


Abstract—Cloud computing will play a large part in the ICT 
domain over the next 10 years or more. Many long-term aspects 
are still in an experimental stage, where the long-term impact 
on provisioning and usage is still unknown.

While  first  attempts  at  this  field  focused  on  service 
provisioning  for  enterprises,  cloud  is  reaching  individuals 
nowadays. Our proposal is to go a step further and, based on 
the  proven  benefits  of  the  Cloud,  improve  Internet  and 
technology access for those people always left behind when any 
technological progress takes place.

This  paper  presents  the  Cloud-based Assistive  Technology 
Service  delivering  to  individuals  who  face  technology 
accessibility barriers due to ageing or disabilities. An example 
of how an Assistive Service is delivered to an individual in an 
easy and seamless way is given as a demonstration of how the 
future  should  be.  This  proof  of  concept  has  been developed 
within the INREDIS research project.

I. INTRODUCTION

LOUD computing enables companies, public adminis-

trations and individuals, using networks such as the in-

ternet, to access their data and software on computers locat-

ed somewhere else. It can help businesses – especially SMEs 

–  to  drastically reduce  information  technology costs,  help 

governments supply services at a lower cost and save energy 

by making more efficient use of hardware. Cloud computing 

is already used  widely,  for  example for  web-based  e-mail 

services.

C

Cloud computing has the potential to develop into a major 

new service industry, presenting great opportunities for Eu-

ropean telecoms and technology companies.  Client compa-

nies and public administrations can benefit from lower costs 

and state-of-the-art services by using cloud computing rather 

than  installing  and  maintaining  software  and  computing 

equipment of their own [1].

On the other hand, as our countries build out their broad-

band infrastructures to ensure that broadband reaches every-

one, it is important that 'everyone' includes people with dis-

ability, literacy and aging related barriers to Internet use. We 
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need to be sure that we don't stop at just connecting people 

to the Internet - but that we also see to it that they can actual-

ly use it, and benefit from all that it has to offer [2].

In other words, Cloud has much to contribute to Assistive 

Technologies'  (ATs)  ecosystem  –Section  II–.  This  paper 

presents part of the work done within the INREDIS research 

project –Section III–, namely, a basic architecture to be used 

for AT selection and delivering –Section IV– and a concrete 

use case developed for showing what would be the end result 

for users of the Cloud-based Assistive Technology Services 

of the future –Section V–. Finally, some future work is pro-

posed –Section VI–.

II. THE ASSISTIVE TECHNOLOGIES' ECOSYSTEM

A. What Does “Assistive Technology” Stand For

According to the definition provided  in ISO 9999:2007 

“Assistive products for persons with disability -- Classifica-

tion and terminology” [3], Assistive Products are understood 

to  be  any  product  (including  devices,  equipment,  instru-

ments, technology and software) specially produced or gen-

erally available, for preventing, compensating for, monitor-

ing,  relieving  or  neutralizing  impairments,  activity  limita-

tions and participation restrictions. Assistive Technology is 

technology used by individuals with disabilities in order to 

perform functions that might otherwise be difficult or impos-

sible. Assistive technology can include mobility devices such 

as walkers and wheelchairs, as well as hardware, software, 

and peripherals that assist people with disabilities in access-

ing computers or other information technologies.

Moreover,  according  to  the  definition  provided  by  the 

Class 22 of ISO 9999:2007 “Assistive products for commu-

nication and information”, AT ICT products are understood 

to be devices for helping a person to receive, send, produce 

and/or process information in different forms. Included are, 

e.g., devices for seeing, hearing, reading, writing, telephon-

ing, signalling and alarming, and information technology.

B. The Assistive Technology Market

The number of AT ICT products cataloged by European 

databases is well over 20.000, and the AT ICT industry in 

the EU is not a simple one. It is complex in various aspects, 

for example for the large number of products, for the large 

number of small firms, and for the different service provider 
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systems that  are  used to get  AT ICT products to disabled 

end-users.

However, one area common to the vast majority of firms 

is the marketing challenge: how to get the right product, via 

the right person, and with the right instructions and training 

to the disabled end-user who needs it. To some extent, this is 

a distribution and marketing challenge common to any indus-

try, but in the AT ICT industry in Europe, the complexity of 

the different service provider systems is an extremely potent 

force in the marketplace [4].

First AT ICT products were dependent both from the plat-

form and the device where they were installed. The only de-

vices where ATs were used were computers, and the way for 

getting them was to purchase the AT into a local reseller, to 

receive the AT via mail or (the few times that it was possi-

ble) to download its installation program from the web.

This situation is slowly changing, but there are still large 

barriers for customers [5]:

Awareness 

• End users are largely unaware of the available AT 

solutions.

• There is a lack of dedicated training in AT products 

and their capabilities, resulting in end users having 

AT they cannot use to the full extent, or in some 

cases not at all.

• ATs that are easiest to obtain are also the ones most 

abandoned. 

Price 

• High purchasing costs for end users are reported as 

a major barrier for wider deployment by disability 

organizations.

Mismatch between end user needs and offered AT

• End users are not provided with the required AT, 

resulting in a considerable percentage of obtained 

ATs being discarded within a year.

• AT that is being offered does not always satisfy the 

actual needs of the people with disabilities,  hence 

their refusal to use them.

• According to some surveys, almost half of the end 

users experience problems using ATs.

III. INREDIS BASIC RESEARCH PROJECT

The  work  presented  here  belongs  from  the  INREDIS 

project [6]. This project has carried out basic research in the 

field of accessible and interoperable technologies, with the 

scope of developing basic technologies that will enable the 

creation of communication and interaction channels between 

people with special needs and their environment.

A multidisciplinary team composed by 14 companies and 

18  research  partners  has  been  involved  in  INREDIS  The 

project began on 2007 and ended in December 2010.

INREDIS  project  aims  a  total  integration  of  functional 

disabled users into the Information Society, including popu-

lar fields such as: domotic, urban and local mobility, shop-

ping information, banks, digital television and other areas of 

interest.

The base of such approach is that a person with an adapt-

ed or personalized controller (where controller does mean a 

fitting of a proper User Interface into a suitable hardware) 

should be able to interact and control  different services and 

devices by means of an interoperability architecture. Using a 

personalized controller, the achievement of a proper control 

is  eased  significantly  as  the  accessibility  problem  of  the 

whole environment is reduced to just solving, if any, the ac-

cessibility issues with the user controller. 

A prototype can be seen in [7]  showing the above (see 

Fig. 1).

In  this  example  (further  described  in  [8]),  a  pluggable 

User  Interface  for  people  with visual  impairments  can  be 

seen, which is based on a DHTML page running on a verti-

cally handled tablet-PC .

This DHTML page is rendered in a web browser. Popular 

browsers, such as Microsoft Internet Explorer, Mozilla Fire-

fox or  Safari,  are  supported.  The DHTML code has been 

correctly tagged so that it is compatible with screen readers 

such as Jaws [9]. An Universal Control Hub (UCH) [10] acts 

as a gateway allowing pluggable UIs to remotely control the 

TV set.

A. Proposed Architecture

Fig.  2  (next  page)  shows the  INREDIS  architecture  at 

high-level.

Firstly, user's device communicates to INREDIS architec-

ture core, which connects up Interoperability Platform, con-

taining different interoperability protocols (i.e. UCH, OSGi 

and Web Services).

The  Interoperability  Platform  selects  the  corresponding 

protocol in order to interact with a specific device or service.

Once the service is known, it is necessary to adapt its user 

interface.  So,  the user’s device  information and the user’s 

profile  are  asked to  the  Adaptive  Modeling  Server,  which 

looks them up into the Knowledge Base.

Fig 1. DHTML based UI for accessible TV control
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This information, together with the context information, is 

headed for the AT Middleware, which queries to Knowledge 

Base the most appropriate AT and delivers it  as a service 

(SaaS approach) [11].

All collected information is passed to Interface Generator 

in order to provide the most suitable user interface.

IV. INREDIS AT MIDDLEWARE

The AT Middleware is the module responsible for provid-

ing AT services within the INREDIS architecture.

Unlike the legacy purchase methods introduced at Section 

II,  the AT Middleware instantly provides the user the right 

ICT AT with his desired configuration.

In this sense, as seen in Fig.3, if an AT delivery service 

does exist within an architecture that aims to simplify the in-

teraction of people with disabilities with the devices and ser-

vices of their environment, why not export this service and 

use it to solve disability, literacy and aging related barriers to 

Internet use as exposed on Section I?

Fig.  4  shows AT Middleware's  sequence diagram when 

finding an AT within INREDIS.

As seen on the diagram, the AT Middleware is composed 

by 3 modules: Request Manager; AT Detector; AT Informa-

tion Base.

The Request  Manager  is  an OSGi bundle.  It  exposes  a 

Web Service, which is the main entry point of the AT Mid-

dleware.

The AT Detector OSGi bundle queries the AT ontology 

[11] in order to find the most appropriate AT for an user, 

taking in mind its needs and preferences.

And last, the AT Information Base is composed by a data-

base,  where users’  personal  AT configurations  are  stored, 

and an OSGi bundle, which queries the database when need-

ed.

But this approach won’t be complete until a wide collec-

tion of ICT ATs in the cloud appear in the market. Once this 

is achieved, AT users will gain the following advantages:

• Access to a wider range of products (multiple prod-

ucts of the same type / multiple product types)

• Access to free AT ICT products

• Access to low-cost products, thanks to the pay-per-

use approach

• No need to install a software for every AT product

• Seamless AT execution and use (no need for com-

plex setup procedures or for the execution of vari-

ous commands continuously)

At INREDIS project, in order to incorporate the first AT 

ICT products to the platform and to demonstrate that  it  is 

possible to give an AT service based on the cloud, we have 

chosen four common ATs, i.e. a multi-language translator, a 

text-to-speech (TTS) synthesizer,  an avatar who communi-

cates through sign language and an automatic captioning en-

gine [12]. All of them have been successfully transferred to 

the cloud.

The AT used into the end-to-end implementation present-

ed at Section V is the multi-language translator.

Based on the Google Translate [13] API [14] provided by 

Google, two cloud-based AT services have been developed. 

Both services are remotely accessible Web Services: one of 

them follows a REST approach while the other is the SOAP 

version of the service.

Fig 2. INREDIS Architecture (High-level)

Fig 3. Using the AT Middleware (right) directly (up) and via INRE-
DIS architecture (down)

Fig 4. Using the AT Middleware (right) directly (up) and via INRE-
DIS architecture (down)
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Those multi-language translation Web Services contain a 

single method called translate. Its input parameters are text-

ToTranslate,  sourceLanguage and  targetLanguage,  while 

the output is a string containing the translation done by the 

service.

V. PROOF OF CONCEPT: SEAMLESS ASSISTIVE TECHNOLOGY 
DELIVERING

As a proof of concept of cloud-based AT service deliver-

ing, an end-to-end implementation has been done. The goal 

is to show how the system would look in the eyes of the user, 

i.e., to demonstrate the benefits of this new market paradigm.

So, an Android application (app) has been adapted in or-

der  to  make it  capable  to  use cloud-based  multi-language 

translation  service  when  needed.  The  chosen  app  is  the 

Bluetooth Chat app included into the Android SDK [15].

Basically,  three  main changes have been made into the 

original app: (1) communication with the INREDIS AT Mid-

dleware added; (2) localized resource sets for showing the 

UI into the language that the user has set its phone; and (3) 

the ability to use the cloud based multi-language translation 

cloud-based AT services developed. The end result for the 

user is that, once logged into the AT Middleware, if he wants 

to use the Bluetooth Chat in a place where he won’t be un-

derstood,  the  app  will  be  aware  of  that,  switching on  the 

translation without user intervention.

More on detail, the changes made into the Bluetooth Chat 

app have been the following:

• (1) Communication with the INREDIS AT Middleware:

This process should be as least invasive as possible for the 

user, even running in the background if possible.

This issue has been solved by developing another Android 

app (as Fig. 5 shows) that logs the user into the AT Middle-

ware (see Fig. 6).

This app queries the user’s profile in order to get its pref-

erences and, when launching the Bluetooth Chat, sends this 

preferences  to  it.  This  way,  the  Bluetooth  Chat  knows 

whether it has to change its original operation mode and start 

using the cloud-based translation AT service or not.

• (2) Localized resource sets for showing the UI into the 

language that the user has set its phone:

The Bluetooth Chat app is, by default, in English. It makes 

no sense to  give an  application in  English to  a  user  who 

needs support  to  communicate in other  languages than its 

own native language. For this reason, we have modified the 

original app, adding localized resources that make possible 

the  use  of  the  user’s  preferred  language  by the  UI  (e.g.,  

menus, info messages,…) of the app.

We have assumed that user’s preferred language is the one 

selected into the locale configuration of its mobile phone. By 

default, the Android system selects which resources to load, 

based on the device’s locale [16]. So, multiple resource sets 

on different languages have been added to the original struc-

ture  off  the  app,  creating  different res/values-xx folders, 

(where xx is the code of each different language).

If greater levels of customization want to be achieved, the 

language in which the user has configured its mobile phone 

can be bypassed. This way, the incoming information from 

the AT Middleware would be used to set the language of the 

Bluetooth Chat’s UI.

• (3)  The ability to use the cloud based multi-language 

translation cloud-based AT services developed:

Finally, it is necessary to integrate the translation service 

into the chat application. The intended result is that two peo-

ple can communicate in their native or preferred languages. 

I.e.:

Being A an Spanish user, and B an English user of the sys-

tem, both users run the Bluetooth Chat app in their phones 

and pair their devices via bluetooth. A writes on her device a 

message in Spanish and presses “enviar” (send) button. B re-

ceives A’s message in English. B writes on his device a mes-

sage in English and presses the “send” button. A receives B’s 

message in Spanish.

In order to make this scenario possible, the multi-language 

translation  Web  Services  previously developed  have  been 

seamlessly integrated. This way, when user clicks the “send” 

button, a petition is sent to the translation Web Service, con-

taining the message to be translated and the languages of ori-

gin and destination. The petition is processed on the cloud 

instantly and the translated message is returned and delivered 

to the recipient.

Fig 5. AT Middleware app (left) and Bluetooth Chat app (right)

Fig 6. User login UI
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Since  the  language translation  Web Services  developed 

can be invoked via SOAP or REST, the procedures for re-

motely accessing them from the chat application differ one 

from another.

Android’s own libraries are used for querying the REST 

Web  Service  for  a  translation.  In  particular,  the  an-

droid.net.Uri [17] class is used, which eases the building of 

the  URI of  the call  from the  various parameters  involved 

(e.g.:  http://192.174.15.29:8080/GoogleTranslatorREST/ re-

sources/methods?textToTranslate=hello&sourceLanguage= 

en& targetLanguage=es) and processes its response.

In the case of the SOAP Web Service,  Android has no 

specific  libraries  to  request  the  Web  Service.  The  option 

chosen is the use of the library ksoap2-android [18].

Finally, Fig. 7 shows the final appearance of the Bluetooth 

Chat app when using the cloud-based multi-language transla-

tion Assistive Technology service:

VI. FUTURE WORK

Once demonstrated that the Cloud-based Assistive Tech-

nology service delivering approach is feasible, it still remains 

a lot of work to do in order to see this system in the market 

in a short period of time.

The most important work to do is to progressively migrate 

all the ICT ATs to the cloud. In this sense, the resources that 

AT developers have available are limited, so, migrating and 

supporting the actual users in parallel will be a big challenge 

for them.

There are some efforts trying to standardize the accessibil-

ity APIs  present on different operating systems. Once this 

achieved, the task of migrating ICT ATs to different OS and 

to the cloud will be much easier.
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Fig 7. User sends chat message while Spanish to English translation is 
on

ANE MURUA, IGOR GONZALEZ, ELENA GOMEZ-MARTINEZ: CLOUD-BASED ASSISTIVE TECHNOLOGY SERVICES 989


