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MOBIL CBS'DE iILGiLi GORSELLESTIRME ICIN ONTOLOJIK BIR
YAKLA SIM

OZET

Son yillarda ubikutus hesaplama mekansal verinimsadi@stirmesinde 6nem
kazanmaktadir. Oatlk CBS ve Konum Destekli Hizmetler (KDH) gibi alari
kapsayan Geoinformatik'te, kontekst modeller mdhillanici ile sistem arasinda
salam bir iletisim saglamak ile yukimludar. Durumsal bilginin gercejdeesinde
“kontekst” ve “kontekst-duyarli” kavramlari 6nemilid Kontekst, bir varigin
durumunu karakterize eden bilgidir ve kontekst randaki en 6nemli varliklardan
birisi de “kisi"dir. Dogru tanimlanmy kontekst-duyarli bir sistem kullanicilarinin
gorevlerini uygun bicimde yonetebilmelidir. Kontékduyarli sistemler ubikutus
sistemlerde Onemli bir konudur ve tasarlanan katiekhassas etkisi bu tdr
sistemlerde gorilmektedityi calisan bir kontekstsel sistem ontolojilere gereksinim
duyar. Secilen ontoloji dillerinin karakteristikiesadece kontekst temsilindeki
kazanimlar dgl ayrica kontekstin usavurma (muhakeme) kapasitelde belirler.
Ozellikle DAML+OIL Web Ontoloji Dili (DAML+OIL Web Ontology Language) in
gelismis bir sirimi olan Ontoloji Web Dili (Ontology Web nhguage) (OWL)
kavram tanimlari ve rol yapilandiricilari ile bilggmsiline izin veren Tanimsal
Mantik (Description Logics) (DL) desie saglamaktadir. OWL-DL, OWL'nin en
cok tercih edilen bir tirevi olarak iyi tanimlanmbir usavurma imkani verir.
Kullaniclya uyum sglayan bir ontolojik model geftirmek icin kullanicilarin c¢gtli
durumlari uygun bir bicimde tanimlanmalidir. KDHe dbirgok akilli system
kullanicinin konumu d@indaki kullanicinin durumunun ve roltnin etkisidizgardi
etmektedir. Ancak 0Ozeljenis gorsellgtirme tarzi ilgili mekansal veriyi
salayabilmek icin ceitli kullanici profillerine ihtiyag duyar. Bilgiser ve
kartaggrafya bilimlerinde mobile cihazlardaki gisel ve kisa sdreli kullanimlar ben
merkezli harita terimini ortaya koyrgwr. Kullanici ben merkezini tatmin eden ben
merkezli haritalar; merkezlendirme, azaltymkodlama, sirekli dgsen ayrinti
seviyesi, ¢oklu ayrinti seviyeleri, mekansal daelrtalebe bgl detay gdsterimi,
artinlmis odaklanma, yoneltmesaretleri gibi tasarim ornekleri ile goérsetlieme
parametrelerini belirler. Bu tezdeki anamanin amaci, mobil cihaza sahip herhangi
bir kullanicinin ilgili gorsellgtirme profilini belirleyebilmek icin ilgililik teorlerine
uygun mobil kontekstsel ontolojileri (siniflari vézellikleri) tanimlamaktir. Bu
sekilde burada usavurma motoru tarafindan OWL ddkidkomple bir anlamsal
modelden sonug ¢ikarabilen birseakilli sistem Onerilmektedir. Bir ontoloji editid
ve bilgi elde etme sisteminde ilgililik icin konteisel ontoloji (OWL DL) hazirlandi.
OWL DL i¢in siniflandirma kararlign bir usavurma motorunda test edildi. Sonucta
usavurma motoru bir sunucu olarak ilgili gorsgilenenin profilini usavurma
algoritmalari ile veya tanimlangmAnlamsal Web Kural Dili (Semantic Web Rule
Language) ile bir kistas olarak elde etti. @meontolojide iki digik seviye
kavram digunelim: “Araba”, “GPS_Alicisi” ve iki adet Ozellik‘konumlanir”,

Xii



“statll”. Kullanici taniml kontekst usavurma sonida durunsu sekilde tanimlanir:
(u? konumlanir Araba) ~ (GPS_alicisi stati Acgik) @ durum Navigasyon).
Bdylece Navigasyon harita gorsetiemede ilgililik kistasinin bir boyutu olarak
belirlenir. Ornekte mobil haritanin gérsalieme tarzi navigasyona adapte ediftini
Bu kistas ve derleri ilgili haritayr karakterize etmek icin Webakita Sunucusu
(Web Map Server) veya Web Ozellik Sunucusu (WelitFeaServer) icin mekansal
sorgulamay! bicimlendirecektir. Mobil kullanicilargin ilgili gorsellestirmeyi
sgglayan harita destekli hizmetlerin ben merkezli tamsa istanbul Teknik
Universitesi yerlgke alaninda velstanbul’un tarihi bdlgesi Sultanahmet'te
uygulanmgtir. Hizmet uygulamasinda Onerilen modelin gercelkaydtta
kullanimindaki tutarhig test etmek amaciyla yapilgtir. Bilgisayar bilimcilerin
baks acisi ile bu uygulama alani Akilli Mekan, Kaitafya bilimleri agisindan ise
Akilli harita olarak adlandinlabilir.

Cep teflonlarinin ve PDA’lerin kiguk ekranlarinihdaetkin kullanmak icin sembol
tabanli basitlgtirme anlamsal yakiamin tamamlayicisi olarak énerilgtir. Onerilen
modele gore, 6lgekli poligonsal mekansal gosteramng semboller gérselgrmede
kullaniimistir. Teoride bir mekansal nesne, mobile cihazldasitli ekranlarinda
algilamayi kolaylgtirabilmek icin kare ve daire gibi farkjekillerdeki semboller ile
degistirilir. O anki gorsel seviyedeki uygun sembol bayuu belirlemek icin bulanik
mantik ¢6zimid nesnenin orijinal boyutuna ve hanitadlcesine bali olarak
gelistirilmi stir. Bu model masadistt uygulamalar icin 6nerileiisgais genellgtirme
algoritmalari yerine, kisith mobil cihazlar icinr lbasitletirme sglar.

Xiii



AN ONTOLOGICAL APPROACH TO RELEVANT VISUALISATION IN
MOBILE GIS

SUMMARY

Recently, the visualization of spatial data hashbgaining importance in ubiquitous
computing. In geoinformatics, such as distributd® @Gr Location-Based Services,
context models are responsible for the robust conication between the mobile
user and the system. “Context” and “context awasghare the key notions in
realisation of the situational information. Contéxtinformation characterising the
situation of an entity and one of the importanitess of the context definition itself
is “person”. A well-defined context-aware systemowd fulfil the user's task
appropriately. Context-aware systems are a serammsideration in ubiquitous
systems and these systems reflect the delicatet edfethe designed context. An
efficient contextual system needs ontologies. Gitarstics of chosen ontology
languages determine not only the achievement of@pessentation of the context
but also the capabilities of its reasoning. Ontglayeb Language (OWL), an
improved version of the DAML+OIL Web Ontology Larage, particularly enables
description logic support. Description Logics (Dladlpws knowledge representation
with concept descriptions and role constructors.LGDV is the preferred subset of
the OWL to provide reasoning in a well-defined way. develop a user-adaptive
ontological model, users’ different situations dklolbe defined properly. In
Location-Based Services (LBS), a very intelligeygtem ignores the effect of user’'s
states and roles except the user’s location. Cusezhvisualisation style, however,
needs different user profiles in order to providkevant spatial data. In the computer
and cartographic sciences, individual and shomtersage have brought about
egocentric maps for mobile devices. Design pattefnsgocentric maps satisfying
user's ego-centre determine visualisation parametech as centring, redundant
encoding, continuous varying of level of detailsyltiple levels of details, space
contraction, single window with details on demaadgmented focusing, orientation
gesture and affective emphasis. The aim of thigareh is to define mobile
contextual ontologies (classes and properties) lwbbry relevance theories so as to
define any user’s relevant visualisation profile tbe mobile devices. The kind of
intelligent system proposed here can thereforeoreaver the complete semantic
model of the OWL language by an inference engineoAtextual ontology (OWL-
DL) for relevancy has been edited in an ontologyoedand knowledge acquisition
system. Consistency of taxonomies has been checked reasoning engine for
OWL-DL. Consequently, the inference engine retrgeveriteria for relevant
visualisation profiles with its reasoning algorithior defined SWRL (Semantic Web
Rule Language) as a server. For example, consrderidw-level concepts in the
ontology: “Car” and “GPS_Receiver”; and two propest “locatedIn” and “status”.
As a result of user-defined context reasoning sthetion is defined as follows: (u?
locatedIn Car) » (GPS_Receiver status ON) => (@@ason Navigating). Thus
Navigation becomes a dimension of relevant criteriamap visualisation. The
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visualisation style of the mobile map is adaptedh® navigation in the example.
This criterion and others will form a spatial quéoy a Web Map Server (WMS) or a
Web Feature Server (WFS) in order to characterigéemant map. Egocentric design
of a Map-based service which provides relevantalisation for mobile users is
implemented in the campus area of the Istanbul fieah University and in
Sultanahmet, the historic district of Istanbul. lempentation of the service is
intended to test consistency of the proposed mtatethe real user world. From
computer scientists’ point of view, this applicatifield (campus area) is called
Intelligent Space. From a cartographer’s perspectiv is called Intelligent Map
Space.

To use small screens of mobile phones and PDAs wribeetively, symbol-based
simplification has been proposed as a complemerdafggrithm of the semantic
approach. According to the proposed model, insteladcaled polygonal spatial
representation, symbolisations are used for visatdin. In theory, a spatial object is
replaced with a symbol that can be in a differeminf, such as a square or circle, in
order to make the user’'s perception easier in #@stricted screen of the mobile
devices. To determine appropriate symbol size lerdbjects of the current visual
level, a fuzzy logic solution has been developgaedding on the original area of the
object and the scale of the map. The model provadesmplification method for
limited mobile devices instead of developed gemsatibn methods that have been
proposed for desktop applications.

XV



1. INTRODUCTION

1.1 Motivation

New technologies such as wireless communicatiovarazed sensors and high speed
processors change application approaches and tgewmiin various engineering
fields. Obviously, mobile cartography is also aféetby these new developments.
Different visualisation methods that are modelledhwhe advantages of these
technological developments produce enhanced mgmufor mobile users. New
technological developments improve features of heobisualisation and help to
improve the service quality of the mobile map sszviDespite all developments in
mobile devices, however, mobile visualisation $tdls many obstacles before it can

provide a flawless map service.

Location-based services and mobile GIS are majplicgtion fields of distributed

GIS. Technological developments rapidly increase degree of usage of these
services in daily life. Naturally, many governmearid private enterprises make
significant investments in mobile applications. Shapid expansion of the sector
also produces problems in the extraction and reptaton of the spatial data.
Retrieved spatial data should be relevant to thdilmauser and represent the
environment as realistically as possible. In patéic mobile devices are able to
show simple visualisation in two dimensions instehdcomplex three-dimensional

visualisation.

The desktop computer visualisation techniques dam@@pplied easily to the mobile
systems because of the restricted hardware anwageftcapacity of the mobile

devices. The visualisation on mobile devices needse adaptive and delicate
approaches to produce a map that is relevant touttex. Desktop computer
visualisation has other advantages, such as i@cdgo process a large amount of
data or its high resolution display, compared wdmall mobile devices. To

overcome the difficulties of mobile visualisatiomew techniques and algorithms

should be analysed and applied to provide bettgp s&vices. Limited display



screens should be used in the optimum way in dalegpresent the real world. The
mobile user always seeks a visualisation thataarcand easy to understand in the
small display. A mobile map service has many ma#rictions and drawbacks
during the daily usage. For instance, the inforarashould be updated and served in
a short time. Briefly, information that is relevatat the user should be retrieved,
designed and presented in an appropriate way ier dadprovide a mobile service

such as location-based services (LBS) and mobi& Gl
The following research questions arise from thédj@ms mentioned above:

* How can the relevant visualisation of the spatetiadbe defined for the mobile

user?

« How can a mobile map service adapt the visualisatoo correspond with the

ever-changing situations of the mobile users?

 How can a mobile map service evaluate the usersegusituation and extract

new conclusions?

* How can the cartographic representation of thei@p#dta be done as simply and

comprehensibly as possible on the mobile devices?

1.2 ThesisObjectives

The objectives of the thesis can be enumeratedlybds definition of the relevant
visualisation of the spatial data, design of a nhéalethe mobile map service that is
able to adapt the visualization to the users aagt #nvironments, establishment of a
mobile map service which is capable of doing resmprover the context, and
proposal of a method for cartographic represematiothe spatial data on mobile

devices.

Obtaining relevant visualisation of the spatial addr the mobile user can be
explained properly after the principle of relevansyinvestigated. The aim of this
approach is to define relevancy aspects of thealisation that is possible for mobile
users. Relevant visualisation can be formed byrin&tion that is collected from the
environment. In this thesis, the author tries tmvpmte operable, ubiquitous
computing for a mobile visualisation system so asptoduce two-dimensional

representations that are relevant to the user.



A context-aware system for ubiquitous computing d@ssential for mobile
visualisation. The users of a mobile system havdixenl or stationary position. A
mobile system therefore needs an adaptation profmss#ts environment. The
elements of the adaptation process can be achigvadcontext model. The context
model tries to represent the real world for the poter environment in order to
create context-aware applications. The visualisatom the mobile devices is
considered in a context model that also includelevamcy notions of the
visualisation. The author therefore proposes aesygshat is able to adapt itself to
changing situations in order to create a relevasual design of the spatial data on
tiny mobile devices.

The aim of the thesis is to obtain a conceptuatisalepending on the new extracted
manifestations of the relevancy, because a welgded conceptualisation underlies
a robust context-aware system. With the semantiguages developed in the last
decades by computer scientists a modelled conteateasystem can be formed to
provide a computer infrastructure that is undedahie not only by humans but also
by computers. If a visual parameter is accepted aas actuality in the
conceptualisation of the context model, relatioas be established between the real
world and the visualisation of the spatial dataisTlsearch attempts to integrate the
general agreements of the mobile context and neverrdened visualisation
parameters of the context for mobile devices taiobd system that is sensitive to the
principles of relevancy. In theory, a smart envimemt that covers a large space is
accepted for the relevant visualisation on the teatevice within this research.

Semantic approaches need a meticulous context dgsigcedure. Although a

context model is defined precisely, it might not tmbust enough to solve all

problems in the system. To overcome these obsiatese additional mathematical
algorithms are investigated in the research. Wighstrength of these algorithms, any
insufficiency of the system can be eliminated. Thiad of solution can be

considered for the cartographic visualisation of gpatial objects. For example,
showing a detailed map is too difficult on the lied display of the mobile devices.
In order to prevent the confusion that can be ité@rfrom the classical map

representation, a kind of simplification methogbisposed.

In this thesis, a mobile contextual model is pre@abshat gives opportunity to

perceive situational changes in the environmene @hm of the mobile context



model is to provide relevant visualisation charasties of the spatial data to the
mobile users in a distributed GIS. Section 2 pressem expanded review of the
theoretical and technological background. In theothtical background, relevance
theories, context, context awareness, ontologydasdription logics are explained in
detail. In the technological background, the respecifications of knowledge-based
systems and the technological aspects of thellistrd GIS are elaborated. Section 3
then reviews papers about the related GIS works lthge been done so far. The
properties of the new ontological context model #sdreasoning possibilities are

proposed in section 4. The technological architecai the model and query-based
retrieval methods of the information are explaingih scenarios in section 5.

Concluding remarks are discussed in section 6.



2. SCOPE

2.1 Theoretical Background

Retrieving relevant cartographic visualisation tilglh an ontological approach
requires a comprehensive review which is mostlgtesl to computer sciences. To
determine the outlines of the relevant visualisati@ppropriately, the term of
‘relevancy’ should be defined first. Many differedisciplines like information
science or philosophy have tried to define the nmegpf relevance from their
perspective. Greisdorf (2000) stressed that ingeiglinary frameworks bring more
depth and breadth to an understanding of relevdtigman information behaviour,
communication and philosophy have contributed tbaeeing a definition of the
nature of relevance in information science. Thustiee 2.1.1 has many

contributions from different disciplines in orderelaborate the subject.

Human-computer interaction (HCI) is a difficult kafr an application designer. To
overcome the difficulty of HCI, application desigaénave opted for context-aware
systems. Context-aware application is the only weagstablish systems which react
to changing situations. Naturally, context is they knotion for context-aware

application.

People and computers have to communicate with ethar to make life easier. The
communication matter underlies the main problenomfanisations. To provide a
more effective process, people and software systemust understand their

languages. In this case the key notion is ontology.

Ontologies organise the structure of knowledge.yTdre necessary to establish any
system of knowledge representation. Conceptualisatiand vocabulary enable
knowledge representation. Thus consistent ontoddgstructure provides robust
knowledge representation (Chandrasekaran et &8)1®n the other hand, planning
a coherent ontology is as important as using ogtol@ieringa and de Jonge (1995)
expressed the importance of correct analysis afcavledge representation by means

of an example. According to the example of an agplwhich includes classes of



Student, Employee, Male and Female as subclasersbP was conceived. If so,
each Employee would be identical to a Person. Hewdhere are people who have
two or more jobs. In this situation, we would lileeable to say that individual and
individual ¢ are two different employees, with different em@s; salaries,
employee numbers etc., but that they are the samsemp. But if this is so, Employee
can not be a subclass of Person, because thiespiat each employee is identical
to a Person. And since the identity relationshigramnsitive, if individual ¢ and
individual & are both identical to the same person, they wbelddentical to each
other. Consequently, this kind of incorrect knowledge esentation causes

difficulties and errors in inferences.

2.1.1 Reevance Theory

It is difficult to define and measure degrees dévance because understanding of
relevance is based in cognition. In this way, itciear that relevance should be
understood intuitively. Following approaches are evolved from intuitive

understanding of relevance.

Explosion of information has led scientists to mnfiation retrieval (IR); IR has led
them to relevance. Schutz’s (1970) explanatiomeéelfithree basic type of relevance,
although it was defined many times in the 1960sN@ll, 1960; Hillman, 1964,
Caudra and Katter, 1967). As regards topical, jmezative and motivational
relevance, Schutz (1970) produced a theory thavaelce provides all social
relations in our world. Topical relevance is abthg perception of something being
problematic. Interpretational relevance involvegs #nowledge background, past
experience. Motivational relevance is selection mfroseveral alternative

interpretations.

Nature of relevance and manifestations of relevameethe two important issues of
relevance in information science. According to Savec (1996), nature of relevance

consists of the following five frameworks:

System framework: This is the well-known framewak relevance. Belkin and

Croft (1992) described a model showing relations$wben users and systems.
Pragmatic use of relevance is particularly focusedhis framework, so most system
designers spend their time on developing a systdeddR. This, however, ignores

user conditions and it creates a weak model itself.



Communication framework: Communication is based tbe effectiveness of
messages between a source and a destination,aae@ar(1975) stated. Wilson and
Sperber (2004) also noted that, in terms of thecefand the effort of an input, an

individual who gets the input determines the degiffeelevancy and irrelevancy.

Situational framework: Social context, time depereand dynamics compose the
situational nature of relevance and also the stibgoature of relevance. It is the
opposite of the system framework. Situational frenor is interested in the user and

it ignores system concerns.

Psychological framework: It is based on users’ dbgn state and processes.
Inadequacies of systems or algorithmic relevancasse the need for a cognitive
relevance concept. Harter (1992) stated that tee dmes not seek information in the

same cognitive state. It changes dynamically.

Interaction framework: This framework encompass$esdther four frameworks. It
establishes a relation among elements of the framewin order to produce a
system of relevancies. Interactions especiallyugeta dialogue between user and

computer.

“Manifestation” is as important an issue as “ndtucedefine any notion in science.
Manifestation of relevance is based on relatiofffeD@nt manifestations of relevance
can be derived from different relations. The relatis between components of
relevance and texts. The information retrieval madieudes all interaction among
the relevance parameters and resources (Figure Pekt, here, represents all
relevant information object types such as documentages and sounds. Every

relevance manifestation therefore includes a aiatiith an information object.

Environment H H Informational resources

Stuation ﬂ Computational resources

K——] Query Ki—)

User

Figure 2.1: Information retrieval interaction (Saracevic 1996)



Saracevic (1996) described five manifestationel#vance:

“System or algorithmic relevance: relation betweequery and information objects
(texts) in the file of a system as retrieved, orfaked to be retrieved, by a given

procedure or algorithm.

Topical or subject relevance: relation between gtibject or topic expressed in a
guery, and topic or subject covered by retrievedisteor more broadly, by texts in

the systems file, or even in existence.

Cognitive relevance or pertinence: relation betwées state of knowledge and
cognitive information need of a user, and textseeed, or in the file of a system, or

even in existence.

Situational relevance or utility: relation betwethre situation, task, or problem at

hand and texts retrieved by a system, or in tieedfila system, or even in existence.

Motivational or affective relevance: relation beeme the intents, goals and
motivations of a user and texts retrieved by aesystor in the file of a system, or

even in existence.”

Although Saracevic (1996) explained five manifastet of relevance, Cosjin and
Ingwersen (2000) claimed that the fifth manifestatof relevance should have been
changed. Motivational relevance should be viewedamsattribute of relevance.
Instead, a sociocognitive relevance which is bamedociocultural context meets
affective relevance requirements. Sociocognitivievience is a relation between
situation, task or a problem at hand as perceivedadciocultural context and

information objects.

Mizarro (1998) stated that the dimension of rel@eashould be explained so that the
nature of relevance can be understood well. Otlserwdefinition of the nature of
relevance from a relevance concept is not sufficiEour dimensions of relevance

can be described, as follows (Mizarro, 1998):
* Information resources (Document, Information)

* Representation of the users problem (Real InforonatNeed, Perceived

Information Need, Request, Query)

« Time



» Components (Topic, Task, Context)

Time is an important dimension for understandinguance as expressed above. At
a certain point in time some information might et relevant enough. It depends
absolutely on time to determine the relevance degfeinformation object to any

user.

Some theorists chose uncertainty (as in informatimeory and decision-making
theory) as the base for information retrieval (iR3tead of relevance. However,
Saracevic (1999) claimed that IR can not be sutdesgith the uncertainty
approach. The result of the relevance revolutiomrisincreasing acceptance that
relevance should be judged in relation to the mfation need rather than the request
(Borlund, 2003). Xu and Chen (2006) suggested tiyaitality and novelty are the
two major underlying dimensions of relevance. léythare, then the concept of
relevance can be depicted with different combimeti@f topicality and novelty

levels.

2.1.2 Context and Context-Aware

Many scientists have made various context defingi(Brown et al., 1997; Ryan et
al., 1997; Dey, 1998; Schilit et al., 1994; Deyadt 1999; Pascoe, 1998). These
researches generally stated that context can beeyated as user’s location, user’s
environment, identity and time. Dey and Abowd (200®wever, have not thought
the definitions sufficient to express context stiferally. They defined context a
little differently:

“Context is any information that can be used tarabtirize the situation of an entity.
An entity is a person, place, or object that isstdered relevant to the interaction
between a user and an application, including tlee aisd applications themselves.”

They also stressed that context might include mb¢ omplicit information but also
explicit information, although many researchers ntaan the opposite of that.
According to this statement a system which is basedontext information can get
information from the user explicitly. It should ndtowever, be the preferred way to

gather context information.

Chen and Kotz (2000) offered a more general déimitor context:



“Context is the set of environmental states antinggt that either determines an
application’s behavior or in which an applicatiorert occurs and is interesting to

the user.”

Context has been categorised differently, as hésitien of it. Dey and Abowd

(2000) claimed that types of context are locatidentity, activity and time. These
are “primary context” types because they deal wjitlestions of who, what, when
and where. Furthermore, they act as indices of rogmirces of contextual
information. The other types of context belong secondary context”. They behave
as indices of primary context. Chen and Kotz (20@¢r to types of context as
active context and passive context. Active conédbects behaviour of an application

while a passive one just updates itself so aseatuater.

Recently context-aware applications have gained orapce in handheld
computations. Thus a mobile application definitegeds a context-aware approach
in the design stage of the application in ordeadapt the dynamic systems. It also
facilitates the creation of a reactive system. @eg Abowd (2000) also defined

context-aware as follows:

“A system is context-aware if it uses context toyie relevant information and/or
services to the user, where relevancy dependseouasttr’s task.”

The first categorization for context-aware was miagl&chilit et al. (1994).

* Proximate selection is a user interface technique where the locatgeets that

are nearby are emphasized or otherwise made ¢asieoose.

* Automatic contextual reconfiguration is the process of adding new components,

removing existing components, or altering the catinas between components.

* Contextual information and commands. People’s actions can often be predicted
by their situations. Contextual information and coamds aim to exploit this

fact.

» Context-triggered actions are simple IF-THEN rules used to specify how

context-aware systems should adapt.

Dey and Abowd (2000) defined a new categorisatidmclv encompasses Schilit's

(1994) features of context-aware. They summarisgegorisation of context-aware
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again as presentation of information and servioes wiser, automatic execution of a

service, and tagging of context to informationl&der retrieval.

Chen and Kotz (2000) determined types of contexarawirom their definition of
context types: active context-awareness and passivgext-awareness. Active
context-awareness provides for an application aatmally to adapt to discovered
context by changing the application’s behaviousdRee context-awareness provides
for an application to present the new or updatectecd to an interested user or

makes the context persistent for the user to xetrigter.

2.1.3 Ontology

Recently, the term “ontology” has often been usgddientists and thinkers. Though
ontology originated in philosophy, researchers itificial intelligence (Al) have
seen the benefits of the ontology theory and hakent to using the word in respect
of its meaning in philosophy. The following elab@sontology from ancient ages to
the modern computer age so as to give a sound stadding of it.

The earliest known use of “ontology” ientologia in Latin. According to the
Merriam-Webster online dictionary, ontology is “eabch of metaphysics concerned
with the nature and relations of being and a paldrctheory about the nature of
being or the kinds of existence”.

Aristotle (B.C.350) deals with being as being fiostfphilosophy in his Metaphysics
(Ross, 1924). Thus his ideas are accepted as flamdahto modern ontology. “What
Is being?” and extensions of that question have lseasidered in philosophy. First,
the German philosophers G.W. Leibniz (1646-1716) &Wolff (1679-1754)
focused on ontology-psychology-logic, which evolvdtbm Aristotle’s first
philosophy. Leibniz defined ontology as “the sciené something and of nothing, of
being and not-being, of the thing and the modehef thing, of substance and
accident” (Couturat, 1903).

The well-known philosopher Immanuel Kant (1724-18@4serted that the entire
system of metaphysics consists of four main p@t#ology, Rational Physiology,
Rational Cosmology, Rational Theology (Kant, 199B).Husserl (1859-1938) and
his pupil Martin Heidegger (1889-1976) also expahthe meaning of “existence” or
“being” in line with their own philosophical bent addition to the other definitions.
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The aim of Al is to create a model which almost fhe real world so as to adapt all
changes to any application. Thus the problem ayigsnhow to model the world.
From this point of view, computer sciences borrdwe tterm Ontology from
philosophy. Obviously some conceptual differencesuo between the two fields.
The first difference which can be expressed in asepsciences is that ontology
begins with lower-case “0”. Second, ontology is aurdable word in computer
science so it can be pluralised as ontologies,emuich a word is not possible in

philosophy.

One of the most cited definitions is that of Thonm@muber (1993) in order to
elucidate the term ontology: An explicit definitiorof conceptualisation.
Conceptualisation includes the objects, conceptd, @her entities that exist in a
domain and their relationship (Genesereth and ohlss1987). A more
comprehensive definition is as follows: the theady distinction which obeys
different states of the world. Distinctions are giogl objects, events, regions,
concept, property, quality, state, etc. (Guarina dgiaretta, 1995). A formal
approach to ontology can be expressed by any fotamajuage. The following
equations 2.1, 2.2 and 2.3 derive symbolic debnitf the conceptualisati@, the
interpretation functionl and the ontological commitmegt (Guarino, 1998). In
equation 2.1D is domain,W is a set of maximal states of affairs of such mao,
andR is conceptual relations. For instanBemay be a set of blocks on a tablé,
can be a set of all possible spatial arrangementhese blocks an®R represents

conceptual relations like “above”, “below” or

néaamong the blocks. In equation
2.2, interpretation function is a function assignelements ob to constant symbols
of vocabulary of a logical languade and elements dR to predicate symbols of.

For example, let us consider red block stands erbline block, where RedBlock and
BlueBlock are the elements of the domain, and is#lie an element of the relation.
An interpretation might be established in a vocabubf a logical language such as
I: RedBlock(isAbove(BlueBlock)). In equation 2.3, an ontological commitment can be
explained as an agreement to use a vocabularyr(ake assertions and queries) in a
way that is consistent with respect to the thegmcgied by an ontology (Thomas
Gruber, 1993).

C=<D,W,R> (2.1)
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'V - DOR (2.2)
K=<C,| > (2.3)

“Given a languagel with ontological commitmerK , ontology for L is a set of
axioms designed in a way such that the set of itglels approximates as best as
possible the set of intended modelsLoficcording t& ” (Guarino, 1998).

Many different kinds of ontologies exist in Al. Theary from subtypes of concepts
to task dependency of them. For instance, top-leméblogies or upper ontologies
which provide general-level terms can be categdridéferently as depicted in
Figure 2.2 (Chandrasekaran et al., 1999).

Though differences occur among the ontologies, @nagreements exist for
ontologies (Chandrasekaran et al., 1999):

* There are objects in the world.

» Objects have properties or attributes that can vakees.

* Objects can exist in various relations with eadtent

» Properties and relations can change over time.

* There are events that occur at different time mtsta

* There are processes in which objects participadettzat occur over time.
* The world and its objects can be in different state

» Events can cause other events or states as effects.

* Objects can have parts.

e Wordnet
Thing Thing

Individual object Intangible Representgd Living Non-living

Figure 2.2: Ontologies might differ in general-level (Chandiesran et al., 1999)

Ontologies are able to realise knowledge-sharingeAlthy communication between
people and software systems requires interopetyahitid knowledge-sharing. These
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requirements prevent re-invention of the wheel fdét and Gruninger, 1996).
Gruber (1995) stated the following requirementsegmrds design ontology capable

of sharing knowledge for a domain:

» Clarity: An ontology should effectively communicaiiee intended meaning of
defined terms. Concept definition should be obyectit should be independent

of social and computational context.

» Coherence: Sentences which are inferred from axsmsild not contradict any

concept definition.

» Extendibility: Ontology should allow definition afew additional terms without

revision of existing definitions.

* Minimal encoding bias: Ontology should not depemdamy particular symbol-

level encoding. It must be conceptualised at trmHadge-level.

* Minimal ontological commitment. An ontology shouleéquire the minimal
ontological commitment sufficient to support théeimded knowledge-sharing

activities.

Ontology knowledge needs four fundamental companewbncepts, relations
(functions), axioms and instances. Let us consitieze classesPerson, Pet and
Country, in order to facilitate understanding of the comgats as depicted in Figure
2.3 (Horridge et al., 2004). The individuals (Gemmatthew, Italy, England, USA,
Fluffy and Fido) of these classes have connecteth ether withlivesinCountry,
hasPet and hasSbling relations. In the figure, classes are represeatedircles,
binary relations are represented as curved arrownemors and instances

(individuals) are represented as diamonds.

Different kinds of ontology languages should suppbese components in order to
implement ontologies successfully. Each componant lme examined by different
criteria. These criteria, which can be called fesduor attributes, determine the
effectiveness of ontology for applications. Althbugntology languages support all
fundamental components, features of components tmiigh different for any

languages (Gomez-Perez and Corcho, 2002).

» Concepts: Concepts are a set of objects sharingicatharacteristics. They are

also known as classes, types or categories. Classesrganised in hierarchical

14



relations that are called taxonomies. Taxonomieshk@sed on a subsumption
relationship.

* Relations and Functions: Define the relation betwamncepts. Relations are also
called properties or roles. Function determinegexial type of relation.

« Axioms: Axioms or assertions define some restricgifor relations.

* Instances: Instances (individuals) are elements @fncept which is specified in
a domain. They have different attributes, althougly belong to the same

concept.

Gemma

hasSiblin

Country

Pe

Figure 2.3: Representation of classes, relations and inst@ghaeidge et al., 2004)
2.1.4 Description Logic

The aim of knowledge representation (KR) and reiagpis to describe the world for
intelligent applications. Intelligent systems aldeato extract implicit consequences
from explicit descriptions. Description logics dsetmost recent member of the
family of the logic-based knowledge representafamalisms is an important field
for Al. In description logics, elementary descripts are atomic concepts and atomic
roles (relationships or properties). Schimit-Sclsaaad Smolke (1991) introduced
AL (Attributive Language) which is the fundamental daage of description
languages. While the lettefs and D are an atomic concept ari®lis an atomic role,

Table 2.1 shows syntax rule of the concept desonph AL .

To give examples of what can be expressedln we suppose thaPerson and
Female are atomic concepts. Thé&erson n Female andPersonn - Female are AL

concepts describing, intuitively, those persong #ra female and those that are not
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female. If, in addition, we suppose thasChild is an atomic role, we can form the
conceptsPerson n ChasChild. T and Person nJhasChild.Female, denoting those
persons that have a child, and those persons athoge children are female. Using
the bottom concept, we can also describe thoseoperaithout a child by the
conceptPerson n [ hasChild. 0. (Schimit-Schauss and Smolke, 1991)

Table 2.1: The basic description languageAh

Syntax Statement

Al Atomic concept

T| Universal concept

D| Bottom concept

—lAl Atomic negation

Cn D| Intersection

DR.C| Value restriction

[(RT Limited existential quantification

To define formal semantics AL concepts, interpretationis that consist of a non-
empty setA' (the domain of the interpretation) and an intemien function which
assigns to every atomic concefta setA' 0 A' and to every atomic rol® a binary

relation R' OA xA' are considered in equations 2.4, 2.5, 2.6, 28,ahd 2.9.
(Baader et al., 2003).

T =A (2.4)
O=4 (2.5)
(-A) =a"\A (2.6)
(CnD) =C'n D' (2.7)
(ORC)' ={adA'|Ob.(ab)OR' - bOC'] (2.8)
(RT)' ={a0a'|b(ab)OR'} (2.9)

With further constructors, expressivenes®\btan be extended as in the following
equations 2.10, 2.11, 2.12 and 2.13:
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(copb) =c'OD' (2.10)

(Rc)' ={aDa'|tb(a,b)OR ObOC'} (2.12)
(= nR)' :{aDA'Hb|(a,b)DR'}‘2n} (2.12)
(< nR)' ={aDA'Hb|(a,b)DR'}‘sn} (2.13)

In order to describe classes of objects, complescri@ions of concepts can be
formed. Relation between concepts or roles can dfsnetl by some statements.
These statements are called Terminological Axiomd they are of two types:
inclusions (Equations 2.14 and 2.15) and equalfiegiations 2.16 and 2.17).

WhereC,D are concepts ari®gl, S are roles, some sample terminological axioms

can be formed as follows:

cob (2.14)
ROS (2.15)
C=D (2.16)
R=S (2.17)

A definition that is a specific terminological ariois an equality whose left side is

an atomic concept. The following example is abodéfnition (Equation 2.18).
Mother =Woman n [hasChild.Person (2.18)

A finite set of definitionsT is called a terminology ofBox if no symbolic name is
defined more than once, that is, if for every aonceptA there is at most one
axiom in T whose left-hand side i8. (Baader et. al., 2003). The following example

indicates aBox with a set of definitiong:
Woman = Person n Female (2.19

Man = Person n = \Woman (2.20)
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Mother =Woman n [hasChild.Person (2.21)

Another component of a knowledge base except tedogy (TBox) is theworld
description or ABox. In theABox, a specific state of affairs of an application @dm
is defined in terms of concepts and roles. Wheydo, ¢ are individual namesC is
a concept andR is a role, and in the ABox assertion can be maygetwn

kinds:C(a), R(b,c). The first kind called concept assertion, indisateata belongs

to (the interpretation ofC. The second kind called role assertion says thata
filler of the role fob . For instancéeter, Paul, andMary are individual names, then
Father (Peter) means thalPeter is a father, antdasChild(Mary,Paul) means thalPaul

is child ofMary. (Baader et al., 2003)

The main advantage of a knowledge representatistersy based on Description
Logics is opportunity of reasoning. The systemhisréfore able to produce explicit
knowledge from implicit knowledge which exists iBdx and ABox. A DL system

enables different kind of reasoning called infeemcThese inferences might be from
TBox or ABox. Architecture of a knowledge represdinn system based on

description logic is depicted in Figure 2.4.

/V TBox V\
\ ABox /

Description Reasoning

Applicationl T Rules

Figure 2.4: Architecture of a knowledge representation sydtased on Description
Logics (Baader et al., 2003)
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There are four TBox reasoning types (Baader e2@03):

Satisfiability: A conceptC is satisfiable with respect 0 if there exists a modédl of

T such thatC' is non-empty. In this case we say also thia a model ofC .

Subsumption: A conceptC is subsumed by a concefwith respect toT if

C' O D' for every modell of T. In this case we writ€ 0, Dor T|=COD.

Equivalence: Two concept§ and D are equivalent with respectTdf C' = D' for

every modell of T. In this case we writ€ =; D or T|:C =D.

Disjointness: Two concepiS and D are disjoint with respect ®if C' n D' =0 for

every modell of T.

2.1.5 Knowledge Base of OWL DL

The ontology language OWL DL (Ontology Web Languagigh Description
Logics) is based on th8HOIQ DL. With simple form of Datatypes (concrete
domains), a variant dHOIQ DL called SHOIN(D) logic is derived. The following
definitions describe the syntax and semanticSH®IN(D), ignoring datatypes. In
the SHOIN(D) logic, S stands for the basilL.C DL extended with transitive roles|,
stands for role hierarchies (equivalently, inclasaxioms between roles)) stands
for nominals (classes whose extension is a singlévidual), | stands for inverse

roles,N stands for number restrictions amy) ctands for datatypes (Horrocks, 2005).

Definition 1. LetR be a set of role names with both transitive andanabirole names
R, UR, =R, whereR,I R, =[0. The set ofSHOIN roles (or roles for short) is

RU{R|ROR} . A role inclusion axiom is of the forrR6 S, for two roles R and

S. A role hierarchy is a finite set of role inclusiaxioms.

An interpretations = (A’,") consists of a non-empty sAt, called the domain of ,

and a function’which maps every role to a subset Af xA’'such that, for

PORandROR,, (x,y)OP' iff (y,x)OP-'and if (xy)OR' and(y,z)OR',

then(x,z)OR'.

An interpretations satisfies a role hierarchy R iR' 0S' for eachR 6 SO R;such

an interpretation is called a model of R.
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Definition 2. Let N. be a set of concept names with a suld$et] N. of nominals.

The set of SHOIN-concepts (or concepts for sherthé smallest set such that
every concept nam€ [J N is a concept,
if Cand D are concepts anRis a role, thefCn D), (COD), (-C), (IRC),and

(CRC) are also concepts (the last two are called univarshexistential restrictions,

respectively), and

if Ris a simple form role anth(J¥ , then<nRand = nRare also concepts (called

atmost and atleast number restrictions).

The interpretation function’ of an interpretations = (A’,’) maps, additionally,

every concept to a subset &f such that

(CnD) =C'n D' (2.22)
(CcOD) =c' 0D (2.23)
~C'=A"\C' (2.24)
(CRC)' ={xOA'| There is y OA" with (x,y)OR'and yOC'} (2.25)
(ORC)' ={x0A' |For allyOA', if (x,y)OR', thenyOC'} (2.26)
<nR ={x0A'#{y|[(x y)OR}<1} (2.27)
>nR ={x0A' {y|(x y)OR} =1, (2.28)

where, for a séél , we denote the cardinality &fl by #M .
For C and D (possibly complex) concept€z 6 D is called a general concept

inclusion (GCI), and a finite set of CGls is calledBox.

An interpretation | satisfies a GAZ6 D ifC' O D', and | satisfies a TBoX if |
satisfies each GCI ih; such an interpretation is called a model offhe syntax and
semantics of Description Logi8HOIN(D) can be summarised as in Table 2.2
(Horrocks and Sattler, 2001).
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Table 2.2: The syntax and semantics of description logic SHOIN

Construct Name Syntax Semantics
Atomic concept A A OA
abstract role B R OA' xA'
concrete role T T OA' xA'
nominals {0} {d'0A'" #g3'=
datatypes d d® 0A,
conjunction CnD |[(CnD)' =C'nD'
disjunction coD |((coDb) =c'oD
Negation -C (-C)' =A"\C'

exists restriction [RC |((RC) ={x|0y.(x,y)ORand yOC'}
value restriction ORC  [(ORC)' ={x|Oy.(x y)OR'impliesyOC'}
atleast restriction| >nSC |=nSC' ={x| #({y.(x,y)0S'}nC") 21}
atmost restriction| <nSC |<nSC' ={x[#({y.(x,y)0S'}nC") <1}
datatype exist ord  |(Ord) ={x|Dy.(x,y)OT"'and yOd°}
datatype value Ord  [(OT.d)' ={x|Oy.(x,y)OT"implies yOd"}

2.1.6 Ontology-Based Context Modelling

Context-aware applications are a very importark fas pervasive computing. The
main problem arises when researchers think abowt tbolaunch a context-aware
system. Formal context supports a level of conteasoning. It does not, however,
address formal knowledge-sharing for ubiquitousesys. An ontology-based formal
context model approach should be defined in ordemprovide formal context

representation, knowledge-sharing and logic-basedegt reasoning. Wang et al.
(2004) conceived the CONtext ONtology (CONON), saded design of ontological

context model and logic-based context reasoningraehin pervasive computing
environments. CONON divides their context modeb inpper ontology and specific
ontology. Specific ontology defines details of getheoncepts in any sub-domain
such as home-domain ontology and office-domain logtowhile upper ontology

represents basic contextual entities (Figure SZ3)NON supports two kinds of
context reasoning: Ontology Reasoning (includinghoept satisfiability, class

subsumption, class consistency, and instance amgcand User-Defined Reasoning

(deducing higher level context from low-level cott)e
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Becker and Nicklas (2004) proposed an architeattnieh combines the strengths of
both context models and ontologies. The combinguicgeh provides the efficiency
of context management through context models wighsemantic expressiveness of
ontologies. According to Figure 2.5, the first #regers represent management of
scalable context information whereas tier 4 exglaire role of ontology in enabling
knowledge representation and knowledge reasoningdphisticated concepts. Thus
the combined approached allows the extraction efitifiormation with the context

model and the reasoning of the extracted informatiiih ontologies.

Application
Iinterpretation
tier4 | reasoning| Application Inference Machine, Reasoning
I query U
federation Federation
query

tier 3 context

model -
tier 2 layer m

senso data integration,
schema matching

tier 1 observation @ @ @

Figure 2.5: The combined approach (Becker and Nicklas 2004)

CoBrA (Context Broker Architecture) is a new coritaware pervasive computing
framework (Chen et al., 2004). CoBrA conceives igpand temporal ontologies
which provide context reasoning to detect incoesisy in a knowledge base. The
aim of CoBrA is to create intelligent spaces (eliging-rooms, vehicles, corporate
offices and meeting-rooms). A context broker ispogsible for the sharing of
context knowledge and acquiring context from hejer@ous information resources.
For large-scale intelligent spaces (e.g., a campasbuilding), a broker federation is
formed by multiple brokers. Chen et al. (2004) eagie that context-aware
pervasive computing systems should be implementddomtologies. Though Chen
et al. (2004) developed a detailed context ontclgimodel, Gu et al. (2004)
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proposed a service-oriented context-aware middiewanchitecture in order to
implement an ontological model. However, the madetieveloped only for smart
home application instead of a wider field. Chrigtojpu et al. (2005) developed an
ontology-based context modelling, management andsorm@ng process for
composing context-aware applications. However, heeitontology reasoning nor
SWRL reasoning, which are important in determirtimg performance of the context

model, are explained by Christopoulou et al. (2005)

2.2 Technical Background

Knowledge-based (KB) systems reside above a coatplictheoretical structure.
The theories of knowledge base having an interdst tlvesis subject are described
in sections 2.1.3. and 2.14. To realise a knowldmiggeed system, computer scientists
and engineers have developed some specificatiods as languages and rules.
These specifications are required to implementratfanal KB. On the other hand,
web services which have geographic capabilities iateoduced in order to
understand the technological aspects of a netwalfastructure. Because mobile
devices are also one of the most important tools imobile system, their main
features are examined. Thus the next sectionsabmiteal background will elucidate
required KB specifications, web service specifimasi and technological structure of

mobile devices as the fundamental elements of ttligent system.

2.2.1 Knowledge-Based Systems

Ontologies enabling knowledge representation arsigded with an ontology
language in computer applications of artificial eifigence. Ontology languages
underlie the knowledge base of a pervasive comguystem. Ontology languages
which have been developed up to now can be comsldas being of two main

categories:
* XML-based languages (Schema languages)
* Logic-based languages

Well-known XML-based ontology languages are Ontgldgxchange Language
(XOL) (Karp et al., 1999), Simple HTML Ontology Eextsion (SHOE) (Luke and
Heflin, 2000) and Ontology Markup Language (OML)efi, 1999), RDF Resource
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Description Framework (RDF) (Lassila and Swick, 99%nd RDF Schema
(Brickley and Guha, 1999). On the other hand, QumwlInference Layer (OIL)
(Horrocks et al., 2000), DARPA Agent Markup Langeag OIL (DAML+OIL)
(Horrocks and van Harmelen, 2001) and Web Ontoldggnguage (OWL)
(Bechhofer et al., 2004) are logic-based ontolagyglages. Figure 2.6 shows the
extension structure of the ontology languages.

ol | | P*MH | owL

+ OIL
XOL | |[SHOE| | OML RDF + RDF Schema

XML + NS + XML Schema

Figure 2.6: Ontology languages and their basis

XML is not an ontology language; it is just a daechange format. Ontology
languages evolve, however, from XML. Although theusture of RDF is close to
XML syntax, RDF can be accepted as an ontologydagg. In addition to XML,
RDF includes graphical formalism. It meets the dasquirements of ontology
languages and enables meta-data representatioreaghRDFS is an extended form

of RDF with ‘schema vocabulary’ such as class, prigpand domain.

Figure 2.7 shows the example of the RDF model efgéntence “The students in
course 6.001 are Amy, Tim, John, Mary, and Sue.® Thodel is written in
RDF/XML, as in Figure 2.8.

Nevertheless, RDFS is not sufficient to descrilsueces. For instance, it does not
support transitive properties. RDFS also has alpmolwith reasoning. It does not
provide full support for reasoning. Corcho and GofRerez (2000) stress the
reasoning problems of XML-based ontology languaggscomparing them. To
satisfy frame-based modelling requirements (corszépkonomies, relations, formal
semantics and automated reasoning) in descriptigic I0OIL, DAML+OIL were
developed. Afterwards OWL derived from DAML+OIL ioporating experiences
obtained from design and application of DAML+OIL.WQ includes more
vocabulary for describing properties and classeb sis disjointness, cardinality and

equality (McGuinness and van Harmelen, 2004).
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/courses/6.001

rdf:type

students
rdf: 1

af_2 »(  /Students/Tim

A 4

/Students/Sue

Figure 2.7: An example model of RDF (Lassilla and Swick, 1999)

<rdf EDF=
“pdf Description about="http fmycollege edufcourses/6. 001"
<gstudents=
<rdf Bag=
<pffli resource="http Mmycollege edw/ students/ Amy" /=
<rdfl resource="http fmycollege edufstudents/Tim "/ =
<rdil resource="http mycollege edu'studentsTohn"f=
<pfifli resource="http fmycollege edw studentsTlary " =
<pdfli resource="http fmycollege edufstudentsiSue" /=
<frdf Bag~
<fgstudents=
<frdf Description®
<frdf EDEF=>

Figure 2.8: A screenshot of the RDF syntax (Lassilla and Syi€09)

OWL has three subtypes: OWL-Lite, OWL-DL and OWLHFWOWL-Lite is a
subset of OWL-DL while OWL-DL is a subset of OWLIFIOWL-Lite is able to
implement a classification hierarchy and simplest@ints. Production of OWL-Lite
is a production of OWL-DL at the same time. OWL-Ddnables computable
conclusions (complexity) which can be completechicertain time (decidability).
DL refers to Description Logics, as it providesnia properties. OWL-Full adds
syntactic freedom of RDF but it might be non-congtl¢. OWL-Full is a complete
extension of RDF but OWL-Lite and OWL-DL do not nmedl RDF specifications.
Although all subtypes of OWL are a RDF documeninedRDF documents may not
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be appropriate for OWL-Lite and OWL-DL. The prefelea OWL subtype is usually
OWL-DL.

Inference engines (e.g., Jena2, Pellet, RacerRyp)déscription logics enable
reasoning in a knowledge base by means of ontdodibese kinds of ontology
inference engines are, however, not the only reagomechanism in artificial
intelligence. The Semantic Web Rule Language (SWiRIgnother specification to
extract implicit information from explicit ones. RV includes acquired knowledge
with a rule-based XML syntax language. Thereforeait be perceived as a different
kind of OWL-DL specification. In any case, SWRLhiased on a combination of the
OWL-DL and OLW-Lite sublanguages of OWL with the a&wBinary Datalog
RuleML sublanguages of the Rule Markup Language l(R#iorrocks, 2004).

2.2.2 Location-Based Services

Recently, new technologies have expanded the sebgdS. GIS was considered
and designed for desktop systems first. Then adraents in the network systems
of computers led to new terms such as mobile GI&h WIS, web-based GIS,
internet GIS and distributed GIS. Actually, the miegs of these new terms broadly
overlap. Nevertheless, there are some slight bytoitant distinctions in the

definition of the terms.

Web is just one of the many services of internie¢ k-mail, file transfer or chat.
From this point of view, internet GIS is totallyfigrent from Web GIS or Web-
based GIS. One of the main problems with interni& (S difficulty in integrating
GIS components because of their diversity. ChamngRark (2006) explained a new
development model for dynamic and interoperablerivdt GIS application (Figure
2.9).

In Figure 2.9, WS, which stands for the web servizevides connection over SOAP
(Simple Object Access Protocol) messages amongettteologies. The design of
the model was founded on the following structureclhncludes three components:

e Data repositories.
* Functional components.

*  Wrapper clients.
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Figure 2.9: Structure of the model for internet GIS (Chang Biadk, 2006)

Web GIS has a restricted term to define a GIS whigblves an internet connection.
A similar phenomenon is valid between the terméntdrnet GIS and Mobile GIS.
The meaning of the internet GIS does not completetjude the Mobile GIS,

despite mobile GIS being part of the wireless neétwenvironment. To overcome
this confusion, the distributed GIS concept hasnb#®ught up. Distributed GIS
combines internet GIS and mobile GIS in a broacsseA detailed technological
platform is developed by Casademont et al. (2004)thie commercialisation of
advanced distributed GIS.

Location-based services are an important applicadiodistributed GIS. Peng and
Tsou (2003) refer to LBS as a system that offeed-tisne information about a
location and its surrounding area. LBSs can begoaiged according to various
criteria. Rao and Minakakis (2003) classified LBSca@ding to the type of
underlying customer need they seek to serve andlastype of information that can

be delivered in a given space-time configuratioheyl determined typical services
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and business models for each of these demand c&ggsuch as “Where am I”
queries, point of need information delivery, andhei consumer applications.
Furthermore, each LBS application has its own umigoaracteristics. For instance,
location-tracking services concerns keeping priveser’s location information more

than position-aware services do (Barkhuus and P@§3).

Distributed GIS requires some specifications fondiemg data throughout the
system. LBS particularly, or any distributed systemilises computers, devices
which have different hardware configuration, sofvaand operating system
capabilities. To unite the components of the systemer the same structure, GIS
specifications have been developed by the Openpgaédat Consortium (OGC) and
ISO/TC 211. Geography Markup Language (GML), WelpNeerver (WMS), Web

Feature Server (WFS), and Styled Layer DescripgD() are some specifications
for distributed GIS. LBS also require non-geograpkiandards (e.g., Structured
Query Language — SQL, Open Database ConnectivitpODand JDBC Java

Database Connectivity) to provide full interopefi#ipiamong system components.

Not only GIS but also other systems involving digited architecture utilise Java

technology. Java technologies comprise three ptagqFigure 2.10):

« Java Platform, Standard Edition (Java 2 Platforar)developing desktop and

server applications.

« Java Platform, Enterprise Edition for developingtgble, robust, scalable and

secure server side applications.

« Java Platform, Micro Edition for developing ubiaquits applications of mobile

devices.

Java platforms provide many advantages in devejpgistributed application. The

first advantage of the Java platform is its abitilywork on any operation system
(e.g. Microsoft Windows, Linux OS, Mobile OS, etbgcause Java-compiled codes
run on a Java virtual machine, as shown in Figul®.2Thus the installed Java
platforms are enough to set up a system that ssgotatform and interoperable. The
second main advantage is that the Java platforowalkerver-side and client-side
programming. This feature of the Java platformsb&sa a portable and secure

distributed system.
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Figure 2.10: The Java platform (Sun Microsystems Inc.)

Scope of the Mobile GIS depends on the technolbgiezelopments in mobile

devices. Mobile devices in LBS are classified i twain categories related to their

hardware profiles: PDAs and mobile phones. Mobheres are more popular and
widespread devices than PDAs in the mobile mafketvadays all mobile phones

have Java ME platform although their optional Jeaekage support is different.
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3. RELATED WORK

3.1 Retrieving Relevant Geographic Information

GIS involves the management of data which have hugame and complex

structure, which are characteristic features of-taothree-dimensional geographic
data. In this context, mining and retrieving relevdata have become one of the
main research focuses in GIS. Early researcheswdtrabesign of spatial databases
and query-processing similar to non-spatial datdak Samet and Aref (1995),
data models, query-processing and query optimisatie discussed to obtain useful
information for the user. Different query methodsdaspatial extensions of the
traditional databases are examined so as to pre@fidetive handling of spatial data.
The research provides us with some fundamental oappes to spatial data
modelling and querying that are important for tledrieval of relevant spatial

information. For example, some hints have beeruded for integrating spatial and

non-spatial data such as bidirectional links betwibe attributes.

Relevance theories cover four or five componenssexplained in section 2.1.1,
which elucidates details of relevant object prapsrtThe two aims of the relevancy
are to find a match between the query terms andnfoemation objects and the
relation between the user’s situation and the médion objects within a system.
Beard and Sharma (1997) described multidimensioaaking for two kinds of
relevancy in digital spatial libraries. In multidémsional ranking schemes, all targets
are specified by users. These targets includeadptgmporal and thematic targets.
Each dimension is calculated separately and obtaissore ranging between zero
and one, with one being a perfect score. The freallt is determined by the
combination of three dimensions. Larson and Froatf2004) have developed a new
algorithm for ranked retrieval of georeferencedesly. They propose a probabilistic
spatial ranking instead of the traditional similarmeasurement methods. In this
method the calculation is based on logistic regoessnodel of IR.Semantic

approaches have, however, been preferred to nuatheanking techniques in this
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research, because numerical techniques might hdficient to determine relevant
data which depend on immeasurable concepts suciseasprofile, environmental

factors and state of the user’s knowledge.

Another scheme to measure both thematic and spatievance in the case of

SPIRIT is developed by Bucher et al. (2005). Thémnmalevance decrees:

* A document which contains relevant information abthe concept queried and
on its own allows you to form a judgement aboutdbeument (i.e. requires no

external knowledge).

« A document is relevant, since it points to a reseunentioning the concept, but
you must consult further pages referenced by theument to perform a

judgement.
* A document does not provide information about thvecept provided.
Spatial relevance decrees:

» A document refers to a location that is/near therglocation and you think that
the location in the document has sufficient detailyou to find it on a local map

of the area.

* A document refers to a location that is in/near dbery location but you think
that there is insufficient information for you tmd that location on a local map
of the area.

* A document does not fall within the query location.

The project combines a conceptual approach withemiaal solutions for the search
process of the spatial data source via web sites. approach has, however, only
been based on the locations rather than a comm®eecontext model such that a
model is able to notice the user’s interests. thexefore not appropriate for mobile

applications.

Not only GIS experts and GIS users but also anypten users unaware of spatial
data features try to extract needed data from & wdsrmation ocean. Some
researches have therefore dealt with problem-basgatial and non-spatial
information search methods. In the context of gpand non-spatial information
post-processing searches, Li et al. (2005) devdlageew methodology in three

parts: divide and conquer, integration, dynamia&isation. The proposed system
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first formulises the user question, then carriespatial and non-spatial search in a
separate process. In the final step of the metlggoldynamic integration and
visualisation are donelNevertheless, practical results show that the rekess
inadequate for providing relevance between usee@ation and information sources
by the visualisation. In the research visualisataghlights the target location with
only a bounding box. It might, however, have refecthe features of the obtained

non-spatial data, depending on the location.

All researches that the author has cited so fahim section focus on the relevant
spatial information search and the ranking of dhtained spatial information. These
kinds of IR works are valuable for the projectst ingalude mobile users but they are

not sufficient to meet mobile users’ dynamicallyanlging requirements themselves.

Consequently, researchers have looked for methadgptovide relevant information
to the user apart from Google-style data retrie@Gme of them have tried to
determine the state of user knowledge; some of thene tried to adapt the
presentation style of the obtained information. Fwoviding user and system
relevancy, technological solutions have also casiole contribution potential. In

particular, users of location-based services nedditianal solutions to extract

relevant data precisely because mobile services hawre specific architecture than
desktop GIS. Grossniklaus et al. (2006) designed.BS capable of using

conventional paper maps. To support the provisibtocation-based services, the
system uses three distinct information sourcegdokt positions of the users and
objects: a GPS sensor, positions coming from the amal coordinates stored in the
application database. The system increases intgtadbetween the user and the
target information object so that the system caaluate user demand accurately.
Hermann et al. (2003) developed a technique udiegsun position and sensor
information of an electronic compass to obtain arusiented map display. The
technique is intended for appropriate visualisihgedestrian navigation. The results
showed that the egocentric method produced satgsfyputputs in navigation

efficiency. Even though different aspects of thesse-supported location-based
mobile services are suggested, the relation betwien visualisation of the

geographic data and obtained data from the seasermsot considered sufficient.

Adaptive systems are systems providing relevandaptive visualisation methods

of geographic information on mobile devices areréfare the important research
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area in cartography. Zipf (2005) said that a canrésbaptive mobile map meets user
requirements. A ArcMap2SLD-generator allows designia map using ESRI
ArcMap and automatically converting it into a vafdD-file. Then the model uses
SLD data model and WMS together to generate thetawamobile map. In
Reichenbacher (2004), adaptive visualisation of ifeabhaps was examined in more
detail. Reichenbacher proposed new adaption dimmessn geographic information
visualisation depending on the mobile context. Mindess, relevance theories were

ignored in the researches in order to provide adept.

Relevancy research, in GIS, tends to focus on lisaien relevant to the mobile
user. Reichenbacher (2005) stressed the import#netevancy for LBS. The paper
claimed that further relevance types beyond posalioelevance used in LBS should
be considered. Relation between mobile contextralemyance determines relevance
types for the mobile environment. Reichenbache®%2@numerates relevance types
as spatial relevance, temporal relevance, algorthielevance, thematic relevance,
cognitive relevance and activity relevance. Appeegaof the spatial object on the
mobile screen represents relevancy degree of thectolDepending on the size,
opacity or focus of the object, various figureswhilar kinds of objects are obtained
differently. This concept is called level of relees (LoR). Context and relevance
modelling need, however, to be combined with arological approach in order to

obtain an efficient ubiquitous computing system.

In cartography, relevancy means relation betweenuker and the visualisation.
Visualisation of spatial objects can be handlednfidifferent points of view. One of
these research efforts is “generalisation”. Gemsatbn is needed in order to
represent relevant information at an appropriatelleof detail. Generalisation
includes different algorithms such as simplificatemd displacement to determine an
optimal shape of the spatial objects for any sdslany scientists have developed
mathematical models of simplification and displaeem for generalisation
(Nickerson, 1988; Ruas, 1998; Lamy et al., 199%st& (2000) and (2005)
explained generalisation models based on leastresjuadjustment (Figure 3.1).
Although the developed generalisation algorithmes efficient enough for desktop
systems, mobile systems require simpler visuatinaglgorithms and approaches to
provide maps for mobile devices, because of thédohmcomputation and display

capacity of the devices.
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Figure 3.1: Before (left) and after simplification (right) (&er, 2000)

Edwardes et al. (2005) proposed an approach basdtieonotion of hierarchical
spatial tessellation for generalisation. They udedquadtree to make decisions on
the number of objects to display (Figure 3.2).
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Figure 3.2: Generalisation of deer observations with quadtree
(Edwardes et al., 2005)

The quadtree tessellates space until every poagsgned to a separate block. While
zooming happens a level is chosen that meets anmmiacceptable symbol size
criterion. In particular the solution allows rapichversal and retrieval of data for
LBS. The research stresses the importance of thebaysize in LBS so as to
represent data appropriately. In this thesis, Visaton that depends on the object
size has been used in a different approach.

Another concept providing relevancy is egocentrgsign for map-based mobile
services. Depending on the mobile usage context,etocentre is reflected in

various aspects (Meng, 2005):
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The current user location in the form of a pointoate or a region of varying

size.

One or many locations that are currently of inteteshe user.
Data items that are currently of interest to therus

Actions or operations that are frequently perforragdhe user.
Symbolisation styles preferred by the user.

Interaction modalities preferred by the user.

According to Meng (2005), the design process cdeldd to many alternative

solutions, with each trying to highlight the cortgenf the ego centre in a distinctive

manner. The following design patterns that have nbgartly practiced in

cartography, computer graphics and human-computerface design are worthy to

be considered in the mobile usage context (Men@520n order to provide the

relation between the visualisation and the mohiletext, egocentric design and its

patterns have been considered in the relevancelrobtias thesis.

Centering. If the ego centre is a spatially conegatl location such as a building
block, a street segment or a region within the waglldistance, it will be placed

around the optical or geometrical centre of theownidield.

Redundant encoding. The contents of ego centrebeavisually differentiated

from the peripheral information by using a graplaciable such color tone.

Continuously varying level of details. By applyidgstortion techniques such as
anamorphosis, multi-focal projection, fisheye viewteractive magnifier, a
spatially concentrated ego centre can be displagd blown-up circular or
rectangular area containing fine but legible dstathile the peripheral area is

progressively displaced, compressed and generalized

Multiple levels of details. A task-relevant locatican be expressed at multiple

discrete levels of details.

Space contraction. In case that the ego centrengosed of spatially widely
separated locations, its overall extension wilirdentionally contracted to make

the associated contents simultaneously visibleimwithe same window.
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* Single window with details on demand. The screeacsmf a mobile device is
obviously not able to accommodate the task-relevaapping contents in

multiple windows adjacent to each other.

* Augmented focusing. The one or two most relevanp features for the actual
user action will be visually further enhanced wetttra design elements such as a

bounding box, 3D symbols, blinking, voice, largbdhand animated magnifier.

* Orientation gesture. Orientation plays a signiftcasle for many navigation

related task.

» Affective emphasis. The design pattern affectivgleasis has the goal to encode
the spatial information with symbols that do notemsarily carry additional

information.

Simon et al. (2006) presented an application fraamkvior building spatially-aware
mobile applications. Egocentric applications vige&process or exchange geospatial
information on mobile phones equipped with suchseex The core component of
the framework is a novel, platform-independent XMata-exchange format that
describes the geometric vicinity of the mobile d@eviThe format enables a variety of
new mobile interaction styles and user interfageesyfrom traditional text-based
local search and information interfaces to innosatieal-time user interfaces like
geo-pointers and smart compasses. The frameworotishowever, sufficient to
provide all aspects of relevance, although it igoad example that provides user-
oriented spatial features.

Some helpful and acceptable conceptions have beam gy Gartner (2004) to
produce more relevant and adaptive visualisationloication-based navigation

services:

* Speech interaction.

* Photo-realistic presentations.

» Change of presentation forms in mixed indoor/outdowironments.

Recently, some papers (Caquard et al., 2005; Bra2@d6) claimed that sound
design in cyber cartography is necessary for beftelerstanding of the geospatial
information. Efficient and well-defined sound desigan support a map product

which is more relevant to the us&aquard et al. (2005) categorised sound maps
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with sound theory according to their subject, pecsipe and roles. Brauen (2006)
discussed the design of a map of results showisgjextion of electoral districts in
the vicinity of Ottowa. Particularly, in mapping rfomobile devices, some
information can be conveyed by sound instead ofrg#inc representation so as to
provide more space for drawing in limited displayeens. The sound support is an
essential part of the relevant visualization, a&sl#st three cited references indicate.
The sound particularly can be a complementary tookhe visual design patterns

that mobile devices are not able to provide.

3.2 Pervasive Computing for Relevancy in Geoinfor matics

Pervasive computing environments gracefully integraetworked computing
devices - from tiny sensors to extremely dynamid powerful devices — with people
and their ambient environments. A room, for exampigyht be saturated with a lot
of devices that provide information to people withoeeding their active attention
(Zhu et al.,, 2005). Since motion is an integraltpair everyday life, such a
technology must support mobility; otherwise a usdi be acutely aware of the
technology by its absence when he moves. Hencegtigarch agenda of pervasive
computing subsumes that of mobile computing, besgmuch further. Specifically,
pervasive computing, also called ubiquitous conmgytincorporates four additional

research thrusts in its agenda (Satyanarayanaf):200

« Effective use of smart spaces. A space may be atosmd area such as a
meeting-room or corridor, or a well-defined opeeaasuch as a courtyard or
quadrangle. A simple example of this is the autamnatijustment of heating,
cooling and lighting levels in a room based on aoupant’s electronic profile.
Influence in the other direction is also possildeftware on a user’'s computer

may behave differently depending on where the issaurrently located.

* Invisibility. The ideal is complete disappearancé mervasive computing
technology from a user’s consciousness. In praciaeasonable approximation

to this ideal is minimal user distraction.

» Localised Scalability. As smart spaces grow in sstpfation, the intensity of
interactions between a user’'s personal computirges@nd their surroundings

increases. This has serious bandwidth, energy astichction implications for a
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wireless mobile user. Good system design has taewehscalability by
drastically reducing interactions between distanities.

* Masking uneven conditioning. One way to reduceahmunt of variation seen
by a user is to have his personal computing spacepensate for “dumb”
environments. As a trivial example, a system tlsatapable of disconnected
operation is able to mask the absence of wirelegssrage in its environment.
Complete invisibility may be impossible, but reddoeriability is well within

our reach.

Establishing a pervasive computing applicationbexsome one of the major tasks in
computer sciences. In particular, pervasive comgutiemands applications that are
capable of operating in highly dynamic environmeantd of placing fewer demands
on user attention. In order to meet these requinésnepervasive computing
applications will need to be sensitive to contételd et al. (2002) developed an
appropriate context-modelling concept for pervasiomputing, which can form the
basis for such a context management infrastrucidre.model overcomes problems
associated with previous context models, includihgir lack of formality and
generality, and also tackles issues such as widatims in information quality, the
existence of complex relationships amongst coniekbirmation and temporal

aspects of context

Singh et al. (2005) accepted the user as the mygxgirtant entity of the context and
expressed a semantic user model as shown in Fg8r®r pervasive computing to
obtain a context-aware system. In the approach eaeh has a Ubiquitous User
Identity and Profile. User profiles will represeaser specific information like

contact information, schedules, appointments, peefges, financial, and medical
information. In addition, the profile will also mebuser likes/dislikes or interests, so
that the system can proactively fetch or disseminatormation on behalf of the

user.The need for a context model that considers spdait and its visualisation on
mobile devices within a pervasive computing systejmhowever, one of the main
concerns of this thesis. In terms of the visuabsabf the spatial data, the context
models that have been explained before are not tabfeeet the requirements of

ubiquitous computing appropriately.
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Figure 3.3: User role model for pervasive computing (Singhlgt2005)

Depending on the advancement of pervasive compugg@ginformation researches
have tended to focus on context-aware and semamtidelling. Borriello et al.
(2005) stressed that development of ubiquitoustimcasystems is likely to be
influenced by market trends in the hardware andwswoé platforms of mobile
devices-most particularly cell phones-as much as tédchnology options within
location systems themselves. Hong et al. (2005pgsed an adaptive location data
management strategy in order to support adaptasity scalability of the location-
based system using a variety of context which carad¢cessed in the ubiquitous
computing environment. The proposed strategy esahke location-based system to
address problems related to heterogeneity and etyoofriocation sensors or clients,
enormity of location data, and multiplicity of ldean queries based on a variety of
context data including location, time and so one Tcation-based system can
therefore be adapted to any environment, and ubiggicomputing systems can
efficiently process location queries. Consequerng importance of the context
modelling of location-based services can be obthinem the research. Hong et al.
(2005), however, ignored the need for a semantfeption of the context model in

order to obtain a ubiquitous computing system.

In the past few years, a number of papers discggbm importance of the semantic
approaches in GIS have appeared in major jourmadscanferences. Fonseca and

Egenhofer (1999) presented a system which usesngaiger of interoperable
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geographic objects. The objects were extracted froaitiple independent data
sources and were derived from a strongly-typed nmgppf classes from multiple
ontologies. The approach provided a great leveintéroperability and allowed
partial integration of information when completenies impossible. Frank (2001)
emphasised 5 tiers of ontology integrating différentological approaches in a
unified system. In Frank (2001), the relation of tier ontology and consistency
constraints was explored, and it was shown thaferdifit constraints were
appropriate to different tiers. Nevertheless, temantic researches that have been
mentioned in this paragraph have not been basexhpmobile context in order to
handle a ubiquitous geographic information systéma LBS. They have tried to
propose a semantic approach in general terms ofr@t&r than a specific GIS

application area.

Agarwal (2005) examined many of the key ontologieflorts in Geographic
Information Science (GIScience) and in the wideadsmic community. Certain

research issues were summarised in the discusgidgdrwal (2005):

* Focus on semantics and inter-operability withinabblase and data modelling

research.

* Methodological and systematic approaches to gebgrapdomain modelling.
These methodologies define entities that are neddedhe functions to be
performed in GIS. Systematic approaches link aelatfgmber of methods for

ontology specification and development.

* Inclusion of human conceptualisation in the moa@eld development of methods
and languages to define and formulise these couakgdtions in a consensual

framework.

« Determination of ways that an integrated methodplogn be developed as a

generic approach to ontology development in theyggahical context.

In this thesis a semantic relation has been provigetween spatial database and
visualisation parameters that have been definedhi®rmobile context in order to
obtain relevant data, as Agarwal (2005) describettie first of his possible research

issues.
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Ubiquitous computing often uses the terms “agentl &sensor” in the modelling.
Specifically, models trying to realise some spati@haviours such as making
movement predictions, finding available paths, araligation, should include
concepts of agents and sensors. Sensors percewmrenental situations and
environmental changes, and then transfer them ¢o cthntext brokers. Agents
represent things which perceive their environmerat act depending on the effects.
Frank et al (2001) noted multi-agent simulationstfoee different investigations of
spatial and cognitive questions. The simulationsweéver, were developed too
simply and they identified only important partsritek et al. (2006) also discussed
a swarming method to reason movement of entitiestcained by topological or
topological features of environment. They claimedttthe methods converge with
reasonable speed and can support both robotic otosud prediction of natural
systems. Winter and Nittel (2006) proposed ad huaresl-ride trip planning by
mobile geosensor networks to cope with spatiallgl damporally incomplete
transportation knowledge. The system integratesrimesportation capacities of all
types of vehicles in urban traffic in order to itigna trip for persons with an ad hoc
travel demand. These kinds of prediction and plagnmiethods can be supportive for
relevant visualisation; the systems that have beentioned above were developed
separately, however, and they have difficultiesudltata interoperability between
them without noting pervasive computing basicgh#y are considered as part of a
semantic system, more relevant spatial data wipo@ided to the mobile users. The
semantic approach provides not only data interdyésabut also advantages for
building geosensor-based ubiquitous systems thagriin agent-based modelling

attributes of the computer sciences like commuimndanguage standards.

With the presence of cheaper, miniature, fasted amart in situ sensors, the
increasing availability of abundant ubiquitous camnpy devices, wireless and
mobile network access and autonomous and intetligenspatial software agents;
distributed networked in situ sensing becomes lgleatechnological trend. Liang et
al. (2004) developed sensor web architecture ttoparan extensive monitoring and
sensing system that provides timely, comprehensieatinuous and multi-mode
observations. They also described the architectfrea distributed geospatial

infrastructure for sensor web. The research is mapod for monitoring environment
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spatially but it should also be available for mebillevices to provide more

interaction.

Nolan et al. (2001) developed an ontology and agemhmunication language
(ACL) for an agent-based Geographic Informationt&ys The ACL uses the
ontology as the foundation of communication betwegents. The ontology and
ACL have been encoded in the RDF by means of the. XMtcording to Nolan et

al. (2001) the ontology includes three parts: Datgorithms and queries. Galton
(2003) claimed that a geo-ontology must providéatle forms of representation and
manipulation to do justice to the rich network aterconnections between field-
based and object-based views of the world. Conselyuén this thesis, ontological

approaches have been chosen because ontology autaysiportant role in data
exchange standards, as stated in Nolan et al. Y20@LGalton (2003).

Another ontology-based approach is personalisagatsin-aware mobile service
supply (Weissenberg et al., 2006). The ontology determined to fulfil the notion
of characteristic features of contexts that araiiiant during certain time intervals.
They presented these concepts in the context datéopn development, namely
FLAME 2008, which is able to support its mobile tsseith personalised situation-
aware services in push and pull. The research, Yenvaloes not include the

visualisation styles of any spatial entity thatasbéd at the context-aware service.

Kim et al. (2005) presented the architecture of toformation services based on
semantic web technologies. The Tour Guide Serwasimplemented by definition
of the ontologies of the tour information and gatien of RDF contents based on
the defined ontologies. The aim of the service@igrbvide the exact tour information
and interoperability between the server systemseNleeless, the definition of the
ontologies of the tour information explains onlysmall part of the location-based
services. It does not provide a whole semanticegystlesign. The tour ontology
should be integrated to user, device and spattalayy and their relations with each

other.

Some GIS researches focused on methods to retrilegant spatial data by
semantic approaches. Jones et al. (2001) explainedogy of place that combines
limited coordinate data with qualitative spatialat®nships between places, as
shown in Figure 3.4. The ontology has been implaetewith a semantic modelling

system linking non-spatial conceptual hierarchiesh whe place ontology. A
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hierarchical distance measure is combined with iHeah distance between place
centroids to create a hybrid spatial distance nreasthe project is a good example
of a hybrid approach of a semantic concept and tie&ationships with algorithmic

solution. The system, however, was tested onlyrbigdd users.
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Figure 3.4: Place as a type of geographical concept (Joras €001)

Jones et al. (2002) claimed that traditional wetrd®e engines are not sufficient to
retrieve relevant geographical data and determsoege techniques by the means of
a semantic approach for Spatially Aware InformatiRetrieval on the Internet
(SPIRIT) project:

* Ontologies that model geographical terminology.

* Query expansion and relevance-ranking procedurssedban the geographical

ontologies.

* Machine-learning techniques for the extraction @bgraphical context from web

documents and for generating metadata providingad mantext.

* A multi-model user interface providing textual inpand interactive map

feedback of the context of retrieved documents.
« Spatial indices for web collections.

A summary of the necessary and desirable featores §eo-ontology representation

language are as follows (Smart et al., 2005):
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* Representation of real world geographic concepts.

* Representation of data properties for each geogralptoncept.
* Representing relationships between concepts.

* Representation specialization/generalization conlgigparchies.

» Representing of simple composition hierarchies, cencepts made up of sets of

other concepts.
* Representing constrains on data properties of @sce
* Representing constraints on relationships.
» Expressing integrity rules over individuals.
» Expressing integrity rules between individuals beiag to different concepts.

* Representation of advanced composition hierarchies are asserted as a
combination of defined sets of concepts and pragseri.e. a class of all houses

which are within 10 miles of a motorway.

Jones et al. (2004) explained the details of thectire of the SPIRIT search engine
which is described above. The search engine insluder interface, geographical
and domain-specific ontologies, web document ctilac core search engine,
textual and spatial indexes of document collectretevance-ranking, and metadata

extraction.

To support retrieval of documents that are considldo be spatially relevant to
users’ queries, the query expansion techniquesx@essed by Fu et al. (2005). The
proposed method expands a spatial query by tryirgdetive its geographical query
footprint, and it is spatially designed to resolvguery that involves a fuzzy spatial
relationship. These relationships are determinetirds “near”, “outside”, “north-
of”, “south-of”, “east-of”, “west-of”, and “withina specified distance”. Each
relationship corresponds to a geometric operaton.example, if relation is “near”,
then a buffer operation needs to be performed thesiselected place to obtain the
expanded query footprint.

Hobona et al. (2006) published an approach foresgtrg, ranking and visualising
geographic metadata according to spatial, tempamnal semantic relevance. The

method was based on three independent componeeatsnegry, attribute and
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temporal. The representation of the results ofitdependent ranking of these three
components of spatial data suggests that représentd the results of the ranking
process requires an alternative approach to clyraséd textual ranked lists:

visualisation of relevance in a three-dimensionsdi@lisation environment.

Lutz and Klien (2006) proposed an approach to ogipbased Gl retrieval that
contributes to solving existing problems of sen@mhgterogeneity and hides most of
the complexity of the required procedure from tbquester. A query language and
graphical user interface allow a requester to inelly formulate a query using a
well-known domain vocabulary. From this query, ariotogy concept is derived,
which is then used to search a catalogue for a slat@ce that provides all the
information required to answer requester's quefyalsuitable data source is

discovered, the relevant data are accessed theatindardized interface.

The ontological concepts have been used mainly eb technologies. The same
approach is also valid for web GIS applicationse Tésearches that are mentioned in
the last parts of this section have focused onirflpchew solutions to web-based
spatial data search problems. The ontological nsodélthe researches were the
representation of the real world in terms of gepbgya In this thesis, however, a
mobile context should be developed in order to alise the real world in the
ubiquitous computing environment. This needs a mewabile context and geo-
ontological model. The aim of the ontological moutethis thesis is not to create a
semantic search engine for a vast data ocean kkeenvironment. A relation should
therefore be established between visualisatiortiadeal world in a mobile context.
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4. A RELEVANCE MODEL FOR VISUALISATIONIN LBS

4.1 Contextual Ontological Model

The basic definitions of the relevance theoriesehagen explained in section 2.1.1.
As indicated in section 2.1.1, one of the most irtgod scientific approaches was
explained by Schutz (1970). Then Saracevic (199&8boeated Schutz’s (1970)
approach and described five manifestations of egleg that are based on the nature
of relevance. Furthermore, Borlund (2003) alsosskd that relevance is about
information need. In this research, five manifestet of relevance have been

modified and adapted according to the consideratidrthe visual design.

Five manifestations have been determined to repteseslevance model for mobile
visualizing. Visualization, here, means two-dimensi maps with restricted
resolution that almost meet the requirements of goceen and RAM capability of
mobile devices. Manifestations of relevance areethasn design patterns of the
mobile cartography that have been proposed by M20@5) (see section 3.1). Table
4.1 explains manifestations of relevance withinrthyes and descriptions of their

relations intends relevancy of spatial visualizatio

Table 4.1; Manifestations of relevance

Relevance Describes a relation between
Data retrieval guery and spatial data
Object ranking topic of query and spatial data
Cognitive user profile and symbolization
Situational device or location and visual features
Motivational intent and supportive symbolization

Research about algorithms of data retrieval andablypnking are mostly related to
IR. The algorithmic relevance that is describedthg second manifestation of
relevance for the visualization is out of the scapehis thesis. In particular, this
thesis concentrates on the data retrieval, the ittegnthe situational and the

motivational types of relevance.
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A general approach that is different from an alponic relation between keywords
of the query and spatial data has been proposexiitact relevant spatial data. Some
levels of the spatial data are defined and therthal contents of each level are
accepted as the relevant spatial data. For instautside of a building and inside of
a building are different levels. Therefore, insafehe building should be visualized
separately from outside while the user is dealimpiwv the building. Whenever the
user leaves the building, the new relevant levahges to the district representation
level that includes the buildings and the streaisnecting them. Inside of the
building and outside of the current district anelgvant spatial data for the mobile

user, according to the theory.

Cognitive relevance is the relation between thersis&knowledge and the
symbolization of the spatial objects. Users pereeiie real world differently
depending on their own experiences and knowledgeception capability changes
from user to user. Therefore, the users shouldabegorized to guess their state of
knowledge and the information need of the usere@aization provides a system
that is able to react to a certain group of peolpte. example, grouping people into
the same range of ages or the same range of ocmpajives an idea about the
users’ state of knowledge. Creating a user prosilea well-known way to collect
information about the user. The symbolization o€ thpatial data should be

compatible with the user profile to relate userwklealge to the cartographic symbol
type.

Situational relevance is the relation between teeicg properties or location data
and the digital visual features of the screen. Géyeability of the mobile device is a
part of the current situation that represents ter.urhus, the mobile device should
determine some characteristics of visualizationhsas colour of visualization, scale,
geocoding and space contraction. It is not onlynttodile device but also additional
devices and sensors that produce the user’s localeda revealing the current
situation. There is an explicit relation betweea tiser’s location information and the
centring of the visualization. Another relation da@ established between average

velocity of the location change and the refresh cdtthe visualization.

Motivational relevance is the relation between th&ent of the user and the
supportive symbolization. The intent of the usen dae navigation, meeting,

shopping etc. For example, a user who navigatela@e preeds visualization with
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directional arrows. One of the problems about nadtonal relevance is to determine
the user’s exact intent. An appropriate graphisalrunterface (GUI) that is designed
to understand the user’s real intent can overcdmeptoblem. Figure 4.1 shows
detailed relations that represent manifestationthefvisual relevance of the spatial

data.

The manifestations of the visual relevance and faatmntext form the base of the
contextual ontological model. The model specificéticuses on the visualization of
the spatial data for mobile devices that are igthdrg preceding research. To state
the visualization appropriately, we envision a nmdtat includes the visualization
parameters as an existence for the spatial dateceptualization of the geographical
objects and their relations that are explainedgusisemantic approach are depicted
in Figure 4.2. The aim of the model is to reasam \lsual relevancy of the spatial
data depending on the adapted manifestations ofvithel relevance that were
explained earlier in this section. Figure 4.3 shthvesplace of the visual parameter in

the upper context model.
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Figure4.1: The visual relevance of the spatial data

The upper and lower ontological context models #Hrat shown in Figure 4.2 and
Figure 4.3 have been determined in a way that gesvihe definitions of context and
context-awareness that are proposed by Dey and &l§a@00) and Chen and Kotz
(2000) (see section 2.1.2). The context models haem formed in the ontological
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structure that includes concepts (classes) andeptiep (relations), as indicated in
section 2.1.3. In that section, the ontology aspétihe model has been elaborated in
theory as cited by many scientists (Gruber, 1998r®&o, 1998; Chandrasekaran et
al. 1999; Gomez-Perez and Corcho, 2002).

The geographical concept that has been definebbgslet al. (2001), (2002) and
(2004) (see section 3.2), enables an efficienteplsearch semantically. It cannot,
however, be used as a geographical ontology ofiquitbus environment. The aim

of the ontology is a spatial web search rather traagent-based decision-maker. A
new ontological model that includes some geograbplalements has therefore been
defined in this thesis in order to prepare theasiitucture of a ubiquitous computing

for the mobile environment.
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Figure 4.2: Conceptualisation of visualisation and properties
Figure 4.2 has been designed to represent a comiecé¢l of the lower ontologies.
According to the figure,Node and Line concepts are subsumed under the
VisualParameterconcept. This subsuming means a nodal or a ligeagraphical
feature is a parameter in the visualisation. Thee concept subsumes four object
types: Highway, Avenue, Street and Corridor. A liisgic is-a relation can therefore
be inferred from the model as in the following s&we: “A highway instances a

line and a lines a parameter of the visualisation.” In the lower mipdkee Node
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concept subsumes the Outdoor and Indoor concepttdlo@r represents spatial
objects on the terrain while Indoor representsgddn the buildings. For example, a
building instancas an outdoor object and this outdoor objésta node. The figure
also reveals that two properties establish relabetween instances of the concepts.
ThelocatedInproperty has been proposed for nodal spatial thgred theconnects
property has been proposed for linear spatial ¢hjdthese relations provide some
statements that explain the model suchRm locatedin BuildingBuilding

locatedIn District andStreet connects Avenue
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geocodin Device
bouncryBox
refreshRat | |isComponentOf gpsSupport
displayColor
colot s .
symbolTyp: screenResolutic

specialEffec

Person

L ticipateslr nanic
Activity \Aﬁ par
g/ age

e-mail
ScheduledAct -

Figure 4.3: Upper ontologies with the visualisation class
Figure 4.3 contains general concepts that are sagefor mobile visualisation. The
main concepts ar®evice Person Activity and VisualParameter Device, Person,
Activity are the general concepts of the contexteis of the intelligent applications
like smart homeVisualParameteconcept extends context ontologies that have been
explained before (Wang et al., 2004; Chen et #&Q42 (see section 2.1.6). The
content ofDeviceconcept has, however, been rearranged a litibedar to represent

mobile devices and their features related to visaabn.

The four main concepts are connected to each obyerthree properties:

iIsComponentQfusesand participatesinas shown in Figure 4.3. Properties can be
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stated as the followings:Person participatesin Activity; “Person uses Device
“Device is ComponentOf VisualParameéter “Activity isComponentOf

VisualParametef, and “Person isComponentOf VisualParameéter

The new concept in the upper ontologie¥isualParametethat defines necessary
parameters of mobile visualisation. These paramedee the individuals of the
concepts that are subsumed undesualParameterlike Building, Streef etc. For
example, let us assume that Topkapi Museum is @imidlual of Building Concept.
Therefore “Topkapi Museunis a VisualParameter” can be inferred from the
ontological context. Each member of tMsualParametehas some properties such
as geocoding, colour, and symbol type. These ptiegeiare called data type
properties of the concept, and are about the vgatadn characteristics of the objects

in the scene.

The knowledge base of the whole context model ithdepicted in Appendix A (in
the appendix, only T-Box of the knowledge base basn shown.),has been
composed in OWL-DL language basedSHOIND) description logic (see sections
2.1.4 and 2.1.5). The proposed knowledge base etefiome existences and the
relations among them with various constructs fra@mantics of description logic
SHOIND). These constructs can be enumerated as conaapt, disjunction,

datatypes, exist restriction and value restriction.

Ontological knowledge bases are based on open vesddmption (OWA). OWA
does not assume something is not true until ix@iatly stated that it is not true.
Some properties should therefore provide closuienaXor completeness. Let us
assume that the Geomatics Conference will be heldhe Faculty of Civil
Engineering, and then individu&eomaticsis created as a member of Activity
concept so as to represent Geomatics Conferenttee iknowledge base. In OWA,
the answer is unknown to the following questiors: the Geomatics conference to be
held in the Faculty of Chemistry?” ifAttivity isComponentOf VisualParametes
not built with closure axiom in the ontological ¢ext. The answer should be “No”,
however, becauseGeomatics isComponentOf CivilEngineerings told to the
knowledge base and an activity, a person or a desdninot exist at two different
places at the same time.

In the model, the closure axiom is applied to soglationships and their fillers to

prevent this kind of possible completeness errone Tclosure axiom is the
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combination of the universal restriction and exigtd restriction for the same

property and the filler in the ontology structure.

Anonymous
Class

Legend Under necessary conditiorl_|

=% Cla.s.s LS With existential quantifier restriction
= : |ndividual D: Device

A Activity VP: VisualParametér CisComponetOf VisualProfile

Figure 4.4: Existential restriction for “isComponentOf” proper
In the upper and the lower ontologies, propertiasehbeen produced with both
quantifier existential restriction({) and quantifier universal restrictiori](). For
instance, existential and universal quantifier rresons have been built together
under necessary conditions in order to establi#tioas with ‘iIsComponentOf
property in the upper level of the ontological miodEhe existential restriction
describes sets of individuals that have at least“@ComponentOfrelationship to
individuals that are members of a class WistialParametéer (Figure 4.4). The
universal restriction makes sure that any filler smibe a member of a

“VisualParameterwith “isComponentOfproperty (Figure 4.5).

Figure 4.6 shows that all sets of individuals h&g€omponentOf’ relation with
individuals of Class “VisualParameter”. The closaxégom also provides that there is
no any individual of filler from outside “VisualPamneter”. The restrictions produce

appropriate relations among the classes in the inode

Briefly, in this section, a contextual ontologicabdel has been defined. First, levels
of visual classification, cognitive relevance, ational relevance and motivational
relevance have been determined. Then these relevspes have been projected

onto upper and lower contextual ontological modé&lse upper ontological model
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represents general context entities whereas therloapresents entities in more
detail. The whole proposed ontological model hasnbapplied to the knowledge
base in order to realise the context model in cderpenvironment. The knowledge

base that obeys OWA has been produced as condeptidies and their relations.
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Figure 4.5: Universal restriction for “isComponentOf” property
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Figure 4.6: Closure axiom for “isComponentOf” property
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4.2 Context Reasoning

Context reasoning is implemented as ontologicaoemg and rule-based reasoning.
To launch reasoning, the semantic query languageed in this research. A similar
query method is used by Lutz and Klien (2006) falifeerent approach as explained
in section 3.2.The approach that is proposed in this thesis facume mobile
visualisation of the spatial data. The query targ@iot data search in a database. The
aim of the knowledge base is to obtain cognitivteiasional and motivational aspects
of the visualisation components on the mobile devislthough the query method
seems quite similar to the method in Lutz and KIl@006), the aim of the
ontological context and its scope is completelyfedént. The context model is
designed for mobile user, devices and design pattef visualisation rather than
geographic data retrieval in this thesis. The moulels to reason over new
information from the knowledge base with semantigery. Consequently the
semantic query can be accepted here as a todidaeaisoning.

The result of the reasoning in the proposed madehets necessary visual aspects of
the spatial data for the mobile users. The reagopossibilities of the knowledge
base have been implemented in two different semamethods: Ontological
reasoning and Rule-based reasoning. Ontology reasarses description logic,

while Rule-based reasoning uses first-order logic.

4.2.1 Ontological Reasoning

OWL supported with description logic provides ootp} reasoning in the context
model. Thus, contextual ontology models are compbyeOWL-DL specification to
fulfil some logical rules. SpecificallyransitivePropertyinverseOf subClassQfand
disjointWithare used as the rules to reason the implicit iné&bion from the explicit
information (Table 4.2). The success of the exiacbf the implied information
within an ontology model depends on the appropriatesign of the
conceptualisation. An improper model that is esshled by an ontology engineer is
not able to produce the new information exceptitermation from that obtained

directly by sensors and users.

TransitivePropertys an OWL-DL property for relations between cortoefizations.
In the context model, we determine four visual Isyas shown in Figure 4.2. The

classes ofCity, District, Building and Roomrepresent visualization levels of the
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spatial data. ThieocatedInrelation is a transitive property set-up connetbetween
the levels.inverseOfis also an OWL-DL property for the relations andndicates
the relation has an inverse relation for any irdlial of a class. With
TransitiveProperty the ontology reasoning provides that at least amering level
of the visualization of any two spatial objects dam obtained in the contextual
model. With thanverseOfproperty, the ontology reasoning provides thamifupper
visual level of a spatial object is determined, ltheer level of the spatial object can

be obtained.

Table 4.2: Parts of OWL reasoning rules (Wang et al., 2004)

(?P rdf:type owl:TransitiveProperty) »

Transitive-Property | i, 5 5p'5g) (98 2P 2C) => (2A 2P 2C)

(?a rdfs:subClassOf ?b) »
subClassOf (?b rdfs:subClassOf ?c) =>
(?a rdfs:subClassOf ?c)

(?P owl:inverseOf ?Q) " (?X ?P ?Y) =>

inverseOf (?Y ?2Q ?X)

(?C owl:disjointWith ?D) ~
disjointWith (?X rdf:itype ?C) ~ (?Y rdf:itype ?D) =>
(?X owl:differentFrom ?Y)

For example, Table 4.3 explains obtaining implicpological information from
explicit context. There are four visual levels e imodelRoomA102s an individual
of ClassRoom CivilFaculty is an individual of ClasBuilding, andMaslakCampus
is an individual of ClassDistrict. In the example, RoomA102 locatedIn
CivilFaculty’ and “CivilFaculty locatedin MaslakCampusare stated explicitly.
Consequently, statements ofR§omA102 locatedin MaslakCampugwith

TransitiveProperty), MaslakCampus contains CivilFaculty(with InverseOf),
“CivilFaculty contains RoomA102” (with InverseOfyea obtained with ontology

reasoning.

According to the context modeljsjointWith property confirms that a spatial object
can not be at the two different visual levels. Tpisvents input errors during the
pervasive computing. On the other hand, subClaps@pferty extracts drawing types
of the spatial objects, such as line or node. énntlodel, area geometry is replaced by

the node representation because of the restricsethgl capacity of small devices.
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Table 4.3: Implicit context (TransitiveProperty and inverseOf)

Explicit Context

<owl:TransitiveProperty rdf:about="#locatedIn">
<rdf:type rdf:resource="http://www...#ObjectProperty"/>
<owl:inverseOf rdf:resource="#contains"/>
</owl:TransitiveProperty>
<Room rdf:ID="RoomA102">
<locatedIn>
<Building rdf:ID="CivilFaculty">
</locatedIn>
</Room >
<Building rdf:ID="CivilFaculty">
<locatedIn>
<District rdf:ID="ITUCampus">
</locatedIn>
</Building>

Implicit Context

<Room rdf:ID="RoomA102">
<locatedIn>
<District rdf:ID="ITUCampus">
</locatedIn>
</Room >
<District rdf:ID="ITUCampus">
<contains>
<Building rdf:ID="CivilFaculty">
</contains>
</Building>
<Building rdf:ID="CivilFaculty">
<contains>
<Room rdf:ID="RoomA102">
</contains>
</Building>

In Table 4.4, the example shows that the statemEtgctronicFaculty is an
individual of the Class District is not correct, whereas the statement
‘ElectronicFacultyis an individual of Clas8uilding is correct. An input error is
determined during the reasoning with thisjointWith The subClassOfproperty
extracts that representing type of the individudlghe ClasdRoomis a node (point)

in the context model. If an individual belongsRoomconcept, the reasoning tools
ask for the upper class &oomconcept by the mearssibClassOproperty. In the
example, the result imdoor concept as the upper class. The reasoning toeksfee
upper class olndoor concept again so as to define final class thaesgmts spatial
existence in the ontology. Consequentigde concept is the upper class of the

Indoor concept as the visual existence of the spatialifesof the room individual.
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Representation of the room instance is therefoterained as a node in the mobile

device screen.

Table 4.4: Implicit context (disjointWith and subclassOf)

Explicit Context

<owl:Class rdf:about="#Building">
<owl:disjointWith>
<owl:Class rdf:about="#City"/>
<owl:Class rdf:about="#District"/>
<owl:Class rdf:about="#Room"/>
</owl:disjointWith>
</owl:Class>

<owl:Class rdf:about="#Room">
<rdfs:subClassOf>
<owl:Class rdf:about="#Indoor"/>
</rdfs:subClassOf>
</owl:Class>
<owl:Class rdf:about="#Indoor">
<rdfs:subClassOf>
<owl:Class rdf:about="#Node "/>
</rdfs:subClassOf>
</owl:Class>

Implicit Context

<Building rdf:ID="ElectronicFaculty">
<District rdf:ID="ElectronicFaculty">---Error---

<owl:Class rdf:about="#Room">
<rdfs:subClassOf>
<owl:Class rdf:about="#Node "/>
</rdfs:subClassOf>
</owl:Class>

4.2.2 Rule-based Reasoning

Rule-based context reasoning is implemented by SWBémantic Web Rule
Language) to obtain new information from expliaintext. SWRL provides a high-

level abstract syntax that extends the OWL absswatax described in the OWL
Semantics and Abstract Syntax document. An extardithe OWL model-theoretic
semantics is also given to provide a formal meamimgOWL ontologies including

rules written in this abstract syntax. The proposel@s are in the form of an
implication between an antecedent (body) and caresgq(head). The intended
meaning can be read as: whenever the conditiorwfigoein the antecedent hold,

then the conditions specified in the consequent mdgs hold (Cover, 2004).
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Table 4.5 describes some SWRL rule examples falegtunal reasoning to determine
relevant visualization profile of the spatial daia mobile devices. Some basic
SWRL statements can also be expressed as the tomepsentation. Therefore
these SWRL rules can be exploited by ontology neiagpif they are composed in
ontological syntax as explained in section 2.2.dwkler, the context model needs a
more complex formulation in order to eliminate SWRiatements. Thus, SWRL

provides some easiness while editing a knowledge.ba

Table4.5: SWRL rules

(?p isComponentOf Building) »

(?p uses MobileDevice) »

(?p participetesin Activity) =>
(VisualParameter boundryBox 50meters)

Boundry Box

(?p participatesin ScheduledAct) »
Special-Effect (?p isComponentOf District) =>
(VisualParameter specialEffect
NavigationArrow)

(?p participatesin ScheduledAct) »
Refresh-Rate (?p isGettingOn Car) =>
(VisualParameter refreshRate 10_Seconds)

?p indicates an individual of Clagzersonfor all rules in the ontological context. In
the first row of Table 4.5, the rule asserts tis&omponentOf Buildingroperty,
uses MobileDevic@roperty andoarticipatesin Activityproperty implyboundryBox
property of the Clas¥isualParameterFor example, John decides to participate in
the Spring Sport Fest of the ITU when he is at@hel Engineering Faculty and he
connects to the server with his mobile phone. The implies that a building plan
that is in 50 metres x 50 metres should be sethetanobile phone until he leaves the
faculty. The second rule adds navigational arrdwas show the activity place when a
person would like to join a scheduled activity. &8, in Table 4.5, adjusts the
refresh rate of the map while someone is drivingatecheduled activity like a

conference or concert.

4.3 Symbol-based Simplification with Fuzzy L ogic

To use small screens of mobile phones and PDAs mideetively, symbol-based
simplification is proposed as a complementary aflgor of the semantic approach, a

computing algorithm that benefits semantic modgisngreasing the ability of the
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model to provide appropriate relevant visualisatfon the context in addition to

semantic reasoning. According to the proposed moadsiead of scaled polygonal
spatial representation, symbolisations are usedifualisation. In theory, a spatial
object is replaced with a symbol that can be inflerént form such as a square or
circle in order to make the user’'s perception easiehe restricted screen of the
mobile devices. The model provides a simplificatroathod for the limited mobile

devices instead of developed generalisation methioals have been proposed for
desktop applications by Lamy et al. (1999), Se&@00) and Sester (2005).

Figure4.7: Picture A is the original map, picture B is thenbypl-based map
The model determines new symbol size dependingema the object and the pixel
size of the screen of the user's mobile device.ifRstance, Figure 4.7 shows three
spatial objects on the left (picture A) and threetangle symbols replace them on the
right (picture B). Different screen sizes and d#f& objects require a unique symbol

size to represent spatial objects properly.

To categorise icon size is very complex becausthefvarious parameters of the
determination of the symbolisation. There is alsmgueness of the situation in the
visualisation. The solution needs a fuzzy logic rapph for coherent results.
Edwardes et al. (2005) also use adaptive symbadsdifferent method, as shown in
section 3.1, in order to represent data.

4.3.1 Membership Functions

Map scale and the area of a polygonal object aceparameters for determining a
new symbol size for the visualisation of any ohjdait us suppose that different
spatial objects will be represented with a symbolttee map under a certain scale.

Symbols that have the same size can cause rem#senproblems because each
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object has a different size on the map. For exanapéymbol size might be too small
to represent a large spatial object or might beléoge to represent a small spatial
object. The aim of the model should be to provigerapriate symbol sizes for
different spatial objects according to their oraisizes. The second parameter is the
map scale to define a convenient symbol size. Abg}ymaize can be too large for a
small-scale map or it can be too small for a lasgale map. Map scale is calculated

as follows (Equation 4.1):

Scale= PixelDimersionValue@Displayx ActualSiz©fPerPixe(m)
ActualDimeasionOfDiplay(m)

4.1)

Actual average pixel size can be accepted as 0.2@emmpixel in equation 4.1.
Actual dimensions of the display area are deterchine 250m X 250m. Pixel
dimension value of the display is therefore onlyapaeter for the scale, since actual

pixel size and actual dimension of the displaytheeconstant values in equation 4.2.

o PixelDimensionValueOfDisplag0.00028( 1
250(m)

Scal

(4.2)

The area of the spatial object and the displayluéso of the mobile device (the
pixel dimension value of the display) are definedwo subjects of the membership
functions. Fuzzy sets in the solution are basedamteh (1965). Four IF-THEN rules

(two-input, one-output fuzzy reasoning rules) ateressed as

RULE 1: IF area s large AND resolution is higHEN pixel size is 40.
RULE 2: IF area is large AND resolution is IowlEN pixel size is 17.

RULE 3: IF area is small AND resolution is IoWEN pixel size is 14.
RULE 4: IF area is small AND resolution is hiHEN pixel size is 25.

The consequential values of four premises enunt@ieve have been determined
with the trial and error method until the desiredults have been obtained for each

premise. Memberships functign_, ... (X) for large spatial objects in equation 4.3:

Large

0 X < 360m? Areaof theobject
x—360 .
X) =«————— 360m* < x <11000m’ Areaof theobject 4.3
:uA—Large( ) 11000_ 360 J ( )
1 X >11000m° Areaof theobject
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Memberships functiopr,_...,(x fpr small spatial objects in equation 4.4:

1 X < 360m? Areaof theobject
Lo () = —20007 X 236012 <y < 110001 Areaof theobject (4.4)
11000~ 360
0 x >11000n° Areaof theobject

Memberships functiop_,,,,(y) for high display resolution in equation 4.5:

0 y <130 Pixel Dim.Value Of Display
y-130 , . .
: =¢——— 130< y< 350Pixel Dim.Value Of Displa 45
Ha-nign(Y) =1 3207130 y p (4.5)
1 y > 350 Pixel Dim.Value Of Display

Memberships functiop_, ,(y) for low display resolution in equation 4.6:

1 y <130 Pixel Dim. Value Of Displa

350-y : . .
={——~= 130< y< 350Pixel Dim.Value Of Displa 4.6
Ha-lY) =1 325130 y p (4.6)

0 y > 350 Pixel Dim. Value Of Displa

Figure 4.8 shows membership functions explainegoations 4.3 and 4.4, whereas
Figure 4.9 shows membership functions given in Eqoa 4.5 and 4.6.

Membership Value
A

Small Large

»
»

360 11000 Area (nf)

Figure 4.8: Membership functions for large and small spatigéots
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Membership Value
A

Low High

»

130 350 Pixel

Figure 4.9: Membership functions for high and low display lesons
4.3.2 Simplified Fuzzy Reasoning

Let us assume tha{,and y, are the input values for the premise variables afqos

4.7, 4.8, 4.9 and 4.10 apply the input values ¢éoptemise variable and compute the
minimums of &, (X Jandg, (Y ):

Rulg:  m=min(i, e (%) He rign( %) (4.7)
Rulg: M =min(y ae( %) Ko Lol ¥)) (4.8)
Rulg:  m=min(t, sna( %) He 1ol ¥)) (4.9)
Rulg s m=min(, sma( %) 4e g ¥)) (4.10)

Equations 4.11, 4.12, 4.13 and 4.14 are conclugatures of all rules:

Conclusion: c¢,'=mgc; (4.11)
Conclusion: c,'=m,C, (4.12)
Conclusion:  c¢;'=m,c, (4.13)
Conclusion: c,'=m,c, (4.14)

Final conclusion is obtained as in equation 4.15:

(@]

1P

(4.15)

M-
3

1
-
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5. TECHNOLOGICAL DESIGN FOR MOBILE DEVICES

5.1 Multi-tier Architecture

A distributed GIS includes many different technatad platforms and their
interactions. Some obligatory participants of dritbated GIS are a spatial database
system, a web map server (WMS), a web feature s€WWES) and some additional
technologies that provide transactions between thEme technological design of
this research therefore proposes a multi-tier ggchire in order to realise the

proposed model explained in the early sections.

As depicted in Figure 5.1, the architecture complugn client and server sides is
mainly formed by open source technologies. In #wes side, PostgreSQL object-
relational database system and its spatial dataddeasion PostGIS are used as the
database server. In effect, PostGIS spatially esalble PostgreSQL server, allowing
it to be used as backend spatial database forr@igh like ESRI's SDE or Oracle’s
Spatial extension. PostGIS follows the OpenGIS ‘{@efeatures Specifications for
SQL” and has been certified as compliant with thigges and Functions” profile
(Refractions Research, 2005).

In the system, map production is provided by Geasemwhich is an open source
map server. Geoserver enables publishing of dath um® of open standards.
Geoserver supports Web Feature Server (WFS) and MégbServer (WMS) open
protocols from the Open Geospatial Consortium (O@&Cproduce JPEG, PNG,
SVG, KML/KMZ, GML, PDF, Shape files and more (Holsp&007). Because of the
limited display capacity of some mobile phones, $&eeer WMS has been chosen as
the default server in the system for the visuabsatStyled Layer Descriptor (SLD)
has been used as similarly implemented in Zipf §£308ee section 3.1) in order to
provide determined visual features like approprieddéours or symbol size for a

certain scale.

The only commercial product in the architectureRacerPro, which stands for

Renamed Abox and Concept Expression Reasoner Bimiat (Racer System,
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2005). As the name indicates, the origins of Rawer&e within the area of
description logics. Since description logics previthe foundation of international
approaches to standardising ontology languageshéncontext of the so-called
semantic web, RacerPro can also be used as a sf@tamanaging semantic web
ontologies based on OWL. Furthermore, RacerProatsm be seen as a semantic
web information repository with an optimised retaéengine because it can handle

large sets of data descriptions (Racer System,)2005

Multi-tier Architecture

b e e S | st s S . e s e e s e s e e S s |

|
:I
|: a
|

|
Aa 2ME [o5s

| | Midlet
I
I

|

|

|

|

|

| RacerPro |
\ Reasoner |
Web Service Java 2E4E |
|

|

|

|

(JSR-172)

wn

un Application Server

I

|
<

Geoserver .

Web Map Server e

|
(WMS) |

|

| Java 2ME [s5s
| Midlet —

| PostgreSQL - PostGISl |
| | Spatial Database Servkr

— —— — —— — — —

Figure5.1: Architectural design of the technological services

Two separate connections are established with nb@agy server and the database
server within Java 2 Enterprise Edition. A web Bmvand a proxy server are
implemented as the middleware of the architectlitee web service and proxy
server are built in Sun Application Server as at mdrJava 2EE programming
plattorm. The web service controls all connectionitai for RacerPro and
PostgreSQL — PostGIS. In Appendix B, Java methtadé &re able to connect
RacerPro and PostgreSQL servers are shown. Highcitgpmobile smart phones
and PDA that have Web Services APIs (WSA) (JSR4p&ification) are able to
connect directly to the web service. Mobile photleat do not have JSR-172
specification need the proxy server to connedhéoantology server and the database

server via the web service.

Graphical user interface (GUI) for mobile devicescomposed within Java 2ME

platform. Java Micro Edition provides a robustxitde environment for applications
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running on mobile and other embedded devices — Imgiiones, personal digital
assistant (PDAs), TV set-top boxes and printergsa JME includes flexible user
interfaces, robust security, built-in network pmits, and support for networked and
offline applications that can be downloaded dynathyc Applications based on Java
ME are portable across many devices, yet leveragh device’s native capabilities
(Sun Microsystems, 2007). User interface gathemesmformation from the user
manually. First, all gathered information is semthie servers, then evaluation steps
are completed in the server side. Finally, resales sent to the user as a two-

dimensional map.

5.2 Test beds

The aim of the ontological models is to represéet teal world in the computer
environments. All concepts and their individuals aonsidered as part of the world.
In this ontological model two regions of Istanbu @elected as the application area
for the sample project. The model enables scalglfitom a small room to all over
the world. The application regions are determinedAgazaga Campus of Istanbul
Technical University and the Sultanahmet distridEminonu (Figure 5.2).

Figure5.2: Campus of ITU and Sultanahmet district in Istanbul
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In the ontological approach to the visualisatiaurfclasses are enumeratedCity,
District, Building and Room. Istanbul is an individual ofCity class in the model.
Many cities can also be added as an individual. Sémnd concept is thHaistrict.
District haslocatedin relation with clas<City. The model is populated with seven
districts: Mecidiyekoy, Besktas, Taksim, Kadikoy Uskudar, ITUCampus and
Sultanahmet, as shown in figure 5.2. Only two selected disdtiETUCampus and
Sultanahmet, have, however, been populated with individual8Buaiding, so as to
create smart environments. The numbers of the ichaids are naturally increasing

towards the classes that belong to the narrowessare

The main campus of ITU is located in Maslak to tloeth of Istanbul. The campus
covers an area of approximately 140 hectares. dnotitology model, 49 buildings
are determined as the individualskfilding class, such as faculties, administration

facilities and dormitories (see Figure 5.3).

Figure5.3: The campus of ITU

Sultanahmet, the historic district of Istanbuldetermined as the second application
region. 19 buildings that havecatedin relation with individualSultanahmet of
Didtrict class are defined as individualsBafilding class (see Figure 5.4). Figure 5.5
shows conceptual design and members of the classd#ise graphical manner.
Connection among the individuals is establishet WacatedIn” relation. Transitive
property of thelocatedin relation provides additional implicit connectiobsside

explicit ones.
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Figure 5.5: locatedin relations among th€ity, District andBuilding concepts

The red dashed lines in Figure 5.5 indicate implinformation. Thecontains

relation that is the inverse of the explitdcatedin relation also provides more
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implicit information from the context. For examplatanbul contains ITUCampus

andlstanbul contains SUltanahmet statements can be inferred from the context while

Istanbul is an individual of the concefiity andl TUCampus andSultanahmet are the

individuals of the concefistrict.

5.3 Information Retrieval with the Semantic Inference Engine

Contextual ontology (OWL-DL) that has been defirfed relevancy as upper and

lower ontology models in section 4.1 has been dditean ontology editor and

knowledge acquisition system by Protégé softwase [Sgure 5.6).

I:ez Protégé 3.1.1  (file:D:\akcay)doktoram'tez.pprj, OWL Files {.owl or .rdf))
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Figure5.6: Ontology editing in Protégé Software (Protége, 7200

In the screenshot, OWL class taxonomy has beestridited and asserted relations

that provide Person class have been explained undeessary condition and

necessary & sufficient condition. Some relationgehbeen built under necessary &
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sufficient condition because they are only relaitimat satisfy class Person such as
uses relation andparticipatesin relation. Consistency of taxonomies has been
checked in RacerPro, a reasoning engine for OWLdpkcification. Then the
concepts (T-box) and the individuals (A-box) in tkeowledge base system have
been stored in RacerPro OWL reasoner. The detailseeor-box that is in OWL-DL
syntax can be viewed in Appendix A. Concepts amtividuals can be viewed in
Racer Porter that is a visual interface of the Rmeserver. Figure 5.7 shows the

graphical design of the concept which has beemreédit the Protége.

=T
Shell I Consolel TBDHBSI ABowes  Tawonomy I Role Hierarch}ll Networkl Conceptsl Foles | Individualsl Assertionsl Queriesl Fules I About |
TBox ||D:\\akcay\\doktoram\\tez.owll #Box |ID:\\akcay\\doktoram\\tez.owll
Concept | Fole |
|ndividual I Query 4 Rule I
¥ Simplify Mames
TOP* TOP)

e

[Activity] [Device] WizualParameter] [Perzon]
[Inztantact] [Scheduledact] [FDA)  [MobilePhone) [Mode] [Line]
[Dutdoor] [Indoor]  [Highway] [Avenue] [Street] [Comidor)

[Building)  [District]  [City]  [Foom)

& O Horizontaly ¢ Wertically

IreeDepth|4 vlf;' Tiee  Graph [ §

Focus | Reset | Clear Log I Concept Query Coherent? Clagsify I Guit |

RacerPro Log

rmined for datatype property http://purl.org/dc/terms/issued. Assuming datatype string for vt «|
alue 1999-§7-82

Datatype cannot be determined for datatype property http://7purl.org/dc/terms/modified. Assum?
ing datatype string for value 2806-12-84 done.

done.

1 > |D:\hakcayhhdoktoramyitez.owl|

=
Figure5.7: Graphical view of the T-Box in Racer Porter (RaSgstem, 2005)

To retrieve related explicit and implicit informati in the context of designed
relevancy model a query language called nRQL thahiembedded tool in RacerPro
has been used. nRQL is an acronym for new RaceryQienguage. The query
sentences can be entered manually in the commaedfithe RacerPro or can be

connected with Java API (Application Programmintetface), as has been done in
the multi-tier architecture.

In order to define the places where the Hagi Sophia the OWL knowledge base a
query statement can be arranged. Let us elabdratguery statement and the answer

statement that are built below in NRQL structureoider to explain the meanings
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clearly. All query statements in nRQL start wittrieve word. Istanbul, Sultanahmet
andHagiSophia are the individuals of the knowledge base: in otikerds they are a
part of A-Box definition of the knowledge base. Tihdividuals and the property are
written as Uniform Resource Locater (URL) becausthe OWL-DL syntax that is
explained in section 2.2.1. In the query host-ofiSaphia variable has been
constructed so as to represent the places thatdhadual HagiSophia exists in. As
the result of the query, two individuals are ob¢éginindividuallstanbul is extracted
as implicit information because of the transitivigature of thdocatedin property.
In the answer list, individuéultanahmet is directly obtained from OWL knowledge
base.

Query:

[retrieve (?host-of-HagiSophia)
(|nhttp://www.itu.edu.tr/visual.owl#HagiSophia|
?host-of-HagiSophia

|http://www.itu.edu.tr/visual.owl#locatedin|)]
Answer:

[(?host-of-HagiSophia |http://www.itu.edu.tr/visieavl#Istanbul|)
(?host-of-HagiSophia |http://www.itu.edu.tr/viseadl#Sultanahmet|)]

Now, suppose we want to find out building indivithidocated in a district in the
knowledge base. The building individuals can beaulty, a museum or a hotel. The
following NRQL query searches corresponding Abosgividuals graphically, as
depicted in Figure 5.8:

[retrieve (?X)
(and (?x |http://www.itu.edu.tr/visual.owl#Buildij)g
(?y |http://lwww.itu.edu.tr/visual.owl#District|)

(?x ?y |http://www.itu.edu.tr/visual.owl#located)h|
The query statement has been implemented with sehes step by step in Figure

5.8. The query steps have been explained in Talble 5

NRQL or Jess engine provides rules for the simglexAaugmentation mechanism.
Jess is a rule engine and scripting environmerttemriin Java language. A sample

rule statement that is formalised in Protégé SWitoe can be arranged as follows:
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participatesin (?x, ?y) ~ isComponentOf (?y, 2zhavigates (?X, ?z)

Tableb5.1: Steps of the semantic query

No Semantic Query Statement Explanation of the Query

Variable x indicates individuals that
1 (and (?x Building) (?y top)) belong to Building concept while variable
y indicates all individuals.

VVariable y indicates individuals that
2 (and (?x top) (?y District)) belong to District concept while variable
x indicates all individuals.

3 (and (and (?x Building) (?y top)) Intersection of statement 1 and
(and (?x top) (?y District))) statement 2.
\Variable x and variable y indicate that all
4 (?x ?y locatedIn) individual pairs provide “locatedIn”

relation.

(and (and (?x Building) (?y top))
5 (and (?x top) (?y District))
(?x ?y locatedIn)

Intersection of statement 3 and
statement 4.

5
7y
b | Legend
- _:L_J_Jl“i_q:- -M--]}Jl__i__:"_ (and (?x Building) (?y top)) ([]]I[)
NI L S
> ‘T‘T“'“"E[._ ﬂ V1077 |(and (2x top) (2y District)) @
E=ees.s « S ol NN
R A - and (and (?x Building) (?y top)H
==t ot ceedq (and (2x top) (y District))) &
= = —:i:iii ==—a (?x ?y locatedIn) O
i S
_ __1'__4'(@_:_([" AN 2 - =—-——- | (and (and (2x Building) (?y top))giRy
| - - O (and (?x top) (?y District)) &
-1 —TO—:——:—([%%%*‘{——: —- (?x ?y locatedin))
DO

Figure 5.8: lllustration of the data retrieval with a semarjieery

In the antecedent of the rule example, there ist@ansection of two properties. ?x,
?y and ?z indicate all individuals that provide tleéations between the classes.

According to the rule, any individual that joins amtivity in a place navigates
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towards the location of the activity. The assertddtion pairs of the individuals that
are extracted by the rule definition are addedh® ©OWL knowledge base as

additional information.

5.4 Scenariosfor Relevant Visualisation in distributed GIS

Two scenarios have been described to show theliaatian features of the model.
The scenarios that have been implemented in Shitaetaand the Campus of ITU
define relevant visualization with the context @@ag explained in section 4.2. The
screenshots of the mobile phone displays have lpeeduced in Java Netbeans
Integrated Development Environment (IDE). NetbeHWd supports the emulators
of various mobile phone and PDAs so as to tesiveo#t that is composed for the
mobile applications. An emulator reacts in the sarag as the device behaves in the

real world.

541 Scenariol

According to the scenario, John decides to visiiFBophia Museum when he is in
room A102 of the Civil Engineering Faculty. He rutie map application on his
GPS supported mobile phone. The user interfacdefapplication welcomes the

client John. John manually enters the target plaaehe wants to visit.

Istanbul Visual Level4
City
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// / Sultapahmet \jigalLevel3 | -€9€Nd
[ \| \ Disrict ® Individual
)
| — - /_ - T - I locatedin
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N —————— —_—]— o Explicit
\ ) /7_ — information
_/ VisualLevell | — —p _ImpI|C|t .
Inside of the Room information
museum

Figure5.9: Visual levels
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The server evaluates John’s location and his rédqoethe context model. John’s
visual level and visual levels of Hagi Sophia Museare determined in the server.
The model searches for the covering visual levaheftwo locations. As shown in
Figure 5.9, John and the museum can be representbd “building visual level”.
However, they do not belong to the same distristaAesult of the upper visual level
of the different districts, a common level, cityaisbul, is obtained.
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In the upper-left image of Figure 5.10, the screehshows class A102 as the first
visual level. At this visual level, room polygonseaconverted to the classroom
symbolization in order to make a more simple vigadion on the small screen.
When John leaves the faculty, the sensor deterntivaedhe is outside, and a second
visual level appears on the screen, as depictatlerupper-right image of Figure
5.10. The resolution of the emulator mobile pha820 x 240 pixels. The second
visual level is based on buildings. Buildings apresented by some related symbols

instead of their scaled polygons until the uses gett of the campus district.

In the scenario, the district visual level is definas the covering level by the
ontology server (the lower-left image of Figure®.1The district level emphasizes
the main regions of the city and the avenues tbahect each region. According to
the scenario, the system pops up a map includikhdmd Sultanahmet until John
arrives at Sultanahmet. The system detects Johmtimnee of the Sultanahmet
district and the visual level goes back to thednod level again for Sultanahmet (the
lower-right image of Figure 5.10). The visualizatiof the scenario is completed in

four steps up to the user’s current position.

5.4.2 Scenarioll

Let us assume that Betty is trying to find TopkBplace while she is going around
Sultanahmet. Betty runs the mobile visualisatioitveare through GPRS connection

to get to Topkapi Palace.

The system detects location of Betty with a GPSeerHandheld GPS does not
measure coordinates precisely. GPS coordinatesftner point to a building,

although she is outside.

The ontology reasoner does not accept the cooedired correct after a knowledge
base query and locates the user a possible locagan the building. Because the
usage of the GPS sensor must be outside the hyiédid a person cannot be at two
different places at the same time according tologtcal context, ontology reasoner
might inference this correction from the knowledmgse. The only visual level is

therefore the building level in the scenario inesrtb navigate to Topkapi Palace
(Figure 5.11).
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Figure5.11: The correction for the user’s location with knogige reasoning
5.5 The Definition of the Symbol Size of a Spatial Object

The proposed visualisation model requires symbottead of scaled polygonal
object representation. As explained in section 8y8nbol-based simplification is
applied to the visualisation in order to obtain emancomplicated map outputs on

small screens. The symbol-based simplificationtmaapplied as follows:

Let us suppose there is a spatial object that@sr&and the mobile device has 320
X 320 pixels capacity to show that spatial objdidie spatial object represents a
medical unit in the Campus of ITU. In Figures 548 5.14, the spatial object is
symbolised with a capital H letter with black calan a circle filled with white
colour. The membership values for the pixel sizthe display of the device and the
area of the spatial object are calculated from nmegstbp functions in equations 4.3,
4.4, 4.5 and 4.6:

:uA—Large(X) = 006 (51)
Hagran (X) = 094 (52)
He1ign (X) = 086 (53
U o0n(X)=0.14 (5.4)
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The minimums of the memberships function values:

Rulg: m= min(,uA_La@ (xo),,uB_High (y,)=10.06 (5.5
Rule,:  my=min(, | e (Xo)s s 0w (Y o)) = 0.0€ (5.6)
Rule;: my=min(ty_ g Xo)s Ha-row Vo)) = 0.14 (5.7)
Rule,:  m, =min(u,_ g (Xo): Hg_pign (Yo)) = 0.8€ (5.8)

Equation 5.9, 5.10, 5.11 and 5.12 are conclusiduegaof rules:

Conclusion,:  ¢,'=mgc,=2.22 (5.9
Conclusion,: ¢,'=m,C,=1.66 (5.10)
Conclusion,:  ¢,'=mg,=2.73 (5.11)
Conclusion,: c¢,"=m,,=13.81 (5.12)

Final conclusion that indicates one dimension of #ymbol in pixel unit is
calculated as in equation 5.13. The area thatyimbdsl covered on the map is square
of the conclusion value (Equations 5.14 and 5.The unit of the area is square

pixels in Equation 5.14 and square millimetres qué&tion 5.15:

i
O

c'=-—=18.39 pixels 5.13)
2m
i=1
Symbol Sze=(c')® = (18.39Y = 338.1%quare pixels (5.14)
Symbol Sze=(c)? = (18.39% 0.28} = 26.5%quaremillimetres (5.15)

Figures 5.12 and 5.13 show maps that have scalBdjgal representation and
symbol-based representation. Figure 5.14 shows p wmith a simplification
technique (see section 4.3) to produce an adaptmol Wdaptation is provided
according to the display resolution capacity of thebile device and the size of the
spatial object. The map images in Figures 5.125ah8 are 320X320 pixels.

The 45 buildings that include 12 buildings in tigufes (5.12, 5.13 and 5.14) in the
Campus of ITU have been calculated separately lioeet different resolutions
(320X320, 240X240 and 140X140). All the values #m&l results of the fuzzy logic
calculation can be found in Appendix C.1, C.2 an8.C
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Figure5.12: Scaled polygonal representation

Figure 5.13: Symbol-based representation

In Figure 5.15, the comparison between polygonaiesentation and symbol-based
representation can be seen graphically. Accordirthe graphic, x axis indicates real
area values of the various spatial objects whikxig indicates scaled areas of the
spatial objects. The real area value range ranges 830 square metres to 12191
square metres. As shown in the graphic, the sqadgdjonal area has a wider range

than the scaled symbol area. Consequently the dybalsed representation reduces
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big area differences among the spatial objects. ditaghic has been drawn to
320X320 resolution. Graphics that have been drawr240X240 resolution and
140X140 resolution can be found in Appendix C (FgguC.1 and C.2).

Figure 5.14: Symbol-based representation with simplificatiocht@que
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Figure 5.15: The comparison of symbol area with polygonal area
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6. CONCLUSION

6.1 Achievements

Relevant visualization of the spatial data on smatlbile devices involves many
different parameters. To define relevant visualsatfor the mobile user, the

“relevancy” concept has been reviewed first. Acauydio the relevancy theories,
new relations for relevance have been defined. Vikaalization on the mobile

devices requires some specific relations that lgekonthe mobile context. In the

article, proposed relation types have been deteuniin order to provide

manifestations of the relevance. Three manifestataf the relevance that are more
difficult to define than others are focused on I tmodel: cognitive relevance,
situational relevance and motivational relevancegritive relevance includes one
relation, situational relevance includes four rielsd and motivational relevance
includes two relations. The one side of the progasgations is about the visual
parameters of the mobile device, the opposite gidke relations is about the visual
parameters of the spatial data. For example, insthetional relevance display
resolution of the mobile device is a componenhefmobile device visualization and
space contraction is about spatial data visuatinatirherefore, relevancy of the
visualization has been provided for the mobile eghfas a result of the proposed

relations.

The aim of this research is to obtain a contextravgystem that enables relevant
visualisation for the mobile user. The context miadedefined in the ontological
structure that represents a mobile environmentimvittisualisation. Ontology has
been chosen to construct the context model bedais®ne of the most preferred
scientific solutions for establishing a context-aevaystem. Ontology is based on a
conceptualisation that represents an entity inréla¢ world. Ontology produces not
only conceptualisation but also relationships amthegconcepts to realise the world
in the computer environment. This approach hasigeava map service that is able

to adapt to the continuously changing situationdaolfy life.
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The ontological model has been achieved in tweoerkfiit levels: upper ontological
level and lower ontological level. The upper ongidal level has been formed by
more general concepts and relations. It realizesntilain context entities such as
person, device and activity. In the article, theual parameter concept has been
added to the upper context model to state the Mesuaponents of the spatial data as
an important part of the system. Data type propeiif the visual parameter concept
have also been placed on the upper ontology. Sabpts of the visual parameter
have been defined as line and node. The relatitele® a concept and a subconcept
is “is a” relation. Therefore, it can be statedtthdine is a visual parameter and a
node is a visual parameter. Actually, spatial data be represented in three main
geographic features: point, line and polygon. ki isearch, the polygon feature has
been eliminated while representing spatial datd. palygonal data have been
converted to the central point of it because oflttméed display size of the mobile
devices. Consequently, the visualization has bealized as the line and the node.

Lower ontologies are for more specific concept@dion under the upper context,
such as smart home application and smart car apiplic In the lower ontological
context, some spatial objects have been determasedhe main representation
component of the current visual level. For examttie,level building focuses on the
buildings, like museums. In the building level, ygnal data that belongs to a
building has been converted to the central poirthefpolygon in order to represent
the building as a point or a symbol. This appropabvides a simpler visualization
than the scaled polygonal two-dimensional visuéilbra Particularly, the limited
display of the mobile devices needs map outputs tlta not have complex
representations. The transitions between the viewals are up to the sensors that
locate the mobile user in the mobile context. Thme approach has been proposed
for the roads. The polyline data has been categyriguch as streets, avenues and
corridors that are parallel to the polygonal videakls.

In order to obtain a mobile map service which eatds the user’s current situation
and extracts new conclusions, some reasoning tde® been applied on the
ontological context model with semantic queriesisTdntological contextual model
is based on a description-logic supported concépioadel that is called a
knowledge base. Some restrictions have been appilithe T-box (conceptual

structure) so as to create a knowledge base. Testréctions have been composed
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appropriately to obtain relations (properties) lesw the concepts. These properties
play an important role during reasoning procedditee more efficiently relations
connect the concepts with each other, the morerrdton is retrieved from the
context. The structuring of the knowledge baséésdfore a time-consuming special
procedure. In some literature, the person thattesea knowledge base is called an

“ontology engineer”.

In this research, OWL-DL has been preferred asémeantic language to obtain the
knowledge base. OWL-DL is a specification that éesibeasoning from the context.
The context reasoning has provided the implicitoinfation from the explicit
information on the model. DL support on the OWL @peation increases reasoning
capacity. To add new reasoning possibilities, hdsed specification, called SWRL,
has also been added to the knowledge base. Theréferproposed knowledge base
has provided two types of reasoning: ontology reagpand rule-based reasoning.
Both types are able to extract implicit informatido obtain more relevant

visualization on the mobile devices.

The visualisation model is based on two dimensimstead of three dimensions
because of the limited display capacity of the reobevices. Moreover, low process
capacity of the mobile devices cannot run threeedisional spatial data
appropriately. The third reason for preferring tmensions is the connection speed
and connection fee. Although GPRS provides speearbless internet connection, it
is not as fast as UMTS infrastructure. Furthermeezh data unit that is transmitted

between servers and users raises total servicg. cost

Semantic approaches provide useful solutions fonted-aware systems.
Nevertheless, semantic approaches might not beoa gmlution for every problem.
The system therefore requires algorithmic solutitmsupport the knowledge base.
In the research, cartographic representation ofspgatial data has been done more
simply and more comprehensibly with the symbol-daseenplification for mobile
devices. To determine appropriate symbol size lierdbjects of the current visual
level, a fuzzy logic solution has been proposedcivliiepends on the original area of
the object and the scale of the map. The solutasgrovided reasonable views for
the mobile device.

The knowledge base has been integrated in theibdisgd GIS environment. A

multi-tier technological architecture has been glesd that includes spatial database,
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knowledge base and web map server (WMS). To corthectnobile devices to the

servers, a web server and a proxy server havebakso set up as in the middleware
architecture. GPRS connection, that is the onleMgs connection provided by the
mobile phone operators, has been used in the ofseBhe UMTS has not been

provided yet in Turkey. A GUI that collects infortitm from mobile users has been
designed. The architecture has been composed wita 2EE and Java 2ME

programming. To implement the inference procedbhee demantic query language
(nRQL) has been used.

Egocentric design of a map-based service whichigesvrelevant visualization for
the mobile user has been implemented at the caarpasof the Technical University
of Istanbul and Sultanahmet, the historic distoictstanbul. The implementation of
the service has been intended to test consistentthye@roposed model for the real
user world. From the computer scientists’ point veéw, this application field

(campus area) is called Intelligent Space. Fronaréographer’s perspective, it can

be called Intelligent Map Space.

6.2 FutureWork

The proposed knowledge base is based on the anspogical approach. According
to ontologies, an object is an existence and re@esented in the concept as an
individual. Individuals have relationships eachesthA new fuzzy approach for the
ontology is proposed by some computer scientiske dpproach accepts that an
existence might be a partial member of a concelpis fiew idea might bring new
expansions to the model. It might lead to new igriee possibilities.

Technological advancements always give new oppiiegnfor mobile services.

They are also valid for mobile map services. A rfeobervice has many components
such as connection, device and server. The advamntevheach component supports
a new ability separately for the service. For exi@np large connection band is
essential for the huge data transmissions amonggeets. In the obtaining of three-
dimensional spatial data on the mobile device adpacof the mobile devices and

internet connection gain particular importance.

In the near feature a mobile user will be able iwwcomplex visualisation of the
spatial data. Consequently, the ontological conteatiel will need review for the
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three dimensions or something else. Connectiondspas already been developed
with UMTS network in many countries, but it is ktilot a worldwide service. The
band capacity of the UMTS connection provides frrthpplication opportunities

like live TV broadcast. It will certainly influenamobile web services.

Third dimension and advanced visualisation featuegsiire a new contextual model
for the implementation of a relevant mobile map vee: With relevance
manifestations of the visualisation of the spadetia which have been defined in this
thesis, visual parameters should be redefined enlight of the features of three-
dimensional complex and advanced visualisations Tind of visualisation will

provide more relevant and realistic spatial dagsentation for the user.

Developments on geosensor technology will alsauerfte the contextual models
and their reasoning capabilities. Different sertypes should therefore be defined,
modelled and integrated in the ontological modelasoto provide more efficient
mobile services. Advantages of the geosensorsdiviict spatial data providers in

order to present better location -ased servicésetonobile user.

An agent-based model is also important for widesteay implementation. In this
thesis, contextual model and ontological projediansf this model have been
developed. The model has been tested on some mxriar limited users. An
implementation of the model, however, requires &fpased structures such as
context brokers, directory facilities and persoagents for large amount of data
entry to provide a healthy communication betweeitwsoe and human agents. An
agent-based approach might be provided for thegsexgbmodel in future work.
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APPENDIX

Appendix A — T-Box of the knowledge base in OWL syi@x

<?xm version="1.0"?>
<rdf : RDF
xm ns: pl="http://protege. stanford. edu/ pl ugi ns/ ow / dc/ pr ot ege-
dc. oW #"
xm ns: dcterms="http://purl.org/dc/terns/"
xm ns: rdf ="http://ww. w3. or g/ 1999/ 02/ 22-r df - synt ax- ns#"
xm ns: xsd="ht t p: // www. w3. or g/ 2001/ XM_Scherma#"
xm ns: rdf s="http://ww. w3. org/ 2000/ 01/ r df - scherma#"
xm ns: ow ="http://ww. w3. org/ 2002/ 07/ o #"
xm ns: dam ="http://ww. dani . or g/ 2001/ 03/ dami +oi | #"
xm ns:dc="http://purl.org/dc/elenments/1.1/"
xm ns="http://ww. ow - ont ol ogi es. coni photo-itu. oM #"
xm : base="http://ww. ow - ont ol ogi es. com photo-itu.ow ">
<ow : Ont ol ogy rdf: about="">
<ow : versionlnfo
rdf : dat at ype="htt p://ww. w3. or g/ 2001/ XM_Schema#stri ng"
>cl assi fi ed</ ow : versi onl nf o>
<ow :inports rdf:resource="http://purl.org/dc/elenments/1.1/"/>
</ ow : Ont ol ogy>
<ow : d ass rdf: | D="Person">
<rdfs: subd assOf
rdf: resource="http://ww. w3. org/ 2002/ 07/ oW #Thi ng"/ >
<ow : disjointWth>
<ow : Class rdf:ID="Activity"/>
</ ow : di sjoi nt Wt h>
<rdfs: subd assOf >
<ow : Restriction>
<ow : al | Val uesFr one
<ow : Cl ass rdf: I D="Visual Paranmeter"/>
</ ow : al | Val uesFr o
<ow : onProperty>
<ow : Obj ect Property rdf: 1 D="i sConponentCf "/ >
</ ow : onProperty>
</ow : Restriction>
</ rdfs:subd assCOf >
<ow : equi val ent d ass>
<ow : Cl ass>
<ow :intersectionCf rdf:parseType="Collection">
<ow : Restriction>
<owl : onProperty>
<ow : Obj ect Property rdf: I D="participatesln"/>
</ ow : onPr operty>
<ow : al | Val uesFr on»
<ow : O ass rdf:about ="#Activity"/>
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</ ow : al | Val uesFronp
</ ow : Restriction>
<ow : Restriction>
<ow : soneVal uesFronp
<ow : O ass rdf:about ="#Activity"/>
</ ow : sonmeVal uesFr onr
<ow : onProperty rdf:resource="#participateslin"/>
</ ow : Restriction>
<ow : Restriction>
<ow : al | Val uesFr on>
<owW : Cl ass rdf: | D="Device"/>
</ ow : al | Val uesFr on®
<owl : onProperty>
<ow : Obj ect Property rdf:|D="uses"/>
</ ow : onPr operty>
</ow : Restriction>
<ow : Restriction>
<ow : onProperty rdf:resource="#uses"/>
<ow : soneVal uesFronp
<ow : C ass rdf: about ="#Devi ce"/ >
</ ow : soneVal uesFr onr
</ow : Restriction>
</ow :intersecti onO™f >
</ ow : Cl ass>
</ ow : equi val ent Cl ass>
<rdf s: subCl assCOf >
<owW : Restriction>
<ow : soneVal uesFr on>
<ow : Cl ass rdf: about ="#Vi sual Paraneter"/>
</ ow : soneVal uesFr one
<ow : onProperty rdf:resource="#i sConponent X"/ >
</ow : Restriction>
</ rdfs:subCl assCOf >
<ow : di sj oi nt Wt h>
<ow : Cl ass rdf: about ="#Vi sual Paraneter"/>
</ ow : di sjoi nt Wt h>
<ow : di sj oi nt Wt h>
<ow : Cl ass rdf: about ="#Devi ce"/>
</ ow : di sjoi nt Wt h>
</ oW : Cl ass>
<ow : O ass rdf: about ="#Vi sual Par anet er" >
<ow :disjointWth rdf:resource="#Person"/>
<ow : di sj oi nt Wt h>
<ow : Cl ass rdf: about =" #Devi ce"/ >
</ ow : di sjoi nt Wt h>
<ow : disjointWth>
<owl : Cl ass rdf: about="#Activity"/>
</ ow : di sjoi nt Wt h>
</ oW : Cl ass>
<ow : C ass rdf: | D="Mbil ePhone" >
<ow : di sj oi nt Wt h>
<ow : Cl ass rdf: | D="PDA"/>
</ ow : di sjoi nt Wt h>
<rdfs:subd assCf >
<ow : Cl ass rdf: about =" #Devi ce"/ >
</rdf s: subC assCOf >
</ oW : Cl ass>
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<owW : Cass rdf: 1 D="Corridor">
<ow : di sj oi nt Wt h>
<ow :Class rdf:ID="Street"/>
</ ow : di sjoi nt Wt h>
<rdfs: subCd assOf >
<ow : Cl ass rdf: | D="Line"/>
</ rdfs:subCl assCOf >
<ow : di sj oi nt Wt h>
<owW : Cl ass rdf: | D="Avenue"/>
</ ow : di sjoi nt Wt h>
<ow : disjointWth>
<ow : C ass rdf: | D="H ghway"/>
</ ow : di sjoi nt Wt h>
</ oW : Cl ass>
<ow : d ass rdf: about ="#Devi ce" >
<rdf s: subCl assCf
rdf: resource="http://ww. w3. org/ 2002/ 07/ oW #Thi ng"/ >
<rdfs: subCd assCOf >
<ow : Restriction>
<ow : al | Val uesFrom rdf : resour ce="#Vi sual Par aneter"/>
<ow : onProperty rdf:resource="#i sConponent "/ >
</owW : Restriction>
</rdf s: subCl assCOf >
<rdfs: subd assOf >
<owW : Restriction>
<ow : onProperty rdf:resource="#i sConponentX"/ >
<ow : soneVal uesFrom rdf: resource="#Vi sual Paraneter"/ >
</owW : Restriction>
</ rdfs:subC assCOf >
<ow : di sj oi nt Wt h>
<owl : Cl ass rdf: about="#Activity"/>
</ ow : di sjoi nt Wt h>
<ow :disjointWth rdf:resource="#Vi sual Paraneter"/>
<owW :disjointWth rdf:resource="#Person"/>
</ ow : Cl ass>
</ rdf : RDF>

<l-- Created with Protege (with OAL Plugin 2.1, Build 284)
http://protege.stanford. edu -->
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Appendix B1 — A web service method that connects ¢hontology reasoner:
public java.lang.String operation(String conceptpws java.rmi.RemoteException {

String ip = "localhost”;
int port = 8088;

RacerServer racerl = new RacerServer(if);por
try {
racerl.openConnection();
String general = (racerl.send("(re&i€¥x) (?x |http://mwww.owl-
ontologies.com/unnamed.owl#" + concept + "|))"));
String gecici = general.substring(1);

String[] words = gecici.split(" ");
for (int i=1; i < words.length; i+=2)
words[i] = wordsJi].substring(43);

int t = words.length;
int[] in = new int[t];

for (int i=0; i < words.length; i++)
in[i] = wordsi].length();

for (int i=1; i < words.length; i+=2)
wordsJ[i] = words[i].substring(0, inf]3);

result = words[1];
for (int i=3; i < words.length; i+=2)
result = result + " " + wordsJi];
this.result = result.substring(0, resemhgth() -1 );
racerl.closeConnection();
}
catch (Exception e) {
e.printStackTrace();

}

return this.result;

}
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Appendix B2 — A web service method that connects ¢hdatabase server:

public java.lang.String getTarget(String nameTgrgebws java.rmi.RemoteException

{

Statement sql = null;
Connection db = null;

try {

Class.forName("org.postgresql.Driver");
} catch (ClassNotFoundException ex) {
ex.printStackTrace();
}
try {

db =

DriverManager.getConnection("jdbc:postgresql://lboat:5432/campusdb”, "postgres”,
"xx)- [[connect to the db

} catch (SQLException ex) {
ex.printStackTrace();

}

try {
sqgl = db.createStatement(); //creameement that we can use later

} catch (SQLException ex) {
ex.printStackTrace();

}

try {
/Icreate a statement that we can use la

//String sqlText = "SELECT name FROMgm WHERE gid = 1;";
String sqlText = "SELECT asewkt(the_ig@d-ROM buildings WHERE name =

"+ nameTarget + ";";

ResultSet rs = sqgl.executeQuery(sqlfext
rs.next();

targetcoord = rs.getString("asewkt");
targetcoord = targetcoord.substring{&J,
String x = targetcoord.substring(0,10);
String y = targetcoord.substring(17;28)
this.targetcoord =x +"" +vy;

} catch (SQLException ex) {
ex.printStackTrace();

}

return this.targetcoord;

}
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Scaled Areas for 240 X 240 resolution

120
100 -
80 A

— Polygonal Area

60

= Symbol Area
w© l_/:-/,/f y
20 7

0’#\HH\HHHHHHHHHHHHH\HHHH

Scaled Area
(square millimetre)

O W D P o (O > O &
P of o7 oS & P &

'L%’\Q"L'\’

Area (square metre)

Figure C.1: The comparison of symbol areawith polygonal areafor 240X 240 pixels

Scaled Areas for 140 X 140 resolution
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Figure C.2: The comparison of symbol areawith polygonal areafor 140X 140 pixels
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