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Abstract. The paper presents the design solutions and davelat steps of the
domain ontology ‘Bulgarian lconographical Obijectslilb largely upon the

content of the Virtual Encyclopedia of the Bulgarigonography. On the one
hand, the created ontology follows the standardsady established in the
domain of art documentation by CIDOC, on the othedh@ aims at playing a
specific role as an annotation schema for purpagethe project LOGOS

“Knowledge-on-Demand for Ubiquitous Learning”. Theppr gives a

summarized view of the content of the ontology.
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1 Introduction

The paper presents the design solutions and deaweldp steps of the domain
ontology Bulgarian Iconographical Objects creatender the project LOGOS
“Knowledge-on-Demand for Ubiquitous Learnindittp:/logosproject.com The
project deals with accessing existing large-scepmsitories of digitized information
and facilitating their transformation into learningontent, considering also
possibilities for its cross-media delivery. The w@le aim of the project is to
contribute to the adequate enhancing and faciigjathe knowledge building during
elLearning processes. Ontologies and their proggssane included in this project in
order to realize content- and context-sensitivectem large digital repositories with
considerably less explicit input information frohetusers.

The Ontology of Bulgarian Iconographical ObjectsB(O for the sake of brevity)
concerns religious art objects of the Christianh@diox Church created from the end
of the twelfth to the beginning of the twentietmteies by Bulgarian iconographers




and located on the present territory of Bulgafiae ontology considers objects of art
(icons, wall-paintings, etc.) registered within tmailtimedia digital library “Virtual
Encyclopaedia of the Bulgarian Iconograpimtp://mdl.cc.bas.bfj7, 9] OBIO targets
semantic annotation and search of digital objeckéchv set up the creation of
courseware materials in the field of Bulgarian legraphy, to be used in a set of
learning areas (iconography, arts, history, culagy, theology, etc.).

The paper is organized as follows: Section 2 lyrigfesents the main principles and
general steps of present-day ontology building.tiBec3 discusses the OBIO
construction. The ontology itself is sketched ircti®a 4. Section 5 contains some
conclusions.

2 Ontologies, Ontology Creation

Currently in the field of Knowledge Technologiestangies are the constructions
representing semantics of human realm in form esalyl software programs. The
term ontology is borrowed from Philosophy and especially fromttphilosophical
branch, which deals with the nature and organinadibreality. Taken to the field of
Information Technologies the term has similar megnconcerning a data model to
describe the known entities and relations betwhaemtin a particular domain.

Computers are essentially symbols-manipulating mn&sh and ontologies play a
crucial role for applications in which meaning ikased between parties. The
ontologies fix the interpretation of symbols agaissme semantics, typically model-
theoretic semantics, and are “formal specificatioha shared conceptualization of a
certain domain” [4].

In Computer Science ontologies refer to engineeairtifacts, which means that a
specific vocabulary of concept types is used t@ides a certain reality and also a set
of explicit assumptions is defined regarding themded meaning of the vocabulary.
Apart from the explicit specification of a conceglimation, ontologies are “a shared
understanding of a domain of interest” [13]. Ongs provide taxonomic
organization of concepts, relations between coscegpbssibly with type and
cardinality constraints), and instantiation relato

A particular ontology introduces its particular daimorworld. The problem with
knowledge exchange among differevurlds arises when a connection amaomagylds
is needed. In [5] four different general types ofadogies are defined. A Top-level
Ontology describes very general concepts like spdicee, event, which are
independent of a particular problem or domain. Anfasn Ontology describes the
vocabulary related to a generic domain by spedmithe concepts introduced in the
Top-level Ontology. A Task Ontology describes tloeabulary related to a generic
task or activity by specializing the Top-level Obtgies. Concepts in an Application
Ontology often correspond to roles played by domadtors while performing a
certain activity. Usually all the four types of olugies are involved in real
complicated tasks.

It is to be expected that a well-defined Domaindogy could be maintained and
adjusted to new tasks, so knowledge engineers pyntian to the Ontology
Lifecycle [12] as a whole. An Ontology Lifecycle begins with a $ibdity Study



followed by an Ontology Kickoff, which gives reqements specification and semi-
formal ontology description. The Refinement Phastudes phases of Evaluation and
Application Evolution. This means that ontology kbypass through Refinement
Phase many times when it is involved in real knolglemanagement application.

There are many similar schemes for ontology devetag phases in the literature.
According to [3] the construction of ontology castsiof the following steps:

1. Specification of the purpose, usage, scope andedegf formality of the

ontology.

2. Data collection using various elicitation methods.
These two steps cover thimowledge level of the classical methodology for
development of knowledge engineering systems [11].

3. Conceptualization of domain terms, resulting ir@iminary ontology.

4. Possible integration with other ontologies.
The two steps described above cover #ymbol level of knowledge systems
development.

5. Formalization in an ontology language.

6. Evaluation of completeness, consistency and rechayda
These two steps concern thenplementation level of knowledge systems
development.

3 Development Steps of OBIO

3.1 Knowledge Level

The domain ontology ‘Bulgarian Iconographical Olgeés created to be used inside

the LOGOS Authoring Studio for semantic annotatom access to digital objects,

which construct desirable learning content. Intitezarchy of data models of LOGOS
architecture the digital objects are media objemtsompanied by identification,
technical and semantic metadata. Learning objexs(eombinations of) digital

objects, complemented by educational metadata 6Lrseware objects integrate
learning objects according to schemes of learnipgeences [1]. Authors of learning
materials have access to digital archives, seaochappropriate digital objects,
combine them in learning objects and further - ourseware objects using the
services of the LOGOS Authoring Studio. The aimofter easy access to digital
archives determines the following requirements toe tontology Bulgarian

Iconographical Objects and its development process:

— The ontology is intended to describe religiousadnjects created for the Christian
Orthodox Church by Bulgarian iconographers andtext@n the present territory
of Bulgaria.

— The domain (world) has to be reasonably restrittedontain only objects and
relations needed for semantic annotation and sedrdigital objects to be used for
creation of courseware objects in the field of Bulgn iconography, according to:



« The general functionality, presupposed by the niegrand authoring scenarios
developed in the project [10, 8];

e The usage scenarios in the terms of LOGOS conegqutderms concerning its

data models and architecture;

* The content of the multimedia digital library “Mirdl Encyclopaedia of the

Bulgarian Iconography” - the source of digital atigein targeted domain.

— The formalization in the Conceptual Graphs haseéadnsidered during ontology
development in order to adequately fit the expressss and functionality of the
LOGOS Ontology Management Tool, based on this fomadel.

— The ontology development has to fit with the incemtal prototyping
implementation of LOGOS Authoring Studio.

So the ontology ‘Bulgarian Iconographical Objecits’ its current form is not
intended to be used as a general-purpose ontolb&ylgarian iconography, but is
limited to the pragmatic use of semantic descriptfor the needs of LOGOS
Authoring Studio.

As a result of knowledge elicitation in a numberbs&instorming sessions and
interviews with a team of domain experts and dgyels of the multimedia digital
library “Virtual Encyclopaedia of the Bulgarian lography” from IMI — BAS the
list of potentially relevant terms were produceadtfiWithin some iterations the basic
concept types {CONOGRAPHICAL OBJECT ICONOGRAPHER ICONOGRAPHIC SCHOOL
etc. and relations among them were fixed. The quiscavere provided with
definitions satisfying both the domain experts Endwledge engineers.

The study of ontologies similar to OBIO and covgrart objects showed that it
would be reasonable to use the framework of cosceptd relations of the
recommended standard in documentation of art dalex, namely the CIDOC
Conceptual Reference Modettp://cidoc.ics.forth.gras a Top-level ontology. It is an
upper level ontology developed by the InternatioBaimmittee for Documentation
(CIDOC) of the International Council of Museums QW®I) for description of
museum collections of art and cultural heritag&aats. The Conceptual Reference
Model provides descriptions of high level notiotisng, place, artifact, collection,
organization etc.) and methodological guidancer@ating domain ontologies for art
objects. Some ontologies for specifigorlds of art objects are developed as
(conceptual at least) specializations of the hideeel Conceptual Reference Model.
This approach was adopted also for the creationthef ontology Bulgarian
Iconographical Objects.

3.2 Symbol Level

Conceptual Graphs are the underlying formalism bé& tLOGOS Ontology
Management Tool. According to the Conceptual Graphsinology [2] an ontology
is presented by a construction calledpport and contains taxonomy over a
vocabulary of concept types and taxonomy over aabolary of relation types.
Individual markers could also be provided.

A simple conceptual graph defined ovesugport is a graph that has two kinds of
nodes: concept nodes, which represent entitiesraladion nodes, which connect
these entities. Concept nodes are labelled by aepbrtype and a marker. Relation



nodes are labelled by a relation type. Homomorphiemprojection) is the main

notion of conceptual graphs processing. A homomsmltirom a conceptual graph P
to a conceptual graph H is a mapping from the remteof P to the node set of H,
which preserves the structure of P and may decrd¢asenode labels. While

conceptual graphs represent formalized knowledge, projection is the core
operation of a knowledge management system bas€boceptual Graphs. Basically
a knowledge base contains taxonomically orderedabvalary and a set of graphs
(factual knowledge), but may also contain a setl&s and a set of constraints.

3.3 Implementation Level

The ‘Bulgarian Iconographical Objects’ ontology wasmplemented using the
Ontology Management Tool of the LOGOS Authoring ditu called CoGui
http://gforge.lirmm.fr/projects/coguand developed in The Montpellier Laboratory of
Computer Science, Robotics, and MicroelectroniasG@ provides functionality to
create and maintain multilingual vocabularies aficapt types and relation types and
also functionality for posing constraints, rulesctf graphs, prototypical graphs,
pattern graphstc.

The OBIO vocabulary of concept types and relatigmes was implemented by
means of CoGui generated structures. Main proicaygraphs corresponding to the
claims of OBIO knowledge were also provided, asafathe first pattern graphs to be
used in the process of annotation.

4 Presentation of OBIO

The formalization of the acquired knowledge for @Bdélevelopment went through
the following steps:
1. Development of vocabulary of the necessary domamtepts and relations.

The OBIO vocabulary is developed in Bulgarian amgjlish. Each concept type is
defined by two elements:

— Description — in lexicographer style — a short condensed esgtian of the
content with general terms when possible, oriembadhly towards annotators
and end-users and available in corresponding Gplaeation boxes;

- Scope — a more detailed and sometimes more formal indééagon of the
concept scope, oriented mainly to knowledge engimeagho develop and will
enhance the ontology further.

2. Specialisation of the Conceptual Reference Mod&I&fOC corresponding to the

OBIO concepts and relations.

The Conceptual Reference Model of CIDOC gives cfeanal definitions for the
more general concepts and relations of OBIO domBor. example, the CRM'’s
conceptiMAGE is defined a¥ISUAL ITEM andCONCEPTUAL OBJECTcreated by human
being, and at the very high ontological levelP&&SISTENT ITEM the OBIO concept
ICONOGRAPHICAL IMAGE in the sense expressed by our domain experts doaild
presented simply as subtype of CRM/®GE. Checking further the relations defined



for CRM conceptMAGE, it was demonstrated that some of them couldchétdesired
relations in the OBIO. This fact is not a surpribaying in mind that CRM is a
general model created to cover different art ctites, and the OBIO is targeted to
describe particularly a collection of iconograpait objects.

Some concepts likeERSON TITLE, TIME-SPAN were used in OBIO as they are
defined in CRM, some other CRM concepts likeAGE, DESIGN OR PROCEDURE
GROUP were specialized to capture the specificity of themain of Iconography:
ICONOGRAPHICAL IMAGE, TECHNIQUE, ICONOGRAPHIC SCHOOL CLAN. The general
ideology of CRM (monotonic reasoning, multiple inkence, endurant-perdurant
discrimination, etc.) has been followed and itsidébns used as much as possible.
No inconsistencies with domain knowledge have bistected; not all branches of
CRM Concepts Hierarchy were used. The ontology &udg Iconographical Objects
had just been compiled in its first variant.

3. Structuring the hierarchy of domain concepts.

The hierarchy of OBIO concept types (upper levalgresented in Appendix 1.
4. Determination of the significant relations in thenahin.

Each relation type is characterized by its Donaaid its Range, which are concept
types, so the process of relations elicitation tigigly connected with the process of
building concept types hierarchy. Appendixdiws the hierarchy of OBIO relation
types.

5. Development of network of concepts and relations.

Conceptual Graphs give easily applicable meansexpress statements of
knowledge concerning the domain where the ontolagyalready presented.
Prototypical Graphs concern the knowledge abouiquéar concept type. Figure 1
bellow shows the Prototypical Graph of the contepNOGRAPHER

Iconographical Object : * .
Location : *

M,

15 created by
had worked and lived in
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.
a Iconographer ; * | 1
~

Clan: * <

W,

Time-Span : *

\\-‘-

Biography : *

Iconographic School : *

Fig. 1. Prototypical Graph of ICONOGRAPHER



Pattern Graphs will be in substantial use in theeess of annotation, because they are
associated with different annotation viewpoints. & digital objects under
consideration present predominantly icons, a par ®attern Graph created over
OBIO to support the annotation of icons is presgigow.

Iconographic School:®

Iconographer : *

Titla = *
2 -
is member of
Time-Span: *

/
G

7

Iconographical Image ; *

-

Technigue ; *

Location: *

Iconographical Object Description : * Base Material : *

Fig. 2. A part of aPattern Graph for annotating ICONs against the OBi©logy

5 Conclusion

The approbation and evaluation of OBIO adequacyusadbility will be made during

its use for annotation of digital objects and thiirther use for the creation of
courseware materials inside the LOGOS project. Tirst approbation phase is
internal for the project implemented by coursewauthors from project partners’
teams and is planned to be completed by the ertleoturrent year. The phase is
intended to provide valuable feedback for furthmicdhment of the ontology concepts



and relations, as well as for the enhancementeftitology application modes for
end users in the framework of the LOGOS Authorihgd®.
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Appendix 1: Hierarchy of Concept Types of the ‘Bulgrian
Iconographical Objects’ Ontology
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Appendix 2: Hierarchy of Relation Types of the ‘Bufarian
Iconographical Objects’ Ontology

i=-Binary Relation (EC, BEO)
belongs to (Clan, lconographic School)
had residence in (lconographic School, Location)
had worked and lived in (lconographer, Location)
had worked during (lconographer, Time- Span)
has biography (lconographer, Biography)

has compoundness type
(lconographical Image, [conographical Image Compoundness)

has current location (lconographical Object, Location)

has description
(lconographical Object, lconographical Object Description)

has description of activities

(lconographic School, lconographical School Description)

has description type (Description, Description Type)

has material of the base (lconographical Object, Base Material)
has title (lconographical Object, Title)

iz created by (lconographical Cbject, lconographer)

is created during (lconographical Object, Time-Span)

is created using technique (Iconographical Object, Technigue)
is member of (lconographer, Clan)

is representative of (lconographer, [conographic School)
shows image (lconographical Object, lconographical Image)
was functioning during {lconographic Schoal, Time-Span)



