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Abstract—Smart mobility is a major component of smart city
initiatives and is focused on improving citizens' mobility.
One of the policies employed to increase mobility is that of
promoting the use of public transport. But if this use is to be
made extensive, it is necessary to make transport much more
inclusive and accessible. Providing applications that guide
citizens as they travel around the city on public transport is
not something new, but it often occurs that these applications
do not have information regarding accessibility that will
allow users to establish routes according to their needs. One
of the origins of this situation is that these public transport
accessibility data are not easy to find or use in order to
develop applications that address this issue. Moreover, in
many cases the information is not updated in real time. In
this work, we present a smart data framework that is
capable of managing accessibility data related to public
transport and gathering information about incidents in the
transport network in real time. These data are annotated
semantically and published as open data using automatic
transformations defined with the RDF modelling language,
thus making data immediately available for the calculation
of new accessible routes.

Keywords - Public transport; accessibility; linked open
datasets; normalization; RML.

I. INTRODUCTION

As stated in our previous work, presented at SMART
ACCESIBILITY conference, urban mobility is one of the
greatest challenges for modern cities [1]. It is a complex
problem in which very different aspects, such as air and
noise pollution, traffic congestion or medical and
economic costs resulting from accidents, have to be
considered [2]. Smart mobility as part of smart cities
would appear to be one of the main approaches by which
to solve this problem [2].

The source of all problems in urban mobility is the
flow of people and vehicles attempting to use the same
spaces at the same time. One improvement that could be
made is that of stressing the importance of using the public
transport, which would, however, be much more efficient
if people were able to avoid colliding with other people
when traversing the cities. This could be done if they were
able to use their own smart devices to find specific routes
within the urban space.

A software system that provides maps and calculates
routes in public transport networks is no longer a novelty.
However, most of the current routing systems still do not

consider accessibility. Even the most popular among them,
Google Maps, does not provide accessible routes.
However, institutions such as the European Union (EU)
aim to provide initiatives that will improve the information
concerning the accessibility of the urban transport
network: “the special needs of user groups in different
cities need to be taken into account” [3] and to provide
those users with real-time information in order to improve
their mobility and well-being [2].

But, why do route calculation applications not provide
accessibility information? The main reason is that
information of this type is scattered in different sources
and formats. That is, there are no easily available data that
can be used to provide accessible routes to users with
special needs.

The intention of our previous research has been to use
semantic information to fill this niche [1][4][5][6][7]. In
[7], we worked with the Public Bus network of the city of
Madrid. In our other work, we have gathered the data
concerning the metro infrastructure in the city of Madrid
(Spain) and the accessibility features of that infrastructure,
which we have then used to develop an open data semantic
repository [4][5]. These data are, therefore, now available
for the applications that provide accessible routes.

Building upon this infrastructure, our platform is able
to evolve beyond its original constraints, and thus consider
higher accessibility levels. Our initial architecture had to
deal with mostly non-volatile data, i.e., data with a small
rate of change. When our system has to compute a route, it
usually uses very stable data (the structure of the network,
predefined timetables), and their alterations usually have a
certain durability (planned work, changes in the
infrastructure or the rolling stock). However, other sources
of change are much less predictable: collapses, floods,
accidents, or even the traffic flow. These are usually easy
to perceive once they have occurred - but many citizens
are unaware of these incidents until they encounter them.

Our system must, therefore, include incident
management to be complete. This would allow our smart
data to include live information and to provide an even
more intelligent response in real-time, which would take
the situation at any given moment into account. This is
particularly important when considering accessibility and
the relevant groups of interest. Owing to the need for real-
time data, in [1] we, therefore, collected data provided by
Metro Madrid users and related to incidents regarding
accessibility elements, such as lifts, stairs, etc. This data

2019, © Copyright by authors, Published under agreement with IARIA - www.iaria.org

191



collection is carried out using a crowdsourcing strategy: it
is the users themselves who provide information about
incidents at the moment at which they encounter them.
This information is sent using mobile devices is stored in
our routing platform, and has probably been attained from
many coincidental sources. These new data are collapsed
and integrated with pre-existing accessibility information —
signifying that semantic annotations are also used for their
processing when an accessible route is calculated. In
summary, their combination can be conceived as real-time
accessibility data. This approach effectively provides an
advantage over other approaches, such as those discussed
in the Related Work Section.

This integration of data from crowdsourcing into the
aforementioned semantic repository (data concerning
infrastructures and accessibility features) implies several
challenges: their specific meanings and vocabulary; the
incident lifecycle management, or the handling of
simultaneous sources, and even their scale. Our evolved
architecture must deal with all of this, and this paper
presents our solution.

One of these challenges, i.e., the handling of
simultaneous sources and different formats, can be
addressed by means of a mapping language: mapping rules
are defined to convert the collected data (in this case, in a
JSON file) into an RDF model. The use of the mapping
language facilitates and speeds up the task of transforming
and linking data.

With regard to the date scale, the use of a mapping
language also facilitates this task, especially if the data set
is very large, as an automatic transformation is performed
by applying the rules defined.

The paper is structured as follows: Section Il presents
some related works, and Section Ill describes our
CoMobility and Access@City projects, which constitute
the context of this work. Section IV presents the smart data
framework developed, describing our proposed client-
server scaling architecture and the main semantic
technologies used to model the semantic repository.
Section V describes the semantic vocabulary employed to
annotate events and the set of mapping rules that converts
the incident data into RDF triples using that vocabulary.
Section VI describes how we validated this set of rules by
means of a case study with the MM4A4 App [1], and our
conclusions and future works are presented in Section VII.

Il. RELATED WORK

There already are several software applications that
provide information about specific aspects of the public
transport domain. In some cases, they include accessible
wayfinding information or/and accessibility features, or
elements for people with special needs or disabilities.
Other software provides data about public transport using a
crowdsourcing approach. In this section, we discuss some
of the most representative of them.

Of those related to accessibility, we should mention
Landmark Ontology for Hiking [8], which is focused on
elderly people and helps them to walk less by using
wheelchairs. It formally represents landmarks for hiking.
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Wheelmate [9] and/or Wheel Map [10], meanwhile,
provide some information about accessible places for
people in wheelchairs, and Access Map provides
accessible routes to people with mobility needs [11]. All of
these consider only mobility-related  disabilities.
Furthermore, “Ciudades Patrimonio de la Humanidad” has
a web application that provides accessible routes to people
with special mobility needs, including blind or hearing-
impaired people [12]. However, none of these applications
are customizable.

The EU is making a great effort to improve public
transport [3]. Projects like ACCESS 2 ALL [13] or
Mediate [14] have been set up with the objective of
analysing how to answer all citizens’ accessibility needs.
The goal of ACCESS 2 ALL is to define mobility schemes
and guidelines in order to ensure the accessibility of public
transport to all citizens, such as the elderly and the
disabled. It, therefore, began by defining user needs.
Moreover, it proposes customised services for route
guidance coupled with localisation methods. Furthermore,
the Mediate Project has identified a set of indicators with
which to describe accessibility, has developed a tool to
measure the accessibility of urban transport and has
published a Good Practice Guide for accessibility. These
projects seek to establish a theoretical framework covering
all aspects of citizens’ mobility, but do not offer solutions
in the form of user applications.

Of those that employ a crowdsourcing approach, some
applications use crowdsourcing to improve the experience
of using public transport and to provide real-time
information about the status of public transport. For
example, Tiramisu Transit provides data such as how full a
bus is or whether any wheelchair space is left [15]. Moovit
is able to plan routes and indicate when to get off, or the
status of the service [16]. Swiftly works with transport
agencies rather than with the general public [17]. It
provides more accurate vehicle arrival data for these
transport agencies, thus enabling them to provide their
users with better information. The OneBusAway project
consists of a set of tools to improve the user experience on
public transport by ensuring that buses and other transit
systems arrive on time, decreasing waiting times,
increasing feelings of safety, or even increasing transit
trips per week [18]. OneBusAway provides several
feedback mechanisms that allow users to make comments
about these tools.

Other initiatives that use crowdsourcing are the BUSUP
project [19] and the CIVITAS initiative [20]. The former
allows users to book crowdsourced buses on demand,
while the intention of the latter is to achieve cleaner, better
transport in Europe. A CIVITAS subproject is dedicated to
mobility strategies for vulnerable groups.

OpenTripPlanner (OTP) is another project with which
to provide services for passenger information and transport
network analysis [21]. It computes routes by combining
transit, pedestrian, bicycle and car segments traversing
networks built from OpenStreetMap [22] and GTFS [23]
data. OTP also takes (transport) accessibility into account.
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As will be noted, the number of systems whose purpose
is to improve the user experience in the public transport
are increasing. However, most of them (with some
exceptions, such as Tiramisu Transit or CIVITAS) do not
take the information about accessibility elements into
account, despite the fact that these elements are necessary
for users with special needs in order to also improve their
experience on public transport. Even the aforementioned
systems [15][19], although they provide accessibility
features, do not allow the users to inform about the actual
state of these elements: whether a lift is operative, if work
is taking place that will prevent or hinder access for, i.e.,
blind people, etc.

To the best of our knowledge, there are currently no
software applications that analyse the status of the public
transport network in order to estimate the availability of
accessibility features, while also using crowdsourcing to
update their data.

With regard to the transformation of the collected data
(in a certain format) into RDF for publication in a semantic
repository, several works propose the automatic execution
of mappings. Most existing solutions are based on a
specific format [24]: for example, R2RML converts data
from relational databases [25]. There are several
approaches with which to convert data from csv and
spreadsheets into the RDF data model, which are based on
the idea that each row describes a resource and each
column represents a property [24]. Some examples are the
XLWrap's mapping language [26] or Targl [27], both of
which convert CSV into RDF using SPARQL. There are a
variety of solutions with which to map from XML to RDF
that rely on XSLT, XPATH or XQUERY [24]. Few tools
support mappings from different source formats to RDF.
Furthermore, those tools cannot integrate data from
different sources. OpenRefine [28] and Virtuoso Sponger
[29] are examples of this type of tools.

I11. THE CONTEXT: COMOBILITY AND ACCESS@CITY
PROJECTS

This work is being developed in the context of two
research projects. The first, called CoMobility [30],
defines a multimodal architecture based on linked open
data for sustainable mobility. Its main goals are to improve
citizens’ mobility and to optimize their trips by combining
public transport and car sharing. The second, called
Access@City, is a coordinated project that defines a
technological framework in which to process, manage and
use open data concerning public transport with the goal of
promoting its accessibility [31]. One of its subprojects is
Multiply@City, which focuses on processing and
harmonizing public transport accessibility data in a
semantic manner by means of an ontology, taking into
account that data are provided by different sources and
have different formats [32]. The accessibility data are
obtained from open data by means of Web scraping and
they can also be updated here via crowdsourcing
techniques. Fig. 1 provides a general depiction of the latter
project.
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Figure 1. Multiply@City project architecture.

The Regional Consortium for Public Transport in
Madrid (CRTM) [33], the Madrid public bus company
(EMT Madrid) [34], and the Spanish National Society for
the Blind (ONCE) [35] have all expressed their interest in
the results of our CoMobility and Access@City projects.

1V. BACKGROUND

In this section, we introduce our smart data framework,
which is based on the Resource Description Framework
(RDF) and the RDF Mapping language (RML) semantic
technologies. The framework describes the architecture
that supports our work. The semantic technologies will be
used in order to define our current proposal.

A. The Smart Data Framework

Our Smart Data Framework (SDF) was defined in full
in Caceres et al. [1]. In this subsection, we introduce the
most relevant aspects.

The SDF is supported by a client-server architecture
(see Fig. 3), which allows communication between
different Android apps and a server. The app related to this
work, denominated as MMAJ4A, provides two different
alternatives to users: (a) requesting an accessible route by
considering their specific needs as regards getting around
using the Metro, and (b) collecting events or incidents
related to unavailable accessibility features (lifts, escalator,
stairs, etc).

In order to compute the route (a), it is first necessary to
obtain the infrastructure data concerning the public
transport network, and to request the current state of that
infrastructure — provided by the server. It is then necessary
to establish a correspondence between the accessibility
elements (their current state) and the user’s needs.
Transmodel [36] and IFOPT [37] standards have been
analysed in order to identify the specific accessibility
characteristics that each special need requires. TABLE I
summarizes the accessibility elements and their
correspondence with the users’ needs considered in this
work.

Both models (IFOPT and Transmodel) have been used
as a basis on which to develop a specific vocabulary as an
RDF Schema [38], which comprises the information
required to semantically annotate the events regarding
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accessibility that can be produced, which are obtained via
crowdsourcing. Fig. 2 shows the RDF Schema employed
to describe this terminology and its relationships. This
schema includes terms with which to describe the
incidents.

In order to annotate the events regarding the
accessibility elements with the concepts defined in the
RDF Schema shown in Fig. 2, it was necessary to define a
vocabulary denominated as MAnto. TABLE |1 provides a
summary of the MAnto vocabulary.

The use of this vocabulary makes it possible to register
an incident, e.g., a lift does not work (hasLift FALSE) at a
specific StopPlace (i.e., station) on a specific ofLine
(transport line). This event also has an associated opening
date (openDate). When the incident is solved, we can close
it by indicating the final date (closeDate) and then
assigning a TRUE value to both hasLift (the original
feature) and closedEvent.

The event data concerning accessibility features, which
is processed from many sources (crowd), is semantically
annotated on the basis of this vocabulary and is then stored
in the semantic repository, in the events collection.

Once the events have been collected by the users (b), it
is also necessary to send these incidents to the server (as a
JSON file), in order to update the current accessibility
features in the network. It is, therefore, necessary to
develop a specific server architecture that stores the
infrastructure data and its accessibility status and is
updated using the crowdsourcing approach.

TABLE | RELATIONSHIP BETWEEN FEATURES AND USERS’ NEEDS
Accessibility Users’ accessibility needs
features of (based on IFOPT)
public transport | Auditory - Phobia | Phobia to
(esalog 211 i to lifts | escalators
IFOPT) visual
Lift v v x v
Escalator v x v x
Ramp v v v v
Stairs v x v v
Travelator - - v x

rdf:type rdf:iypc

rdf:type

rdfs: .
Resource |y ne

rdfs:domain

Event —

l hasStairs

| rdfs:range

Figure 2. Events vocabulary in RDF Schema.

rdfs:domain | rdfs:domain

>—| openDate

I StopPlace

| closedEvent |

[

| ofLine |

rdfs:range

rdfs:Literal
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In the server, which is denominated as Coruscant, we
have implemented Spring Boot [39] as the application
server (AppServer), an Apache Kakfa [40] server and an
Apache Jena Semantic Repository (SR) [41]. The server
should simultaneously ‘listen to’ the (potentially many)
notifications of incidents or events concerning the
accessibility features that are not available in the public
transport network at that moment. It is for this reason that
we have implemented the Apache Kakfa server as a
Queuing Manager (QM). The QM gathers the different
events that users have notified by employing their smart
devices, i.e., the QM gathers the JSON files generated by
the apps. The JSON files are transformed into RDF data by
the AppServer and the RDF data are then stored in the SR.

The SR maintains two separate data collections: one of
them provides the (mostly static) data concerning stations,
lines and stops, denominated as the infrastructure
collection, and the other provides the (dynamic) data
concerning the state of the network as regards its
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accessibility features, denominated as the events
collection.
TABLE Il EVENTS MANTO VOCABULARY
MAnNto term Description

mao:event Opens an event

mao:closedEvent Closes the event

mao:openDate Registers the date of the incident

mao:closeDate Registers the closing date of the
incident

mao:hasLift Registers whether the lift works

mao:hasStairs Registers whether the stairs are
accessible

mao:hasEscalator | Registers whether the escalator
works

mao : hasRamp Registers whether the stairs have
aramp

mao:hasTravelator | Registers whether the travelator
works

mao:StopPlace Assigns the incident to a station

mao:ofLine Assigns the incident to a transport
line

Android App
(MMA4A)

VORTIC3 Server: Coruscant

§g Quenes Management
Qv
kafka/
\\

Semantic Repository
(SR)

Figure 3. Architecture framework.
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B. The Resource Description Framework (RDF)

The Resource Description Framework (RDF) provides
a very simple model for data interchange on the Web [42].
In RDF, the data that are distributed by the Web (also
called resources) are described as a set of triples. A triple is
formed of three components: a subject, a predicate and an
object. The subject is a resource that is related to an object
by means a predicate. The object can be another resource,
which has been defined previously, or a literal. The
predicate can describe a relationship between the subject
and object or a property of the subject [43].

In order for the data of which the triples are formed to
be referenced, RDF identifies each component of the triple
with a URI (Uniform Resource ldentifier) [44]. For
example, a car with a set of features (make: BMW, license
plate: “5644BHZ” and colour: red) is modelled in RDF as
Fig. 4 shows.

The URI “http://www.vortic3.com/5644BHZ” would
identify a car with the license plate number “5644BHZ”
that has been manufactured by BMW and is red.

The set of triples can be represented graphically as a
directed labelled graph (RDF Graph) on which subjects
and objects are nodes and predicates and are represented
with edges. The triples of the previous example form the
graph shown in Fig. 5. The edge labels preserve the
semantics of the relationship, signifying that the use of
standard vocabularies that can always be interpreted in the
same way by those who use the data is highly
recommended. Sometimes, depending on the data domain,
no vocabulary has been defined and it is necessary to
formalize a new one. In Fig. 5 the label
“http://purl.org/vso/ns#color" would identify where the
semantics of that predicate is formalized, thus allowing all
the users of that data to interpret the predicate in the same
way. This condition facilitates the integration of several
datasets by merging several RDF graphs. The integration
takes place at the most basic level of triples, that is,
connecting two datasets can be as easy as establishing a
predicate between resources from different datasets or
determining a common resource between those datasets.

Predicate Object|
r|"BMT"

"Red"

INumber|Subject
1 http:
2 http:

ic3.com/5644BHzhttp: //purl. org/go

ic3.com/5644BHzht tp: //purl . org/vso

Figure 4. RDF Triples.

hasManufacturer

5644BHZ

Figure 5. RDF Graph.
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The representation as a graph allows a better
understanding of the relationships among data. This
representation must be transformed such that computers
can handle the data. One of the most frequently used
notations is RDF-XML [45]. Fig. 6 shows the serialization
in RDF-XML notation for the graph in Fig. 5.

Data can be extracted from this RDF file by means of
SPARQL queries [46] or by parsing the XML file.

In summary, by using RDF to model Web data it is
possible: a) to integrate data from different sources; b) to
publish data in order to reuse and share; c) to modify or
increase data without affecting the customers who use
them; and d) for computers to interpret the information
modelled with RDF using a standard model that preserves
its meaning.

C. The RDF Mapping language (RML)

RML (the RDF Mapping language) is a general
language that permits the definition of rules with which to
map heterogeneous data sources onto RDF graphs [24].

The transformation from each data source into RDF is
usually carried out independently, after which data from
different sources are interlinked. This causes the previous
definitions to be disregarded or the same concepts to
appear in different datasets and even with different names.
In order to avoid this problem, the data must be
incorporated and interlinked with the published data at the
same time as they are converted to RDF triples. RML
solves this problem by converting the data to RDF at the
same time as it interlinks them with existing datasets.

RML is an extension of R2ZRML. R2RML permits
express rules to transform data in a relational database into
an RDF graph [25], while RML makes it possible to define
rules that map relational and semi-structured data (e.g.,
XML, JSON...) onto RDF graphs. Fig. 7 shows the RML
structure.

In RML, the data source is defined with a Triples Map
rule that consists of a Logical Source, a Subject Map and
zero or more Predicate-Object Maps [47]:
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<?xml version="1.0"?>

<rdf:RDF
xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-
syntax-ns#"

xmlns:vso="http://purl.org/vso/ns#"
xmlns:gr="http://purl.org/goodrelations/v1#"
xmlns:dc="http://purl.org/dc/elements/1.1/">

<rdf:Description
rdf:about="http://www.vortic3.com/5644BHZ">

<gr:hasManufacturer>BMW</gr:hasManufacturer>
<vso:color>Red</vso:color>
</rdf:Description>

</rdf :RDF>

Figure 6. RDF Graph in RDF-XML notation.
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Figure 7. RML structure (from
http://rml.io/RMLmappingLanguage.html).

e The Logical Source establishes the data source and
where it is (Source). The source can be a relational
database, JSON or XML documents, etc. Data
from that source are accessed by defining an
iterator pattern (lterator) on the input data. The
iterator pattern describes how the input data should
be retrieved. For example, if the data source is an
XML document, an XPath expression can be used
to define how to extract the data. If the input data
are contained in a JSON document, a JSONPath
expression can define the iterator on data, and an
SQL query can define the iterator on a relational
database. The type of expression that defines the
iterator is specified in the Reference Formulation.
RML has the following predefined Reference
Formulations: XPath, JSONPath, SQL2008, CSV,
CSS3 and JSONPath (see
http://rml.io/RMLmappingLanguage.html).

e The Subject Map defines the rule required to
generate the URIs that identify the resources to be
mapped and is used as the subject of all the triples
that this Triples Map rule generates.

e Finally, the Predicate-Object Map rules define how
triples are formed. These rules have two elements:
The Predicate Map, which specifies how the
predicate is defined, and the Object Map, which
determines how the object is generated.

The Subject Map, the Predicate Map and the Object
Map are Term Maps, that is, rules that produce an IRI, a
blank node or a literal. A Term Map can be mapped onto a
constant value, a data value of a referenced data fragment
in a given Logical Source, or a template that is a valid
string template, which can contain the referenced data
fragments of a given Logical Source [47].

In order to transform a complete data source, we can
define as many Triple Map rules as we need.

RML solves the above mentioned problem of
generating the triples and then linking the data. The
solution is attained by specifying resources as URIs when
the Subject Map and the Object Map are defined. When
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data are incorporated into a dataset, the same schemes are,
therefore, used to define the resources that are linked at the
same time as the triples are created [24].

V. NORMALIZING SMART ACCESSIBILITY DATA

As mentioned in the Background Section, the MMA4A
app stores the users’ notifications regarding the state of
accessibility features of the Metro in real-time as JSON
files and then sends them to the Coruscant server. Once in
the server, the QM gathers the different JSON files
generated by different users, after which the AppServer
transforms the JSON files into RDF data and then stores
these data in the SR. At this point, we wish to underline
that this transformation from JSON files to RDF data was
carried out by means of a custom-made Java code
specifically developed for that purpose.

This work focuses on the transformation of the JSSON
files, which are the events or incidents generated by the
MMAJA users in real-time, into RDF data using RML. As
mentioned previously, RML is a generic mapping
language that can express rules that map data with
heterogeneous structures and serializations onto RDF
graphs. The “RML in details” web page
(http://rml.io/RML_details.html) states that most current
methods support only mappings from a certain source
format, employing source-centric approaches for each of
the formats they support. It also states that RML supports
the definition of the mapping rules independently of the
references to the input data. In this respect, the reusable
mapping definition RML allows the same mapping rules to
be reused across different sources as long as they capture
the same context only by adjusting the reference to the
input source that contains the relevant information.

We, therefore, now propose to normalize the mapping
rules from JSON files into RDF data by means of RML,
which benefits the software maintenance of our smart
accessibility data and thus avoids the need to use the
custom-made Java code.

The RML mapping rules that automatically transform
data in JSON format into RDF are presented in the
following subsections.

A. Defining RML mappings for smart accessibility data

In this work, we propose the normalization of
mappings of the smart accessibility data so as to transform
them from JSON format into RDF data by means of RML.
RML defines the data based on one or more Triple Maps,
which specify how the triples will be generated from the
source.

Following the structure presented in Fig. 7, we first
have to indicate what the logical source is. In our case, the
source is the JSON file (“events.json”) generated by
MMAJZA, the iterator is “$” and the reference formulation
is gl:JSONPath:

rml:logicalSource [
rml:source "events.json";
rml:referenceFormulation gl:JSONPath;
rml:iterator "$"

17
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We then have to indicate which the Subject Map is. In
our case, the template is a string, which concatenates a
base URL and the JSON branch (“$.station™), and the class
indicates an event (mao:event):

rr:subjectMap [
rr:template
"http://manto.vortic3.com#{$.station}";
rr:class mao:event

17

Finally, we have to indicate which the Predicate-
Object Maps are. There are four mandatory predicate-
object maps:

(i) The date on which the incident opened, with the
open date as the Predicate and the date value as the Object
Map:

rr:predicateObjectMap [
rr:predicate mao:openDate;
rr:objectMap [
rml:reference "openDate"
]
17

(i) The line on which the incident has occurred, with
ofLine as the Predicate and the line value as the Object
Map:

rr:predicateObjectMap [
rr:predicate mao:ofLine;
rr:objectMap [

rml:reference "line"

]
17

(iii) The station at which the incident has taken place,
with sch:name as the Predicate (from the sch vocabulary)
and the station value as the Object Map:

rr:predicateObjectMap [
rr:predicate sch:name;
rr:objectMap [

rml:reference "$.station"

]
17

(iv) One or more accessibility elements, indicating
whether or not they work: for example, hasLift as the
Predicate and hasL.ift value as the Object Map:

rr:predicateObjectMap [
rr:predicate mao:hasLift;
rr:objectMap [

rml:reference "$.hasLift"

]
17

B. Developing RML mappings

The designated software presented in this work, is
related to the AppServer (which is located in the Coruscant
server and is supported by Spring Boot technology), as
shown in Fig. 1.

As mentioned previously, we have already developed a
custom-made Java code, which transforms the JSON java
file generated by the MMA4A app into RDF format. We
have now implemented a set of mappings by means of
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RML in order to transform the JSON file into RDF. The
top-level design is shown in Fig. 8.

Before implementing the final solution, we have
designed an AppServer package, which is structured in
different classes and supports the full functionality of the
AppServer. Fig. 9 shows this design by means of UML.

The AppServer software has three actors: the MMA4A
Android app, which serves the JSON events file; the QM,
which gathers the different real-time event files; and the
Semantic Repository, which stores the RDF data
generated. Moreover, we consider that the AppServer is a
UML package, which is composed of a set of UML classes
and their relationships: an MMAJ4A interface, which
receives each JSON events file from the App and serves it
to the ServerManager class; a QM interface, which serves
the JSON event file from the ServerManager class to the
QM actor in order to be consumed by it, and later receives
the corresponding event file to be consumed, after which
the ServerManager orders to transform the JSON events
file into RDF data on the SR interface. In particular, the
addEventsintoGraph method of the SRinterface class
receives the JSON file as a parameter and then generates
the events RDF graph by means of the RML mappings.

AppServer

? RML
o

L mappings

==
| from MMA4A m Q

RDF Events

Figure 8. Top-level software design.

AppServer A

&}

» )
MMAJA Interface ServerManager

MMA4A app

s ]
SR Interface

Semantic
Repository
(SR)

QM Interface

Queues Manager
(am)

Figure 9. The AppServer package.
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TABLE I1I shows an example of the RML mappings
code with which convert the JSON event file into an RDF
graph.

VI.VALIDATION

In this section, we validate our proposal for the
normalisation of smart accessibility public transport data
by means of RML.

This validation is performed using the MM4A4 App
[1]. This App is aimed at users of the Metro of Madrid
who can warn when they find an incident in the
accessibility elements of the network. By using this App,
we have defined the following process for this purpose:

o First step. A user X, who has a specific user need,
employs MMAJ4A to request a route. This route is
composed of stations at which each of the
accessibility features works correctly.

e Second step. A user Y notifies an event by means
of MMAJ4A, which indicates which accessibility
feature does not work at a specific station.

e Third step. The App sends the JSON event file to
the Coruscant server, and the SR Interface class
then generates the RDF file by means of RML
mappings. This RDF file can be downloaded from
http://coruscant.my.to:8080/download/events.xml.

e Fourth step (*). We now validate the current RDF
file by means of the RDF validator
(https://www.w3.0org/RDF/Validator/) in order to
verify its correctness.

e Fifth step (**). User X again requests the same
route as in the first step. We should stress that this
route is composed of stations at which some
accessibility features do not work, including one
related to the previously notified event. We verify
whether or not the user obtains an accessible route.

This process includes a double validation. The first
(*) is the checking of the correctness by means of the
RDF validator, as mentioned in the fourth step. The
second (**) concerns the correctness of the route
calculated by MM4A4, as mentioned in the fifth step.

Details of this process for a specific example are
shown as follows.

First step: A user (User X) requests a route starting at
the Vodafone Sol station and finishing at Plaza de Castilla
station, considering a phobia as regards escalators (the
user interface is shown in Fig. 10a). In this case, a route
exists and requires a transfer at Tribunal station. The
complete route is: from Vodafone Sol station, take Line 1
(cyan blue) of the Metro to Tribunal station, then transfer
to Line 10 (dark blue) and go to Plaza de Castilla. The
details of this route are shown in Fig.10b.

TABLE IlISPeCIFIC RML MAPPINGS FROM OUR JSON DATA.

@prefix rr: <http://www.w3.org/ns/r2rml#>.
@prefix rml: <http://semweb.mmlab.be/ns/rml#>.
@prefix gl: <http://semweb.mmlab.be/ns/ql#>.
@prefix mao: <http://manto.vortic3.com#>.
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@prefix sch: <http://schema.org/>.

@prefix xsd: <http://www.w3.org/2001/XMLSchema#>.

<#JSONEvents>
rml:logicalSource [
rml:source "event.json";

rml:referenceFormulation gl:JSONPath;

rml:iterator "$"
17

rr:subjectMap [
rr:template
"http://manto.vortic3.com#{$.station}";
rr:class mao:event

17

rr:predicateObjectMap [
rr:predicate mao:openDate;
rr:objectMap [
rml:reference "$.openDate"
]
17

rr:predicateObjectMap [
rr:predicate mao:closedEvent;
rr:objectMap [
rml:reference "$.closedEvent"
1
17

rr:predicateObjectMap [
rr:predicate mao:closeDate;
rr:objectMap [
rml:reference "$.closeDate"
]
17

rr:predicateObjectMap [
rr:predicate mao:ofLine;
rr:objectMap [
rml:reference "$.line"
]
17

rr:predicateObjectMap [
rr:predicate sch:name;
rr:objectMap [
rml:reference "$.station"
1
17

rr:predicateObjectMap [
rr:predicate mao:hasLift;
rr:objectMap [
rml:reference "$.hasLift"
1
1;

rr:predicateObjectMap [
rr:predicate mao:hasEscalator;
rr:objectMap [
rml:reference "$.hasEscalator"
]
17

rr:predicateObjectMap [
rr:predicate mao:hasStairs;
rr:objectMap [
rml:reference "$.hasStairs"
]
17

rr:predicateObjectMap [
rr:predicate mao:hasTravelator;
rr:objectMap [
rml:reference "$.hasTravelator"
]
17

rr:predicateObjectMap [
rr:predicate mao:hasRamp;
rr:objectMap [
rml:reference "$.hasRamp"
]
1.
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Figure 10. User interface of MM4A4.

Second step: A user (User Y) notifies two events (the
lift and stair accessibility features do not work) at Plaza de
Castilla station.

Third step: The JSON event file sent to the Coruscant
server and the RDF file is generated by means of RML
mappings. TABLE IV shows the partial code (the stair
accessibility feature does not work): the first row shows
the JSON file of this event and the second row shows the
corresponding RDF graph. We then download the RDF
event file and, in the next step, we verify this RDF code.

Fourth step: The validator successfully checks the
RDF file. Fig. 11 shows a partial screen capture.

Fifth step: User X again requests the same route as in
the first step (from Vodafone Sol to Plaza de Castilla
station and considering a phobia as regards escalators); we
should highlight that the previous route generated for user
X is now composed of stations at which some accessibility
features do not work, which are those related to the event
previously notified by user Y. We must, therefore, verify
whether or not user X can obtain an accessible route.

It is important to stress that our algorithm provides a
route only after examining whether the start (in this case,
Vodafone Sol station), destination (Plaza de Castilla
station) and any transfer stations (the previous transfer
station was Tribunal) have the required accessibility
features. In our case study, we have requested a route
starting at the Vodafone Sol station and ending at the
Plaza Castilla station. Then, as previously indicated, user
Y notifies events at Plaza de Castilla station and the app
now notifies user X of their existence (see Fig. 12a and b).
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TABLE IV EVENTS: JSON AND RDF FORMAT
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{"station":"Plaza de Castilla",
"line":10, "hasStairs":false,
"openDate":" 2019-06-11T09:50:33.960",
"closedEvent":false}

<http://manto.vortic3.com#Plaza%20de%20Castilla> a
<http://manto.vortic3.com#event> ;

<http://schema.org/name> "Plaza de Castilla" ;
<http://manto.vortic3.com#openDate> "2019-06-

11T09:50:33.960" ;
<http://manto.vortic3.comfofLine> "10" ;
<http://manto.vortic3.com#hasStairs> "false" ;
<http://manto.vortic3.com#closeDate> "false" .

Then, the App offers an alternative route (Line 2 - red,
and Line 9 - violet) including the closest accessible station
(in our case study, the closest accessible station is
Ventilla, also shown in Fig. 12b).

We have carried out many other tests according to the
different user needs identified in this solution (auditory,
visual and mobility disability, phobia to lifts and phobia to
escalators). We have also verified that the routes provided
by MMAJA are correct for these kinds of users.

In summary, our experience with the normalization
process of smart accessibility data guarantees that the
events dataset is correct and can be used to generate the
routes for users with special needs, while the incidents are
registered and considered while creating those routes. The
validation experiment described here shows that the
behaviour of the system is correct at this moment.
Nonetheless, as in our previous work [1], we cannot
guarantee that event notifications from the users will
always be true.

VII. CONCLUSION AND FUTURE WORK

One of the major challenges of smart city initiatives is
to achieve an inclusive society for all citizens, including
those with special needs. One of the pillars for that
inclusion is urban mobility. Our work is focused on public
transport as a part of that mobility. In order to address this
challenge, more thorough information about the means of
transport and their accessibility features is required, thus
making it possible to arrange and provide accessible routes
for everybody, including those with special needs

Several web applications and tools that provide
information and services for transport users already exist.
We have studied some of them and, to the best of our
knowledge, no software application currently takes the
state of the public transport network with respect to its
accessibility features at a particular moment fully into
account. This is particularly the case as regards the
existence of an application that updates data with a
crowdsourcing strategy in order to compute accessible
routes for special needs users.
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with existing accessibility information, thus providing a
real-time accessibility dataset.
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Figure 12. User interface of MM4A4.

In order to deal with this issue, we have proposed a
smart data architecture to manage both the data sources
related to the public transport infrastructure.

Our proposal considers accessibility features when it
computes a route. But it goes beyond that, by taking real-
time information into account, such as incidents that may
occur at any time. Our dataset, therefore, provides a
smarter response in real time. These real-time data, which
originate from crowdsourcing, are collapsed and integrated

We provide a Kafka Queuing Manager, which is used
to gather users’ notifications about the state of accessibility
features on public transport, and a Jena Semantic
Repository to store both these data and the infrastructure
data concerning the transport network. However, in order
to save the data regarding notifications in this repository, it
is necessary to convert them into RDF. Each time a
notification is produced, data have to be transformed in
real time. This work presents a smart data framework that
is able to manage public transport accessibility data and to
gather information in real time about incidents in the
transport network. These data are annotated semantically
and published as open data using automatic
transformations defined with RML. This makes it possible
to ensure that data are immediately available for the
calculation of new accessible routes. Furthermore, the use
of this language provides the possibility of integrating new
data into existing datasets.

We have also developed a smart app (still a prototype)
for public transport users, which is able to compute
accessible routes by taking the user’s needs into account,
and also provide notifications of incidents or events as
regards the accessibility features in the network. In order to
semantically annotate the data before storing them, we
have also defined a specific vocabulary as a domain-
specific RDF Schema.

With regard to future work in this area, we intend to
improve the MMA4A app by introducing some
characteristics of the behaviour change support systems.
These kinds of systems take persuasive techniques into
account with the aim of engaging and retaining the app
users [47][49]. In our case, retaining the app user could
imply many advantages for people with special needs,
because the app user will update a lot of public transport
and accessibility information. Moreover, we intend to
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include more public transport information from other
sources and means of transport, and to integrate them into
the current architecture. It will, therefore, be necessary to
semantically harmonize them using our MAnto ontology,
which has already been used to semantically annotate the
data stored in the infrastructure collection of our Jena
repository. This will make it possible to provide fully
open datasets for different public transport networks.
Moreover, these datasets must be published on an open
platform, thus providing free access to accessibility and
special needs data. In this respect, the use of RML to
define the transformation into RDF is very useful as
regards integrating different datasets.

In order to guarantee that the information from the
crowdsourcing is truthful, we want to incorporate a user
registration system and a supervision module that
determines the importance of the incidence to be
incorporated into the system.

We have also worked on gathering information about
accessible pedestrian routes in the city, obtained via
crowdsourcing techniques, capturing the geographical
information and accessibility features on these routes.
This information will also be incorporated as smart data
into the Multiply@City platform.
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