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1 Introduction

Location-based systems are becoming increasingly popular with the widespread availability of

handheld devices with on-board Global Positioning System (GPS) units. Developers are now

rushing to create the latest �killer app� for platforms such as Apple's iPhone and Google's

Android. Most of these applications revolve around capturing the user's location and then

presenting context-sensitive information. One area where location-based systems are cur-

rently underutilized is in the guiding of users through a particular venue. The goal of this

project is to implement a location-based tour guide for the University of Ontario Institute of

Technology campus. The guide would potentially be used to supplement or replace existing

human tour guides by showing the user important features of the campus along with rele-

vant associated data. This would free visitors of the campus to arrive on their own schedule

without the need to occupy human resources.

The design of a location based system typically consists of two sub-tasks. The �rst is

to determine the location of the user. The second is to provide relevant information based

on the location. The Nokia N810 used in this study contains an on-board GPS. However,

it was found to require a long period of time to obtain a signal. The situation is improved

somewhat through the use of a Bluetooth GPS. However, for the purposes of development,

the device acts as a client to a position server on a remote machine which controls the

virtual position using the arrow keys. As an alternative to the GPS, the base stations of the

campus wireless network could prove useful in determining a rough location. The Herecast

infrastructure developed by [1] is example of such a system. Signal strength is used to

approximate distance from the base stations and therefore an approximate location. The

details of obtaining accurate position will be ignored presently at the expense of a fully

functioning prototype. A detailed discussion of the software implementation is deferred until

after an examination of the features of existing systems.

The Nokia N810 is an excellent platform for implementing location-based systems. It

contains many interesting features not typically found on mobile devices including high-
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quality speakers, a video camera, handwriting recognition, and 802.11 connectivity. This

suits the criteria speci�ed by [2] for an ideal mobile context-aware device. This enables many

levels of interaction which would have typically been impossible even two or three years

ago. The guide developed currently presents information in the form of photos and text

descriptions. It would be possible to incorporate video in the future as well. The purpose of

the additional information is to provide context to the user's current location. This explains

locations on enabled areas of the map as well as provides detailed information on other

locations. The N810 is also capable of running a Python interpreter. This removes many of

the headaches of traditional development for embedded devices such as memory management

and cross-compilation of software.

This paper presents an overview of the architecture of the system as well as the develop-

ment environment and processes which were used in its production. Section two deals with

related work performed in location based systems. Section three presents the development

environment and the tools used. Sections four through seven provide a detailed look at the

speci�c implementation. Finally section eight suggests future work with the paper concluding

in section nine.

2 Related Work

An examination of existing mobile guides by [3] shows several systems which have been

designed for use in a speci�c geographic area such as a city or museum. The advantage to

such systems is that they can be speci�cally adapted to suit the needs of the area. This is

in contrast to a generic Location Based System (LBS) which uses global map data and a

wide database of general information. Many of these systems take di�erent approaches to

presenting the context-speci�c information to the user. Several hard-code the information

into the device while others use an �information server� which stores the data and provides it

to the device when requested so information can be dynamically adapted. The approach often
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depends on the level of network connectivity. The advent of high-bandwidth networks with

wide coverage such as 3G (and increasingly 802.11) makes data requests from the network

nearly as e�cient as reading from the hard disk. P-Tour is an example of a system which

stores all data on a remote server [4]. The server contains all map data and possible locations

which can be visited by the user and is accessed through the device via a wireless link. The

user sends an HTTP request to the server with information entered on the device and receives

back a map as well as travel time information. The approach of storing data remotely is

e�ective when a large geographic area is to be covered and the amount of data stored exceeds

the memory capacity of the device being used.

[5] re�nes the concept of location-based systems through the de�nition of Location Based

Tourism Systems (LBTS) as �. . . computerized systems that depend on the automated detec-

tion of the location of a target. . . to either deliver or collect information.� Location based tour

guides have been developed for the Georgia Institute of Technology and the city of Lancaster.

The Cyberguide system developed by [2] at Georgia Tech, although an older project, de�nes

a useful architecture for LBTS. Four key roles are speci�ed that such a system must play:

cartographer, librarian, messenger, and navigator. That is, the system must provide map

information, data about locations, positioning, and messaging. These roles are implemented

through four modules in the Cyberguide architecture: the map module to act as cartographer,

the information module to act as librarian, the messaging module provide communication

functions, and the position module to act as navigator. The map module displays a map

depicting the user's location. The information module provides location-based information.

The messenger module provides Internet connectivity and allows the user to �ll out a form

with feedback which is emailed to the developers. Finally the position module provides po-

sition and direction data. The architecture is designed to be platform-independent and able

to be implemented iteratively through the continued adaptation of hardware and software.

It has since been reused in the Lancaster Guide project.

The Lancaster Guide produced by [6] goes beyond basic guidance by generating custom
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tours based on factors such as available time and interest. It also adds the capability for a

user to add notes to a location for future users. It is clear that maps are the most e�ective

method of displaying spatial information [7]. Audio, video, and image cues can also be

helpful in providing additional information to the user. In an evaluation of user experiences

on mobile systems by [8], it was found that a combination of multiple information types

results in the most useful system. Three dimensional maps are also a useful navigation aid,

especially indoors in multilevel buildings. However this has been shown to be di�cult to

implement in practice due to limitations on mobile devices [3]. [2] suggests many forms of

interaction which may be applicable to future mobile devices. Some of these features have

yet to be well-implemented in current systems due to hardware constraints. This includes

gesture recognition and recognition of objects in the environment using a video camera. Once

objects (e.g. buildings, sculptures, etc.) are recognized, more information can be presented

based on information stored in a database. Other possible features include speech synthesis

and recognition similar to what is available in many automobile GPS devices.

[9] takes a unique approach in evaluating the e�ciency of mobile mapping. MAP

PERseronalization (MAPPER) was designed to record all actions taken by users and store

them in a database to allow for easy analysis on how the system was used. This is then used

to re�ne displayed content for future users of the system. [5] suggest a broader approach

by identifying stakeholders in LBTS. Three main categories of stakeholder are identi�ed:

infrastructure providers, tourism providers, and consumers. These stakeholders should be

supported through three main phases of the touring life cycle: planning, touring, and remi-

niscing. Planning requires tourism content providers to share relevant information for tours

and for an appropriate infrastructure provider to be selected. While touring, the consumer

should be presented with relevant location-based information. Finally, the user should be

provided with an opportunity to reminisce. This has the bene�t of suggesting future im-

provements to the system as well as the sharing of experience between consumers.
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3 Design

The campus tour system developed consists of two main components: the application which

runs on the device and the server components which handle software and map updates.

This design was chosen because it would be possible to easily modify the data presented on

the device without manually connecting and modifying the �les. This feature is especially

important if the application were made available to the public to install on their personal

devices.

The Maemo operating system (OS) running on the Nokia N810 uses the Advanced Packag-

ing Tool (APT), the package management system of the Debian OS. This allows the creation

and installation of Debian packages for any software which will be used on the device. The

advantage is that the installation of software becomes much simpler for the user as he or she

can use the graphical Application Manager on the handheld. A web-accessible repository

was created for the purpose of providing the application software and required libraries. To

install the software, the user simply needs to add the repository to the device and select the

appropriate package to install. This can be made even easier by providing a link to directly

install the package on a web page. The handheld routinely checks for software updates so as

software is modi�ed in the repository, the user is prompted to update the local install. This

allows modi�cations to be made to the software with minimal intervention on the part of the

user. A graphical representation of the deployment is given in Figure 1.

All data relevant to the tour is stored on the device. This approach was chosen due to

the high storage capacity available on the device. In addition, the system is designed to

cover a �nite area so a bound can be placed on the required storage. This method also

allows the device to remain fully functional in the event of a loss of network connectivity. To

facilitate updates of the data on the device, an external server was created which is capable

of providing updates to the device. The update server hosts compressed packages which each

store the data for a location the user may visit. The application then compares the hash

values of the local �les with those on the remote server. Any changed packages are then
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Figure 1: Application deployment

downloaded to the device. These updates can be performed automatically or manually when

information has been updated. In order to provide those developing content for the device

with a simpli�ed update procedure, a packaging script was also developed. The script scans

a folder tree with a structure similar to Figure 2.

All tour information is separated into folders so the �les can be easily accessed by the

application. In the root folder, map information for the campus is placed consisting of a map

image and associated graph. A tour folder exists that contains a listing of locations the user

should be guided to on each tour. A folder also exists for each location which can be visited.

The �les in these folders are simple text and image �les. These can be easily modi�ed by the

end user without any programming knowledge. This is also simpler to access and less costly

from an application perspective compared to reading from a database or accessing the data

over the network. Once the �les have been prepared on the server, packaging script then

takes all �les found for a particular package, compresses images, and places all �les in an

archive format for faster transfer. It would also be straightforward to develop a web-based

user interface for the administration of tour information. This would allow centralized and

simple management of tour information by administrators throughout the campus. If audio

and video components were added in the future, it may be more necessary to stream this

over the network due to the large size of these types of �les.
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Figure 2: Folder structure for tour information

4 Development

Python was chosen as the language of implementation due to it's ease of development. Code

can be equivalently run on both a desktop machine as well as the N810 with little to no

modi�cation. This allows most development to be performed in absence of the device, re-

moving the need for constant �le transfer. The Python implementation of the GIMP Toolkit

(PyGTK) was chosen as the windowing toolkit. This is because it runs well on the device

and several graphical tools exist for designing interfaces. The Glade Interface designer was

used for this project as the required libraries run well on the handheld. Also, since the inter-

face description is stored in an external �le, the interface can easily be modi�ed without any

application source code. The Maemo operating system makes use of the Hildon application

framework. Hildon provides a basic desktop environment including application switching for

mobile devices. Since Hildon is based on GTK, it integrates well with PyGTK and GTK

widgets can be directly added to a Hildon program. Hildon has now been integrated with the

GNOME project so Hildon APIs are available in operating systems which use the GNOME

desktop environment. Ubuntu Linux was chosen as the operating system for use on the de-
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velopment machine since it is based on GNOME and the Debian operating system (the same

operating system Maemo is based on).

The N810 fully supports the Python debugger and code can be easily debugged directly on

the device. Python logging is used for displaying debug information. This is due to the fact

that it can be easily displayed locally on the development machine during testing. The output

can also be displayed on the development machine during testing on the device through a

TCP socket connection. Another advantage of the Maemo platform is the availability of the

Advanced Packaging Tool (APT) package management system. This allows software updates

to be prepared remotely and automatically downloaded to the device as necessary. Also, any

dependencies required by the device can be placed in packages and can be independently and

automatically downloaded and updated. All of these factors result in a build environment in

which applications can be rapidly developed, tested, and debugged.

Figure 3: Development cycle

The development process used is a variation of the evolutionary prototyping model as

shown in Figure 3. One of the most notable changes is the two phases of testing after a

prototype is developed. The �rst phase of prototype testing is done on the development

machine. Since the same windowing toolkit (PyGTK) is used on both the development

machine and the device, most components of the software behave similarly on both systems.

Once the system has been adequately tested on the development machine, testing is continued

on the device. Once these phases of testing are completed, and the prototype is deemed �t

for release, the process moves to the packaging phase. The packaging phase sits before the

deployment phase and consists of he creation of Debian packages for the software which are
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then hosted in an online repository. Deploying a new software version to the device simply

requires loading the package manager and selecting update. New versions of the software

and any required packages are downloaded and installed automatically using the Advanced

Packaging Tool (APT). Packages are created using dh_make from the Debian package tools

and Python distutils. Distutils is a python package designed to build and install additional

modules. By wrapping calls to distutils in a Make�le, Debian packaging tools are able to

easily generate a package from this �le. The commands to generate a package, recreate the

package index, and upload to the repository can be executed by a script so updates are

performed automatically.

5 System Architecture

The main application is divided into three classes: TourApp, LocationThread, and Map-

Drawer. The TourApp class runs as thread draws the user interface and receives any nec-

essary input from the user. The LocationThread also runs as a thread which tracks the

position of the user and prepares any necessary updates to the interface. The MapDrawer

class handles the loading and drawing of all map imagery. The tracking of tour information

has also been placed in this class since it requires this data to complete drawing of the map.

Map data imagery is loaded and stored in a bu�er so only the overlay needs to be redrawn

each time the map is updated. This allows most memory to be allocated when the applica-

tion is �rst loaded. One additional small module exists to provide position information to

the application. At the moment, this module connects to a position server running on the

development machine to provide location information in pixel coordinates. This module was

separated from the rest of the application so that if a more appropriate method of geolo-

cation is found, this module would simply need to be updated to provide the new location

information. This module also contains functions for distance calculation. A class diagram

showing the layout of the system is given in Figure 4.
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Figure 4: Class diagram

All the functions with the exception of the position functions are contained in a single

Python module which is executed to run the program. Classes were de�ned to maximize

encapsulation and isolate functionality for the GUI, location �nding, and map drawing. All

GUI functionality is in TourApp and all that is provided to the rest of the application is the

currently selected tour and functions to update the user interface. Anything which requires

the users position or data on locations is placed in LocationThread so any functions which

need to be performed when the position of the user changes are in a centralized location.

LocationThread exposes the users position and cached map data to other threads so this

information is only stored once in memory. MapDrawer handles redrawing of the map in the

user interface. It is connected to redraw events of the DrawingArea representing the map

during the TourApp initialization. All map and tour data is cached in the MapDrawer class

since this is the only place where data is required. The LocationThread requests a redraw of

the map from the MapDrawer whenever the position of the user changes.

When the program is executed, two threads are created: one which handles GUI events

(TourApp) and the other which tracks location and handles updates (LocationThread). As

the GUI is initialized, it connects events to redraw the map and perform actions on buttons.

These events are �red by the main GTK thread provided by PyGTK that handles user input.
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The TourApp then requests that the user select a tour and �nally sets a �ag which causes

the location thread to begin tracking. At this point, the location thread will begin showing

location information as the user moves around the map. The location thread runs in a tight

loop polling the position server for the users current location and making it available to other

parts of the application. The calculation and drawing of tours is handled in the MapDrawer

class. When the map is redrawn, a check is made to see if the tour route has changed. If

it has, a new route is calculated and stored so it will be drawn on the next update. The

MapDrawer will continue to redraw the map and other information as the user moves.

6 Navigation Design

The user is given navigation information by a map interface as well as a textual description of

their current navigation instruction. An overlay is placed on the map with the current route

the user is expected to follow. This information is generated from a graph which de�nes the

possible locations which can be visited as well as the routes to those location. Current map

graphics were obtained from the university website and show enough detail for basic outdoor

navigation. Ideally, satellite imagery with a map overlay would be used however no suitable

map currently exists. The possible routes can be drawn on top of the map graphic in any

vector graphics program and then exported to Scalable Vector Graphics (SVG) format. The

map is then converted using a script into a format which is easily read by the system. Lines

drawn in the document are converted to edges in the location graph. Regions are identi�ed by

rectangles which are given speci�c SVG identi�ers so they can be mapped to locations. The

�le format de�nes several rectangles which represent locations of interest. These rectangles

reference a folder containing contextual information as described above in Figure 2. The

other information stored consists of coordinates of points and lines connecting the points

used for routing. The coordinate system of the image is used as it is the easiest to reference.

For GPS data to be used, a coordinate transformation can be applied to convert to Cartesian
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coordinates. This coordinate transformation is accurate enough to be applied to an area the

size of the campus.

The networkx package by [10] is used to manage graphs and path-�nding. Locations are

speci�ed as rectangles which enclose one or more points in the graph. To direct a user to

a particular location, they are navigated to one of the points within this region. When the

user is not currently along a path known to the program, he or she must be directed to one

of these locations so the software may begin executing navigation. This is done by drawing

a straight line from the users location to the destination and then calculating the waypoint

closest to the line. The path is then calculated from this point along the �rst segment of the

path which is closest to the user. This approach is displayed in Figure 5. The green point

is the users current location and the red point is the destination. The blue line signi�es the

minimum distance calculated. The series of diamond points are the �nal route calculated to

the destination.

Figure 5: Initial waypoint calculation

In theory, this could potentially result in the user being asked to walk through a wall or

other obstacle. In practice however, the user will encounter a path which is close enough to

his or her current location that it can be easily found by the user. In addition, it should be

noted that the graph de�ned by locations, waypoints, and the paths between them is fully

connected so the system will always be able to �nd a path to the destination. Once a point in

the map graph is found for the user's start location, Dijkstra's algorithm is used to �nd the

shortest path to each location on the tour. To calculate the stop to visit, the points contained

within each signi�cant area are examined to see which is the closest to the previous location.
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The same algorithm can be used in reverse to allow the user to return to his or her start

location.

7 User Interface

The resolution of the N810 is 800x480, allowing signi�cant room for desktop-like interfaces.

When the program is started, users are �rst asked which tour they would like to take. They

are then presented with the main interface of the application. On the left the user is shown

the map along with a status indicator explaining directions. A basic map has been proven

to be the most e�ective method of providing location information. This was placed on the

left as North Americans are adjusted to reading in left-to-right order. Directions are given

on the map simply by drawing lines pointing the user to the destination. Destinations on the

map are already labeled by location so they do not need to be dynamically drawn, saving

processing time when maps are updated. Zooming is also not supported as the map is

already placed at an appropriate zoom level for outdoor navigation. When the transition is

made from outdoor to indoor navigation in future versions of the system, a new map can be

presented when the user enters a building with �ner detail. Eliminating extra map controls

such as zooming results in a cleaner interface which is especially important when running on

a small screen.

On the right-hand side of the interface, context-sensitive information about the users cur-

rent location is displayed. This includes the place the user is currently located, a description

of the location, and photos relevant to the location. This information is displayed continually

so the user is actively kept aware of their current location and anything interesting which

might be nearby. If desired, the right-hand panel can be collapsed or resized when a larger

view of the map is desired. Tabs are shown at the top of the this panel to allow the user

to select between di�erent types of information. A combo box is displayed at the bottom so

the user can navigate between individual items. These are dynamically constructed based
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on the items found in the folders described above. The goal in design of the interface was to

keep the clutter to a minimum so the maximum space possible could be allocated to the map

while still displaying the relevant context-sensitive information. The tabs and drop-down

menu allow the user to quickly select an item of interest without overloading the user with

unnecessary data. A display of the user interface is given in Figure 6.

Figure 6: Development user interface

Figure 7: Device user interface
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The display of location information is automatically updated as the user progresses

through the tour. If the user wanders, the information will also be automatically updated

based on his/her location. When the user enters a de�ned location, relevant information is

presented automatically. The interface displayed on the device is very similar, however, the

rendering library produces di�erently styled widgets as shown in Figure 7. The menu for the

application has been modi�ed to integrate in the standard location of the Maemo interface.

Unfortunately this results in the menu not being visible on the development machine, but

this behaviour is easily controlled. The menu holds any additional functions which would

distract the user if displayed in the main interface. This includes requesting updated tour

information, selecting a new tour, and exiting the program. Note that the tour application

may be shown fullscreen on the device but it is shown in its default state to display the

integration with the Hildon desktop. The Maemo operating system makes use of Desktop

Bus (D-Bus) for communication between applications. Applications wishing to receive noti-

�cations of device status and fully integrate with the application switcher implement D-Bus

functionality through the use of LibOSSO, a platform-speci�c messaging wrapper library.

Use of LibOSSO enables full integration with the Maemo environment and does not cause

the application to fail when running on a development machine.

8 Future Work

The system designed is expected to perform well in outdoor situations when the internal GPS

can acquire a signal. It could also be adapted to work indoors with an appropriate method

of geolocation. Content can be easily and e�ciently modi�ed as the campus and it's services

change. The system can also be easily modi�ed to support di�erent locations by replacing

the map imagery.

The next step in augmenting the system would be to execute tests of the system on

actual users. Observations of user interactions with the system coupled with a satisfaction
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survey should provide direction for future design enhancements. A user interface for updating

tour information would also be useful in allowing the system to be adapted for di�erent

situations. After these modi�cations are made, along with the addition of an appropriate

method of geolocation, the system could be put into production use. This would present a

unique experience to visitors of the campus and allow information to be presented in new

and interesting ways.

The system should also be expanded to support multiple maps for di�erent locations.

When the user enters a building, the system should still be able to navigate properly. This

would allow the user to be directed to speci�c rooms in a building and could help visitors

who must visit certain locations. This could also result in the addition of customized tour

creation on the device, allowing the user to select destinations to visit manually. This would

be especially useful for new students visiting the campus for the �rst time and needing to

register for classes, pay tuition, or other similar tasks.

9 Conclusion

The build environment and processes used in the development of the application facilitate

rapid testing and deployment atypical of mobile platforms. Furthermore, the majority of

the development tools and libraries used are standard to the Python language and allow any

Python developer to quickly adapt to mobile development. Access to a mobile device is not

even necessary in the early stages of development. The establishment of the development

environment has been a major focus of the project for the purpose of providing a suitable

platform for future work. This environment includes methods for testing applications trans-

parently on a development machine as well as mobile devices. All testing and deployment

has been made as automated as possible through the use of Python scripts.

The Nokia N810 provides an excellent platform for application development as it con-

tains unique hardware not typically found on mobile devices. The tour application presents
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information to users in the form of maps, photos, and text descriptions of locations. This

information is supplied from a central server through a lightweight HTTP server allowing

updates to occur automatically. All information on locations can be updated remotely and

the application can be remotely installed. This means any users possessing a similar device

would simply need to install the application from the publicly-available repository upon vis-

iting the campus and they would have full access to the system. Users are guided around the

campus through the use of a connected graph of possible locations. The context-sensitive

information presented to users can be used to provide tour services when no human tour

guide is available or when a unique and alternative experience is desired.
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