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Future computing environments will free the user from the constraints of the desk-

top. Applications for a mobile environment should take advantage of contextual

information, such as position, to o�er greater services to the user. In this paper,
we present the Cyberguide project, in which we are building prototypes of a mo-

bile context-aware tour guide. Knowledge of the user's current location, as well

as a history of past locations, are used to provide more of the kind of services
that we come to expect from a real tour guide. We describe the architecture and

features of a variety of Cyberguide prototypes developed for indoor and outdoor

use on a number of di�erent hand-held platforms. We also discuss the general
research issues that have emerged in our context-aware applications development

in a mobile environment.

Keywords: Mobile computing, context-awareness, location-dependent applica-
tions, hand-held devices

1 Introduction

Future computing environments promise to free the user from the constraints of station-
ary desktop computing, yet relatively few researchers are investigating what applications
maximally bene�t frommobility. Current use of mobile technology shows a slow evolution
from our current desktop paradigm of computing, but the history of interaction shows
that the adoption of new technology usually brings about a radical revolution in the way
humans use and view technology [11]. Whereas the e�ective use of mobile technology
will give rise to an interaction paradigm shift, it is di�cult to predict what that shift
will be. We follow the advice of Alan Kay, therefore, and choose to predict the future by
inventing it. Our approach is to think �rst about what activities could be best supported
by mobile technology and then determine how the technology would have to work. This
applications focus is important to distinguishing our work in mobile computing.

In April 1995, we formed the Future Computing Environments (FCE) Group within
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the College of Computing and the Graphics, Visualization and Usability (GVU Center) at
Georgia Tech to promote such an applications focus. Our group is committed to the rapid
prototyping of applications that bene�t from the use of emerging mobile and ubiquitous
computing technologies. Quick development of these futuristic applications allows us to
predict and shape what our everyday lives will be like when today's novel technology
becomes commonplace.

Applications for a mobile environment should take advantage of contextual informa-
tion, such as position, to o�er greater services to the user. In this paper, we present
the Cyberguide project, a series of prototypes of a mobile, hand-held context-aware tour
guide. Initially, we are concerned with only a small part of the user's context, speci�cally
location and orientation. Knowledge of the user's current location, as well as a history
of past locations, are used to provide more of the kind of services that we come to ex-
pect from a real tour guide. We describe the architecture and features of a variety of
Cyberguide prototypes developed for indoor and outdoor use on a number of di�erent
hand-held platforms. We also discuss the general research issues that have emerged in
our experience of developing context-aware applications in a mobile environment. Some
of these research issues overlap with those that we have considered in applying other
applications of ubiquitous computing technology.

The general application domain which has driven the development of Cyberguide
is tourism, but we have found it necessary to be even more focused in our research.
The initial prototypes of Cyberguide, therefore, were designed to assist a very speci�c
kind of tourist |a visitor in a tour of the GVU Center Lab during our monthly open
houses. Visitors to a GVU open house are typically given a map of the various labs
and an information packet describing all of the projects that are being demonstrated
at various sites. Moving all of the paper-based information into a hand-held, position-
aware unit provided a testbed for research questions on mobile, context-aware application
development.

The long-term goal is an application that knows where the tourist is, what she is
looking at, can predict and answer questions she might pose, and provide the ability
to interact with other people and the environment. Our short-term goal was to pro-
totype versions of Cyberguide on commercially available PDAs and pen-based PCs in
which context-awareness simply meant the current physical position and orientation of
the Cyberguide unit (and since it is hand-held, this locates the user as well). Position
information improves the utility of a tour guide application. As the prototypes of Cyber-
guide evolve, we have been able to handle more of the user's context, such as where she
and others have been, and we have increased the amount in which the tourist can interact
and communicate with the place and people she is visiting.

1.1 Overview

This paper is an extended version of an earlier report on Cyberguide [7], we discuss the
evolution of the Cyberguide design and prototype as well as what future research areas
our experience has uncovered. We begin in Section 2 by describing scenarios for the use
of context-aware mobile applications. In Section 3, we provide context for our research
within the area of applications-centered mobile computing. The generic architecture of
Cyberguide is explained in Section 4. We will describe in Section 5 the initial realiza-
tion of the generic components of the Cyberguide architecture, a series of prototypes
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developed for the Apple MessagePad. We will then describe in Section 6 how the initial
indoor prototypes were extended for use outdoors and for greater interaction with the
environment. We conclude in Sections 7 and 8 with a discussion of signi�cant issues for
context-aware applications development and how our past experience will in
uence our
future development plans.

2 Scenarios for a mobile context-aware application

This section outlines some possible uses for future mobile context-aware applications.
Some of these uses are currently being implemented and some are futuristic. We be-
gin with our initial assumptions about what technology we expect Cyberguide to use.
Tourists are usually quite happy to carry around a book that describes the location they
are visiting, so a reasonable packaging would be in the form of a hand-held device. The
ideal hand-held device will have a screen and pen/�nger interface, access to substantial
storage resources |possibly through an internal device such as a CD drive, or through
substantial communication and networking resources (cell phone, pager, data radio in-
terface) providing access to other storage servers (such as the Web)| an audio input
and output interface with speech generation and potentially sophisticated voice recogni-
tion, and a video input and output interface. The video input (a video camera) could be
pointed at the user to interpret user gestures, or pointed at the environment to interpret
objects or symbols in the environment. The video output could be integrated into the
main screen or be a separate video display device, such as an attached screen or heads up
display on glasses worn by the user.

One major application of mobile context-aware devices are personal guides. Museums
could provide these devices and allow users to take personalized tours seeing any exhibits
desired in any order, in contrast to today's taped tours. In fact, many museums now
provide portable devices for just such a purpose, but what we are envisioning is a device
that would allow the tourist to go anywhere she pleases and be able to receive information
about anywhere she is. Walking tours of cities or historical sites could be assisted by these
electronic guidebooks. The hand-held devices could use position measurement systems
such as indoor beacons or the Global Positioning System (GPS) to locate the user, and
an electronic compass or inertial navigation system to �nd user orientation. Objects
of interest could be marked with visual markers or active beacons or recognized using
computer vision. Some objects, such as animals at a zoo or aquarium, might be di�cult
to mark but could be recognized with simple computer vision and some assistance from
the environment (indications that this is the elephant cage, for example). The personal
guide could also assist in route planning and providing directions. Some of these functions
are currently being provided by automobile on-board navigation systems.

There are other ways to assist users. Consider a traveler in Japan that does not speak
or read Japanese. The hand-held device could act as a pocket multilingual dictionary,
actually speaking the appropriate phrase with the appropriate pronunciation to a taxi
driver, for example (or even showing the appropriate Kanji and an associated map on
the screen). A device that included video input or a scanner could assist in reading signs
or menus. A device that could show stored images might be able to show a shopkeeper
the desired object or favorite meal. Another more futuristic use is to assist the user by
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recognizing faces at a cocktail party and reminding the user who people are.
Real-time communication allows a personal device to act as an agent for the user. A

personal guide to a theme park could make reservations at particular rides, and alert the
user when the reservation was available. The device could also tell the user which rides
had the shortest lines. Similar approaches are currently being used for automobile tra�c
management in major cities.

An important application of context-aware devices is enhanced reality. A heads up
display could provide \X-ray" vision for the user. While surveying a building for reno-
vation, the location of hidden plumbing or electrical conduits could be indicated to the
user, based on information from sensors and/or building plans. At an archeological site
a visitor could be provided with various overlays indicating what used to be above the
current ground level as well as what is below the current ground level.

Context-aware devices can also be used as tools. Simple sonar devices are used to
make room measurements today. It would not take much to have a hand-held device that
both videotaped and mapped a room along with user commentary. An ecological �eld
study or an archeological dig could be assisted by a device that automatically recorded
the context of a particular �nd, including noting the surrounding objects. Consider an
electronic �eld guide that assisted the user in recognizing plants or insects.

One of the most interesting applications of context-aware devices is to support group
interaction on a tour or in a classroom, for example. Participants in a live demonstration of
some new technology could use their personal device to help steer the demo using majority
voting or consensus among the viewers. Each participant could run a personalized version
of the same demo by expressing their own choices. In this case context is which demo a
participant is participating in or attending to, and the personal machine may switch to
another context if it detects the user is attending to that context instead.

Many tourists take records of some sort of their travelling experiences, either by taking
pictures or videos or by composing a travel diary. Imagine the possibilities if the recording
of these experiences could be more e�ciently and accurately recorded. A drive across the
country could result in a trail superimposed upon a map, and clicking on the trail would
reveal an image of what you could see at that moment |an automatically-generated
spatial index into your memories.

These are but a few of the possibilities we can imagine that a context-aware applica-
tion can provide for the tourist. We have investigated many of these possibilities already
and report on them later.

3 Related Work

In thinking about and developing a location-aware application, we were greatly in
uenced
by work such as the PARCTab at Xerox PARC [14], the InfoPad project at Berkeley [7],
the Olivetti Active Badge system [14] and the Personal Shopping Assistant proposed
at AT&T [3]. We wanted to build useful applications that might take advantage of the
hardware developed in the PARCTab and InfoPad projects. We did not want to build our
own hardware, so we have a di�erent focus from all of these projects. There are a number
of commercially available and relatively inexpensive hand-held units that would su�ce
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