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ABSTRACT  
In today’s trend of emerging technologies, web services provide 
data and functionality that enhance many day to day tasks, such as 
public transit.  Given that this data must be integrated and 
presented on a range of platforms, it is necessary that composite-
services handle presentation in a context-aware, clear and logical 
manner.  The Mobile Web Initiative recognizes the need to go 
beyond technology, and focus on more human-centric aspects of 
mobile computing.  This includes considering mobile browsers as 
a rich application environment, integrated with voice and 
multimodal technologies for rich media clients that can filter and 
adapt data and functionality from composite-services accordingly. 

The problem at hand is how to merge this wide array of 
technology and use its synergy to provide a solution far more 
robust than any single technology alone.  This paper discusses 
how the web, mobile devices and elegant software and data design 
can combine to complement each other and provide a 
sophisticated solution to visually disabled users whose quality of 
life may be increased by improved facilitation of their day to day 
transportation needs. 

General Terms 
Transportation and Navigation Technology, Accessibility for 
Visually Impaired Users. 
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1. INTRODUCTION 
Technology provides the tools and materials to craft an 
application that can change the way people with visual disabilities 
accomplish their daily tasks.  Building up a solid foundation and 
framework, based on reliable and exhaustive research, is essential 
to such life impacting alternatives.  A most pressing issue is the 
way in which visually disabled individuals navigate their 
surroundings with respect to public transportation. 

The immediate scope of the work presented in this paper is urban 
environments, and the immediate user groups are individuals with 
vision loss.  The issues addressed fall into three categories in 
terms of users, new technology, and existing services: 

·  How do persons with vision loss navigate urban areas?  How 
are street signs interpreted?  How are buses identified? How 
do these individuals retain their orientation?   
 

·  How can technology improve transportation and navigation 
for persons with vision loss?  In what ways can individual 
technologies be aggregated to provide a complete service to 
disabled persons?  What trade-offs exist when considering 
the average user of this technology; in other words, does the 
functionality justify the complexity of a solution? 

 
·  How can technology supplement the service provided by 

public servants to persons with disabilities?  
 

By accurately identifying the challenges of daily travel for 
visually disabled people, we believe the development of a robust, 
complete, yet extensible suite of services may be possible.  It is 
not unreasonable to assume that this solution will be applicable in 
the context of the Mobile Web Initiative, and that all people will 
incorporate these new composite-services into their daily travel 
routines, not just the disabled.   

 

1.1  Related Work 
In May 1994, Mikael Sheikh and Daniel Gildea, two 
undergraduate students at Berkley University, pioneered the 
transition from static, non-interactive transportation information 
systems, to rich, interactive systems, hosted on the World Wide 
Web.   Their efforts focused on the San Francisco Bay area, and 
their audience was the general public.  This once small project 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 functionality by 
offering a trip planning service known as TakeTransit [3].  The 
service was initially designed for telephone operators to assist 
travelers.  However, a web interface was implemented to allow 
users to plan trips on their computers, without the aid of a 
telephone operator.  

Google [4] has also made great contributions to the area of public 
transportation, both directly and indirectly.  A current project at 
Google Labs [5] is Google Transit [6].  The concept of Google 
Transit is to offer transportation directions, overlaid on the 
Google Maps [7] interface.  Google Transit relies on the 
participation of third party transportation organizations to offer 
scheduling information to its users.  Significant to the scope of the 
problem at hand, TransLink [8], a Vancouver-based company in 
British Columbia, Canada, is one of the several companies 
participating in the Google Transit beta.  

The great wealth of Google services also contributes to 
transportation in an indirect way; Google Maps provides an 
excellent base on which transportation routes may be represented.  
Google Android [9] is the mobile device platform currently in 
development.  It is an open source operating system based on 
Linux, a Java Virtual Machine, and OpenGL [10] graphic 
hardware acceleration.  Android integrates well with other Google 
services such as Google Maps, which makes deployment of the 
proposed system on mobile devices a logical decision.   

Though we focus here on desktops with zoom software, it is 
critical to note that many browsers make use of JavaScript 
applications (such as Opera, Opera mini, iPhone Safari, Nokia 
s60, Access Netfront and others) for mobile use. 



 
Figure 1: The Scheduling, Trip Planning, Automated Telephone, and External Services Subsystems of BUSSPASS, encompassed by 
a unified User Interface.

 
1.2 Evaluation of Previous Work 
The outlined previous and current research in the area of public 
transportation has resulted in much greater ease of navigation in 
urban areas.  The shortcomings of current research projects are 
threefold: (1) lack of aggregation of available services, (2) lack of 
adoption by organizations world-wide, and (3) neglect to support 
customization for a specific user base as well as the general 
public.  TransitInfo is an excellent system to model future work 
on.  Bus scheduling and trip planning services have been 
implemented in innovative ways, however the scope of this 
system is currently limited to the San Francisco Bay area.   

Google's approach has the same problem as many of its other 
offerings, in that Google Transit is far too generic and tries to 
accommodate too large a user base.  Google Transit, in a similar 
fashion to Google Maps, is better suited to offering services 
through an API.  Developers can offer a tailored solution to a 
specific audience, making use of the APIs.   

The anticipation of Google Android on mobile devices has many 
developers preparing to deploy a new generation of mobile 
applications.  It is important to keep the implementation of the 
proposed system context-aware and essentially portable: from web 
browsers on desktop PCs, to Google Android, to other mobile 
devices such as the Apple iPhone [11].  This allows as many users 
as possible to take advantage of such an application, regardless of 
their choice of mobile device or computer. 

 

2. BUSSPASS – THE PROPOSED SYSTEM 
BUSSPASS is a composition of services that, together, provide a 
solution to facilitate transportation for visually disables riders, and 
provides a customizable framework for all riders in general.  The 
suite includes: customized presentation of bus scheduling 
information via Google Maps, GPS tracking of buses, an 
automated calling system to announce bus times, and services to 
help with the coordination of trips that require multiple buses, as 
outlined in Figure 1. 

 
2.1 Presentation of Bus Schedules 
The BUSSPASS scheduling services are designed to replace aging 
bus schedules which use massive tables to represent travel 
information.   

2.1.1 Data 
Any quality web application needs be built upon quality data.  A 
common pitfall many organizations make when offering services 
to a broad audience is interweaving data, logic and presentation in 
a way that is inseparable.  This severely limits the way in which 
data can be accessed by users.  Often it is the case that users with 
disabilities require special presentation considerations when 
accessing essential data.   

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

 

Fig 2 – Typical BC Transit bus schedule. 

 

Making use of transportation data in such a presentation presents 
significant challenges for the visually impaired.  For those using 
screen magnification software, navigating such a large table 
becomes awkward.  For those who rely on screen reading 
software, announcement about such a large table quickly loses 
meaning.  The solution is to separate the data from its presentation 



to allow various representations of the data, based on the 
requirements of the user.  This is common among software 
engineering practices, as attested to by the popularity of the 
Model View Controller pattern. Instead of mixing the bus 
schedule data into presentation HTML code, the data should be 
described in its own language – a meta-language, like XML [14].  

2.1.2 XML 
XML is an excellent choice for representation of data such as bus 
schedules.  Schedule data is very hierarchical; schedules have 
routes, routes have stops and stops have times.  The hierarchical 
nature of XML lends itself well to produce an accurate model.   
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Figure 2 – XML Representation of Bus Schedule Data. 

 

Two foreseeable problems exist when transforming the data into 
such a form.  The first is a modeling problem.  What is the best 
way to model the hierarchy of a bus schedule?  Does a route have 
stops, which in turn have directions (as observed in Figure 3) or 
does a route have directions, which in turn have stops?  The best 
approach to this dilemma is to choose the model that involves the 
least amount of data duplication.   

The second problem, which is much more pressing, is how to 
convince organizations to switch from their current system to a 
new data format.  When designing an application, developers 
expect input data to be in a certain format, in which case two 
possible solutions are available.  The first is to demonstrate why 
the organization should make the switch.  Providing a mock-up of 
the new data, and giving the organization incentive to change is 
the most desirable approach.  The second option is to take 
whatever data the organization is willing to provide, and 
transform it to the application's specification.  Depending on the 
source format of the data however, a transformation may be 
complicated and tedious.  Furthermore, if no standard format is 
agreed upon, the application may need to accommodate many 
formats, since different cities will have their own way of storing 
transportation data.  If, in the future, the source format of this data 
changes, the application will need to be updated to accommodate 
the change as well.  This is undesirable.    

2.1.3 Logic 
Once the underlying data is in an acceptable format, it can be 
manipulated in customized ways to appeal to persons with 

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

It is most likely the case that the user wants to know when a bus is 
coming in the near future or close to a set time at a particular stop.  
Thus, they should not have to navigate a large table to find the 
information they need.  By reducing the number of times shown, 
unnecessary rows of the presented table may be eliminated.   

As noted in Figure 2, the columns represent the various stops on a 
bus route.  If the user is interested in a particular stop/time 
combination, there is no need to present him with information 
about all of the stops, thus effectively reducing the number of 
columns in the table to one.  The reduction of rows and columns 
from the schedule greatly improves readability when screen real-
estate is at a premium. 

   

2.2 Presentation 
The presentation of data and logic is critical when servicing a user 
base with very specific needs.  Innovative ideas are required to 
enhance standard presentation trends.  Also, presentations should 
be customizable based on the specific needs of a user.  Are they 
browsing from a web browser or mobile device?  What level of 
screen magnification is available?  What additional audio queues 
can be added to supplement the user experience?  These are all 
details that need to be carefully planned out.   

The proposed system for presenting bus scheduling information is 
based on the Google Maps API [15].  This was chosen for many 
reasons.  First, using a map as a base of information gives the user 
great control over the first aspect of transportation, their sense of 
orientation and location.  The API includes functions that allow 
for panning and zooming of the map, giving the user a more 
magnified view if desired.  Second, Google Maps API is very 
portable.  It can be powered by regular web browsers on desktop 
and laptop computers, as well as emerging mobile devices. 

 

Figure 3 – BUSSPASS System Based on Google Maps.  A 
route has been selected and a set of Gmarkers shows the 
various stops.   

Having this information on the go is a feature that will appeal to 
all users, not just those who are visually challenged.  Finally, 
Google Maps is free for non-enterprise use.  This keeps the cost of 
development and research low.  Should enterprises need more 
advanced features and support, Google offers the Maps API with 
an enterprise license. 



 

Figure 4 – Flowchart for the BUSSPASS Telephone System. 

 

 

2.2.1 Google Maps API 
One central design goal of the system is to offer a clean and 
efficient view of the bus scheduling data.  When a user navigates 
to her local city's bus schedule website, she is presented with a 
Google Map, centered on the city and zoomed to an appropriate 
level.  By selecting the desired bus route, a set of Gmarkers [16] 
will be generated that mark the various stops on the route.   

Clicking any of the markers will reveal a GinfoWindow [16] table 
which shows the next 5 bus times in both directions, based on the 
local time of the user's computer or mobile device, as shown in 
Figure 5.   

Figure 5 – A particular stop has been selected.  A 
GinfoWindow 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 solution involving Google 
Maps is the amount of bandwidth required to display map images.  
Furthermore, scheduling information is stored in large XML files.  
A logical approach to solving this problem is to present the user 
with only the data they request.  AJAX is a good candidate 
technology to make requests to the server for additional user-
requested data while at the same time, providing the user with a 
fluid, non-interrupted experience.  Once the XML has been 
returned to the application running on the client, the client needs 
some way to parse the data and incorporate it into the browser 
document.  Instead of writing Javascript [17] to handle the AJAX, 
XML parsing and UI of the application, a better approach is to 
employ a Javascript framework such as jQuery [18].  The benefits 
of a library like jQuery are its functionality is heavily tested, 
cross-browser compatibility issues have been abstracted away, and 
the use of jQuery code will likely result in smaller file sizes than 
implementing customized Javascript to handle the same 
functionality.   

 

3. AUTOMATED CALLING SYSTEM 
The flow of interaction between a user and the BUSSPASS 
telephone system should look similar to Figure 4.  When 
interacting with computers, visually impaired users rely on several 
technologies.  Screen magnification is a key tool, but other 
technologies such as screen reading and specialized input are also 



significantly important.  The BUSSPASS solution should mirror 
this behaviour.  As well as providing a rich and user-friendly 
visual representation of scheduling and navigation data, audio 
representations of such data is critical when designing a system to 
meet the needs of the extreme end of the user base in question – 
the blind.  

The purpose of this part of the composite-service is to be able to 
respond to user input, over the telephone, with the requested 
transit scheduling information.  It is imperative that the response 
information be concise and easily understood.  The system should 
be automated to minimize recurring cost.  A good model to 
reference for this implementation is the automated telephone 
directory service offered by Google, GOOG-411 [19].  GOOG-
411 is a free service that when called, provides the number to a 
business or residence based on voice input from a user.  The key 
features of this model are the input strategies and the automation.  
Allowing users to verbally issue commands instead of typing them 
in on a touch tone phone provides the user with choice on how 
they want to enter data.  For simple data retrieval such as the time 
of the next bus, an automated system with no operator 
intervention is acceptable.   

As highlighted in Figure 4, depending upon the scale at which 
BUSSPASS is deployed, a calling system should be set up locally 
for each urban area so that users can make local calls to the 
system.  Additionally, a toll-free number could be set up so that 
users can access the system from long distances. If a multi-city 
system is implemented, an extra step added to the flowchart would 
require the user to select a city before selecting a bus route.   

The automated telephone system should rely on the same XML 
data as the graphical scheduling system.  This keeps maintenance 
of scheduling data simple and raises desirable coupling among 
subsystems.   

 

4. TRIP COORDINATION SERVICES 
Services offered by Google Transit and TakeTransit by MTC 
serve as excellent models for the design of the BUSSPASS trip 
coordination service.  However, significant improvements can be 
made to customize the system for the visually impaired.   

Google Transit accepts an address, typed in by the user, to 
generate directions.  This system is scalable but lacks a user 
interface designed around simplicity.  One improvement is to 
offer a user a list of common destinations in her town.  Once she 
has entered the closest bus stop to her house, or work, clicking on 
an item in the common list would generate a list of travel 
instructions on how to reach that destination. Further, the user 
should be able save common locations such as their house or 
workplace, as well as any other desirable location.  Organizations 
such as the Canadian National Institute for the Blind (CNIB) [20] 
could add a location to the map when holding an event at their 
facilities.   

 

5. INTEGRATION OF SERVICES 
Due to the complexity of the various subsystems, care must be 
taken when integrating these services into a well defined 
application.  The source XML, which serves as the data for the 
application, must be made available to all subsystems requesting 
data.  It should be expected that these XML files will be the most 
significant source of bandwidth consumption on servers.  It is 
recommended that server side code be implemented to reduce this 

demand for data.  Perhaps XSLT [21] or other processing of the 
XML (for example transformation in to JSON [22]) could slice up 
and alter the XML into smaller chunks before it is sent over the 
Internet. Compression of the files on the server, and 
decompression on the client is another option.  

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

 

6. DEPLOYMENT 
Because of the specific needs of the user base in question, it is 
important to design BUSSPASS in such a way that users can 
retrieve the information they desire in a quick and indiscriminate 
fashion.  This means that the implementation should not be tied to 
any specific browser, platform or device when at all possible.  
Through the use of code libraries such as jQuery, browser specific 
code can be abstracted away, resulting in a cross-browser set of 
composite-services on which BUSSPASS may be built.   

The server is a key component when targeting many different 
types of clients.  The server must process the original XML data 
in a client-independent fashion, supplying the BUSSPASS 
subsystem with the particular data it needs to function.   

Some customization of data processing on the server may be 
required according to context, depending on the client accessing 
the data.  For example, a user running a modern web browser can 
rely less on the server performing the majority of processing.  The 
browser is able to make AJAX requests to the server to grab 
specific sections of data, and utilize the plentiful resources of the 
desktop to provide a rich interface to the user.  Users accessing 
BUSSPASS from a mobile device will instead need a streamlined 
interface.  In this case, the majority of processing should be done 
on the server, and the client-side user interface should be minimal 
to maximize bandwidth.   

Because many popular desktop and laptop browsers support the 
Javascript language, implementing the client application for 
multiple browsers is relatively easily achieved.  Mobile devices 
may require a more specialized approach.  The Google Android 
SDK [23] is Java-based, and the language for the iPhone SDK is 
currently unknown.  Though this makes deployment on mobile 
devices significantly more difficult, though not impossible.   

 

7. FUTURE WORK 
Although BUSSPASS addresses many concerns of visually 
impaired users, there is still work to be done to provide the most 
complete transportation augmentation system based on available 
technology.  Here we consider what we believe to be the next 
pressing issues to consider in the implementation and deployment 
of this system. 

BUSSPASS currently relies entirely on scheduling data stored in 
XML files.  It may be that these XML files will become outdated 
or incomplete.  In a more general sense, the XML data may be too 
static and non-reflective of a real-time, real-world system.  It is 
proposed that a solution, incorporating the use of GPS 
technology, be implemented to provide BUSSPASS with data that 
reflects the actual state of the transit system as it changes 
throughout the day.  GPS could benefit both riders and workers of 
the transit system.  Riders could be notified when the next bus 



will arrive or what stop to get off at.  Drivers could be notified 
that riders with a disability are waiting at future stops, thus 
allowing them to make preparations for them in advance.   

It is important to note that future work includes considering 
alternatives for XML.  XHTML [24] could be used for structuring 
this simple data model.  XHTML documents are XML based, and 
can be viewed, edited, and validated with standard XML tools.  
Additionally, these documents can utilize scripts and applets for 
either the HTML or XML DOM.  The Resource Description 
Framework (RDF) [26], which can be converted to XML, 
provides another alternative for describing and interchanging this 
kind of metadata.  Many have argued that it’s additional 
simplicity makes RDF more advantageous over XML, as order of 
properties is irrelevant.  

The current prototype merely touches on the audio features that 
would be possible.  In terms of a more complete implementation 
of the service via voice, VoiceXML[25] provides Web-based 
development and content delivery in the form of interactive voice 
responses and is a available in both telephone backend systems 
and in browsers.  Given that it is designed for creating audio 
dialogs that include synthesized speech, digitized audio, and 
recognition of both spoken and key input, we hope to consider a 
more complete audio service in the future. 

Finally, as previously mentioned, dealing with multiple mobile 
device SDK's may make implementing the BUSSPASS system 
difficult.  Perhaps the most logical approach is to design 
BUSSPASS specification, and have developers adhere to this 
standard when implementing an instance of BUSSPASS for a 
particular mobile device or platform.  This has the additional 
benefit of allowing developers the freedom to enhance the system 
with additional features as they see fit. 

 

8. CONCLUSION 
The Mobile Web Initiative should soon be aligning users, 
deployment strategies and application/service providers. Among 
these users are special groups, such as persons with visual 
disabilities.  Mobile multimedia applications and services must be 
customizable according to personal and social aspects. 

By providing multiple avenues of data consumption, it is believed 
that BUSSPASS will meet the needs of the visually impaired, as 
well as provide a model for customizable composite-services for 
the general public.  The abstraction of unnecessary data, coupled 
with personalized presentation of data, be it in a graphical or 
audio form, is key to the usability advantages of the BUSSPASS 
system.  By providing easily identifiable icons to represent well 
known areas, allowing users to add personal locations to the 
system, BUSSPASS tailors itself to each individual user, and 
accommodates him on an individual level.  This fine tuned 
customization is what is lacking in the larger-scale solutions such 
as Google Transit.   
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