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The main teaching for the Advanced Interface Design module on
CIT took the form of a written short paper on a research topic in
advanced interface design and was coupled with a short individual
presentation on that topic. Students worked in within topic groups
but wrote their short papers and presentations individually. This
proceedings contains the short papers and forms the results of the
class.

3.

Many researchers have looked at replacing traditional
tourist guide books with electronic equivalents. This
allows the information to be related to both the
individual user (through personalisation) and their
context (through say, location and weather feeds). This
can make the guide much more personal and usable
than fixed guides.

The topics discussed are as follows:
1.

Context aware computing
Paul Gibson, Robert Toal, Brian Elsey and Jan Kostka
4.

Traditionally computers always gave the same output
for the same input. Many mobile systems are exploiting
context information (e.g. location) to change the
behaviour of hand-held computing devices (inc mobile
phones and palmtops). This can, for example, lead to
being given local cinema information on your phone
rather than a whole UK menu choice. There is much
work in this area on topics such as: what context
information should be used? How should interfaces
adapt to that context information? How does this fit
with traditional HCI (e.g. consistency)? What happens
when the context sensors give wrong information?
2.

Mobile tourism guides
Alex Mair, Gopinath Nandakumar, Kamal Venugopal and
Anurag Ahluwalia

Input techniques for user interaction on handhelds
Hemant Kumar, Anil Kumar Singh, John Ballantine and
Dilpreet Boparai
Handhelds and phones don't have space for a full sized
QWERTY keyboard. Some devices use a miniture
QWERTY keypad while others use either handwriting
recognition of various types or ambiguous keypads
where there are more than one letter per key (e.g.
mobile phones). There is much research into the fastest
and easiest alternatives to full sized keyboards.

6.

Handheld and mobile internet browsers
Vassilios Yannimaras, Alexandros Minas, Charalambos
Minas and Nikolaos Anagnostou

Augmented reality
Azhar Mehmood Malik, Michael Witty, Chun Ze Li and Chao
Xue
Computer are slowly slipping out of their boxes.
Through novel presentation techniques and vision
systems, computers can now interact more naturally
with physical objects, e.g. automatically projecting
appropriate electronic material on top of a physical wall
calendar and updating electronic diaries when the
physical calendar is updated. This topic will look at
some of the applications and issues in augmenting
reality.

Mobile service providers see data services as the next
wave of expansion for mobile phones - users will start
to see their phones and palmtops increasingly as mobile
computers rather than phones and diaries. The screens
are, however, tiny compared to traditional desktops (a
big mobile phone screen is 208x320, under 9% of a
typical desktop screen area). This makes traditional web
browsers almost unusable - there has been much
research into how to overcome this with mobile-specific
browsers.
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however implementing this level of sophistication is becoming
increasing harder due to the ill defined frameworks and methods
of going about this.

ABSTRACT
This paper will discuss the various problems and potential
solutions involved in reducing the amount of information returned
to the user in a context aware computing environment and
increasing the amount of relevant information returned to the user.
The paper will look into various ways of reducing the amount of
information that a user has to filter through in order to find the
information that is most relevant to them.

There is a view that computing embedded in the environment
presents major problems in terms of a users ability to interact with
the environment and achieve goals and tasks without being
overwhelmed with the amount of services and information
present. Forstadius, J. et al states that “If the swift development of
mobile computing will continue and the vision about so called
pervasive, or ubiquitous computing will come true, we will be
facing a world where a huge amount of embedded computing
capability is saturated into the environment”[6]. In order to make
these context-aware systems more efficient and to increase their
use in the future the solution to this problem of saturation in the
environment and usability is two fold.

This report will look at the work in the following areas; utilization
of semantic web technologies in the context-aware area of
computing, context-aware service discovery systems and
techniques being employed in this area, various models and reallife systems that employ these techniques in ubiquitous computing
systems. The report will attempt to address whether the
application of these areas can aid the user find and use resources
in context-aware environments.

The task of going about designing and implementing contextaware system has to be made more standard, and there needs to be
ways of providing service discovery in context-aware
environments. More efficient service discovery will reduce the
amount of irrelevant information and will ultimately make the
system more efficient and easier to use.

Work in this area has yielded many methods to make service
discovery more efficient. Many of these areas have successfully
implemented models that increase the service discovery and
resource utilization in small closed applications.

General Terms

The following is an investigation into the various areas of research
currently being carried out by domain experts and computer
scientists.

Performance, Design, Reliability, Experimentation, Security,
Human Factors, Standardization, Theory.

1.1 Context-awareness and the Various
Definitions and Problems Associated with the
Area

Keywords
Context-awareness, Ubiquitous computing, Mobile applications,
Information
models,
Contextual
information
filtering,
Frameworks, Design methodologies. Semantic Web, RDF.

There has been a lot of effort into the study of context-awareness
and what it really means in terms of computing. Abowd et al. [7]
describes the idea of context-awareness in terms of a set of criteria
(known as the ‘five W’s’; ‘Who’, ‘What’, ‘Where’, ‘When’ and
‘Why’). This definition is helpful when thinking about contextual
information requirements as it indicates the quantities that should
be considered when a designer goes about developing systems
that have to take into consideration contextual and environmental
information. Context-awareness is particularly useful in mobile
environments and this is the concern of this paper. Schmidt’s [10]
work in this area specializes in adding the ability for everyday
objects to utilize contextual information to enhance their
functionality and make them receptive to interaction from other
objects in the environment.

1. INTRODUCTION
Ubiquitous and mobile computing seeks to change the very way in
which a human interacts with devices that have computational
ability. The ultimate goal is to have computing devices embedded
in the environment in a completely seamless and unobtrusive
manner. The context-aware environment is a space where
computing devices have been placed in the surrounding
environment. The user will interact with these devices in not the
conventional sense, but rather through an adaptive and interactive
(as well as intelligent) interface (as apposed to sitting in front of a
computer and keyboard). This form of interaction is becoming
more highly regarded as the way forward for computing [1][2]
and a natural progression past computers of old (as well as being
quite possible due to the advancements in computer technology).
The view is to achieve a level of invisibility in terms of computing
devices in the environment. There has been a lot of work in the
area of describing and defining the ideas behind these desires,

This type of desired functionality increases the number of devices
in the environment with computational ability and hence leads us
back to the problem of overloading the environment with
information and services.

1

Context-aware environments are in danger of becoming too
complicated, and due to the nature of the area (in which many of
the devices that implement the technology are mobile devices),
there are few viable options in terms of navigating through the
amount of available services. For example consider this scenario,
a handheld device with limited screen space and input options
makes the task of selecting a service from the environment very
hard and intimidating for the user.

called ‘GUIDE’ that utilized handheld devices with mobile web
browsers which presented the user with context-sensitive
information about standard tourist information locations through
out a city. This system used the standard browser based metaphor
and displayed standard HTML pages with context specific
hyperlinks to other related information. This system could be
enhanced by using semantic web techniques to give the HTML
pages built-in contextual information and structure.

A solution in terms of this problem would be to define a
framework that worked for the user in helping them to determine
which services in the environment are most appropriate and
relevant to them. This type of framework has been explored by
only a few people, and in this report, this report will present some
of the better-known examples of how a system could be
implemented in real life.

The Semantic Web is defined as “an extension to the current web,
in which information is given well-defined meaning”[9]. This
definition has been extended by the W3C to include a layered
model that defines the architecture.

2. Models and Frameworks for Contextaware Applications
A great deal of work has been done in many areas of Contextaware computing with much of the emphasis placed on defining
the area of ‘Context-aware’ computing and the technologies
involved in this discipline, however there have been no real
attempts to come up with a unified model that could be used as a
template for other context-aware systems. The majority of the
work in this are has been performed by Forstadius J and Chou et
al.
Figure 1: Semantic Web Structured Architecture proposed by
Berners-Lee et al. and W3C

These researchers have proposed various methods of constraining
and extracting only the relevant information in mobile context
aware environments through using frameworks and models for
prioritizing context-aware services in environments where there is
a lot of embedded computational presence. The advantages of
these approaches become apparent as you attempt to devise new
context-aware systems. The templates proposed by these
researchers and reviewed and explored in this paper could be used
in many other context-aware environments where there is a wide
array of embedded computing.

The architecture uses ‘Resource Description Frameworks’ (RDF),
XML and other description languages and Ontology languages
(e.g. Web Ontology Languages, OWL) to aid developers in
creating vocabulary and high-level concepts surrounding
information and data.
The Ontology provides a means of “shared and common
understanding of a domain that can be communicated between
people and applications”[8]. The developments of these languages
are designed to facilitate knowledge reuse and information
sharing.

2.1 Semantic Web technologies and their role
in context-awareness

OWL and ROWL are two such languages that are being used in
this area.

The semantic web has a major part to play in future context-aware
systems. The semantic web is a proposed framework for drawing
together how information will be presented (not only on the Web,
but in all electronic devices) and represented in electronic form.
The idea behind the semantic web structure is that the textual
information can be arranged in such a way that it is easily and
efficiently be processed by human and computer (i.e. Semantic
Web was designed from the start to be machine processable, and
since this is the case, Context-aware computing can benefit from
this fact).

2.1.1 RDFs in Semantic Web Architectures
The most basic RDF model will normally contain three pieces of
information (‘Thing’, ‘class’ and ‘Property’). The following is a
short example of a RDF schema [12].
<rdf:RDF xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntaxns#"
xmlns:dc="http://purl.org/dc/elements/1.1/"

The Semantic Web was first conceived by Berners-Lee [9] as a
way of adding structure and context to HTML and Internet based
information. However many exerts in the field of context-aware
computing see the semantic web as offering them a structure that
can be used to categorize information and data in their field of
computing. The usefulness of this structure would become
apparent when considering that most mobile and ubiquitous
computing devices use the HTML and the standard browser
metaphor to relay information and services to the user. For
example, Cheverst et al. proposed an ‘electronic tourist guide’

xmlns:foaf="http://xmlns.com/0.1/foaf/" >
<rdf:Description rdf:about="">
<dc:creator rdf:parseType="Resource">
<foaf:name>Sean B. Palmer</foaf:name>
</dc:creator>
<dc:title>The Semantic Web: An Introduction</dc:title>
</rdf:Description>
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</rdf:RDF>

The discovered services (i.e. the services embedded in the
environment) are first classified and filtered of into various sets of
pre-determined classes according to the description data supplied
by the RDF/XML structured statements. The system described by
Forstadius et al. has three levels of classification ‘recommended’,
‘highlight’ and ‘not recommended’, however the number of
classifications can be extended to include as many classifications
as the designer desires. Depending on the users profile and
contextual information, the system will put forward candidate
information that best fits the users requirements and hence only
providing them with the information and services that is most
relevant to them. The RDF model described previously can be
added to by including context-aware rules and (meta data)
information about the service it provides (e.g. Status, location
information and availability information).

This example has two main pieces of information; a http link, a
name (author).
An RDF schema like this can be custom designed to contain other
pieces of information (e.g. descriptions, services personal
information and profiles). This architecture is very versatile and
can form the basis of a context-aware environment. This
architecture combined with a ‘service discovery tool’ can be used
to enhance the behavior of a context-aware environment. The
following is an example of how RDF based schemas (and
semantic web techniques) can be combined with a context-aware
mobile computing environment.
This area of research could greatly benefit from editors and
development environments that would benefit mobile and
ubiquitous computing development.

This system has the distinct advantage of utilizing an already
defined and established way of presenting and prioritizing
information and services (i.e. Semantic Web RDF/XML). Because
this is the case this rule system can be modified to fit any contextaware environment.

2.2 Context-aware framework for Rich
Service Environments
The first framework described here was proposed by Forstadius et
al as a way of prioritizing context-aware services in environments
where there is lots of embedded computing power and
information services. The aim of the framework is to eventually
reduce the amount of information and services presented to the
user in an attempt to provide them with more relevant services
and information while still providing them with a more usable
amount of context sensitive information.

2.3 Semantic Web and Context-aware
Systems
The semantic Web technology talked about earlier has distinct
advantages when it is used in context-aware environments. This
system is built round the Semantic Web framework set out by
Berners-Lee [9] and draws in aspect of the service discovery
system proposed by Forstadius et al.
The framework built around this technology means that the
system can be expanded to include new functionality and sources
of information as they become available. The Semantic Web
architecture is ideal for capturing contextual information, which
can be used in this example for adding and describing new
exhibits that have been added to the museum.

Figure 2 : Context-aware Framework for Service Rich
Environments Proposes by Forstadius et al.
The framework defines a high-level service discovery system for
context-aware environments, and this system could conceivably
be used in any environment where there is an abundant array of
embedded computing devices.
The framework describes a structure that allows the system to
make use of several environmental quantities. These can be
collected from sensors in the environment, and from user
preferences and calibration setting that are incorporated into the
model and used to adjust settings in the system. The framework
makes use of this information as well as clearly defined rules as to
how the system should behave for each particular service.

Figure 3: Framework utilizing Semantic Web Architecture
proposed by Chou et al.
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This context-aware tour guide uses the semantic web components
previously talked about as the central core of the system. The
users preferences and personal details are represented in the
system as a ‘semantic e-wallet’, this logical structure composed of
RDF XML statements and HTML allows them resources and acts
as a set of definitions as to what data and information that the
system should present them with.

http://www.andrew.cmu.edu/user/cfchen/readings/pvc/comp
uter-for-21-century.pdf
[2] Weiser M., “Hot Topics: Ubiquitous Computing”, IEEE
Computing Journal, October 1993.
[3] Dourish P., (2004), “What we talk about when we talk about
context”, Personal and Ubiquitous Computing, 8(1), 19-30
(2004). Found at:
http://www.ics.uci.edu/~jpd/publications/2004/PUC2004context.pdf

The system will then use these rules to ‘push’ services to them
through the deice (according to the rules and meta-data held about
them) as they navigate their way through the tour. The system
uses a complex array of environmental sensors to determine their
position relative to other persons and exhibits. The ‘pull’
applications make use of this data to ‘recommend’ sites of interest
to the user (note, the internal Semantic web rule engine (SWRE)
uses the persons personal preferences to determine whither the
query is compatible with their stored information i.e. that they can
be disturbed throughout the course of their tour).

[4] Cheverest, K., N. Davis, K. Mitchel, A. Friday, and C.
Efstratiou. “Developing a Context-aware Tourist Guide:
Some Issues and Experiences”, in Proc. Of ACM
International conference on Computer Human Interaction
(CHI’2000), The Hague, Netherlands, ACM Press, pp. 1724, April 2000. Found at:
http://www.cs.bilkent.edu.tr/~korpe/seminar/tourist-guidepaper.pdf

A system that utilizes a semantic web rule engine as with this one
has the potential to be extremely customizable and this system in
particular may have the ability to be used in other environments
(for instance teaching environments could benefit with a system
that would allow students to be ‘feed’ resources according to how
the preferences are set). The system presented by Chou et al. has
built-in support for privacy due to the strict SWRE and service
invocation rules, all of which are requirements of teaching
environments.

[5] Chou S., Hsieh W., Gandon F., Sadeh M., “Semantic Web
Technologies for Context-aware Meuseam Tour Guide
Applications”.
[6] Forstadius J., Lassila O., Seppanen T., (2005), “RDF-based
Model for Context-aware Reasoning in Rich Service
Environments”, Proceedings of the 3rd Int’l Conf. on
Pervasive Computing and Communications Workshops,
IEEE.

This system represents a potential solution to most context-aware
environments and certainly reduces the need for the user to
navigate through services.

[7] Abowd D., Mynatt D., “Charting Past, Present and Future
Research in Ubiquitous Computing”, ACM Transactions on
Computer-Human Interaction, (2000), Found at: http://wwwstatic.cc.gatech.edu/~everydaycomputing/publications/millenium-tochi2000.pdf
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[8] Abel F., Brase J., “Using Semantic Web Technologies for
Context-aware Information Providing to Mobile Devices”,
Institute for Knowledge Based Systems, L3S Research
Center, Germany, Found at: http://www.kbs.unihannover.de/Arbeiten/Publikationen/2004/abel_brase_KBS_
hannover.pdf

3. Conclusion
Context-aware computing in mobile environments has a wealth of
utilities that it can draw from to enhance the functionality of
mobile devices in the environment. Many of the technologies and
techniques presented here will help in the area of contextual
information filtering, and could be used in almost any contextaware environment with some minor modifications to the RDF
structure and the service discovery systems.

[9] Berners-Lee T., Hendler J., Lassila O., “The Semantic Web”,
Scientific America, May, 2001,
[10] Schmidt A., “Ubiquitous Computing – Computing in
Context”, Ph.D Dissertation, Lancaster University,
November 2002, Found at:
http://www.comp.lancs.ac.uk/~albrecht/phd/Albrecht_Schmi
dt_PhD-Thesis_Ubiquitous-Computing_ebook1.pdf

The advantages of using these methods for designing contextaware environments are that they reduce the need or the user to
search through vast quantities of information and services when
they are using mobile devices in these types of environments.

[11] Berners-Lee T., W3C., “Semantic Web on XML”,
http://www.w3.org/2000/Talks/1206-xml2k-tbl/slide100.html
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Space’ is a pre-defined enclosed area with a technological
infrastructure that provides nearby mobile computing devices
with access to services beyond their own capabilities [3]. The
simplest example of a smart space system would be one that
allows mobile users within a building to wirelessly access the
local network through their PDA or to provide them with a
connection to the Internet. Not all systems of this type however
will be contextually aware.

ABSTRACT

In 1991, Mark Weiser’s paper “The Computer for the 21st
Century” [1] described a vision of computer technology that
would be so well integrated into the physical world it would be
practically invisible. He envisioned context aware ubiquitous
computing devices and infrastructures that would allow seamless
integration of various intelligent devices and applications. He
believed that by creating such technology, people would be free
to use IT without having to focus on how to interact with it
correctly. Hence users would be able to focus on reaching their
goals rather than on the tools needed to achieve them. While
much work has been done to realise this vision in the
development of smart space infrastructures, handheld computers,
wireless networking, sensors etc, Weiser’s vision hasn’t yet been
fully realised. This paper investigates the development of ‘Smart
Space technology’ in terms of the services and usability provided
for end users. It attempts to illustrate the gap between the
services and usability provided by envisioned systems, and those
currently in existence. Reasons for the gap, and possible
solutions to narrow it are also examined.

Currently, the more sophisticated systems can do things like
track the position of users within the environment using sensors,
and control actuators based on their current position and predefined profiles [3]. ‘Smart Space’ technology is important
because while mobile devices are needed to implement the
portability and invisibility aspects of Weiser’s dream, their
capabilities (in terms of battery life, computational power,
memory, communications etc) are limited. By using mobile
devices in conjunction with effectively implemented smart space
infrastructures, users should get access to services with the same
power as traditional IT system services, without being far
removed form the real world. In fact, as such technologies
become more aware of user actions and intent, their core
functional capabilities could begin to exceed that of today’s
desktop systems.

General Terms
Performance, design, reliability, experimentation, security,
human factors, standardisation

2. Envisioned Smart Space Service Scenarios

Keywords

Smart space technology is often envisioned for providing free
wireless access to network services in airports, university
campuses and coffee shops. Other common application ideas
involve automating processes in offices, the home and in
hospitals, which can be controlled or accessed by mobile devices
that users carry around with them.

Context-aware computing, ubiquitous computing, smart-space,
scenarios, systems, problems, possible solutions

1. INTRODUCTION
‘Context-Aware Computing’ is “a mobile computing paradigm in
which applications can discover and take advantage of contextual
information (such as user location, time of day, nearby people
and devices, and user activity)” [2]. ‘Smart Space Technology’
is an important sub-domain within that paradigm. A ‘Smart

In the airport/shop/university campus type scenario, the user will
expect their device (PDA or laptop) to automatically pickup any
local smart space connections. He/she should be able to obtain a
connection with ease, and be presented with a list of available
services to choose from. Such systems should be able to infer
users goals once they have made a sufficient number of requests
and provide advice or perform actions automatically to make
their tasks easier. For instance, if a user wishes to send emails
with large attachments but bandwidth is low in their area, the
system could inform the user of other areas where bandwidth is
higher so that his/her emails can be sent quicker [3]. If a user is
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republish, to post on servers or to redistribute to lists, requires prior specific
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University of Strathclyde, Computer and Internet Technologies
Copyright 2005 Robert Toal.
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browsing the net, the system could attempt to predict which web
pages he/she is going to visit next (based on his/her personal
history, profile and the links present on the web page currently
being viewed). Predicted pages could then be cached to a local
proxy server before being requested by the user. If the
predictions were reasonably accurate, the user would experience
less loading delays allowing for a more enjoyable surfing
experience.

would improve living conditions within the home, while being
virtually invisible to the user. In 2002, the university converted a
lab into a five room flat environment for testing devices and
applications under development [4]. So far, the research team has
successfully implemented many applications to make inhabitants
life easier. Within the living room, curtains are motorised and
lights have various brightness settings, both of which can be
controlled by wall switches, and from the living room’s touch
screen PC. The water levels of potted plants within the room are
monitored, and inhabitants are alerted at the PC when plants
need watering [5]. The entrance to the smart home is equipped
with a finger print scanner. When the print of a valid user is
scanned, the PC disengages the electronic lock [4, 5], negating
the need to carry keys.

In office and industrial environments, there are many potential
pervasive computing applications. It would be useful for the
schedules diaries in employees’ mobile devices and workstations
to automatically sink when they enter the building or room. This
would allow latest changes made on either the systems diary to
be transferred to the other, keeping them both as up to date as
possible. It would also be useful for urgent emails and office
memos to be transferred to an employee’s mobile device once
they’re in range with prompts (sounds etc) to gain their
immediate attention. In the home it would be useful if the house
could be alerted when its owners are thirty minutes away so that
it can be heated to their personal preferences. It would also be
useful if the positions of various family members could be
tracked so that lights could automatically be switched on and off.
By being able to identify various individuals, such a home could
also prevent outside doors and kitchen appliances from being
operated by young children. Automatic controls on TV channels
and Internet access could also be enforced based on the
individual identified as using them.

The home is also equipped with a tablet PC with wireless web
access that can be used for comfortable reading of the daily news
on the couch, or the reading of recipes in the kitchen etc [4].
Hence, it reduces the need for paper within the home. Various
sensors throughout the environment allow for automatic control
of air conditioning and heating [5]. As such, the home maintains
users’ environmental comfort levels automatically. In addition to
being able to control various lights, curtains and entertainment
systems from switches and the living room PC, the smart home
has a wireless handheld microphone. Commands for controlling
devices can be given through this microphone, and the computer
provides feedback through ceiling speakers scattered throughout
the environment. The computer even limits verbal feedback to
the speakers of the room that the microphone is currently
detected as being in [4]. Projects like the smart home initiative
seem aimed toward making as many everyday physical tasks
within the home as automated as possible, thus making peoples
life’s easier. As with other context-aware computing domains,
the goal is to create unobtrusive computer controls that where
possible anticipate user needs rather than waiting for commands.

In hospitals, when a member of staff approaches a computer
terminal or uses a mobile device, it would be useful if the system
presented them with information and prompts specific to them
based on their job, location, time of day, their current activities,
and events currently detected elsewhere in the building. Another
useful application scenario would be for automatic control of
treatment (e.g. oxygen level, drip rate etc) based on patient’s life
signs, and profile set by medical staff. Such a system however,
would have to be proven to be extremely safe and secure before
being put into practice. It would also be useful if doctors could
carry a PDA that would tell them of the rooms of their patients
when they enter a ward. Screens next to concerned patients beds
could also alert them that their doctor has started his/her rounds
and will hence be there shortly. An automated PDA system could
also be used to inform family members in other areas of the
hospital that they should make their way to their relative’s room
if they wish to speak with the doctor [18].

Developed by the University of Maryland, ‘EasyMeeting’ is
another experimental smart space research and development
project. Unlike the smart-home project, EasyMeeting is being
developed to create a context-aware conference room. The goal
being to “provide relevant services and information to the
meeting participants…based on their situational conditions” [6].
Like the smart home, the ‘EasyMeeting’ smart space systems
controls lighting, multimedia displays and audio output, but in a
very different way. It also attempts to interface with previously
unknown handheld devices of guest listeners. Currently, the
developed conference room system provides the following
services: Presentation (fetches PowerPoint presentations from
specified URLs and loads onto projector); Lighting Control
(adjusts lighting to suit activities currently being performed in
room), Music (plays mp3 files); Greeting (plays pre-specified
greeting messages to guests); Display (instructs browsers of
subscribed devices to display particular web pages) [6].

3. Existing Smart Space Systems
Many ‘smart space’ systems have been developed and
implemented in the fifteen years since Weiser’s paper. This
section will look at three of the more interesting projects (Smart
Home, EasyMeeting and Context-Aware Hospital Bed), which
are all quite recent.

Using ‘bluetooth’ sensing agents, a ‘context broker’, ‘certificate
controller’, ‘service manager’ and ‘role assignment manager’;
the ‘EasyMeeting’ system allows for the following type of

The Smart Home Project at Tampere University began in 1999,
the purpose being to design and construct electronic devices that
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will return to what was displayed before the nurse approached
the bed [7].

scenario. Some time before a meeting is scheduled to take place,
the system will expect audience members to begin to arrive. As
people enter the room, the system will detect their bluetoothenabled devices (i.e. system only works with devices equipped
with bluetooth communication and interaction protocols), and
request a connection. Based on their devices user profiles, the
system is able to infer which guests have arrived and which have
yet to come. For VIP guests the system will play pre-programmed
greetings, once they have been detected as being in the room.
Once all major guests have arrived, the system will stop playing
background music and dim the room’s lights in preparation for
the presentation. The speaker can then order the system to load
his/her presentation onto the projector using an audio command.
As the presentation loads, the system will direct the browsers on
the audiences’ personal devices to a web page containing a
profile of the speaker with links to references for the presentation
material [6]. To provide such functionality, the system employs a
‘context knowledge base’, ‘context reasoning engine’, ‘context
acquisition module’ (library of procedures for acquiring
contextual information from different sources), ‘policy
management module’ (enforces rules for access privileges) and
‘semantic web ontologies’ (CoBra framework provides standards
for context sharing that should be understood by guests devices)
[6].

While the developed system described above was pretty specific,
the overall research being performed by the project team was far
more generic and widespread. The two main concerns of the
project were addressing the problems with ‘distributing
cooperating services’ and ‘Security and Privacy’. They felt that
in order for various complex context aware applications to run
between different devices distributed throughout the hospital, a
loosely coupled peer-to-peer infrastructure would be needed.
Such a system would provide a standard service lookup and
discovery methodology, protocols for conveying different type of
sensor data, context protocols, and an API that various
applications would conform to [7]. As patient information is very
sensitive, they also suggested that rigorous authentication would
be required before such systems can be implemented in real
hospitals. For the context-aware hospital bed for instance,
medicine containers could be equipped with thumb print
scanners that could be used to verify nurses’ identities before
releasing medication.

4. Reasons for Gap and Possible Solutions
Most technologies available for sensing, communication and
processing are now pretty sophisticated. Combined with
extensive user goals, why is it then that intelligent contextually
aware smart space infrastructures and applications are still in
their infancy? Many believe it is largely due to a lack of
sophistication in the following areas of software and application
design:

The Context-Aware Hospital Bed was developed as a prototype
in 2004 by the University of Aarhus in Denmark, as part of a
larger project investigating “applications of context-aware
computing in hospital work” [7]. Those running the project
realized that the passing of information in hospitals is extremely
context dependent. The type and level of information given to a
member of staff is highly dependent on their position (i.e.
surgeon, nurse, orderly etc), location, and current task being
carried out. They were also aware of the lack of IT systems
available to automate the management of information passing,
and thought that pervasive computing had the potential to fill this
void. The context-aware bed was a prototype system they
developed that employed a smart space infrastructure (with
various technologies embedded within beds, that would be
wirelessly connected to the hospital network) and RFID tags.

•

Associations and interoperation between smart space
infrastructures and connected devices;

•

Adaptation of smart space services to suit mobile
device capabilities and user context;

•

Context reasoning and decision-making.

Associations between a smart-space infrastructure and various
devices (sensors, actuators, PDAs etc) are needed in order for
them to share information and perform valuable functions. In
order for associations to be made between the infrastructure and
new or moving devices, a method of ‘service discovery’ is
needed. Service discovery protocols should “enable devices and
services to properly discover, configure, and communicate with
each other” [8]. At the present however, users are often required
to actively look for services and manually configure devices and
programs to interact with them [8]. Hence in many cases
(especially in public smart-space environments where users
devices won’t have been pre-programmed to interact with
specific smart space services), the setup of associations is by no
means ‘seamless’! Service protocols are designed to minimise
infrastructure administration overhead and increase usability (for
device users). “By providing a layer of interaction, service
discovery protocols simplify pervasive system design” [8]. That
is, they allow application designers and programmers to ignore
the complexities of setting up associations under various

Each bed has an integrated computer, touch screen and various
RFID scanners that are used to identify the patient in the bed,
and medication nearby [7] (hence, patients, nurses and medicine
containers are all equipped with RDIF tags). Bed computers are
wirelessly connected to the hospital network, and provide
patients with access to the web, email and television. Each bed
has access to the profile of the patient currently occupying it,
which is accessed through the network system. When a nurse
approaches a bed, its sensors are used to check if the right nurse
is carrying the correct medication for the right patient, in
accordance with his/her profile. It also displays dosage
information on the bed’s touch screen for the nurse to check
before administrating the drugs. If the nurse administrating the
medication or the medication itself is incorrect, appropriate
warning is displayed on the monitor. When the nurse and
medication are detected as leaving, the bed’s monitor display
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conditions etc). This is especially important with ‘smart space’
applications as the infrastructure is in place solely to service
connected devices. From the resource availability point of view,
there are three adaptation approaches [3]:

circumstances. Thus they can concentrate on creating effective
user-friendly service applications.
Current service discovery protocols include Jini [9] from Sun
Microsystems, UPnP [10] from Microsoft, and Rendevouse [11]
from Apple. Unfortunately each of these protocols were designed
mostly for home and enterprise environments. Smart space
systems are inherently more complex due to boundaries defined
in the physical world (e.g. room where service is available, user
location etc) and the need to understand and cater to high-level
contextual information (user profile, current activities, current
environmental conditions etc) [8]. Each of the fore mentioned
protocols however do at least partially address some of these
issues. As such, they can be used as a base point to develop a
more sophisticated set of universally accepted protocols. Until
this has been done, user devices will have to be equipped with
the discovery protocols used by the smart-space system whose
services he/she is trying to access. Thus the availability to endusers (especially in public spaces) is very restricted.
Closely related to service discovery and registration is
‘interoperation’. Interoperation is the communication between
various connected devices (or devices and smart space
infrastructure) in order to achieve the goal(s) of users in relation
to the service(s) being provided. Unfortunately with most current
systems “devices won’t work together unless you explicitly
program each of them to talk to every other type of device it
might encounter” [12]. Even if an infrastructure and devices that
make use of it are programmed to interact with one another when
the system is first implemented, devices and components will
change over time. As ‘profiling’ is currently used to describe
devices in terms of their protocols, data formats and operations
[12], when a new device type appears, every other
device/component must be updated to communicate with it. To
overcome this restriction on user freedom (which will continue to
grow as more and more devices appear), a new approach must be
taken for defining device intercommunication.

•

‘Fidelity adaptation’ - Client applications reduce their
use of resources in accordance with a reduction in
resource availability. This results in a drop in userperceived quality (i.e. less capabilities, longer response
time etc);

•

‘QOS adaptation’ – Typically used by reservationbased systems. In this case the client asks the smartspace to guarantee a minimum level of resource
availability;

•

‘Corrective adaptation’ – The client or smart space
infrastructure suggests a corrective action to a device’s
user in order to improve resource availability. Using an
earlier example, if a user wants to send emails with
large attachments using the smart-space web portal and
he/she is in a bandwidth impoverish location, the
system could tell him/her of a location with higher
bandwidth that will allow faster upload of files.

Fidelity adaptation will often be the least desirable of the three
adaptation types in terms of user satisfaction, but is currently the
most commonly used. On the other hand, corrective adaptation
would probably be the most attractive to most users but no real
system has yet managed to implement this approach [3].
Adaptation frameworks currently in place include ‘Odyssey’
[14], however while they provide migration and adaptation hints,
they fail to provide applications with specific instructions on how
to adapt [15]. From the user context point of view, the main
adaptation concept is ‘Cyber Foraging’ [3, 16, 17]. Cyber
foraging could be described as the dynamic augmentation of
wireless mobile devices capabilities with wired infrastructures
(i.e. smart spaces) hardware resources [3]. This is so important
in mobile computing because the size of mobile devices will
always put considerable limits on their capabilities (in terms of
internal processing power, battery life, memory, communication
range etc).

Middleware frameworks such as ‘Lime’ [13] and ‘Obje
infrastructure’ [12] are being developed to do just that. For
example ‘Obje’ represents devices in terms of four general
classes of interaction rather than as specific device profiles. A
new ‘Obje’ enabled device should be able to connect to another
device or larger system using one of these classes of
communication protocols. The new device will then use generic
protocols to upload a small amount of device specific code which
the connected system can use to interact with the new device
fully [12]. Hence the developments of such frameworks are
working to reduce the need to manually update systems to
interact with new devices before those devices arrive, again
making life easier for smart space service users.

One could argue that by providing services such as web access,
control of environment objects etc, smart-spaces already provide
mobile devices with basic cyber foraging capabilities. For users
to feel the true capabilities of this concept however, frameworks
must be developed to allow client devices to offload processing
or data collecting for applications that aren’t pre-programmed
onto the smart-space infrastructure they’re currently connected
with. If such a service could be provided in a reliable and secure
manner, mobile devices own capabilities could be made even
lower, allowing them to be smaller and more convenient for
users to carry. The amount of tasks that users could work on
while on the move would also be greatly increased. For this to
happen however, the following issues have to be addressed:

‘Adaptation’ is the adjustment of services and/or user interface
formats provided, to suit current resource availability (i.e.
available processing power, communication bandwidth etc), and
user contexts (i.e. user profile, location, current environmental

•
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Methods of offloading data and tasks between smartspace infrastructures and connected devices that don’t
trust one another must be found [3];

•

•
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adjust its behaviour accordingly to increase user
interaction and thus usability.

ABSTRACT
A popular and interesting area of research is that of ‘Context
Aware Computing’ where systems use context information, such
as location or weather, to change the behaviour of typically hand
held computing devices. An important aspect of this area concerns
sensors and ways they can be combined to affect the usability of
the system.
The aim of this report is to collate the results of current research
in order to provide a comprehensive summary of the effect of
sensor fusion on the usability of context aware systems.

General Terms
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1. INTRODUCTION
Context sensing is seen as an important feature of mobile and
ubiquitous computing and is a powerful, and longstanding,
concept in human-computer interaction (Moran & Dourish, 2001).
By providing tailored functionality to the user the usability of the
system is vastly increased. There are two main classes of context
data that can be gathered: personal and environmental.

2. CONTEXT SENSING
There are many advantages to being able to sense context
information such as weather conditions and location and identity
of objects and people. Some examples of these advantages are:
•
•
•

Applications can provide context information to users
and also modify their behaviour according to the
changes in this data.
Context information can also make communication
much more efficient (Douris, 2001).
If a system can record contextual concepts (such as
movement of a user) it can anticipate user’s actions and

Personal context data can be used to enhance usability because by
recording personal data they system can make much more
informed decisions about the way it behaves depending on the
user’s personal preferences.
Gathering environmental context data can also have a positive
effect on usability because by sensing the environment the system
can make much more reliable and useful changes in behaviour
that will reflect the current situation. The key is to combine the
two forms of context sensing to maximize their effectiveness and
thus overall usability of the system.
However, there are problems related to the use a context aware
data that affect usability. One problem is that context aware
computing redefines the basic concepts of interface and
interaction which can confuse the user and have a negative effect
on usability (Moran & Doursih, 2001).
However, the main problem with context aware systems lies in
the area of which sensors, and how many, to use for a particular
application and the effect this has on the usability of the
application. This problem is not aided by the vast selection of
sensors available. The decision on the number of sensors is a very
important one and has the potential to have a great effect on the
system’s usability.

3. USABILITY DEFINED
To be able to determine the usability of a system we must first
define the concept of usability itself. According to ISO9241,
usability is the effectiveness, efficiency and satisfaction with
which specified users achieve specified goals in particular
environments (Meyer & Rakotonirainy, 2001). Obviously it is
desired that a system’s usability is as high as possible so as to
maximize its effectiveness.

4. SINGLE SENSOR IMPLEMENTATION
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Using a single sensor can be an effective way of gathering context
aware data and still maintaining acceptable usability. If high
quality sensors are used then robustness and thus accuracy of data
collected can maintained. These traits also increase the usability
of the system. The main advantage of this approach to gathering
context data is that is very cost effective.
So for example, if a system is required to ascertain the location of
a user then a single sensor would be fully capable of sensing
roughly where the user is. This would be accurate enough to
provide sufficient usability but in a bid to increase usability
further it is necessary to implement multiple sensors.
So the above finding suggests that applications that require
context data to be as accurate as possible cannot rely on one type
of sensor. By combining the data from multiple sensors an
increase in the accuracy and meaningfulness of the context data
gathered is experienced. As a result, the usability will be
increased as the system is reacting to a more accurate
representation of the environment and thus the behaviour will be
more natural.
Error detection is also enhanced by the
implementation of multiple sensors and this also increases
usability because users prefer and find systems that have minimal
errors easier to use.

5. MULTIPLE SENSOR
IMPLEMENTATION
The concept of using multiple sensors in a context aware system
is based on the human cognitive process when the brain combines
sensory information from the numerous sensory organs and links
these signals to a concept. There advantages of implementing
multiple sensors that have the potential to increase the usability of
a system. Firstly, using various types of sensor can increase the
amount of information gained about the environment and thus
provide a more complete and comprehensive analysis of the
surroundings. This can only increase usability.
Evidence that implementing multiple sensors in a system has
benefits has already been seen in a number of areas. These
include military observation systems and environmental sensing.

environment different to that of reality.
One problem associated with the use of sensors, which is not
exclusive to multiple sensor systems, is that they are nearly all
intrusive, uncertain, or unreliable. Intrusive sensors infringe on
the natural flow of the user’s actions. Uncertain sensors provide
“best guess” results which are not accurate enough to be trusted.
Finally, unreliable sensors have failure modes that are known and
can usually be identified. Each of these three problems greatly
decreases usability as the entire effectiveness of the system is
compromised.

6. A CASE STUDY
A paper that researches the role of context sensing in the design
of ubiquitous computing provides an interesting insight into how
sensor fusion (the fusing of data from multiple sensors) increases
the usability of context aware systems. The following case study
summarises the findings of this research and explains why sensor
fusion has a positive effect on system usability. The motivation
behind the study was that only a small amount of work has been
carried out to help designers of context aware systems decide
which sensors should be used to sense a particular piece of
context data. The title of the paper is ‘Designing For Ubiquitous
Computing:A Case Study in Context Sensing’ and was written by
Daniel Salber, Anind K. Dey, Rob J. Orr and Gregory D. Abowd.
The paper details the design and usage of an electronic context
aware in/out board to be used for monitoring movement of staff in
and out of the building. The fundamental function of this
application is to detect the presence and identity of users and the
purpose of the research was to investigate issues associated with
the implementation context sensor fusion on the system. The first
version of the application used a single context sensor which
raised various usability problems that are summarised in the
conclusion. These usability problems could not be resolved with a
single sensor implementation and, as a result, the solution relies
on the use of sensor fusion of multiple context sensors. The
following figure shows a screen shot from the system so gives an
idea about the usability.

There are, however, some downfalls to implementing multiple
sensors. The main problem is that even though the use of multiple
sensors can increase the accuracy of the overall input, if any
single sensor fails the readings will be distorted and inaccurate
and thus compromises the full system. As a result the suability
would decrease because the system behavior is based on an

Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that
copies bear this notice and the full citation on the first page. To copy
otherwise, or republish, to post on servers or to redistribute to lists,
requires prior specific permission and/or a fee.

Figure 1. Screenshot of the in/out board display. The dot next
to a user name is green if the user is in and red if she is out
(Daniel Salber, Anind K. Dey, Rob J. Orr and Gregory D.
Abowd.)

University of Strathclyde, Computer and Internet Technologies
Copyright 2005 Brian Elsey
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The result of the research is as follows: It was clear from an early
stage that there were many usability problems associated with the
first version of the application, which had a single sensor
implementation. Ascertaining the presence and identity of users to
an acceptable accuracy level proved to be too difficult with just
one sensor. The following problems highlight the limitations of
single sensors.
The chosen sensor involves an explicit docking action from the
user so in the regular occurrence of a user forgetting to dock on
their way in or out, the status is not updated and is thus incorrect.
This inaccuracy dramatically reduces the usability of the system
as this inaccuracy will result in errors in behavioural changes and
less than the quality of interaction with the user
An observation that revealed another problem associated with a
single sensor implementation was that all context sensing in the
system happens at a single point. In this case the entrance of the
building. If a user forgets to dock on their way into the building
and realises in their office then they have to return to the entrance
to dock.
Both of the above problems could be solved with more effective
sensing techniques, which include sensor fusion. This increase in
accuracy of sensory data also increases the usability because the
system is more reliable and correct.
After review of available sensors, although not exhaustive, it is
suggested that no single sensor allows a system to sense presence
and identity of users to an acceptable level of accuracy. The key
is to sense context reliably while maintaining an acceptable level
of usability. Again this reinforces the decision that multiple
sensors are required.
Once it had been decided that a multiple sensor implementation
was required for the in/out system the next step was to decide
how to combine the context data from various sensors. Two ways
of achieving this are competitive and complementary sensors,
both of which affect usability.

6.1 COMPETITIVE SENSORS
If competitive sensors are employed then each sensor provides
equivalent information about the environment. This is particularly
effective for increasing the usability of uncertain or unreliable
sensors. So for the task of sensing presence and identity of a user
in this study, a smart floor and RF tags are used. Separately these
two sensing techniques are both unreliable and uncertain in
certain situations. So by implementing both types of sensor
sensors simultaneously at the same location, their sensory data
can be combined to cancel each of their respective pitfalls. This
reduction in uncertainty and unreliability of context data
subsequently increases usability.

6.2 COMPLEMENTARY SENSORS
Complementary sensors do not depend on each other directly but
the information they provide can be merged to form a more
accurate and complete representation of the environment. This
increases usability as the system can have an almost perfect image
of the environment and thus provide the user with optimal
functionality and effectiveness. The purpose of complementary
sensors is to help solve the problem of all context sensing taking
place in the same location, which is a problem associated with
both single sensor and some multiple sensor implementations.
The process of implementing complementary sensors involves
partitioning the space a user may inhabit and assigning sensors to
each division.
Even though the solution solves the single docking point problem,
as sensing is more extensive and thus increasing reliability, the
system requires a set of competitive sensors to be implemented in
each division.

6.3 CASE STUDY CONCLUSION
This case study has outlined the various problems associated with
implementing a context aware in/out board using a single sensor
implementation and related usability issues raised with sensing
user presence and identity. The most important find was that
multiple sensors are definitely a necessity.

7. CONCLUSION
So in conclusion, there are many studies that have been carried
out to investigate the effect of sensor fusion on usability. It
appears to be unanimous that by implementing multiple sensors a
large number of benefits can be gained compared to that of a
single sensor implementation. By using complementary or
competitive sensors the errors inherent with each sensor maybe
cancelled out by the benefits of another. The advantages of this
approach include increased reliability and accuracy which in turn
make the system behaviour more predictable and correct. These
are traits required of highly usable systems.
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ABSTRACT
Context-aware applications encounter new challenges regarding
the design of their interfaces. New guidelines have to be defined
to face the arising needs, though established HCI guidelines are
further essential. This paper analyses existing guidelines and
checks where their properties are not sufficient any more, so that
new ones have to be defined.

Categories and Subject Descriptors

Brown and Jones [3] as well as Langheinrich [7] are giving
important thoughts by introducing the privacy aspect in contextaware systems.

2. ANALYSIS
2.1 Data Entry
2.1.1 Traditional HCI Guidelines

H.5.2 [Information Interfaces and Presentation]: User
Interfaces – standardization, style guides, theory and methods.

(Smith and Mossier [9]) Data entry refers to user actions
involving input of data to a computer, and computer responses to
such inputs. The main objectives are:

General Terms

- Consistency of data entry transactions

Design, Human Factors, Standardization.

- Minimal entry actions by user

Keywords

- Minimal memory load on user

Context-aware computing, HCI guidelines.

- Compatibility of data entry with data display

1. INTRODUCTION
Context-aware computing is becoming more and more important
in every day life. Many projects are developed in this still new
technology field and a lot of research is done about contextawareness. New applications operating in this field have to deal
with more complex interaction with their environment. The
design of their interfaces has to adapt to the new needs, so that
established guidelines for HCI are not sufficient in every aspect.
This paper examines design guidelines in context-aware systems.
The analysis is based on the established design guidelines
provided by Smith and Mosier [9]. Their results are compared to
new research which investigates the arising challenges in contextawareness. Smith and Mosier have outlined the field of design
guidelines in six main topics. This paper follows this structure by
quoting their objectives and respectively adding the aspect of
context-awareness. New challenges are identified and compared
to the solution provided by new research. Especially the sections
user guidance and data protection need special considerations
concerning context-awareness. In these two areas the papers of

- Flexibility for user control of data entry

2.1.2 Context-Awareness
Context-awareness does not add more complexity in one of these
points. Of course dynamic information makes it difficult to ensure
consistency. However that is less a problem of data entry than a
general challenge and will be considered in further sections.

2.2 Data Display
2.2.1 Traditional HCI Guidelines
(Smith and Mossier [9]) Data display refers to computer output of
data to a user, and assimilation of information from such outputs.
The main objectives are:
- Consistency of data display
- Efficient information assimilation by the user
- Minimal memory load on user
- Compatibility of data display with data entry
- Flexibility for user control of data display

Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that
copies bear this notice and the full citation on the first page. To copy
otherwise, or republish, to post on servers or to redistribute to lists,
requires prior specific permission and/or a fee.
University of Strathclyde, Computer and Internet Technologies
Copyright 2005 Jan Kostka.

2.2.2 Context-Awareness
The guidelines matching these objectives are valuable and
adequate in context-awareness as well.
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2.3 Sequence Control
2.3.1 Traditional HCI Guidelines
(Smith and Mossier [9]) Sequence control refers to user actions
and computer logic that initiate, interrupt, or terminate
transactions. The objectives are:
- Consistency of control actions

reliable and it is not dependent on the actions of every single user.
The system can handle its response time on its own. Whereas in
the push-based approach system response time depends on the
users intend. The user could have moved already in a new context
where the needed information is not suitable anymore and cannot
be accessed with information pull.

- Compatibility with task requirements

Another aspect in user guidance is the location of user
information. Due to the decentralised organisation of context
aware systems not all information is available at the same place.
Applications have to decide where to save the needed data –
centralised on the user device or distributed and context-based.

- Flexibility of sequence control

2.5 Data Transmission

- Minimal control actions by user
- Minimal memory load on user

2.3.2 Context-Awareness
As mentioned already by Brown at al. [2] one of the critical
determinants of user satisfaction and acceptance of a computer
system is the extent to which the user feels in control of an
interactive session. This plays an important role for the
acceptance of a new product. Especially if it operates with a
context-awareness in which the interaction is much more dynamic
than in standard human computer interaction. Sequence control
has a more important role in context-awareness than in traditional
systems - although its structure does not essentially differ.
Therefore, only minor adjustments to existing guidelines are
necessary to match the needs in context-aware systems.
Consequently, we do not have to define complete new categories
of guidelines.

2.4 User Guidance
2.4.1 Traditional HCI Guidelines
(Smith and Mossier [9]) User guidance refers to error messages,
alarms, prompts, and labels, as well as to more formal
instructional material provided to help guide a user’s interaction
with a computer. The main objectives are:

2.5.1 Traditional HCI Guidelines
(Smith and Mossier [9]) Data transmission refers to computermediated communication among system users, and also with other
systems. The main objectives consist of:
- Consistency of data transmission
- Minimal user actions
- Minimal memory load on user
- Compatibility with other information handling
- Flexibility for user control of data transmission

2.5.2 Context-Awareness
The main difficulty is to provide consistency in data transmission
in a context-aware system consisting of many different sensors,
computing devices or operating systems. Ensuring the consistency
for procedures is therefore a hard task, though a sophisticated
design facilitates finally the extension of a system.

2.6 Data Protection
2.6.1 Traditional HCI Guidelines

- Efficient use of full system capabilities

(Smith and Mossier [9]) Data protection attempts to ensure the
security of computer-processed data from unauthorized access,
from destructive user actions, and from computer failure. The
following fundamental objectives are still very important:

- Minimal memory load on user

- Effective data security

- Consistency of operational procedures

- Minimal learning time
- Flexibility in supporting different users

2.4.2 Context-Awareness
Consistency is an important aspect in every part of user interface
design. However, especially for the user guidance additional
considerations are needed. The displayed information is tightly
coupled to the user in context-awareness. It is personalized and
adapted to the environment. A common difficulty thereby is to
display the right information at the right time. Chevrest et al. [3]
have analysed this problem and found two different approaches,
information push and information pull. Either of these two
implementations of an interactive context-aware tourist guide
offers a different way of maintaining consistency between the
environment and the user’s view of it. The pull-based approach
allows the user to decide when to get the context-aware
information. Moreover, it puts the consistency issue in the user’s
hand. Information push assigns more control to the system,
consistency can be provided easier. Furthermore it is more

- Minimal entry of wrong data
- Minimal loss of needed data
- Minimal interference with information handling tasks.

2.6.2 Context-Awareness
For context-aware applications these traditional categories of
guidelines are very important, as well. Furthermore, an
application interacting with context depends on the information
about the user in order to tailor its behaviour to the desired needs.
The more information is provided to the system the better it can
respond to requirements. Therefore, additional guidelines are
essential to protect the privacy of the user. Brown and Jones [3]
have adapted widely accepted privacy issues to context-aware
systems and formulated following guidelines:
- Notice: telling the user in advance what data is to be collected
and who will have access to it.
- Choice: allowing the user to opt out.
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- Personal access: allowing the user to access all the information
stored about them, and to correct errors.
Context-awareness offers many new opportunities in terms of
personalized interaction with the environment; however it is
indispensable to let the user stay in control of the system. At any
time there should be the possibility to intervene in operations
concerning somebody’s privacy interest so that there is a
confident relation between the context-aware system and its user.

3. FURTHER RESEARCH IN HCI FOR
CONTEXT-AWARE SYSTEMS
Many further researchers have analysed the needs of contextaware design guidelines uncoupled from the classification of
Smith and Mosier. In this section their ideas will be mentioned
shortly to get a general idea about the research going on. Dey et
al. [6] propose to introduce a term called mediation in the
discussion of interface design for context-awareness. Around this
concept they point out the importance of providing redundant
techniques to handle more smooth and natural interactions.
Furthermore they see the importance of adapting to the needs of
mobile users and to provide for them a dynamic storage for input
and output data. Let me briefly mention that I have discussed
similar points in Section 2.4 in this paper.
Bellotti et al. [1] analyse the needs of new interfaces on behalf of
ideas from social science. They approach the new way of
communicating in a context-aware environment with a special
focus on interdisciplinary methods.

4. CONCLUSIONS
This paper has given an overview of the research going on in this
topic and has commented different solutions on the arising
challenges for HCI design guidelines. The traditional
classification of guidelines by Smith and Mossier covers the
whole field of HCI. It was not my intention to redefine or
reconsider all these different guidelines, but to analyse where the
new challenges are. Traditional guidelines are still fundamental
for context-aware systems. Due to the new needs which a contextaware system has to fulfill, it is essential to develop new
guidelines. Especially there is a need to refocus on topics such as
privacy or consistency. They are becoming more important in
different aspects. In the area of HCI for context-aware systems a
lot of research is done at the moment, although there is the risk
that the theory can not keep pace with the fast technology
progress. There are many papers produced discussing important
points, Langheinrich’s [7] or Dey’s et al. [6] ideas seem to me

particularly interesting in this emerging field of contextawareness. Hopefully the developers are taking up the essential
ideas and realize them in their applications.
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ABSTRACT
The purpose of this paper is to examine HCI issues surrounding
the interface of mobile handheld devices. Proper design is
imperative to their success and to the adaptation of the services
they offer. Important areas that will be discussed and practices
and solutions that will be presented include style of the interface,
complex functions like menus and icons, the interaction design,
and finally HCI issues regarding Internet browsing and searching.
Furthermore there will be a brief introduction to issues like
underlying technology standards, mobile issues and designs as
well as social issues.

Categories and Subject Descriptors
H.5.2 [User Interfaces]
H.1.2 [User/Machine Systems]
I.3.6 [Methodology and Techniques]

General Terms
Performance, Human Factors

Keywords
Mobile HCI, Interface Styles, Mobile Internet Browsing, Mobile
Internet Searching, mobile Interaction Design

1. INTRODUCTION
Over the recent years all kinds of mass media are flooded with
discussions and predictions about the bright future of mobile
technologies and how they will infiltrate all aspects of our
personal and professional life, and more specifically that the most
common way to access the Internet and use its services will be
through mobile devices. On the other hand if the HCI issues of
these mobile technologies are not properly addressed, it is highly
likely that the above scenario will fail [4], as users, if the
problems of interacting through limited input and output facilities
are not solved, will not actively embrace the various mobile
technologies. So it is imperative to examine in depth the HCI
issues that surround the design of the interface of mobile handheld
devices and propose solutions for them, in order to ensure that
Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that
copies bear this notice and the full citation on the first page. To copy
otherwise, or republish, to post on servers or to redistribute to lists,
requires prior specific permission and/or a fee.

University of Strathclyde, Computer and Internet Technologies
Copyright 2005 Mr. Vassilios Yannimaras

they will be successful.

2. DESIGNING FOR THE SMALL SCREEN
2.1 Human - Computer Interaction (HCI)
HCI is the science that examines and studies the theoretical,
physical and psychological aspects of the process regarding the
interaction between human and computers. Its goal is to ensure
that through their interfaces the various devices that are being
manufactured are useful (accomplish what is required), usable (do
it naturally and with ease), and used (make people actually want
to use it) [5]. To be more specific we need to focus on three large
areas: humans, computers and the dialogue between them. As
humans are concerned in order to produce successful designs, the
physiological and psychological attributes of the users need to be
analyzed in order to have an overall understanding of their
abilities and limitations in connection with their capability to use
computer systems. Regarding computers their memory and
computational power needs to be taken into account as they
determine what can and cannot be achieved during the interaction
process. Having examined the two above fields the next step is to
examine the various models of interaction.

2.2 Transferring from the Desktop
An obvious approach to this is to copy practices that have already
been successful on the PC straight into the mobile world. This can
be done in one of the following ways: a) either at an application
level or b) in terms of how the interface that is presented to the
user looks and feels. The benefits for the first method include the
ability that users will have to continue or transfer their work from
the desktop to the mobile device and the effort of the users to relearn the system will be minimal. On the other hand , the interface
can also reduce the learning time needed, through a familiar look
and feel and can also help in a marketing context as it is a key
brand element.

2.3 Interface Styles
A lot of mobile devices provide a full QWERTY keyboard. This
is done in order to promote user adaptation and reduce the
learning effort by building on previous knowledge and
experience. Microsoft’s, approach was to replicate the desktop
interface as closely as possible and create Windows for the small
screen, but the result was a less than usable experience [6]. A
completely different approach is based on the differences in the
manner in which people use PCs and mobile devices respectively.
To be more precise whereas with PCs people worked for
prolonged periods of time, for example on a spreadsheet or on a
word processor, they used PDAs in short burst, a lot of times
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during the course of the day. Following the above the interface
has to be simple, fast to complete and direct.

2.4 Complex Functions
When mobile phones first came out, besides the numeric keys
they also had a few extra buttons that provided access to the
special features of the device, plus a couple more to turn the
device on or off. As technology progressed mobile phones grow
more powerful with a lot of added features. As it is obvious it was
impossible to provide a button for every added feature so the
obvious solution that was adopted almost universally was the use
of menus. But the small screen size of mobile devices causes
problems as not all menu options can be displayed at any given
time. The user has to scroll from option to option and that
introduces the recall problem, because users have to remember
previous options, as they scroll down the screen.

2.4.1 Hierarchical Menus
The simplest way to overcome the above problem is to use
hierarchical menus. In this case when selecting a menu option a
new menu is revealed. Unfortunately this creates a new problem
as users have to remember the location of each function,
especially the novice user, of a particular device. As users become
familiar with the menu structure over time, regardless the
classification, the problem no longer arises. To help novice users,
feedback can be used (to help them navigate within the structure)
but this is no trivial task due to the limited screen size. So only
crucial information on location should be provided along with
information on which menu options are branch nodes.

2.4.2 Icons
Additionally in order to enhance and support menus, icons can be
used. Icons can be augmented with text in a menu to reinforce an
idea. Attention has to be paid to create icons with a consistent
design. Icons should be created as a set with common images and
glyphs to represent common ideas, thus forming a visually
coherent language. The above has two benefits; as through the
preservation of context the usability of the menus can be
improved, and help is offered to the user n order understand the
functionality of the interface. A potential pitfall is that as mobile
devices become more powerful and sophisticated the capability
exists to create more complex and sophisticated icons and that can
be more of a distraction than assistance.

2.5.2 Developing Prototype Designs
Developing Prototype design refers to the construction of the
proposed tangible or virtual models so they can be presented,
discussed or changed by users or experts.

2.5.3 Evaluation
At each iteration of the evaluation process, the strength and
weaknesses of a design model can be identified so they can be
improved or corrected by the next iteration step. Furthermore it
can lead to a radical solution like completely disregarding the
current line of design.

2.6 Designs for Browsing
In order to overcome the usability problems of handheld mobile
devices and especially the small size of their screen when it
comes to browsing the Internet, certain design rules have to be
followed. Internet browsing involves going through a page
content to find information that interest you and reading that
information.

2.6.1 Material Overview
In order to follow this rule, the users needs have to be understood
fully and the goal is to give them the ability of deciding if the
content looks promising, without having to commit to access it
fully. In order to achieve the above the writing style has to be
consistent, structural overviews and summarized content have to
be included, the latter offering initially the key points and the
capability for more details to be revealed, and finally skimreading has to be facilitated by structuring information effectively
and highlighting the important parts.

2.6.2 Direct Access
Direct and focus access gives users the ability to access quickly a
piece of content. To accommodate this again the content should
be well structured so that users can navigate and move with
purpose towards the information they need. Additionally small
paths to specific content should exist but they should also ‘hide’
as much as possible of the extra material. Finally sites that are
designed to be accessed by handheld users should provide at least
one search mechanism.

2.5 Interaction Design
Interaction design can be used as a modern replacement term of
human computer interaction, and it refers to the relationship
between users and technology in a specific context (in our case
mobile devices). To be more specific ‘Interaction Design’ is used
to ensure that products do something useful and are supportive in
their personal or professional lives. Interaction Design involves
three main activities: understanding users, developing prototype
designs and evaluation

2.5.1 Understanding users
Figure 1. eBay homepage as viewed on a mobile
phone and PC (Source [2])

In this activity we examine and study users’ limitations and
capabilities and the things they use and do.
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2.6.3 Scrolling Reduction

2.7.2 Individual Results Relevance

It is obvious that due to the small size of handheld screens, users
are bound to consume a lot of time into scrolling and that could
disrupt their principal tasks. In order to tackle the above
horizontal scrolling should be eliminated altogether and vertical
scrolling can be reduced, if the following principals are followed
when arranging content: the most important pieces of information
and navigation features should be placed at the top of each page,
on each page the amount of the material included should be
reduced and kept to a minimum.

In order to provide users the ability to make a good choice when
selecting a result, one solution is to provide with the category
information we saw above. The other is to use keyphrases that
will be automatically generated from the individual documents.
These key phrases will effectively summarize the document. A
point that requires extra attention here is the fact that keyphrases
should be constructed and presented in a concise and direct
manner to avoid vertical scrolling.

2.7 Improving Search
Web searching is one of the most popular computer tasks. On the
other hand users are faced with a few major difficulties when they
are using a handheld device with a small screen to conduct their
searches. Small screen size means smaller sets of results each
time and that leads to more time and effort from the users in
choosing and pursuing the most relevant result. So in order to
improve the searching functionality we should facilitate users in
two areas: a) assessing results’ sets, b) judging the relevance of
individual results.

2.7.1 Assessing Results’ Sets
To try to facilitate users in this area the simplest thing that can be
done is to try to increase the number of results per page as much
as possible, as people tend to go over only the first couple of
result pages, so this way we avoid the possibility of fewer options
being considered. A more advance solution would be is to take
advantage of overviews (this also reduces the effort users have to
put into navigation). Here instead of presenting users with sets of
results, all the individual results are grouped together into obvious
categories or overall topics and it is these categories or general
topics that are presented to the user. The above can be achieved
by automatically clustering documents together, extracting terms
from each cluster, so that users can get an understanding of the
information available in each cluster, by scanning its description
(the summary of terms). Because sometimes it can be difficult to
interpret cluster descriptions, pre-defined general categories
(Entertainment, Politics, Sports, etc) can be used, with users going
form general categories to specific ones, until they find the
desired information.

3. TECHNOLOGY STANDARDS
In order to facilitate Internet access through the use of mobile
devices, new underlying technologies and standards are needed.
The two major ones that were developed to cover that gap were
WAP and i-Mode.

3.1.1 WAP
WAP stands for Wireless Application Protocol and is an open
international standard for applications that use wireless
communication (e.g. using a mobile phone to access the
Internet)[9]. WAP’s goal is to provide services equivalent to a
standard PC web browser, but with some alterations, in order to
address the limitations and problems of the small screen size of
handheld devices. In order for a web site to be viewable on a
mobile device by using WAP, it has to have the functionality of a
mobile Internet site. These web sites are known as WAP sites.
Other then the Japanese market WAP did not meet initial success,
as it did not fully meet its expectations, but in recent year it has
made a strong resurgence with the introduction of platforms such
as Vodaphone Live! and T-Mobile T-Zones.

3.1.2 i-Mode
i-Mode is a mobile internet business system with 45 million users
and more than 3000 participating companies performing a great
variety of mobile business transactions, from email, booking rail
and air-tickets to games [8]. I-mode was introduced by NTTDoCoMo in Japan in 22 February 1999. It includes two
components. A proprietary "walled-garden"-type official menu,
that is used for selling content and games and providing
information services, and additionally a completely open free
access to the Internet.

4. WEB BROWSERS FOR MOBILES

Figure 2. eBay homepage as viewed on a mobile
phone and PC (Source [2])

Web browsers for mobiles (sometimes called micro browsers or
mobile browsers) can be viewed as web browsers designed for use
in handheld mobile devices such as mobile phones and PDAs. In
the design and implementation of mobile browsers two main
things are takes into consideration. Firstly the fact that they have
to display content as effective and consistent as possible, in the
small screens of handheld devices. Secondly and of equal
importance is the fact that they have to conform with files of
small size due to the low memory capacity and low band width of
wireless mobile devices. Obviously as technology progresses the
hardware specifications of devices become better, but on the other
hand users’ expectations grow higher so the problem still remains.
Most popular mobile browsers include Opera Mobile, Minimo,
Pocket Internet Explorer, NetFront, Konqueror Embedded and
others.
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4.1.1 Display Techniques
In the section above we mentioned certain problems that mobile
browsers face when displaying content (small screen size in
combination with hardware limitations). To overcome these
problems certain methods and techniques that have been
developed are being proposed. Two characteristic ones are
SmartView and WebThumb. In SmartView by analyzing the
structure of the page layout coherent logical units of the content
are identified and the user has the ability of selecting one of them
and the detailed view appears [7]. In WebThumb users have the
ability to see the overall context of a page in a resizable thumbnail
and they are free to zoom into any part of the page without having
to use the scroll function [12]

device to be useful and usable, so it can ultimately be adopted by
a large number of users. To achieve the above throughout the
whole of the design and implementation process HCI factors need
to be taken into consideration, as it is them that will determine to
a great extend the success of the interface. The interface of mobile
devices has added problems largely to its small screen size. So
added issues, applicable to mobile HCI, need to be taken into
consideration, like the style of the interface, complex functions
like menus and icons, the interaction design, and finally HCI
issues regarding Internet browsing and searching.
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Figure 3. WebThumb showing a thumbnail and
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5. SOCIAL ISSUES
We have already seen that for mobile devices to be adopted by
users they have to be usable and useful. Although a proper
interface pays a crucial role in the above. There are other factors
that influence the degree of adaptation. These factors include
individual characteristics like age, prior exposure and cultural
origin both at an individual as well as at a social level. For
example research suggest that older people are less likely to use
text messages as they are more familiar and prefer vocal
communication and furthermore experienced users feel more
confident and are more likely to try the new features of mobile
devices [10]. As culture is concerned it influences technology
adoption, as in different countries with different cultural
backgrounds the same technology is used in different manners
and to cover different needs [1].
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6. CONCLUSION
As we saw in the above sections the interface is a very important
and crucial aspect of any mobile handheld device. In order for any
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purpose of the forum was to create markup languages and key
protocols for the definition of contents and transmission methods,
as well as to discuss applications and their business models. The
first WAP services were launched by BT Cellnet in early 2000
and by the end of that year most European, Asian and to a lesser
extent USA service providers had introduced WAP services and
phones [1]. However, WAP has not been a remarkable success
due to the lack of a critical mass of users [3].

ABSTRACT
The intention of this paper is to explore the concept of mobile
Internet, presenting two of the most popular pioneer technologies
in the industry, WAP and iMode, from a user acceptance
perspective. A short description of the technologies is provided in
the beginning of the paper and the supported services are
discussed. Human computer interaction issues related to
handheld-based internet are explored and the technology
acceptance concept is presented, in conjunction with factors that
affect user acceptance of WAP and iMode.

Almost at the same period of time, one of the leading cellular
phone operators in Japan, NTT DoCoMo, launched the iMode
service in February 1999 [4]. Providing a compelling alternative
to WAP, iMode managed to create a critical mass of users,
obtaining over six million subscribers, 14 months after it was
initially launched [5]. A more closely description of these
technologies is presented in the following section.

1. INTRODUCTION
One of the most significant trends in mobile telephony during the
last few years has been mobile internet. Traditionally separated
technologies, the Internet and Mobile Telephony, have started to
congregate, setting the foundation for a new era of portable
networking. Sophisticated devices equipped with wireless data
services support mobile internet, providing access to information
and services anywhere, at any time. However, user acceptance is
essential for the success of these technologies. Therefore, the
success of mobile Internet services is strongly correlated with
attributes that affect user acceptance and consequently user needs
and wants.

3. MOBILE INTERNET TECHNOLOGIES
Developments in mobile technology enable users to access the
Internet, including contents, Internet mail and corporate
information systems through handheld devices [3]. But how
exactly do these technologies work and what are their similarities
and differences?

3.1 WAP
The WAP approach of mobile Internet has emerged as a standard
Internet-enabling protocol and a browser framework allowing
Internet access to handheld devices [8]. The major component of
WAP technology is the Wireless Markup Language (WML) based
on XML and primarily designed for mobile phones. Taking into
account that a WAP browser read WML but not HTML (used for
Web page layout), it can be said that a new “information space”
was created on the Internet [6]. The use of WAP browser displays

2. A BRIEF HISTORY OF THE MOBILE
INTERNET
Technological progress is an evolutionary process that
characterized by continuous changes in products and processes
[2]. With the evolution of mobile handheld devices such as digital
mobile phones and personal digital assistants (PDAs), the idea of
mobile Internet was born. These machines equipped with
computer-enabled features were transformed from simple devices
that execute traditional tasks to more flexible machines for
accessing online information and services [1].
Mobile Internet was introduced in the market in the late 1990s.
The two main technologies competing for the large market of
mobile Internet were WAP (Wireless Application Protocol) and
iMode and were about to change the mobile and wireless Internet
market [5].

Figure 1 WAP services on media phones Source [1]

In June 1997, three leading manufacturers of mobile devices
Nokia, Motorola and Ericsson announced a global standard setting
forum, the WAP forum to set mobile Internet standards. The

Internet-based information that is developed in WAP format and
embedded in WAP devices. The charge for using WAP services
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follows the same principle as using a dial-up connection to access
the Internet; that is, charges depend on the time online.
The main goal of WAP is to provide access to information and
services on devices with limited display capabilities, using the
wireless telephony application server. It is worth saying that
Version 2 of the WAP released in 2001 could access content
written in XHTML Basic in addition to WML [1]. However, the
bad reputation due to the unsuccessful initial introduction of WAP
did not change the already limited uses of WAP services [3].

-

Business: Both WAP and iMode support real time data
transmission, letting companies coordinate with their
mobile employees efficiently [7]. Particularly, in Japan
300,000 business people accessed corporate data, 500
firms monitored employee phone location and several
million people used their handheld devices to access PC
mail in April 2004 [3].

-

Entertainment: Mobile users have the so called “dead
time” during their movement from one place to another.
Thus, entertainment is a necessary service provided both
by WAP and iMode. As a result, mobile Internet users
can download music, videos, games, ring tones,
horoscopes etc. to their handheld devices [1, 8].

-

Transactions: Mobile Internet users are able to carry out
various transactions such as m-Banking and m-Stock
broking. The former concerns accounts status, credit
card limit, payments (iMode service) etc. The latter
provides customers with real time information regarding
the stock exchange market. Additionally, Nordea
launched a WAP brokerage service in the end of 1999
and 57% of its stock orders were placed online [9].

-

Information Services: People can have access to a wide
range of information by accessing mobile Internet, such
as news, travel information, yellow pages, jobs on the
net etc. [1, 9].

-

Communication: A significant service that increases the
popularity of mobile Internet is email. Initially, it was
supported by iMode, but it is currently provided by
WAP as well [9].

-

M-Commerce: A very popular service in Japan is
mobile commerce. Various firms have launched that
service since the introduction of iMode. Retailers are
using mobile Internet to send discount coupons and
advertisements to registered customers and users are
able to carry out purchases using their handheld devises
[3].

3.2 iMode
In Japan, a different approach of mobile Internet was
implemented. Based on compact
Hypertext Markup Language (cHTML),
the iMode platform enables access to
existing simple Web pages [3].
Information is delivered to the user via
a micro-browser (a simplified version
of a traditional Web browser). One of
the most popular micro-browsers used
in three-quarters of iMode-enabled
devices is the Compact NetFront
(Figure 2) 1 . The browser has two bars
with icons one at the top and the other
at the bottom of the LCD screen
providing access to various services and
Figure 2 NetFront
menus, such as email, downloading ring
tones, games, banking, transportation schedules, data searches etc.
In the middle of the screen is the main display area that provides
text and graphics [4].
IMode promotes the idea of an “always-online world” offering
continuous Internet access. The speed varies between 9.6Kbps and
384Kbps and because iMode is always on, the cost of usage is
based on the amount of data transferred and not on the time online
[1].

4. WEB
ACTIVITIES
DEVICES

ON

MOBILE

At this point, it is worth saying that although Bjorkdahl et al. [9]
state that mobile and fixed Internet should not be confused,
handheld devices launched to the market in 2003 began to include
XHTML browsers, offering to the users the same content both on
the Web and on mobile devices. However, some limitations of
these machines create various usability problems and alternative
implementations of the services for mobile devices have to be
provided [1].

According to a study conducted by Sellen and Murphy [8] in 2002
there are about 300 Web activities (an average of 6 activities per
person per day) people may perform using the World Wide Web.
Seemingly, different users have different Web activities that
engage “different patterns of use and types of information”. The
general categories of the Web activities involve finding,
information gathering, browsing, transacting and communicating.
The same study [8] showed that only some of the activities people
do with deskbound Web browsers are suited to small, portable
devices. So, what activities are appropriate on mobile devices and
to what extend people use them?

5. USABILITY
PROBLEMS
HANDHELD-BASED INTERNET

The ISO 9241-11: 1998 2 defines usability as “the extent to which
a product can be used by specified users to achieve specified
goals with the effectiveness, efficiency and satisfaction in a
specified context of use”. Understanding user needs and
preferences is essential for usability design so that the system has
the right functionality, supports flexibility and robustness and is

People quite often misunderstand the concept of mobile Internet
and think that it offers exactly the same kind of services as the
fixed Internet. Instead portable Internet offers some of the services
in the fixed Internet and some others unique for mobile
communications [9]. The mobile Internet services provided can be
categorised in the following groups:

2
1

WITH

Source: www.access-usinc.com/pfd/white_papers/NFDM_whitepaper.pdf
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Source:
http://www.iso.org/iso/en/commcentre/isobulletin/articles/2003/
pdf/usability03-03.pdf

easy to use, increasing at the same time the overall user
experience [10]. The main usability problems, regarding mobile
devices and services that were identified in the literature of HCI
(Human Computer Interaction) are the presentation of various
information and services on a small screen, the widespread
population, navigation problems and limited input/output methods
[3, 6, 10, 11, 12].

-

The concept of technology acceptance is the result of many years
of research and study by theorists and physiologists who studied
and compared characteristics of new technologies as well as the
behavioural intention of individuals and groups to adopt and use
these technologies [4]. Seemingly, technology acceptance has two
aspects, the social dimension and the technical dimension.

5.1 The Small Screen
By far the most popular issue for criticism mobile Internet
regarding usability is the display limitations of handheld devices.
Most of the web pages available on the WWW have a great deal
of text, graphics and other information accumulated on a single
page [6]. However, limited display area on handheld devices
affects the amount of information presented to the user and the
ability of the user to perform some actions.

6.1.1 The Social Dimension
Social and cultural influences on individual people play a crucial
part for the user acceptance of new technologies. Various studies
around the world show the impact of the regional and cultural
differences that lead to divergent behaviour with respect to the
user acceptance of new technologies [2]. Agoston et al. [13] argue
that people do not adopt a technology because of its novelty and
even if some people do so, they do not create critical mass. The
following examples support the above argument; whereas Internet
use in the United States has changed the way people shop, trade
stocks and educate, in Japan people use the Internet mostly as an
entertainment or advertising medium [13].

5.2 Navigation Problems
Navigation is another critical human computer interaction issue in
mobile Internet. On a small screen, users are easy to get lost, as
the structure of the service is often difficult to perceive [13].
Browsing and searching can become endless in mobile Internet,
especially when horizontal scrolling is required. Thus the order in
which information appears on the screen is essential, meaning that
the most relevant and important information should be presented
first [3, 10].

6.1.2 The Technical Dimension
According to Kaasinen [1], the challenge for user acceptance of
mobile Internet emerges from the complexity of the technical and
business environments, where users access services using
handheld devices that have several restrictions and usability
problems (See paragraph 5). In this challenging environment a
usability-oriented design approach should be adopted to better
cover the design decisions that affect user acceptance.

5.3 Limited Input/Output Methods
In addition to the above issues, the input difficulties as well as the
output limitations are factors that cause frustration to the user. As
a result limited keyboards both in size and number of keys, small
screens, poor sound output quality, restricted voice recognition
and pointing devices difficult to use on the move negatively affect
the interaction between human and mobile devices [11, 12].

6.2 The WAP and iMode Case
User acceptance of new technologies that are not incremental
improvements on existing ones but cause remarkable changes in
people lives is not easy to predict, as they may take many years to
undergo the transition into everyday objects [1]. However, some
technologies can be adopted very quickly and become part of the
people’s daily lives. The case of WAP and iMode is a great
example of studying the concept of technology acceptance. On the
one hand the introduction of iMode in Japan had a tremendous
success and on the other hand the introduction of WAP in Europe
was accompanied by failure. But, was the iMode acceptance a
result of its usability and technological innovation or was it an
expected aftermath of the eastern society and culture where
people welcome and adopt technological advances?

6. USER ACCEPTANCE CHALLENGES
One of the biggest challenges for mobile Internet is to provide
users with applications and services that they truly want, are eager
to use and can access them anywhere and anytime. From the
user’s point of view, mobile Internet can not be an entity in its
own right [1]. The question that arises here is, what are the factors
that affect user acceptance and lead to adoption or rejection of a
technology by the user? These factors are further considered with
respect to mobile Internet and particularly to the introduction of
WAP and iMode.

6.2.1 Technology Considerations

6.1 The Technology Acceptance Concept

As stated in the beginning of this paper, WAP and iMode were
launched almost at the same period of time; that is, both
technologies used the same generation of handheld devices.
However, taking account that Japan was the first country that
introduced 3G wireless networks [4] offered a significant
advantage to the speed and quality of services provided.
Moreover, factors such as mobile browsers and cost of services
differ between the two technologies. These differentiations gave a
clear edge to iMode regarding the technology innovation on the
subject of mobile Internet.

Barnes and Huff [4] describe technology acceptance as the theory
that examines the factors influence the adoption and diffusion of
new technologies, throughout a social system. The Technology
Acceptance Model (TAM) identifies four factors that affect user
acceptance and they are worth considering when designing new
technologies and as a result mobile Internet services [1]:
-

value: the key user values of the technology should be
identified during the design and evaluation phase

-

the ease of use: the increased complexity of mobile
devices and services create the need for ease of use
technologies

-

ease of adoption: ensure that the user gets reliable
information about the available technology and the
necessary guidance when taking the technology into use

6.2.2 User Considerations
Reviewing the mobile Internet literature, one of the main issues,
regarding the main difference between WAP and iMode in the
early days of mobile Internet, was the target group of each

trust: reliability and dependability are factors that raise
trust as an important criterion for technology acceptance
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technology. Factors such as mobile phones penetration rates,
service providers, manufacturers etc. created the perception that
business users were a more important market in Europe and the
US than in Japan and China. As a result the former markets placed
more emphasis on business users whereas the latter on consumers
[3]. Different users led to different business models and different
approaches in mobile Internet and the provided services.
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ABSTRACT

2. TECHNOLOGIES USED FOR MOBILE
TOURIST GUIDES:

Electronic tourist guides becomes more popular and very useful in
the tourism. The nature of this tourist guide is to reduce the
complexity, and to increase the flexibility, usability and very user
interactive. This paper will explain about different types of
Display technology used in Electronic Mobile Tourist Guides.
We discus the characteristic of the each display technology and
how it is used for the tourist guides..

2.1 Starfeild Display Technology
Starfeild Technology is considered one of the most popular
technologies in Mobile Tourist Guides. It works based on the
Dynamic query algorithms and by using scatter-plot displays.
This technology is widely used in where searching is considered
to be a major role. This technology is widely used in Areas like
Home finder, Flimfinder, and User tourist guides.

General Terms
Technology, Tourism, Human, Display.

These applications can be effectively integrated in PADs,
Palmtops and even in some higher end mobile phones. Generally
there are two main advantages of starfeild is it provides dynamic
feedback for the required queries and focusing on filtering the
searching. The process of filtering the dynamic query is rapid in
star field display technology [1]

Keywords
Filmfinder, Starfeild, Macuamap, Context awerness, PDAs.

1. INTRODUCTION
Tourism is one of the greatest revenue sources for any country.
People from different parts of the world coming for various
reasons like some coming for relaxation, some people coming for
exploring. Earlier the trend for tourist guide was different people
used the maps and guide books to locate as well as to get
information about the places and also people have to carry the
books which make the tourist uneasy and uncomfortable. But due
to the technology innovation the trend has been changed now.
Mobile devices like PDAs, Mobile Phones and Palmtop with their
technological features helps the tourist in many ways. These
devices are merged with the tourist guide in formations which can
be easily accessed by the users. By using these devices users can
view a particular location of the place, user can be able to collect
all the information about the particular place, in formations about
shopping, hotels, restaurants etc... There are various
methodologies than can be used for the display technology of the
tourist mobile guides. The main features and challenges of these
technologies are explained in the following paragraphs.

Let us consider an example for the Starfeild Display system which
is called as city guide developed by M.D Dunlop.
The city guide is an application which is developed in the palmtop
by using starfeid displays. This application is used to find a
particular location in the city. The display of the palmtop shows
the location of various places for example Street names,
Restaurants. Another feature of this Starfield display is show
popup menus for the selected locations for example if the user
wants to find a hotel and he also wants to see the price lists of
foods in those hotels , this feature is made available by using this
popup menus.
The innovation of this technology has various advantages and
features. Some advantages are:
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•

Reduce time consumption

•

Easy accessible

•

Increase in flexibility and less complexity

•

Cost effective.

•

Good Accuracy of information

(a) City Guide application in PDA

(c) Location of particular place in city guide
FIGURE 1: City map guide (a) shows a general view of city
guide in PDAs (b) shows the popupmenus for user selection
(c)Show the price list of a hotel (d)show the exact location
accordaing to the user preference
The above diagrams are a city guide application on a palmtop
computer, the particular location displayed on the screen is done
by controlling the filters which is on the right top of the screen.
By using this filter a dynamic query can be created. The results
are displayed in the starfeild once the set of queries is matched
with the filter. This will be very useful to the tourists for finding a
hotel or finding a particular place in the city. Thus this technology
increases the scalability, flexibility, usability of the system and
also minimizes the complexity and provides a very interactive
system [1].

(b) Popup menu in city guide application

2. 2 Macuamap Technology
Macaumap is an application which consists of digital map used in
Mobile devices. This application is used for the tourists to provide
in formations about the tourist places, hotels, and also identifying
the bus stations. Initially this application is used in PDAs, even
though it is successfully implemented in PDAs, there are many
challenges raised when it is developed in mobile phones.
The main aim of this application is to provide in formations about
tourism for the tourist people. Thus more effort put into this
application in order to present the map very simple. By avoiding
unnecessary information in the map it helps to prevent complexity
issues.
(c)Detailed price lists of food in restaurants
The MacauMap uses small memory, slow processor small screen
and limited input capabilities. This system uses database for
storage of data. It uses GIS data’s for the data storage but these
data are in ESRI shape file format which is not used by the this
application , so the data is converted in to a format called
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Symbian and only certain data are selected which is required for
the conversion process.
This system includes more than 100 color photographs. These photos
are scaled down to small size(80 x 60 pixels) in order to reduce the
storage for these photos. Then is scaled to 4 time the size when it is
being displayed. This helps to reduce the total memory requirement of
the photo ie can be limited to 800 KB.

MacauMap uses vector graphics for designing the maps. While
designing the map three tasks to be considered (1) Retrieving the
correct data from the database (2) All the coordinates of the
objects in the map should be properly calculated and (3) Drawing
all the objects in the map. It is available for freed download from
the Macau Government Tourist Office’s website at
www.macautourism.gov.mo. MacauMap has proven to be
popular with both tourists and local residents.[2]
.

2.3. Context Awareness tourism guide.
The system which is used for Mobile tourist information is called
as TIP which basically deals with the personal background of the
tourists and also deals with the routes and sights which is
suggested to the users. The user context generally deals with user
location, interest, lists of places to be traveled. This system is also
deals with the semantic groups which includes the sights and
locations.
This system is designed based on the location of places and also
combined with the event based infrastructure. The main concept
of this system is deals with the filter engine combined with the
location engine. This filter engine will choose the corresponding
in formations according to the users specifications.

Fig2(a)display of Macuamap

Fig 2 (b) Display of the shortest route

Figure 3(a) current Location for the user

Fig 2(c)shows the starting point of the bus stop
Figure 2(a) General 3D view of a Macuamap (b) Displays the
shortest routes between the places according to preference
given by the traveler (c) show t he general nformation about
the starting poin of the busstop
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Figure 3: (b) recommendations showing only sights
of interest to this user
This system displays a map of the particular location and also
displays recommendations of certain places in the particular
location shown in the map. It displays in formations with different
types of context by varying the color schemes for example It
displays the information of places with dark color and light color
indicates the information about a place which is located in distant
place based on the context of the user. Thus the system displays
information which can be easily understood by the travelers[3]

3. CONCLUSION
In this paper we discuss about the various display technology used
for mobile tourist guides. Innovation of Mobile devices like
PDAs, Palmtops, and Mobile phones is really helpful for the
Tourist guides. The technologies like starfeild displays,
Macuamap and context awareness are integrated with the
electronic mobile devices and make the system user interaction .
Designing technologies for tourists presents a number of specific
challenges. A Good tourist guide is not only giving the tourists
more in formations but also should be easily understandable. Even
though these application are very popular in tourist guides,
Still various researches is going on to give a very better
application for the Mobile tourist guides.
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ABSTRACT

This report describes about the context aware applications and the
mobile tourism guide system which is a part of the context aware
application. Also in particular it describes the GUIDE SYSTEM
development in Lancaster University which is an example for
mobile tourism guide. These systems are being developed for the
visitors who otherwise have to undergo normal routine fixed
schedule if they have to visit a new place through tourism
assistance. These systems implement wireless infrastructure with
mobile computing
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capturing of current information with vibrant colors and with lot
more detail. Some of the context aware applications which are
present in the world are Active Badge system, Parc Tab system,
Cyber guide , Guide and Technology for Georgia institute.
The context aware applications can be classified into six types of
application.

Keywords

Mobile computing, context-awareness, adaptive hypermedia, user
interface design.

•

Proactive Triggering – In these applications, these
applications are those which store the user’s current
context and recall it back when they appear relevant to
the user’s actions. This information is ranked according
to the relevance of the user’s current context.

•

Streamlining Interaction – In these applications, the
information which is transferred between Human and
context applications such as PDA has to be well aware
of what kind of services possible in that place .The
interface which helps the user in performing these
actions has to be simple and effective. The user can also
interact with other humans through various mediums
which are listed out by the application according to the
place.

•

Memory for Past events – In these applications, the
information about the past happenings has to be
recorded by the system for the future usage. This
information is stored in the memory as they are
sequenced and ordered for recall. The user is not going
to remember the past events as forgetting is human
nature but the machine should be able to show the
events with little bit of assistance. E.g. the user may
have visited a place and he comes back again but does
not remember the place which he visited last time, so at
this point of time the user gets the reminder from the
system or the user gives some points of the place which
he wants to the system and the system gives him back
the possible relevant information. The other use can be,
student arrives for the class and system gives all the
previous notes of that subject through a one line
message link.

•

Reminders for future contexts -In these applications, the
events which have
to
be done in future before
the activity which has be performed in related to this is
delayed or not done. These give the user a reminder to
finish the event at the point of time or before. E.g. If the
user goes for a meeting and he has an appointment with
doctor at 18.00 hrs and it takes 15 min to reach there

1. INTRODUCTION

The Tourism industry which has become backbone of certain
countries and in others it provides certain percentage of income
which adds to the economy of the country. This industry has the
potential to introduce various tech savvy mobile technologies
which can help the visitors to schedule their daily trips precisely
and according to their conveyance. These help them in providing
information of HOW, WHERE and WHEN according to the user
personal requirement. The Context Aware Applications are under
research for developing a mobile device which can utilize the
information and act according to the user profile, location and
display medium.
Context aware applications have been in the dormant stage until
now when the mobile computing is taking centre stage there is
ever increasing demand for the context aware applications.
Examples are 1Hewlett-Packard which holds context awareness
program to its employees about the future technologies. 1Reuters
use this awareness to tackle their problem of ever increasing
information. GPS (global positioning satellite) which are used for
farming, construction, military and commerce based on user
location.
The Context aware applications have to consider various aspects
while development out of which few are very important. They are
context memory where in the values may be present, past or the
future are stored. These are also known as Log or History. These
systems memory have organizing and recall capabilities. The
capturing of the context in particular to the current happenings is
done using sensor or the user usage or satellites. The privacy issue
is the most important aspect which has to be seriously taken care,
as many applications, which lacked in this, have bitten the dust.
The context aware applications are made feel good with the
addition of variety of behaviors which the interface can exhibit to
the user according to their taste. The
Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that copies
bear this notice and the full citation on the first page. To copy otherwise,
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,then it notifies him with beep or message before 20 min
of the appointment time.
•

Optimizing patterns of behavior – These applications
capture the context through sensors and partly via user
typings. They help in optimizing the patterns of the
behavior of the user. E.g. If user takes a route A to
reach his office with a bus B everyday but if there is
another route which might shorten the time to reach the
place taking another route or another bus ,this is
suggested by the system.

•

Sharing experiences – These systems are those based on
the collaborative filtering which relates the users
experience with others .They are of recording one
context and presenting it to the other user with the
similar kind of view . This kind of application needs,
the representation of the content discovery protocol and
its data is important. E.g. If A buys item I and sees E
.Then if B buys E, b is given a message or alert of the
experience of A buying I. So that the B can also look
into it check whether it is useful.

•

•

The area which we are going to look into is the Mobile Tourism.
This Tourism industry is now housing more room for the mobile
systems .The Guide system which is built for the user to know the
place better is described below.

•

MOBILE TOURIST GUIDE SYSTEM
The guide system uses the personal computing technologies,
wireless communications, context awareness and adaptive
hypermedia in order to help the visitors. In particular it utilizes
the cell based wireless communications infrastructure in order to
transmit, receive dynamic information and positioning
information to the portable GUIDE units.

•

•

The user has to be presented with the information which
is relevant to their context. These context sensitive
information are used to present information to the user
i.e. they take care of constraints such as technical
background, age and their preferred reading language.
They should also keep record of user’s visits. These
context sensitive information are further divided as
Personal – They are about the user interest
while visiting a place that may range from
architecture, buildings or history to anything.
They also consider displaying the available
user refreshments at that place and the user
current location.
Environmental - Entertainments that may be
available at that venue or place i.e. knowing
the timings of attractions and displaying it to
the user.
The next requirement was the system should support
dynamic information. The system should be able to
assist the user in knowing whether the place they intend
to go could not be visited due to the other factors can
now be seen. E.g. when a user goes for the monument
and he returns back because of some official inspection,
visitor is notified by the system that the inspection is
over and should be open by this time.
The last requirement was to assist the user or visitor to
use the services which can be used in that location.
These services vary from messaging to booking of
accommodation. E.g.: when the user needs to reserve
rooms he can use the system to book through the
wireless network otherwise he has to go to the Tourist
information centre.

3. WIRELESS COMMUNICATION
INFRASTRUCTURE

The development of the GUIDE system has been based
on the needs and requests for information from the user
and their navigation.
Secondly the development of interface i.e. Web
browser, should be customized according to the user
requirement.

2. REQUIREMENT
•

•

The Mobile Tourism Guide System requirements were
gathered from various semi-structured, one-one
interviews with the members of the staff of Tourist
Information centre. Also the visitors were observed to
get more information needs.

This infrastructure transmits both location and dynamic
information to the mobile guide systems.

Also the key area of requirement was to provide the
flexibility to the visitor to explore as they like i.e. they
can choose their own way of exploring new places or
guided exploration.

In this the numbers of Wave LAN cells conform to the IEEE
802.11 standard which are supported by a GUIDE server. The
bandwidths of this wave LAN are larger to support large number
of GUIDE units. So due to this broadcast was decided for data
dissemination i.e. information transferring to the units.

[Wireless communication infrastructure diagram]
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4. The GUIDE Information Model

The information model which was designed to represent
•
•
•

Geographic information
Hypertext information
Active components

communication infrastructure. The Guide system has been
basically made of Fujitsu team pad 7600 which has good visibility
even in direct sunlight.
The Positioning information for the GUIDE units comes from the
base stations which are positioned strategically. These were used
instead of Differential Global Positioning System as there is no
additional hardware needed and it will become increasingly
difficult to obtain information from built up areas.

7. USER INTERFACE

[Information model of Guide system]
This model represents the information by special point objects.
These can be used with relevance to location of objects for
determining the shortest route to destination and also contain state
which represents attributes. These Guide units can operate if the
network is down as it has locally cache but if this happens and
persist for long time then information may become outdated.

5. THE GUIDE SOFTWARE
ARCHITECTURE

[Interface of the Guide System in Lancaster]
The guide user interface is based on the browser metaphor.
This was due to
They closely match the information and getting more
information through hyper links about a place.
The increasing popularity of the web and the metaphor
existence.
Easy to use and learn.
These support context aware based functionality.
The system can be approached by the novice user as this one has
a friendly interface and they can retrieve information as per their
own methods. The functions which has been embedded into the
system with the design of buttons are

1.1 Retrieval of Context Aware Information

This architecture shows how the whole system acts, sending
information and receiving them.

The visitor has to click the INFO button and the screen will have
set of choices which hyper links. The system does the operation
based on the options irrespective of their current location. The
system displays six questions of which the first two are context
sensitive which offer retrieval according to the current location
and the later three allow the user to retrieve information which are
not associated to the current location.

These were the basic buildings blocks which were implemented
into the Lancaster GUIDE SYSTEM which are described below.

6. DEVELOPMENT
The development of GUIDE system is based on distributed and
dynamic information model using cell based wireless
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attractions visited from the locally cached memory to know the
current location.

8. CONCLUSION

This paper has concentrated on the context aware application and
in particular it highlights the mobile tourism guide system. It
explains the guide system developed by the Lancaster as a case
study. The Guide system which is a great boon for the visitors as
it has the abilities to accomplish all the need of the visitors. This
will make the visitors to come again to have an enthralling and
rejunuvating experience. This whole setup will help the
government to generate revenue and grow stupendously.

9. ACKNOWLEDGMENT

[Information retrieval screen in the system]

1.2 Navigation of the Information

The system provides maps of Lancaster and the local are map for
inner detail which help the user in to track the path or know which
way should be chosen to reach the destination as soon as possible.
These help during the disconnected period.

1.3 Tour of the City

The system has a button which is labeled as Create a Tour
which takes in the details of all the users list of attractions
which he want to visit. The system also provides the popular
attractions so that user can decide which one to visit. This
system takes into account the opening hours, the best time to
visit and the distance between attractions to keep it short.
The system gives the schedule for the user but they can
override the system according to their needs and they can
always see the next attraction that they are going to visit.
Also it changes dynamically according to the users actions.
E.g. If user stays for more time in an attraction the system
tries to calculate which will be next better for the visitor to
visit and their timings with distance. The system provides the
direction to the user if the user presses the Take me there
button.

1.4 Interactive Services and Messaging
system

The system has services which are connected to various hotels
and restaurants .They help in accommodation booking and also
they help knowing the availability of film tickets in the nearest
cinema hall. The Messaging system has the capability to send
messages to get information from tourist information centre.

1.5 Disconnected operation

The Guide system while used by the user may get disconnected
when there is a problem. So they have to be in a position to assist
the user with the locally cache information. In this period there
will be no connection, so the interface disables all the option
which requires connectivity. Also the system shows the previous

Our thanks to ACM SIGCHI for allowing us to modify templates
they had developed.
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INPUT TECHNIQUES FOR USER
INTERACTION
ON
HANDHELDS
SPEECH/VOICE
TECHNOLOGY

Though lot of speech and voice recognition
software has been developed for computers But
speech-recognition capability in cell phones has
largely been confined to dumping a few voice
commands into a phone’s memory to enable
hands-free dialing. [2]

RECOGNITION

ABSTRACT
We are investigating the various types of input
methods for handheld devices such as mobile
phones, PDAs and pocket PCs. As a part of our
research our group will focus on the upcoming and
alternative techniques for entering data into such
devices. We will also be examining the available
input techniques and study their usability and
efficiency. Our research has been divided into
three parts: 1) Input Techniques for PDAs/Pocket
PCs – Here the available QWERTY keyboards,
indistinct keypads having one or more letters per
key and hand writing recognition of various types
have been investigated. 2) Mobile phones – The
different problems faced by users while keying in
information into mobile phones have been looked
into and possible solutions suggested. 3)
Speech/Voice Recognition devices – This part of
the research has been undertaken by me where I
have analysed how voice can be used as an input
method for hand held devices, primarily focussing
on mobile phones. I have reviewed the different
types of voice recognition systems and how they
work with different nature of sounds. The usability
aspect of Voice Recognition devices has also been
considered.

1. INTRODUCTION
Speech Recognition systems are pervasive in
today’s day to day life. When ever you call a
business be it a bank, customer service or the local
movie theater you can hear an automated voice
which you can interact with through the voice
recognition system. This allows humans to interact
with computers without using non ergonomic input
devices such as keypads, or touch pads. The
usability issue comes into picture when you use
such devices. Input devices such as the keyboard,
mouse or touchpad can be a strain on hands and
arms when using the computer. [4]

University of Strathclyde, Computer and Internet
Technologies
Copyright 2005 Hemant Kumar

A great deal of time is spent by professional users
in any industry creating lengthy reports,
documents, filling out forms and writing emails.
The ability to do all this, on the move away from
the confines of an office or home PC is provided
by handheld devices such as Handheld PCs, Palmsize PCs, and Pocket PCs. The average user may
not be involved in doing the aforesaid activities to
a large extent but navigation through the device;
opening up applications like web browser, music
player, games etc does require the user to use
minuscule keyboards and tapping tiny styluses.
Voice Recognition Systems in such devices can
help in reducing the trouble and time spent keying
in the information through keypads, while
composing documents, correspondence and
navigation.

1.1 Speech Recognition for Mobile Phones
Mobile phones these days usually come with the
‘voice dialing’ feature. It allows storing voice tags
for certain number of names in the phone book.
Each voice tag corresponds to a voice entry saved
by the user. However some advanced mobile
phones do not need this voice entry prior to
making calls. The user can dial a number in the
phonebook by pressing a key and speaking the
person’s name.

The key concern here is the robustness of the
Voice Recognition system. Mobile phones are
used in various locations with variable background
noise. The system has to strike a fine balance
between quite and noisy conditions. The phone can
be used for example in a shopping mall with lot of
background noise, a car at high speed, or at home.
Care has to be taken so that the correct voice is
recognized and it is not misinterpreted with other
noise occurrences.

2. NEED
FOR
RECOGNITION

SPEECH

The need for speech recognition is apparent
considering the usability problems associated with
handheld devices discussed above. Due to the
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widespread usage of mobiles today it becomes all
the more necessary. For example, using mobile
phones while driving a car has been regarded as
dangerous, because it distracts the driver. [3]

3.1 Isolated-word
recognition

vs.

Connected-word

Isolated word recognizers can only recognize a
single word at a time where as Connected word
recognizers can recognize multiple words at the
same time. The latter provides natural language
processing where users don’t need to pause
between words. As stated above this added feature
leads to increased cost and complexity in the
system.

3.2 Speaker-dependent
independent recognition

vs.

Speaker-

For certain mobile phone devices to recognize a
speech, they need to be trained to the speaking
behavior of the user. After the phone is familiar
with the voice of a particular user, it can be used
for processing voice commands. The recognition
system in such devices is dependent on the user’s
speaking pattern. It is simple for distribution
without having to worry about language
heterogeneity in different locations. For example
you can launch the same make in Europe, Asia or
America.
Speaker-independent recognition system is trained
manually before launch against different sample
voices. Here the user does not need worry about
training the mobile phone or a handheld device. It
is ready to use straightaway, but the problem of
inefficient performance creeps up when the device
is not able to recognize a voice or speech against
which it has not been trained. There are numerous
voice samples in this world and it is physically
impossible to analyze all of them.
A hybrid model of the above two group of
recognition systems can be used to solve this,
where the user only has to train certain words in
the vocabulary which the recognition system finds
hard to interpret.

3.3 Small-vocabulary vs. Large-vocabulary
recognition
Mobile phones usually have a command and
control type applications for example asking to
‘tune radio’ or ‘start voice recorder’. According to
(Dobler, 2000) for such recognition systems small
vocabularies up to 100 words are sufficient.
The problem with such voice technology is that the
user has to remember the key words ‘tune radio’ or
‘start voice recorder’ to load an application.
Large vocabulary recognizer for the dictation of
letters or e-mail can contain up to 100,000 words.
[3]
For example IBM Embedded ViaVoice 4.4
software package, is a significant technology
advance for embedded speech technology in
devices and automobile navigation systems. [1]
This allows the users the freedom to speak
commands naturally without having to memorize
specific keywords. For example to start a radio,
this technology allows the users to say ‘start
radio’, ‘set radio’ or ‘change radio’.
This technology can be employed in handheld
devices to achieve better performance but for
mobile phones the memory constraints limit its
implementation as the memory space requirements
are very high.

4. CONCLUSION
There is significant research being undertaken into
Speech Recognition Systems where major players
like IBM, Ericsson, and Microsoft are exploring
new ways to improve the performance and
usability of the handheld devices. Through this
research I have come to know that speech
recognition will be a major consideration as Input
technique for handheld devices in the near future.
The ability of this technology to provide the user
with a natural communication mode (speech) is
what I believe will carry it forward. There will be
a time when the miniscule keypads which are still
becoming smaller by the day will give way to
speech recognition systems with only marginal
space for keys on a handheld device.

A handheld device that enables a user to chat in
another language - without having to learn any
words or phrases for themselves - has been
developed by Japanese electronics firm NEC. [5]
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Key-based Text Entry.
A Mini Survey of Text Entry Techniques

Slide 2.

The Telephone Keypad.

Ambiguity creeps in.

ABSTRACT

AID ShortPaper
A casual look at the major paper by the above authors
convinces one immediately that some overview is
essential to ensure that an intelligible presentation is
made available within a reasonable period. It is with
the readers’ forbearance that a condensed version is
presented and personal views are expressed as to
where further investigation might lead, and the
attendant dangers. A soupcon of the numerous
attempts at producing a viable solution to the need for
a keyboard compatible with the objective of using the
miniaturized versions of mobile computers is
illustrated, leading to the conclusion that further
miniaturization of computer terminals for the human
user is incompatible with the severe limitations of
humans and indeed may already have overstepped
the mark.
Keywords;
text entry, keypads, mobile.
A completely unambiguous keyboard would include
all the alphabet, upper and lower case together with
all the usual numbers and key controls for the
computer input. A serious demand on the space
available to a useable keyboard and a relatively
awkward, cumbersome item demanding a much
larger area than the human hands could normally
encompass and requiring much more hand
movement to input text.
Slide 1.

The Non-Ambiguous Keyboard.

The ambiguity occurs when we try to reduce the
number of keys on the board and make the remaining
keys do more than one activity. This reduces the hand
movement and the keyboard size but increases the
number of keystrokes. To reduce size even further by
increasing the actions carried out by each key,
necessarily increases the ambiguity. This is what has
been done in many cases and the penalty is
exemplified by the small keyboard examples.

Slide 3.
Ambiguity Shows --fox, or tie stick crown.....

The quick brown

This was acceptable for telephone exchanges. For
instance, in Glasgow, CEN typed in or more likely
dialed in, was sufficient to get through to Glasgow
central exchange without further identification or BEA
to Bearsden exchange, those exchanges being
programmed to accept the ambiguity implied.
However to insert a useful text entry and overcome
the ambiguity inherent in the multiple letter keys more
than one touch or tap is necessary for each letter.
Whilst in earlier times this ambiguity was acceptable
for telephone exchanges the concept of typing
significant amounts of text is a daunting task.
As with mobile phone keyboards the ambiguity has to
be overcome and the need for larger text inputs has
produced the texting language which in extremis:
"yyuryyubicuryyforme"
Translation?
Too wise you are.
Too wise you be.
I see you are
too wise for me.
Additionally, the use of the thumb only has been
enforced. Those who are of delicate enough physical
structure allow this mode to continue until the overdevelopment of this digit or persistent strain injury
inhibits use. Also the increasing percentage of an
aging population will not or can not adopt this
technique.
Slide 3.
Even Partial Disambiguity introduces
complexity. Additional keystrokes.
The typical example is the multiple
"thumb" strokes per letter to do texting.

In examining the numerous attempts to achieve a
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miniaturised keyboard one is led to the conclusion
that there is nothing left to try. Having reviewed the
research and the brave attempts at a solution, one
almost reaches the conclusion that "there is nothing
new under the Sun" --- Of course there must be --- we
still need a solution.

We shall, however, examine some of what has been
done, in the hope that we can eliminate many of the
systems proposed and though pushed by their
advocates, have not found a substantial niche among
the main user population. Some, indeed many, might
be considered eccentric and we list the shortcomings
as being typical.
1. The learning difficulty for practical use.
2. The slowness of the systems in achieving
reasonable speeds of entry. (Characters/minute)
3. Fragility of miniature keyboards (to allow them
remain lightweight and portable).
4. The competition between efforts to remain small
and the "hamfistedness" of the human user.
5. But mainly the huge pressure of the long term
existence of a massive and growing "qwerty"
population.
6. Continued training of personnel in the qwerty"
regime.
Here is a selection of typical small keyboards to allow
you see that the problem has been addressed over a
long period and still awaits a satisfactory answer.
There is an answer somewhere and a suitable reward
for the inventor. The prize is still available.
Key- based Text Entry --- The Telephone Keypad
Slide 1.
If, as it appears, a reasonable requirement for users
to input text on a miniature hand – held device, such
as the miniature mobile, the corresponding keypad
must inevitably be of commensurate dimensions to
continue the apparent desire of users for pocket,

hand or purse carriage; indeed a fashion item.
However to require an input facility of keyboard
dimensions to permit input of information at normal or
higher input rates runs contrary to the fetish for
miniaturization. That a larger keyboard is necessary
emanates from the physiology of the average human,
necessarily having digits of unfortunate dimensions,
though, of which they should be grateful for other
uses.
The hand size determines the possible key
dimensions and intervening spacing, for the fast input
to which the user has become accustomed. Reducing
these dimensions beyond hand acceptable limits
introduces mis-typing on two or more keys
simultaneously.
Should the input be a short message, the extra time in
effecting the result on a mini-keypad is the imposed
consequence of keeping the advantages of
miniaturization. For longer message inputs such as
scientific or legal documents where speed and
accuracy is mandatory, it is only logical for the user
either to revert to an instrument with a “standard”
keyboard or accept the limited burden of a plug - in
keyboard of better usability and of inventive design to
minimize the overall degree of enlargement of the
“mobile” or other small device. Inevitably one must
concede that in going from a thumb or pen typing,
(short message) one is using one hand to hold the
“mobile”, the other to “type”. For speed and accuracy
typing in the enforced “mobile environment” it is also
enforced that the mini – keyboard is laid out for
mimicking its standard equivalent.
It must be noted that the expert touch typist is
prevented from his/her speed plus accuracy in now
having to take cognizance of hand movement, the
screen and for copying script, must have eyes for all
three.
The problem then resolves into: When away from the
facilities of a standard keyboard and its office – like
environment, how small can an input keyboard be
designed to give normal typing speeds with
comparable dimensions to its “mobile” equivalent?
How
small
can
a
usable
keyboard
be
packaged/folded to be robust enough for portability
and give proper service when deployed for two
handed use? Of course, the latter keyboard input is
then dependent on having the backup facilities of
“Windows” or similar. Consider the increased
computing, the size, power demand and weight
imposition with the attendant battery syndrome in the
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background.
Should one be pushed to provide a keyboard to mimic
the standard, one might consider the printed circuit
board type of the radio or TV variety which might be
prepared in folded form with" touch keys" simulating
the standard to give full typing performance?. Folding
and flexible connections are the key being vulnerable,
requiring R&D. Such a development could restore
touch typing performance although with the attendant
problems already defined of bulk, weight and possible
power requirement.
Conclusions
Attempting to incorporate all the facilities now
available into one device and still call it a mobile,
leads to the washing machine /spinner/drier
combination syndrome of one part fails and the total
machine goes away for repair. The problem is
exaggerated further in the mobile case where the
complexity of the multiple devices necessarily incurs
excessive “downtime” and repair costs, demanding a
decision to repair or buy an up to date replacement in
the repeat purchase market. The “scrap it” tendency
encourages “The Waste Makers”. (2). Note: attention
is drawn to the comments made by the reviewer,
appended.
At what stage does one decide that the intermediate
tool, for out - of - office usage, yet retaining office
typing standards, is already available with the
“laptop”? Are we attempting now, to destroy the
“mobile ” quality, by hanging on too many “goodies”,
making it bulky, weighty and defeating its original
attractions and purposes of mobility and reasonably
instant communication?
Is it not regrettable that the prevalence of shorthand
has decreased or virtually disappeared when Graffiti
and Unistrokes and handwriting recognition are
available.
Though alphabet characters were
persisted with and achieve some degree of success,
one wonders what speeds of text entry might have
been possible with shorthand symbols being
recognized and interpreted. With the shorthand
“dictionary” digitized for handling at current computer
speeds, presumably the text insertion rate would be
that of the dictation rates of former shorthand typists,
or better with machine shorthand, speeds of
shorthand of 220-260 words per minute being
recorded and higher claimed. Should this be the

subject of further research? Perhaps a miniaturized
human - compatible shorthand machine, even for one
- handed operation may be envisaged? One must
remember that one keystroke inserts several words or
phrases at a time and two handed operation might be
unnecessary.
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It has been years since I read this book, but its message is very
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As I recall it deals heavily with the automobile industry. But in
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truth, the US auto industry could not hold a candle to the
computer and software industry of today. This is also true of
many other consumer goods. GDP is literally a measure of our
garbage! Waste Makers is worth a read.

truth, the US auto industry could not hold a candle to the
computer and software industry of today. This is also true of
many other consumer goods. GDP is literally a measure of our

It has been years since I read this book, but its message is very
timely. It deals with the strategy of companies to manufacture
goods that wear out or break down so they need to be replaced.
As I recall it deals heavily with the automobile industry. But in

40

Augmented Reality & Ubiquitous Computing
Azhar Mehmood Malik
Department of Computer &
Information Sciences
University of Strathclyde, Glasgow
Tel: - 00447896087371

ammalik@cis.strath.ac.uk
systems. This is done by reflecting the video images through
partially reflective mirrors. The real world view is seen through
the mirrors' reflective surface. [1] Most HMDs include a head
tracker so the system can track the head movements.

ABSTRACT
By integrating technology such as sensors, displays and interfaces
into physical environment we can create smart space. This paper
focuses on the technologies used in such environment for tracking
and positioning, display of information etc. It also focuses on the
how ubiquitous environment can be augmented.
Next section of the paper looks into the challenges involved in
designing the user interface of mobile devices. Apart from that I
discussed how augmented reality can be used to design the user
interface of the mobile devices. Finally I have described an
augmented reality based ubiquitous computing scenario.

Keywords
Augmented reality, smart spaces, sensing, ubiquitous computing,
augmented reality interfaces.

1. INTRODUCTION

Figure 1. Kaiser Electro-Optics Sim Eye XL100A

Today’s computer graphics seems too real. Computer scientists
are now working to pull these graphics out of the computer screen
and integrate them into real-world environments, thus giving birth
to Augmented Reality. They are trying to augment what we see,
hear, feel and smell into computer graphics.

There are certain problems with HMDs e.g. there is a delay in
image-adjustment when the viewer moves his or head. This
problem can slow down the user’s interaction with the
environment. The possible option is to use Microvision's Virtual
Retinal Display. This device uses light to paint images onto the
retina by rapidly moving the light source across and down the
retina. [2] The promising feature of this display is its smaller size
but it is very expensive for the time being.

Augmented reality will change the way we view the world.
Imagine walking in a city, you will see informative graphics along
with the voice that tells whatever you see. This can be achieved
through augmented reality displays which can be like a normal
pair of glasses.
In the coming section of this paper I will focus on the components
of technology by which we can overlay computer-generated
graphics onto the real world.

2.2 Tracking and Orientation
The location information of the user with reference to his/her
surrounding is of prime importance in augmented reality systems.
Another problem is tracking the movement of user’s eyes or head.
The tracking system has to track these movements and the project
the graphics related to the real world environment the user is
seeing at one moment.

2. AUGMENTING THE REAL WORLD
Augmented reality is still in the early stages of research. The basic
idea behind augmented reality is pretty simple i.e. to superimpose
graphics audio and other sense enhancements over a real-world
environment in real-time. For an augmented reality system to
work we need three components.
•

Head-mounted Displays (HMDs)

•

Tracking and Orientation

•

Mobile Computing Power

Tracking is easier in smaller spaces and there are several tracking
systems that are available which works in 500-800 feet range. The
Hiball Tracking System developed at University of North
Carolina-Chapel Hill uses an optical sensing device and LEDembedded ceiling tiles to track movements over a short range. [3]
To get true charm of augmented reality, it must be usable both
indoors and outdoors. The best technology for open areas is
Global Positioning System (GPS). GPS receivers have an
accuracy of about 10-30 meters. This accuracy is not good enough
for augmented reality, which needs accuracy in millimeters. The
augmented reality system will be worthless if the graphics

2.1 Head-mounted Displays (HMD)
The idea of head-mounted display is same as that of monitors.
HMD is like a tiny monitor in front of the eyes. HMDs enable us
to view the graphics and text created by the Augmented Reality
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projected were 10-30 meters away from what you are actually
looking at. There are ways by which the accuracy can be
improved. One possible way could be using multiple GPS signals.
GPS accuracy can be improved further, to about 1 cm (half an
inch) over short distances, using techniques such as Differential
GPS.

augmented reality adds more scalability and flexibility to the user
interface design. Augmented reality supports the interaction
between the human and ubiquitous computers. For example the
user could enter a smart space in which the ubiquitous computer
is operating. The user can then see what resources are available in
the environment by using the AR glasses.

2.2 Mobile Computing Power

Mackay [7] has proposed three directions in augmented reality
interfaces.

Graphics applications are power and resource hungry. For
augmented reality systems there is not enough power to generate
3D graphics. The devices such as HMDs are running on batteries.
Battery discharge increases the probability of device failure
resulting in system failure.

5.1.1 Augmenting the User
Helmets, data gloves, goggles are devices for augmenting the user.
Augmenting the user means that the interface to the computer
system is attached to the user.

Currently researchers are using Lithium batteries which give
better life but still this area has been under research for a decade.

For instance, in a ubiquitous environment (smart space) the user
might be carrying a PDA which means that PDA is physically
attached to the user. Interaction may be carried out on the
environment by using the functionality of PDA. Thus PDA acts
“glasses” and “gloves” extending the user’s perceptual
capabilities into the domain.

3. AUGMENTED REALITY AND
UBIQUITIOUS COMPUTING
Many day to day usage devices ranging from microwaves to
washing machines are equipped with computers. The idea of
ubiquitous computing is to embed computation into everyday
objects and environment so that people can move around and
interact with the environment in a natural way.

In order to have a clear understanding of augmenting the user
carrying a PDA, consider the example of remote control of a TV
set. Assume that the remote control is the range of the TV.
Remote control is almost invisible extension of the viewer. The
viewer changes the channels directly by pressing the buttons of
the remote control. This direct manipulation is obtained through
the layout and shapes of the buttons. Another example could be
controlling the movement of toy (car) with the remote from a
distance.

Now the question is how augmented reality and ubiquitous
computing are linked together. Augmented reality (AR), which
enhances a user's perception of the real world with computer
generated information, can turn the everyday world into a user
interface for ubiquitous computing applications. [4] This means
for any ubiquitous scenario a 3D augmented image of the
surroundings provide context relevant information about the
environment and position of the user.

5.1.2 Augmenting the Object
The physical object is changed by embedding input, output or
computational devices on or within it. [7] This means that the
interface of the computer system is attached to, or embedded in
the object. In case of PDA, interaction is carried out through
manipulation of physical object to which PDA is attached. And
also through showing information on the object by the way of the
PDA display. Because the PDA becomes embedded in, or rather
attached to, the object, the connection between the PDA and the
object is visible and direct.

4. USER INTERFACES FOR MOBILE
DEVICES
The mobility in a ubiquitous environment can be categorized into
three components: mobility of users, infrastructure and
information. The user interfaces of mobile devices have special
requirements as they have to be operable while the user is mobile.
The aim of the mobile interface is to provide similar resources as
fixed desktop computer with the extra characteristic that it could
operate while user is mobile. The existing approaches in
designing a mobile user interface are mostly concerned with the
emulation of the functions available for desktop computer. Some
researchers argue that mobility is not an issue while designing a
user interface. However Lyytinen & Yoo are of the view that
mobility should lead to important changes on how input and
output for the mobile devices are being designed and built. [5]

Augmenting the object resembles the help and guidance
mechanism of modern printers. When the tray of the printer is
open it displays the message. And when the paper is jammed
inside the printer, it shows step by step instructions to solve the
problem.

5.1.3 Augmenting the Environment
In order to support various human activities we have to augment
the environment. Augmenting the environment means that
interface to the computer system is embedded in the environment
surrounding users and objects, projecting images and recording
remotely. [8]

On a desktop computer user can handle the interaction easily
because of the large screen and keyboard. Due to recent advances
in technology mobile devices are much smaller in size, thus
increasing the interactions problems. Many steps have been taken
recently to address these problems: letter recognition PDAs, audio
and voice recognition resolves some interactions problems.
Sensors also contributed to better context and location awareness.

If a person carrying a PDA enters a smart space, interaction is
carried out through manipulation of physical objects that are
tracked. Tracking can be accomplished through the barcode
readers or Radio Frequency Identification (RFID) readers
installed in the environment. Several other sensors and cameras
can be installed in the environment to track motion or detect
devices.

5. AUGMENTED REALITY INTERFACES
Augmented reality enables the user to see the surroundings while
overlaying virtual objects into it. Rodden [6] suggests that
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6. AUGMENTED REALITY INTERFACE
SCENARIO
I am presenting a scenario in which a student has to extract some
information from a book for his/her particular course. It is a
general human computer interaction book. The student is looking
for specific information from the book. Let us say that the student
is interested about “Augmented Reality”. He/she does not have
enough time to read through the book. He/she is interested in all
the pages of book where the word augmented reality appears.
We are trying to maintain the basic features of the book and
giving the student a feature for extracting information from the
book. Our system consists of a specialized goggles on which the
computer generated text and graphics are displayed and PDA for
input and data processing. The idea is to allow the student to read
through the book, while we provide facilities (such as search)
accessible via PDA and visualized on top of the book through the
goggles. Thus the user is able to access the paper and electronic
versions of the book at the same time.

The student selects the search icon with the help of mouse and
click on the search option. Then he/she types in the string to
perform search. All the occurrences of the word “augmented
reality” are now highlighted.

6.2 Differences from other Interfaces

There is a small camera inside the goggles which provides the
PDA with the images of the pages the user is currently looking at.
The PDA will be performing the following functions:
•

The proposed interface has some common characteristics with the
other interfaces, but it is different in some way. For instance the
user does not have to be in particular environment while he is
reading the book. All the properties of the ordinary book are
preserved and the user can interact with the real world while they
are reading the book. The interface is adaptive i.e. the act of
reading is not different from that of reading an ordinary book. The
layout of the book is user independent. Minimum computer
knowledge will be required to interact with the system.

User input

User input is one of the important concerns of the interface. I am
assuming that the student is on the study table while he is reading
the book and is able to use the mouse and keyboard from PDA.
•

Camera input

PDA takes images from camera (in the goggles) and stores them.
•

Storage
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Voice could be added to the electronic copy of the book. For
example after performing a search on “augmented reality” voice
can tell the user to go to page 23.
•

8. REFERENCES
[1] Head-mounted display Overview, Wikipedia , the free
encyclopedia, Available at
http://en.wikipedia.org/wiki/Head_Mounted_Display Last
Accessed April 14, 2006

Electronic copy

The electronic copy of the book is stored on the PDA and is in the
same format (text, layout) as that of the physical book.
•

[2] Virtual Retinal Display (VRD) Technology, University of
Washington, Available at
http://www.cs.nps.navy.mil/people/faculty/capps/4473/projec
ts/fiambolis/vrd/vrd_full.html Last Accessed April 14, 2006

Image processing

Since the pages of the book are displayed on the goggles, so they
have to be converted to 3D. The images obtained from the camera
need to be processed and the PDA has to match them against the
reference points stored on the electronic copy of the book in order
to locate the pages of the book.

[3] The UNC Tracker Project, 2000, 6D Pose Estimation for
Humans and Devices, Available at:http://www.cs.unc.edu/~tracker/#Anchor-Project-45847 Last
Accessed April 14, 2006

6.1 Task: Search the book for the word
“Augmented Reality”

[4] Dieter Schmalstieg, Augmented Reality for Collaborative
and Ubiquitous Computing, Avaliable at:
http://studierstube.icg.tu-graz.ac.at/ Last Accessed: 16 April
2006

A student is interacting with the proposed interface. He opens the
book and wants to extract information regarding augmented
reality. He does not have enough time to read through the entire
book. He would like to know all the pages where there is
information about augmented reality. He decides to put the
goggles, a set of icons are displayed in the goggles.

[5] Lyytinen & Yoo 2002, The Next Wave of Nomadic
Computing. Information Systems Research 13(4): 377-388.
[6] Rodden T, Cheverst K, Davies N & Dix A (1998) Exploiting
Context in HCI design for Mobile Systems. Workshop on

43

Human Computer Interaction with Mobile Devices,
Glasgow, UK.
[7] Mackay, W. (1998). Augmenting Reality: Linking real and
virtual worlds A new paradigm for interacting with
computers. In ACM Conference on Advanced Visual
Interfaces,ACM Press. Available at
http://insitu.lri.fr/~mackay/pdffiles/AVI98.AugmentedRealit
y.pdf Last Accessed 16 April 2006.
[8] Olav W. Bertelsen & Christina Nielsen 2000, Augmented
Reality as a Design Tool for Mobile Interfaces, Proceedings
of the conference on Designing interactive systems:
processes, practices, methods, and techniques Pages: 185 –
192.

44

Augmented Reality & Wearable Computing
Michael Witty
Graduate School of Informatics
Dept. of Computer and Information Sciences
University of Strathclyde
0141 548 3700

mwitty@cis.strath.ac.uk
Abstract

own unique view of the world in which the same interactions
can take place but on more discreet and personal level. In
contrast to an immersive environment a wearable computer
can adapt and respond to individual needs and goals,
essentially creating a personal kind of augmented reality,
which is not confined to an individual room or space.

This paper aims to give an overview of the
characteristics of wearable computing and discusses the
various interface issues and applications of the technology.
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3. Wearable Computers

1. Introduction

Instead of simply miniaturizing current computing
technologies, wearable computers are intended to become an
extension of the person much like a prosthetic, which interacts
with users more a kin to a personal assistant[] which reacts not
just to user input but also to users actions, behaviours and
their physical environment. An awareness of the users
surroundings and actions can be given to the system to make
socially appropriate actions to be determined.

As technology has enabled computers to become smaller and
more portable the possibilities for mobile applications has
increased significantly in recent years. Laptops, PDA’s and
even mobile phones are gaining more of the functionality
commonly associated with desktop PC’s allowing users to do
more tasks ‘on the move’ and harness some of this computing
power for use throughout normal day to day activities.

To achieve this a wearable computer should have the
following characteristics[3].

Current portable devices duplicate functionality as people
carry more technology on their person and often there is little
support to allow such devices to communicate with each
other. In order to interact with such devices the users full
attention is demanded and operations are carried out in a
purely reactive manner to user input; this is not only
inconvenient but also restrictive to the possible applications of
such devices.

Constant operation; as opposed to a desktop applications will
be constantly working in the background so that they are
always prepared to interact with the user as appropriate, they
may also be gathering or recording information about the
current environment or possibly user behaviours to better
predict user needs and goals.

Wearable computers aim to provide a more suitable interface
to seamlessly interact between the user and their environment
and also provide functionality to better utilise the potential of
mobile computing. This paper aims to give an overview of the
characteristics of wearable computing and discusses the
various interface issues and applications of the technology.

Unrestrictive to the user; as much as possible a wearable
computer should, in a sense, disappear, so that interference
with real world actions is minimised, this is not only from the
point of view of physical size but also in terms of interface
and the interaction between the user and their environment.
Should not monopolize the users attention; information should
be presented in a way that does not distract from a persons
surroundings and instead seamlessly operates between the
user and their environment, providing context relevant
information and tools to help with regular day to day
activities. In the same way that a users attention should not be
monopolized they should also be able to adjust their degree of
attention to the system as appropriate and take control when
desired with little effort.

2. Augmented Reality
Wearable computing can be closely linked to the idea of
augmented reality; AR can be described as the
supplementation of real world environments through the use
of virtual or computer generated images or information[1].
These can be overlaid or attached to physical locations or
objects through various methods to give the observer an
information rich environment with which they can interact.
For example in a augmented reality kitchen[2] recipe
information can be projected onto a work surface to allow it to
be easily followed, at the same time sensors on the hob can
monitor its temperature and provide warnings if food is about
to burn. By using this combination of sensors and
interconnected
devices
immersive
and interactive
environments can be created to provide help and assistance
with everyday tasks.

Environmentally aware; One of the main problems with
current mobile devices is that they have no way of
determining if it is appropriate to interrupt a user nor do they
have any awareness of surroundings or a users personal
preferences. A wearable computer should be aware of the
users behaviour and surroundings, this allows it to determine
appropriate actions and volunteer information or suggestions
based on what the user is doing at the time. By recording
information on a user’s behaviours personal preferences can
be determined to better make future judgments.

Wearable computing expands on this concept further by
providing the user with the sensors and devices to create their
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Communicative; wearable computers should be able to
communicate with and interconnect easily with other devices
and provide lines of communication for the user, whether it be
for e-mail phone or wireless network connection.

constant independent of orientation; viewable area is therefore
restricted to that of the display.
Body stabilized – information is fixed relative to the users
body i.e. the viewer will see a menu system that only moves
when they turn their head from side to side. This presents a
cylindrical display relative to users body; requires head
orientation tracking only.

4. Components of a wearable computer
As with any computing system a wearable will require a
means of receiving input commands or data and a means of
presenting information.

World stabilized – information is fixed to real world locations
this gives the impression of a see through interface which
presents a display of infinite size depending on where the user
looks. Tags attached to world objects to provide information
and orientation the environment effectively becomes the user
interface; requires both position and orientation tracking.

The majority of mobile devices still use the conventional 2d
display and keyboard or keypad interface. This is of course
not always suitable for mobile applications, in most
circumstances the users attention should and will be focused
on their surroundings and performing other tasks, not only
will they be concentrating on their surroundings it is more
than likely that both hands will not be free to use a keyboard,
which is in itself cumbersome.

It is also possible to use a combination of the above in which
case some items will appear fixed to the users perspective for
example main menu items, time etc; whereas others will
appear fixed to the world for example location information.

To get around these problems the general configuration in
most wearable computing scenarios typically consist of a head
mounted display and a one handed interface such as a
chording glove.

To provide input to the system a number of methods have
been researched these generally involve a one-handed
keyboard or chording glove, which with practice can be used
to type single-handed. By pressing key combinations or
‘chords’ a full keyboard can be accessed via only 18 keys,
other systems use tracker balls and similar interfaces. More
recently the idea of directly using body gestures has been
researched. The finger mouse aims to track a persons hand
movement through the use of a video camera, this method is
desirable because it eliminates the need for cumbersome
gloves or other interfaces and the user can simply point to
objects as they see them.

The head mounted display can take one of two basic forms; a
see through display which projects an image on to a glass
eyepiece or a completely opaque head set which displays the
image output of a head mounted camera. In both cases the
goal is the same; to provide a see through interface allowing
both the user’s natural perspective to be viewed with
computer generated information overlaid.
In addition to the basic components certain contextual
information on the user and their surroundings is needed to
perform some of the functions outlined earlier. To obtain
location information GPS can be used and where necessary
more accurate local sensors are used to determine things such
as body orientation and position. In addition other sensors
have been experimented with for example RFID tags,
biometric sensors and digitised video can all be used as sensor
input to provide contextual information.

Biofeedback[9] has also been suggested, which makes use of
EMG or electromyography to measure muscular contractions.
The data can be used to give the system information on users
current activities or determine and directly use specific body
gestures as a control input. Further to this it has also been
suggested that other forms of biosensors can be used to
determine a users mood and also monitor health[6] to provide
additional contextual information.
3d sound cues[9] have also been experimented with; the idea
being that users can successfully navigate menu systems
without having to actually see a display. Using sound cues as
indicators these users can tell when a certain action has been
carried out this 3d sound scape can of course equally use
speech as a feedback mechanism, but more importantly they
have implications for visually impaired users. Voice
recognition can also be used as an input method to the system
however this proves problematic in noisy environments
making it difficult for the system to distinguish individual
commands.

5. Interface design
One of the more challenging issues of wearable computing is
creating an interface that allows users to interact with the
system without interfering with their normal activities.
Traditional 2d windows icon menu pointer systems are not
generally suitable or practical for applications in wearable
computing[9]. Input systems need to be able to be operated by
one hand or better still hands free if possible. Likewise
displays may be viewed from arbitrary angles, in changing
lighting conditions and should not interfere with the users
normal perspective of the environment.

3d glyphs menu systems and graphical hypertext[10]; The
main distinctions between traditional menu systems and
augmented reality is the use of overlaid graphics, using
location and object sensing information objects can be turned
into interface items and likewise information can be visually
attached to locations, sensor information can also be used to
track objects in such a way that graphics orientation changes
as the users viewpoint of an object changes. This allows
varying levels of detail to be presented to the viewer.
Individual objects can appear as one word links, which when
activates expand to provide more detailed information.

There are 3 main methods with which to present information
to the user; each requires a varying amount of contextual
information and can be categorised as follows [8]
Head stabilized – information is fixed to the users viewpoint
as in a head mounted display which does not change
depending on the orientation of the users head. No
information is required about the user’s position and remains
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To further enhance functionality the fact that the system
should behave in a proactive manner to some degree should
help with interface issues since it can learn from past user
actions and pre-empt needs and goals which would reduce the
amount of physical input required from the user.

more inhabited by technology it is therefore desirable to have
some control over what exactly is monitored.
One of the main advantages of using wearable augmented
reality systems over smart spaces or other interfaces is the fact
that the user is encapsulated in their own personal information
space with no external influence other than that which the
system and user chooses to use. The system thus acts as a
filter between the user and their environment allowing only
the information they want to be presented to them.

6. Applications
The applications of wearable computing are many and varied
and to some extent will depend upon the person using them,
some of the more general applications are outlined;

Collaborative and cooperative communities; using these kinds
of systems new levels of interaction can be achieved by allow
communication between users through the computer interface
in addition to spoken word and face to face meetings.
Information and media can be easily shared, and more
importantly it could be possible to share first hand
experiences. In addition the idea of collaboration between
whole communities can also be explored.

Remembrance agents [3] A remembrance agent is intended to
act much like a personal assistant. By building a database of
behaviours and preferences in addition to more ordinary
information such as appointments and schedules, a
remembrance agent attempts to ‘learn’ and anticipate needs
and goals based on contextual information. Reminders can be
given to users only at appropriate times for example the
system may be aware that a person is currently giving a
lecture by looking at their schedule so the system will wait
until they are finished to issue the reminder.

Social empowerment: wearable computers can empower
individuals in a number of ways, through their use people will
no longer be in situations where they are lost or in unfamiliar
territory, local information will no longer be privy only to the
local. Remembering faces, names or facts will no longer be an
issue since all the relevant data will be carried with them to be
accessed whenever required and perhaps most importantly
users experience of everyday life can be enhanced, whether it
is by affording people with disabilities more independence or
providing new perspectives on the world.

Navigation[6]; much in the same way a satellite navigation
system works in a car the same idea can be applied to an
individual with a wearable computer. By using GPS
technology information about a users current location can be
displayed and local landmarks highlighted for the viewer to
see, in the same way as an in car navigation system the user
could select destinations then be guided to them either through
the use of the traditional voice instruction or more likely by
displaying a virtual path to follow in front of the user.

8. Summary

Knowledge databases[3] since the system can accept user
input and in some respects record user experiences video
audio, it is possible to build up a personal knowledge base.
This could take the form of personal notes made whilst doing
other activities or first person video footage and audio. This
can be very useful not only as a means to record such
information but also to train others on specific tasks, since one
persons entire knowledge base could technically be
downloaded straight onto another persons wearable computer,
thus giving them hours of valuable first hand footage on a
specific task.

This paper has looked into some of the main aspects of
wearable computing, and although there are some commercial
examples of systems already available these are still quite far
from the examples proposed, however the research is being
undertaken and the technology progressing the biggest
challenge will more than likely be getting the general public
to accept the use of the technology and overcoming the social
obstacles.
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ABSTRACT

Operation always plays the most important role in patient
treatment, as a rule, the process always based on combination of
doctors’ abilities and medical instruments. Unfortunately, until
today, whether surgeries can be successful are mostly depend on
individual experiences and skills of the surgeon. For example,
when a doctor deals with tumor operation, he or she used to take a
look about patient scan image from CT or MRI, determine where
the interest location should be, and then, estimate whether he can
locate the focus in real life, cutting with bistouries. Obviously, the
situation is neither precise nor secure.
As computers become more and more portable, powerful and
visible, it is possible for surgeons to present their operation under
computer assistance. Augmented Reality is such computing-based
technology that can promote accuracy and safety for surgery
process. This paper provides brief introduction to AR and its
development and application areas by far; more attention will be
paid to AR in medical field which covers some important topics
such as medical image data combination, tracking and
visualization, user interface and interaction etc. In addition,
potential problems, technical challenges and possible solutions
will also be presented.

Keywords
Augmented Reality, Surgery, Medical Imagery, Display, HMD,
Tracking System, User Interface

1. INTRODUCTION
Augmented Reality (AR) normally means the overlay of virtual
images on the real world and an AR system should have such
features: combines real and virtual objects in a real environment;
runs interactively in real time; and register (align) real and virtual
objects with each other. The beginning of AR research can back to
1960s; researchers were interested in developing somewhat headmounted display (HMD) devices to present 3D graphics at that
time. As a result from such research HMD has become one of
necessary and important devices in AR system and provide device
prototype for early applications. With the fast development of
information technology in the past decade, AR’s growth and
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progress have been remarkable and AR technology has been used
widely in many application areas such as medical visualization, egame development, travel guide, maintenance and repair of
complex equipment, fire fighting, menu display for shopping or
film watching etc. This paper will focus on augmented reality in
iatrical field; try to demonstrate what AR system can be used in
operation and how it works.
Just like said above, traditional medical practices and operations
mainly rely on the skills and abilities of the surgeon or physician,
in terms of both cognitive and motor skills. AR can provide
methods and tools to increase these abilities, for example
improved visualizations offers the surgeon views of his patient
previously hidden, the use of interfaces between the surgeon and
virtual instruments to activate other devices could allow accuracy
and precision which is previously beyond human abilities alone.

2. THEORETICAL BACKGROUND

As a matter of fact, AR system in medical application is
somewhat integration of multi-subject which includes modern
medicine, computer science, psychology, image map technology
and GUI design etc. Such prototype normally comprise of
components of display system, tracking system, calibration-based
camera or microscope and human-computer interface. Each of
them has specific responsibility in AR system:

2.1 Display Systems

Mainly responsible for getting virtual visualization of augmented
frames which overlay on the physical objects (focus of
patient).Based on research in existence display device can be
classified such categories:

2.1.1 Head-mounted Displays

Users mount this type of display on their heads, providing
imagery in front of their eyes, the image always mixture of virtual
and real life.

2.1.1.1 Optical see-through

Provide the AR overlay through a transparent display device. In
this case, real images are mixed with virtual images optically and
shown to observers

2.1.1.2 Video see-through

Capture video from head-mounted camera (for surgeon,
microscope together) as background for the AR overlay and
shown on an opaque display.

2.1.2 Projector mounted

In this method, images are projected along with the viewer’s line
of sight at physical objects in real life via head-mounted projector
designed specially.
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as accurate as optical tracking.

2.1.3 Display Panels

Another AR display device also named handheld display which
acts as window or a magnifying glass to show the real objects
with an AR overlay.

2.1.4 Projection Displays

In this approach, the interested virtual images are projected
directly on the physical objects to be augmented and this way has
been proved very helpful in AR surgery.
Table1. Main Parameters for HMD in Surgery
Resolution&
ColorDepth

Head
Mobility

Tracking
highly registered,

Very High

Medium

medium working
volume, moderate
lag

Design Form
Look around,
Video
seethrough, Flip
up, Comfort
for long wear
time

Minimum acceptable performance criteria in Medical

2.2 Device Calibrating

AR systems generally need extensive calibration to produce
accurate registration. Measurements may include camera
(microscope) parameters, field of view (FOV), sensor offsets,
object location, distortions, and so on. [Steven Feiner, 2001]
In medical field, calibrating the display devices is necessary to
know the correspondence between 3-D world and the 2-D overlay;
as a result, it can provide accurate registration of virtual models
for AR application. For instance, surgeon should keep track and
trace for both the coordinates position of the microscope optics
and the position of the focus of patients during operation process
to determine where the exact place he should operate on.
With the development of device technology, new calibration-free
renders have been produced to avoid a calibration step. Another
way to reduce calibration requirements is auto-calibration. Such
algorithms use redundant sensor information to automatically
measure and compensate for changing calibration parameters.
[B. Hoff and R. Azuma, 2000]

2.3 Tracking Systems

Accurately tracking the user’s viewing orientation and position is
of vital meaning for AR system, especially in medical application
field, which is mainly in charge of keeping track of focus and
surgeon’s eyes to guarantee highly accuracy registration during
the operation.

2.3.1 Optical tracking

In this case, it can provide very high accuracy up to 0.2mm with
few errors when sufficient makers are used, but, it is expensive.
Limitation of this approach includes direct line of sight required
and battery or wiring needed when it works.

2.3.2 Electromagnetic tracking

Good accuracy (1-2mm) can be produced with lower cost. Under
this circumstance, tracking devices is always sensitive towards
metal and radiation with no line of sight needed. As a pity it is not

2.3.3 Mixture tracking

Can supply much higher accuracy via combining the advantages
of the other two methods but even more expensive.

2.4 User Interfaces and Interaction

Except considering virtual information overlay we should also
need concentrate on interface designing of how user interact with
such systems. In AR world, under different application
environments, different devices might best suit for different
techniques, which mean either individual facility or mixture of
devices can be used when necessary. As a result, more than one
device has been invented and used for particular interaction task
during past decade.
In the latest research, scientists paid their attention to how AR
system can be combined with wearable computing and contextaware computing together; in addition, smart space might be
expected to supply environment sustaining for this integration AR
system. New trend of interface designing can be classified
heterogeneous devices which combine the advantages of different
displays and integrating with physical world through tangible
interface. [Ronald Azuma and Blair MacIntyre, 2001] For the former
we can combine vision based interaction and acoustic (speech
recognition) features together while for the latter we have
products such as 3D space mouse and Flystick etc.

3. AR IN MEDCIAL
3.1 Method and Stages

To construct a reasonable prototype of AR application in medical
field, several necessary steps are required to adopt resource data
and overlay accurately adjusted representation of preoperative
image data on the surgical field. In short, these steps should be:

3.1.1 Calibrating

The process means calibrating or auto-calibrating display devices
and necessary instruments preparation.

3.1.2 Segmentation

Identify and segment the relevant structures from a patient’s scan
via medical imaging devices and this stage can be used to acquire
data for augmentation.

3.1.3 Aligning

Adjust slices data to physical items of patient in the operating
room to make it possible for surgeon to promote accurate
registration in real surgery manipulation.

3.1.4 Real-time Tracking

Real time tracking is used to be seasoned with any relative
movement of both devices and objects. The tracking system is
always made up both of AR tracking and environment tracking
system. This stage provides possibility to keep consistence during
whole operation process.

3.1.5 Registration

Registration process performs the most important task which
responsible for determining the relationship between the
preoperative images and the patient on the operative table. This
stage need high accuracy for even a few millimeters misguiding
will degrade the surgeon’s ability to navigate and bring potential
dangerous to the patient.
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3.1.6 Visualization

This stage is core for AR application in medical used to meet the
dynamic changes of patient and keep consistence between interest
focus and the surgeon. Other transformations said above should be
combined together to meet visualization of surgeon and produce
final perceiving in real 3D position. Of course, abilities and skills
of a surgeon are still of important meaning in this stage.

3.2 Medical Imaging Devices

What AR will do is try to present efficient image-assisted
operation via dealing with and overlay all kinds of medical images
together. So, we will have to pay our attention on how we can get
these images and what these images means.

3.2.7 Intraoperative Image

The goal of image-guided or -assisted surgery/therapy is to
replace conventional indirect image guidance with direct image
guidance based on integration of multiple types of image data.
Such precise transfer of image information to patient procedures
allows the least traumatic approach to a lesion and precise
direction of the appropriate therapy with minimal damage to
adjacent, normal tissue. [David Henderson & R. Nick Bryan,
2000]

3.3 Integrated AR Prototype in Medical

To sum up all we talked above an integrated prototype of AR in
medical should have such features listed below:

3.3.1 Environment

Medical slices for segmentation are required to define the focus
region of interest to the surgeon before an operation starting. Of
course we will have to get some preoperative images first. To
achieve this task many medical image devices are used and each
of them has special function in collecting patient slices images.

Operating room decorated with advanced clinical devices and
tracking system, efficient and useful human-device interfaces i.e.
Advanced Interventional Suites Model. [Joerg Traub, 2004]

3.2.1 X-ray

Surgeon, nurses, assistances, patient

Invented by Conrad Roentgen in 1895 which is the first time
modern physics transformed to medical practice. This technology
is based on x-ray principle: as x-rays pass through the body they
are absorbed or weakened at differing levels creating a matrix or
profile or x-ray beams of different strength. This x-ray profile is
registered on film, thus creating an image. [Eduard Kock, 2001]

3.2.2 CT

3.3.2 Participant
3.3.3 Process

Gathering all necessary image data and other data of patient scan
from medical devices and computing them with unique format.
Overly AR frame on physical focus for surgeon and defect
features an eye can’t see to compensate view shortage. Surgeon
performs the operation through high precise registration of virtual
information and physical objects each other.

Computed Tomography is based on the x-ray principle also. In
this case of CT, the film is replaced by a banana shaped detector
which measures the x-ray profile. A fan beam of x-ray is created
as the rotating frame spins the x-ray tube and detector around the
patient. Each time the x-ray tube and detector make a 360°rotation,
an image or “slice” has been acquired. Because of the use of Xrays, CT images reach high resolutions on boney structures and
significantly lower resolutions on soft tissues. [Joerg Traub, 2004]

3.3.4 Advantages

3.2.3 MRI

C-arm is a mobile surgical imaging system which can meet the
needs of different clinical environments. With providing high
quality and reliability it plays important role in dealing with
Trauma Surgery.

MRI uses magnetic energy and radio waves to create crosssectional images or “slices” of the human body. A benefit of MRI
is that it can easily acquire direct views of the body in almost any
orientation, while CT scanners typically acquire images
perpendicular to the long body axis.

3.2.4 X-ray Angiograph

This is another medical image technology which can produce
contrast agents in blood vessels and highlights vessels against
other tissues.

3.2.5 Ultrasound

Ultrasound underwater detection systems are designed for military
at first and the medical use of Ultrasound started in Glasgow.
Professor lan Donald M.D. and his colleagues, working at the
University of Glasgow’s Department of Midwifery first to apply
Ultrasound as a diagnostic modality in the fields of obstetrics and
gynecology.

3.2.6 Doppler Ultrasound

Also named color Ultrasound which detect and measure blood
flow via changing in the frequency of the wave resulting from the
motion of the red blood cell.

Make it possible to produce transparent patient; higher accuracy
and precision with lower dangerous; diagnoses during
intervention; guided surgery with time optimization

3.3.5 Prototypical Applications:
3.3.5.1 C-Arm System

3.3.5.2 Varioscope AR

A miniature, cost-effective head-mounted operating microscope
which results from modified HMD device and has powerful effect
in increasing the clinical acceptance for the user in a surgical
environment.

3.3.5.3 Telemedicine

Telemedicine is the practice of medicine over distance with the
use of telecommunications equipment. Early telemedicine may
have been as simple as a doctor telephoning another doctor for
advice and consultation. Today, telemedicine can bring a
physician located hundreds of miles away into the actual
examination room via a live interactive system.

3.3.5.4 RAMP

Abbreviate of Real-time Applications for Medical Procedures
which can produce the indirect viewing of both virtual models and
the final delivery process for training physician during clinical
practices. It has been known to be efficient and helpful in some
medical simulator researches.
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4. CHALLENGES
4.1 AR Display Problems
4.1.1 Image Differences

See-through displays don’t have sufficient brightness, resolution,
field of view, and contrast to seamlessly blend a wide range of
real and virtual imagery.

4.1.2 Portable Problem

Size, weight, and cost of devices which related to AR
development are need improvement to make the application easier
to learn and manipulate.

4.1.3 Parallax Errors

Most video see-through displays have a parallax error, caused by
the cameras being mounted away from the true eye location. If
you see the real world through mounted on top of your head, your
view is significantly different from what you’re normally used to,
making it difficult to adapt to the display. [F.A. Biocca and J.P.
Rolland, 1998]

4.2 Visualization Problems
4.2.1 Registration Problem
In some AR systems, registration errors are significant and
unavoidable. [B.MacIntyre and E.M. Coelho, 2000]For example,
the measured location of an object in the environment may not be
known accurately enough to avoid a visible registration error.
Such mistakes are unacceptable in medical applications for even a
few millimeters misguiding might result in dangerous to patient’s
life.
4.2.2 Image Mixture Problem

When deal with large amount of virtual information, the AR
display may become cluttered and unreadable. As a result, it is
difficult for users to distinguish important parts they want from
the mixture information.

4.3 Technological Limitations
4.3.1 General Problem

Displays and trackers of AR systems are expected to become
more accurate, lighter, cheaper, and less power consuming.

4.3.2 Outer Doors Difficulty

Outside AR surgery might necessary but still unavailable at
present since the medical staff must wear the PC, sensors, display,
batteries, wirings and everything else required. In addition,
brightness of sunshine might weaken the display effect.

4.3.3 Arrange Problem

Under unprepared surgery environments, how to supply accurate
tracking remains an tremendous challenge. Restriction of
operating range and unaccepted complicated calibration
procedures are also need enormous improvement.

4.4 User Interface Limitation
4.4.1 Users

Most existing research of AR just pay more attention to low-level
perceptual issues which need high knowledge background for

users to understand and use it. Actually, most users are not so
expert and most of them need easier and simpler interface.

4.4.2 Questions

Further research might need in the future to answer such questions
that what information should be provided in AR system, what is
the appropriate representation for the information, and how the
user should interact with the information etc.

5. ACKNOWLEDGEMENTS

Part of this work was funded by the Hauptseminar courses which
held in US from April to July in 2004. Much of this paper relies
on 13 different subtopics of the seminar. Lack of enough practices
and experience for AR research we adopt some medical terms as
citations in the paper. Thanks to all the authors for their articles.

6. REFERENCES

[1] Tobias Sielhorst, Joerg Traub & Prof. N. Navab,
Hauptseminar: Augmented Reality in Medicine Web Available:
http://campar.in.tum.de/view/Chair/TechingSs04SeminarAR
April-July 2004.
[2]Kurtis Keller and D’nardo Colucci, University of North
Carolina, Chapel Hill, NC; Alternate Realities Corporation,
Morrisville, NC, What is in Head Mounted Displays (HMDs) that
really make them all so terrible? May 2004.
[3]Y.Yokokohji, Y. Sugawara, and T. Yoshikawa, Accurate
Image Overlay on Video See-through HMDs Using Vision and
Accelerometers, proc. IEEE Virtual Reality 2000, IEEE CS Press,
Los Alamitos, Calif.,2000,pp.247-254.
[4] S.Julier et al., Information Filtering for Mobile Augmented
Reality, proc.Int’lSymp. Augmented Reality 2000(ISAR00), IEEE
CS Press, Los Alamitos, Calif., 2000, pp.3-11.
[5]K.N. Kukulakos and J.R. Vallino, Calibration-Free Augmented
Reality, IEEE Trans. Visualization and Computer Graphics. Vol. 4.
No. 1, January-March 1998, pp. 1-20.
[6]N.Navab, A.Bani-Hashemi, and M. Mitschke, Merging Visible
and Invisible: Two Camera-Augmented Mobile Carm (CAMC)
Applications, Proc. 2nd Int’l Workshop Augmented Reality
(IWAR 99), IEEE CS Press, Los Alamitos, Calif., 1999, pp. 134141.
[7]Tobias Sielhorst, Tobias Obst, Rainer Burgkart, Robert Riner,
and Nassir Navab, An Augmented Reality Delivery Simulator for
Medical
Training,
2004,
Website
Available:
http://ami2004.loria.fr/PAPERS/26obetoebiel.pdf.
[8]Ronald Azuma HRL Laboratories, Yohan Bailot NRL Virtual
Reality Lab/ITT Advanced Engineering, Reinhold Behringer
Rockwell Scientific, Steven Feiner Columbia University, Simon
Julier NRL Virtual Reality Lab/ITT Advanced Engineering, Blair
MacIntyre Georgia Institute of Technology, Recent Advances in
Augmented Reality, 0272-1716/01/$ 10.00 © 2001 IEEE,
November/December 2001.

52

Augmented Reality Application in Cultural Heritage
Chao Xue

University of Strathclyde, Computer and Internet Technologies
Livingstone Tower, 26 Richmond Street
Glasgow, G1 1XH
United Kingdom
(0044) 07921842779

cxue@cis.strath.ac.uk

ABSTRACT

The goal of this paper is to present augmented reality technology
and the applications in cultural heritage. I will provide an
overview of the present Augmented Reality (AR) technologies in
the first part; an extent research will be discussed through an AR
Guide System in the second part of the paper. The system, which
is in theory stage, is based on my individual opinions and others’
ongoing research. Concurrently, we will see some basics of the
Augmented Reality application in cultural heritage site guide. In
the third part, I will introduce some technologies which are
crucial in the practice of AR application. Finally I will discuss
some challenges and the trend of future development of
Augmented Reality (AR) in cultural heritage application.

Keywords

Augment Reality, tracking, registration, calibration, HMD, 3D
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1. INTRODUCTION

Nowadays, many rare culture relics and sites have been destroyed
even fade away due mainly to physical phenomena (earthquakes,
natural disaster), religious wars, economic and tour development,
etc. When we visit some museums and archaeological sites,
generally, it is impossible to fully grasp the ancient vibrant life
that used to be integrated in the present ancient ruins. This is
particularly true with sites such as the ancient ruins of Pompeii,
where we would like to observe and understand the behaviors and
social patterns of living people from ancient Roman times,
superimposed in the natural environment of the city. How to
conserve, research, exhibit and exploit this kind of culture
resources is becoming more and more obligatory and important.
Therefore, the application of Augmented Reality (AR) in cultural
heritage has been attached great importance by people.

separating user and real world, but superimpose virtual objects
and information which created by computer using seamless
technology with real world. It established a bridge between the
virtual environment and real world. AR was described by
Backman [1] as a combination of the real scene viewed and a
virtual scene generated by the computer and a paradigm that
augments human perception with supplying information no
ordinarily detectable by human senses.

Figure 1
As a technology, the main application of AR in cultural heritage
is recovery ancient culture from seeing. That is to superimpose
the lost environment by implementing virtual objects which can
interact with the present ruins. AR transports additional
information to the user'
s real world, in front of traditional relic
that put the user into the augmented reality.
Many prototypes were developed in the past years in order to
exhibit the hidden information for nomadic users in Cultural
Heritage sites. At the present, some typical applications of AR in
Cultural Heritage are a) provide a personalized guide for on-site
visitors; b) provide an off-site personalized guide via Internet or
CD-ROM; c) provide a database of scientific information about a
site including cartography, documentation of each archeological
object, references etc accessible remotely via Internet or Intranet.
These systems allows us by using Augmented Reality techniques
to present virtual reconstructions of the artifacts in the real
environment without rebuilding historical remains and thus
interfering with archaeological research (like figure 2).

Augmented Reality is a fresh research field. What it does is not
Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that
copies bear this notice and the full citation on the first page. To copy
otherwise, or republish, to post on servers or to redistribute to lists,
requires prior specific permission and/or a fee.
University of Strathclyde, Computer and Internet Technologies
Copyright 2005 Chao Xue

Figure 2 Augmented view of the Hera temple in ancient
Olympia, Greece
Concurrently, in allusion to this kind of similar application, many
countries (including USA, Germany, Greece, Portugal, Italy and
China etc.) have begun to develop their respective indoor or
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outdoor Cultural Heritage Guide System. In the following part, a
particular discussion of developing a Site Guide System which
can provide archaeological information for the visitors will be
presented. The main aim of the system is to enable the visitors
equipped with Augmented Reality devices to feel the real
historical relic while their visiting the exiting site.

2. HERITAGE GUIDE SYSTEM
ARCHITECTURE AND REQUIREMENTS
ANALYSIS

As a whole, system has two parts: client side and server side. For
each visitor, they should have a set of mobile equipment so that
they can get (see and listen) the related augmented information.
On the other hand server plays the role of supporting all of
historical information requested by visitors. The system
architecture is as Figure 3. The AR system provides the display
unit with a readily mixed background image comprised of the real
view and the virtual objects, which is then shown to the user.

related information on the site from the server;
HMD (head-mounted display), it processes the real image
and virtual image received from server and then sends the
fusion of virtual and real images to the visitor’s eyes
directly.
The headphones, it provides the user the possibility to get
audio information on the procedures to be achieved as well
as visual data.
Sufficient power supply. Since this unit is supposed to be
carried around by visitors, low power consumption of the
devices must be taken into account.
Server Side:
Storing and supplying all information required by client side, it
must have following attributes:
Multi-processor platform for low latency;
Very large storage capacity;
High speed wireless network transport ability;
The information datum should be accurate and accord with
the archaeologist’s requirements for scientifically accurate
representations and follow archaeological standards,
keeping information for easy verification, scientific analysis
and comparison with other similar data ;
The outcome information of server should be in a format
suitable for presentation with any type of mobile devices
(e.g. Augmented Reality - AR, Mixed Reality - MR, Virtual
Reality - VR) and be integrated with audio and other
multimedia data according the client’s interaction and
location;
The correct metadata descriptions of the relic model;
Supporting personalization scheme information retrieval to
the visitors. The profiling information is processed on the
user’s device and multimedia objects from the database are
matched to it and put together to form the integrated tour
proposed to the site visitor. For such service to support
accurately the database metadata (text, image, 3D model,
sound, video, animation etc.) need to be multilayer schemed
and described;

S ite I n fo r m a tio n S e r v e r
B ro w s in g a n d
C o n te n t C re a tio n
Tool

D a ta b a s e

R e m o t e A c c e s s In t e r f a c e

W ire le s s
N e tw o rk

M o b ile U n it
W ire le s s
In te rfa c e

S u p e r im p o s e d I m a g e

P o s i t io n
S ensor

P o rta b le C o m p u te r

Figure 3
Client Side (Mobile Unit):
Since the mobile unit (MU) is designed to be wear by visitors
roaming freely on the site it should be provided with following
attributes:
It should be small, lightweight, wearable and portable
device;
Easy to handle even for unskilled user;
Must be robust enough to withstand rough outdoor
conditions;
Keeping the efforts and costs for maintenance as small as
possible;
Possesses powerful and efficient processing power for
accomplishing real time system requirements. Not only user
tracking and object visualization have to be accomplished in
real time, but also the system should at least be able to
update the augmented view of the real world 10 to 15 times
per second, both of them need the system to expend
plentiful resource;
Provided with ability of tracking visitor’s real-time position
viewing direction and orientation so that the system can
compute the current view of the reconstructed objects.
Position and orientation tracking is facilitated by a camera
and an electronic compass both mounted to the display unit,
capturing and measuring the user’s current field of view.
Additionally a (D) GPS receiver is necessary to determine
the visitor’s position.
Wireless network connectivity allows mobile unit get the

3. RELATED AR TECHNOLOGIES

Key technologies of AR system including: real environment
collection, real-time tracking, registration, calibration, virtual
object modelling, augmented environment display.

3.1 Augmented Display Technology

Head-mounted display (HMD) has two kinds of scenography
methods: one type is camera scenography which has a closed
back as in VR applications displaying a readily mixed image
comprised of the background and the virtual objects. While the
advent of Head-Mounted Displays (HMDs) has given rise to
much research in the field of Virtual Reality (VR), comparatively
little work has been done in the closely-related field of
Augmented Reality (AR). Thus a VR HMD can be using directly
to achieve sight scenography. This method is not strict with the
tracking and registration system, but the images need to be
inosculated and more than two cameras are needed; the other uses
a see-through scheme with the overlay images displayed
“between” the real scene and the user’s eye. Thus superimposition
of the real and the virtual image takes place in the user’s eye,
allowing also real stereo views if both eyes are fed with separate
images. This method is preferred from the view of effect due to its

54

high perceptive accuracy. In addition, it is light-weight can avoid
to produce user’s vertigo. However accurate tracking and
registration system is compulsory.

Optical tracking (Vicon 2005): to track object by identifying the
space position of image, sensor and optical source sent by
photosensitive apparatus. The inadequate is the effect by shelter.

3.2 Location and Context Awareness
Technologies

Ultrasound tracking: to track object by identifying the time,
phasic and sound pressure difference of ultrasonic arrive at a
particular position. The effect by environment of shelter, noise,
temperature and humidity is existed.

In the process of whole guide system’s working, to exhibit
augmented information in front of the visitors is the spirit part of
whole guide system. The applications of context-aware and, more
specifically, location aware technologies play a vital role without
doubt in order to achieving this kind of information exhibition.
Location-awareness is a subarea of context-awareness. In most of
indoor guide systems [3], [4], the technologies used are mainly
short-range infrared, ultrasonic or radio signals; however Global
Positioning System (GPS) receivers have been widely used for
outdoor data collection [5] and visitor guides [6]. In the guide
system, besides the position of visitor, identifying their activity
and their focus of attention are important as well. Furthermore, it
is necessary to eliminate all discontinuities between the visitor,
the environment and the platform.

3.3 Real-time Tracking

The accuracy of registration between real and virtual objects is
crucial in the whole guide system. Its task is to identify the
position and angle of visitor’s line of sight so that the system can
retrieval related virtual information to HMD in time. Normally
some typical requirements for the AR Guide system are:
(1) Accurate registration between synthetic and real objects: a
virtual cultural object should appear at its proper place in the real
world, otherwise the user cannot correctly determine spatial
relationships. Dynamic registration is particularly important when
the visitor moves around in the site or museums. The relative
position between real and synthetic cultural objects should be
constant.
(2) Reasonable image generation rate (10 Hz) and stereopsis:
these are important for good depth perception. The lack of kinetic
or stereoscopic depth cues greatly reduces the believability of an
augmented environment.
(3) Simple initial set up procedure: visitors should not have to be
familiar with the specific techniques used in AR systems.
(4) Minimal constraint on visitor motion: in most applications, the
visitor wants to move without restriction.
(5) Low latency: minimal delay between the visitor'
s movement
and the display update is required for smooth and effective
interaction.
Among these requirements, current AR systems cannot
convincingly meet. So far the methods we can use to perform the
tracking are divided into hardware tracking, Camera tracking and
hybrids.
•

Hardware Tracking

Magnetic tracking (Ascension 2005): to track object by the
coupling relation of magnetic transmission and induction, it is
easy to be interfered by the magnetic field and coherer in the
environment;

Mechanical track (Robets 2005): to track the object by measuring
the physical connection of mechanical joint. The problem is
limited working scope.
•

Camera Tracking

Camera with hardware tracking, camera tracking needs simpler
equipment and lower cost; beside, the image comprise more
information like parallel lines, dominant planar objects in the
scene, perpendicularity, corner points and texture etc.
Furthermore, not only be able to get the camera motion but also
can receive Matrix K, secne structure, illumination information
and occlusion etc.
Camera tracking divides into two types: 1 camera tracking of
landmarks: the inadequade is limited application and weak current
ability; 2 camera tracking of landmarkless, it needs vast
computing and has lower real-time working ability.
•

Hybrid Tracking

Due to the sensitive nature of the AR Guide system environment a
Hybrid Tracking scheme is preferred.

3.4 Calibration Technology

In Augmented Reality system, the virtual object used to
augmented reality need to keep accurate parallelism with real
environment by 3D registration orientation. In order to insure the
accuracy of the parallelism relation, the system need to at least
one of following information: the 3D coordinate of datum mark in
real environment; the interior parameter of camera and the
exterior parameter of camera—that is the position and orientation
of the camera in real environment. Thus it is necessary to use
calibration technology for obtaining this basilica information
(interior and exterior parameters of the camera).
For example: HMD Calibration. The calibration of an optical seethrough HMD is also a critical step for the AR applications. It is
necessary to calibrate the HMD, to get good augmentations, i.e. to
allow for differences in eye distances and the wearing of the
HMD. These parameters are not the same for every user, and may
change slightly each time the HMD is put on.
The basis for the HMD calibration is a set of corresponding 2D
points on the HMD display and 3D points in the real environment.
This set of correspondences is gained by moving the head in
certain positions such that a displayed tripod in the HMD
superimposes a real tripod. If the tripods are aligned, the head
position (including rotation and translation) for this alignment
step is stored on user command. Applying this transformation
after every alignment step allows the usage of all points from
different alignment steps to one minimization problem [13].
Concurrently, the parameters are calibrated after each step. If the
variation of the parameters to calibrate between two steps is
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below a certain threshold or a maximum number of steps are
reached, the calibration is finished

4. CONCLUSION

The paper presented here introduces a Site Guide System which
supports interactive service based on augmented reality for the
site or museum visitors. The totally new experience brought by
AR technology for cultural heritage site visiting will not only
attracts more people and educate them with scientifically correct
tours available in a large number of languages but also ensures
minimization of boredom and incomprehension. Nevertheless
some of ideas above discussed are just in theory; currently it is
impossible to reach all design-goals (intuitive, robust, powerful,
light-weight and without delay, to name the most important ones)
simultaneously. But it is provided that the potential of Augmented
Reality application in Cultural Heritage is immense. What
mentioned in this paper is belong to initial stages of AR
application, I am sure the level in both extent and deepness of
Cultural Heritage will upgrade continuously along with the
development of mobile computing, 3D modelling and tracking
etc. technologies.
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