Aalborg University

Department of Computer Science

Database and Programming Technologies

Title:
Online Aalborg Guide - Develop-
ment of a Location-Based Service

Project period:
1. February 2003 - 7. July 2003

Project group:
DAT6 - E3-215A

Group members:
Kristian V. B. Andersen
Michael Cheng
Rasmus Klitgaard-Nielsen

Supervisor:
Chistian S. Jensen

Total number of pages: 102

Number of reports printed: 7

Abstract:

This report documents the development of a pu
based LBS framework. In a prior semester a L
framework that supports pull-based LBSs was de
oped. This framework has been extended to sup
the development of push-based LBSs.

Using the framework a prototype LBS, Online Ag
borg Guide, is developed. In order to access the
vice an application, GPSOne, has been develd
for Nokia 7650.

A design criterion is to minimize the client’s numb
of position updates to the server. This is achieved
letting the client download data based on the lo
tion and preferences of the user. This way the cli
can operate on data relevant to the user.
Another design issue that needs to be handle
the limited CPU power and storage capacity on
client. Since only a part of the data is stored at
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client, this frees space, which can be used for other

purposes, such as storing map images. The cl
application caches map images, so maps doeg
have to be fetched from the Internet every time. T
reduces the network usage and increases the peg
mance of the client application.

A model for storing time-related information is dg
veloped and used to deliver advertisements base
time and location.
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Chapter 1

Introduction

Pervasive computing is expected to be the next generatiompeting environment
where information and communication technology is presertywhere at all times.
Information and communication technology will be integ@into every day life and
everyday products such as dishwashers, cars, electrigitsiaf houses, wrist watches
etc. Pervasive computing is expected to be the third IT winesfirst wave being the
computer (mainframes and PC’s) and the second wave beingtdraet, mobility and
wireless communication. Pervasive computing is expectgevalopment time frame
of 5-10 years before affecting peoples lives [Min03].

One type of application within pervasive computing is LomatBased Services (LBS).
LBSs are a powerful way to deliver highly personalized sasi LBSs are mobile In-
ternet services that utilize Location-Determining Tedogees (LDTs) such as GPS
technology to obtain the user’s position. The position &f tiser is fundamental and
crucial for delivering these highly personalized servicd$e user’s position is ob-
tained from a mobile device with a built in LDT that the userres around. The

position is transferred wirelessly to a service provided #me user receives location-
based information on the mobile device. A mobile device ddud a Personal Digital

Assistant (PDA), a laptop or a mobile phone.

1.1 LBS Technology

Advancements in wireless communication, mobile devicesLdNTs in recent years
enable the opportunity to develop LBSs. Next, the core teldyies available today
for developing LBSs, are presented.

1.1.1 Location-Determining Technologies

LDTs are essential for enabling LBSs for users. One type of licell based po-
sitioning. Cell based positioning is a technology used ilMa®&tworks, where the
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position of a mobile phone is found using the known locatibthe base station that
the phone is connected to. This technology determines taiém of a person within
several hundred meters. A more precise LDT is the Globalt®osig System (GPS),
which uses a collection of 26 satellites to pinpoint a positi GPS provides an ac-
curacy of 5-10 meters [GPS03]. These are the most common LiSd&d to develop
LBSs. More sophisticated LDTs, such as Server Assisted GRSides better accu-
racy than GPS technology [DR02].

1.1.2 Communication Technology

LBSs require communication technologies to handle the comcation between the
user’'s mobile device and the service provider. Today thetm@®mon used commu-
nication standard for mobile devices is GSM (Global SystenmMobile communica-
tion). GSM is a Second Generation (2G) mobile telecommuioicdechnology and
provides data transmission rates of 9.6 Kbps. This trarsarigate is adequate for
transferring text such as SMS (Short Message Service) olt srmagyes.

However, almost all new mobile devices support GPRS (Géiareket Radio Ser-
vice). GPRS has a theoretical transmission rate up to 17% Kipile practical trans-
mission rates lie between 40-50 Kbps [Wik03a]. Unlike GSNPR® users can stay
online permanently, since fees are taxed based on the arabdata sent or received
and not by transmission time. GPRS is often referred to as tbbile telecommu-
nication. GPRS enables the possibility of incorporatingges, animations and small
video clips into mobile services.

The Third Generation (3G) mobile network is already beingldged. 3G is equiv-
alent with UMTS (Universal Mobile Telecommunications $ym). UMTS promises
theoretically transmission rates of up to 2 Mbit/s [Wik03BEtual rates are estimated
to be lower. Services such as multimedia presentationspvitips and video confer-
ences become possible in 3G mobile networks.

1.1.3 Mobile Devices

The mobile devices must support mobile communication teldgies and LDTs in
order to take advantage of LBSs. A large variety of such neofbdvices are available
on the market. The devices can be grouped into the followirggt categoriesnobile
phones, PDAsndsmartphonesThese devices support mobile communication tech-
nology and LDT either embedded or via expansion modules.

» Mobile Phones Many new mobile phones on the market support GPRS and

Bluetooth. With Bluetooth it is possible to connect wiralgsto a Bluetooth
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GPS receiver. However, mobile phones have limited comguiower, and the
multimedia facilities are often limited to displaying los@solution images.

» PDAs The PDA devices have more computing power than mobile phortgs
enriches the devices with multimedia possibilities sucldiggal imaging, an-
imations and video clips. However, most PDAs do not have faa@mmuni-
cation technologies embedded. Extension cards usuallydeahe support for
these technologies. PDAs often have larger displays thanlenphones, which
make them suitable for multimedia purposes. However, PDAat practical
for use as mobile phones, since the size of the display sesutelatively large
devices compared to mobile phones.

» Smartphones A smartphone is a fusion of a mobile phone and a PDA. A smart-
phone has many of the multimedia facilities of the PDA, anthatsame time it
has embedded mobile communication technologies such aS@R&wireless
technologies such as Bluetooth. A smartphone has more damggower than
a mobile phone and similar to that of a PDA. The size variemfpocket size to
PDA size.

1.2 LBS Categorization

Depending on what kind of service a company wishes to proweeain accuracy re-
guirements need to be met. The Location Interoperabilityfo(LIF) has categorized
LBSs into 3 categories: Basic Service level, Enhanced &etevel and Extended Ser-
vice level [NokO3c]. Table 1.1 shows the different servieedls and their associated
positioning technologies. For instance, LBSs at the Basiwi€es level imply the us-

Categories Terminal Support Network Support
Basic Service level Legacy Terminals Based on cell
or improved accuracy
(accuracy kilometers)

Enhanced Service leve Location of Improved accuracy
all new terminals | (accuracy tens of meters)
Extended Service level Location of High Accuracy
new terminals (accuracy meters)

Table 1.1: The categorization of LBSs defined by LIF

age of cell based technologies. The accuracy is fairly pkibsrheters of accuracy)
but already established terminals are available to sughwtevel of services. Ser-
vices of the Enhanced Service level are services that redugher accuracy (tens of
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meters accuracy). However, in order to provide such acguraore advanced po-
sitioning technologies are required and new terminals rbastieveloped to support
such services. Figure 1.1 is an illustration of the evolutdLBS by LIF's categoriza-

tion. This evolution scheme is introduced by Nokia. As shawthe figure pull-based

services are categorized at the Basic level while pushebsserices and monitoring
services are at the Extended level. According to Nokia’srestion the market matu-
rity for LBSs at the Extended level will be reached from 2003.

Mobile Location Services (MLS) - Segmentation Examples

Basic MLS - Enhanced MLS - Extended MLS -
accuracy kilometers accuracy tens of meters -accuracy meters

Location-sensitive ) ks
call routing Safety, medical monitoring
Child tracking, personal :

- s Fleet Management

City Guide/

. . Charging&tBilling
Points of Interest/
Tourist attraction e :

i perator |Ces
=%  Entertainment o

Advertising "PullN== Car emergency 5= = i
response ocation sensitive
Charging&Billing

What's on?
2H/2002->

Emergency
E-911/E-112

"Dating”

TODAY->

Figure 1.1: lllustration of Nokia’s estimation of the devpiment of LBSs [Nok03c]

Devices with high accuracy LDT have not yet reached matimitiie market. In order
to develop LBSs at the Extended level various mobile deviaa® to be combined
with LDT technologies such as GPS modules. At the moment nhanmglhelds and
mobile devices have interfaces to extend the device with@RS receivers.

1.3 Push and Pull Services

The pushandpull concepts are used and defined in various disciplines. Theepds
are especially used in the area of economics, productiomazaréteting. In general
push and pull are often used to interpret the relationshipiéen the consumer, the
actor that consumes or demands the information, and thedaowhe actor that pro-
vides the information. A definition of pull idJsers pull information to them wherever
and whenever needddan01]. A definition of push ikocation service utilizes users
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location to make user a customer or service recip{gan01].

In this project the push and pull concepts are interpretéfdredntly from the prior
definition. The variation lies in the definition of push. Pusldefined agnformation
delivered to the consumer where the consumer has no corftiwhen information
is delivered. In push-based LBSs the user can subscribe to a certain serVibe
service could be information delivery to the user that haspié certain criteria are
satisfied. When the criteria are satisfied, the informasent to the user at a time not
controlled by the user. This kind of service involves pudiraents (the user subscribes
to the service) and push elements (the information is deld/é the user). However,
according to the definition of push in the project, this seevis denoted as a push-
based service, since the user has no control of when thei@i@die satisfied, and when
the information is delivered. The division of LBS into pultdpush services reduces
the complexity of understanding the interaction and natfileBSs.

1.4 Push-Based Service Development

In [JACKNO3] a framework for LBSs is developed. The LBS franm¥ illustrated in
Figure 1.2, is based on a component-oriented structuretisatres modularity and the
possibility of modular expansion. Additionally, the conmgmts in the structure are
ordered in layers. These layers ensure transparency irysters, which means, that a
developer does not need to know all the logics and procesghis entire framework.
The developer only needs to know the interfaces of a paaidaler. For instance a
server developer does not need to know about GPS technoldbg alient side, but
only the interfaces in the client layer. The LBS frameworlarsapproach to devel-
oping a framework that is capable of creating and adaptimgpws LBSs within one
framework using a layered and component oriented structure

The LBS framework has been implemented and utilized to dgvpull-based LBSs.
The features of the pull-based LBSs consist of retrievieg-4iy-step directions, with
or without a map, to a certain Point of Interest (Pol) andieeing the nearest Pols
to the user. However, no LBS components in the LBS framewoppsrt push-based
services. From this point of view, the main purpose of thgqmiois to continue the
work on the LBS framework by extending the LBS framework tport push-based
services. Due to the modularity of the LBS framework no mayardifications are
required to implement push-based features. A set of pustpooents needs to be
developed. The push-based components that are develofi@d project support the
prototypic example of a location-based Online Aalborg @uidhe Online Aalborg
Guide is an online city guide where users can get informatlmout restaurants, events
and popular sites in Aalborg. The Online Aalborg Guide iséhtre system, consist-
ing of a server and a client application, GPSOne. The clipptieation runs on the
client, which is a mobile device with an Internet connectidime information in the
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Geographical Information Content Data

Data Layer :

COMPONENT BASED INFRASTRUCTURE

Service Layer :

........................................................ Client Application Layer :

................................................................. Positioning Layer :

Figure 1.2: lllustration of the developed LBS framework AOKNO3].

system is based on the users’ location and preferences. senésu'pushed” informa-
tion and advertisements about the nearest Pol, which matbkeisers preferences. In
addition the user is able to “pull” and browse through furtimformation about Pols.
Furthermore, a map is continuously displayed, indicatihgse the user and the Pol is
located. The content and specification and design issuée @nline Aalborg Guide
is described in Chapter 2. Next, related work to the pusketha8S framework and
the Online Aalborg Guide is described.

1.5 Related Work

Some companies have developed push-based services fderaebj but the number
of push-based services is not as large as the number of asdlebservices.

A push-based LBS developed by Met Office [Met03] is a weathezdast service.
The user enters a city name or zip code, a time and a date, add #e information
using a SMS or a WAP page. A weather forecast for the regidmeis telivered at the
time specified by the user.

A range of products with pull-based LBSs are on the markemé&of the most popular
products are digital city guides for handhelds. The digitgt guidesVindigdVin02]
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andCitysyn¢Lon03] provide updated reviews, Pols, step by step dioesteind simple

color maps to PaImOS and PocketPC based handheld devieesis€éhneeds to input
the current location in order to use the LBS. If a GPS deviegtached to the handheld
device the location is received from the GPS. The reviewsRald in the applications
can be updated via an Internet connection.

A more advanced digital city guide iBrekkefVis03]. Trekkeris an application for
PocketPC devices, adapted to blind people. It offers feattirat enable blind persons
to determine their position, create routes and receiverim&ion on navigating to a
destination. Besides that, blind people are able to find. Redsnpared td/indigoand
Citysync Trekkerhas an advanced speech/voice interface for enabling béoglp to
use the applicationVindigo, Citysyncand Trekkerare handheld city guides that pro-
vide location-based features to consumers. However, edlelsystems are limited to
pull-based services and due to the limited storage cap#ogydigital city guides only
cover a limited number of cities. In addition, an update @& slystem when entering
a new city requires large amounts of data to be transferiede all information is
stored on the handheld device.

Contrary to pull-based LBSs, the number of push-based LB&sited in the market.
The push-based LBSs that exist in the market today are fleehgesnent and warning
services. The comparintelliWhereoffers a range of fleet management solutions for
the business-to-business industry. One of the their swisisIntelliWhere TrackForce
[Int03]. With this solution fleet oriented companies areedol track and communicate
with their units in the field. The TrackForce system allows tisers to have alerts that
are triggered by certain conditions, i.e. traffic jams. Therta can be given to the
people working in the field, thus enabling them to avoid delay

The mobile phone manufacturer Nokia has recently introda@ceomprehensive middle-
ware frameworkmpositionfor developing LBSs. The middle-ware framework pro-
vides comprehensive APIs for managing information in tHeitar network and gate-
way layer. Figure 1.1 illustratespositiors End-to-End architecture. The framework
is very similar to the framework proposed in [ACKNO3]. Theimdifference between
the two frameworks is the variety of LDTs. While the LBS franmek only supports
GPS technologympositionsupports four different cell based LDTs and A-GPS tech-
nology.

The rest of the report is organized as follows: Chapter 2 rifess the features of the
Online Aalborg Guide and related design issues. The chas#itecture and design
approaches are described in Chapter 3. The chapters adtterle¢lcribe the layers of
the developed push-based LBS framework. Chapter 4 desdtiigeData Layer and
contains a description of the data model. The Server ApjpdicaLayer containing

specification of components and services at the serversizithed in Chapter 5. The
interface between the Service Layer and the Client Layeescdbed in Chapter 6.
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mPosition End-to-End Solution Architecture

UE+LCS Client -
' (L
notE; viztzbla today) \ ‘A:S Client
MSC/ / IGMLC
SGSN
LMuU
Cellular network Location Middleware Location Aware
Nokia mPositi Nokia mPositi f ot
FD:}ﬁ:nnE:::lllaui?an lD:alia:n enal;?er: Applications

IGMLC

Figure 1.3: lllustration of Nokia’s mposition architectur

Chapter 7 describes how a client application is implemeatede Client Application
Layer. A use-case scenario for the GPSOne applicationrizdated in Chapter 8. An
evaluation of the push-based LBS framework and GPSOnecapioin is presented is
Chapter 9. Conclusion of the report is given in Chapter 1CapEér 11 discusses future
work for the system.



Chapter 2
Online Aalborg Guide

As mentioned in the introduction the push-based LBS franmkwgoused to implement
a Online Aalborg Guide LBS. Section 2.1, describes desigmels and principles for
developing location-based city guides. Section 2.2 dessiinow a complete and com-
prehensive LBS tourist guide is imagined. A specificatiofeatures and sub services
of the prototype “Online Aalborg Guide” is described in Sewt2.3

2.1 Design Issues

The Online Aalborg Guide concept proposed is based on [MaOfzating applica-
tions for mobile devices imply different design principtéan traditional applications
for stationary desktop computers. A LBS is inherently imted to be used in mobile
situations and must take advantage of this fact, that thiécagpipn for the mobile de-
vice must be able to adapt to different and dynamic contekisthe following the
results from [Mar03] are compared to the Online Aalborg @uiehatures.

The main target group for the Online Aalborg Guide is towsrigsiting Aalborg. A
way to develop an application targeting this group is to@nfstudies of such groups
in order to understand their needs and requirements for aggistem. Research from
the GUIDE project [Mar03] is based on semi-structured witsws with members of
the Tourist Information Center of Lancaster and obserwvatiof tourist visiting the
tourist office over a period of several days. This researchvstihat tourists were very
interested in having access to cultural, historical andhiggctural information when
visiting Lancaster. Online Aalborg Guide users can retrigyormation about all Pols
and events stored in a database maintained by the DanisisfiBoard.

Furthermore, the tourists expressed interest for dynamikcfiexible information and
support for interactive services. The tourists were, faraple, pleased with the pos-
sibility of receiving dynamic information, such as the “sgds” of a cafe. The Online
Aalborg Guide handles dynamic time-related location-dasérmation in form of
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advertisements, which can change over time, from nearby. Pol

Also visitors to Lancaster were more inclined to trust a egsprovided by a reliable
source such as the local tourist information board. The dsgal for the Online Aal-
borg Guide is obtained from the Danish Tourist Board.

The Lancaster visitors would also like the possibility obking services through their
guide. However, some visitors wanted to speak to someone $ate that reservations
had been confirmed. Such services would require integratfdmooking systems,
payment and security systems. Such services are not irttindée Online Aalborg
Guide. Users of Online Aalborg Guide can request addressnretion and booking
phone number and use this information to contact the Pokfsgnvations.

According to [Mar03], mobile users do not want to waste timeiacting with mobile
devices, however they do not mind navigating through ogtibat go deeper into areas
that they want to know more about. Other studies show thatibs suitable systems
for mobile users incorporate user interfaces, that requir@mal attention. This al-
lows for the user to perform activities in mobile situatiomshout much attention on
the device interaction.

The Online Aalborg Guide uses a mix of push and pull techriebom order to com-

ply with this behavior. The nearest Pol is continuously updaand displayed on the
screen. This way the user does not have to interact with thieelén order to see

which Pol is nearest. However, if the user wants furthernmiation about the Pol, the
user must make a request and the information is displayesvindow where the user
can browse through it.

The report [Mar03] emphasizes the importance of understgnidow users behave
differently in different situations and under differenta@imstances. For this purpose
the report proposes a user profile. In order to use the Onlalbagkg Guide each user
must create a profile in which the user has the option of addimyremoving cate-
gories of Pols. The Online Aalborg Guide then utilizes thigfile information and
delivers Pol-information within the specified categories.

Another wish that many travelers expressed according ta(Blavas the possibility
to plan a trip before the trip. This could be in the form of dieg what to see, get-
ting information and locations of Pols, find out how to gethie Pols, book services
and plan a tour. Other issues not directly expressed inesuafitourists’ behavior are
tasks, which could be performed after a trip. A feature tomupregistration of travel
memories is proposed in [Mar03]. Furthermore, features@nding electronic post-
cards and the ability to rate and comment Pols are proposatingldAalborg Guide
users have the option of planning ahead to the extent trepdssible to access a Web
interface and edit the users profile. The user has the ptigstbi add the categories
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of Pol that the user is interested in, before a trip.

Based on the mentioned design principles and issues thesaetibn describes the
features of the Online Aalborg Guide.

2.2

Features

These are the features that form the basis of the Online AgBaide:

Nearest Pol Information: Is the main feature of the Onliradb®drg Guide, where
information is displayed to the user, according to the gggo'sition and time.

Further Information: Users can retrieve additional imh@tion about the nearest
Pol such as address, phone number and description.

Favorites: Allows the user to save Pols for later use.

User Pols: Gives the user an opportunity to add user-g@tontent to the
service, in the form of new Pols.

Reviews: Allows the user to add content to already exisiods, by writing
reviews of individual Pols.

Pictures: Is an extension to Reviews and User Pols, wheraghr can submit
photos of Pols.

Push Advertisement: Allows data providers to send out dbeaments based on
the users’ interests and positions.

Route planner: Allows the user to find the shortest routedertain Pol.

Buddy Finder: Extends the push service to retrieve infaromaabout other
users.

Profile Handling: Allows the user to edit profiles before ahuling a trip.
Record Note of Pol: Allows the user to record a travel nota &l visited.

Map Service: A map of the surroundings, is at all times digpd for the user,
with an indication of the user’s position and nearest Poltjos

In the following the features are described in more detail.
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Nearest Pol Information

If a Pol matches the criteria specified in the profile, the es&aPol is displayed for the
user. The system allows for the user to set the distancemithich Pols should be
located, in order to be displayed. The information is camdunsly updated (pushed) so
that the user doesn’t have to interact with the device inm@eeceive the nearest Pol.
The information displayed is the name of the Pol and the acgtdrom the user to the
Pol.

Further Information

The user can retrieve further information about the nedestThe message retrieved
contains information about the name of the Pol, address)@ohamber and a descrip-
tion of the Pol. The user can navigate through the infornmagind find the needed
information.

Favorites

When the user gets information pushed during the day, théoeuof nearby Pols may
be large on some occasions, making it impossible for a useeabwith all of them.
If the service has an option to save Pols for later use, theaseuse the Favorites
feature in the same way as a bookmark function in a Web brow$er user can save
interesting Pols for later use, if the user is busy with otfasks or just doesn’t need
the information provided at the present time.

User Pols

This feature allows a user to submit new Pols to the servite User needs to enter
the name and a description of the Pol, and is then able to stiberdata to the service.
This makes the content of the system more flexible and mefutifog the user, since
the user partakes in adding content to the service. Somelsawifuser content could
be:

Sender Tranders Church This is a nice little church, which is located on a hill.
My Spot Nice open spot with beautiful oak trees.

The Pols that a user enters will not necessarily be meanh®ptiblic. Some Pols
are only important to the user, for instance the user’s hontleeoplace where the user
works.

Reviews and Pictures

Another type of user content are reviews. The reviews, whrehsubmitted by users,
give other users a better way of telling if a Pol is to theiiddk The chances are that
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if other users for instance find that a hotel is sub standhah the hotel is in fact of a
low standard, despite what the tourist brochure showsirigetisers submit photos of
Pols, so that in addition to reviews, other users can agtsak the Pol before going
there, may enhance the reviews.

Push Advertisement

Some Pols could have special offers that the data providetsita advertise. Espe-
cially commercial Pols, such as shops or restaurants, wildicertain value in paying
the service provider to allow them to advertise through #m@ise. This push service
allows the advertisements to be location and time basedatmffers is made avail-
able only at certain time intervals, and at certain places.

Route Planner

This feature provides the user the ability to get route qugdo a certain Pol. The route
guiding could be materialized in textual form or in picturé®r instance, a map that
shows how the user reaches a destination. This featurelib@sid since it is the user
who requests the information.

Buddy Finder

The Buddy Finder feature allows users to find other usersgusie service. When a
user is within a specific range of another user, the user ifiemhtAs a part of the On-
line Aalborg Guide, the Buddy Finder allows traveling comjoas to find each other
in foreign places. For instance, the Buddy Finder allowepts to let their children
wander around more freely, as the service allows both to fawth @ther.

The Buddy Finder service can be expanded to cover many eliff@pplications, where
people need to find other people.

Profile Handling

The profile handler is a key feature. It gives the user theipbst® personalize the
application to the user’s wishes.

The profile is intended to consist of the following optionslde@atures:

* Create new user.

» Create and delete profiles. Each user can have severalegidfir instance a
work profile, shopping profile or a sightseeing profile.
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» Set the maximum number of advertisement that the user wikhlkee pushed at
atime, so that the user is not overburdened with advertia&sne

» The user is able to add and remove categories of Pols fronofdepr For in-
stance, this way a user can personalize the applicationlyssbow information
about beaches and restaurants.

» The user can, for each category of Pol, specify the rangeinva Pol of this
category should be located within, in order for advertisete¢o be pushed. For
instance, this allows users to specify that advertisemieots restaurants are
allowed within 500 m while advertisements from amusemenik pae allowed
within 10 km.

The profile handling is a solution, which allows the user td pobfiles before a trip
and also during a trip.

Record Note of Pol

Many tourists would like to write notes of places they havated. With this feature
a user can create a note, which is attached to a certain Pol@teda description of
this place. Pictures taken near the Pol with a digital canpprssibly built in, can also
be attached. After the trip is completed the tourist canaettthese notes and pictures
from the device and create a collection of travel memoridg User has the option of
sending the travel notes to friends and family.

Map Service

This feature provides a map of the surrounding streets aresdghe user assistance in
finding a way to a Pol. The location of the user is indicatedhendenter of the map and
the map scrolls as the user moves. The location of the neRoésif one is present, is
also indicated on the map, along with an arrow indicating Imolv direction the Pol
is in relation to the user. This is particularly useful if tRel is located outside of the
visible map. This way the user can follow the direction of #inew and know that the
Pol is getting closer.

2.3 The Prototype

To implement all the mentioned features is beyond the scbfiesoproject and hence
a prototype Online Aalborg Guide system and a prototypeiegibn “GPSOne” for
Symbian OS operated phones has been developed. The pesyytiem includes the
following features:

* Nearest Pol Information
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» Further Information
* Push Advertisement
» Web Based Profile Handling

* Map Service

Some of the introduced features are very similar to featpresided by traditional
digital city guides. What makes the Online Aalborg Guiddaddnt in relation to other
city guides is the push-based features that are especialphasized in thé&earest
Pol Information , Buddy Finder andPush Advertisementfeatures. Hence in order
to utilize the push-based LBS framework, the prototype “GR&’ application is able
to display nearest Pol based on a user profile and receiveréhated location-based
advertisements from Pols.

The application also provides users witlrarther Information feature. The feature
retrieves further information about the nearest Pol. Téian important feature for the
users, since this information has great value for tourists@her users. For instance,
this information could be phone number booking and the addvéthe Pol. The profile
conceptProfile Handling, has also been developed since this is a key concept in order
to provide a highly personalized service. The profile harglis a Web-based solution
which enables the user to edit profiles before a trip and asémee time edit profiles

on the mobile device since most new mobile devices has aibieb browser. The
Map Service has been implemented to provide users with assistance indigdway

to a Pol and in order to provide users awareness of theirsadiags.

2.4 LBS Issues

In order to develop the Online Aalborg Guide some technindl@ractical issues need
to be addressed. Some issues are fundamental for develmpshgbased services and
some are specific for the Online Online Aalborg Guide. In thkofving sections,
some of the issues and side effects of developing push-is&seides and the Online
Aalborg Guide are introduced. Other issues may be relewarhé project. However,
the issues described here are the main focus issues in djecpr

2.4.1 Continuous Update

As mentioned earlier, it is fundamental to know the user'sifoan in order to deliver
LBSs to the user. By knowing the user’s location it is posstblfind the nearest Pols
within a predefined range. This is achieved by comparing gee’'si position with the
position of the Pols in the database.
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Depending on the size of the database and the design apptbadatabase is placed
either at a central server or at the client terminal. Assuna¢ the database resides at
a central server. This means the central server is resperfsibperforming the logic
of the LBSs. Hence, the central server has to be informedtabewser’s location
continuously in order to provide accurate information te tiser. To inform the server,
the client has to perform continuous updates to a centrakseil his task can cause
performance decrease for the whole system if the numberassus significant. This
can also result in an overload of the transmission bandwidth

2.4.2 Storage Issue

Before a practical LBS implementation is possible, sombr@al requirements have
to be met. Some of the crucial requirements concern pratgssipabilities and stor-
age capacity of the mobile devices. This rises some issuesingtance, how is it

possible to optimize the usage of the limited storage c@paod what data should be
stored?

LBSs need geo-referenced data such as Pols and graphicsl friegPol data may be
the most dynamic content since information such as addpbéssie number and other
Pol information changes relatively often. Maps, on the hadinge very seldom.
This means that Pol data stored on the client needs to beatedidnore often than
map data. In general graphical map data takes up more spacd’tii data. Hence,
there is a limit to the number of maps that can be stored on thieilendevice. A
solution to handle the storage issue is needed.

2.4.3 Temporal Information Delivery

When delivering location-based information to the userha Aalborg Guide, it is
preferable to provide the user with the opportunity to ree@nformation according to
time and location. For instance, if the user’s nearest Paldafe that is closed at the
user’s time of arrival, the user may prefer to get informatadbout the next nearest Pol
instead. This type of service is denotedtiase-related location-based servigethis
report. From the information provider’s point of view it igpeeferable option to be able
to send information at different times. For instance, a caéy have different offers
during a day. From 11 AM to 3 PM the cafe may have a lunch offed,feom 6 PM to
10 PM the cafe may have a musical event. The feature of sewliffiegent informa-
tion at different times can be used in the information previElmarketing strategy. In
order to provide such a feature in the Online Aalborg Guidena scheduling system
needs to be developed for the purpose.

In order to extend the LBS framework with push features tgpsupthe Online Aal-
borg Guide, the mentioned issues have to be managed. In xhsewtion the design
approaches and solutions to develop the Online Aalborg &isichtroduced.
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Architecture and Solutions

This chapter describes the design approaches and the desigions to achieve the
goal of developing push-based LBSs. In the following, vasidesign approaches are
introduced.

3.1 Design Choices

Devices with high accuracy LDTs are crucial for developingip-based LBSs. How-
ever, technical constraints such as CPU power and storgugeity at the client ter-
minals have great impact in the consideration of architectiesign. In the following,
design approaches to developing push-based LBSs arelagcFigure 3.1 illustrates
the various approaches.

Using theClient Approachthe whole solution resides at the client platform. LBSs
often contain geo-referenced data and a set of functiongtwbperates on the data.
This design approach demands large storage capacity anetjob@PUs at the client
terminal. At the moment, the only candidate client ternmsrthiat fulfill the require-
ments are laptop PCs and embedded car navigation systeths. dblution has to be
implemented in handheld devices and smartphones, onlyigetinset of data can be
stored due to the limited storage capacity in such devickis rises several problems
in relation to update policies and data validity. Anothesatal disadvantage in the
Client approachis the lack of fleet management capabilities, where mobilts ame
administered from a central place. Since each client habalequired data and func-
tions installed, there is no need for a central unit to adstanithe clients, and hence
larger distributed monitoring and warning applications aot possible.

In contrast to the&Client Approachthe Server Approackeparates the database and the
LBS functions from the client platform. The database andlBB& functions reside

at a central server. This forms a client/server architectdnere the task of the client
device is to request the needed service and data from thersamd display it to the

17
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Client Approach | road database
’ Pol database

,,,,,, GIS
Route finding

Server Approach

Internet connection
< >

Road database

_| Pol database
GIS
Route finding
Monitoring services
Warning services

Road database
- | Pol database

Limited Pol database

Combined Approach Monitoring application

77| Limited GIs Gls
777777 Rl Route finding
< > Monitoring services
Internet connection Warning services

Figure 3.1: lllustration of the three design approachese iftobile phone at the left
side represents the client and the server is representgdiae¢ arger black box.

user. The LBS framework mentioned in Section 1.4 is an impla@ation of this de-
sign approach.

The approach of storing the database in a central servedsitioé data validity prob-
lem, since updating the data from a central server, it israsisthat the clients will
always obtain the newest data available. This ensures dditity and data consis-
tency. Comparing the two approaches, e ver Approacltan support more features
than theClient Approach

One of the advantages of tlserver Approaciks the possibility to provide monitoring
and warning services. When the client uses the LBS, thetghesition is reported to

the central server. This enables the possibility of devielpmore advanced monitor-
ing and prediction services such as traffic warnings, locasiensitive advertisement
and fleet management. In addition, it is possible to cre@atohdependent services,
which means that different client terminals can accessdheesservice. However, in
order to provide these services, the server must know theitot of the client. This

requires the client to continuously update the server w#lposition. This can result
in an overload of the server if a significant amount of useed@gged onto the system.
Continuous updates from the clients may also result in cetnge of network traffic
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to the server, hence delaying the overall traffic to the geimethe user. In addition,
the users have to pay for the network traffic, making the LBsS lateresting for the
user. An alternative solution to solve the bandwidth andeseoverload problems is
to provide more memory and CPU power to the server and imptoexisting band-
width. However, the performance will still be worse than i€lkeent Approachdue to
the network transmission delay.

As seen in Table 3.1 th€lient Approachlacks the capability to handle Client In-
dependency and Data Validity. Tlsarver Approacleovers these features though the
solution suffers from large numbers of updates and bandivaderioad, for large num-
bers of users of the system. The two concepts have diffeem@ldping perspectives;
centralized vs. decentralized design.

Client | Server | Combination
Client Independence X
Data Validity X (X)
Update minimization X (X)
Monitoring options X X

Table 3.1: Comparison of the advantages of the three deslgtians. An X indicates
an advantage, a (X) indicates a partial advantage.

To claim the benefits from the two different perspectives,Glombined Approacks
introduced. The architectural structure of this approachased on the client/server
design from th&erver Approachin order to minimize the continuous updates, a small
subset of the database is replicated at the client side. apusoach reduces the CPU
power usage at the server side, since parts of the compsadi@ carried out on the
client device. As long as the data at the client device ismalid, the client does not
need to issue an update. This reduces the bandwidth usagen W$s updates are
performed, the validity of data suffers, since some datalveitome out of date. The
Combined Approachas all the features of the former approaches. Howeverdadfa
has to be taken into consideration since less updates itnglyte server positions the
client less accurate, which in turn means less precisioemices. In this project, the
Combined Approachas been chosen as the design principle for the Online Aglbor
Guide. The next section describes the architectural desdigre Combined Approach

3.2 Architecture Design

Figure 3.2 illustrates the overall design of tBiembined Approachlrhe LBS Applica-
tion Servers use the LBS framework architecture. This mlesithe LBS Application
Server with pull-based service features such as shortest ialculations and step
by step direction descriptions. The LBS Application Sefvas a geo-referenced Pol
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Figure 3.2: Overview of the design architecture

database and a road network database that supports theaadmin Denmark. The
LBS Application Server does not support push-based LBSaceladditional compo-
nents for enabling push-based features are developed.abter maps to display the
roads are supported by using an external raster map selwvetisis case, the Kort &

Matrikelstyrelsen (KMS) raster map server is used for thgppse.

As the client part in the architecture, a Symbian smartpherselected as the tar-
get device for developing GPSOne. One of the reasons foctgaiethe Symbian
smartphone instead of other available devices is the &tabitd the comprehensive
communication support of the Symbian OS. Furthermore, §haldlan OS provides
a wide range of multimedia and multitasking options. Amoggn8ian smartphones,
the Nokia 7650 is selected. The Nokia 7650 uses the Symbiaan@d$s built upon
Nokia’s Series60 platform [NokO3b]. This platform has bdéieansed to various ven-
dors whose combined market share is more than 55 percer@3pPadrhis means that
all Series60 phones can use the GPSOne application.

The Nokia 7650 does not support GPS technology. GPS sugpmtdial for develop-
ing push-based LBSs. In order to provide GPS support for thiedN7650, an Emtac
Bluetooth GPS receiver is used. Since the Nokia 7650 and ampfan smartphones
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with Symbian OS version 6.1 has Bluetooth support, the plbaneonnect to the GPS
receiver and extract positions from the Emtac GPS receiver.

GPSOne is developed upon tBgmbian LBS framewofksag03]. TheSymbian LBS
frameworkis a research project developed at Aalborg University armiges fun-
damental communication APIs for developing LBSs for Symlsenartphones. The
Symbian LBS framewoHas been extended with.8S Engindo create a client frame-
work for developing the Online Aalborg Guide.

As seen in Figure 3.2, the Emtac GPS receiver provides coates to the Nokia 7650
continuously via a Bluetooth connection between the twdadsv When the Nokia
phone receives the coordinates, GPSOne starts providengBi$s to the user. Dur-
ing execution of GPSOnNe, a service request is needed toBBeApplication Server

The Nokia phone connects to the server via the HTTP protddw.LBS Application

Serverprocesses the client’s request. When the server has acisteglthe task for
the client, the result is send XML format or a customized fexinat. If GPSOne

needs to download raster maps, a connection to a raster magy geestablished and
the map is retrieved in JPEG format.

Oracle 9i DBMS

Data layer :

.................................................................................... Lo SETVET Application layer
Web Server

...................................................................... O FOS RPN {11712 S

1

1

- :. ________ HTTP Raster Map Server

: KMS
.......................................................................
z 1
: | Symbian LBS Framework ! Database

1

Push based LBS Engine

ot

a a QT’@

v v

‘GPSAPI HCommunicationAPl ‘

Figure 3.3: A layered illustration of the design
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While Figure 3.2 provides an overall design of tGembined ApproachFigure 3.3
illustrates the technical components of the LBS Applicat8erver and the Symbian
LBS Framework. Furthermore, the figure illustrates the r@astlayers of the com-
ponents. The LBS Application Server consists of a Web seeveset of server ap-
plications, and a DBMS. The Web Server is in charge of hagdigguests to Java
Servlets from client applications. The Web Server is categd in the Service layer.
The server applications, categorized in the Server Apgitiodayer, are the set of LBS
functions that execute the user’s request. The LBS funstawa implemented in Java
2 Enterprise Edition. This enables the usage of Java Seridesupport LBSs. At
the Data layer, Oracle9i DBMS is used to store the data. Tatifes that Oracle9i
provides in comparison to other available DBMSs are theigpatdexes and spatial
functions. These features are fundamental for the LBS Apfibn Server and for de-
ploying LBSs. As mentioned, geographical raster maps amntbaded from external
servers. Depending of which kinds of services the LBS Aggian Server provides,
the raster maps are either directly downloaded to the cbeprocessed by the LBS
Application Server, before send to the client.

At the Client and Positioning layer ti&ymbian LBS framewosdupports fundamental
communication. This involves a TCP/IP connection to the I&p®lication Server and
Bluetooth communication for GPS coordinates extractiohe Tommunication sup-
port API is divided into a communication APl and a GPS API, ethihe push-based
LBS Engine can access. The push-based LBS Engine contairsslential functions
to support the GPSOne application. This involves updaténes, database manage-
ment, image management, range and Pol monitoring. The SyndE provides a
lightweight database that supports basic SQL. This is ugedtbring and managing
the Pols received from the server. The LBS Engine is the sidardeveloped for the
Symbian LBS framework

In order to develop GPSOne some issues need to be addredsedssilies ar€on-
tinuous Updateand Storage The design approaches that deal with these issues, are
described in the next sections. The design approaches falihg theTemporal in-
formation deliveryis described in Section 4.2.

3.3 Solutions to Update and Storage reduction

The Combined Approacistores a subset of Pols from the LBS Application Server
database in the client’s database. This minimizes the moniis updates to the server
from the client, since the client can use the local Pol sutiséhd the nearest Pol.
The subset of Pols is generated based on the user’s profilehwhs been defined
during LBS subscription. The profile contains informatidioat the user’'s desired
Pols, configuration and service settings. The subset of foted in a Pol index and
sent to the client. In the following the approaches for gatieg the subset of data are
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The Pol Index Approach

Furthest Pol

Polindex threshold

Figure 3.4: The figure illustrates the Pols included in thé iRdex. The problem
arises when a Pol in the index is too far away from the users Pal may not be
relevant in relation to the user’s location.

presented.

3.3.1 Index generation

Storing a subset of Pols at the client terminal reduces tmeben of updates to the
server. However, if the user defines all the categories irddtabase or a very large
category of Pols, the size of the Pol index may exceed thatde@minal’'s storage

capacity. To prevent this case, a limitation of the Pol inohelst be set. The limitation
setting depends on the client’s storage capacity and thefg@igr at the client termi-

nal.

Assume thalN is defined as the maximum storage Pol capacity in the indexenNh
the client requests a Pol index, the location of the userlaadiser name is sent to the
LBS Application Server. With these information it is podeifor the LBS Application
Server to generate an index withnearest Pols according to the user’s position and
profile. When the user receives the Pol index, an updateittigoat the client terminal
monitors the user’s location in relation to the Pols in théiRdex. The update algo-
rithm continuously finds the nearest Pol until a certainshodd has been exceeded.
This threshold denoted @l index threshold, has been defined as the distance be-
tween the user’s location and the location of the furthestifPthe Pol index. When
the Pol index threshold has been violated the present Pekirsdno longer valid in
relation to the user’s current location. Hence, a requasa feew Pol index is issued.
This approach is denoted as thel index approactand is illustrated in Figure 3.4.
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The Range Threshold Approach

~-Range threshold

.~ Polindex threshold

Not included in Pol index

Figure 3.5: lllustration of the range threshold approacine Pol outside the range
threshold is not included in the Pol index.

The Pol index approachs suitable in very Pol concentrated areas but insufficient i
sparse areas. The reason is the Pol index threshold definitiee Pol index threshold

in Pol index approaclidepends on the furthest Pol in the Pol index which means that
the Pol index threshold varies from time to time. The problarsparse areas arises
when the furthest Pol in the Pol index is too far away from teeris location. The re-
sult will be a very long Pol index threshold and less updai¢ise server, which means
less accurate Pol index. The following scenario clarifiesgparse area problem: A
user in London would like to find churches in the city.is defined to be 100 in the
LBS Application Server. However, the are only 50 churchesandon so additional
churches in England have to be included in order to fill theiRdéx. The result is the
100 nearest churches in England, and the Pol index threshstlahce is larger than
500 miles since the furthest church in the Pol index lies imbkeester. The church in
Manchester may not be in the user’s interest due to the Istgmtie. Another problem
with the Pol index approacls, that it is not guaranteed that the nearest Pol in the Pol
index is the actual nearest Pol in relation to the user’stionaThe nearest Pol in the
Pol index could be many miles away, even though the actuakseRol is close by.
This is illustrated in Figure 3.6.
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N Pol problem

Closest Pol

\ O~

Not included in Pol index

Pol ibndex threshold

Figure 3.6: lllustration of the Pol index threshold apptoadhe nearest Pol is not
included in the Pol index.

The Range threshold approacvoids generating Pol index with Pols too far way, by
defining a fixed threshold denoted as thrge threshold The range threshold assures
that only the Pols within in the range threshold are addetédl index. If there are
more thanN nearest Pols within the range threshold, oNIyPols are added. If there
is less tharN Pols within the range threshold the available Pols will béeatl This
range threshold prevents the problem from the prior apprdacstrated in Figure 3.5.
However, theRange threshold approaalsed to generate the Pol index is inaccurate
in finding the nearest Pol, if the user approaches the rangsehbld. The problem is
illustrated in Figure 3.7. As seen in the figure the Pols olatsine range threshold are
not included in the Pol index. If the user approaches theedhgeshold, the nearest
Pol located nearby is not necessarily the nearest Pol. Tiséhe possibility of a Pol
being nearer than the selected one from the Pol index. ThHegirowith the candidate
nearest Pol is that the candidate nearest Pol may has noirtodgsted in the Pol index
due to the range threshold.

To prevent this situation, ampdate thresholdhas been defined in thé¢pdate thresh-

old approach illustrated in Figure 3.8. In comparison with the earli@peoaches

where the Pol index/range threshold determines when arsegaest is issued, the
update threshold is now in charge of the task. When the ussegahe update thresh-
old, an update is issued to the server. Since the Pols on ioletbfthe update threshold
are known it is always possible to find the nearest Pol. Byrggthe update threshold
to be the half of the range threshold it is guaranteed thatibssible to find the nearest
Pol. A larger update threshold distance implies a greas&raf not finding the nearest
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N Pol problem

Closest Pol

\ O~

Not included in Pol index

Rangethreshold

Figure 3.7: This illustrates the problem of finding the neafol. Another Pol candi-
date may be nearer but not in the client’'s database.

Pol, and a smaller update threshold reduces the risk butesplore frequent server
updates.

The Pol index generation procedure in the project utilizesUpdate threshold ap-

proach The range threshold limits the distance of the Pols and pliate threshold

prevents the nearest Pol inaccuracy problem. The updasttbid is defined to be one
third of the range threshold or Pol index threshold, depsemdn which threshold that
sets the upper boundary of the Pol index range.

3.3.2 Pol Index Update Algorithm

When the client receives the Pol index from the server, the irdhe index are stored
in the client’s database. The client is then ready to starintlonitoring process. The
monitoring process finds the nearest Pol based on the userant location, check
whether the nearest Pol is within the user’s defined threlshdhe user can define
a threshold, which is a range that determines within whicigeathe user wishes to
receive information about Pols. For instance if the userldianly like to receive
information of a nearby Pol if the Pol is within 500 m.

If the monitoring process is handled by the LBS Applicati@m&r, finding the nearest
Pol can be solved by arranging the geo-referenced data trabpalexes. Arranging

geo-referenced data in spatial indexes provides fast a¢odke data. However, since
Symbian OS only provides a thin DBMS, advanced features agctpatial indexes



3.3. Solutions to Update and Storage reduction

The Update Threshold Approach

- Pol index threshold

Not included in Pol index

Update threshold :
Range threshold

Figure 3.8: The update threshold approach has three tHosshithe Pol index, range
and update threshold. The update threshold decides whéthelient should issue an

update. The Update threshold range is included in the Pekind

and finding the nearest Pol functions are not available. tieoto find the nearest
Pol an Update Algorithm has been developed. The task of gwitiim is to find the
nearest Pol and monitor whether the Pol is within the usefsdd threshold. In the

following the algorithm is described.

The Update Algorithm

In order to find the nearest Pol the algorithm has to travérs&bl index and calculate
the distance to each of the Pols. In order to traverse thefRotsthe Pol index, the
Pols have to be loaded into an array in the main memory. The &elinitialized as

objects in the array. The algorithm is decomposed into tHeviing task:

Calculate the distance to each Pol in the array.

» Compare the calculated distance with the shortest distaodar.

Store the shortest distance.

found.

When the end of the array is reached the object with the ebbdistance is
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» Check whether the object is within the user’s defined tholsh

* If the object is within the user’s defined threshold repbtbithe user.

The algorithm works as follows: For each Pol, object the athm traverses the Pol

array, the Euclidean distance between the user’s curreatit;m and the Pol object is
calculated. If the distance is the shortest distance sthiagbject’s index and distance
are stored. This is repeated until the algorithm reachesitldeof the array. After the

algorithm has traversed the Pol array, the shortest distand the index to the cor-
responding object is found. The shortest distance is thempaoed with the user’s

defined threshold. If the shortest distance is within the’sigkefined threshold, the

object with the shortest distance is retrieved.

The algorithm is a linear time algorithm, which means that @PU time consump-
tion of the algorithm is proportional with the length of thelRwrray. Comparing the
CPU power and the storage capacity of present smartphdnegdrformance is ade-
guate for the monitoring process. The implementation «f #iigorithm is an essential
component of the push based LBS Engine. The implementafitimecalgorithm is
described in section 7.3.

3.3.3 Raster Map Caching

Raster map data changes very seldom, which means that teetresmap data is the
most static data in the LBS application. However, the rastep data demands the
most storage capacity, due to the size of the raster mapsin@tll the raster maps
at the client terminal would not be possible, due to the kahistorage capacity at the
client. Storing a subset of raster map covering a whole aityegion would limit the
LBS application. Hence, a method that is able to store altdster maps, while mini-
mizing the storage capacity, is needed.

In the project, aRaster Map Caching Approadmas been implemented. Instead of
storing all the raster maps at the client, only the neede@rasaps are stored. This
approach minimizes the storage usage and does not limit B& dpplication to be
used in certain areas. In order to store the needed rastes, th@pmaps are ordered in
an uniform grid, as illustrated in Figure 3.9.

Depending the user’s location, only the raster maps arobediser are downloaded
from the raster map servers. However, this would preferaddyiire a high speed In-
ternet access from the client. At the moment, GPRS conrneidtiavailable for mobile
phones and is adequate for downloading raster maps. Afteriadoof time, the LBS
application will download a large number of raster maps dx@dmemory will fill up.

In order to avoid this situation, the storage is purged faragd raster maps. The com-
mon caching strategy is to purge theast Recently Usedster maps [Sta97]. This can
be achieved by setting a counter on each raster map dowmo&deh time a raster
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N} Download image

i - Raster map grid

Figure 3.9: lllustration of the grid division. Only the rastmaps nearby the user id
downloaded to the client.

map is loaded into the memory the counter will be increment¥tien the purge cy-
cles begin, the raster map with the smallest counter will dletéd from the storage
until a certain storage criterion is met. The implementatbthe Raster Map Caching
Approach is described in Section 7.6. After proposing thi#ous solutions for imple-
menting theCombined Concegnd for developing a push based LBS the interaction
between the client and the server will be presented.

User ID
Client | Userslocation LBS Application
Server

Pol Index

Figure 3.10: When the user starts the client LBS applicatiwglJser ID and the user’s
current location is sent to the server. The server genesaatgprovides a Pol index for
the user.

3.4 Overview

Figure 3.10 illustrates the interaction when the user sit@t BS application. In order
to use the LBS, the user needs to subscribe to the LBS. Thais dsing a Web page
supported by the LBS Application Server. The subscribiracpss involves configur-
ing the LBS and setting up a profile. The profile settings camagformation about
the user’s desired Pols, number of advertisements to recefe. After the subscrip-
tion process the user is provided witHJsernamethat is essential for accessing the
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LBS. A user can define several profile settings depending erusier's usage of the
LBS. When a user starts the client LBS application, the uasrth enter the provided
Usernameo access the LBS. When the user has enteredseenamethe client LBS
application requests a Pol index from the LBS Applicatiorveecontaining the user’s
desired Pols. In order to generate a Pol index, the LBS Apfitio server needs to
receive information about the user’s current location axssgérnamewhich is sent by
the client LBS application. With this information andPaofile 1D, which the user has
defined as the current profile on the Web page. The Pol indeanisrgted and sent to
the client LBS application. The client LBS application s$ahe LBS.

Pol Info
........................................... Ads Info [ | BS Application
: Server
-
Client LBS | Request: Pol Info, Ads -
Application
= Request: Raster Map Raster Map Server
Raster Map

Figure 3.11: An illustration of the interaction between taster Map Server and the
LBS Application Server.

The Pol index Update Algorithm, mentioned in Section 3.818yrms the user about
nearby Pols within a certain threshold defined by the uséneluser needs to acquire
more information about the Nearest Pol such as address autigtéon details, the
client LBS application can sendRol Info request to the server. The server retrieves
the required information and if the user is nearby Pols witaidefinedadvertise-
ment distanca location-based advertisement is pushed to the useradvertisement
distancedefines the range the user would like to receive advertiseweithin. The
advertisement mechanism is performed by the Client LBSiegipbn that request ad-
vertisements from the LBS Application server in certaireintls. The LBS Appli-
cation server will retrieve the location-based advertisets if there are any available
from the Pols within the advertisement distance. The geagcal raster maps are
downloaded to the Client LBS Application by sending a retjgeshe Raster Map
Server. The Raster Map downloading policy is handled usiegRaster Map Caching
approach mentioned in Section 3.3.3. The interaction amiveg Pol info, advertise-
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ment info and raster map requests is illustrated in Figuté.3.

In the next chapters, the technical details of design pregp@se presented. Figure
1.2 in Section 1.4 illustrates the LBS Application Framekvofhe LBS Application
Framework has been extended with additional componentsderdo enable push
based LBSs. In the following Chapters the respective lapéihe extended LBS
Framework are described. Next the Data layer is described.






Chapter 4

Data Layer

This chapter describes the Data Layer of the LBS framewoti¢kvconsists of con-

tent Pol data obtained from Nykredit and Aalborg Tourist @&u. The Pols from

Nykredit includes Pols such as supermarkets, kinder gardad sport centers. The
data from Aalborg Tourist Bureau are tourist Pols such aglBpmonuments, mu-
seums, amusement parks, etc. Section 4.1 describes howrtiate data model is
designed and Section 4.2 goes into further detail with thetaral event handling used
for Pol advertising.

4.1 Data Model

The model must contain the Pol data, which can originate fildfarent data sources
including the users. One approach is to create one Pol tabieh holds all the at-
tributes needed to describe the different kind of Pols. Tay the queries become
very simple, since all Pol attributes are in the same tabtw. istance when a user
asks for further information about a particular Pol it is mecessary to check which
kind of Pol it is since they can all be extracted from the saaidet However, for
many different types of Pols with different attributes stlwould mean that the table
would hold many attributes, which are relevant only for a Bswbset of Pols. A more
flexible approach is one where it is possible to relate tabfd2ols, which can origi-
nate from different data sources, to a main table containimy the attributes which
are common for all Pols such as id, name and coordinates.wiyisf other Pol data
sources are added to the data model, the table only has tddbedr¢o the main Pol
table using the Pol ID as foreign key.

In addition to Pol data the model must include data of usedstlagir profiles. In the
Online Aalborg Guide it should be possible for users to haeeenthan one profile.
This way the user can, for instance, create a profile for whenusser is shopping,
going to and from work or visiting tourist attractions.

33
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In order to handle the time-related location-based adsarients, the data model must
store these somehow. To handle thi?@QIEVENTSable is created. This table is
related to the main Pol table. This means that any adverésem related to a Pol
with a geographical position. The reason for this is, thatgbsition is needed in order
to provide advertisements that are within a specified rang® the users. This is at
the same time a limitation. For example, Web sites are naitéatat geographical
positions, making it difficult to advertise for Web sites. @&her problem could oc-
cur if a Pol is an event, which takes place in a city or a regidhen the Pol event
would need to be related to a geographical area. Settingebgrgphical position to
a place in Denmark and then setting the advertisement distsm large that it covers
the whole of Denmark could solve the limitation of adventnsnts for Web pages. For
an event, which takes place in a geographical area, the eaentften be split into
smaller events, which take place at a geographical posifi@mn instance a carnival,
which takes place at more than one location could be spbt‘ihhe Parade”, which
starts at the town square, “The Bands Play” at the centr& gad “Crowning of the
King of the Carnival” at the center stage in the central pakkother solution would
be to create a table similar ®OIEVENTSwhich is not related to the main Pol table
and hence does not have a reference to a geographical positio

The POIEVENTSable is able to model more than just advertisements. Otina-t
related information can be stored in the table. In the daimfthe Aalborg Tourist
Bureau, some of the tourist Pols has opening hours. Thesalswestored in the
POIEVENTStable. If other time-related information is added at a ldtere the
POIEVENTSable is able to handle this.

Figure 4.1 describes the complete data model. The schemaim®ithe main table
POI. This table contains the basic information that is neededetcribe a Pol. All
Pols have a name and a positiofi¥') as minimum.UTM andDD attributes repre-
sents the geographical position of the Pols in UTM32 [USQ@#&hsured in meters
and in WGS84 [WGSO03] measured in decimal degrees. In addiid’ol can belong
to a categoryPOIAREA and a sub categorPOITYPB. This is modeled as a many-
to-none relationship betwedPOl and POIAREAand betweerPOl and POITYPE
since an area or type of Pol can be related to one or more Pdiderause some
Pols might not have any categorizatioRQIAREA or sub categoryROITYPH. A
POIAREAcategory could be “Attractions” or “Events” whileROITYPEsub category
could be “Museums” or “Amusement parks” for category “Atttians” and “Sport” or
“Music” for category “Events.”

Table 4.1 shows three Pols. Only thEM attribute is shown to represent the posi-
tion of the Pols. This attribute is represented as an SDOIBETRY type for use in
Oracle Spatial to perform spatial operations, such as fqndearest Pols. As shown
in the table, the Pol “Tivoliland” belongs to the area with 2D Table 4.2 shows that
this is an attraction. “Tivoliland” has the type with ID 11afle 4.3 shows that it is
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POIEVENTS f ©6— POI f © POIAREA
POI_ID_FK 8 AREA_ID_FK
EVENT_ID POI_ID AREA_ID O
NAME
START_HOURS X PRODUCT AREA
END_HOURS ‘ TYPE_ID_FK
START_MIN Y ‘
END_MIN UM
WEEKDAYS Db °
START_DAYOFMONTH AREA_ID POITYPE
TYPE_ID [ J
END_DAYOFMONTH .
START_MONTHOFYEAR T T TYPE_ID o .
END_MONTHOFYEAR POI_ID_FK POI_ID_FK —
START PERIOD 1D 1D PRODUCT_TYPE
END_PERIOD
ACTIVE -+
AD_DIST TOURISTINFO NYKREDITINFO
DESCRIPTION
YPE NR ° TOURIST_ID NYK_ID TYPE_ID_FK
- ° ROAD 1 1
POI_ID OWNER_ORG ROAD_NR
I PLACE WWwW PROFILEAREA
TYPE_NR_FK COMMUNITY EMAIL o
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TYPE TLF PROFILE_ID [ )
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— cIry &
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CITY PROFILE_ID_FK
INFOURL -+
USER_ID_FK
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GER_DESCRIPTION
USER_ID O PROFILE_ID O
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NAME USER_ID o
BOOKINGURL
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CURRENT_PROFILE
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POI_CONFIG USER_POI
POI_ID POI_ID
ENABLED U™
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REVIEW
Foreign key: .
GRADE
USER ID Py Primary key: O

Figure 4.1: Data model

an amusement park. “Karneval i Aalborg” belongs to area 3ckvis an event and
has the type ID 10, which is a folk festival. “Netto” belongsdrea 101, which is
Nykredit and has type ID 116203, which is Supermarkets. Atedrom Nykredit is
located in tableNYKREDITINFQ and all these Pols belong to the same Pol area with
ArealD 101. The sub categories of the Nykredit Pols are diffeand are located in
the POITYPEtable, for instance 116203 which is “Supermarkets.”

The POl table can be related to several sub Pol categories. Thimagiprensures a
flexible design for the framework, since it is easy to reladeliional sub Pol cate-
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POI

POIL_ID NAME UTM AREAID | TYPEID

100059 Tivoliland SDO_GEOMETRY(2001, 82343, 2 11
SDO_POINT_TYPE(556502, 6322690,
NULL), NULL, NULL)

100046 | Karneval i Aalborg SDO_GEOMETRY(2001, 82343, 3 10
SDO_POINT_TYPE(555323, 6322449,
NULL), NULL, NULL)

1566 Netto SDO_GEOMETRY(2001, 82343, 101 116203

SDO_POINT_TYPE(555600, 6323382,

NULL), NULL, NULL)

Table 4.1: Sample d?Ol table.

POIAREA
AREA_ID | PRODUCT_AREA
2 Attractions
3 Events
101 Nykredit

Table 4.2: Sample froROIAREAtable.

POITYPE
TYPE_ID | PRODUCT _TYPE
11 Amusement parks
10 Folk festivals
116203 Supermarkets

Table 4.3: Sample frorROITYPEtable.
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gories to the maiPOl table. For use in the Online Aalborg Guide, two independent
Pol data sources, Nykredit data and Aalborg Tourist Bureata,dhas been related
to the mainPOI table, as theTOURISTINFOand NYKREDITINFOtables. If fur-
ther Pol data sources were to be integrated into the framewbey would be re-
lated in the same way. In addition it is possible to relateesg\categories to the sub
categories. For instance a restaurant table or table ofspaslld be related to the
TOURISTINFOtable. These tables would then hold attributes, which argcpdar
for the category e.gDogsAllowedfor parks. ThePOl table is related to the sub Pol
categoriesTOURISTINFCandNYKREDITINFOby a one to zero-or-one relationship
since each Pol is always related to one Touristinfo Pol orNyiaeditinfo Pol. This
means that a Pol does not have to be related to a sub categaggdiuPol of a sub
category is related to a Pol in the m&®lI table.

Examples of Pols frorTOURISTINFOandNYKREDITINFCtables are shown in Ta-
bles 4.4 and 4.5, respectively. Table 4.4 shows some of thibudes that the table
TOURISTINFOholds. TheTOURIST _ID attribute is an external key that relates to
the data from Aalborg Tourist Bureau. TR/ _ID attribute is an internal key, which
relates to the”Ol table. All Pols from Aalborg Tourist Board have had 100006 e
to their values, in order to avoid conflicts with other datarses e.g. Nykredit data.
The TOURISTINFOtable holds, amongst others, descriptions and names ofiRols
both Danish, German and English. For t(hROURISTINFOPols the Danish name
DAN_NAME has been used as tMAME attribute in thePOl table. TheNYKRED-
ITINFO table does not have an attribute to describe the name of theiRce the data
only has a Danish name and these values are placed MAME attribute of thePOl
table.

TOURISTINFO
TOURIST_ID [ENG_NAME |ENG_DESC ROAD HOUSE_NUM|ZIPCODE| CITY POI_ID
59 Tivoliland  |tivolilandis one oftheIarge;KarO”nelundSVEj 40 9000 Aa|bOI’g 100059

amusement parks in Denmark

and ...

46 Carnival in Sunday/Monday for childrgn Vesterbro 2 9000 Aa|bOI’g 100046

Aalborg and Friday and Saturday fp

adults.  During the carnj-

val Aalborg receives abo|

100.000 people.

Table 4.4: Extraction frolTOURISTINFGable.

Users are modeled in thédSERSable, which has an user IUSER _ID), name of user
(NAME), UTM position UTM) and CURRENT_PROFILEattribute. ThdJSERSa-

ble is related to th&®ROFILE table through a one-to-many relationship since a user
can have more than one profile. The profile which is curremtlyse is stored in the
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NYKREDITINFO
NYK_ID ROAD ROAD_NR | CITY ZIPCODE TLF POI_ID
1566 | Vesterbro 99 Aalborg 9000 98167655/ 1566

Table 4.5: Extraction fronNYKREDITINFOtable.

CURRENT_PROFILEattribute.

Table 4.6 shows an example of how a user is represented SE&RSable. The user
“Alex” is currently using the profile with ID 2 and has last wgidd the positionly TM)
and at location (555003,6322500).

USERS
USER_ID | NAME | UTM CURRENT_PROFILE
1 Alex SDO_GEOMETRY(2001, 82343, SDO_POINT_TYPE(555003, 2
6322500, NULL), NULL, NULL)

Table 4.6: Example of a user represented inllsERSable.

ThePROFILEtable has primary kef?ROFILE _IDwhich means that each profile has
it's own unique key. ThReV\UMBER_OF_ADSattribute is used by the user of the pro-
file to state how many advertisements the user wishes toveea¢ione time. In Table
4.7 the user with ID 1 from before is related to profiles witfsid and 3.

PROFILE

PROFILE_ID | USER_ID | NUMBER_OF_ADS
2 1 1
3 1 5

Table 4.7: Example of two profiles related to a user inRROFILEtable.

ThePROFILEtable is related to thPROFILEAREAable. ThePROFILEAREAable
contains IDs of categories of POI&\REA ID, and sub categories of PoIEYPE_ID.
Furthermore, the table contains attribd® DIST. AD_DIST is used when “push-
ing” advertisements to users. The user can specify for eatdgory and sub category
Pol, a range for each category and sub category Pol, withiohada Pol must be lo-
cated, in order for the user to receive an advertisement thasrkind of Pol.

Table 4.8 shows that the user in this way could, for instaspecify “Attractions”
(AREA_ID = 2) and "“Amusement ParksT(YPE_ID = 11) and set the Advertisement
distance to 5000 meterdD_DIST = 5000). The user has then subscribed to amuse-
ment parks in the profile with ID 2 and amusement parks willesgwpn the application,
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if the user is near an amusement park. In addition the uséonly receive advertise-
ments from amusement parks if they are within 5 km. In the [@e¥ith ID 3 the user
has chosen “Nykredit” as the areAREA _ID = 101) and “Supermarkets” as the type
(TYPE_ID = 116203) and the user has chosen to only receive ads fromrsageets,

if they are within 500 m.

PROFILEAREA

PROFILE_ID | AREA_ID | TYPE_ID AD_DIST
2 2 11 5000
3 101 116203 500

Table 4.8: Example of a user represented inWlsE=RSable.

The PROFILEtable is related t* ROFILEAREAhrough a one-to-many relationship
since a user profile can subscribe to several categoriesudmcdasegories of Pols. Fi-
nally thePROFILEAREAable is related to botROIAREAandPOITYPEtables by a
many-to-one relationship since more than one profile cam laasubscription to one
Pol area or Pol type and since one Pol area or one Pol type canbseribed to in
more than one profile.

The tablePOI_CONFIGis intended for use in theavoritesfeature, where a user can
save a Pol as a favorite for easy access later. Furthernmaréalle is intended for use
if the user wants to ban a Pol and never see it again in thecgpipln. This could be
useful if the user goes past the same Pol again and again.fegtige has not been
implemented in the GPSOne prototype application, howekerfable is ready for it
to be implemented. There is a one-to-many relation betweebd SERSable and the
POI_CONFIGtable, since a user can have more than one banned or favotite P

Table 4.9 shows how the usdv$ER _ID = 1) has marked the Pols with Id’s 16 and
17 as favoritesENABLED = 1) and has banned the Pol with ID 2BNABLED = 0).

POI_CONFIG

POI_ID | ENABLED | USER_ID
16 1 1
17 1 1
20 0 1

Table 4.9: Example of theOI_CONFIGtable.

The tableUSER_POIs used for storing user Pols. Thiser_Polfeature has been de-
veloped on the server, but is not available in the GPSOney application. A user
Pol consists of the basic attributes: IB@I_ID), position UTM) and nameAME).

In addition, optional attributes are review/note and grableese can be used to share
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information among users and other users can benefit fronr oders’ experiences.
Finally the USER_POiltable consists of a user ID, which identifies which user has
submitted the Pol to the system. There is a one to many relagoweerlJSERSand
USER_POtables, since a user can be related to more than one user Pol.

Table 4.10 shows an example where the usSER _ID= 1) has added three user Pols
“Home”, “Work” and “Cheap Hostel”.

USER_POI
POI_ID UTM NAME REVIEW GRADE USER_ID

1000001 SDO_GEOMETRY(2001, 82343, Home NULL NULL 1
SDO_POINT_TYPE(555213,
6322565, NULL), NULL, NULL)

1000002 SDO_GEOMETRY(2001, 82343, Work NULL NULL 1
SDO_POINT_TYPE(556003,
6323000, NULL), NULL, NULL)

1000003| spo_ceometrv(2001, 82343 Cheap Hostel Nice unnamed host 4 1
SDO_POINT_TYPE(560567, tel with clean beds.
6322500, NULL), NULL, NULL)

Table 4.10: Example of the SER_POtable.

4.2 Temporal Event Management

Figure 4.2 shows the part of the complete data model thaied fos handling tempo-
ral data such as opening hours, events, advertisementsT kcAalborg City Guide
contains actual data of opening hours from hundreds of Pofalborg and a smaller
number of generated advertisements to use for the GPSOtwype.

As Figure 4.2 shows thieOl table is related to theOIEVENTSable by a one-to-many
relation, since a Pol can have more than one event over adpefrione and one event
must be related to one Pol. In table 4.12 examples of datatinefOIEVENTSable
are given. ThePOIEVENTSable contains in addition to an event IBWENT_ID)

a Pol ID (POI_ID) which holds the ID of the Pol which is related to the givenrdgve
The table also hold an attribute used to specify whether theetRent is activated or
deactivatedACTIVE). The TYPE_NRattribute is used to distinguish different types
of events. A tableTYPEholds descriptions and ID numbers of the different types
of events e.g. opening hours and advertisements. AIDeDIST attribute in table
POIEVENTSan be used by commercial Pols, such as cafe’s, supermaaketse-
ment parks etc. to specify the range they wish their adwartents to reach. For in-
stance, an amusement park may want to “push” advertiserteeptgential customers
up to 10 km away, while a small cafe might only want to advertisthin a range of
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TYPE I 1 POIEVENTS 1 POI
TYPE_NR O T EVENT_ID O POLID_FK NAME
DESCRIPTION START_HOURS POI_ID @)
END_HOURS TYPE_ID o
START_MIN COORDINATE
END_MIN AREA_ID
WEEKDAYS
START_DAYOFMONTH
END_DAYOFMONTH
START_MONTHOFYEAR
END_MONTHOFYEAR
START_PERIOD
END_PERIOD
ACTIVE
AD_DIST
DESCRIPTION
;;TEIBNR : Foreign key: .
Primary key: O

Figure 4.2: Temporal event management model

500 meters. Finally, th®ESCRIPTIONattribute holds a description of the event.
This is particular interesting for ads, since this is thelatte that holds the text which
is “pushed” to the users.

POIEVENTSable holds temporal attributeST HOURSE_HOURS ST_MIN, E_MIN,
WEEKDAYS,ST_DAY, E_DAY,ST_MONTH E_MONTH, ST _PERIODE PERIOD
which are explained in the following examples.

Table 4.12 on page 42 shows examples of the values iP@EVENTStable and
Table 4.11 displays thEYPEtable.

TYPE

TYPE_NR | DESCRIPTION
1 Opening Hours
2 Advertisement

Table 4.11: Tabl& YPE

POI_ID = 100059 which is “Tivoliland” is related to the events wiillid 1, 2 and 3
which are all descriptions of the opening hours during thresier of 2003. Since they
are not advertisements tdD DIST attribute is set to NULL. Each event has a num-
ber of time-related attributes. The period attribut&3, PERIODand E_PERIOD
determine which dates the event should run between WB&EKDAY'S attribute de-
termines which weekdays the event is valid for, with “1” lgeMonday and “7” being
Sunday. TheST_DAY, E_ DAY, ST MONTHandE_MONTH describe a sub period
in which the event runs. This method of modeling events aléov events that, for
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POIEVENTS

POI_ID|EVENT_ID |ST_HOURSE_HOURS|ST_MIN |[E_MIN |WEEKDAYS |ST_DAY |[E_DAY |[ST_MONTH |E_MONTH |ST_PERIOD|E_PERIOD|ACTIVE |AD_DIST |DESCRIPTION [TYPE_NR

100059 1 12 20 0 59 1234567 1 31 1 12 01.05.2003| 30.06.2003 Y NULL |Opening hours 1

100059 2 10 21 0 59 1234567 1 31 1 12 01.07.2003| 31.07.2003 Y NULL |Opening hours 1

100059 3 12 19 0 59 1234567 1 31 1 12 01.08.2003| 31.08.2003 Y NULL |Opening hours 1

100046 4 11 23 0 59 1234567 22 22 5 5 01.01.2003| 01.01.2004 Y 50000 [Come and join 2
the carnival pd-
rade

1566 5 10 11 0 59 5 1 31 7 8 01.01.2003| 01.01.2008 Y 1000 |Free taste sam- 2
ples of our new
products

Table 4.12: Example from theOIEVENTSable.




4.2. Temporal Event Management 43

example, run in the first week of the month from May to June. &wents for “Tivo-
liland” in Table 4.12 are interpreted as:

« EVENT _ID = 1. Applies from 12.00-20.59 each day from the from 1st of May
2003 until 30th of June 2003. Type is 'Opening Hours'.

* EVENT_ID = 2. Applies from 10.00-21.59 each day from the from 1st oy Jul
2003 until 31st of July 2003. Type is 'Opening Hours'.

» EVENT_ID = 3. Applies from 12.00-19.59 each day from the from 1st of Au-
gust 2003 until 31st of August 2003. Type is 'Opening Hours'.

The Pol with ID 100046 (“Karneval i Aalborg”) is related tatbvent withEVENT _ID

= 4. This event Applies from 11-24 on the 22nd of May 2003. Typetis 'Adver-
tisement’ TYPE_NR= 2) and the advertisement is only displayed for users whieh a
within 50000 m and only if the Pol category is subscribed mubker’s current profile.

The lasteventEVENT_ID =5) is in this example related to “NettoPQO!_ID = 1566).
The event Applies from 10-12 every Friday all June and Julpthdrom 1. of January
2003 until 1. of January 2008. The type is 'AdvertisemeitYPE_NR= 2) and the
advertisement is only displayed for users if they are withd®0 m and at the same
time has subscribed to “Supermarkets”.

Figure 4.3 shows how the advertisement distances work.

In Situation 1, the user will receive an advertisement frewe Pol “Tivoliland” since
the Pol “Tivoliland” is within the user’s advertisement @isce and the user is within
the Pol’'s advertisements distance. Since both these comsliare true the user is
pushed an advertisement. However, this situation mustdsept at the time when the
GPSOne application checks the server for advertisemehishwccur at certain time
intervals. This means that the user is not overburdenedadtertisement. But it also
means that the situation as presented in Situation 1 carmr @éthout the user being
pushed an advertisement. This is the case if the conditieosrbe true and then false
in the time between two advertisements checks by the cligitaation.

In Situation 2, the Pol advertisement distance is large ghdo reach the user’s posi-
tion. However, the user has chosen a small advertisemeandisfor this type of Pol,
SO no advertisement is sent to the user.

In the last situation, Situation 3, the Pol “Netto” is withiime user’s advertisement
distance. However, the Pol’s advertisement distance ifangg enough to include the
user’s position. Hence in this situation no advertisemesent to the user.

The data model and related issues have been dealt with, dhd gerver application
can be established. The next Chapter gives the architesttine required services.
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Situation 1 Situation 2

Pol Ad_Dist .
- Pol Ad_Dist

Ran) Carnival in Aalbor
,~ Tivoliland 9

, User Ad_Dist B
.-~ User Ad_Dist

Situation 3

Pol Ad_Dist

/" User Ad_Dist

Figure 4.3: Examples of Pol and user advertisement rangeSituation 1 an adver-
tisement is send to the user. In Situation 2 and 3 no adveréseis send.
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Server Application Layer

This chapter describes the design of the application léublepush-based LBS frame-
work. The application level consists of components andisesv The components can
be used as building blocks, whereas services have a defitexthoe to client appli-
cations or web interfaces. The components are implemenstdd\a classes and the
services are implemented as Java servlets. The framewarkegtension of the LBS
framework from [ACKNO3], but only classes and methods useidiplement the On-
line Aalborg Guide are included in this chapter. Sectionde4cribes the class diagram
of the Server Application Layer. The next section, Sectid) 8escribes the flow of
the services.

5.1 Class Diagram

The class diagram makes use of an inheritance structuredeby an abstract su-
perclasd.BSServlet This makes it easy to add additional services to the agflita
layer by creating specializations of thBSServletlass and hence inheriting the com-
ponents related tbBSServlet

Figure 5.1 shows the class diagram based on the UML notdlioa.to the amount of
methods contained in the classes, only the most importatitods for understanding
the application structure are included in the class diagieime four classes at the bot-
tom of the class diagrarffolindex AdServletFurtherinfoandAdServletare concrete
Java Servlet classes and make up the service layer sinaehhes strictly defined in-
terfaces to the client applications on the client layer. 3&evice interface is described
in Chapter 6. The four classes inherit from the abstract lggsLBSServletvhich is

a specialization of the standard Java2EE clagpServiet TheLBSServletlass has
relations to the three basic components of the LBS framev@arkry, Databaseand
GIS. The four service classes inherit these relationshipsedine classes are special-
izations ofLBSServletThis inheritance structure makes it easy to add new sexvae

45
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HttpServlet
methods:
doGet()
doPosi() Database
methods:
openDB()
Query closeDB()
methods: doSQL(sq)
ftaURL( LBSServlet exeSQL(sq)
convertToUTM(lon, lat) GIS
addUserPol() ] methods:
convertAdToSQL() l
getFurtherinfo()
convertToSQL() printXML()
converFurtherinfoToSQL() getAds()
getindex()
updateUserPos()
AddUserPol AdServlet Furtherlinfo Polindex

Figure 5.1: Class diagram of the server application layer.

the framework by adding a new sub class to tigSServletlass and hence inherits
the relations to the components needed to create services.

The component classes which are Java classes cons@iarf, Databaseand GIS
classes.

The Queryclass has methods to parse the input parameters receivadtie client
application and use these parameters to form an SQL statamed to query the
database. ThigiterURL() method extracts the values received from an HTTP re-
guest URL and stores the values in corresponding variablesn these variables it is
possible to form SQL statements depending on which sersiceguested. Theon-
vertFurtherinfoToSQL() method forms an SQL statement based on the ID of
a Pol and is called if th&urtherinfoservice is requested. The®nvertToSQL()

method is used when tholindexservice is called and forms an SQL statement, based
on a user name or user ID and user coordinates cohgertAdToSQL() methodis
called when théddServleservice is requested. Based on the user ID, coordinates and



5.2. Sequence Diagrams a7

system time, an SQL statement to be used for requestingtebraent is formed. The
AddUserPol() method is used when th&ddUserPolservice is requested. This
method opens a connection to the database, and adds thealdearsed on coordi-
nates and user name or user ID, before closing the databaseat®mn. Finally, the
convertToUTM(lat,lon) method can be used if requests are received in WGS84
decimal degrees format. If this is the case, the values areected to UTM 32 mea-
sured in meters since this eases distance calculationgGPB®ne application always
forms requests using the UTM 32 format. However, in the itother applications
may use the WGS84 format.

The purpose of th®atabaseclass is to handle queries performed on the database.
The class has a method for establishing a connection to ttadakse openDB() ,

and a method for closing connections to the databeleseDB() . Additionally

the class contains two methods for performing queries onddtabase. Thex-
eSQL(sqgl) method is used when executing insertions, updates or degetin the
database, whereas tll®SQL(sql) method is used when querying the database.
ThedoSQL(sql) returns a JavResultSet object which is correspondent to a table,
whereas thexeSQL(sql) method does not have any return object.

The GIS class is responsible for performing the queries receivethiQuery object
and returning the appropriate output to the client appbeat The getFurther-

Info() method is used when thHeurtherinfoservice is requested. ThyetAds()
method is used in a similar way when tAeServletservice is requested. Similarly,
getindex() method is used when tHeolindexservice is requested. In this case
theprintXML()  method is used. This method returns the output of the Polinde
as either customized format used for the GPSOne applicati@s XML which can
be used by future client applications. The customized foimgpecified in Chapter 6
which deals with the Service Layer of the framework. The tasthod included here
is theupdateUserPos() = method which is called when tHeolindexor AdServlet
services are requested. When these services are requiestelient application pro-
vides the position of the user. This is used by tipelateUserPoi() method to
connect to the database and update the server’s knowledhe o$er’s position.

5.2 Sequence Diagrams

After having introduced the class design of the server appbn layer, a more specific
model of the flow is given in the form of sequence diagrams.u8ege diagrams is a
UML notation which gives a visualization of the actual sture and flow of a given
task or function of the system [MMMNS98]. In the followingetlsequence diagrams
of the service$oilndex AdServletFurtherinfoandAdServletare presented.
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5.2.1 Pollndex

In Figure 5.2 the sequence diagram of Baindexservice is shown.

User
Pol Index Query GIS Database
Request f filterurl()

user, X, y

convertToSQL()i

index query

getindex() openDB()
doSQL( index query)
—>:
index result
e
:> updateUsetPos(user, X, Y )
 XML/Custom output printXML()

closeDB()

Figure 5.2: Sequence diagram for Polindex service.

The purpose of the servlet is to enable client application®trieve a Pol index, as
mentioned in Section 3.3. The client makes a HTTP requesh&service containing
parameters containing the ID of the user, and the currentdauates of the client.
These parameters are filtered from the URL and placed in gporeding variables by
the filterURL() method. Based on these variables the SQL query for the index
is formed by theconvertToSQL() method. Next, theyetindex() method of
the relatedaIS class is invoked. This method opens a database connecticalling
theopenDB() method from théDatabaseclass. The method then retrieves the SQL
statement formed by th@uery object, performs the query and receiveResultSet
object. Before closing the database connection the methddtas the user position
stored in the database by updating théM attribute of theUSERSable. Finally the
result of the query is returned to the client in the formatuesied. This is done by the
printXML()  method of theGISclass.
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5.2.2 AdServiet

Figure 5.3 shows the sequence diagram ofAldServletservice. The purpose of this
servlet is to deliver time-related location-based adsertients to client applications.

User
AdServlet Query GIS Database
Request ! filterurl()

user, X, y

convertAdToSQL()

ad query !

getAds() i /C%e nbeo
doSQL(ad query) !
—>:
ad result !
D updateUsetPos(user, X, y )
ad output ad ohtput
i 1 closeDB()

Figure 5.3: Sequence diagram for AdServlet service.

The flow of this service is almost identical to the flow of tRelindexservice. The
parameters for this service are also a user ID and clientdboates. The parameters
are extracted from the URL and stored in variables byfilerUrl() method.
The SQL query used to retrieve the correct advertisemeffdsnsed by theconver-
tAdToSQL() method. ThegetAds() method of theGlSclass is then called. This
method opens a database connection, queries the datalthsscaives d&ResultSet
object. Then the advertisement output is formed, based pecifeed output format,
before the method updates the user position and closes thleada connection. This
service does not print the output in other formats than th8Giire application expects.
This format is specified in Chapter 6.
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5.2.3 Furtherinfo

User

Furtherinfo Query GIS Database

Request filterUrl()

Lol

Y

poi_id

convertFu rtherlrln‘oToSQL()

[
Lol

furtherinfo query
openDB()

)

doSQL( furtherinfo query )
—»:

Y

getFurthferInfo()

furtherinfo result
"""

3 furtherinfo output g
furtherinfo output ! | closeDB()

Figure 5.4: Sequence diagram for Furtherinfo service.

The flow of theFurtherinfo servlet is shown in Figure 5.4. The purpose of this ser-
vice is to let client applications retrieve information alb@ particular Pol. The flow
of this servlet follows the flow of th€olindexandAdServletservlets. The parameter
for the service is a Pol ID. This ID is parsed from the URL aratexd in a variable
by thefilterUrl() method of theQueryobject. The SQL query, to be used for
guerying information about the Pol, is formed in tbenvertFurtherinfoTo-

SQL() method. Then thgetFurtherinfo() method of theGIS class is called.
This opens a database connection, performs the query, tsutpuresult as specified
by the further info format and closes the database conmecfithe main difference
between the flow oFurtherinfoandAdServlets that the position of the client is not a
parameter and hence the client position in the database igodated.



5.2. Sequence Diagrams 51

5.2.4 AddUserPol

User

AddUserPol Query Database

i Request } filterUrl() } }
> Il > L I

. . !
userid, poi name, X,y
I

‘ addUserPol() ! openDB() |
> I I

exeSQL( userid, poi name, X, y)

DcloseDB()

Figure 5.5: Sequence diagram for AddUserPol service.

Figure 5.5 shows the sequence diagram ofAkldUserPolservice. The purpose of
this service is to let users add their own Pols to the Onlinbé@g Guide. The pa-
rameters for this service are a user ID, a name of the new Rbtrencoordinates for

the new Pol. Similar to the other services, these paramaterparsed from the URL
and placed in corresponding variables by fitterUrl() method. After this, the
addUserPol() method of theQueryclass is called. This method opens a database
connection, forms the SQL statement, based on the varjadnbesexecutes the SQL
statement using thexeSQL() method of theDatabaseclass. The statement adds a
new tuple to theJSER_POlable. Finally, the method closes the database connection.
The AddUserPolservice is fairly simple since the service basically fornms QL
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statement and executes this. Due to this and since no owtpetjuired the service
does not need to initialize @lS object as the other services do.

The services presented in this chapter have defined inesrfabich are a part of the
Service Layer. The Service Layer of the framework is desttilm the next chapter.



Chapter 6

Service Layer

This Chapter describes the interface definitions betweenService Layer and the
Client Layer. In addition, examples of how the results aneegated are shown. The
interface definitions are used by the GPSOne applicationdess the services on the
Service Layer. The interface between the services in thei&@ekayer and client ap-

plications of the Client Layer are based on HTTP requests.néxt sections describe
these requests based on example executions.

6.1 Pollndex

The parameters for this service are:

» userid - The ID of the user.

» username - The user name of the user.
* X - The easting in meters.

* y - The northing in meters.

» xdd - The longitude in decimal degrees.
» ydd - The latitude in decimal degrees.

» format - The output format.

The request must contain three parameterserid or username and &, y) or

(xdd , ydd). Theformat parameter is optional. If thteormat parameter is left

out or if format=0 then the request output is formatted as defined for the GPSOne
application.format=1 requests the output as XML.

Example:
Http://euman-extl.novi.dk/Poilndex?
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username=alex&x=556500&y=6322700

This URL states that user “alex” requests a Pol index and theeit location is

(556500,6322700). This example extends the example indBettl, where the user
has subscribed to “Amusement parks”, “Folk festivals” aiBlfermarkets” in the
user’s current profile. The range threshold is defined to & Kifh and the Pol in-

dex threshold is defined to be 300 Pols. Based on the inputtharalirrent profile the
following query is formed:

SELECT C.DIST, C.POL_ID, C.NAME, C.X, C.Y

FROM

(SELECT MDSYS.SDO_GEOM.SDO_DISTANCE(MDSYS.SDO_GEMWEID01, 82343,
MDSYS.SDO_POINT_TYPE§56500. 0, 6322700. 0, NULL),
NULL, NULL), POI.UTM, 0.001) DIST,
POL.POL_ID, POIL.NAME, POILX, POLY
FROM
POI, PROFILE, USERS, PROFILEAREA
WHERE
(PROFILE.USER_ID=0 OR USERS.NAME=4al ex’)
AND USERS.USER_ID = PROFILE.USER_ID
AND PROFILE.PROFILE_ID = USERS.CURRENT_PROFILE
AND PROFILEAREA.PROFILE_ID= PROFILE.PROFILE_ID
AND POI.AREA_ID = PROFILEAREA.AREA_ID
AND POI.TYPE_ID PROFILEAREA.TYPE_ID
AND SDO_WITHIN_DISTANCE(POI.UTM, MDSYS.SDO_GEOMETRY®L, 82343,
MDSYS.SDO_POINT_TYPE{56500. 0, 6322700. 0, NULL),
NULL, NULL), 'DISTANCE = 100000)="TRUFE’
ORDER BY DIST ASC) C

WHERE ROWNUM 860

ORDER BY DIST ASC;

This query returns 221 Pols. The first six results are shovifabie 6.1

DIST | POIL_ID | NAME X Y
10.198039 100059 Tivoliland 556502| 6322690
473.820641 1545 | Netto 556035| 6322791
571.171603 6741 | Superbrugsen Feerg Plads 556969| 6322374
1001.20577, 100058| Las Vegas - Lasergame * Funhous55767| 6323382
1058.08979 100267 Game World 555835| 6323523
1073.77838 100075| 4. juli aftenfest - Galla middag 555430| 6322610

Table 6.1: Result of a Pol index query.

The Pol index is returned to the client application as seshtseparated values and is
presented aBOI_ID;NAME;X;Y . In addition to the Pol index thepdate Thresh-
old is calculated and presented at the end of the Pol inde¥D&ST . The output of
the example execution for the first six results is:
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100059;Tivoliland;556502;6322690

1545;Nett0;556035;6322791

6741;Superbrugsen Feerg Plads;556969;6322374

100058;Las Vegas - Lasergame * Funhouse;555767;6323382
100267;Game World;555835;6323523

100075;4. juli aftenfest - Galla middag;555430;6322610
133329

If the service is requested to deliver the output in XML usihgformat parameter
the URL would looks like this:

Http://euman-extl.novi.dk/Poilndex ?
username=alex&x=556500&y=6322700&format=1

The output would then be the following:

<?xml version = '1.0’ encoding = ’'is0-8859-1'?>
<Poilndex>
<poi>
<name>Tivoliland</name>
<id>100059</id>
<x>556502</x>
<y>6322690</y>
</poi>
<poi>
<name>Netto</name>
<id>1545</id>
<x>556035</x>
<y>6322791</y>
</poi>
<poi>
<name>Superbrugsen Feerg Plads</name>
<id>6741</id>
<x>556969</x>
<y>6322374</y>
</poi>
<poi>
<name>Las Vegas - Lasergame * Funhouse</name>
<id>100058</id>
<x>555767</x>
<y>6323382</y>
</poi>
<poi>



56 Chapter 6. Service Layer

<name>Game World</name>
<id>100267</id>
<x>555835</x>
<y>6323523</y>

</poi>

<poi>
<name>4. juli aftenfest - Galla middag</name>
<id>100075</id>
<x>555430</x>
<y>6322610</y>

</poi>

<maxpoidist>33329</maxpoidist>

</Poilndex>

6.2 AdServlet

The parameters for the AdServlet service are:
» userid - The ID of the user.
» username - The user name of the user.
* X - The easting in meters.
* y - The northing in meters.
» xdd - The longitude in decimal degrees.
» ydd - The latitude in decimal degrees.

The request must contain three parameterserid or username and &, y) or
(xdd , ydd).

Example:
Http://euman-extl.novi.dk/AdServlet?
username=alex&x=556500&y=6322700

The URL states that the user with user name “alex” requestéttservlet service and
has coordinates (556500,6322700).

Based on the input and the current profile a query is formedhawis in Appendix A.
Depending on the system time, the parameter and the cunrefilepn use the query
returns a number of advertisements. Examples of resultshemen in Table 6.2

The output from the advertisement query is returned to tieathpplications and pre-
sented aNAME: DESCRIPTION
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DIST POI_ID NAME DESCRIPTION CURRENT_PROFILE AREA_ID TYPE_ID EVENT_ID
10.198039 100059 Tivoliland Senior citizens entry for free 4 2 11 1027
473.820641 1545 Netto Free taste samples of our new prod- 4 101 116203 1028
P

ucts
1203.46583 | 100046 Karneval i Aalborg | Come and join the carnival parade

3 10 1029

Table 6.2: Result of an advertisement query.

The output from the results in Table 6.2 is:

Tivoliland:  Senior citizens entry for free
Netto: Free taste samples of our new products
Karneval i Aalborg: Come and join the carnival parade

The client application can then use this information to @iggor the users in an ap-
propriate way. The number of advertisements displayedesifpd by the user in the
profile setting.

6.3 Furtherinfo

The parameter for this service is:
» poiid - The ID of the Pol.

This request only needs to contain this one parameter.

Example:
Http://euman-ext1.novi.dk/ Furtherinfo?poiid=100059

This example URL requests further information about the with the ID 100059.
Depending on whether the Pol originates from the Nykrediadsurces or Aal-
borg Tourist Bureau, the query is performed on N¥éKREDIT INFOtable or the
TOURIST _INFQable. The queries are trivial select statements over twiesa Ex-
amples are shown in Appendix B. Since the Pols have diffeatnibutes depending
on which kind of data source they originate from, the outps @epends on this. The
output is formed in the following way for Pols from tiNYKREDIT _INFCiable:

nameaNAME
addresstROAD ROAD _NR
cityeZIPCODE CITY
tifaTLF

For Pol from theTOURIST_INFQable the output is formed as:

nameaNAME
addresscROAD HOUSENUMBER
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cityaPOSTALCODE CITY
DESCeENG_DESCRIPTION

The URL example requests further information about “Tilasid” (Pol ID = 100059)
which is stored in th OURIST_INFQable and hence the output is:

nameaTivoliland

addressaKarolinelundsvej 40

citya9000 Aalborg

DESCaxaTivoliland is one of the largest amusement parks in
Denmark and since the start in 1946 the purpose has been
to give the guest value for money. Tivoliland is a world
of it's own with plenty of star attractions. Most of them
made especially for Tivol

The specified output format is utilized by the GPSOne apfitinan order to parse the
values and display the information in an window for the u3ée last line containing
a description is always trimmed to 254 characters, since28t% maximum number
of characters a single file line of the Symbian 6.1 OS can leand|

6.4 AddUserPol

The parameters for the AddUserPoi service are:
» userid - The ID of the user.
» username - The user name of the user.
* X - The easting in meters.
* y - The northing in meters.
» xdd - The longitude in decimal degrees.
» ydd - The latitude in decimal degrees.
» poiname - The name of the added user Pol.

The request must contain four parameterserid orusername and , y) or (xdd
, ydd) and finallypoiname .

Example:
Http://euman-extl.novi.dk/AddUserPoi?username=alex&
x=556500&y=6322700&poiname=parking_lot_near_tivoli
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This URL example states that a user wishes to add a user Potdén to insert the
values into the database, an available user Pol ID must ér&tidnd. This is done by
sorting the user Pol ID’s in theeSER_POltable and selecting the last. If the request
contains a user name the corresponding user ID must be fonoel theUSER_POI
table stores user ID’s. This is done by a simple lookup inUls&=RSable. For this
example the highest user Pol ID is 10000840(_ID = 1000004) and the user ID of
“alex” is 1 (USER_ID = 1). The SQL statement to insert a user Pol id®ER_POI
table is then:

INSERT INTO USER_POI VALUES(
1000004+1, MDSYS.SDO_GEOMETRY(2001, 82343, MDSYS.SDO_POINT_TYPE(556500,
6322700, NULL), NULL, NULL), ’parking_lot_near_tivoli, NULL, NULL, 1);

Table 6.3 shows thdSER_POtable after insertion of the new Pol.

USER_POI
POI_ID | UTM NAME REVIEW | GRADE | USER_ID
1000004 | soo_ceomeTrv(zo01, s2343) HOMeE NULL NULL 1
SDO_POINT_TYPE(555213,
6322555, NULL), NULL, NULL)
1000005| soo_ceometryv(zo01, 82343 parking_lot_near| NULL NULL 1
SDO_POINT_TYPE(556500, tivoli
6322700, NULL), NULL, NULL)

Table 6.3: TheJSER_POlable after insertion of the user Pol with ID 1000005.






Chapter 7
Client Application Layer

This chapter describes the design and implementation oflteet application. The
general architectural design is presented in Section hd,the implementation of
each part of the application is described in detail. Secti@describes th€oreclass,
Section 7.3 describes th#pdateclass and the implementation of the update algorithm.
In Section 7.4 th&ileHandlerclass is described and in Section 7.5 the class handling
the local Pol cache is described. Section 7.6 describesrpiementation of the map
display in the GPSOne application, and 7.7 details how thesels operate together.

7.1 Class Diagram

DBHandler Display
doOpenDatabase()
doCloseDatabase()
doSql()
doMakeDatabase()
extractData()
HW 1/O Library Core FileHandler
Start() extractPols()
DataConsumer Run() displayPolinfo()
Notlcfiyglmshed() 0 displayAd()
LoadGpsReceiver
UnloadGpsReceiver()
Update Pol
checkPol()

checkUpdate()
updateData()

Figure 7.1: The Class Diagram of the client application
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The Class Diagram for the client application is illustratedrigure 7.1. As illustrated
in the figure, the client has eight classes. The main cladserCtass Diagram is the
Coreclass. TheCoreclass is responsible for handling GUI events and deleg#aisics
to the other classes.

The Updateclass is responsible for keeping track of Pols and for retiugsipdates
when needed. Thieol class contains information on Pols. TiRiéeHandlerclass han-
dles file operations, such as opening retrieved data andesiédgs. TheDBHandler
class handles the small-scale database on the clientDiEptay class is responsible
for updating the user interface, including map and Pol digpl

The DataConsumeand GpsConsumeclasses provide interfaces to the GPS and to
the Internet. These classes are a part of an external sdirafiés, HW 1/O library,
that implement the protocols NMEA and HTTP respectivelye3dprotocols are not
described in further details. Theore, Update Display DBHandlerand FileHandler
classes are described in further detail in the followingises.

7.2 The Core Class

TheCoreclass acts as a central task unit. When a new set of GPS catediis ready
from the GpsConsumerthe Core class invokes thé&Jpdateclass. ThdJpdateclass
then checks to see if an update is needed. If an update ischeébdEe/pdateclass calls

the getPollndex() method of theCore class. ThegetPollndex() method
calls theGet() method of eDataRetrievenbject from theDataConsumeclass. The
Get() method is called with an URL to the service. ThataRetrievetthen retrieves
the appropriate file and calls théotifyFinished() method in theCore class.
The NotifyFinished() method uses a state variable to determine which type of
data theDataRetrievelis retrieving. This variable can have one of five values:

Value Meaning

EGetNone TheDataretrieveris idle, and is ready for new requests.
EGetPolindex TheDataretrieveris asked to get the Index of Pols.
EGetPolinfo  TheDataretrieveris retrieving information about the currently

nearest Pol.
EGetimage The Dataretrieveris retrieving an image.
EGetAd An advertisement text is requested throughGra¢aretriever

Depending on the state, an appropriate data handling isccalfor the Pol index the

FileHandlermethodextractPols() is called, followed by a call to theBHandler
methodextractData() . For further information about a Pol, denotedl Info, the

FileHandlermethoddisplayPollnfo() is called. If an Image is being loaded, the
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Display class methodietimageDone() is called to notify that the image is ready.
For Ads, thedisplayAd() method of the~ileHandleris called. The flowchart in
Figure 7.2 shows the flow of tHeéoreclass. The “Update Needed” choice is handled in
thecheckUpdate()  method in thdUpdateclass. The “DataRetriever Idle” choice
is checked whenever any kind of data download is requestdtie IDataRetriever is
idle, the request is fulfilled, but if not, the request fadsid the request will need to
wait for the next GPS update, which is performed every secdhi potentially leads
to starvation, especially when images are requested. 8mages are cached locally,
the problem is only present when the user enters a not prelyioisited area.

New GPS
coordinate

Update
Needed?

Wait for
New GPS Coord.

DataRetriver
Idle?

Set State

v

Call Get from
DataRetriever

EGEtPolIndex Getting EGetAd

What?
é’[ tPol édis layAd
EGetPollnfo EGetimage Py
displayPollnfo getimageDone

Figure 7.2: The Flowchart of the Core class.
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7.3 The Update Class

TheUpdateclass implements the algorithm in Section 3.3.2. The allgoriforms the
basis for determining whether an update is necessary ofhetmethoa¢heckUpdate()
of theUpdateclass is called by th€oreclass with the current GPS position as param-
eter whenever the GPS produces a valid position.

The position is checked against the last update positiottendpdate threshold, to see
whether an update is needed. If there is a need to update gthedgetPolindex()

of the Coreclass is called, and retrieves a Pol index from the LBS Apidn server.

If an update is not required, the Pols currently stored in w®ymnamely the ones
which are within the update threshold, are checked to finatkvig the nearest Pol.
The code for theheckUpdate() = method is presented below:

Function checkUpdate(){

if (boundThreshold()){
updateData();

}

else{
checkPol();

}
h

TheboundThreshold() method is the update threshold mentioned in Section 3.3.
If the user's movement is within the (0.8 Threshold Dist) distance the method re-
turns false and theheckPol()  algorithm begins. Otherwise, the Pol array in the
main memory is no longer valid, and an update request to tHe Application server

is initialized by theupdateData() = method.

ThecheckPol() method is responsible for finding the nearest Pol within ther's
defined threshold. The code for the algorithm is describdoMoe

1 Function checkPol(){
2 if (lisUpdating){

3 for ( i=0; i < ArrayOfPol.EndOfIndex; i++ ){

4 ArrayOfPol][i].PolDist =
5 calcDist(currentLocationX,CurrentLocationY,
6 PolLocationX, PolLocationY) ;

7 if (ArrayOfPol[i].PolDist < UserThreshold){

8 if (ArrayOfPol[i].PolDist < NearestPol.PolDist)}{
9 NearestPol = ArrayOfPol[i];
10 isUpdating = true;
}
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}
11 else {

12 isUpdating = false;
}
}
}

The arrayArrayOfPolis the Pol index. Each element in the array contains a Pottbje
The PolDist an attribute in the Pol object, is used by the algorithm, ematains the
distance between the user’s position and the Pol’s posifibe distance is calculated
by thecalcDist() method.NearestPols an attribute that contains the nearest Pol
object.

The algorithm works as follows: For each Pol in the Pol index distance between
the user’s position and the Pol is calculated bydhkDist() method (lines 1-6).
The calculated distance is compared with the user’s prestkflinreshold (line 7). If
the distance is less than the user’s predefined threshel®,dhis a candidate to be the
nearest Pol in relation to the user’s current position.

The candidate Pol’s distance is compared with the neardsbliject, so far. If the
candidate Pol is nearer than the nearest Pol object so &acaihdidate Pol object is
saved as the nearest Pol (lines 7-10). When the algorithochesahe end of the array,
the nearest Pol is found. This is a linear time algorithm,chineans that the larger
the number of Pols in the array, the longer it takes to coreplet algorithm. Hence,
the size of the array is balanced according to the size of thim mnemory and the
number of Pols in the index, in order to have the lowest péssdsponse time. Low
response time is crucial in order to provide precise datheauser. This depends on
the GPS receiver’s update frequency and the user’s speed.

If a Pol is found within the user’s threshold, the informati@bout the Pol is pushed
to the user. This algorithm runs every second, if valid cowates are received from
the GPS receiver. ThisUpdatingattribute is used to ensure that the algorithm has
finished execution before it is executed again with new coatds as input.

7.4 FileHandler Class

TheFileHandleris responsible for file related operations. Any time a text il to be
displayed or in other ways manipulated, it is done infileHandlerclass. Although
theFileHandlerclass handles files, the image files needed for the map, alendted
in this class. The reason for this is, that the image decodirag integral part of the
Displayclass.
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The FileHandler class handles three types of files; Pol index files, Pol Iné&s fdnd
advertisement files. Each of these three file types have aiariagm as described in
Chapter 6, and each needs to be handled differently.

The Pol index stored in the Pol index files needs to be exuleanté inserted into the
Pol database on the client. For each Pol it is necessary &ircohan SQL statement
which can be executed by tidBHandlermethoddoSql() . Furthermore, the server
calculates a new update threshold, which is also extractddipdated in th&pdate
class.

Pol info files contain further information about a Pol. In thethoddisplayPolinfo()
the Filehandlerextracts the formal data, i.e. name, telephone number athessl of
the Pol, from the file and presents it in list form. If a destiap of the Pol is available,
the list contains an extra entry, “Show Further Info”, whadlows the user to view a
description of the Pol.

The advertisement files contain the text of the advertisésnen the-ileHandleronly
needs to display the text, this is done in theplayAd() method.

7.5 DBHandler Class

The DBHandlerclass is used to handle the Pol database on the client. Tabasat
stores Pols from the Pol index in permanent storage. Themeas storing the Pols in
the database, is to minimize the need for updating the Pekifrdm the LBS Appli-
cation Server. Especially if a user has turned off the apgibn it would be preferable
to store the Pol index, so the user does not have to updatethedex every time the
application is started. When storing the Pol index, a Pa¢xgpdate is only necessary
if the update threshold is exceeded.

The DBHandlerclass acts as a kind of wrapper class for the DBMS of the Symbia
OS. ThedoSql() method is used for executing SQL statements created bilire
Handler. The DBMS available on the Symbian platform supports a dulifdbe SQL
standard. For the purpose of the client application, oné/SELECT, DELETEand
CREATE TABLEtatements are needed.

The Pol database consists of a single t&aewhich has four attributes:

id The Pol ID from the server database.

name The name of the Pol, for displaying to the user.
x The UTM longitude of the Pol.

y The UTM latitude of the Pol.



7.6. Display Class 67

TheDBHandlercreates the table using the SQL statement:

CREATE TABLE Pol
(id INTEGER, name CHAR(127)x INTEGER, y INTEGER)

The small scale DBMS is sufficient to provide long term sterafja Pol Index. Each
time the Updateclass needs to find the nearest Pol, the Pol are retrieved tliem
database. This is done by te&tractData() method, which extracts data from
the database and uses the data to create an array of Polsobject

7.6 Display Class

This section describes thgisplayclass of the Aalborg Guide. The main functionality
of theDisplayclass lies in the map display. The main purpose of the mapgs&the
user a visual representation of the surroundings. Withbasied descriptions, the user
may be mislead by the description. With a map, the users caithe@r positions in
relation to the Pols, helping them find a Pol. The followingd#es the map display
design and implementation.

7.6.1 Design

In this project, the maps are acquired online from KMS. Thegsnfiom KMS are
raster maps. The KMS ’Kortforsyningen’ can output a map daflacted area of Den-
mark as a JPEG or PNG formatted image. The request are HTTiesegnd is based
on the OpenGIS Web Map Server Interface Implementation igetoon [Ope03b].
This service is used to retrieve the maps needed in the apipic

One way of getting a map to present on the client terminalp isetrieve the entire
area covered by the Aalborg Guide. This is infeasible, asreage with a sufficient
level of detail would take up more storage space than availathe client. The so-
lution to this is to partition the entire image into smallarys that will fit on the client
terminal. This allows the client to only store relevant pat a map, that is, the parts
the user visits.

This method for using several small images to create one liargalled tiling, and is
widely used for computer graphics, most notably in video gafivicl96]. The princi-

ple behind this is illustrated in Figure 7.3. The entire magdivided into tiles of equal
size. Each of these tiles are then assigned a global set adinates which specifies
the position of each tile. When drawing the map to the screely,the tiles that over-
lap with the visible area are drawn. The method can be usedriomze the number
of images stored in main memory. If the number of images in orgroan cover the
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Tile

.

Figure 7.3: An image drawn from several individual tiles.

screen, a smooth scrolling effect can be achieved. Thispeagslly important when
showing a map, since the user will need to continuously ¥otloe road on the map. If
the map is not moving smoothly, the users could loose tratkedif position.

Smooth animation of tile based graphics is achieved by thiodeshown in Figure

7.4. When the map moves, the visible tiles are drawn. Eaehditepresented by a
bitmap that can be drawn on the screen. In video games, wieetildh move off the

visible screen, they are removed and new tiles are loadecdded on the opposite
side of the screen. This does not make sense when dealingyegtiraphical maps,
however, the principle of tiling images is used. The tilaraps are retrieved from
KMS, but are cached in local storage.

Some limitations arise when designing applications for iedierminals. These lim-
itations have an influence on the design of the applicatidre tErminal used, Nokia
7650, has a maximum 4MB of storage, meaning that a limitedusatnof map data
can be stored. The maximum data rate of the GPRS phone useéibps [Nok03a],
which is slow for updating maps from the Internet. Thesetitions affect the map
display of the application in these ways:

» The number of map pieces (tiles) that are available at avgngiime is limited
by the memory.

* The size of individual tiles affects the download time o ties.

» Overhead from files (i.e. image file headers and storagerfesgation) may
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Figure 7.4: Tiled animation. When tiles move outside thaeblésarea, they are not
drawn.

waste precious space.

The map display is designed to make a compromise betweee lingsations. The
design has the following features:

» Each tile is 256256 pixels
* Only four tiles in memory

* Size of the map in the tile is 2062000 meters

The size of 256256 pixels is chosen, as it is slightly bigger than the sgresaning
that when a user moves around, it is only necessary to load axfages. This means
that fewer requests to the KMS map server will free up bantwidr other online
purposes, i.e. downloading advertisements and Pol indégsttof sizes of JPEG im-
ages shows that smaller images tend to use a large amounttdbdéhe file structure.
The test involved a square single-color image, saved as JAEGhe worst quality
setting. As seen in Figure 7.5 and Table 7.1, images of sizel@&ixels and below
are equal in byte size. A possible explanation lies in theGRB&mpression, which is
further explained in [JPEO3]. This means that small imagesHhoo little actual im-
age information compared to their size, although imagels actual detail may have a
better ratio.

The image size of set to 256x256. This gives a file overhead0flfytes, which is
acceptable.

The size of the map in each tile is 2000x2000 meters. Thissgavelear, uncluttered
map, which is informative without being confusing. Thisdedo an implementation
of the map display as described in the following.
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Figure 7.5: Graph of JPEG image size vs. byte size. Imagesjaiae.

width height | 4 8 | 16 | 32 | 64 | 128| 200| 256 | 300| 400 | 512
bytes 286 | 286 | 286 | 292 | 310| 382 | 539 | 670 | 827 | 1223 | 1822

Table 7.1: JPEG image size vs. byte size

7.6.2 Map Implementation

Each tile is 2000nmt2000m, with 256 pixels in each direction, giving a resoloted
7.8125 m/pixel. The map display uses four tiles, which aspldiyed as shown in Fig-
ure 7.6. At all times, the tile which the user is located ingésignated as the center
tile. Depending on which square of the center tile, the us&rdated in, the surround-
ing tiles are designatedertical, HorizontalandDiagonal If the user is located in the
lower left square of the center tile, the surrounding tileshe user’s left, down and
lower left are loaded (picture 1 and 2 of Figure 7.6). If therus located in the upper
right square of the center tile, the surrounding tiles toright, up and upper left are
loaded (picture 3 of Figure 7.6). The UTM coordinates of tilesis used to place the
tiles in relation to the center point on the screen.

To calculate the screen coordinatéS,f,.;, Yize:) to draw the image on, the current
GPS coordinates of the user is used. Since each tile is 200@ach direction, the
tiles can be seen as being squares in a grid, beginning 3t {0,0rder to calculate
the corner coordinates of the tile which the user is curyeniti, the UTM coordinates
are rounded down to the nearest 2000m. This gives the coooedinates for the bot-
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tom left corner of the tile To calculate the pixel offset from the center point of the
screen, the difference between the user coordinates,( Ya.s.-) and the tile coordi-
nates (., Yii.) is divided by the map resolutioRes,,,, (7.8125m/pixel). This is
then subtracted from the center pixel poiak, Cp,), given in these formulas:

Xuser - Xtile

Xpixel = Cpx - Res
map

(7.1)

(7.2)

The Heightimage 1S the height of the image, and is subtracted since the UTMdtoo
nates start in the bottom left and the terminals displaytsiarthe top left corner of
the screen .

As an example, the position of Fredrik Bajers Vej 7E (FVB 7&)approximately
(560013,6319413). By first rounding down to the nearest 2000s becomes (560000,6318000).
This is the corner of the tile that FBV 7E is on. The map pieaetlicss is shown in

Figure 7.7. To determine on which pixel position the map #tht»e drawn, the num-

bers are inserted into Equations 7.1 and 7.2. The screerssizé&x 208 pixels, so the

center point is (88,104). This gives the following calcidat

560013 — 560000

6319413 — 6318000 .
Ypizer = 104 — 256 — 3195 = 28 pixels. (7.4)

The map is then drawn at the position (86,28) on the screen.

10nly in the Eastern part of the Northern hemisphere.
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Figure 7.7: The map piece for the position of Fredrik Bajees ¥E (shown by the
arrow).

The three other tiles are designated\v@stical, Horizontal and Diagonal Depend-
ing on which quarter of the center tile the user is on, thedlsecondary tiles are filled
with the appropriate map pieces, as shown in Figure 7.6. eSine tiles are 2000m
in each direction, this value is added to or subtracted froendenter tile UTM co-
ordinates to give the UTM coordinates of the horizontaltiecat and diagonal tiles.
Table 7.2 shows the rule for determining the coordinatethfeisecondary tiles. In the

Quarter Horizontal | Vertical Diagonal

Upper Left (-2000,0) | (0,2000) | (-2000,2000)
Upper Right | (2000,0) | (0,2000) | (2000,2000)
Lower Left (-2000,0) | (0,-2000)| (-2000,-2000)
Lower Right | (2000,0) | (0,-2000)| (2000,-2000)

Table 7.2: The (x,y) values to add to the Center Tile cornerdinates.

example above, the user’s position is in the upper left coofi¢he map. This gives
the corner coordinates for the other three secondary mageamas shown in Table 7.3

The map pieces retrieved from KMS are stored in local stardfes enables the client
to cache the images. The client does this by trying to firshdpe image from local
storage, if this is not successful, the image is requestad KMS for later use.
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Image UTM X | UTM Y
Horizontal | 558000 | 6318000
Vertical 560000 | 6320000
Diagonal 558000 | 6320000

Table 7.3: The positions of the three secondary maps.

To make this caching possible, each of the four tiles hascesteal corner coordinates
in UTM. This corner coordinates are used to keep track of wimtage is loaded into
each tile. Each image file in local storage is hamed as follows

map_XXXXXX_YYYYYYY.jpg

Where theXXXXXXis thex coordinate an&/YYYYYYis they coordinate. The four
images in the example have the filenames:

map_558000_ 6318000.jpg
map_558000_6320000.jpg
map_560000_ 6318000.jpg
map_560000_6320000.jpg

If any of the four tiles are to be updated, e.g. the user haseohoff the center tile, the
coordinates is updated and a new image is loaded into the tile

The tile approach allows for a fluid display of maps, as opgdseshowing a new map
when the user moves off the screen.

7.7 Sequence Diagrams

The sequence diagram for updating Pols is seen in Figurd Aié8Coreclass is thread
based, with the&GpsConsumeas the controller. When a user starts the system, the
GpsConsumestarts receiving GPS data. As soon as a usable coordinatesnbe
available, theGpsConsumecalls theRun() method of theCore class. TheCore
class then calls thepdateclass which checks whether an update is necessary.

Figure 7.8 shows the sequence if an update is needed. Wiseis the case, thgp-
dateclass calls th&set() method in theDataConsumeto get a new updated Pol
index. When finished, th®ataConsumercalls theNotifyFinished() method
in the Core class, which then calls thextractPols() method in theFileHan-
dler. This method iterates through the received file, insertiaghePol into the local
Pol database. This is done by tB#Handler class with theOpenDatabase() |,
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User

Core Update FileHandler DBHandler GpsCons. DataCons.

| "Start Service"

Run()

checkUpdate()
Get()

NotifyFinished() !

i ExtractPois()

OpenDB()

doSql()

doSql()

CloseDB()

Figure 7.8: The Sequence Diagram of the client, when an epdateeded.

doSql() andCloseDatabase() = methods.

After this, the client is put in a waiting position until tligpsConsumepresents an-
other set of coordinates to tt@ore via theRun() method. The sequence diagram
in Figure 7.9 shows what happens when an update is not relquites difference be-
tween updating and not updating is that the Update clastgadf receiving a file
from the Internet, uses the metholdeckPol() to iterate through the local list of
Pols to find the nearest Pol, which is then presented to the use

For advertisements and Pol info, the sequence diagram sempted in Figure 7.10.
TheDataConsumers called to get the information, and when received,Gloge class
uses thd-ileHandlerto display the information in dialog boxes.
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Core Update GpsCons.
"Start Service"
| - - - |
| : L
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| Visual Feedback | i

Figure 7.9: The Sequence Diagram of the client, when no ggdateeded.

User

Core FileHandler DataCons.

User Request

Lol

Get()

NotifyFinished()

displayPoilnfo()

or
displayAd()

Lol

Visual Feedback

Figure 7.10: The Sequence Diagram for advertisements ahicifeo






Chapter 8

Scenario

This chapter exemplifies the use of GPSOne, through use.cd$esuse cases are
examples of how a user would interact with the system. Eaamele will consist of
a task the user wants to perform. With every choice the ugestahe reactions from
the client and server are described.

The user is a person called AfexAlex is traveling to Aalborg for the first time, and
owns a Series 60 mobile phone. Alex has installed GPSOneephhbne and has
bought or rented a Bluetooth GPS.

8.1 Scenario: Setting Up

Alex needs to inform the system of Alex’ preferences. Thiuiees Alex to log onto
the Web site that accompanies the software and create a mevaaount. Figure 8.1
shows this.

After Alex is created as a new user, with the username “alai€x logs into the sys-
tem and must now make a profile. This is displayed in Figure 8.2

The user can now add and remove categories of Pols to thegprofie web page for
this is displayed in Figure 8.3.

Alex chooses these categories for the profile:

* Amusement parks
* Folk Festivals
» Supermarkets

* Buildings

1Short for Alexandra or Alexander

77
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2A http: ffinter.obel.auc. dk:7778/ProfileLogin. MmI? - Microsoft Internet Explorer

Fle Edt Wview Favartes Tools Help

esack - Q |ﬂ @ .lj /.:]Search ‘{V“:(Favontes @red: E) - o - @ 3

Address | ] httpjinter obel.auc.dkiT77EProfieLogin Mt v e

GPSOne Login

User Narne

Password:

New User:

User Marne

Password:

Last modified: Sun May 18 15:25:41 Remance Daylight Time 2003

Figure 8.1: The logon Web page of the Online Aalborg guide.

2l GPSOne Profile Handler - Microsoft Internet Explorer [

File Edt View Favorkes Tools Help

Qe - O \ﬂ E" ﬂ /-WSEarEh ‘i‘\'(FavuritEs @ reda £4) - &g @ 3

Address €] httpsfinker, obel. auc, ok 7778 serviets/ProfilsLogingervist "‘ &

Welcome alex to GPSOne Profile Handler

4
Show Profile
Make new profile!

‘ﬂype profile ID> | [ Rermowve profile!

Figure 8.2: The user creates a profile.

By adding Pol categories to the system, BrefileAreatable is updated with the cate-
gories. This allows the system to use the categories in ¢odegrd information relevant
for the user.

8.2 Scenario: Starting Service

After Alex has set up a profile, GPSOne is now ready to be usedh® phone Alex
starts up the application and is prompted to “select stathermenu”. This brings up
a box where Alex can type in the username associated withrtfidep Alex types in
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3 GPSOne Profile Handler - Mictosoft Internet Bxplorer [BEE
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4 | Set as Active Profilel |
|[__Setes Maxnumberofadsl |
Categories in profile

| Area Type Ad Dist Hemove Category

Attralctioner  Forlyoaloesparker 25000

|Attralctioner  Bygningsverker | B000

Begivenheder Folkefester 50000 | Remove

Mykredit  Supermarkeder 16000 | [ Remove

Available categories

Area Type Ad Dist Add Category
Alctivieter  Badudlejere 5000 | [Add
Aktivieter  Cykeludlejere | 5000 | Add |
Alctivieter  Fiskevande 5000 | [Add]
Abfivbeter  Fritidshawne 5000 | [Add
Alctivieter | Golfbaner 5000 | [Add]
Alivieter | Sports- og akivitetscentte 5100 | [Add]
Alctivieter | Strande 5000 [Add |
Alctivieter  Metcafeer o | [Aad]
Attraktioner  Giallerier og kunsthindverlcere .:i_s_u_n__u Al
Attraktioner  Haver og parker 5000 [Add &
&} pone & Intermat

Figure 8.3: The setup of GPSOne profile.

“alex” and presses OK. This starts up the GPS receiver andghkcation begins to
check for nearest Pols. This is displayed in Figure 8.4

Since it is the first time Alex uses the system, the data andgsrasgpdownloaded from
the Internet. After a short while, the area around Alex shap®n the screen and a
text box with info on the nearest Pol is shown (Figure 8.5pxAdgoes for a walk. This
makes the client application look for new nearest Pols.

Suddenly, as Alex is walking around in the center of Aalbddgns Bang’s House”
is displayed on the screen. Alex has chosen “Buildings” englofile, so Alex wants
more information. By choosing “More info” from the menu, Algets information on
the Pol. In the case of “Jens Bang’s House”, the informaton i

Name: Jens Bang’s House

Address: @sterdgade 9
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Enter Username:
%3 Abe

[alex] |
Ok Cancel

Figure 8.4: The system asks for user name.

Figure 8.5: GPSOne running.

Postnr: 9000
City: Aalborg
More Info... Choose to view

Figure 8.6 shows the information as it is presented in theegysThe information was
retrieved from the server by calling thurtherinfoservlet on the server. The servlet
takes a Pol ID number as parameter and returns the inform&tion the database.
The information is shown as a menu where the user can scroligin the information

at will. The “More Info... " menu item allows the user to see a description of the
Pol, as shown in Figure 8.7. The description is sent aloniy thi2 information. Figure
8.6 shows the information as it is presented in the system.
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Pol Info:

name
Jens Bang's House

address
Psterdnade 9

city
9000 Aalborg

Ok

Info on Pol

The finest
example of
renaissance
domestic
architecture in

Ok Cancel

Figure 8.7: The further information is shown.

8.3 Scenario: Changing Profiles

Alex is meeting a relative in Aalborg, and wants to talk ovemer. Alex needs to find
a restaurant that is nearby. Alex switches the profile froenahe being used to a new
profile featuring restaurants. When the profile is chandgeel nearest restaurant pops
up on the mobile phone, and an indicator of the direction assh.

8.4 Scenario: Advertisements

The restaurant “Perlen” has just placed an advertisemeheisystem, which is valid
from 12-14 the current day, and has chosen to advertisemwattlistance of 500 meters.
Alex wanders around in Aalborg and comes within 500 metetb®festaurant at 12
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o'clock. Alex receives the ad “Special lunch deal. 50 kr,oddy ONLY!” on the
phone (see Figure 8.8). Alex decides to try out the restauran

Restaurant
Perlen: Special
Lunch Deal. 50,-.
Today OHLY!

Figure 8.8: Advertisement in GPSOne.
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Evaluation

The GPSOne application is a push-based LBS prototype basdte@€ombined Ap-
proach In order to minimize the continuous updates to the LBS Aqgilon Server,
theUpdate Threshold Approadnd theUpdate Algorithmmentioned in Section 3.3,
are implemented. This means that the number of updates fiernlient application
to the server is reduced considerately. The update perfisendepends on the user’s
preferences, the number of Pols that are nearby the usethamdaximum number of
Pols allowed in the Index. Compared to sending an updateeafiskr’s position each
second, the implemented approaches reduces the numbedafespconsiderately,
since a user most likely will be able to travel within a rangseveral kilometers, be-
fore an update is necessary.

TheUpdate Algorithmensures that GPSOne monitors the nearest Pol availablewith
the user’s desired distance. However, thmlate Algorithms not able to monitor more
than one Pol. In order to monitor more than one Pol the algaribas to sort the Pol
index, after the distance between the user and the Pols leasdaéculated. Generic
sorting algorithms described in [CLRS01] can be used totherPol index. Since the
sorting algorithm has to be applied each time the GPS coatetnare extracted, the
sorting routine may decrease the performance. This depemdke size of the Pol
index.

The implementation of thRaster Map Caching Approaakeduces the number of re-
guests to the KMS raster map server. The downloaded rastes ara stored in the
mobile phone and reused if possible. This leads to a signifiealuction of network
traffic in GPSOne. However, the LRU caching algorithm of Resster Map Caching
Approachhas not been implemented in GPSOne. This can result in fittedge, if
GPSOne is used over a long period of time. When GPSOne is oséagffirst time,
a number of raster maps have to be downloaded before it ishd@$e draw a map
on the screen. When the first maps have been downloadeRatter Map Caching
Approachallows the maps to be displayed faster to the user.

83
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The download time of the maps might affect the performand¢e dverage download
time for a raster map, from KMS using a GPRS connection on aaNo&50, is about
5 seconds. GPSOne downloads at most four raster maps at ahénee at least
20 seconds are required when maps are downloaded. Assunusedlig position is
mapped to one of the downloaded raster map illustrated inetfhgicture of Figure
9.1. In order to issue a map request, the user has to movedaifpvthe image size.
Since the image size corresponds to 2000 meters, the usd#s teemove at least 1000
meters. If the user moves more than 1000 meters within 20hsisgthe drawing of the
maps will not be able to keep up with the movement of the uskis means that the
user has to move with a speed of more than 180 km/h for thisearo¢iowever, the
user might move around the center of the four downloadeérasaps as illustrated in
the right picture of Figure 9.1. This situation triggers nraguests frequently enough
to clutter the map drawing, since 16 maps must be downloab&elnetwork stability
also affects the map drawing performance.

Update Situation Worst Case Situation

1y
|

Figure 9.1: The right picture illustrates the worst-caseation, which will trigger 16
map requests. The left picture illustrates, that the usedsi¢o move at least half of
the image size, in order to issue a map request.

The GPSOne application depends on the network access t@®iApplication Server
and the KMS raster map server. However, if the user staysameently in an area for
a longer period of time, the Pol index will still be valid argetupdates to the LBS Ap-
plication is reduced. Without the information of the usénterests in the user profile,
it is not possible to reduce the updates as much as achieved.

The profiles are subscribed to at a Web site located at the LigSi@ation Server. If
the user could create and modify the profiles using the GP@(Ppkcation, it would
be more flexible and convenient for the user.
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In order to use GPSOne, the Bluetooth GPS receiver has tblisbtsatellite con-
nection. In best case, the satellite connection can be\ahieithin a few seconds,
and in the worst case, it can take several minutes. The isatetinnection depends
on the surroundings and the weather [DB03]. Once the datelinnection is estab-
lished, the Bluetooth GPS receiver can recalculate thditotaeven if the connection
is temporarily broken. However, a Bluetooth GPS receivdaidy expensive, since
the Emtac GPS is the only Bluetooth GPS on the market at duirea. Other Blue-
tooth GPS receivers will soon enter the market [NAVO3], antl most likely make
Bluetooth GPS receivers cheaper.

Extension of the LBS framework has enabled the frameworkippert both push and
pull-based services. The use of Java servlets enables #s#pity to support many
users concurrently. Furthermore, the component-basdagrdpsovides easy compo-
nent extension.

A few organizations have defined standards regarding mebitéces. The W3C has
defined a Point Of Interest eXchange Language Specifica@iX) [W3C03]. The
POIX specification defines how to specify Pols using the XMinfat. The Pol data
format described in Section 4.1 does not follow the POIX @mion. The reason
is, that the POIX specification defines geo-referenced tdjsach as lines and arcs,
which are not relevant in this project. Furthermore, the R@ds a comprehensive Pol
location definition. In the POIX specification, a Pol can hex@e than one position
related. A Pol can have a position for the entrance denotededBerminal Point a
position for the actual mapping in a road databbeeductory Poinf and a series of
points to specify the route between the two points. This Pet#ication is too com-
prehensive to use in this project, since the data availaikbis project only includes
one geographical point for each Pol. However, the Pol indexthe options to be sent
to the client in XML format. Modifications can adapt the Potalto the POIX speci-
fication.

Another consortium, PARLAY Group, defines specificationd &fl definitions for
developing mobile services [PAR03]. The LBS framework doesfollow the PAR-
LAY convention. The LBS framework’s component based asdgtiire and the use of
Java technology enables the framework the option to adaptspecification if neces-
sary in the future. In relation to geographic standards, ag@gphy Markup Language
(GML) has been defined by the openGIS consortium [Ope03a]L GMlIso based on
XML specifications, and can be used to define geographic thjearfaces, lines and
points. The GML specification is an alternative to POIX. Tdepecifications can be
used in order to adapt the Pol data, used in the project, andlii making it possible
integrate with other LBS systems. The next chapter coneltite project.






Chapter 10

Conclusion

Pervasive computing has received great attention in regans. A type of pervasive
computing is highly personalized services such as LBSs.ré@$earch within the field
of LBSs is important, and could bring future users closer {geavasive computing
environment.

The main purpose of the project is to extend the already deeel LBS framework
to support push-based features, and use this to develogatypic LBS system, the
Online Aalborg Guide. As a part of the Online Aalborg Guidssliant application
GPSOne, for Symbian OS mobile phones has been developediuBhebased LBS
framework, which is an extension of the LBS framework, hasrbenplemented and
organized in various layers and components, such that raatjuhnd transparency are
provided for developers.

One of the design criteria of the Online Aalborg Guide is taonimize the number
of position updates from the client, and thus reducing thematational load of the
server, and minimize the network transmission betweenlieet@and the server. This
will also reduce the cost for users to access the servicerderdao meet this design
criterion, the architecture is based on a combined appro@bh combined approach
distributes the logic between the client and the server,pamtof the data is stored at
the client. The Online Aalborg Guide is implemented such tha client application
monitors the nearest Pol and displays this. The nearestsHouind in a Pol index
stored at the client. The Pol index is formed based on thésysesition and interests.
This means, that the Pol index only needs to be updated wleamstr changes inter-
ests or moves outside a Pol index range where the nearesaRudichbe found.

Storage is another design issue that the Online Aalborgé3uigst handle. Most client
terminals have limited storage capacity, including mopi@nes. This must be taken
into consideration when designing a LBS such as the Onlinbakg Guide. Hence

the Pol index only contains the most basic information aladRol. If the user wishes
further information about a Pol, this information is reteel from the server. The Pol

87



88 Chapter 10. Conclusion

index for the Nokia 7650 includes only a limited number of dlased on the user’s
position and interests. This means that the storage spdbe wlient terminal can be
used for other purposes, such as storing images of maps.li€heapplication caches
images of maps used, so maps don’'t have to be fetched fronmttiaét every time.
This reduces the network usage and increases the perfoerétie client application.

The Online Aalborg Guide includes push-based advertis&smieom Pols, that are
nearby the user. The advertisements are based on the uesit®p, interests and
the system time. This means that commercial Pols, such &sirasts or amusement
parks, can specify a time interval in which their advertisains sent to users. How-
ever, in order to target the advertisements, in the intexesoth the Pol and the user,
the user must, for instance, have restaurants or amusemmp&ris as interests. Fur-
thermore, the Pol must be within the user’s specified adsarient range, and the
user must be within the Pol’s specified advertisement raiiges means that the On-
line Aalborg Guide and the push-based LBS framework is abbketiver information
based on time and location.

The realization of the Online Aalborg Guide demonstratespplicability of the push-
based LBS framework, and highlights some of the issueswedolvhen construction
LBSs.



Chapter 11
Future Work

This chapter discusses future work on the Online Aalborgd&uithe GPSOne appli-
cation, and the LBS Framework. Initially, the services thia left out of this project
could be implemented. These are; Beddy Finder, Favorites, User Pols, Reviews,
PicturesandRoute-Planner

The Favorites can be implemented mainly at the server, asvese¢hat adds the Pol
to the users favorites. Another solution would be to mamthe favorites on the client
terminal, this would lower the load on the server, but ther wgauld not be able to
easily transfer favorites between different devices.

Reviews and Pictures could supplement the user Pols, asas/éiie already present
Pols. The users would be able to submit pictures and reviéwls, thus adding
content to the system. Reviews, Pictures and User Pols dkas@rver that can store
potentially large amounts of data. Depending on whetheusiee wants to publish the
user Pols, reviews, favorites and pictures, the servicebeadistributed between the
client and server.

The Buddy Finder requires implementation of user trackingle server, such that
the server can maintain a model of all users positions andemewts. To maintain
a model that is detailed enough to let users find each otherregsonable accuracy,
a large number of updates are needed. The current updatednetity updates the
user’s position in the server, when a Pol index or furtheoinfation about a Pol is
requested. To maintain the advantages of a low update h&tsgerver will need to be
able to predict the users’ positions. This requires thadligteon algorithms are added
to the server, and that they can affect the update policyetlient.

As an additional technical feature, the client could be ratég to support other LDTs
than GPS, for example by using cell-based positioning, allowing the user to en-
ter an address. The application currently uses a dynamanjipor DLL, to provide
GPS access. Cell-based positioning should be implememntide isame manner. This
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would enable the user to choose the relevant LDT at will. Télelwased LDT only
provides precision that is good enough for services sucheather forecasts, but not
precise enough for guiding a user between two addressegesgitbased positioning
would require the user to enter a nearby address, which wbeld be translated into
a set of coordinates. This would require the server to hawt afsoad data with ad-
dresses mapped onto. The address-based LDT does not spppbrservices, as the
user takes an active role in the LDT.

Even though the two mentioned LDTs are not suitable for geepiuish-based services,
they can be used when a GPS receiver is not available. Siegedly solely on the
mobile phone, cell-based positioning uses the radio in tlanp, which is available
at all times. Using other LDTs than GPS also allows users withile devices that
cannot be connected with a GPS to use the services, only gradbel level.

Another technical improvement would be to implement thesises using data ex-
change standards. The current implementation only usé4/Mg standard to retrieve
JPEG images from KMS, and textual data is transferred in prjgtary format. The

services running on the server need only small adjustmenisdé XML for data trans-
fers, whereas the client application will need to supportlXNrthis requires an XML

parser to be implemented for the client platform.

If an XML parser is present, it is possible to implement SV@dlable Vector Graph-
ics), which is based on XML. The SVG format can be used to fearend display
maps and geographic information in a vector based imagedbrithe advantage of
using SVG instead of JPEG images is, that the vector fornkattap less space than
raster images. Additionally, vector-based graphics casdaged without loosing de-
tail. This will allow for smooth zoom functionality in the pfication. Furthermore, the
image cache could be replaced by a vector database, whesearagtored as shapes.

To realize maps in this way will require a vector-based repngation of the maps.
Likewise, if only geographic features are transferred inGGM would be possible to
overlay the SVG graphic onto the existing raster maps, atfonality that could be
used for showing routes on the map. These kinds of vectohgrapvould then need
to be generated by the server, which in [ACKNO3] is nearly lenpented.

At the client side, additional services can be implemenigtese services may even
become distributed, such that clients may exchange dateéebateach other. Such a
distributed service could appeal to tourist groups. Tasigsuld exchange pictures and
information about sights, favorites and reviews. This wiogive an extra dimension

to sightseeing.

Another application is to implement warning applicatiosgch as those described in
Section 1.5. Senior citizens could either be equipped withilar phones, or custom
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devices. The warning applications would be similar to thddyufinder, where con-
cerned parents or relatives could locate their childrenlders on their own devices,
or from a computer.
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Appendix A

Advertisement Query

This advertisement query is performed on monday the 16-05-2003 at 22.25. The user is “alex”
and the user’s position is (556500,6322700).

select c.dist, c.poi_id, c.name c.descriptionc.currentprofile, c.areaid, c.type.id, c.eventid

from

(select

mdsyssda geomsda distancémdsysSDO_GEOMETRY(2001, 82343,
mdsysSDO_POINT_TYPE(556500.0,6322700.0, NULL), NULL, NULL), poi.utm,0.001) dist,
poi.utm, poi.poi_id, poi.name description userscurrentprofile,profileareaareaid,
profileareatype.id, eventid

from

poi, profile, users profilearegpoievents
where (profile.userid=0 or usersname=alex’ ) 10

and
and
and
and
and

and
and
and
and
and
and
and
and
and
and
and
and
and
and

usersiserid=profile.userid
profileprofile_id=userscurrent profile
profilearegprofile_id=profile.profile_id
poiareaid=profileareaareaid
poitype_id=profileareatype._id

poipoi_id=poieventspoi_id |

poieventsype_nr=2

active=1

starthours <= 22

endhours >= 22 20
startmin <=25

endmin >=25

weekdays likeé%1%’

startdayofmonth<= 16

enddayofmonth>= 16

startmonth.of_year <= 5

endmonth of_year >=5

startperiod <= to_date’16-5-2003'  ,dd-mm-yyyy’ )
endperiod >=to_dat€'16-5-2003'  ,dd-mm-yyyy’ )

order by dist asg c, profilearea poievents 30
where c.currentprofile=profileareaprofile_id
and careaid=profileareaareaid
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and ctype_id=profileareatype_id
and cdist <= profileareaad dist
and poieventgventid = c.eventid
and cdist <= poieventsad.dist
order by dist asg
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Appendix B

Further Info Queries

Further Info query for the Nykredit Pol “Netto” with Pol ID 1545.

selectname gadenavn gadeny postnt bynavn tif
from poi, nykreditinfo

where nykreditinfo.poi_id=poi.poi_id

and poipoi_id=1545; —— Nykredit Pot Netto

Further Info query for the Tourist Info Pol “Tivoliland” with Pol ID 100059.

selectname road housenumberpostalcodgity, textUK
from poi, touristinfo

where touristinfo.poi_id=poi.poi_id

and poipoi_id=100059; —— Tourist Pol Tivoliland
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Appendix C

Client Method Summary

This Apendix gives an overview of the methods available chea the Client Classes.
The following methods are available in tR®reclass:

LoadGpsReceiver() Loads the GPS component library.
UnloadGpsReceiver() Unloads the GPS component library.
Start() Initializes the GPS component.

Run(aGpsHealth) Called by the GPS component when a position is available. The
value ofaGpsHealth determines if the GPS point is valid or not.

NotifyFinished(aError) Called by theDataretriever when it has finished. The vari-
ableaError contains the status of the initial request, which is eithiecsss or
failure.

The Start() method is called from the GUI when the user seleftert Service
from the menu. The.oad andUnloadGpsReceiver = methods are called when
constructing or destroying &bore object.

TheUpdateclass has the following methods:

checkPol() Finds the nearest Pol of those loaded into memory. Only Pblshnare
within the user-defined threshold are considered candidate

checkUpdate() Checks if the update threshold has been exceeded. If ithdateData()
is called to get a new set of Pols from the server, otherwisckPoi() is
called. Is called by th®un() method in theCoreclass.

updateData() Requests a new set of Pols by calliggtPoilndex() in the Core
class.

TheFileHandlerclass has the following methods:
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extractPols() Opens the file that was downloadeddstPolindex  and inserts the
Pols into the database.

displayPolinfo() Opens and displays the info that was downloaded after thereise
guests to see more information on a Pol.

displayAd() Opens and displays an advertisement file that was downloaded
TheDBHandlerclass has these methods:
doOpenDatabase()Opens a connection via the DBMS to the database file.

doCloseDatabase()Commits any changes done to the database and closes the DBMS
connection.

doSql() Executes a given SQL command on the currently open database.
doMakeDatabase() Creates a fresh database file store.

extractData() Extracts data from the database and puts it into a Pol arréhyeibp-
dateclass.
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