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Abstract—the goal of ubiguitous computing is to malk
information access available anytime, anywhere usin
any device. However, this comes at the expense afrth
work from developers, producing multiple variants d
the same information to cater for different user catexts.
Different transcoding technigques based on annotatm
HyperText Markup Language (HTML) have been
proposed. This paper proposes transcoding the
Extensible Style Sheet Language (XSLT) which
transforms back-end Extensible Markup Language
(XML) documents into HTML or XHTML for
presentation on the Web, to produce the XSLT which
transforms the same XML documents to VoiceXML for
presentation to telephone users.

Index Terms— User Interfaces, Internet,
Communication channels.

I. INTRODUCTION

The Web is arguably the most efficient medium where
those with access to computers and the Internet cin

access information any time. However statisticsciviviere
published in September 2006 by [1] estimated t0a3% of
the population of South Africa had access to thertret.
This indicates that most people in South Africdl g not
have access to the Internet.

The emergence of devices like Personal Digital gkasits
(PDAs), cellular phones and telephones which caesac

Text-to-speech (TTS) tools, a VoiceXML Interpreterd a
Telephony Server are needed to host VoiceXML
applications. Human recorded audio version of ieketter
accessed by users compared to synthesized spesmihsée
of limitations in the current technology. This makemore
difficult to make content accessible to telephosers.

If the same information written in eleven South igdin
languages is made accessible from three categofies
devices, then it should be duplicated eleven tifoegach
device, leading to at least 11x3=33 duplicateshefsame
information. This makes it expensive for the goveemt
and companies to make information accessible va th
Internet and telephones.

The aim of this research is to make it possibled@phone
users to access already existing Web content. pager
discusses technical details of producing a VoiceXtddlsed
Interactive Voice Response application by transugdi
XSLT which transforms back-end XML documents for
presentation in the Web.

RELATED WORK

There have been work in creating resources whietptait
different devices. The InfoPyramid [5] frameworloposed
creating resources of different modalities (e.qimg audio
alternative of text) and with different quality tater for
small devices. The XML based framework which define
the adaptability of resources was proposed by T6le
problem has been to create interfaces which male th
information accessible.

the Internet content promises to make information

accessible to anyone, anywhere, anytime, usingveelef
choice.

However content requires to be written in mark lsauges

suitable for all these devices. XHTML [2] makes t&mt

accessible to bigger devices like desktop compufEne

lighter version of XHTML called XHTML Mobile makes
content accessible to small devices like cell psoared

PDAs.

Model-based [7] design is a way of designing irgtegs for
multiple platforms, beginning by planning an intexé for
each platform. The model for each platform includes
information about content to be accessed and about
interaction between the user and the system. Thlelgm

with this approach is that it requires more workeT
alternative to this approach is to design one fater and

use transcoding tools to adapt it for other plafer

“Transcoding is a method for translating one typeaue

VoiceXML [3] is a markup language used to make shee (e.g. HTML) into a different type (e.g. VoiceXML)[8].

interfaces accessible to telephone users. Whilesivesbare
accessed by keying in a Universal Resource Logatiat),
VoiceXML applications are accessed by dialing apgkbne
number [4], as if you were making a normal teleghcall.

Transcoding has been used to make Web contentséees
to mobile devices[9], to blind users [10, 11] ard did
people [12].



Annotations [11] are machine understandable desanip

of Web content. They can be embedded within Webecin We identified the following problems with transcodi
(HTML) or written in a separate file i.e. externalHTML to VoiceXML:

annotations. In the context of Semantic Web and

transcoding, annotations give hints on how to ad&pb
content for alternative access. A more in deptleudision
on annotation based transcoding can be found ih [13

There has been work in making the job of creating

annotations easier. Kouroupetroglou, et. al. [Ibppsed a
framework for content engineering where there aepfe
who write annotations, using terms defined in atology

by other people. Transcoders take both annotatdrish

give hints on how to adapt content and use thebudagy

from ontology to understand these hints (annotajionhis
creates a community of people working on makingWeb

accessible to many people, including the blind.

Research has come up with annotation based trangoof

1. Annotation authors should have knowledge about
HTML of the website being transcoded. The
problem is that websites often have complex
HTML mixed with Java Script and the Cascading
style sheet. This makes it difficult for annotation
authors who are not the authors of the website.

2. Converting HTML to VoiceXML is repeated even
when HTML documents with the same node tree
are transcoded. This step is repeated more often if
we transcode the same content written in different
languages.

This paper discusses the XSLT based transcoding

system which distributes the work of creating

annotations to the XSLT authors and the content
authors.

HTML to VoiceXML. Matching of VoiceXML to HTML
elements is discussed by [14]. Web Transcodingisheol Ill.  TRANSCODINGXSLT
(WTP) [15] is a proprietary tool from IBM which ceerts
HTML to VoiceXML. WTP gets hints on how to transeod
from instructions defined in the Annotation Langeag
[16].

This section discusses the architecture of thest@ding
system which produces VoiceXML from an existing XSL
document which transforms documents to HTML (XSET o
HTML). The transcoding process is divided into two

. . independent steps: Step 1 and Step 2.
However transcoding Web content for voice accessois

only the matter of matching HTML to VoiceXML [8].his Step 1 uses annotations about XSLT of HTML to conve
is because the Web is designed to be accessediWisug T elements to VoiceXML. Its results are the XSLT
while telephone users (TU) access it _non_—wsuaWeb document with VoiceXML elements instead of HTML
content can be optimized for presentation in theb W (called XSLT of VoiceXML). Step 2 uses the storeSLX
us?ng di_fferent colc_)rs, fo_rmatti_ng e.g. making bld_b OF  of VoiceXML to transform any given source XML
using pictures. This optimization can make conted yo0ment to VoiceXML. Step 2 is guided by annotagiof

groups e.g. navigation menu in the top, advertise®  yhe given XML document. This transcoding process is
the left and right, and main content in the mid{Bg depicted in Fig. 1.

These groups of information can be easily iderdifley
Web Users. However these groups of information oaba
easily conveyed to users who use alternative aft2ss

Telephone users rely on what the system read<to,tthey
cannot go straight to access the information thagtvas if
were surfing the Web. Different navigation techmisu | —
which divide the Web page into small segments q ifmoouy
information so that it can be better presentedht user
have been proposed [8]. Other challenges involndegng
complex HTML tables and forms in a non-visual manne
[17] and difficulties in inputting and outputtingpeech

[18].
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Takagi et.al. [19] worked on improving voice bromgiby
making users access important information first doyd
inserting text which helps the user to “see” défar
sections of the Web page and different pages of#i®site. Fig. 1. The architecture of a XSLT based transapdin
Shao et. al. [8, 20] improved usability of transesd process is divided into two independent steps: Stemd
VoiceXML interfaces by relating Telephone Browsit@ step 2. Step 1 uses annotations to convert XSLATAL

Web Browsing, where users are able to use forwadl a;g XSLT of VoiceXML. Step 2 uses annotations to
back buttons to move back and forth. Similar woyKH]  transform XML documents to VoiceXML.

gives users a choice to browse the non-visual Web, ) )
paragraph by paragraph and even line by line. Tiseaéso A Producing XSLT of VoiceXML
work in ontology based transcoding of Web contest f 1) Annotations

voice access (see [10, 21]).

Voice XML




The input to Step 1 of the transcoding process $. X

1) Annotations

which transforms a given XML document to HTML. ThisXSLT can be created from knowing the schema of XML

XSLT is written in the context of a user who willovse

documents it transforms. This makes it possible tfo

the website using a visual Web browser like Interneuthor of XSLT to work independent of the authoXML

Explorer.

This Step uses annotations which are written byatiteor
of XSLT to change the context to a person who besvthe

documents. The results of this are that people different
expertise and knowledge can collaborate to make
information systems.

same information using a telephone. These annogtioThe second transcoding process is guided by anomsat

serve the same purpose as in [15, 20] but areewnriti the
context of the XSLT style sheet,
differences are discussed in section IV. The resale
XSLT which
compatible XML documents to VoiceXML.
annotations are used for three main purposes assdied
next.

First, annotations identify sections of the websitat are
not suitable for voice access; for example pictumesess
important content like advertisements. These sestEre
excluded in the resulting interface. Second, artitota
identify alternative resources to be rendered i risults
e.g. providing text which can be rendered instehéro
image.

Third, voice browsing of the web is done linearly.ithe
website is read from top to bottom and left to tighor
better voice browsing experience, the websitevigldd into
fragments that can be accessed individually froenniienu.
This is discussed in the next section.

2) The Transcoding Process

Dividing the website into fragments is more difficin
XSLT. Because it is not easy to see how templaisach
other. For example [15] uses a policy that HTML dieg
tags (e.g. hl, h2) indicate the end of the curfleagment
and the beginning of a new fragment.

This can not be easily achieved because it requiesging

written by the author of the XML document to be

not HTML. Thetransformed to VoiceXML. These annotations give two

different kind of information. The first one is maet

is stored and used to transform anjnformation about information in the nodes of th&IX
The document. This information is about the language.(e

English or Zulu) in which this content is writtefihey also
provide information about already existing audio
alternatives of the XML nodes. For example thereloaan
audio version (registration_procedure.wav) of texa node
called minor/registration_procedure. This audio si@r
may be of higher quality than the one which would b
synthesized by a Text-to-speech tool. The Transcode
renders the audio version and ignore the text merdViore
information about creating information written iifferent
languages and formats is discussed by Smith [5] and
Nivele [6].

The second information given by the annotationsitifie
nodes in the XML document that are not suitablebé¢o
accessed by a telephone user. These nodes areezkétu
the resulting VoiceXML application.

The next section describes how these annotatioes ar
related to the templates in the XSLT style sheet.

2) The Transcoding Process
This transcoding process uses the XSLT Processbitren
Transcoder to produce VoiceXML from XSLT from Step

XSLT transforms each node in the source XML tree by
applying transformation rules defined in the xshptate

and closing VoiceXML forms which are linked to thewhose match attribute corresponds to the patheohtide.
VoiceXML menu. The first problem is that we need tdrhese rules were initially created with the help of

create form names and link these forms to a Credaraent
in the menu. This cannot be easily achieved uxiBgT as

annotations from the author of XSLT in Step 1. Siep
made it possible to modify these rules by calling t

a programming language. The second problem is th&tanscoder in the beginning of each template. The
output of the XSLT style sheet does not depend h@n tTranscoder was given the list of ancestor nodeshef

linear sequence of templates. It depends on howl&tes
call each other. This makes it possible to havgnrents
which start in one template and end in the other.

The solution is to call the Transcoder as an exzlern

application in the resulting XSLT. This applicatida
called in Step 2 and has two main responsibilitiésst, it

current node (ancestor-or-self) and the position thoé
current node. It uses this information to constthet XPath
expression of the node in the XML document being
processed by the XSLT Processor.

The aim of Step 2 is to make it possible to useotations
from the author of the source XML document to mydif

manages the creation of fragments. Second, it mé#kestemplate rules. The annotations are given to tlam3Jcoder
possible for the author of the source XML documemt as an external document. The annotations use XPath

contribute with annotations which can change tisalteng
VoiceXML.
B. Producing VoiceXML

Step 2 of the transcoding process uses XSLT frap $tto
transform a given XML document to VoiceXML.

expressions to point to specific nodes in the XNMkument
they give information about.

The Transcoder is able to relate annotations t@lisies
since it is called in each template and it knowes XiPath
expression of the node transformed by the temagein
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The advantage of transcoding HTML is that transogdi Great gratitude from the authors goes to thesecesur

can take place any where; independent of the existef

the XSLT which produced HTML. XSLT may not be ireth
client side. This makes the discussed techniquzee tmore [1]
suitable for transcoding in the server side wheee sl
have access to XSLT and have information aboutiegis
resources in the server. 2]

The advantage of transcoding XSLT is that resuisifthe [3]
first transcoding process are the XSLT of VoiceXMhich

can be stored and maintained separately. This X&uT

be used to transcode the same content writtenfieremt [4]
languages.

We converted two already existing Web pages ofSbth
African government website. We found it easier &ald [5]
with repeated sections in the Website if we aneax8LT.

Web pages of the same website are usually simiih
certain parts appearing to all pages, e.g. the saema bar

on top and advertisements in the left. Some paais C[6]
appear more than once in a page e.g. a navigatsomu rim

the top and in the bottom of the page. Developansverite

the repeated section of code once in a separatarfd use a [7]
scripting language like php to include that sectidrere it

is needed.

It may not be easy to identify elements which hitldse 18]
sections in a complex HTML document because these
sections may not be identifiable as a single unlitese
sections can be better identified in XSLT becau&t X
defines a Processing Instruction (PI) [22] elemehich
writes a processing instruction node to the outplfg]
document. The ID attribute of Processing Instructi@des
can be used to avoid repeated transcoding of thee sa
section of code if transcoding takes place in grges side.

[10]
V. CoNCLUSION
This paper discussed the architecture of the tomhisg
system which produces from XSLT of HTML. The
transcoding process is divided into two steps. flisestep [11]
is guided by annotations written in the XSLT author
perspective and produces the XSLT style sheet which
transforms XML documents to VoiceXML. The seconepst
uses XSLT from the first step and annotations whach
written by the author of the XML document to be
transformed. The content author’s annotations ifjent
already existing audio alternatives of text.

[12]
This architecture makes it easier for different peoto
collaborate in making multi-lingual web content essible
to telephone users.

[13]

Writing annotations which guide the transcodingcess is
time consuming. Future work will look at incorparag an
annotation tool which will help to analyze and expl
HTML.
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