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ABSTRACT

In today’s trend of emerging technologies, web isess provide

data and functionality that enhance many day totdsls, such as
public transit. Given that this data must be imgd and

presented on a range of platforms, it is necesatycomposite-
services handle presentation in a context-awaeayr @nd logical
manner. The Mobile Web Initiative recognizes thech to go
beyond technology, and focus on more human-ceagpects of
mobile computing. This includes considering molbtewsers as
a rich application environment, integrated with oi and

multimodal technologies for rich media clients tan filter and

adapt data and functionality from composite-sewsvi@ecordingly.

The problem at hand is how to merge this wide arody
technology and use its synergy to provide a satufar more

robust than any single technology alone. This pajiscusses
how the web, mobile devices and elegant softwadedata design
can combine to complement each other and provide
sophisticated solution to visually disabled usehose quality of

life may be increased by improved facilitation béir day to day
transportation needs.

General Terms
Transportation and Navigation Technology, Accesigjbifor
Visually Impaired Users.
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1. INTRODUCTION

Technology provides the tools and materials to tcrah

application that can change the way people withaliglisabilities
accomplish their daily tasks. Building up a sdbdindation and
framework, based on reliable and exhaustive reBe@@ssential
to such life impacting alternatives. A most pragsissue is the
way in which visually disabled individuals navigatdeir

surroundings with respect to public transportation.

The immediate scope of the work presented in tafgepis urban
environments, and the immediate user groups aieidugls with
vision loss. The issues addressed fall into tloaegories in
terms of users, new technology, and existing sesvic

How do persons with vision loss navigate urbanstebow
are street signs interpreted? How are buses faltiHow
do these individuals retain their orientation?

How can technology improve transportation and retiogm
for persons with vision loss? In what ways cariadial
technologies be aggregated to provide a completécsgo
disabled persons? What trade-offs exist when derisig
the average user of this technology; in other woddss the
functionality justify the complexity of a solution?
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How can technology supplement the service provided
public servants to persons with disabilities?

By accurately identifying the challenges of dailsaviel for
visually disabled people, we believe the developneéra robust,
complete, yet extensible suite of services may dssiple. It is
not unreasonable to assume that this solutionb&ilhpplicable in
the context of the Mobile Web Initiative, and tladit people will
incorporate these new composite-services into tteily travel
routines, not just the disabled.

1.1 Related Work
In May 1994, Mikael Sheikh and Daniel Gildea, two
undergraduate students at Berkley University, pioseé the

atransition from static, non-interactive transpadatinformation

systems, to rich, interactive systems, hosted enVttorld Wide
Web. Their efforts focused on the San Francisap &ea, and
their audience was the general public. This omeallsproject is
now Transitinfo.org [1]—the main transportation portal for the
San Francisco Bay area and California.

In July 2001, MTC [2] added to the project's fuonglity by
offering a trip planning service known askeTransit[3]. The
service was initially designed for telephone opmsatto assist
travelers. However, a web interface was implenneeallow
users to plan trips on their computers, without #id of a
telephone operator.

Google [4] has also made great contributions toatlea of public
transportation, both directly and indirectly. Ar@nt project at
Google Labs [5] iS<500gle Transiff6]. The concept of Google
Transit is to offer transportation directions, da& on the
Google Maps [7] interface. Google Transit reliea the
participation of third party transportation orgatinns to offer
scheduling information to its users. Significamthe scope of the
problem at handTransLink[8], a Vancouver-based company in
British Columbia, Canada, is one of the several mames
participating in the Google Transit beta.

The great wealth of Google services also contribute

transportation in an indirect way; Google Maps |ules an

excellent base on which transportation routes neayepresented.
Google Android [9] is the mobile device platformrntly in

development. It is an open source operating sydiased on
Linux, a Java Virtual Machine, and OpenGL [10] drap
hardware acceleration. Android integrates welhwither Google
services such as Google Maps, which makes depldyofetine

proposed system on mobile devices a logical detisio

Though we focus here on desktops with zoom softwdrés
critical to note that many browsers make use ofaSavipt
applications (such as Opera, Opera mini, iPhonarkaflokia
s60, Access Netfront and others) for mobile use.
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Figure 1: The Scheduling, Trip Planning, AutomatedTelephone, and External ServiceSubsystems of BUSSPASS, encompassed by

a unified User Interface.

1.2 Evaluation of Previous Work

The outlined previous and current research in tiea af public
transportation has resulted in much greater easewafation in
urban areas. The shortcomings of current rese@awajects are
threefold: (1) lack of aggregation of availablevsegs, (2) lack of
adoption by organizations world-wide, and (3) negle support
customization for a specific user base as well tas deneral

public. Transitinfois an excellent system to model future work

on. Bus scheduling and trip planning services haeen
implemented in innovative ways, however the scopethis
system is currently limited to the San Franciscy Baa.

Google's approach has the same problem as manyg afthier
offerings, in that Google Transit is far too geneaind tries to
accommodate too large a user base. Google Tramsitsimilar
fashion to Google Maps, is better suited to offgrservices
through an API. Developers can offer a tailoretution to a
specific audience, making use of the APIs.

The anticipation of Google Android on mobile degideas many
developers preparing to deploy a new generationmobile
applications. It is important to keep the impletagion of the
proposed system context-aware and essentiallytgertitom web
browsers on desktop PCs, to Google Android, to rothebile
devices such as the Apple iPhone [11]. This allas/snany users
as possible to take advantage of such an applcaggardless of
their choice of mobile device or computer.

2. BUSSPASS - THE PROPOSED SYSTEM
BUSSPASS is a composition of services that, togefhrevide a
solution to facilitate transportation for visuatlisables riders, and
provides a customizable framework for all ridergyeneral. The
suite includes: customized presentation of bus dudirey
information via Google Maps, GPS tracking of buses
automated calling system to announce bus times,sandces to
help with the coordination of trips that requireItiple buses, as
outlined in Figure 1.

2.1 Presentation of Bus Schedules

The BUSSPASS scheduling services are designegtaceeaging
bus schedules which use massive tables to represawnel
information.

2.1.1 Data

Any quality web application needs be built upon lgyalata. A
common pitfall many organizations make when offgrgervices
to a broad audience is interweaving data, logicfmedentation in
a way that is inseparable. This severely limits way in which
data can be accessed by users. Often it is tleethas users with
disabilities require special presentation consiitena when
accessing essential data.

An example of limited data presentation is the Isebedule
application forBCTransit[12]. BCTransit offers its users bus
schedules as tables, in print and electronic foithe electronic
version is implemented as a simple HTML [13] table:

Douglas at Humboldt Fairfield at May at
Bus Type View at Penwell Moss Moss
Access 6:42 6:45 6:50 -
Access - 7:01 7:06 -
Access 7:15 7.18 7:23 -
Access - 7.38 7:43 -
Access 7.38 741 - 748
Access 7:50 7:53 7.58 -
Access - 8.08 8:13 -
Access 8.20 8:23 8.28 -
Access 8.:35 8.38 - 8:45
Access - 8:43 8.:48 -
Access 8.52 8.55 9:00 -
Access - 9:13 9:18 -

Making use of transportation data in such a pregiemt presents
significant challenges for the visually impaire&or those using
screen magnification software, navigating such mgelatable
becomes awkward. For those who rely on screenimgad
software, announcement about such a large tableklguioses
meaning. The solution is to separate the data frepresentation



to allow various representations of the data, baeedthe
requirements of the user. This is common amongwsaoé
engineering practices, as attested to by the pdpulaf the
Model View Controller pattern. Instead of mixing ethbus
schedule data into presentation HTML code, the dhtauld be
described in its own language — a meta-language XML [14].

2.1.2 XML

XML is an excellent choice for representation ofadsuch as bus
schedules. Schedule data is very hierarchicaledides have
routes, routes have stops and stops have times. hiEnarchical
nature of XML lends itself well to produce an aatermodel.
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Figure 2 — XML Representation of Bus Schedule Data.

Two foreseeable problems exist when transformirggdata into
such a form. The first is a modeling problem. Wisathe best
way to model the hierarchy of a bus schedule? Roeaite have
stops, which in turn have directions (as observe#igure 3) or
does a route have directions, which in turn hawps? The best
approach to this dilemma is to choose the mod¢lithalves the
least amount of data duplication.

The second problem, which is much more pressindiois to

convince organizations to switch from their curregstem to a
new data format. When designing an applicatioretipers
expect input data to be in a certain format, inclhcase two
possible solutions are available. The first isl@nonstrate why
the organization should make the switch. Providingock-up of
the new data, and giving the organization incentovehange is
the most desirable approach. The second optioto isake

whatever data the organization is willing to prayidand

transform it to the application's specification.egending on the
source format of the data however, a transformatimay be

complicated and tedious. Furthermore, if no steshdarmat is

agreed upon, the application may need to accomrmoatany

formats, since different cities will have their owray of storing

transportation data. If, in the future, the sodarenat of this data
changes, the application will need to be updateactmmmodate
the change as well. This is undesirable.

2.1.3 Logic
Once the underlying data is in an acceptable farihatan be
manipulated in customized ways to appeal to perseith

disabilities. The objective is to determine whatvices will be
useful to such a user base, and personally cusabieizo society
in general.

It is most likely the case that the user wantsrtovk when a bus is
coming in the near future or close to a set tima particular stop.
Thus, they should not have to navigate a largeetéblfind the

information they need. By reducing the numberimies shown,

unnecessary rows of the presented table may baalied.

As noted in Figure 2, the columns represent thiuarstops on a
bus route. If the user is interested in a pardicudtop/time
combination, there is no need to present him witflormation

about all of the stops, thus effectively reducihg number of
columns in the table to one. The reduction of rewd columns
from the schedule greatly improves readability wisereen real-
estate is at a premium.

2.2 Presentation

The presentation of data and logic is critical wkervicing a user
base with very specific needs. Innovative ideas raguired to
enhance standard presentation trends. Also, pegsers should
be customizable based on the specific needs otra uAre they
browsing from a web browser or mobile device? Wheael of

screen magnification is available? What additicenadlio queues
can be added to supplement the user experienceseTare all
details that need to be carefully planned out.

The proposed system for presenting bus scheduifiogniation is

based on the Google Maps API [15]. This was chdsemany

reasons. First, using a map as a base of infasmaiives the user
great control over the first aspect of transpatatitheir sense of
orientation and location. The API includes funotathat allow
for panning and zooming of the map, giving the uaemore

magnified view if desired. Second, Google Maps AdNery

portable. It can be powered by regular web brosveer desktop
and laptop computers, as well as emerging mobil&ds.

Figure 3 — BUSSPASS System Based on Google Maps.
route has been selected and a set @markers shows the
various stops.

Having this information on the go is a feature thit appeal to
all users, not just those who are visually chaléehg Finally,
Google Maps is free for non-enterprise use. Thepk the cost of
development and research low. Should enterprigesi rmore
advanced features and support, Google offers thesMé| with
an enterprise license.



Figure 4 — Flowchart for the BUSSPASS Telephone Sgsn.

2.2.1 Google Maps API

One central design goal of the system is to offerlemn and
efficient view of the bus scheduling data. Wheusar navigates
to her local city's bus schedule website, she ésqmted with a
Google Map, centered on the city and zoomed topgmogpriate
level. By selecting the desired bus route, a §&raarkers[16]
will be generated that mark the various stops errtite.

Clicking any of the markers will revealGinfowindow{16] table

which shows the next 5 bus times in both directidiased on the
local time of the user's computer or mobile devies,shown in
Figure 5.

Figure 5 — A particular stop has been selected. A
GinfoWwindow shows the 5 most current times in each direction
for the particular stop.

2.3 Other Implementation Considerations
Perhaps the biggest problem of using a solutionlinrg Google
Maps is the amount of bandwidth required to displep images.
Furthermore, scheduling information is stored igéaXML files.
A logical approach to solving this problem is tegent the user
with only the data they request. AJAX is a gooddidate
technology to make requests to the server for maidit user-
requested data while at the same time, providieguser with a
fluid, non-interrupted experience. Once the XMLshleen
returned to the application running on the cliehg client needs
some way to parse the data and incorporate it timtobrowser
document. Instead of writing Javascript [17] todia the AJAX,
XML parsing and Ul of the application, a better aggzh is to
employ a Javascript framework such as jQuery [THje benefits
of a library like jQuery are its functionality isehvily tested,
cross-browser compatibility issues have been atisttaaway, and
the use of jQuery code will likely result in smalfde sizes than
implementing customized Javascript to handle themesa
functionality.

3. AUTOMATED CALLING SYSTEM

The flow of interaction between a user and the BBISSS
telephone system should look similar to Figure 4When
interacting with computers, visually impaired usesly on several
technologies. Screen magnification is a key tdmit other
technologies such as screen reading and specidtipatiare also



significantly important. The BUSSPASS solution gldomirror

this behaviour. As well as providing a rich ancendiendly

visual representation of scheduling and navigatieta, audio
representations of such data is critical when deésiga system to
meet the needs of the extreme end of the useribapeestion —
the blind.

The purpose of this part of the composite-servictoibe able to
respond to user input, over the telephone, with réguested
transit scheduling information. It is imperativeat the response
information be concise and easily understood. System should
be automated to minimize recurring cost. A gooddehoto
reference for this implementation is the automatel@phone
directory service offered by Googl§00G-411[19]. GOOG-
411 is a free service that when called, providesrthmber to a
business or residence based on voice input froisea uThe key
features of this model are the input strategiesthecautomation.
Allowing users to verbally issue commands instefiyming them
in on a touch tone phone provides the user withcehon how
they want to enter data. For simple data retrisuah as the time

of the next bus, an automated system with no operat

intervention is acceptable.

As highlighted in Figure 4, depending upon the ecal which

BUSSPASS is deployed, a calling system should bagséocally

for each urban area so that users can make lodal tcathe

system. Additionally, a toll-free number could &&t up so that
users can access the system from long distancesmidlti-city

system is implemented, an extra step added tddieliart would

require the user to select a city before seledibgs route.

The automated telephone system should rely on dahee sXML

data as the graphical scheduling system. Thisskegintenance
of scheduling data simple and raises desirable l[c@u@mong

subsystems.

4. TRIP COORDINATION SERVICES

Services offered by Google Transit and TakeTrahgitMTC
serve as excellent models for the design of the BRISSS trip
coordination service. However, significant improments can be
made to customize the system for the visually imgzhi

Google Transit accepts an address, typed in by uter, to
generate directions. This system is scalable boksl a user
interface designed around simplicity. One improgamis to

offer a user a list of common destinations in loevrt. Once she
has entered the closest bus stop to her houseyrly @licking on

an item in the common list would generate a list tafvel

instructions on how to reach that destination. lrent the user
should be able save common locations such as toeise or
workplace, as well as any other desirable locati@mnganizations
such as the Canadian National Institute for thed(CNIB) [20]

could add a location to the map when holding amewa their

facilities.

5. INTEGRATION OF SERVICES

Due to the complexity of the various subsystemse caust be
taken when integrating these services into a walfindd
application. The source XML, which serves as theador the
application, must be made available to all subsysteequesting
data. It should be expected that these XML fildsve the most
significant source of bandwidth consumption on ey It is
recommended that server side code be implementextitwe this

demand for data. Perhaps XSLT [21] or other prsicgsof the
XML (for example transformation in to JSON [22])utd slice up
and alter the XML into smaller chunks before itsent over the
Internet. Compression of the files on the servend a
decompression on the client is another option.

It is also important to unify the user interface the various
subsystems, as shown in Figure 1. A common thenw a
predictable set of controls are very important igually disabled
users to get a sense of orientation.

6. DEPLOYMENT

Because of the specific needs of the user baseiéstign, it is
important to design BUSSPASS in such a way thatsusan
retrieve the information they desire in a quick amdiscriminate
fashion. This means that the implementation shaooldbe tied to
any specific browser, platform or device when atpalssible.
Through the use of code libraries such as jQuenwser specific
code can be abstracted away, resulting in a cnasgser set of
composite-services on which BUSSPASS may be built.

The server is a key component when targeting maffgreht
types of clients. The server must process tharaligKML data
in a client-independent fashion, supplying the BBS&SS
subsystem with the particular data it needs totfanc

Some customization of data processing on the senayr be

required according to context, depending on thentlaccessing
the data. For example, a user running a modernbr@lser can

rely less on the server performing the majoritypafcessing. The
browser is able to make AJAX requests to the setvegrab

specific sections of data, and utilize the plehtiesources of the
desktop to provide a rich interface to the usersers accessing
BUSSPASS from a mobile device will instead needr@asnlined

interface. In this case, the majority of procegshould be done
on the server, and the client-side user interfhceilsl be minimal

to maximize bandwidth.

Because many popular desktop and laptop browsensosuthe
Javascript language, implementing the client appbo for
multiple browsers is relatively easily achieved.olile devices
may require a more specialized approach. The @oAgHroid
SDK [23] is Java-based, and the language for there SDK is
currently unknown. Though this makes deploymentnorbile
devices significantly more difficult, though notpwssible.

7. FUTURE WORK

Although BUSSPASS addresses many concerns of Ygsual
impaired users, there is still work to be done ttovjgle the most
complete transportation augmentation system basedvailable
technology. Here we consider what we believe totHee next
pressing issues to consider in the implementatimhdeployment
of this system.

BUSSPASS currently relies entirely on schedulintadsored in
XML files. It may be that these XML files will beme outdated
or incomplete. In a more general sense, the XMh day be too
static and non-reflective of a real-time, real-woslystem. It is
proposed that a solution, incorporating the use GIPS
technology, be implemented to provide BUSSPASS ditta that
reflects the actual state of the transit systemitashanges
throughout the day. GPS could benefit both riders workers of
the transit system. Riders could be notified wittem next bus



will arrive or what stop to get off at. Driversudd be notified
that riders with a disability are waiting at futustops, thus
allowing them to make preparations for them in atea

It is important to note that future work includesnsidering
alternatives for XML. XHTML [24] could be used fetructuring
this simple data model. XHTML documents are XMlIséd, and
can be viewed, edited, and validated with standétl tools.
Additionally, these documents can utilize scriptsl @applets for
either the HTML or XML DOM. The Resource Descripti
Framework (RDF) [26], which can be converted to XML
provides another alternative for describing anéricttanging this
kind of metadata. Many have argued that it's ac#l
simplicity makes RDF more advantageous over XMLow@ter of
properties is irrelevant.

The current prototype merely touches on the audaufes that
would be possible. In terms of a more completelémentation
of the service via voice, VoiceXML[25] provides Wehsed
development and content delivery in the form oéiattive voice
responses and is a available in both telephoneebdckystems
and in browsers. Given that it is designed forating audio
dialogs that include synthesized speech, digitizedlio, and
recognition of both spoken and key input, we hapednsider a
more complete audio service in the future.

Finally, as previously mentioned, dealing with npi& mobile

device SDK's may make implementing the BUSSPASS$eBys
difficult. Perhaps the most logical approach is design

BUSSPASS specification, and have developers adtwerthis

standard when implementing an instance of BUSSPABS

particular mobile device or platform. This has theéditional

benefit of allowing developers the freedom to emieaie system
with additional features as they see fit.

8. CONCLUSION

The Mobile Web Initiative should soon be aligningets,
deployment strategies and application/service pierg. Among
these users are special groups, such as persohs vigital
disabilities. Mobile multimedia applications arehgces must be
customizable according to personal and social @aspec

By providing multiple avenues of data consumptibis believed
that BUSSPASS will meet the needs of the visuatipaired, as
well as provide a model for customizable composéprces for
the general public. The abstraction of unnecessatg, coupled
with personalized presentation of data, be it igraphical or
audio form, is key to the usability advantageshaf BUSSPASS
system. By providing easily identifiable icons represent well
known areas, allowing users to add personal loestito the
system, BUSSPASS tailors itself to each individuakr, and
accommodates him on an individual level. This finmed
customization is what is lacking in the larger-scablutions such
as Google Transit.
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