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Abstract. This paper introduces the field of pervasive media, the use of perva-
sive computing to deliver applications and services into peoples’ lives, and the
problems of creating and distributing pervasive media applications to mobile
phones. It determines the requirements of a development platform for pervasive
media applications through analysis of a range of pervasive media applications,
including games and tourism based applications. It then evaluates a number of
platforms against those requirements, including J2ME and native Smartphone
development. The paper then introduces HTMLS and through a description of
its features evaluates it against the requirements. Finally it concludes that
HTMLS is a good solution to the problems of creating and distributing most
pervasive media applications and describes its advantages and disadvantages
compared to existing solutions.

1 Introduction

Pervasive media is an emerging field that combines new technologies with rich media
and experience design to create compelling experiences, based on the user’s context.
Pervasive media follows on from two main technological fields, firstly computing
technology leaving the “beige box™ to pervade our lives, from mobile devices, to large
screen displays, to smart cards. Secondly, sensing and instrumentation technologies
are becoming cheap, ubiquitous and connected. Pervasive media takes advantage of
these technologies to create applications and services that offer value to users which
would not otherwise have been possible. For example a pervasive media treasure hunt
game might run on a mobile phone providing the user with clues and tasks based on
their GPS location. However as the examples provided in section 3.2 show there are
many different forms of pervasive media application and more will probably emerge
as the technologies and tools become more widely available.

Pervasive media points to a world of embedded technology and sensors in the envi-
ronment capable of enhancing and augmenting everyday experiences based on the
user’s unique context. However in the short term mobile phones are a very good de-
livery platform for pervasive media as they are carried by users throughout their nor-
mal life and contain an increasingly rich set of sensors and media delivery options.
This allows pervasive media applications to interweave with a users normal life offer-
ing interactions or content based on the user’s context. Context can be physical and
locally sensed such as a user’s location sensed via GPS or more abstract such as the
identities of the user’s friends from Facebook.
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This paper focuses only on pervasive media applications delivered through a
mobile phone. We enumerate the main problems of developing for mobile phones
currently, as a motivation for looking at alternative ways of developing such applica-
tions. We then look in more detail at the specific requirements of pervasive media
applications by studying several of them from different genres and built using differ-
ent technologies. We analyze the features from this sample set to identify common
requirements for the creation of pervasive media applications. We use these features
and the main problems of phone development as criteria to comparatively evaluate
several different runtime environments available on different phones. Some runtime
environments form the actual OS of the phone such as Windows Mobile or Symbian,
others run on top and host applications within a virtual machine such as J2ME or
Flash Lite but all are candidates to deliver pervasive media applications and so all are
considered equally. We then introduce HTMLS5 which provides the specification for a
browser-based runtime environment. We then evaluate its features in relation to the
criteria that we had previously identified and in comparison to the other runtime envi-
ronments. Based on this analysis we highlight some of the current shortcomings of
HTMLS for pervasive media application but conclude that for many such applications
it provides a good runtime environment.

1.1 HTMLS

This paper is focused on the evaluation of one runtime environment in relation to the
others, that environment being the web browser. The web browser is rapidly evolving
from a renderer of simple html into a runtime environment capable of delivering rich
interactive applications across many application domains. Browser development is
primarily focused around the emergence of the HTMLS standard [1]. This standard
effort grew from the Web Hypertext Application Technology Working Group which
formed with a specific goal: “... to address the need for one coherent development
environment for Web Applications.” [2]. The original HTMLS specification consists
of a number of different sections including offline storage of web content [3], the
canvas element and others. There is another standard that did not grow from HTML5
called the Geolocation API specification [4], this is also part of the W3C specification
effort and is focused specifically on an API for web pages to determine the browser
location. For simplicity and brevity this paper will use HTML5 to refer the full
HTMLS specification and use HTML5+GL to refer to the combination of HTML5
and the W3C Geolocation specification. At the time of writing the standards are still
in the drafting stages, but they are already being adopted by some web browsers. For
example the latest versions of Mozilla’s Firefox and Apple’s Safari browsers already
support a large percentage of these specifications, such as media playback and offline
storage.

2 Problems with Mobile Development

Pervasive media is a new medium and as such its full potential is yet to be determined
but there is already considerable interest within research, creative and commercial
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sectors. A number of commercial ventures and research projects have undertaken to
create pervasive media applications for mobile phones, such as those discussed in
section 3.2. This section will list some significant difficulties with current phone de-
velopment. Most existing solutions contain certain tradeoffs such as the features
available and the size of the potential market, or the ease of development and of
distribution.

Development for mobile phones often requires different skill sets and familiarity
with different runtime environments than those more commonly used on desktop PCs.
Phone development requires knowledge of runtime environments such as J2ME, Ob-
jective C on iPhone or C++ on Symbian. There are also issues of memory manage-
ment and constrained system resources that can be cumbersome and unfamiliar to PC
developers.

Distribution is often piecemeal and fragmented with many users unfamiliar with
the mechanisms available to download applications to their devices. While some
Smartphones such as the iPhone and Android platforms are addressing this issue suc-
cessfully, delivery to many devices is still problematic.

There can be restrictions and costs associated with developing and deploying to
certain platforms, such as needing an Apple developer licence and Apple’s approval
to distribute applications to iPhones.

Device fragmentation continues to be a problem for developers with many differ-
ent phone operating systems, and programming APIs. Even within a single runtime
environment such as J2ME, fragmentation between devices and inconsistencies of
implementation can greatly increase the cost and time involved in development.

Access to the device’s sensors such as location and accelerometers can be re-
stricted to certain applications or programming languages. Access to the user’s con-
text is very important for the execution of pervasive media applications.

An ideal goal would be the ability to write an application once using a well docu-
mented and supported language and set of APIs and have this application instantly
available to all mobile devices irrespective of device or network. Unfortunately no
such solution currently exists; this situation has forced makers of pervasive media
applications to find compromises and increased the barriers to entry to this field. For
example all of the applications studied in this paper were written for single specific
runtime environments, reducing the potential user base.

Emerging web standards are one possible solution to the problems outlined above;
the main contribution of this paper is an evaluation of these new technologies with
respect to the problems outlined above and the specific requirements of pervasive
media.

3 Requirements

In this section we shall enumerate and analyze the requirements for a successful per-
vasive media runtime environment by first considering general mobile development
requirements and then by looking at a number of pervasive media applications and
their individual requirements.
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3.1 General Requirements

All mobile phone runtime environments require a base level of functionality to be
useful for creating popular and or commercially successful applications. While it is
possible to build applications on runtime environments without these features the ease
of development and chance of commercial success is greatly diminished. For applica-
tions built for research purposes these features ease both development and the re-
cruitment of test subjects.

. Large target market of installed devices.

. Good and accessible distribution channels to reach that large installed base.

. Good developer support, including documentation, libraries and community.

. Useable interface options, the user has to be able to find the application
within the phone and understand how to use it.

. Efficient execution allowing for complex applications to be run on phones
with limited processing power.

. Efficient use of limited resources such as battery life and system memory.

When evaluating different development platforms for pervasive media applications
these should also be enumerated and considered.

3.2 Requirements from Existing Applications

In this section we analyse a number of pervasive media applications in order to de-
termine which requirements are common amongst them. We will not try to distinguish
which requirements are specific to pervasive media only which are commonly used
by such applications. Those are the features that a runtime environment should sup-
port in order to support pervasive media applications.

Because all existing pervasive media applications on mobile phones have been
constrained by the available technology it is not always easy to determine desired
features from existing applications. Constraints within the technology may well have
forced the designers of these applications to make certain unknown tradeoffs. How-
ever limiting ourselves to applications that have been built does show the features that
are immediately desired and useful to pervasive media applications and those that
have been used repeatedly by different applications are likely to be useful to other
application authors too. Furthermore if pervasive media applications from different
subgenres such as games, tourism or theatre and produced by different groups contain
the same features then this is an even stronger indication that these features are gen-
eral case requirements for pervasive media applications.

A number of applications were chosen for study that covered a broad variety of
pervasive media genres, created by different groups and focused on different aspects
of the technology. As phone technology moves so rapidly it was deemed acceptable to
include some applications designed a few years ago for PDAs, while some of the
PDAs’ features were not then available in mobile phones such as a large touch screen
and GPS, all are now available in phones such as the iPhone and Google Android
devices. Some of these applications were created using toolkits such as mscape [5]
and Mupe [6]. While the features available in these toolkits may have been a restraint
on the features used in these applications, those built using toolkits do not appear to
have different features or requirements to those built from scratch. For applications to
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Table 1. Overview of surveyed applications
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Bot Fighters | 00 | Any SMS N/A No Game
[7,8] device
Riot! 1831 04 | Windows | Mobile | Yes Located audio play
[9] Mobile Bristol

[10]

Stamp the 07 | Windows | Mscape | No Game
Mole [11] Mobile
Uncle Roy All | 03 | Windows | N/A Yes Game
Around You Mobile
[12,13]
GPS Mission | 09 | iPhone N/A Yes Game
[14]
Insectopia 06 | J2ME Mupe No Game
[15,16]
‘Ere Be 05 | Windows | Mscape | Yes Game/ Exercise
Dragons Mobile
Feeding 06 | Windows | N/A Yes Game
Yoshi [17] Mobile
REXplorer 07 | Nokia N70 | N/A Yes Tourist/ Game
[18]

be considered relevant they had to use more than just voice telephony and be in some
way influenced by the users’ context, for this reason applications like Pac-Manhattan
(which only used voice) and Day of the Figurines (which was not context-based) were
excluded.

The pervasive media applications studied are summarized in Table 1 above. From
these applications a number of common features were identified that relate to func-
tionality within any given runtime environment. After the table each relevant feature
will be discussed in order of frequency within the sample applications. Some applica-
tions where designed to be played in a single session for a limited time period on a
loaned device that was then returned at the end of the session.

Local Execution

Any application that actually runs programmed instructions on the phone counts as
local execution. While this is common among all phone applications it is not required.
Bot Fighters is the only pervasive media application surveyed that did not have local
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execution; instead all interactions took place via SMS messages sent to a central
server.

Interactive User Interface

Again this is a common requirement across most phone applications. Any application
that the user controls through either a touch screen or buttons is counted. However
because pervasive media applications also use the users context, it is possible to cre-
ate applications that do not require traditional input methods. Of those surveyed only
Riot! 1831 did not use an interactive interface. It should also be noted that ‘Ere be
dragons did not have any input on the device but did have a dynamic display based on
the users context.

Audio

Only applications that play pre-recorded sound files are, for the purpose of this paper,
considered to play audio, simple beeps do not count. Many pervasive media applica-
tions use sound extensively as it has been found to be a good way to provide informa-
tion or content to the user without distracting their gaze from their soundings. Sound
is used in these pervasive media applications; Riot 1831, Stamp the mole, GPS Mis-
sion, ‘Ere be dragons and REXplorer.

Location Sensor

This feature is of primary importance to pervasive media as location is a key form of
context. This paper does not distinguish between the different location-sensing tech-
nologies such as Cell Tower based positioning or the much more accurate GPS. Not
all pervasive media applications use a location sensor but the following surveyed
applications do: Riot 1831, Stamp the mole, GPS Mission, ‘Ere be Dragons and
REXplorer.

Server Interaction

Any application that relies on a server interaction for parts of its functionality fits into
this category, for example an email program. This is a common requirement for many
applications outside pervasive media. Within pervasive media applications servers are
used for many reasons such as coordinating a multiplayer game, retrieving context
that is not sensed locally or updating a high score table. Within our sample Bot Fight-
ers, Uncle Roy, Insectopia, GPS Mission, and ‘Ere be Dragons all used a server.

Non-location Sensors

While location is a key form of context there are many others that can be sensed from
some mobile phones, such as acceleration or proximity. Most mobile phone applica-
tions do not use such sensors but an increasing number of them do, such as those that
use accelerometers to re-arrange the interface for the devices orientation. The sensors
used in our sample survey are Bluetooth and WiFi proximity in Insectopia and Feed-
ing Yoshi respectively, heart rate in ‘Ere be Dragons and accelerometers in
REXplorer.
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Local Persistence

Local persistence is characterized as any application that can save state between one
instance of being executed and another, for example saving the status of the game or
the user history. This is a common requirement among applications from many fields
however only three of the sampled pervasive media applications used local persis-
tence, this is probably due to the high number of applications that were created to be
loaned out with devices for a single session. Of those that were not designed to run on
devices that were loaned out, all but one used local persistence: Stamp the Mole,
Insectopia, GPS Mission, and Feeding Yoshi.

Video

Some applications play video as part of their interface or content. For example some
games use videos as an introduction to the game. Within the surveyed pervasive me-
dia applications video does not appear to be used very often. This could be due to its
ability to draw users into the screen. While seated at home this is often advantageous
but while moving through a rich environment it can be preferable and safer to not get
too absorbed in the screen of the device. Only REXplorer used video in our sample
set.

Alert Users

It is often advantageous to alert the user to some opportunity or change within an
application. A common example of this is a phone alerting the user to a new email or
SMS message. Within pervasive media applications one could imagine the user being
alerted when their context matches certain criteria — such as moving to a location
where a game can be played.

In our sample only Bot Fighters and Feeding Yoshi alerted users to situations they
may want to respond to. This low number of applications may have been due to the
number of applications that were designed to be lent out for single sessions where the
application is already assumed to be the main focus of the user’s attention.

Content Capture

Any application with the facility to record content such as audio, video or photos
would fit within this category. Uncle Roy, GPS Mission and REXplorer used content
capture, for photo and/or voice recording.

3.3 Requirements Analysis

From our survey of pervasive media applications we can draw a table of feature
usage.

While it is not possible to draw strong conclusions from the exact frequency of
each feature, overall patterns are worthy of consideration. The most common re-
quirements appear to be local execution and interactive user interfaces. Other com-
mon requirements appear to be playing audio, interaction with servers and location
sensing. The fact many different and independently produced applications use a simi-
lar feature set implies that even if this sample is somewhat small these features would
still feature regularly in other applications.
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Table 2. Feature usage by surveyed application
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Local execution X | X[ X[ X | X[ X|X]|X]| 8
Interactive Ul X | X | X | X X | X | 6
Play Audio X | X X X X 1|5
Use Location sensor X | X X X X 1|5
Interact with server X X | X | X | X 5
Non-location sensors X| X | X | X | 4
Local persistence X X | X X 4
Content capture X | X X 13
Alert users X X 2
Play Video X |1

4 Evaluation of Existing Runtime Environments

From the requirements obtained in section 3 above we now have a list of general
phone development requirements and required features used in pervasive media.
These requirements will now be used to evaluate a number of different mobile phone
runtime environments to assess their suitability for building and distributing pervasive
media applications.

The ideal runtime environment would address the problems discussed in
section 2 above and meet the requirements determined from the analysis in
section 3.

There are many existing runtime environments for the creation of pervasive
media; all the examples discussed in section 3 were built using one of these plat-
forms. The features of the most common runtime environments are summarized in
Table 3 above. Neither mscape nor Mupe are analyzed as runtime environments.
This is because they act as abstractions on top of other environments and the
small number of devices with mscape or Mupe installed makes them of limited
direct interest. Mscape runs within Windows Mobile which is a Smartphone oper-
ating system and Mupe runs with J2ME.

It can be difficult to categorize a platform as specifically having or lacking a cer-
tain property such as developer support or good distribution. Table 3 below is an
attempt at an impartial categorization. Details and justifications will then be described

for each runtime environment.
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Table 3. Requirements against runtime environments

Large installed base

Good distribution
Consistent implementation
Developer support
Launching applications
Efficient execution

Use of limited resources
Local execution

Interactive user interface X
Play audio
Use location sensor 0)
Interact with server X
Use non-location sensors
Local persistence

Play video

Alert users

Content capture X
X Criteria met.

O Partial complience.

A Critera that is expected to rapidly become met.

O | > |Native Code

X [ | > [>|> [>|> Moice /SMS
< |]2ME

X|O|X|X|X|X|O|x|<HTML4

X |x|x|x|x|O|>x|><|O|X [lash Lite

>
>

XX [ > [>< > > |>|>x|>x|>x|x|x|x|>|>HTML5+GL

O[O|0[O|X[O|O[O|X|X|X|X|X|X
XXX XX XXX X[ XX [X|X|X

4.1 SMS and Voice

A user can interact with a service or application by sending and receiving mes-
sages or talking through their phone. This is often used for televised competitions
or booking cinema tickets. While this is not strictly a runtime environment it does
offer a means to deliver a pervasive experience to a phone as Bot Fighters demon-
strated. All phones are capable of voice communications and the vast majority can
also send and receive SMS messages with most users very familiar with using
these features. It is easy for developers to send and receive SMS or voice calls
programmatically.

However without any local execution or access to local sensors the scope of appli-
cations is limited and latency and the cost of round trips can become prohibitive.
While some operators can determine the crude cell location of SMS as used in Bot
Fighters this tends to cost the developer on a per usage basis and normally requires a
separate agreement with each operator.
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4.2 J2ME

Java is the most common runtime for mobile phone development. A version of the
J2ME Java profile is installed on millions of phones and there is a large and mature
developer community.

However J2ME is a fragmented platform with a many different versions and a
number of different combinations of optional APIs for features such as media
playback, network access, and access to sensors. This fragmentation makes it very
difficult to run the same program on any large subset of that installed base without
resorting to the lowest common denominator, which may lack the features required
for pervasive media. This means that there is effectively a smaller installed base if one
takes these requirements into account.

Wide distribution is also a problem for J2ME as each network operator runs their
own distribution and billing channels. These systems can be hard to access and gen-
erally require the developer to provide versions of the software that can run on all of
their supported phones, making use of optional high-end features problematic.

4.3 HTML4

Most modern phones now come with some form of web browser that can render a
subset of HTML, CSS and JavaScript in addition to WAP content. This provides an
easy route for developers to deliver content to users, with few issues of signing or
operator approval and a wide potential installed base of capable phones. Such pages
can show text and images and include simple web forms and being server-based can
easily be updated to reflect the current state of the application.

Being confined to the browser means that these pages cannot access much of the
device’s native functionality such as location-sensing or rich media playback. Also
due to the inherent networked nature of this method, without the ability to store data
locally, data costs and latency can become issues. As with J2ME incompatibilities
between phones can be a problem but as the content is dynamically generated from
servers it is possible to match the content to the capabilities of the device’s browser
without having to issue and distribute new binaries. Another issue is the variance in
JavaScript support making some browsers capable of much more interactive inter-
faces and local execution than others.

4.4 Flash Lite / Silverlight

Flash Lite is a version of Adobe Flash specifically targeted at embedded devices such
as phones and set-top boxes. It provides much of the rich interactivity and media
capabilities of desktop Flash with compromises for the constrained devices it is tar-
geted at. There is a relatively large development community but the tools used to
create Flash Lite content are proprietary and not free. While there are different
versions of Flash Lite they are much less fragmented than J2ME. However, due to
Apple’s App Store terms and conditions restricting virtual machines, Flash will not be
available for the iPhone for the foreseeable future.

There is no access to the device’s location sensors and earlier versions which make
up most of the installed base [19] have limited or no video playback options, depend-
ing on the native device. Distribution and execution of flash content varies from
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device to device, for example some devices can run Flash Lite content from within a
browser while others can’t.

Silverlight is a technology similar to Flash from Microsoft, though at the time of
writing the player is restricted to the desktop, with mobile versions currently in
development.

4.5 Native Code

Native applications for Smartphones include software written in C++ for Symbian,
Objective C for iPhone, Java for Android, and C++ for Windows Mobile. Programs
written for the device’s native runtime environment have rich APIs and tend to be
able to use all the facilities of the phone, including sensors, media playback, file man-
agement, and network access. They generally run faster than software run in managed
execution environments such as J2ME or Flash Lite. However porting code between
different Smartphone operating systems can be costly due to the different program-
ming languages used and the relatively low level of some of the languages, for exam-
ple with C++ and Objective C the developer has to handle their own memory man-
agement.

There is a wide discrepancy within this group with respect to addressable market
and distribution options. For example the iPhone has a relatively small but rapidly
growing addressable market (about 45 million devices including the iPod Touch) and
simple application distribution once you have obtained a developer license from Ap-
ple and bought an Apple Macintosh Computer to develop on. While Symbian has a
larger addressable market and fewer restrictions on development it also has a far more
fragmented distribution model. Most operators run their own distribution channels
for Symbian apps and independent developers also distribute content via their own
sites. Nokia, the largest distributor of Symbian devices will soon release an Applica-
tion Channel similar to Apple’s however that software itself will have to be distrib-
uted to the existing installed base so its uptake is uncertain.

5 Evaluation of HTML5+GL

As stated in the introduction HTMLYS is being specifically designed to provide a single
platform for the delivery of web based applications, but it was not specifically designed
for pervasive media applications on mobile phones. In this section we evaluate
HTMLS5+GL with respect to the previously determined problems and requirements.

An application based on the HTML5+GL runtime environment consists of a
HTML web page created in the HTML5 mark up and some amount of JavaScript as
the programming language. This is loaded in to a Browser which constructs a Docu-
ment Object Model (DOM) from HTML and executes the JavaScript. The APIs for
the features described below form part of the HTML5+GL DOM. The program re-
ceives inputs via events within this DOM and then processes the data using an arbi-
trary amount of JavaScript; the responses are then typically changes to the DOM
which change the page contents and media being used.
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5.1 Large Installed Base

At the time of writing HTML5+GL has a relatively small installed base as only the
latest versions of a few desktop and mobile browsers support significant subsets of its
functionality.

Increasing competition within the Smartphone sector and consumers’ increasing
reliance on web-based services such as web-based email has made the mobile web
experience a focus of development and competition within the Smartphone sector.
The lowering cost of cellular data and the prevalence of web content aimed at mobile
phones have also increased the expectation among users that even low-end phones
will have web browsers. Generally speaking popular features, applications and ser-
vices found on Smartphones migrate to non-Smartphones over time; there is no rea-
son that HTML5+GL will not follow the same pattern. An example of this migration
is the camera. Current technologies following this trend are GPS and WiFi connec-
tivity both of which are starting to appear in non-Smartphones.

Another significant factor in the uptake of HTML5+GL within mobile web brows-
ers is the prevalence of the Webkit rendering engine across both desktop and mobile
web browsers. Webkit is an open source rendering engine for web browsers that is
used within Safari and Chrome on the desktop and Mobile Safari, the Android
browser, the Nokia S60 browser, the Nokia S40 browser and WebOS from Palm. As
the team behind Webkit are involved in drafting HTMLS5 as well as being at the fore-
front of adoption of HTMLS it is assumed that these browsers will continue to adopt
these emerging standards as Webkit does. The use of Webkit in the Nokia S40 plat-
form is particularly interesting due to the general popularity of this platform and the
fact that it is not a Smartphone platform.

The forces driving the adoption of location sensing within mobile phones include
the rise of GPS-based navigation and location-based services such as Nokia’s Map 2.0
and Google Maps.

Mobile browsers that do not use Webkit are also adopting the draft HTMLS speci-
fication or providing very similar specifications. Opera is actively supporting HTMLS
and its desktop support of HTMLS is very good. Opera has recently announced that it
will soon support a large number of HTMLS5 features in its mobile browser, however
it is doing so via a Google Gears implementation rather than direct HTMLS5 support.
While it will have most of the same features, excluding media playback, the APIs will
differ [20]. This difference in the APIs, though not the missing features, can be miti-
gated by an intermediate JavaScript Layer [21]. It is expected that the APIs for
Google gears and HTMLS will converge [22].

As an example of the pace of HTML5+GL deployment within mobile phones Ap-
ples recently released iPhone Software 3.0 has updated some significant portion of the
45 million deployed iPhones and iPod Touch devices with a new browser featuring
most of the HTML5+GL features discussed in this paper.

5.2 Good Distribution

Most users in the developed world are already familiar with using the internet in some
form [23]. On a HTML5+GL equipped mobile phone any user who can access a web
page can download a pervasive media application as they are the same thing. The
server-side technology for distributing a HTML5+GL pervasive media application
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should be essentially the same as the technology and requirements of distributing
normal web-based content or services as they both consist of the HTTP distribution of
HTML, JavaScript, CSS and content files.

5.3 Consistent Implementation

The HTML5+GL specification requires implementations to be consistent across any
number of operating systems and devices. Due to the detailed specification and test
suites currently being devised by the HTMLS group within W3C [24] all browsers
should in time be highly consistent application environments. In the mean time the
prevalence of Webkit, which is highly standards compliant, across many mobile
browsers will help to establish a de facto standard within the mobile browser space.

5.4 Developer Support

JavaScript used in conjunction with the HTML DOM is already one of the most
widely used programming languages in the world with a huge community of support,
tools and documentation. For developers with experience in this field, creating perva-
sive media applications is an incremental step up from the development of a website,
and should not require investment in significant new skills.

This also raises the possibility of existing web sites targeted at mobile phones start-
ing to take on pervasive media features such as adapting to the users location. De-
spite these benefits, a new user learning to develop JavaScript applications may take a
significant time due to the number of technologies required (HTML, JavaScript, CSS,
and optional server-side components such as PHP).

5.5 Launching Applications

The ease of finding an HTMLS5+GL application within a phone’s menu will be deter-
mined by the phone manufacturer or browser developer and not the HTML5+GL speci-
fication. However as each application is effectively a web page any interface options
available to find and launch bookmarks will also work for HTML5+GL applications.

5.6 Use of Limited Resources

JavaScript is an interpreted language meaning that well-written JavaScript will never
run as efficiently as a well-written natively compiled application. However recent
developments within desktop browser technology have greatly increased the execu-
tion speed of JavaScript with each major browser vendor competing on the basis of
JavaScript execution speed [25]. The technology and techniques used in this competi-
tion are already starting to reach the mobile browsers [26].

For games and other-graphics heavy applications DOM-manipulation is often used
such as dynamically creating or modifying DOM elements. This can result in fairly
slow applications as the browser has to keep track of all the page elements to keep the
layout up-to-date in real time. Using SVG (Scalable Vector Graphics) is another
option but this also can become slow with large data sets. HTMLS includes a new
Canvas element that makes drawing and animating graphics considerably faster [27].
Currently there is no support for text, though this is planned.
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The offline aspects discussed below also help to reduce the amount of bandwidth
required to run applications. However due to its interpreted nature a HTML5+GL
application may well never be as efficient as a natively written application. But as
phones become more powerful this should become a less significant constraint.

5.7 Play Audio and Video

The HTMLS5+GL specification contains new elements for the native playback of au-
dio and video. Until now audio and video within web pages have been played through
the use of plug-ins such as Adobe Flash. This means that browsers which do not sup-
port plug-ins, such as non-Smartphones browsers, but do support HTML5+GL will be
able to playback video and audio.

However, at the time of writing attempts to standardize the codecs for the HTMLS5
audio and video elements have stalled. This means it may still be required to
transcode video into different formats on a per-browser and per platform basics in
order to make applications truly portable.

The Safari browser on iPhone 3.0 supports both the audio and video HTMLS ele-
ments. However, when audio or video is played a full-screen media player is shown,
including transport controls. The user then needs to press play manually to access the
content. Furthermore, only a single audio file can be played at any one time. These
behaviors are contrary to the HTMLS specification, so it is hoped that future versions
of the iPhone software will correct them.

5.8 Use Location Sensor

The W3C Geolocation specification provides a mechanism for the browser to query
the device’s location irrespective of the specific location technology being used. It
also allows for the browser to specify conditions based on accuracy and receive in-
formation relating to the accuracy of the location determination. Mobile Safari sup-
ports this API in iPhone Software 3.0 and above.

5.9 Interactive User Interface

HTMLA4 is already used to provide rich interactive interfaces to users such as the
Google Docs web-based office productivity suite. HTMLS does not remove any of the
current APIs for doing this; in fact new APIs like the Canvas API create new oppor-
tunities for developers to create compelling application interfaces for users. An inter-
face written in HTMLS will probably always be slower and less responsive than a
native interface but there are large categories of application for which an HTML5
interface will be fast enough. This is already being demonstrated by the apps men-
tioned above and some simple arcade type apps such as Space War [33].

5.10 Server Interaction

Server-side interaction is used by web-based applications using various technologies
based around AJAX web development. HTMLS improves on this by adding a prop-
erty to indicate if the browser is online or not.
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Furthermore there are now two technologies within HTMLS5 that allow web pages
from one domain to communicate with servers or elements from another domain.
Access Control allows an XMLHttpRequest object to make a request to a domain
other than the one the page came from. PostMessage is a JavaScript method that al-
lows two frames within a page from different origins to communicate in a secure way.
Taken together these new features allow a web page to use web services and compo-
nents from other domains where the servers and web pages within both domains have
allowed it.

5.11 Local Persistence

HTMLS5 contains a number of complementary technologies for local offline storage
and the retrieval of content and data [28]. HTMLS specifies client-side SQL database
access which allows web pages to store structured data beyond the lifetime of any one
page. This is already implemented in the Safari browser on iPhone, while the Android
browser supports the same features with a different API via its implementation of
Google Gears.

There is also a specification for web pages to be accessible even when the device is
not connected to the internet. The Offline Application Cache allows the HTML page
to specify that it and related content such as images and CSS files are stored locally
for retrieval even if the page’s original server is not accessible.

5.12 Non-location Sensors, Interruption of Users, and Content Capture

Pervasive media applications need to be able to monitor a user’s context in order to
deliver valuable services or content to the user. As more phones become available
with other sensing technologies like accelerometers, more applications may wish to
make use of them. However, non-location sensors are not currently covered within the
HTML5+GL specification. From analysis of the sample pervasive media applications
this would not appear to be a significant omission as very few of those applications
used these features. However we believe that these features may become more sig-
nificant over time.

Similarly, HTMLS5 does not directly cover capture of content via cameras/
microphones, though this will most likely be a significant contribution to future
pervasive applications.

Once the user’s context is appropriate for the application to offer them some kind
of interaction or service the application may well want to alert the user to this oppor-
tunity. This is likely to become more common if more pervasive media applications
become available that are designed to run on a users own phone over a long period of
time. HTMLS does not have a specific notification API, though audio or pop-up win-
dows may be a reasonable substitution, provided that the originating page is open.

6 Application Trial

In order to test HTMLS5’s suitability for pervasive media applications an existing
application was chosen and re-implemented in HTML5+GL. Stamp the Mole was
chosen as the application because it requires many of the most commonly used
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features making it a fair representative of a typical pervasive media application.. Ad-
ditionally, the creative commons licensing of the application and publically-available
source code meant it was easier to port and legal to redistribute.

The new application was developed entirely in JavaScript and HTML5+GL using
the NetBeans 6.5 IDE [29] to develop the JavaScript. It was tested using Safari 4 on
the desktop, and on iPhone running version 3.0 software.

A HTMLS5+GL based pervasive media application is created in much the same way
as a normal web page. A main HTML file is created; this is the scaffolding upon
which the rest of the application is constructed. JavaScript libraries are included, by
including scripts within the body of the HTML page. Execution starts when the page
is loaded and the “onload” event is fired by the browser. From there the JavaScript
can register with sensors and start to communicate with servers via AJAX. The
JavaScript can process input from user interaction, sensors and server and modify the
interface via manipulating the HTML page’s DOM or drawing directly to a Canvas
object within that DOM. The application continues to execute until it or the user navi-
gates away from the page or closes the window or tab.

To allow maximum code reuse for future work the application was written in three
layers. A base layer abstracted out the exact sensor and rendering technology, this
meant that for example a flash movie could have been used for the media rendering.
And on browsers that did not support the W3C Geolocation API a map, fire eagle [30]
call or AJAX call to a location server could be substituted. For this application all
media was rendered by direct manipulation of the HTML5 DOM and location was
provided by repeated AJAX calls to a server.

The second layer consisted of a library of classes and methods that were expected
to be re-used for other pervasive applications using HTML5+GL. They provided
utilities such as inclusion testing for spatial regions defined in JSON. The third layer
consisted of the Stamp the Mole’s application-specific JavaScript that specified the
exact behavior of the game.

The application was found to run well and be playable on the desktop and fully
functional but less easy to play on the mobile browser. The major difference was the
media playback limitations on iPhone already discussed in section 5.7.

While a single application can obviously not be extrapolated to the entire field of
pervasive media it does provide an existence proof that such applications with typical
features can be developed and deployed using HTML5+GL.

7 Discussion

As has been demonstrated HTML5+GL provides a platform independent and easily
deliverable means to create and deploy pervasive media applications that use a limited
set of the most common requirements. But there are other features that HTML5+GL
does not support and it is not currently very easy to make any strong assertions as to
how important they will be in future applications. One distinct possibility is that as
phones become more capable more applications will target the user’s existing device
and not be designed with a single session device loan model. This will mean that
features such as persistence, running as a background process to monitor the user’s
context and alerting the user to get their attention may well become more common
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requirements. HTMLS already has a persistence model but the other features are not
currently supported.

7.1 Background Tasks and Notifications

Currently web browsers do not have a notion of background tasks; however this fea-
ture can be very useful for pervasive media applications. A common design pattern
for pervasive media applications is to monitor various local or remote sensors to de-
termine the users’ context and then to attract the users’ attention and deliver the ap-
propriate service, content or interaction based on that context. This can be achieved
by multi-tabbed browsers as they do tend to allow JavaScript execution in background
tabs. However this requires that the browser stays open and does not provide a facility
for the application to alert the user except through audio.

If the user’s context is already measured or available off the device on a server then
the process which monitors the user’s context and decides when to alert the user could
reside on that server. The user could then be alerted and the application restarted
through for example the sending of an SMS message or WAP push. This does of
course assume that the application knows the users phone number which cannot be
assumed but could be asked of the user.

7.2 Access to Other Sensors and Content Capture

One of the strengths of the core HTMLS5 specification is its uniformity and lack of the
kind of fragmentation that causes problems for J2ME developers. However just as
location is supported by a different and complementary specification other sensors
and content capture systems could also be introduced through standardized specifica-
tions and then optionally included in browsers. Of course any optional components
may lead to fragmentation between devices’ browsers, and whilst the time between
new features being introduced into the HTMLS spec and their appearance in beta
browsers is fast (a few months is common), the total time between an idea and its
mainstream adoption is far longer, often years.

Several groups are finding ways to extend the browsers API to provide richer func-
tionality. For example PhoneGap and Titanium Mobile [31] are frameworks that al-
low applications to be written in HTML and JavaScript on a variety of different
Smartphones [32]. These applications are run in a native wrapper that gives access to
features usually unavailable to JavaScript such as the accelerometer, the file system,
contact databases, and vibration. From these systems it is likely that new standards
efforts will result in the development of standard APIs for such services. However in
the meantime those who are willing to trade platform independence for richer func-
tionality have a means to do so.

8 Conclusion

Distribution has long been a problem for mobile software; this can observed by the
amount of interest, developer support and downloaded applications that the Apple
App Store has generated out of all proportion to its installed base. This could be in
part due to the publicity and marketing of the iPhone and related factors, but the ease
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of distribution is a significant factor. With HTML5+GL distribution will be easy as
each application will simply be a web page, which most users are already familiar
with.

As this paper shows HTML5+GL provides all of the major features apart from
background processing required to create pervasive media applications for mobile
phones. As detailed in section 4, it is one of the best platforms in terms of coverage of
the features that were found to be common requirements from section 3. There are
potential issues with access to non-location sensors but this may improve over time
through the introduction of new web standards or via proprietary extensions. It is not
yet clear how background processes could be integrated with HTML5+GL and this
may be a limit on the applications that can be built using this runtime environment but
there is still a huge potential for applications that do not require such features.

HTML5+GL is also platform independent, this should provide a real boost for ap-
plication developers as it reduces the cost of porting and increases the addressable
market without compromising the application. If browsers supporting HTML5+GL
become as commonplace as current HTML4 browsers, the addressable market will be
very large indeed.

This paper has highlighted some of the problems of existing solutions to pervasive
media and has shown how with HTML5+GL it should soon be possible to write a
pervasive media application once distribute it anywhere and run it everywhere.
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