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Abstract

In the world, 10% of the world population suffer with some type of disability, however the fast
technological development can originate some barriers that these people have to face if they want
to access to technology. This is particularly true in the case of visually impaired users, as they re-
quire special assistance when they use any computer system and also depend on the audio for na-
vigation tasks. Therefore, this paper is focused on making a prototype of a semantic platform with
web accessibility for blind people. We propose a method to interaction with user through voice
commands, allowing the direct communication with the platform. The proposed platform will be
implemented using Semantic Web tools, because we intend to facilitate the search and retrieval of
information in a more efficient way and offer a personalized learning. Also, Google APIs (STT
(Speech to Text) and TTS (Text to Speech)) and Raspberry Pi board will be integrated in a speech
recognition module.
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1. Introduction

In recent years the size of the World Wide Web (WWW) has grown dramatically; this has led to a considerable
increase in the difficulty to find data about a particular issue, due to the ambiguity of terms used to make queries
on the web.
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The Semantic Web, also known as the Data Web and Web 3.0 [1] pretend to solve this problem creating a
mechanism for the exchange information with certain meaning. To provide a website with a comprehensible
meaning by computers, it is necessary to have a knowledge representation. The Semantic Web proposes the use
of collections of information called ontologies in order to have a structured knowledge.

By other hand, people with disabilities are nearly 10% in the world; these people have to deal with many
physical barriers and some new barriers have been added: Technology. These are causing the digital gap, also
known as the digital divide or digital stratification [2].

To be precise, in case of blind people, they require special help to work with any kind of computer system.
Furthermore, these people needs appropriate tools to get relevant data from Internet.

From our point of view, in any case, the implementation of a web platform has to address certain problems
like meaning understandable by computers, efficient retrieval of information and accessibility for everyone.

The World Wide Web Consortium (W3C) offers standards which are internationally accepted. They offer
quantifiable rules, however, web developers often fail to implement them effectively. One of the reasons is that
most of the available accessibility guidelines appear too costly [3].

According to [4], with the Semantic Web, there are now new opportunities to build flexible systems that will
meet the needs of disabled students. Disability aware systems could be designed using Semantic Web tech-
nologies, leading to personalized environments that will enable disabled students to have relevant learning
resources and to work independently, with little assistance from a tutor.

For these reasons, in this paper we make a prototype of a platform based on semantic web with speech recog-
nition using natural language allowing blind students access to knowledge resources and learn independently of
their tutor. The present work is divided as follow: in Section 2 we review related papers. The next section
discusses the current problems. Afterwards, in Section 4 we present our proposal, in Section 5 we present the
conceptual scheme of architecture and finally in Section 6 expected contribution is presented.

2. Review of Literature

The state-of-art was based in papers related to ontology, Semantic Web and accessibility for disabled people. In
this section, we review papers from 2010 to date.

In [3] was developed an ontology called CO to represent user interaction in its context and improve web
accessibility for all people. In this work, four important concepts are identified: User context, physical context,
environmental context and computational context.

In [5] was developed a model based on ontologies for integrating several web services and their delivery to
users with reduced mobility. Under this proposal, people with disabilities are able to search on web for services.

In [6] was developed a prototype system based on an ontology for Internet information retrieval for autistic
people through learning styles. In this paper, the autistic user expect to retrieve information with different
characteristics, but this is difficult for autistic people, because of their lack of ability to process and retain
information. In this work the aim is to find the desired result, based on a suitable set of keywords that are based
on their memories of people with autism.

In [7] was proposed the use of the URC framework (The Universal Remote Console) in form of UCH-
oriented Gateway (The Universal Control Hub) and some services of Ontologies, such as ODP (Platform for
dialogue based on Ontologies) to provide interactive services accessible to any TV architecture. This platform is
called VITAL (Vital Assistance for the Elderly) and helps to elderly people to participate in dialogue.

In [4] was developed an ontology called ADOOLES (Abilities and Disabilities Ontology for Online Learning
and Services) based on personalized online instruction for disabled students in higher education. This ontology
was built on ADOLENA (Abilities and Disabilities Ontology for Enhancing Accessibility) that was developed
by [8].

In [9], a middleware based on ontologies for personalize tourism to people with special needs was presented.
Its function was to retrieve and classify information in places adapted for people with special needs. This was
supported by PATRAC (Accesible Heritage) philosophy. Furthermore, they proposed a content manager based
on ontologies divided in three designed modules. The content manager uses SOAP (Simple Object Access
Protocol) web services.

Independently, in [10] was developed HIV (Heavyweight ontology Based Information Extraction for Visually
impaired User) that provide a mechanism for highly precise information extraction using heavyweight ontology
and built-in vocal command system for visually impaired internet users.
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Finally, [11] presented the research program of the London Metropolitan University, which aims to use
Semantic Web and mobile Internet for care of the disabled and elderly people using intelligent agents. The
authors use as a conceptual background the International Classification of functionality, Disability and Health
(ICF), it has been established as a standard for the classification of the various states of health. Where the core
of the framework is a pilot whose ontological domain is disability.

3. Current Problems of Web Platforms for Accessibility

A review of the literature found the following problems:

* A big part of e-learning environments are not yet accessible for all users, because there are many electronic
barriers that prevent access to online resources, and it does not have access technical aids (such as the use of
screen reader) [3].

e The number of students with disabilities in UK higher education institutions increases every year. Delivering
education online is becoming increasingly challenging as institutions encounter some disabilities requiring
adjustments of learning environments. The law requires that people with disabilities be given equivalent
learning experiences to their non-disabled peers through reasonable adjustments. Educational institutions
have thus utilised assistive technologies to assist disabled students in their learning, but some of these
technologies are incompatible with some learning environments, hence excluding some disabled students
and resulting in a disability divide [4].

e Disabled people represent an important part of our society, they have different needs based on the type of
disability that they presented, and being the assistance provided to them important and the use of new
technologies should accommodate their needs [11].

4. Prototype of Semantic Platform with Speech Recognition System

In order to achieve the prototype we consider the following steps:

1) Building of Ontology. For an easy and rapid extraction of information by the user, the knowledge about a
particular subject or domain will be stored in an ontology. Such ontology contain terms and the relationships
among these terms. Terms are often called classes, or concepts; these words are interchangeable. The relation-
ships between these classes can be expressed by using a hierarchical structure: superclasses represent higher-
level concepts and subclasses represent finer concepts, and the finer concepts have all the attributes and features
that the higher concepts have. The ontology is designed in the language OWL (Ontology Web Language) that is
most popular language for creating ontologies today [12].

In addition for modelling the ontology we should follow the recommendations of Methontology that is a
standard created by the Ontology Engineering Group of the Polytechnic University of Madrid (UPM), which
comprises the following steps: Specification, conceptualization, acquiring knowledge, integration, implementa-
tion, maintenance, evaluation, and documentation [13].

2) Semantic Platform Implementation

The implementation of the Semantic Platform will be using Jena libraries API for Java that allow the
management of ontologies in OWL code and support a reasoner engine.

According to [14] Jena is a library to develop applications based on RDF (Resource Definition Framework)
and OWL documents. It is only used in application code as a collection of APIs, and there is no GUI of any kind.
Also provides a framework to development Semantic Web applications using Java language.

Furthermore, the platform will be based on the Model-View-Controller scheme, which implement servlets to
manage user queries. Such queries can be verified in an ontological editor using SPARQL (SPARQL Protocol
and RDF Query Language) [15], so as W3C recommend, SPARQL will be used to consult RDF or OWL
documents.

3) Adaptation of Speech Recognition System to Semantic Platform.

Automatic speech recognition systems (ASR) compared to other human-machine interaction systems like
keyboard, mouse, etc. provide better naturalness. Speech recognition seems so natural and simple for people but
for machines is quite complicated. For this reason, a recognition of patterns is used, these patterns are a set of
linguistic units as (words, syllables, sounds, shapes).

There are studies that use queries patterns using SPARQL [16]. We propose a mechanism to facilitate the
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interaction between the user and the platform through an interface that use natural language. We pretend to
create a module that translates user queries in natural language to SPARQL queries. To solve this problem we
will build a series of templates in SPARQL.

In our platform, a template consists of a SPARQL representation, which reflects the internal structure of the
question from natural language. This module would be integrated into the server and also linked to the ASR
system. A user with visual disabilities requires an accessible medium to interact with the platform. To achieve
this, the following processes are required.

a) Voice-to-text. The process used for adapt the voice recognition system is the ASR (Automatic Speech
Recognition).

In [17], we can see a considerable number ASR systems, some open source, other privative and even based
in cloud services. In the last case, we focus specifically in APl Google STT Service, because it is a cloud
computing system and does not compromise the performance of the local computer.

According to [18], thanks to the processing in the cloud, the ASR can be used in devices that have no
high-performance processor and avoid the use of complex algorithms. In [19] was presented a system using
APl Google STT that operate together with reduced board computer Raspberry Pi, with excellent results
(85% - 90% accuracy). The advantage of using this Raspberry Pi is its small size that makes ideal to be
embedded anywhere, without saturating the available space. By other hand, the low cost of equipment
enables this massive distribution.

Text-to-Speech.

To convert Text to Speech (TTS) we propose to use the cloud services of Google, using Google Translator,
although is a less complex process compared with ASR. Other possibility could be run locally on your
Raspberry Pi, obviously with a reduced quality of voice synthesis.

b

~

5. Conceptual Scheme of Architecture

The conceptual scheme is roughed out in Figure 1 and explained as follow.

1) Information Request Module (IRM).

This module allows the user to makes consult through the keyboard and computer screen, this information is
sent to a KRM. Once information is processed, the requested are shown to the user in the Prototype Portal.
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2) Knowledge Representation Module (KRM). The module consists of an ontology that contains all the con-
cept models of study case, and is used to describe and represent a specific area of knowledge such as medicine,
tourism, film, etc.

The ontology provides a way to encode knowledge and semantics such that machines can understand. Also,
the ontological model contain logical rules. These rules depend on the selected domain, and it will need to be
implemented as part of ontological model properties.

Depending on the source of the query, this module can interact with the other modules including IRM and
NLM. In our prototype the SPARQL language will be used to extract different information from the ontology
and answer the queries made by different modules.

3) Speech Recognition Module (SRM). This module allows to visually impaired people make queries in our
Semantic Platform. For instance, the user ask for information in the microphone and such consult is converted to
text in the ASR system. Then, this text is sent to the NLM to identify the appropriate template. After identifying
the appropriate template, in KRM we make the SPARQL query to get the required information. This informa-
tion is returned to the SRM in order to be converted to speech using TTS (Text-to-Speech). Finally, information
is read for the user.

4) Natural Language Module (NLM). This module analyses and compare text queries come from SRM with
certain patterns to create queries in SPARQL language and then it will be sent to KRM.

Although the process of formulating a natural language query and transform to SPARQL language is quite
complex, it is possible to perform the query using query patterns [16].

In [20], they present a new approach based on a syntactic analysis of the questions to produce a SPARQL
template that reflects the internal structure of the question.

With this in mind, we propose to use a series of templates associated with natural language. To give an
illustration, in the query “Tell me the name of all transport to the city of Lima”, template natural language query
would be: “Tell me the name of all transport to the city of %PLACE%” where %PLACE% is a variable that the
system recognize and is associated in the following SPARQL template:

1| SELECT?name WHERE
2| {
3| 7transport table:name?name.

4| 7transport table:transport_offered_destination?transport_offered_destination.
5| Filter (?transport_offered_destination = %PLACE%)

6

}

The system will replace the variable %PLACE% with Lima and send SPARQL query resultant to the KRM,
where the information initially is requested, will be obtained, finally this information will be read by the SRM.

6. Expected Contributions and Future Work

Actually, there are studies about the accessibility to internet for disabled people using tools of the Semantic Web.
The reason of our proposal is the lack of works that use natural language to achieve the integration of semantics
and ASR systems as a tool for people with visual disabilities.

The implementation must choose a particular domain and such ontology must contain all knowledge of this
specific domain.

Once implemented the prototype of Semantic Platform with ASR system, the following benefits are expected:

* The integration of semantics and ASR system using natural language for assisting visually impaired people
through the web.

* The developed platform architecture based on the prototype.

* The high accuracy with the use of the Raspberry Pi in ASR implementation.

* Generation of different templates SPARQL depending on the domain ontology for natural language queries.

* The expected SPARQL query templates will be quite similar to queries in the day-to-day language.

* Asacomplement and from the implemented prototype, a navigation support systems using voice commands,
can be created to help people with visual disabilities, providing autonomy in its movement in an unfamiliar
environment.

* The construction of a more flexible and personalized platform using tools of the Semantic Web.
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As a future work, we expect to develop a prototype in the domain of tourism. The prototype will help people
with visual disabilities to obtain information about several tourist attractions in Peru.
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