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Abstract. This paper presents the research of using Linked Open Data to en-
hance accessibility data for accessible travelling. Open accessibility data is the
data related to the accessibility issues associated with geographical data, which
could benefit people with disabilities and their special needs. With the aim of
addressing the gap between users’ special needs and data, this paper presents
the results of a survey of open accessibility data retrieved from four different
sources in the UK. An ontology based data integration approach is proposed to
interlink these datasets together to generate a linked open accessibility reposito-
ry, which also links to other resources on the Linked Data Cloud. As a result,
this research would not only enrich the open accessibility data, but also contri-
bute to a novel framework to address accessibility information barriers by es-
tablishing a linked data repository for publishing, linking and consuming the
open accessibility data.
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1 Introduction

Accessible tourism is listed as a significant research topic proposed by the European
Commission because of the difficulties faced by people with disabilities [6]. Due to
the complex conditions of travelling, to address the discordance between the expecta-
tion of people with disabilities and transport patterns would be a significant challenge
[4]. There have been several research projects proposed for improving accessibility
for people with special needs or disabilities [1], [5], [7]. According to the literature
review [3], there have been some problems identified in these projects, such as acce-
sibility data isolated from different systems, missing accessibility related information
or difficulties for fetching useful content. Another issue is that most current standards
for accessibility metadata research are focussed on the user interface or Web content
rather than the guidelines for publishing the accessibility metadata to describe facili-
ties in the real world, such as buildings, train stations or restaurants. The motivation
of this research is to address the information barriers between users’ needs and ac-
cessible facilities or places by integrating heterogeneous accessibility related
resources and then applying the Linked Data principles to establish a linked open
accessibility data repository. This paper firstly presents the survey of four different
accessibility related datasets and then demonstrates the approaches and challenges for
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mapping and interlinking these datasets. Finally, this paper indicates the opportunities
and potential benefits of publishing and consuming open accessibility data.

2 Open Accessibility Data

Open accessibility data is the data related to the accessibility issues and associated
with geographic data, such as step-free access, accessible entrances, accessible toilets,
accessible parking, large print or systems to aid hearing. Accessibility data also refers
to the data that benefits people with special needs, such as baby change facilities, staff
help, carrying large luggage or travelling with a baby pushchair. This section presents
a brief summary of open accessibility data within the UK based on the datasets re-
trieved from four different sources, namely Wheelmapl, Factualz, Step-free Access
Guide Feed (London Tube)®, and National Rail®.

Wheelmap is a crowdsourcing-based online map service to provide information
about wheelchair accessible places around world. It is based on Open Street Map
(OSM)® project and the nodes are the most primitive geographic entities in OSM
using WGS84 reference system to represent geographic information. Based on the
dataset extracted from Wheelmap on 29/11/2013, there are 421666 nodes within UK
and 1.11% places are annotated as wheelchair accessible, while 0.24% nodes are not
wheelchair accessible. 0.21% places have limited wheelchair accessibility and there
are 98.44% entities without the wheelchair accessible information.

Factual is a location platform that provides over 65 million local businesses and
points of interest in 50 countries. The only UK based accessibility related dataset is
the Restaurants-UK dataset. There are 210613 restaurant entities in the dataset provid-
ed by the Factual Team on 10/01/2014, 8904 restaurants are annotated as wheelchair
accessible while 1786 entities are indicated as not accessible. However, there are
94.92% restaurants that are unknown for this attribute.

Transport for London (TfL) provides a series of Open Data for developers, which
includes the step free tube guide data, station facilities and some real time data. The
step-free tube guide data contains the step-free access information of London tube,
DLR and Overground stations. According to the data we downloaded on 10/01/2014,
there are 362 tube station entities and approximately 50% stations are annotated as
either wheelchair accessible or not, while the rest of the entities are unknown. There
is an accessible interchanges attribute, which presents the accessible metadata for
interchanging to other public patterns.

UK national railway stations accessibility data was crawled from the national rail
website on 14/01/2014 and we converted the extracted data into the JSON format.
There are 2601 railway stations data associated with accessibility information, such as

1http://wheelmap.org/en/

2http://www.factual.com/

3http://www.tfl.gov.uk/syndication/feeds/step—free—tube—
guide.xml

* http://www.nationalrail.co.uk/

5http://www.openstreetmap.org
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ramps for train access, step free access, accessible toilets, accessible ticket machines
and accessible car parking. There are also some attributes for people with special
needs, such as toilets, car park and baby changing facilities. Most attributes are anno-
tated with metadata and the percentage of entities without annotation is just 1%. But
for some attributes, such as baby changing, accessible toilets, accessible payphones
and accessible ticket machines, there are more than 50% entities annotated as un-
known.

According to the brief survey of open accessibility data presented in the previous
section, there are some accessibility related datasets available online, which refer to
the real world locations. These accessibility datasets are from multiple heterogeneous
sources, and currently there is no standard guideline for specifying the attributes to
annotate the accessibility metadata for public places or facilities. Crowdsourcing is
not enough for obtaining open accessibility data due to the different data schemas or
data quality cross the different systems or applications. Therefore, in order to fulfil the
missing information and improve the quality for accessibility related data, we applied
the Semantic Web technologies and Linked Data principles to map and interlink these
datasets as a public Linked Data repository for accessibility metadata research, such
as the research of accessibility metadata schema for publishing accessible place in-
formation or the research of guidelines to add accessibility metadata for existing
buildings or facilities resources on the Web.

3 Accessibility Data Interlinking

As a core data layer of the Semantic Web, Linked Data exposes the advanced charac-
teristics for knowledge sharing, such as human and machine readable data, well-
structured data, standard data format, ontology-based reasoning and domain specified
[2]. Ontology is the formal, explicit specification of a shared conceptualization. There
are three different ways to integrate data based on ontology, namely the single ontol-
ogy approach, multiple ontologies approach and hybrid approach. However, a single
ontology approach would face the problems of the mappings between low dimension-
al entities (only one wheelchair accessible attribute) and high dimensional entities
(multiple attributes stands for wheelchair accessible). The mappings between the mul-
tiple ontologies are still a challenging issue, which is a research area involved a large
number of research efforts. According to the fact of multiple heterogeneous schemas
among the datasets, we proposed two different ontology driven approaches to inte-
grate the datasets.

The first approach is a hybrid approach, which is to design an individual ontology
for each dataset to represent the entities based on its own schema and some existing
ontologies, namely the accessible tube stations ontology, the wheelmap ontology,
accessible restaurants ontology and accessible train stations ontology. Then we design
a top-level ontology to define the basic accessibility terms in the accessible buildings
domain, which could reduce the difficulties for multiple ontologies mapping. Howev-
er, building specific ontologies for each dataset is difficult and not scalable for future
integration. For example, Figure 1 presents the ontology graph for the data schema
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extracted from Wheelmap. If the data provider changes the data schema into another
different structure, then the ontology needs to be redesigned. There is also another
issue due to the fact that the ontology should be the formal, explicit specification of a
shared conceptualization rather than the specific data schema in different applications.
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Fig. 1. Ontology Graph in Wheelmap
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Fig. 2. Architecture of Mapping and Interlinking Open Accessibility Data

The second approach is the single ontology approach, which is the approach ap-
plied in this paper. Figure 2 presents the architecture of mapping and interlinking
open accessibility data. Due to the problem of mappings between low dimensional
properties and high dimensional properties in ontology reasoning, we firstly devel-
oped a basic schema of matching rules to map the same entities in different datasets
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by observing the data schemas in different datasets. Figure 3 demonstrates the exam-
ple of two equivalent entities in both wheelmap and National Rail datasets. There are
some basic properties to describe the place information, such as name, geographic
data, phone, address. For accessibility related properties, there is only one property
called Accessibility with wheelchair and the description for wheelchair accessible. By
contrast, National Rail provides more than 50 properties to describe the accessibility
issues. Another problem is the rules for entity mapping. As indicated in Figure 3, the
name of train station in National Rail is London Euston Rail Station compared with
Euston in wheel map. The latitude and longitude of the entity in two datasets are also
slight different.

"StationMame” - "London Euston Rail Station”, "posicode” - "NW1 2EF",
"AlcoCode" . "9100EUSTON", “name' Eustt on

"TiplocCode" : "Unknown", Ilhousqnqmber‘ null, .
"CrsCode" | "EUS", Nodes(Wheelmap) > street” - "Euston Grove”,

"Easting" : 520545, “ci "London Bnmugh 'of Camden”,
"Northing" - 182675, "cnunty" - "London"

"Lat" - 51 52813456320445 "state_district’ - "Greater London”,
"Lon":-0. 13392363163436766 ::slale" "Eng\arl"\(_i " .
"CreationDateTime" - 1SODate("2003-11- "country_name" "' ‘United Kingdom",

04T00:00:00Z" folunlg ggqugggggb .

" " B gt -

ZEATOF%ESI%TZD?IETWE 1SODate("2010-01 L] National Rail(train on® -0 1354081
"RevisionNumber” - 2. stations) "phone” : null,

"data_provider” - "Natioan| Rail and NaPTAN", "webiste" . null, Do .
"id" D "52d9c44b1 ?1 b217c13000341", data pmv\der‘ "wheelmap org",

"id" T"522177082100c2441f012bc 1 "

"Accesswbmty and_mobility_access" { id_list” - {

"Helpline_Contact™ "Unknown", "id" 1263215205,

"Helpline_opening_hours" - "Unknown”, "type" * "osm_node"
"Staff_help_available” * "Yes"

"Ramp_for train_access” : "Yes', : .
"Step_free_access_coverage” | "Yes", 'wheelmap node_id" - 12,

"Step_free_access_note" - "Suitable for "wheelmap_identifier" : "station”
disabled passengers. Level access to all k

platforms. Lifts provided between concourse, calegory 1 ’

axi and London Underground ticket hall. ", "whieelmap_id" - 1,
"Wheelchairs_available” - "Yes'}, L "wheelmap_| identifier” -
"Facilities":{14 attributes}, public_transfer"
"Staffing_and_general_services"{8 atiributes},

"Ticket_buying_and_collection"-{12 attributes!, "Accessibility” - {
"Getting_to_and_from_the_station" : {22 “wheelchair -’ .
attributes} ) "wheelchair descnptmn “null

Fig. 3. Same Entities in Wheelmap and National Rail Datasets

Due to the fact that there is geographical data available for each entity in these four
datasets, therefore, we develop a simple mapping rule including geographic distance
matching, entity name matching and other information matching, such as address,
postcode, phone number and other specified identifiers. The Mapping Rules for each
entity is described as follows:

e Step one, the Entity Type Matching: there are 12 primary categories and 130
different types of places in wheelmap dataset, such as train station, tube station,
platform and restaurants. Therefore, it is easier to map other datasets to wheelmap
datasets based on the entity categories and types.

e Step two, the Name Similarity Matching: this step is mainly for both entities with
name. If not, then go to step three. In this step, it applied the Regular Expression
Matching and Jaro-Winkler Distance algorithm to get the name similarity score be-
tween two entities.

e Step three, Geographic Distance: calculating the geographic distance based on
latitude and longitude for each entity.

e Step four, Additional Information Matching: matching any additional information
available for both entities, such as telephone, postcode, website or identifiers.
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¢ Final Step: based on the scores calculated in previous matching steps, we defined
the candidate matched entities should be satisfied with following criteria: Geo Dis-
tance<=200 and Name Similarity Score>=0.85 (if there is name similarity score). If
there is more than one pair of entities in the candidate list, the entities with smallest
geo distance would be matched.

Table 1. Entities Mapping between Wheelmap and Other Datasets

Train Train Tube Tube Food Factual
Wheelmap  Stations = Wheelmap  Stations = Wheelmap  restaurant
Total 3384 2601 222 362 56970 10629
With Name 3323 2601 119 362 52901 10629
No Name 61 0 103 0 4071 0
Mapped 2438 90 1907

Table 1 indicates the data mapping results based on this mapping rule. However,
there is some mismatching of entities or redundancies, which would be evaluated in
the following work. According to the schema observing in Figure 3, there is a data
conflict to present the same entity in different schemas. The properties to describe
wheelchair accessibility in the National Rail dataset indicate that the station London
Euston Rail Station is wheelchair accessible, while the same entity in wheelmap dis-
plays it as not wheelchair accessible. There are also other data conflict issues for other
properties, which are not related to accessibility, such as postcode, telephone or even
address. Therefore, we examined the data conflict issues in our mapped entities. Table
2 compared the wheelchair accessibility properties in mapped entities. For train
station datasets mapping, 50 of 2436 entities are conflicted. 4 of 90 entities are con-
flicted in tube station datasets mapping and 52 of 1907 entities are conflicted in res-
taurant datasets mapping. However, there is large amount of accessibility data
enrichment archived during this datasets mapping. For instance, there are 2225 train
stations, 26 tube stations and 1794 restaurants with wheelchair accessibility data
mapped to the same entities in wheelmap dataset.

Table 2. Open Accessibility Data Mapping

ItemA ItemB No. ItemA ItemB No. ItemA ItemB No.
Train Train 2436 Tube Tube 90 Food Factual 1907
wheelmap  Station wheelmap  Station Wheelmap  restaurant
Null No 1068 Null No 12 Null Yes 1794
Null Yes 1157 Null Yes 14 Yes Yes 61
Null Null 27 Null Null 39 No Yes 23
Yes No 25 Yes No 1 Limited Yes 29
Yes Yes 85 Yes Yes 3
Yes Null 3 Yes Null 0
No No 46 No No 3
No Yes 4 No Yes 1
No Null 0 No Null 14
Limited No 10 Limited No 1
Limited Yes 11 Limited Yes 1
Limited Null 0 Limited Null 0
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Then we designed the ontology related to the place accessibility called Place
Access Ontology® to describe the basic concepts and semantic relationships for dif-
ferent places. The place class in Place Access Ontology mainly refers to the place
class in Schema Ontology’. There are 50 different categories and 120 types in sche-
ma ontology and there are some existing properties to describe the place class, such as
name, geo (latitude and longitude), address, telephone or the url to present the place
on the Web. There is no existing ontology to describe the accessibility facilities for
the buildings or places. Therefore, we need to construct the accessibility related
classes for facilities, such as Braille, LargePrint, Signl.anguage, AutomaticDoor,
HearingSystem, HelpPoints, Lift, AccessibleParking, AccessibleToliets, StepFree and
AccessibleChangingRoom as well as some object properties and data properties to
define the relationships, constraints and reasoning rules. As described in Figure 4, we
stored all extracted data in MongoDB, a NoSQL document-based database and
dumped the database into JSON-LD®, a W3C standard format for Linked Data by
annotating the semantic metadata to each entity in the database with Place Access
Ontology. Based on the entities mapped in previous sections, we used equivalent
assertions (owl:sameAs) to interlink the same entity from different data sources. By
applying named entities recognition, the entities in linked open accessibility reposito-
ry could also be linked to other resources in the Linked Data Cloud, such as DBpedia,
Freebase and LinkedGeoData.

Linked Open Accessibility
Repository

{1}

JSON-LD

. Data Interlinking and
Wheelmap, Data Mapping Publishing

Railway,
Tube, Restaurant

Place Access
Ontology

Fig. 4. Mapping and Interlinking Process

However, there are still several problems and challenges exposed in this experi-
ment. The first problem is to improve the mapping rules for the same entity from
different datasets. The second problem is to address the data conflict for the accessi-
bility properties. Another problem is mappings between low dimensional properties
and high dimensional properties based on ontology reasoning and inference rules. The

Available on: http://waisvm-cd8el0.ecs.soton.ac.uk/2014/2/
ontology/placeaccess.owl
http://schema.org/docs/schemaorg.owl
http://www.w3.0org/TR/json-1d/
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question is how to determine the place object is accessible based on its accessibility
level of several facilities available on the Web. All these problems will be our future
research work.

4 Conclusion

Although crowdsourcing is a powerful approach to fetch millions of data entities, it is
still difficult to obtain the accessibility data with good quality, compared with the
accessibility data published by government. Therefore, we proposed the approach to
map and interlink different accessibility related datasets into a public Linked Open
Data repository. According to the demonstration of the mapping and linking results
in previous sections, this approach could enrich the metadata and improve the data
quality related to accessibility issues. There are also some problems and challenges
proposed for this linking approach. The next step of this research is the evaluation of
mapping methods and results as well as the test based on the linked open accessibility
data repository. Based on this research, researchers could evaluate the accessibility
level of different areas while developers could use the service to produce more ac-
cessible applications or contribute to the repository. Users could get more useful ac-
cessibility related information based on their special needs. As a consequence, this
research would not only propose a method to improve and enrich the open accessibili-
ty data, but also contributes a novel way to research the addressing of the accessibility
issues with the Linked Data principles.
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