made incrementally. Public transportation investments in L’Aquila are necessary
due to long-time neglect, and the post-earthquake reconstruction only made the needs
more evident. Having this in mind, we suggest looking beyond the logic focused only
on physical investments. The climate of the first years after the earthquake and the avail-
ability of reconstruction funds fostered thinking in categories of large infrastructural
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projects. However, some steps towards sustainable and smart mobility in L’Aquila could
be made even without large infrastructural spending. The recent turn towards “infostruc-
tures” deserves particular attention here.

In this regard, the use of geospatial data in conjunction with ICT could open many new
possibilities. The objective of our project was twofold: first, to create geospatial data for
L’Aquila related to the public transportation system, and second, to develop software
tools in which these data could be used for both analytical and practical purposes. The
next section gives an overview of what has already been achieved in the production of
geospatial data for L’Aquila, what obstacles have been faced, and what could be the
next steps. Then, the following sections present the process of developing the software
tools.

Geospatial Data for L’Aquila

An initial overview has revealed that the availability of geo-referenced data related to the
system of public transportation in L’Aquila was fairly limited. The creation of a geo-refer-
enced database, under the framework of the project, has been focused around the follow-
ing elements: (1) the network of the public transportation system, composed of nodes (bus
stops) and connections (bus routes), (2) the general transit feed specification (GTFS).

Data on the location of the bus stops were drawn from the local public transportation
company (Azienda Mobilità Aquilana; AMA). They were available in the CSV (comma
separated values) file form and have been translated into shapefile format. Apart from
the latitude and the longitude of each stop, data also included a short description of the
location, and in some cases also a link to a pdf file with additional information. This infor-
mation included a list of all the lines that pass through the stop, and the QR codes that link
to the timetables of each line (See Figure 2). In total, the database contains 1,058 bus stops,
counting stops in opposite directions separately.

Figure 2. Example of information linked to the bus stops in the database and provided to passengers
on selected stops. Source: AMA
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The geo-referencing of the bus network was a longer process. On the website of the
AMA, only a generalized graph of the network and the maps of selected routes in pdf
format were available. For the other routes, the timetables (also drawn from the AMA
website) were the main source of information. The timetables show the itineraries of
each route as well as stop times for the major stops. For the residual stops, not included
in the timetable, it was necessary to interpolate them to a route, using supplementary data
when necessary. For example, the routes’ information linked to the bus stops through a
web link was used for that purpose. The routes’ shapefiles were created using the user-con-
tributed Open Street Map database as a basis, in order to assure coherence of the database
of geo-referenced routes with the actually existing roads network of L’Aquila. The results
of the geo-referencing of the bus stops and lines are given in Figure 3.

The second part of the geo-referencing process was related to the general transit feed
specification. The GTFS is a standard of data formatting used in trip planners. From a
technical point of view, it is a set of files containing comma-separated values. The creation
of a GTFS is a time-consuming process, and in the case of L’Aquila it turned out to be
particularly complicated. Beside that the stop times are only given for the major stops
of each line, a major difficulty resulted from the organization of bus routes. In
L’Aquila, apart from the main bus lines, which are denominated by numbers, there are
also a number of sub-lines, additionally indicated by letters. For example, for the main
line No. 11, there are also the following sub-lines: 11T, 11L, 11R, 11T, M11T, and 11Y
(See an example of timetable in Figure 4). Each of the sub-lines follows a slightly, or
even a significantly different route. It is partly a consequence of the dispersed settlement
structure of L’Aquila, and of the necessity of providing public transportation services to all
the different districts. A practical consequence is that the number of routes that would
need to be codified in the GTFS would be very large. Due to this, only a pilot phase of
the GTFS creation for L’Aquila, including two lines, has been realized so far. If more
staff and possibly also financial resources become available, it would be highly recom-
mendable to proceed with the creation of the full GTFS, which could be used not only
for practical purposes (e.g., online trip planning) but also for analytical ones. The initial
work with the creation of the GTFS could be used as a starting point in this regard.

The geospatial data for L’Aquila that have been produced during the project have a
potentially broad spectrum of applications, ranging from accessibility analyses, online
trip planning, to bus network optimization. Here we would like to demonstrate just one
exemplary application of the data for a spatial accessibility analysis of post-earthquake
settlements for displaced persons (CASE and MAP).

For the purpose of the accessibility analysis, a range of 400 m from the bus stop has
been chosen as the accessibility threshold. In the literature, distances ranging from 200
to 800 m have been suggested as a threshold of transit accessibility, but typically
authors assume distances ranging from 400 to 500 m (Demetsky and Lin 1982; Zhao
et al. 2003). Based on the 400 m threshold, which translates into a real walking distance
of approximately 500 meters, a buffer has been created around each stop of a single bus
route, for a total of 19 routes. Census tracts and new settlements were assigned a value
of 1 or 0 depending on whether or not they were located within the buffer (census
tracts were also considered accessible if only partially within). For the census tracts, the
accessibility was calculated for the resident population. For the CASE and MAP projects
population data was not available, so only the number of projects was considered.
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Results show a significant difference in accessibility of the bus network between the
residents of the new settlements and the rest of L’Aquila population (See Table 2;
Figure 5). The population of L’Aquila could be roughly divided into two groups, with
about one third residing in areas where the spatial accessibility of the bus network was
at least satisfactory or good (five or more routes available). However, for the residual
two-thirds, the accessibility of public transportation was limited, and every fifth resident
only had access to a single route or no routes at all. In contrast to this, all the residents of

Figure 3. The geo-referenced bus stops and bus lines of L’Aquila. Source: authors’ elaboration
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the new settlements had limited access to the city’s bus network. Half the settlements were
only accessible by a single route, and none of them had access to more than three routes. In
practical terms, it meant that the residents of the new settlements had few incentives not to
use automobiles in their daily commutes. The limited accessibility of public transportation
could negatively affect those without a private means of transportation, including adoles-
cents and seniors.

In the future, it will be possible to use the data produced during the project for other
purposes. Here, only the spatial aspects of accessibility were taken into consideration,
but the temporal aspects surely also deserve attention. The GTFS editor, which is described
in the following part of the paper, would allow some insights into the temporal aspects of
mobility. In conjunction with GTFS data, it would facilitate the creation of an online trip
planner for L’Aquila, which in turn could be a starting point for a data-informed optim-
ization of the bus network.

Figure 4. Example of timetable for a line with a number of sub-lines. Source: AMA

Table 2. Number of bus lines accessible from census tracts and new settlements. Source: authors’
elaboration
No. of Accessible Bus
Routes

Population in Census
Tracts

Percentage of
Population

CASE and MAP
Projects

Percentage of
Projects

null 329 0 – 0
one 11598 17 19 50
two 14223 21 14 37
three 16090 24 5 13
four 2474 4 – 0
five 786 1 – 0
six 3265 5 – 0
seven 1192 2 – 0
eight or more 17007 25 – 0
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The Proposed Software

In order to achieve the goals and results presented in the previous sections, we designed
and developed a set of software applications and tools. The proposed software suite is
based on BusOnAir (http://github.com/lorenzosfarra/busonair), an open-source project
developed in collaboration with the University of L’Aquila, the Gran Sasso Science Insti-
tute, and the Vrije Universiteit Amsterdam. BusOnAir is a generic information system
with three main drivers: (1) to efficiently manage static and real-time information
about public transportation systems, (2) to make such information available to the user
by means of a dedicated responsive web app, and (3) to make such information available
to third-party developers as open data. The software architecture of BusOnAir has been
extensively studied, analyzed, and validated from a software engineering perspective (Hil-
liard et al, 2012; Malavolta, 2012) and it is represented in Figure 6.

From a high-level point of view, the BusOnAir system is composed of three main sub-
systems, each of them deployed in a dedicated physical server:

1. The front-end subsystem hosts a web app dedicated to citizens and can perform the
following tasks: (1) consult the static timetable of all the bus routes of the managed
network, (2) find the more convenient bus stop in order to reach the destination,
and (3) provide the timetable of a given bus stop. The web app has been developed fol-
lowing the responsive web design approach, aimed at building websites that provide an
optimized view and user interaction among a wide variety of devices (e.g., desktop
computer and mobile phones). The next section details the front-end server subsystem.

Figure 5. Spatial accessibility of the bus network in L’Aquila. Source: own elaboration
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2. The data management subsystem is responsible for storing and preserving data,
mainly related to travel agencies and their services including bus routes and timetables,
and distributing them to the clients. This subsystem is structured around the two fol-
lowing components. The first one is a graph-based database that provides optimized
performances while processing the typical data types involved (e.g., timetables,
routes, stations, stops). The second component is a REpresentational State Transfer
(REST) API that provides read, write, and update access to data. This API has opti-
mized methods for bulk operations (e.g., periodic timetable updating), as well as for
more time-constrained operations such as updates related to an actual bus position.
Moreover, a specialized set of API methods is dedicated to trip planning. The com-
munication between the REST API and the graph-based database is mediated by a soft-
ware layer dedicated to: (1) validating data consistency, (2) granting API access only to
authorized users, (3) maintaining a log of all users operations for security purposes,
(4) calculating statistics about transport services and securely storing results at prede-
fined intervals.

3. The GTFS subsystem hosts a web-based dedicated editor for creating and managing
public transportation transit data, schedules, and associated geographic information.
Here the main goal is to allow non-technical stakeholders (e.g., a transit service
manager of a public transit agency) to create, edit, and maintain public transit data.
We decided to design this editor relying on the well-known and accepted General
Transit Feed Specification (GTFS) format, proposed by Google and acting as a de
facto standard for specifying and exchanging public transit data across the world.1

Our platform allows GTFS data managers either to directly send the data to the data
management server to update current transit data in the graph-based database, or to
download it as a stand-alone archive for further analysis with third-party tools.

BusOnAir is designed to be extremely flexible and to easily accommodate needs that may
arise in different contexts, involving other cities or different agencies. This adaptability is a

Figure 6. Architecture of the proposed software
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key aspect of the whole project. BusOnAir’s REST API publicly exposes transit data by fol-
lowing the principles of the open data movement (Kitchin, 2014).

Responsive Web Front-End

In this section we provide details about the BusOnAir web application, a useful tool to
obtain information about lines, bus routes, and the position of bus stops. BusOnAir
Web offers several services as part of the larger web application, as follows:

. a route planner which shows the directions for users of the public transportation service
travelling from one specific location to another

. timetables at various stops

. a list of all bus lines by public providers.

Figure 7 shows a screenshot of the web application. This tool is able to automatically geo-
locate the user in order to immediately provide the user with his/her location within the
city. The web application provides an interactive map of the city and, on the left panel, the
two main services offered by the web platform:

. Trip planner

. Routes

As shown in Figure 7, selecting one of the routes, e.g., M11, the app shows the user the
associated path on the map. The user is thus able to check the departure and terminus
points (markers A and B) and the numbered markers in between indicating the main
locations travelled by the route.

As shown in Figure 8, the trip planner also allows the user to specify departure and
arrival locations (either as text or via interactive markers on the map) and shows multi-
modal information, combining buses with walking, to reach the destination.

Figure 7. Routes menu
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Graph-Based Data Management

In this section we describe our data management subsystem, discussing the design
decision of storing transit service data in a graph-based database; indeed this is one of
the novelties of our fast and efficient software infrastructure. We have implemented the
data layer using Neo4J (The Neo4J Team, 2016). A graph-database (graph-db) uses
graph theory (West, 2001) to map, store, and query relationships between entities. In a
graph-database each node corresponds to an entity of the domain (e.g., a bus stop, a
route, etc.). Nodes can contain attributes representing their own main characteristics
(e.g., name of a bus stop, unique identifier of a route). As of today the majority of
implementations of graph databases have a strong focus on performance and scalability,
making them good candidates for being used in production-ready software systems.

Graph-based databases are well-suited for analyzing interconnections and working
with data in business domains that involve complex relationships such as the travel and
transport industry. One of the main benefits of graph-databases is that developers can
reuse built-in and well-known algorithms for solving common problems, such as comput-
ing the “shortest path” between two geographical locations. Moreover, in some domains
(like the transportation one) the use of graph-based databases improves the quality of
the design of the application since software architects and developers are able to map
the domain model to the data model, reducing the gap between the business and IT.
Graph database implementation increases performance, since it can traverse millions of
relations in a fraction of the time, which is unthinkable for relational databases. Queries
are faster than in relational databases, so the performance of the entire application is opti-
mized. With their flexible data models, graph databases can be easily adapted to business
changes and software evolution (this is important for an evolving field such as that of
public transportation technology).

For what concerns the database model, we extended the Simplified Time Expanded
model (Pyrga et al., 2007) and the concepts for the domain we modeled can be summar-
ized as follows:

Figure 8. Trip planner form, route visualization on map, and textual representation of itinerary
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. Station: contains an index (time based) of every the stop associated to itself

. Route: is a graph path represented with a set of stations

. Stop: represents a node with the attributes Time and Static Time to manage delays

. Run: is an instance of Route with the specific timetable and all the expected checkpoints

. Departure: is the starting node for a route

. Arrival: is the destination node for a route.

Our data management subsystem communicates with the rest of the proposed
architecture via the REpresentational State Transfer (REST) architectural style.
REST has been defined by Roy Thomas Fielding in 2000 and since then it has
received increasing attention both from academia and research (Fielding, 2000).
Indeed, most of the current web applications (e.g., YouTube, Google Maps,
Twitter, Digg, etc.) provide their services by means of a REST interface. A RESTful
web service is also called a RESTful web API, and it realizes a simple web service
implemented through HTTP and the principles of REST. Our data management sub-
system follows this technological trend and provides the data collected from the data-
base using the REST API layer in combination with the plugins accessing the
database layer. The REST API layer provides data in response to HTTP requests
that may be performed by any kind of client (e.g., a mobile app, an Internet-of-
Things device, a third-party server, etc.).

Managing GTFS Data

Our goal is to support analyses of the transit system in L’Aquila and enable a modern use
of this system by riders. The tools supporting these objectives consume structured infor-
mation representing the actual model of the transit system. At the time of writing, two are
the main open standards for representing transit models:

. The European Transmodel (formally CEN TC278, Reference Data Model For Public
Transport, EN12896)

. General Transit Feed Specification (GTFS) (an open standard produced initially by a
collaboration of Google with the Trimet Transit Agency).

Among the relevant factors to take into account when choosing a model, we considered
the availability of data in an already usable structured format and the support tools already
in use by the main stakeholder, namely the municipal public transport agency AMA. The
main source of information came in a flat CSV file form, containing partial stops details
and other unstructured information from the AMA’s website. Lack of information regard-
ing adopted tools within AMA and the need for important supplementary information
gathering was immediately evident. In this scenario the production of open data available
for analysis and public utility was not limited to the selection and conversion of structured
data to be shared with the public: a phase of real construction of the dataset itself was
needed.

Within such a context and bearing in mind our initial goals related to public benefits,
such as an improved passenger experience, transport analysis and planning, we chose the
simplest open model: GTFS. This standard guarantees a lightweight software
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implementation that requires developers with no specific background in the topic. It also
allows the main efforts to be focused on the collection, reconstruction, and analysis of
transit data. Leaving out the complexity of a full-featured model, we still have all the
necessary information for the citizens on available services, and a number of tools, like
Open Trip Planner Analyst, for performing analyses.

Until now many GTFS-based datasets, especially from the general public or small
agencies, have been produced using directly text editors or spreadsheets, as for
example the US Rural Transit Assistance Program (http://www.nationalrtap.org/Web-
Apps/GTFS-Builder). This process is error prone and makes it difficult to update and
manipulate data with the well-known usual frequency. In light of this, we propose a
new open-source software application to manage, manipulate, produce, and export
GTFS data in a collaborative manner. Our software application has been developed
using the latest, state of the art open source web technologies such as HTML5, CSS3,
JavaScript, and AngularJS. This tool provides a simple and straightforward way to
specify all the needed transit information without being an expert. Visual help, like
maps (See screenshot in Figure 9), makes it possible to directly place bus stops, and
auto-completion functions help to solve simple doubts on stop names, location, or
other similar issues.

The current version of our GTFS editor promotes collaboration among users and
transit agencies that can upload data in large CSV files produced by their own software,
or even directly in GTFS format. Thanks to the web nature of our GTFS editor, volunteers
are able to collaborate from any point at any time with a very small initial learning step. It
is possible, at any moment, to get updated GTFS files from the web application.

Figure 9. A screenshot of our GTFS editor
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Discussion

In this section we discuss the key technical decisions we made when designing the pro-
posed software suite, the ways those decisions can contribute to the smart cities agenda,
and the relation of those decisions to the infostructure approach. Indeed, the infostructure
approach presented in the previous sections guided and mandated the whole architecture
of the proposed software and influenced all our technological choices. For example, the
introduction of a trip planner meant that GTFS data were needed in conjunction with
the geo-referenced location of all bus stops.

Moreover, the REST API of BusOnAir is meant for making publicly available the transit
data by following the principles of the open data movement. This allows third-parties to
exploit our data while developing new applications in the city of L’Aquila. We hope this
will encourage the growth of an ecosystem of creative developers and designers to create
new and useful services for the citizenry in a sustainable and virtuous manner (this is one
of the points of the smart cities agenda as well).

The production of transit data in an open exchange format like GTFS can be seen as the
very first step in enabling the growth of an entire ecosystem where every transport agency
could share its data with the wider community and benefit from the improvements that
are brought about by other users. Transit agencies would ideally benefit from downloading
updates from the web, having the opportunity to check if what they have in their official
database is consistent with user perceptions. Also, end users can easily use these data
within already existing third-party trip planning tools such as Transit on Google Maps;
researchers can make use of these data for their research purposes and analyses. This
last point is specifically important for pushing forward the scientific knowledge and
understanding of various phenomena related to smart cities and the infostructure
approach. For example, empirical experiments on how public transport services evolve
over time in a post-disaster context are now possible and surely worth being investigated
from both a scientific and a decision-making perspective.

Conclusions and Future Research

This paper has looked at the application of ICT in the urban domain in relation to the
emerging infostructure approach in a post-disaster context. This approach leverages infor-
mation and communication technologies to bring about important changes which require
little investment while improving the flow of information, data, and ultimately services
available to citizens. In this article, we have shown how the concept of infostructures
can be applied to the public transportation system of a post-earthquake context, the
city of L’Aquila in Italy, for the benefit of citizens, users, and the public transport
agency. In a post-disaster city where billions of euros are being invested in its physical
reconstruction, the application of ICT and the concept of infostructures can bring sub-
stantial benefits for the city of L’Aquila, increasing the quality of its public transportation
system and providing a valuable, immediate, and easily implementable alternative.

By adopting the infostructure approach and leveraging small targeted changes through
the application of ICT, the usability of public transport can be improved considerably with
real-time information, trip planner options, transit data digitization, and the availability of
web applications. Important steps towards a smart mobility model can be taken by
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policymakers and local transport authorities and the proposed technological strategy can
be replicated in other medium-sized cities where large investment resources are not avail-
able. In fact, benefits for transit agencies are also at stake since updates, changes, and
improvements to transit and spatial data can come from the wider community by
means of easy-to-use, open-source applications.

Such an application of the infostructure concept would contribute towards a smart
mobility model for the public transport system of L’Aquila as one of the main pillars of
the smart city concept. In addition to this, scholars (Baron, 2012; Meier, 2012) emphasize
that the application of ICT in a post-disaster context can bring about advantages in terms
of increased community resilience, an essential element for a post-disaster context.

The application of the infostructure approach to the public transport system of the city
L’Aquila has consisted of two main phases: the creation of new geospatial and transit data;
and software development able to generate, elaborate, and make data available to end
users.

In the first phase, starting with very little geospatial data, a geospatial dataset of bus
stops, lines, and connections has been created for the public transportation system that
can be used in the future (See Figure 3). Transit data have also been produced with
reference to a sample of bus lines. In the second phase, with regard to software devel-
opment, the presented software infrastructure has been based on the open-source
project BusOnAir. The main features covered by the proposed architecture can be
summarized as meeting three main requirements: efficiently managing static and
real-time information about public transportation systems; making public information
available to the users by means of a responsive web app; providing such information to
third-party developers as open data in order to encourage the development of new
applications. We have presented the proposed architecture, highlighting the most
important components, e.g., data importer, data layer, back-end and front-end of
the system, and providing details about the main features implemented by the BusO-
nAir framework.

However, for the full implementation of the infostructure approach, it is not enough to
have the web tools and applications ready. A pro-active and central role of the local
administration is indeed required. Specifically, the local public transport agency (i.e.,
AMA in the case of L’Aquila) should keep working on the creation and continuous
update of a full transit feed specification (GTFS) and encourage the use of the tools by
the population by promoting and publicizing their availability when fully operational.
Sharing the full GTFS on open repositories (see note) is also essential for involving the
community of developers and improving transit data.

For future research, we are planning to extend the experiment to include private and
public transportation agencies in our system and perform a public transportation accessi-
bility analysis of major points of interests in the city of L’Aquila (e.g., new CASE and MAP
settlements and public services such as the city hospital, university buildings, and schools).

Note

1. A list of public transit agencies providing public GTFS data is available at the following link:
https://code.google.com/archive/p/googletransitdatafeed/wikis/PublicFeeds.wiki
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