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Abstrakt

Ukazuje se, ze pro veétSinu uzivateli prostorovych dat pfedstavuje nejvétsi potize
harmonizace dat (eliminace heterogenity) — tedy pfizplsobeni vlastnich datovych sad
datovym specifikacim vytvarenych v ramci smérnice INSPIRE tak, aby nebyly naruseny
soucasné procesy zpracovani, spravy, sdileni a prezentace téchto dat. Proto je potfeba co

heterogenity.

vy

Autor této disertacni prace se zabyval moznostmi, které piinaSi ontologie do procesu
datového modelovani. Cilem prace bylo pomoci ontologii popsat vybrané ¢asti (klasifikacni
systémy) datovych modeld témat prostorovych dat ,land cover” a ,land use“, které jsou
definovany v pfilohach II a III smérnice INSPIRE. Vytvofené ontologie maji slouzit jako
zdroj informaci o klasifika¢nich systémech. Jejich vyhodnocenim (tzv. reasoning) vzniknou
nové informace (vztahy mezi jednotlivymi prvky taxonomii), které hraji dulezitou roli
v procesu transformace klasifikacnich systémi jako sou¢ésti harmonizace prostorovych dat.

Tvorba ontologii se skladala ze tfi zakladnich krokd — vybér vhodné metodiky, vytvoieni
zékladni struktury ontologie a iterativni proces tvorby jednotlivych ontologii. Po reSersi
postupti pouzivanych pro realizaci doménovych ontologii se ukazala jako nejvhodnéjsi
kombinace metodik On-To-Knowledge, METHONTOLOGY a Uschold & King. Na
zéklad¢ téchto metodik byla vytvofena jednotna struktura vSech ontologii popisujicich
klasifikacni systémy. Tyto soubory obsahuji seznam vSech polozek taxonomie, parametry
popisujici tyto prvky, piipustné hodnoty téchto parametrii a také vlastnosti pritazujici
hodnoty parametrii prvkim klasifikacnich systémi. Dalsi faze spocivala v testovani volby
parametrd, jejich hodnot a zptisobu pfifazeni. K tomu slouzily tzv. kontrolni ontologie, které
ovétovaly tivodni hypotézy na omezené mnoziné dat nebo na zakladé externiho referenéniho
zdroje. Poslednim krokem bylo propojeni jednotlivych partikularnich ontologii a jejich
nasledné vyhodnoceni. Tim vznikl novy systém, ktery ukazuje vztahy mezi prvky
klasifika¢nich systémd.

Vysledky disertacni prace je mozné rozdélit do tfi skupin — tvorba ontologie a popisu
domény (testovani pouzitého programového vybaveni a navrzend metodika, predev$im
iteracni proces tvorby kontrolnich ontologii), popis a transformace klasifika¢nich systémut
pomoci ontologii (jedna se o otevienou, modularni aplikace, kterda mize byt v budoucnosti
roz$ifovana a zptesnovana) a navrh aplikace vytvorenych ontologii v datovém modelovani
(s ohledem na smérnici INSPIRE).

Zavéry disertaéni prace ukazuji, Ze ontologie maji své nezastupitelné misto v procesu
datového modelovani, harmonizace prostorovych dat a tedy i v implementaci smérnice
INSPIRE. Ontologie neptedstavuji tak striktni formu popisu dat jako naptiklad UML
diagramy nebo databazova schémata, proto jsou vhodné pro ukladani takovych informaci,
které by pro svoji obecnost mohly tvofit v jinych typech datovych modeli pouze
nestrukturované textové fetézce. Ontologiemi neni mozné saturovat kompletni proces
datového modelovani, ale spolu s ostatnimi nastroji mohou tvofit velice silnou platformu
slouzici k omezeni heterogenity dat a jejich dusledku.



Abstract

It turns out that for most users of spatial data presents a harmonization of data (as
an elimination of heterogeneity) as the greatest problem — a transformation their own data
sets to the data specifications produced by the INSPIRE Directive so as not to limit current
processes processing, management, sharing and presentation of data. Therefore, they need
the widest possible description of spatial data, because it will only eliminate the problems of
heterogeneity.

The author of this Ph.D. thesis dealt with the opportunities which ontologies bring to the
process of data modelling. The aim was to describe using ontologies the selected part
(classification systems) of data models of spatial data themes "Land Cover" and "Land Use"
which are defined in Annexes II and III of the INSPIRE directive. Developed ontologies
serve as a source of information on classification systems. Their evaluation (so-called
reasoning) will provide new information (relationships between taxonomy elements) that
play an important role in the transformation process of classification systems as part of the
harmonization of spatial data.

Creating of ontologies consisted of three main steps — selection of appropriate methodology,
development of a basic ontology structure and iterative process of populating and
specification of ontologies. After the search procedures used to realize domain ontologies
a combination of methodologies On-To-Knowledge, METHONTOLOGY, and Uschold &
King have proved to be the most appropriate. Based on these methodologies the uniform
structure of ontologies describing classification systems have been created. These files
contain a list of all items of the taxonomy, the parameters specifying these elements,
allowable values of these parameters and relations assigning parameter values to the
elements of classification systems. The next phase was focused on testing of selection
parameters, their values and way of assignment. This so-called “control ontologies” verified
the initial hypothesis on a limited data set or an external reference source. The last step was
to interconnect each of the particular ontology and their subsequent evaluation. A new
system shows the relationships between elements of classification systems.

The results of the Ph.D. thesis can be divided into three groups — development of domain
ontologies and description of domain (testing of software and proposed methodology,
especially the iterative process of “control ontologies™), description and transformation of
classification systems using the ontologies (the application is open, modular therefore it may
in future be extended and modified), and proposal of applications of the created ontologies
in data modelling (with respect to the INSPIRE Directive).

The conclusions of the Ph.D. thesis indicate that the ontologies have their unique place in
the process of data modelling, harmonization of spatial data and therefore also in the
implementation of the INSPIRE directive. Ontologies do not represent a strict form of
description data, such as UML diagrams or database schemas. It makes them suitable for
storing such information, which, for its generality could be defined just as an unstructured
text strings in other types of data models. Ontologies are not possible to saturate the
complete process of data modelling, but along with other similar tools they can generate
very strong platform serving to reduce the heterogeneity of data and its consequences.



1. Uvod

Pro soucasny svét geoinformacnich technologii (GIT) a prostorovych dat je typicky
stav, kdy dochazi k masivni tvorbé novych datovych sad predev§im diky moznostem
automatického sbéru a zpracovani dat ziskanych pomoci modernich geodetickych
metod, metod dalkového prizkumu Zemé, fotogrammetrie nebo noveé laserového
skenovani. Velice Casto dochazi k tvorbé redundantnich datovych sad, protoze pro
uzivatele je snadnéjsi (levnéjsi a efektivnéjsi) pofidit si ,,nova data® namisto vyuZzivani
existujicich. Duvodem je heterogenita prostorovych dat, kterd znemoziuje nebo
alespont vyrazn¢ limituje jejich znovu vyuzivani (re-use), sdileni, vzajemné
kombinovani a publikovani pomoci automatickych nastrojii (naptiklad webovych
sluzeb). Z tohoto diivodii se mnoho iniciativ na poli GIT zaméfuje na harmonizacni
procesy, neboli na omezeni vlivu heterogenity prostorovych dat. Pfikladem mohou byt
vyznamné mezinarodni projekty jako napiiklad Humboldt, Habitats nebo Plan4all
i aktivity Evropské Unie, mezi kterymi je na prvnim misté potfeba uvést smérnici
INSPIRE, ktera je soucasti ceské legislativy.

V disertacni praci je popsana moznost aplikace ontologii v procesu modelovani
a harmonizace prostorovych dat. Popisované ontologie byly vytvofeny na doméné
vzajemné souvisejicich témat prostorovych dat ,land cover” a ,land use®, pfi¢emz se
soustiedily na klasifika¢ni systémy a jejich vzajemnou konverzi.

Text disertacni prace je rozdéleny do Sesti zékladnich kapitol, které jsou dale doplnény
ptilohami (v tisténé i digitalni podobg), seznamem zkratek, tabulek a obrazkl
vlozenych do textu, seznamem literatury a jinych pouzitych zdroji. Jednotlivé ¢asti
jsou logicky tazeny od obecnych pasazi popisujicich uvodni premisy, zakladni
terminologii a problematiku smérnice INSPIRE, ontologii a datového modelovani, ptes
teoretické zaklady ontologii, pfehled pouzivanych piistupli, metodik, technologii
a formatti az po podrobny popis tvorby a struktury ontologického systému. Zavérecné
pasaze se vénuji prezentaci vysledkd, jejich diskuzi a shrnuti dosazenych vysledki
i smért nasledného vyzkumu.

2. Cile prace

Disertaéni prace by méla pomoci specifikovat konkrétni a pevné misto ontologii
v procesu datového modelovani a popisu prostorovych datovych sad. Pro implementaci
nové vytvorenych datovych specifikaci podle smérnice INSPIRE je kromé popisnych
struktur nutné vytvoreni mechanismil, které umozni co mozna nejvice automatizované
prevody mezi nov€ vytvorenymi datovymi modely (pfedstavujici soucast specifikaci)
a datovymi modely, které jsou dosud vyuzivany pro praktické ucely, pficemz
neoddé¢litelnou soucasti téchto modeld jsou klasifikaéni schémata.

Hlavnim cilem disertacni prace bylo prozkoumat, analyzovat a ovéfit moznosti
ontologii a jejich roli pfi navrhu a transformaci konceptualnich datovych modelt
(a jejich ¢asti) pro vybrana témata (,,land cover” — vyuziti uzemi, vyuziti pudy a ,Jand
use® — krajinny pokryv, pudni kryt) prostorovych dat specifikovanych v piilohach



smérnice INSPIRE. Moznosti ontologii byly vyzkouSeny a ukazany na problematice
popisu a vzajemné transformace klasifikacnich systému uzivanych pro prostorova data,
kterd spadaji pod vySe uvedend témata. Témata prostorovych dat byla vybrana
pfedevsim s ohledem na oblast izemniho planovéani a s nim souvisejici harmonizaci
prostorovych dat, kterym se pracovist¢ Odd€leni geomatiky, Katedry matematiky,
Fakulty aplikovanych véd Zapadoceské univerzity v Plzni v souc¢asné dob€ vénuje.

Kromé vlastnich navrhi komponent datovych modeld prace ,,Ontologie jako nastroj
pro navrhy datovych modelli vybranych témat piiloh smérnice INSPIRE® obsahuje
podrobnou resersi existujici literatury a teoretické pasdze tykajici se ontologii, jazykl
pro popis ontologii, metodik pro tvorbu ontologii a smérnice INSPIRE, pti¢emz diraz
bude kladeny predevSim na dosud ne zcela dostatené popsané propojeni
geoinformacnich technologii a ontologickych technologii a principt.

3. Material a metodika

Princip popisu tid klasifikacnich systémt pomoci parametrii byl pfevzaty z projektu
HarmonISA (zabyvajici se popisem taxonomii na zemi Rakouska, Slovinska a Italie).
Z pohledu metodiky byla vyuzita kombinace existujicich pfistupli pro tvorbu ontologii
(On-To-Knowledge, METHONTOLOGY a Uschold & King), které byly doplnény
pfedevsim iteracnimi postupy ve formé tzv. kontrolnich ontologii. Kontrolni ontologie
slouzi k ovéfeni platnosti pocatecnich hypotéz (parametry, jejich hodnoty a vlastnosti
propojujici parametry a prvky klasifikacnich systémtl) na omezeném vzorku dat,
pticemz vstupni informace jsou dopliovany a zpiestiovany.

Vytvorené ontologie jsou uréeny nejen k popisu jednotlivych klasifikacnich systémi
(vychazejiciho z pfislusnych definic polozek taxonomii), ale predev§im k urceni
sémantickych vztahii mezi nimi, resp. mezi jejich prvky. Na zakladé predem
definovanych znalosti (struktura jednotlivych klasifikacnich systémt a hodnoty
pfeddefinovanych spoleénych parametrd) je mozné prostfednictvim procesu
»reasoningu® vytvorit jednotnou multihierarchickou strukturu obsahujici vSechny prvky
zdrojovych taxonomii. Odvozena ontologie vyznamné napomdhd pifi transformaci
jednotlivych klasifikaénich systéml mezi sebou a nasledné v procesu harmonizace
prostorovych dat vyuzivajicich prislusné klasifikacni systémy.

Soucasnd verze ontologického systému obsahuje Sest popsanych a vzijemné
propojenych klasifikac¢nich systémi — CORINE (Coordination of Information on the
Environment) Land Cover, LUCAS (Land Use/Cover Area frame statistical Survey),
PELCOM (Pan-European Land Use and Land Cover Monitoring), IGBP (International
Geosphere-Biosphere Programm), GlobCorine a UMD (University of Maryland) Land
Cover Classification. Cely systém je navrzen tak, aby bylo mozné jednoduse doplnit
dalsi taxonomie nebo nové parametry a jejich hodnoty.

Navrhované ontologie se nezabyvaji prostorovymi ani ¢asovymi aspekty prostorovych
dat. Stejn€ tak nefeS$i problematiku hranic mezi jednotlivymi typy tématu ,pokryti



uzemi“ na urovni jednotlivych zdrojovych ontologii, vcetné¢ jejich definic (ty jsou
pouze piebirany do ontologie bez jakékoli modifikace).

Ontologie byly vytvafeny v nastroji Protégé. Jako reasonery (software pro vytvoreni
odvozené ontologie) byly pouzivany programy integrované do rtiznych verzi prostredi
Protégé jako napiiklad FaCT-++, Pellet nebo HermiT. Ontologie jsou zapsany ve
formatu OWL 2.0 v syntaxi OWL/RDF.

4. Vysledky a diskuse
Vysledky disertacni prace je mozné rozdélit do dvou hlavnich skupin.

1.

Texty, které shrnujici teoretické poznatky z oblasti datového modelovani
souvisejici se smérnici INSPIRE, klasifika¢nich systémut popisujicich data
témat ,,land cover” a ,land use* a ontologii, véetn¢ metodik pro jejich tvorbu.
Tyto kapitoly piedstavuji zhlediska odbornych textli zameéfenych na
geoinformacni technologie a publikovanych v ¢eském jazyce se jedna o jedny
nejrozsahlejSich a nejucelenégjSich zdroji, které seznamuji Ctenéfe
s aktudlnimi sméry primarniho i aplikovaného vyzkumu.

Ontologie uréené pro popis a vzajemny pievod taxonomii témat ,,land cover
a ,land use*.

Hlavnim vystupem je ontologicky systém, ktery ma tii zékladni, vzajemné provazané
komponenty slozené ze souboril ve formatu OWL:

1.

Soubor Parameter.owl, ktery je importovany do jednotlivych ontologii
obsahujicich klasifikaéni systémy, popisuje vlastnosti vSech tfid uvedenych
nomenklatur. Soubor obsahuje nejen veskeré parametry (aktudlni verze se
sklada z deviti parametri), ale také jejich hodnoty a vlastnosti, které pfifazuji
hodnoty parametra k jednotlivym tfidam klasifika¢nich systémd.

Soubory obsahujici veskeré prvky jednotlivych klasifikaénich systémd.
Veskeré tfidy ontologii jsou prostiednictvim vlastnosti popsané pomoci
parametrd a jejich hodnot.

Ontologie slouZici ke vzdjemné transformaci klasifikacnich systémi (soubor
Trasformation.owl) — do této ontologie jsou importovany soubory popisujici
klasifikacni systémy. Po jejich vyhodnoceni (reasoning) je ziskana
multihierarchickd struktura poskytujici informace o vzdjemnych vztazich
popisovanych taxonomii (sémanticky ekvivalentni nebo vzajemné nadtazené
a podrazené tiidy). Vztahy mezi prvky odvozené ontologie mohou byt
zpracovany do formy transformacnich pravidel vyuzitelnych pfi procesu
harmonizace prostorovych dat.

Vytvotfeny ontologicky systém neni dokoncenou, uzavienou aplikaci (a ani nemize
byt). Jedna se o pilotni studii uplatnéni ontologii v procesu datového modelovani



a harmonizace prostorovych dat. Divodem vytvofeni pilotni studie je pfedevSim
vysoka komplexnost ontologii, ktera vyzaduje spolupraci a kooperaci tvirc obsahu,
doménovych expertll, znalostnich inzenyrd a experti na logiku. Celd aplikace je
modularni a oteviena, a tedy pfipravena pro dal$i rozsitovani formou dopliovani
novych klasifikacnich systémt, parametrti a jejich hodnot.

Je ovSem nutné poznamenat, Ze vysledek ziskany pomoci ontologii nemusi byt vzdy
jednoznaény ve smyslu vytvofeni harmoniza¢nich pravidel typu ,,prvek A odpovida
prvku B Muze dojit k situaci, kdy pro jednu tfidu vzniknou dva nebo vice pfimo
nadfazenych tfid. Z hlediska struktury jde o spravny vysledek, ontologie vsak
neposkytuje informaci, kdy a za jakych podminek se rozdé€luji prvky tfidy na nizsi
urovni do tfid na vys§im stupni hierarchie. V tomto pfipad¢ je nezbytna role experta na
konkrétni doménu, ktery upfesni ontologii vytvofena transformacni pravidla.

Konkrétni vyhody ziskané z vlastniho ontologického systému a také procesu jeho
vyvoje je mozné rozdélit do ti skupin:

1. Nové poznatky z oblasti metodik pro tvorbu ontologii a vlastniho napliovani
ontologie (klicovou roli zde sehralo pfedevsim pouzivani kombinace metodik
a tvorba tzv. kontrolnich ontologii — tento princip cyklického a iterativniho
a extrémniho programovani). Navrzend metodika mulze dobfe slouzit
pfedev§im v pfipadech analogickych k tématu disertacni prace, to je
k propojovani nezavislych terminologickych systémd.

2. Vysledky transformace — v prvni fadé se potvrdil piedpoklad, Ze ontologie
dokazi urychlit tvorbu mapovacich pravidel mezi taxonomiemi a tyto systémy
efektivné popsat.

3. Aplikace vytvorenych ontologii v datovém modelovani — ontologie nabizi
nejen ekvivalenty k takovym strukturam, jako jsou atributy nebo subsumpce,
ale umoziuji také implementaci obecnych vlastnosti nebo anotaci. Pro vlastni
datové modelovani a s nim souvisejici proces harmonizace prostorovych dat
je dulezité predevsim vyhodnoceni ontologii (reasoning). Pravidla vytvoiena
na zdkladé¢ odvozenych ontologii je moZné jednoduSe implementovat do
dalsich programovych aplikaci realizujicich vlastni transformaci dat — témi
mohou byt naptiklad ETL systémy, databazové systémy nebo geografické
informacni systémy.

5. Zavéry

Postup tvorby ontologie ptfedstaveny v ramci tohoto textu muize byt aplikovany na
jakékoli jiné taxonomické systémy nejen v oblasti geoinformacnich technologii. Je
ovSsem zapotfebi si uvédomit, ze konkrétni doménova ontologie pfedstavuje pouze
jeden z pohledii na doménu (neexistuje zadna komplexni ontologie) — obsah kazdé
ontologie nezavisi jen na doméné, ale také na thlu pohledu tviirce ontologie. Kazda
doména mize byt popsana vice ontologiemi, které navic nemusi byt vzajemné



vrwe

ucelem, pouzivanou terminologii a samoziejmé také dobou a mistem vzniku. I pfes
svoji nespornou silu na poli popisu dat nemohou byt ontologie v procesu harmonizace
prostorovych dat aplikovany izolovang, ale ve spojeni s dal§imi nastroji pro popis dat.
Mnohovrstevnaty popis prostorovych dat vede k jejich vyssi interoperabilité, ktera
umoziuje snadnéjsi sdileni, kombinaci jednotlivych datovych sad, jejich automatické
zpracovani i publikovani.

Modelovani a harmonizace prostorovych dat predstavuji velice aktualni problematiku
vzhledem k tvorb€ a implementaci datovych specifikaci smérnice INSPIRE. Ontologie
sice nejsou planovany jako prima soucast datovych specifikaci, ale jsou dulezité
predevsim z hlediska definovani pojmového aparatu, vzajemnych vztahii mezi jeho
polozkami a také z pohledu harmonizace narodnich, proprietarnich nebo jinych
standardd a ptislusné datové specifikace.

Disertacni prace je vysledkem dlouhodobé prace z let 2007-2011. Neékteré dil¢i pasaze
zamétené predevsim na problematiku efektivniho popisu a harmonizace prostorovych
dat byly v minulosti publikovany v odbornych publikacich — INSPIRE, GMES and
GEOSS Activities, Methods and Tools towards a Single Information Space in Europe
for the Environment a Handbook of Reasearch on Green ICT: Technology, Business
and Social Perspectives, a na odbornych konferencich — XXIII. International
Cartographic Conference 2007, IST-Africa 2009 a dal$ich, jejichz vystupy nejsou v
praci piimo citované. Koncem roku 2011 bude publikovan v odborném casopisu
Geodeticky a kartograficky obzor clanek, ktery se soustfedi na harmonizaci
prostorovych dat s vyuzitim doménovych ontologii. Tento ¢lanek piedstavuje logické
pokracovani a praktickou aplikaci zasad, principti a metod uvedenych v této disertacni
praci.
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1. Introduction

In the contemporary world of geoinformation technologies (GIT) and spatial data there
is the typical situation where there is a massive creation of new data sets thanks to the
opportunities of automated data collection and processing of data using modern
geodetic methods, remote sensing, photogrammetry and laser scanning. Very often
redundant data sets are built up, because it is easier (cheaper and more efficient) to buy
a "new data" instead of re-using existing ones. The heterogeneity of spatial data is the
reason of this situation. It prevents or at least significantly limits spatial data re-use,
sharing, mutual combining, and publishing through automated tools (such as web
services). For this reason, many initiatives in the GIT focuses on harmonizing
processes, or to limit the influence of heterogeneity of spatial data. Important
international projects, such as Humboldt, Habitats or Plan4all and activities of the
European Union, among which is the first place need to specify the INSPIRE Directive
(which is part of the Czech legislation) might be an example.

The Ph.D. thesis describes the possibility of applying ontologies in process of
modelling and harmonization of spatial data. The described ontology were created on
the domain of interconnected themes of spatial data "land cover" and "land use". The
ontology is focused on classification systems (taxonomies) and their mutual
conversion.

The text of the Ph.D. thesis is divided into six chapters which are further supplemented
by annexes (in printed and digital form), a list of abbreviations, tables and figures
embedded in text, bibliography and other references. The particular parts are logically
arranged from the general passages describing the preliminary premises, essential
terminology and issues of the INSPIRE directive, ontologies and data modelling,
despite the theoretical background of ontologies, an overview of the approaches,
methodologies, technologies and formats to the detailed description of the formation
and structure of the ontological system. The final passages are devoted to presentation
of results, their discussion, summary of results and future steps of research.

2. Aims of the study

The Ph.D. thesis should help to specify a role of ontologies in the process of data
modelling and description of spatial data sets. Moreover to the implementation of the
new data specifications according to the INSPIRE directive there is necessary to create
mechanisms that allow as much as possible automated conversion of the newly created
data models (representing part of the specification) and data models that are still used
for practical purposes. The classification schemes are an integral part of these models.

The main aim of the Ph.D. thesis was to examine, analyze and verify the possibilities of
ontologies and their role in the design and transformation of conceptual data models
(and their parts) for selected themes ("land cover" and "land use") of spatial data as
they are specified in the annexes of the INSPIRE directive. Possibilities of ontologies
have been tested and shown in the case of the description and mutual transformation of

12



the classification systems used for spatial data, which fall under the above mentioned
themes. Spatial data themes have been selected primarily with regard to area of spatial
planning and related harmonization of spatial data, which are currently realized in the
department Department of Geomatics, Department of Mathematics, Faculty of Applied
Sciences University of West Bohemia in Pilsen (Czech Republic).

Except components of data models the text "Ontologies as a tool to design data models
of selected themes of Annexes of INSPIRE directive" provides a detailed search
existing literature and theoretical passages on ontology languages for describing of
ontologies, methodologies for building of ontologies and the INSPIRE directive. The
emphasis is placed primarily on the not yet fully enough described links between
geoinformation technologies and ontological technologies as well as principles.

3. Material and methods

The approach how to describe classification systems and their classes using parameters
were taken from the project HarmonISA (dealing with the description of taxonomies in
Austria, Slovenia and Italy). From the perspective of the methodology a combination of
existing  approaches for creating ontologies (On-To-Knowledge, and
METHONTOLOGY Uschold & King) was used and supplemented by iterative
procedures in the form of control ontology. Control ontologies enable to validate the
initial hypothesis (parameters, their values and relations linking parameters and features
of classification systems) on a limited sample of data. This process makes possible to
modify and improve the input information.

Developed ontologies are intended not only to describe the various classification
systems (based on the definitions of taxonomy items), but mainly to determine the
semantic relationships between their elements. On the basis of initial knowledge (the
structure of classification systems and values of predefined parameters) there is
possible through a process of reasoning to create a multi-hierarchical structure
containing all the elements of source taxonomies. Inferred ontology significantly helps
in transforming of the particular classification systems as well as in the process of
harmonization of spatial data.

The current version of the ontological system contains six interconnected classification
systems - CORINE (Coordination of Information on the Environment) Land Cover
LUCAS (Land Use / Cover Area frame statistical Survey), PELCOM (Pan-European
Land Use and Land Cover Monitoring), IGBP (International Geosphere-Biosphere
Program), GlobCorine and UMD (University of Maryland) Land Cover Classification.
The whole system is designed to add another taxonomies or new parameters and their
values easily.

The proposed ontology does not deal with spatial or temporal aspects of spatial data.
Likewise, it does not address the boundaries between different types of themes in the
level of the source ontology, including their definitions (these are only taken from
classification system without any modification).
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Ontologies were developed in the Protégé tool. As the reasoner (software for
development of derived ontologies) there were used various software components (such
as FACT++, Pellet, or HermiT) integrated to different versions of Protégé environment.
Ontologies were written in the format of OWL 2.0 with syntax OWL / RDF.

4. Results and discussion
The results of the Ph.D. thesis can be divided into two main groups.

1. Texts summarizing the theoretical knowledge of data modelling related to the
INSPIRE directive, classification systems describing data themes "land cover"
and "land use" and ontologies, including methodologies for their work. These
chapters represent in terms of texts focused on geoinformation technologies
and published in the Czech language one of the largest and most
comprehensive resource that introduce readers with the latest trends of
primary and applied research.

2. Ontologies for the description and mutual conversion of classification systems
of the themes "land cover" and "land use".

The main output is the ontological system that has three basic, interrelated components
consisting of files in OWL format:

1. File Parameter.owl that is imported into the ontology containing various
classification systems, describes the properties of all classes of these
nomenclatures. The file contains not only all the parameters (the current
version consists of nine parameters), but also their values and relations that
assign values to the parameters of each class of classification systems.

2. Files containing all elements of the particular classification systems. All
classes of ontologies are described through the properties using the
parameters and their values.

3. Ontology is used to transform each other classification systems (file
Trasformation.owl) — this ontology imports files describing classification
systems. After their evaluation (reasoning) is obtained multi-hierarchical
structure providing information about the interaction described taxonomy.
Relationships between elements of the derived inferred ontology can be
processed into usable forms of transformation rules in the process of
harmonization of spatial data.

Created ontological system is not completed application (and can not be). This is a pilot
study application of ontologies in the process of data modelling and harmonization of
spatial data. The reason for the creation of a pilot study there is particularly high
complexity of ontology, which requires cooperation of content creators, domain
experts, knowledge engineers and experts in logic. The application is modular and
open, and thus ready for further expansion by adding new classification systems,
parameters and their values.
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However, it is important to note that the results obtained using the ontology are not
always clear in the sense of creating harmonization of rules of type "element A is
equivalent to an element B". There may be situations where for one class occur two or
more parent classes directly. In terms of structure it is the correct result, but the
ontology does not provide information on initial conditions the elements classification
and hierarchy. In this case, the essential role of expert in a specific domain ontology is
important to create specific transformation rules.

Specific benefits derived from the ontological system and its development process can
be divided into three groups:

1. New knowledge of methodologies for building ontologies and populating of
ontologies (primarily using a combination of methodologies and the creation
of the control ontology plays the key role — the principle of cyclical and
iterative development brings to the ontology and ontological engineering
principles of iterative and extreme programming). The proposed methodology
may well be used mainly in cases analogous to the topic of the Ph.D. thesis. It
can be used to a connecting of independent terminological systems.

2. Results of transformation — in the first place, the Ph.D. thesis has confirmed
the assumption that ontologies can accelerate the process of development
mapping rules between taxonomy and describe these systems effectively.

3. Applications of developed ontologies in the data modelling — ontologies
provide not only the equivalents of common structures, such as attributes or
subsumption, but they also allow the implementation of the general
characteristics or annotations. For custom data modelling and the related
process of harmonization of spatial data there is important the evaluation of
ontology (reasoning). The rules created by deriving ontologies can be easily
implemented in other software applications transforming data sets such as
ETL tools, database systems or geographic information systems.

5. Conclusions

The procedure of the development of ontologies presented in this Ph.D. thesis can be
applied to any other taxonomic systems not only in geoinformation technologies.
However, it is necessary to realize that a concrete domain ontology represents only one
of the views of the domain (there is no complex ontology) — content and structure of
each ontology does not only depend on the domain, but also on the angle of view the
creator of the ontology. Each domain can be described by multiple ontologies, which
may not be compatible with each other. It may be caused by various properties of
ontology, its purpose, used terminology as well as time and place of origin. Despite its
important power of ontologies to the description of data the ontologies can not be in the
process of the harmonization of spatial data applied in isolation but in conjunction with
other tools for describing data. Multilevel description of spatial data leads to higher

15



interoperability, which allows easier sharing of combined data sets, automatic
processing and publishing.

Modelling and harmonization of spatial data represent a very topical issue due to the
formation and implementation of the INSPIRE data specifications. Ontologies are not
planned as a integral part of the data specifications, but they are especially important in
terms of defining the conceptual apparatus, relations between the items and also in
terms of harmonization of national, proprietary or other appropriate data standards and
specifications.

This Ph.D. thesis is the result of work from years 2007-2011. Some sub-passages
focused primarily on issues of harmonization and efficient description of spatial data
have been previously published in various publications — INSPIRE, GMES and GEOSS
Activities, Methods and Tools Towards a Single Information Space in Europe for the
Environment and the Handbook of Reasearch on Green ICT: Technology , Business
and Social Perspectives; and at conferences — XXIII. International Cartographic
Conference 2007, IST-Africa 2009 and the other, whose outputs are not directly cited
in the work. At the end of 2011 the article will be published in the journal Geodeticky
a kartograficky obzor. The article focuses on the harmonization of spatial data using
domain ontologies. It represents a logical continuation and practical application of
principles, principles and methods in this Ph.D. thesis.
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