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1  Executive Summary  

This deliverable is the seventh and final deliverable of Work Package 03 (ñMedia Semantics and 
Ontologiesò) and presents the achievements during the final phase of the SALERO project. In SALERO 
WP03 main partners JRS and LFUI have jointly developed a set of ontologies and tools designed for 
semantic annotation and search with the overall goal of allowing easy reuse of assets in digital media 
production. 

The ontologies developed in SALERO are described in Chapter 3, which starts with a summary of the 
user partnersô requirements and the ontology engineering paradigm. 

Chapter 4 contains a detailed description of the Semantic Workbench and the semantic services. 

Chapter 5 presents the Intelligent Media Annotation and Search (IMAS) Tool based on the semantic 
services. The tool uses an approach called statement-based annotation. The design and functionality of 
tools for Semantic Annotation and Search are described and the concept of statement based annotation 
is introduced. In section 5.4 semantic-based resource ranking is discussed. 

Chapter 6 is dedicated to evaluation, user group feedback and SWOT analysis and measures taken 
based on evaluation. 



Version of 
2009-10-08 

D3.1.7 Ontologies for Multimedia Objects and Workbench.  
Final version  

 

© SALERO consortium: all rights reserved  page 2 

2  Introduction  

2.1  Scope and Purpose of this Document  

This is the last of a series of deliverables in Work Package 03. Based on previous deliverables it 
describes the final versions of the ontologies and the semantic tools and services developed in 
SALERO. It also describes evaluation efforts and feedback received from the SALERO user group. 

Wherever possible and applicable this deliverable references previous documents produced by this (and 
other) work packages to avoid duplicate description of already documented work. 

2.2  Status of this Document  

This is the final version of D3.1.7. 

2.3  Related Document s 

More information can be found at the SALERO website which can be found at http://www.salero.eu. 

It is also recommended to read the following Deliverables 

 D3.1.1 Representation Techniques For Multimedia Objects 

 D3.1.3, D3.1.5: Ontologies for Multimedia Objects and Workbench 

 D2.3.4: Updated User Requirement Document 

 D5.5.4: The Design and Implementation of the Context-based Search System 
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3  The SALERO Ontology  

This section gives a short summary on the requirements for ontologies in SALERO, the process taken 
and the ontology itself. 

The first two sections are kept short, because requirements have been described in Deliverable 2.3.4 
and the ontology engineering process was documented in Deliverable 3.1.5. The Virtual Character 
Ontology is described in Deliverable D3.1.5 and [Bürger et al. 2008]. The SALERO Asset Retrieval and 
Media Relationship ontologies are described in Deliverable D3.1.6. For details, please refer to these 
documents. 

3.1  Requirements  

This section gives a brief overview on the application scenarios of the user partners in SALERO. For a 
full description please refer to D3.2.4 ñUpdated User Requirementsò. 

The core domain shared by the user partners is the specification and description of virtual characters to 
enable retrieval of characters according to their properties. The main expected benefit of the ontologies 
is to make multimedia assets searchable to allow easy and fast re-use of existing assets. Annotation, 
search and retrieval of assets is achieved via the Semantic Annotation & Search Tool. 

3.1.1 BLITZ 

For asset management in the games development pipeline, there are two co-existing areas that could 
potentially benefit from ontology based metadata. The first case is management of legal and IP rights, 
the second on more generalised search and retrieval of assets based on their content. 

3.1.2 AM / FBM-UPF 

The Program Editor is a software for creating 3D animations automatically. A vital functionality is to be 
able to automatically select the right content in terms of fitting to a characterôs personality, mood, 
emotions, context and situation. 

3.1.3 TAIK 

The motivation of using ontologies in 3D content production is in the research phase and during 
character animation for retrieval of inspiring related content before starting content creation or of parts / 
characters to reuse during a production. 

3.1.4 PGP 

Assets need to be managed for use in creation of productions in three different domains: video, 
publishing and interactive. The ontology shall support efficient search & retrieval in this database for fast 
and easy asset retrieval and use. 

3.2  Ontology Engineering  

SALERO has followed an ontology engineering approach based on work described in 
([Uschold et al, 1995], [Grüninger et al, 1995], [Fernández-López et al, 1999], [Staab et al 2001] and 
[Noy et al, 2001]. The following steps were performed: Determine the Domain and Scope of the 
Ontology  

1. Determine Domain and Scope of the Ontology 

2. Consider Reusing Existing Ontologies 

3. Enumerate important terms in the ontology 

4. Define the Classes and the Class Hierarchy  

5. Define the Properties of Classes 



Version of 
2009-10-08 

D3.1.7 Ontologies for Multimedia Objects and Workbench.  
Final version  

 

© SALERO consortium: all rights reserved  page 4 

6. Define the Restrictions of the Properties 

7. Create Instances 

Above mentioned steps are described in more detail in D3.1.4.  

The Virtual Human Ontology developed by the aim@shape project has been identified as a well-suited 
starting point for ontology development in SALERO. Based on this the SALERO Virtual Human Ontology 
was developed. 

3.3  Ontology Description  

To represent the semantic annotations we developed two ontologies according our needs. The first one 
is the SALERO annotation ontology (c.f. Figure 1), for describing media resources, authors of media 
resources, projects in which they are used, and annotations. The property annotea:related, derived from 
the Annotea Annotation Schema

1
, is used to describe the annotation statements. The subclasses of 

Annotation and AnnotationConcept form the domain specific parts of the ontology, which have to be 
adapted if someone wants to use the annotation tool in a different domain. The subclasses of Annotation 
describe media specific annotation types such as annotations of audio, image or video. 

The subclasses of AnnotationConcept represent the domain-specific part of the annotation ontologies 
and are used to describe the content of media resources. They currently include the following classes: 

 Character: The actors of a movie, e.g. Bing and Bong. 

 CharacterParts: Parts of the body of the characters, e.g. Hand, Nose, or Toe. 

 Expression: Includes verbs and adjectives to describe the behaviour of characters, e.g. smiling, 
dancing, open, or wet. 

 Location: A geographical or imaginary location, e.g. Barcelona or Outer Space. 

 Object: A tangible or visible entity, e.g. Balloon, Umbrella, or Cake. 

                                                      
1
 Annotea Annotation Schema http://www.w3.org/2000/10/annotation-ns  

http://www.w3.org/2000/10/annotation-ns
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Figure 1: The SALERO annotation ontology 

The scope of the second ontology is to describe relationships between media resources and how they 
are most probably derived or based on each other. The relationships of the Functional Requirements for 
Bibliographic Records (FRBR)

2
 model provide a solid ground to describe the relationships of media 

resources in the media production domain in general and in the SALERO project in particular. The 
relationships are supposed to enhance the browsing experience of media professionals in their media 
collections. 

The relationships of our ontology were chosen based on a general analysis of the domain based on 
related work, an analysis of images from the MyTinyPlanets

3
 collection, and a set of expert interviews. It 

contains a subset of the FRBR core ontology
4
 and two additional relationships, which were not covered 

by the FRBR core ontology (frbr: http://purl.org/vocab/frbr/core#) (c.f. [FRBR, 2009, Riva 2007]): 

 frbr:adaptation A media resource, which is based on another media resource, exchanges parts 
of the original content, e.g. in a new image a tree is exchanged by a space ship. 

 frbr:alternate An alternative (file) format of the same content, e.g. jpg instead of png. 

 frbr:imitation A real world scene is imitated in a cartoon, e.g. a scene of ñStar Wars" is imitated 
by Bing & Bong in ñTiny Planets". 

 frbr:part A media resource contains a part of another media resource, e.g. the hands of the 
character Bing are a part of the final animation of Bing. Supposing that the hands are modelled 
in a different file. 

                                                      
2
 Functional Requirements for Bibliographic Records (FRBR) http://www.ifla.org/VII/s13/wgfrbr/index.htm  

3
 MyTinyPlanets http://www.mytinyplanets.com/  

4
 FRBR Core ontology http://vocab.org/frbr/core.html  

http://purl.org/vocab/frbr/core
http://www.ifla.org/VII/s13/wgfrbr/index.htm
http://www.mytinyplanets.com/
http://vocab.org/frbr/core.html
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 frbr:reconfiguration A rearrangement of the content of a media resource, e.g. a new scene is 
based on an existing scene with the same content such as trees, space ships, characters. In the 
new scene the content is locally rearranged. 

 frbr:revision A newer or other version of a media resource, e.g. a new version of a space ship, 
which is based on an existing space ship, uses a different texture for its surface. 

 frbr:transformation From a sketch to a (3-d) model, e.g. the first step in creating a 3-d model is 
to draw a sketch on a sheet of paper. The next step is to create a 3-d model in the computer, 
which is a transformation of the sketch. 

 frbr:translation A translation into a different language, e.g. the embedded text and audio of a 
clip are translated from English to French. 

 duplicate For duplicated media resources, e.g. the same  file is stored at a different location. 

 version The super property for frbr:adaption, frbr:reconfiguraiton, frbr:revision and 
frbr:transformation. 

The property relationships is the super property for all relationship properties, its range and domain is 
MediaResource. 

A detailed description of the SALERO annotation and relationship ontologies can be found in the 
deliverable 3.1.6 [Bürger et al., 2009]. 
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4  Semantic Workbench and  Service s  

In order to pave the way for the use of ontologies and semantic technologies in media production, 
SALERO developed a management framework for multimedia ontologies, tools to annotate existing 
media resources and semantic search facilities to retrieve resources based on semantic annotations. 
The framework, which offers these functionalities, is introduced in the following. 

The SALERO Semantic Workbench supports the life cycle of multimedia ontologies, that is their 
creation, management, and use. This includes the following main functionalities (cf. Figure 2): 

 

Figure 2: The SALERO Semantic Workbench (High Level Architecture) 

 Ontology Management whose central aspects include manual and semi-automatic creation of 
domain ontologies, alignment of different domain descriptions, translations of ontologies, 
versioning, or storage of ontologies. 

 Annotation Support whose central aspects includes the support for non-technological users 
with the annotation of media items which is realized in several annotation tools. 

 Semantic Search Support which offers advanced retrieval capabilities based on semantic 
annotations. 

To realize this functionality, the workbench not only offers a graphical user interface to engineer 
ontologies, but also a set of services which provide ontology management functionality to other 
applications. The workbench acts in the background and its central aspects are thus realized as an API 
which is designed with the aim to integrate the functionality needed for semantic media annotation and 
semantic search into plug-ins and interfaces of other applications. This includes most notably storage, 
querying, or retrieval of annotations. 
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The functionalities offered by the workbench and its services are briefly sketched in the following. More 
details about the requirements posed to it and parts of its functionality are described in [Bürger et al. 
2007] and [Kienast et al. 2008] respectively. We particularily detail functionality which has not been 
previously reported. 

4.1  Ontology Management Support  

The part of the workbench for the management of ontologies is based on the Web Service Modeling 
Toolkit (WSMT)

5
 that among others provides a set of graphical tools for the engineering of WSMO 

ontologies, for the interaction with external tools such as execution environments and repositories 
[Kerrigan et al. 2007]. WSMT is a collection of tools for the engineering of Semantic Web Services and 
ontologies implemented in the Eclipse framework.

6
 In SALERO we added the possibility to persistently 

store and access ontologies in an ontology repository as realized by the Repository Service described 
below. 

Engineering ontologies is most notably supported by functionalities offered by WSMT which has been 
described in D3.1.5 [Kienast et al. 2008]. A screenshot of the recently released WSMT 2.0 is presented 
in Figure 3: 

 

Figure 3: WSMT 2.0 

4.2  Ontology Life Cycle Support: The Workbench Services  

The services offered by the semantic workbench include: 

 The Repository Service which offers an API for the persistent storage of WSML
7
 ontologies 

and their elements (e.g., concepts, properties, axioms). It supports management of these 

elements and the execution of SPARQL queries. The service is realized on top of the Ontology 

Representation and Data Integration (ORDI) -- framework, which most notably provides a 

                                                      
5
 http://sourceforge.net/projects/wsmt/ 

6
 http://www.eclipse.org/jdt/ 

7
 http://www.wsmo.org/wsml/wsml-syntax 
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scalable repository implementation, a WSMO-RDF parser, serializer, and access to query and 
reasoning facilities.

8
 

 The Annotation Service is concerned with the management of semantic annotations and 
provides an API to manage and validate annotations against the ontologies stored in the 
repository. 

 The Semantic Search Service offers an API to search for ontology elements and additionally 
offers keyword-based search for annotations which is expanded into full-text queries on a 
generated index and SPARQL queries. The service supports two different types of queries: The 
first option are concept-based queries which are translated into SPARQL queries and which are 

evaluated via the Repository Service. The second option are keyword-based queries which are 
executed in a Lucene

9
 index which is generated based on the ontologies and instance data in 

the repository. 

 The Ranking Service offers functionality to rank media resources based on semantic 
annotations. This service is used by the semantic search and the recommendation service. The 
ranking functionality is described in more detail in Section 5.4 below. 

 The Recommendation Service offers an API for retrieval of ontology elements which are 
prominently used for annotation and gives recommendations of related results during search. 
This in turn is used for ranking in search but also for ranking the elements which are retrieved 
via the Repository Service. 

 The Profiling and Lifting Service can be used to extract structural semantic information from 
existing MPEG-7

10
 documents and for their semantic enrichment. This service is described in 

more detail in [Bürger et al. 2006]. 

The APIs for using the services and their functionalities are described in more detail in D3.1.5 [Kienast et 
al. 2008]. 

4.3  Ontolgy Use and Evolution: The Intelligent Media Annotation 

and Search System  

Besides tools for ontology management, the workbench is accompanied with a tool set for annotation 

and semantic search: the SALERO Intelligent Media Annotation & Search} (IMAS) system [Weiss et 
al. 2009]. The IMAS integrates annotation and search into one application and further provides access to 
content-based search facilities. Both semantic search and content-based search can be accessed via a 
single interface and the results are being fused. In order to adequately support non-experienced users in 
annotation, theworkbench offers a methodology to support the users including (i) the selection of 
adequate ontology elements and (ii) the extensionof ontologies during annotation time and by that 
supports ontology use as well as evolution (cf. [Buerger and Ammendola 2008]).  

The IMAS system is discussed in more detail in Section 5. 

Ontology evolution is supported by the Element Selection and Element Addition (SA) Methodology, 
which is a manual annotation methodology that allows non-experienced users to annotate multimedia 
content using elements from ontologies in an easy and abstrusive way. The methodology combines 
several semantic-based approaches from the information retrieval domain (e. g. [2] or [3]) and recent 
proposals for end user-driven semantic content creation [1, 4] in one coherent framework. 

The aim of the SA methodology is to support users in the process of manual annotation by providing aid 
in the selection of adequate ontology elements and in the extension of ontologies during annotation time. 
The methodology is designed to be integrated in media production environments to be available just in 
time of the creation of new media elements. 

                                                      
8
 http://www.ontotext.com/ordi 

9
 http://lucene.apache.org 

10
 http://www.chiariglione.org/mpeg/standards/mpeg-7/mpeg-7.htm 
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Figure 4: The SA Methdology (cf. [Bürger and Ammendola 2008]) 

Figure 4 depicts the structure of the methodology which consists of two parts: 

 The Element Selection - part includes a set of components for the selection of ontology 
elements based on semantic techniques presented in [2] and [3]. The key idea is to help the 
user in finding adequate ontology elements by using semantic retrieval techniques and by 
automatically proposing ontology elements that could be relevant for annotating a specific 
resource. 

 The Element Addition - part consists of two components enabling a collaborative and work-
embedded ontology engineering approach based on mechanisms presented in [1] and [3], and 
the classification mechanism used in [4]. These components provide the possibility to add 
missing elements to ontologies while working with them, to adapt previously added elements 
and to provide support for classification through a manual and a semi-automatic classification 
approach. For the addition of elements, the user is guided through the existing elements of the 
ontologies and for the classification; elements are proposed based on a recommendation 
system. 
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5  Semantic Annotation  & Search  

The management of media resources in media production is a continuous challenge due to growing 
amounts of content. Because of the well-known limitations, manual annotation of media is still required. 
We present a statement-based semantic annotation approach which allows fast and easy creation of 
semantic annotations of media resources. The approach is implemented in the Intelligent Media 
Annotation & Search

11
 (IMAS) system. An integral part of the work being done in SALERO is the 

management of media objects with semantic technologies which is addressed by the IMAS system by 
enabling their semantic annotation and retrieval. The use of semantic technologies reduces the problem 
of ambiguity in search by using existing, well-defined vocabularies; it allows us to do query expansions, 
and to deal with multiple languages. 

During prototypical development iterations of our system we have experienced, that most paradigms 
applied in semantic annotation tools are not suitable for inexperienced users who are typically used to 
keyword-based tagging and suffer from information overload when confronted with complex annotation 
tasks and user interfaces. Our aim was thus to develop an approach which is faster and easier to use for 
our targeted user group, while making a compromise in complexity of full semantic annotations. Beside 
describing the content of each media resource, the approach allows to relate media resources to other 
media resources. In the following we present the IMAS system and the implemented annotation 
approach. The system is based on the principles described in [Bürger and Ammendola, 2008]. These 
principles describe methodologies to support users in the process of manual semantic annotation 
including (i) selection of adequate ontology elements and (ii) extending of ontologies during annotation 
time. Furthermore, we present an evaluation of different user interface techniques for creating 
annotations. 

5.1  System Description & Design Principles  

The main aim of the IMAS is to allow easy annotation of media assets for later retrieval and reuse by 
users in media production. In order to support this, it has been built based on the following design 
principles: 

1. Designed for content creators. The target users of the system are nontechnical experienced 
content creators in the domain of media production. 

2. Easy to use. The interface provides Web 2.0 - based interaction mechanisms to make the 
annotation process as easy as possible. 

3. Global annotations. To facilitate the annotation process, we only allow global annotation of 
media resources instead of annotating parts of it. 

4. Statement-based annotation process. We allow to create statements, which use ontological 
elements, to describe the content of media resources. 

5. Ontology extension during use. We allow users to easily extend the ontology during use 
based on principles described in [Bürger and Ammendola, 2008]. 

6. Portability of the system. In order to port the systems to other domains, only the underlying 
annotation ontology has to be adapted. 

7. Integration of semantic and content-based search. The system provides an integrative view 
onto results from different search engines and by that provides a fallback solution which is able 
to retrieve objects without annotations too. 

The IMAS integrates two systems whose functionalities are offered as a set of Web services, i.e. the 
Semantic Services and the Content-based Services. The architecture of the IMAS system is shown in 
Figure 5: 

                                                      
11

 IMAS Online Prototype: http://salero.joanneum.at/imas/  

http://salero.joanneum.at/imas/


Version of 
2009-10-08 

D3.1.7 Ontologies for Multimedia Objects and Workbench.  
Final version  

 

© SALERO consortium: all rights reserved  page 12 

 

Figure 5: IMAS System Overview 

5.1.1 Services 

The Semantic Services are described in section 4. 

The Content-based Services offer functionality for the indexing and retrieval of image, video and textual 
information. The aim of the service is to complement the semantic search services and as a fall-back 
system in the cases where material is not indexed by the semantic services. As such their emphasis is 
on automatic indexing techniques, which can be used to retrieve images, text or video without manual 
annotation. Textual information is indexed using standard Information Retrieval techniques (the Terrier 
system is used [Ounis et al., 2006]); image and video data is indexed by extracting low-level visual 
features based on the MPEG-7 standard, as currently implemented in the ACE toolbox [O'Connor et al., 
2005]. 

5.2  Statement -based Annotation  

The IMAS end user application is an integrated Web-based application which can be used to annotate 
and search for media objects. As illustrated in Figure 5, it consumes functionality of (i) the Semantic 
Services which are used to add, update and delete semantic annotations as well as to search the 
annotation repository and (ii) the Content-based Services which are used to retrieve media resources 
based on its intrinsic features such as colour, histograms or shapes. 








































































