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1 Executive Summary

The integrated project “LIVE Staging of Media EV&n{LIVE; FP6-27312) aims at the crea-
tion of novel intelligent content production metloand tools for interactive digital broad-
casters to stage live media events in the arepartss such as the 2008 Olympic Games.

This report presents the state of the art of theepts, technologies and standards related to
one of the core subsystems developed in the LIMiept: The “Intelligent Media Frame-
work” provides a robust framework for the creatiomnagement and delivery of so called
“Intelligent Media Assets” under real-time condig

In order to achieve the envisaged “intelligenceboth, the media assets and the framework,
the various descriptive schemes for the contergatbj(i.e. archival video material and live
broadcast streams), the staging concepts (i.eseriggon of how an event is broadcasted),
the consumer profiles (individual or filtered grobpsed profiles) and the professional user
profiles (characteristics of the video conductiegm) have to be integrated on a semantic
level. The semantic tagging “tagging of meanings tabe done in a consistent way through-
out the system and will lead to the definition ofiatelligent content model for the purpose of
the LIVE project. Intelligent content models deberiand define the structure of content and
knowledge associated with the content and moredgscribe the relations between content
related items and the knowledge base (modellingltimeain knowledge independently of the
assets).

f L
lee D7.1 State of the Art Report
Intelligent Media Framework

Staging of Media Events

\

Introduction

Related Technologies Related Standards

Requirements

Assessment of Models for Intelligent Content

Conclusions

References

YD) () (Y N ()
N2 D A P G 2 N

Figure 1: Structure of D7.1 “State of the Art RdgdvF)”
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The Intelligent Media Framework in its role as ategrating middleware for different knowl-
edge sources within the LIVE system is highly dejeem on standardization. This applies to
both, interfaces with external systems and to malecommunication with the metadata gen-
eration system, the video conducting system anadebemmender system. Our research will
therefore be devoted to the development of a kmydebase that can be used and accessed
by various components of the LIVE system to integm@ontent and knowledge. Moreover,
the Intelligent Media Framework is defined in a wigt allows interoperability with underly-
ing production systems, such as playout or/and asgeagement systems.

The objective of this report is an investigationstdndards and technologies with respect to
the requirements of the Intelligent Media Framewsikteroperable and open approach. The
structure of the report is shown in Figure 1:

Section 2 defines the scope of the report and tbescits relationship with other de-
liverables.

Section 3 provides a report on the basic technefogelated to the Intelligent Media
Framework: Asset management systems, recommensgiEmsy, metadata generation
systems and video conducting systems. The seckises with a survey of interface
technologies.

Section 4 gives an overview of standards relatetheéobroadcasting and media do-
main, knowledge representation standards and s@sda the journalism and news
domain.

Based on the related technologies and standarddefige the architectural require-
ments and the combined requirements for contergtadata and asset management in
section 5.

In section 6 we assess models for intelligent adnteodels with respect to the re-
quirements for the Intelligent Media Framework: &fean introductory note on meta-
data annotation in the Web, we describe recentoappes to intelligent content
models. After an introduction to knowledge contebjects (KCOs) as a promising
model for the LIVE project, we compare selectedvidedge and content models.

Finally, we summarize the major findings and draitial conclusions in section 7 and
section 8 lists the references.
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2 Introduction

The central idea of the “LIVE Staging of Media Et&nLIVE) project is to create

Novel intelligent content production methods, and
Tools for interactive digital broadcasters

to stage live media events such as the 2008 Olyfaaioes.

In the terminology of the project, “staging live di@ events” is a notion for the creation of a
non-linear multi-stream video show in real-time,iethchanges due to the interests of the
consumer (end user). From a technical viewpoiig, rdquires a transformation of raw audio-
visual content into “Intelligent Media Assets”. LIBAwill develop a knowledge kit and a tool-
kit for an intelligent live content production pexs including dynamic human annotation and
automated real-time annotation. As a consequeneel n6V video formats for live events
will evolve.

From a scientific perspective, LIVE will addrese tkey question: How can a video become
an intelligent media asset matching the needseofriterested consumer? The arising techni-
cal question is: Which tools allow for the creatioincontent (including commercial videos
and advertisements) that finds its way to an isteskconsumer on its own?

The Intelligent Media Framework (IMF) which is thapic of this deliverable is the central
part of work in workpackage 7 (WP 7) of the LIVEoct. This workpackage is responsible
for the combination of cognitive based content kiealge, which is delivered by the to be de-
veloped annotation system, with social based coeskmowledge, which is part of the per-
sonalisation and feedback module (WP 6). To redtisenovel idea of live staging of media
events, objects encapsulating knowledge about dméent have to meet objects that bear
knowledge about the user (consumer) or/and grotipsears, which is created by user feed-
back mechanisms. An open media framework for brastiity environments will be devel-
oped, where the two types of media objects candhainteract.

The Intelligent Media Framework will be responsilide the combination of content based
knowledge with social based consumer knowledge.t€&xwrknowledge is provided by the
LIVE annotation system and the automatic knowleéggeaction and detection components.
Consumer knowledge is derived from the consumersdiback by the personalisation and
feedback components of the LIVE system.

In order to design and implement the IMF, method@s and tools from several work pack-
ages have to be integrated into a consistent dngstdramework that allows for the live stag-
ing of media events. The methodologies for stagimg content research (WP 4), the content
oriented detection, extraction and annotation déwimaterial (WP 5) and the personalisation
of the users (WP 6) have to work together and eefeach other in an intelligent way. The
central item of the IMF are so called Intelligenedila Assets (IMA) that allow for this inter-
action of content based knowledge with social bassusumer knowledge (connect item
based knowledge with user based knowledge).

In order to become Intelligent Media Assets, mambgects have to be enriched by (semi-)
automatically extracted metadata. This input cofras tools developed in LIVE workpack-
age 5 (WP 5). From that perspective, the humantatiopn tool is an important component,
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capable of catching human interpretations abouterrwithin the staging process. Personal-
isation and (hybrid) recommendation algorithms t¢lgyed in WP6 will be crucial in order to
realize the envisioned “intelligence”. To interadgth the environment and the consumer the
IMAs necessarily have to be a part of the videodemting system, another LIVE system
component processing and presenting the IMAs.

The following two sections define the scope and riflations to other deliverables of the
document.

2.1 Scope

The scope of the document is to provide a stathefart report on technologies, standards
and concepts for LIVE’s Intelligent Media Framewofkis will include the following topics:

A description of technologies and selection criéédor (semantic) media asset man-
agement systems relevant for the Intelligent M&damework (see section 3.1).

A description of technologies and selection craddr recommender systems relevant
for the Intelligent Media Framework (see sectia2).3.

A description of technologies and selection créédor metadata generation systems
(manual and automatic annotation) relevant forlthelligent Media Framework (see
section 3.3).

A reference to video conducting systems (see se8tid).

A description of technologies and selection critdar interface technologies relevant
for the Intelligent Media Framework (see sectids).3.

A description of standards related to the broaduogstnd media area, knowledge rep-
resentation standards and standards in the newjpamalism domain (see section 4).
An introduction to intelligent content models comsprg the requirements, current ap-
proaches and a conceptual approach, called “Knael€bntent Objects” (KCOs, see
section 5).

The following topics are not covered by this docuaibte avoid redundancies with other LIVE
deliverables:

Standards and technologies related to interactiggat TV technologies and plat-
forms (e.g. the Multimedia Home Platform, MHP): Shere covered by [LIVE D3.2]
(“Technology Market Watch”).

Standards and technologies related to staging ptsic&hey are covered by [LIVE
D4.3] (“Methods, design guidelines, workflows farlime staging”).

Standards and technologies related to storage layduyt systems for broadcast me-
dia. They are partly covered by [LIVE D8.1] (“Destion of the overall implementa-
tion and integration plan”).

Standards and technologies related to the desamipti consumer models are subject
of [LIVE D6.1] (“First specification of the persoleed content recommender sys-
tem”).

The document does not aim to provide in-depth thiotions to all of the covered technolo-
gies, standards and topics: This information is/jpied and public accessible at other sources
which are in detail covered in section 8 (“Refeesiy. The document rather emphasises to
point out the relevance of the selected topictiéencontext of the LIVE project in general and
in the context of the Intelligent Media Framewankpiarticular.
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2.2 Relationship with other Deliverables

The following public LIVE deliverables are relatem this document and provide further in-
formation on the overall LIVE system:

[LIVE D3.2] “Technology Market Watch”
Reviews technologies with a potential impact oe tew market segment
developed in LIVE: “intelligent television serviced he report focuses on
technologies supporting the access of consumergtoontent.

[LIVE D4.3] “Methods, design guidelines, workflovier online staging”
Addresses concepts and methods for conceivablefofiiats entailing a
multitude of live audio-visual material, which shhk transformed into an
interactive live TV event for the consumer at home.

[LIVE D9.1] “Results from initial User RequiremeAnalysis”
Defines the scenarios and requirements for theopetized services and user
feedback.

[LIVE D9.3] “Public synopsis document on basic gystarchitecture”
Contains a summary of the basic system archite@nd the components of
the LIVE system defined in the (not public accelssilp9.2 “Basic system
architecture”.

The following LIVE deliverables are (respectivelylivibe related) to this document, however
access to the documents is restricted to the LidiSortium:

[LIVE D5.2] “Report on live human annotation”
Contains additional information about annotatioal$ and introduce the an-
notation tool developed in LIVE.

[LIVE D6.1]  “First specification of the personal@&ontent recommender system”
Specifies the recommender system and introdu@esiatds and technolo-
gies to model the consumer profiles.

[LIVE D6.3] “Report on content selection methods”
Describes the content selection and personalizatiethods.

[LIVE D7.2]  “First specification of intelligent med framework”
Specifies the Intelligent Media Framework.

[LIVE D8.1] “Description of the overall implementah and integration plan”
Defines the first prototype of the LIVE systenglirding the services and in-
terfaces provided by the RS, and the implementatian for the prototype.

[LIVE D9.2] “Basic system architecture”
Defines the basic system architecture and the ooeis of the LIVE sys-
tem.

Throughout the document references to other LIVEveebles are marked with [LIVE
Dn.m] (“Dn.m” denoting the number of the deliverabt.g. “D5.2"),
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3 Related Technologies

This section investigates technologies relateth¢dmntelligent Media Framework with respect
to the objectives of LIVE. A full coverage of thechnologies is not intended in this docu-
ment, rather hot spots in the area of the techmedogre identified that have to be considered
to establish the “intelligence” of the IntelligeMiedia Framework. Section 3.1 gives an over-
view of asset management systems and extensiotisebyse of semantic technologies (se-
mantics media asset management). Section 3.2 ctheei@ea of recommender systems and
provides an overview of technologies applicabléhm scope of the LIVE project. Section 3.3
deals with metadata generation systems and cospexcts of manual and automatic annota-
tion and extraction of knowledge. Section 3.4 @sat reference to video conducting systems.
Finally section 3.5 gives an overview of interfaeehnologies applicable for the communica-
tion of the system components of the LIVE system.

3.1 Asset Management Systems

3.1.1 Media Asset Management (MAM)

Digital Asset Management(DAM) is a set of coordinated technologies andcpdures that
allow the efficient storage, retrieval, and reutdigital files that are important to an organi-
zation. By employing the descriptive informationaahed to the assets, DAM can provide
and support the business rules and processes neededuire, store, index, secure, search,
export and transform them. Digital Asset Managenesbmetimes referred to as Media As-
set ManagemeniMedia Asset Management{{MAM) is defined as the technologies used to
locate and retrieve specific content objects froralag to digital media.

In general, aligital assetis any digital media file that has value. Digigaisets often include
rich media such as video, audio and graphics,bsti$ not a requirement. Images, graphics,
logos, video and sound files, web pages (HTML, XMRDF documents, Quark and Illustra-
tor files, MS Office files, free text files, adsanketing collateral, brochures, product packag-
ing designs, etc, all qualify as digital objectsos¥lcompanies and organizations have many
kinds of digital assets such as text, photos, lpgussic, and video that will have potential
value in the future, if (and only if) they can ledacated and reused.

Media Asset Management Systemare systems that create a centralized repositorgtigi-

tal files that allows the content to be archiveshrshed and retrieved. The digital content is
stored in databases or on file systems called aspesitories while metadata such as photo
captions, article key words, advertiser names, aatnhames, file names or low-resolution
thumbnail images are stored in separate databadlesl enedia catalogs and point to the
original items.

According to popular definitions the difference @mntent Management SystemgCMS)

and Document Management System@OMS) can be located in the type of managed assets
MAM is targeted in managing rich media assets, saghideo, audio, 3D, graphics, images
and animations, in a media independent way.

© LIVE Consortium, 2006 Page 10/ 63
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Functionalities of content management systems for b roadcast production

The challenge for large broadcasters in the switmim tape to file is to find and then imple-
ment systems, that firsthand simply replace allithglicit capabilities of physical media for
conventional workflows. The characteristic advaega@f file-based workflows need of
course to be considered additionally at leaststifjuthe substantial expenses.

Looking at tapes compared to files, one can easilynerate a bunch of implicit methods that
are applicable to cassettes in the conventionakfleay which are not trivial to be substituted
in the file domain. One can:

organize tapes easily and intuitively on desks|velse rooms according to actual or-
ganizational needs

write things on labels, apply stickers, plug docateento banderoles (e.g. to be sub-
stituted by file-attachments)

intuitively organize the changeover of respondiei by putting tapes form one’s

onto another’s desk

hide confidential information by putting tapes irtarawer

speed up the transfer by e.g. running to a studdiedessary

easily transport large amounts fast over substadiséances (a production with 100

hrs of raw-material can by far faster change edites by putting 100 tapes into a
shopping cart than copy 100 hrs of video from aeex to the other)

prevent tapes from accidental deletion

All these and some more challenges need to be ssltiesomehow by a video-CMS for a
large broadcaster.

Typical functionalities and according software amstes in this sense would be:

Management of Media Ingest (Scheduled, Manual, eddp

a software module and front end that in practicaften realized as a combination of a
grid of ingest channels and a timeline combinedhwit'crash record” video control in
order to manage video routers and encoding dewicearious vendors

File Import/Export (incl. Re-Transcoding, Rewrappin

a software module with necessary controls for filp- and download” often inte-
grated with a transcoding solution of a 3rd paryvpler and “watchfolder” function-
alities

Metadata Import/Export/Throughput (incl. Re-FornmgfEmbedding/Debedding, At-
tachment Handling)

a software module relying on a database not sumghswith similar user controls as
for file im- and export, as the process on a metallis a form of “semantic transcod-
ing” and of course representation, also embeddmiydebedding of metadata into rsp.
from files is often a functionality in transcodisgites

Unique Identification

a software module to provide unique-ids in a ddfieaange (e.g. world-, company
workflowwide) to be used as filenames or data-tags

Management of Versions

a feature of the data-model of the underlying mataeabase with according function-
alities in maintenance and representation

Integration with planning and other administratsystems

© LIVE Consortium, 2006 Page 11/ 63



State of the Art Report IMF LIVE - D7.1

an implementation of the interface functionalittéshe MAM

Distributed Storage Management (Housekeeping, RiegpAllocation)

a software module to manage metadata and essem@eondance with server-space
and usage, often combined with a rule-based delegare based on properties as free-
space, last use, file size and similar

Management of Access-Rights

a software module to economically manage accebssran various levels, with an in-
tegration to the authentification at the operasggtem

Management of Workflows

a software module to organize human and technésalurces of various kinds, and to
schedule the sequence and trigger the start ohcligasks to be performed automati-
cally or manually. Often with graphical modelingarfaces. Often with powerful re-
porting functionalities

Preview (Low-Resolution Video, Keyframes, Sound-&opes)

a software module usually highly integrated withnscoding/encoding as well as
video-server and video-player technology for previges of different 3rd party ven-
dors to provide - in best case frame accurate vigoseand rough-cut functionalities to
low res proxies of the managed hi-res files

Rough-Cut and “Shopping Basket” functionalities

a functionality to organize and personalize sebedtiof the preview-material

Some typically discussed features are deliberatetymentioned above, because they rather
belong to “broadcast archive CMS” or are not yetistate of development for productive
use. Such features would be:

all kinds of automatic analysis tools
License and Rights Management
Thesauri and other advanced classification systems

Introduction of some distinguishing terms

To asses the state of the art of “video broadcastyztion content management” and its dy-
namics, some distinguishing terms need to be inted.

Production vs. archive CMS

An important differentiation is to be found betwg@onduction- versus archive-CMS. A “pro-
duction CMS” covers the actual TV production theref

it needs only weak metadata capabilities compaveant archive CMS (most of the
material gets deleted again, a lot of implicit mf@tion is known by the producing
staff)

it needs only weak copyright management compareah tarchive CMS (same reason
as above)

it is deletion-oriented (a lot of material needbé&deleted every day — partly archived
of course - in order to get space for new material)

supports strong versioning

very fast access is necessary (all material is maptess close to immediate transmis-
sion)

frame accurate preview in order to overcome mahugds editing
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An “archive CMS” compared to it rather focuses on:

strong metadata (essence selected to be archivesivde intensive documentalist’s
attention in order to facilitate its frequent reeus

strong rights documentation (same reason as above)

orientation towards preservation

economical storage of huge amounts with accordindpacks in fast access

preview of large amounts efficiently, not necedgdrame accurate

Essence vs. Content vs. Asset

As explained, the terms ,media asset managemerifitent management”, “media manage-
ment” describe functionalities necessary for thikaborative work with digital media espe-
cially if this work is based on the division of @r. Which clearly is the case in broadcast
companies.

In business communications — as at trade fairgretis so far neither a clear differentiation
between these terms within the broadcast domaihadcontent management” would have a
distinct and mutual denotation in relation to sayetlia management”. Nor is there a clear
differentiation between the usage of these termthimvithe broadcast domain towards
neighbouring domains.

If we take a closer look at the “product locatof"ome of the most important broadcast trade-
shows, the IBC 2006 in Amsterdam, we find the fwlltg results:

87 matches for 'Archiving Systems'

104 matches for '‘Content Management'

59 matches for 'Digital Asset Management'
76 matches for 'Media Asset Management'
102 matches for 'Media Management'

103 matches for 'Video Content Management'

Obviously there is a lot of background informatiecessary to understand, what the scope of
a particular product really is. On most systems amlg can judge after a substantial hands on
experience.

In the broadcast/media domain we can find a widsspand commonly accepted definition
of basic content-management related terms tha&aat bive some clue where a differentiation
between media-, content- and asset-managemenbes filmund. Unless there is still the prob-
lem, that vendors do not stick to it in their dermaations.

In this simple “hierarchy of media & metadata” ttegm “essence” (“media”) refers to the

media itself - which is essential for media produttbut of low value without any descriptive

information. Combined with descriptive metadata thssence is referred to as “content”. If
there is furthermore copyright rsp. licensing-matacavailable it is called an “asset”.

In this sense it would be the complexity of metadatbe dealt with, ranging from simple to
complex descriptive information and further on égdl/commercial metadata, which would
build up a hierarchy ranging from Media- to Conteamnd further to Asset-Management Sys-
tems.
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A comparison with neighbouring areas which areaalyewell developed, allows insights into
the dynamics of “content-managing-systems” as siiolm which we can draw some conclu-
sions regarding the state of the art in the brostdmaa.

As two areas with such a well developed state ohtent management systems” we will now
take a look at document-management and web-contanggement systems and how they
evolved up to now in order to further compare therbroadcast-CMS

Primary vs. Secondary Systems

Before we do this, a last distinction needs to laelen In the content-management domain we
need to differentiate between primary- and seconggstems.

Typical primary-systems are the applications thettegate and modify essence-files. In the
office domain this could be MS-Word, MS-Excel, PRFiter, Star-Office a.s.o..

In the Web-Domain we could e.g. look at HTML-Ed#dike Front-Page, Dreamweaver but

also Image-Editors, Flash-Editors, Low-Resolutiaded Editors.

In this sense in the broadcast domain, primaryesystare edit-systems, playout-systems, in-
gest- en- and transcoding systems, sound-editistp$)s a.s.o.

Content Management Systems clearly are Secondatgi@yg and set up onto rsp. integrate
with primary systems. To be efficiently and econcaily used, they rely as a key factor on a
certain basic interoperability of primary systems.

Here we see a first interesting development to ke will have to come back later. Many
would consider a software formerly just used asna-kditor like Adobe’s -Dreamweaver, to
be nowadays already a small Web-CMS by itself. Tagelopment that particular primary
systems try over time to also cover the CMS-fumzliies seems to be a common develop-
ment in this area.

Next we have to look at the file formats, as theyacore element of interoperability.

Just to mention them by their file extensions ia tocument-management domain we know
*.doc, *.xlIs, *.tif, *.jpg. In the web domain thiwould be *.html. *.gif, *.jpg, *.swf.

The related extensions for the broadcast domairididoeie.g. *.omf, *.m2v, *.avi, *.mxf and
many more. The extent of file-formats being commstandards, indicates rsp. facilitates the
extent of overall management systems to be opetgtintroduced in the respective area.

Capable content management systems in the domaoffioé- rsp. web-documents have
evolved as soon as a few boundary conditions vesrehed like:

a critical penetration of digital documents in witolvs

large companies affected whose organization islyigiised on the division of labor
practical interoperability of primary systems

common file formats - as at least de-facto - stegsla

If we now take this criteria and compare it to bieadcast area, we see significant lags, that
give a clue to the state of the art of broadcasSCM

even though almost all large broadcasters haveermghted file-based production is-
lands already for years, the switch to a substiawgidical diffusion is just under way
and will take some more years
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almost no large broadcaster has a digital archovials The respective islands in this
area are mostly short news contributions, whichaacbived already digital and online
specially in the production of “long forms” (featufilms, documentaries in compari-
son to short news contributions) and their typwatkflows, the workflow integration

is still weak

The interoperability of systems of different vensl® not to be taken as sure, it is hard
to be achieved from case to case and can takeohédoigineering effort

The same is the case with file formats. Not onlyeikotic” features as embedded
metadata are concerned

Trends as seen at IBC 2006

The trends described here, refer to systems siatddrge broadcasters who produce a broad
range of genres. In this sense such a system s to

extensive (ranging from ingest to playout)

genre-spanning (support the production workflownfrmews to long-forms like
documentaries)

primary-system spanning (not just suited for a pagticular edit suite or storage sys-
tem)

Of the ten to twenty industry providers on the Ep@an market, that potentially fit into this
descriptions each has a — not easy to compare e ardess unique and individual arrange-
ment of functionalities. But still there are sonasic common trends:

Even though one still can see it shining through,rhere newsroom orientation of the
CMS-systems is decreasing

Flexible modeling of various workflows starts tosl@®wn — at least in theory

Support of various hard- and software-systemseaomphand practical references is in-
creasingly mentioned.

Web-Service orientation as a clue to general opniseimplemented more often then
last year

The integration and support of mxf as an commasfbrmat also shows up signifi-
cantly as well in theory as, as real reference betwdifferent primary systems

To summarize the state of the art of productioraicast content-management, we see a lot
of promising features to cover the necessary wowd| but a industry-customer is well ad-
vised to carefully look at interoperability and du-proof openness at the basic level, rather
than taking cutting-edge features into close carsitbn.

This recommendation is even more important in #eeof the LIVE project, in which an in-
tegration of the subsystems developed in the canfr$iee project into the broadcasting pro-
duction systems is planned without a loss of theegaity of the selected approach: This is
only possible when open standards are used ahtedace and protocol level to obtain the
desired interoperability.

3.1.2 Semantic Media Asset Management

The term “semantic media management” denotes amgixin of “classical” media manage-
ment through the application of semantic techn@egirhis section discusses the potential
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benefits and research questions arising from tipdicagbion of semantic technologies in the
area of media asset management.

Semantic organisation of media

Semantic Organisation of media aims to overcomaskige of having to sort everything un-
der predefined categories, which are often staiat mapped to folder structures. Some of
these approaches like the one described in [Khd28@&bles users to organize media items
according to mental models: the authors semantic regiongo organize media items based
on two facts!the variety of users’ mental models toward perdomadia data and the effec-
tiveness of spatial organization of informatiofMedia can there be organized according to
“timelines, locations, events, people, etc. depegdin users’ current mental modeldri
[Ben2001] the authors describe another systemdhaivs the organisation of multimedia
items using perceptual knowledge.

Semantic search & retrieval

Search and retrieval in multimedia databases igilyedependent on the metadata that is pro-
vided together with the multimedia items. Metadatahis purpose is either generated manu-
ally or semi-automatically through the use of tothlat are described in section 3.3 of this
document. Metadata forms the basis for searchesetlilatabases as most of them only allow
keyword-based searches. The problem of keywordebasarch is, that in most cases you
have to deal with ambiguities: the people assighiegwvords to media items use a different
terminology as the people searching for the metiee use of ontologies to overcome the
limitations of keyword-based search has been ortbeofnotivations of the Semantic Web as
sketched in [Ber2001]. Most semantic search salstigive the possibility to search by pre-
defined concepts that were assigned to media inntdtexing phase and thus allow to query
the database through the use of them. Some sensaatich engines allow searching using
concepts of ontologies which also allows to seecepts in context and through the use of
these ontologies allow the exploration of a datak@®und topics. The advantages of using
ontologies for information retrieval are manifold described for example in [Din2004],
[May2003], [Par2003], [Val2005], or [Bur2005].

Semantic indexing support

Large digital repositories require efficient tofds search and retrieval of digital assets. Cur-
rent media asset management systems are highlg tanedex textual content of any form to
make it searchable and, for this purpose, provgepossibility to either manually or auto-
matically annotate audiovisual content with metad&towever, this manual annotation of
content is time-consuming and in many cases subge@ome digital asset management sys-
tems, e.g. Virage’'s VS Archiveallow to index audiovisual content by extractikey-
frames and by applying speech recognition moduldsanscribe speech to text which is later
full text indexed. However this type of indexingedonot meet all requirements: Keyframes
only support quick human recognition and possitligvato search by example (QBIC). On
the other hand speech recognition is still verypreprune, applicable only in well trained
situations and, moreover, cannot solve the probtéat, not everything that is depicted in a
video clip is in any way directly referred to irethudio track. Search by the semantic features
of the content is a common requirement in mediatas@anagement systems: This require-
ment can only be met by a semantic indexing proagtssthe ability to identify the semantic

! Virage: http://www.virage.com/ - last accessed11®006
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features of the content. There are many approachiss problem and the reader is referred
to a selection of solutions in the literature: [[@p4], [Bar2001], [Chan1998], [Ada2003],
[Le02002] and [Sn02006]. Section 3.3 also inclugdsrences to these topics.

3.2 Recommender Systems

Recommender systems are a field of research thetpanding rapidly and are quickly be-
coming more and more diversified. A lot of diffeteachniques are being developed in dif-
ferent research groups. The two most widely usqutogghes are the collaborative based
recommender systems and content based recommeystiems. The techniques that are rele-
vant or that can be used in the LIVE project fatbithree categories. Collaborative recom-
mender techniques can be mostly used in the df-tecommendation phase and could
therefore be used in a situation where a profeatiaser (i.e. the “LIVE video conductor”) is
preparing a re-run show. The content-based recomenesystem can be used in a wide vari-
ety of situations such as archive recommender systeonsumer recommender systems and
live event recommender systems. The final appredaybrid recommender system presents a
way of integrating these two approaches into a commvorking system. [Kob2001] and
[Han2001] provide a good overview of recommendsteys.

3.2.1 Collaborative Recommender Systems

The goal of a collaborative recommender systern geherate plausible recommendations for
the user based upon his ratings and those madéshyehlrest neighbors (people who have
similar taste).

The first stage of collaborative recommender systeselecting nearest neighbors. In order to
find user’'s nearest neighbors the system must rgeri@s of algorithms that compare the
main user and the compared user. After the sysimis the required number of neighbors, it
can calculate recommendations for the current d$es.approach gives good results, but also
requires a significant amount of processing timkerAative solution is to find clusters of us-
ers, which should provide the system with less @ateuist of nearest neighbors, but also sig-
nificantly reduces the amount of processing tintgpined.

When designing a collaborative system the requimpdt is very simple. All that is required

Is user’s identification (unique identification kéyr example) and a database containing all
items and their ratings provided by users thatragestered in the system. When the system
processes this data and generates the requirechmegadations it can produce two types of
output. It can directly recommend items to the usesending him the recommended item’s
id (crid) or it can store this information into atdbase structure thus enabling access at a later
time and its reuse by the hybrid recommender.

When using collaborative recommendation one oflhén advantages is that the system does
not need to use any content descriptors and isftrerplatform independent. Because of this
it is also possible to use the system in an enwiemt containing different content types, for
example movies, documents and images. This makesydtem much more flexible and pre-
sents the user with a wider choice of recommentids. The downside of a collaborative
system is that it is based on searching for pewojle similar taste and therefore does not
work very well until there are enough users indlgbase. Integrating new items into the da-
tabase is another problem because the system pescesly those items that have received
ratings from users, so until the item has beerdrits invisible to the system.
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Figure 2 presents the architecture of a collabegagystem.
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Figure 2: Architecture of a collaborative recommand

A good overview of collaboration recommender apphes can be found in [Kur2002] and
[Bre1998].

3.2.2 Content-based Filtering

Content-based recommenders on the other hand, tdotecact with profiles from other us-
ers. The principle of content based recommendaitracking the meta-data of items that the
user rates. If a user prefers a certain type ofegémns will show in positive ratings given to
that genre description. The advantage of such temyis that it is independent of other users
and that integration of new items is very simplevinled the necessary meta-data is available.
The problem of using this type of recommender & ih can only work with the selected
meta-data standard and therefore cannot includesitbat do not have the necessary meta-
data or are of a different type. Content basedmagenders are therefore optimized to work
with a specific type of content, but cannot be lgasade to work with a system that includes
different content types or meta-data standards.

The classification is done based on the historgasftent ratings given by the consumer and
the description (metadata) of a particular conimh. The required input to such a system is
a training data set, containing descriptions oftennitems and the corresponding ratings.
Content descriptions used in our system contairidf@ving attributes:

List of genres

List of actors

List of directors

List of screenplay writers

List of awards given to the movie

Additional metadata attributes like (country ofgani, production year, synopsis, etc.)
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The classification of content items (videos) isdzhen calculations of similarity between the
content description and the user model. Similastgalculated separately for each of the de-
scription attributes (genre, keywords, actors, doe awards, etc.). The calculated attribute
similarities are then combined into a total similameasure using the Support Vector Ma-
chines (SVM) or other classification methods.

The output of the system is a list of recommendmatent items (movies). If certain condi-
tions are met (usage of regression methods fosi@lzetion) the output can contain an or-
dered list of content items, including the indioatiof content suitability (a number ranging
fromOto 1)

The system is designed in such a way that it isipesto combine it with a collaborative re-
commender system, which should improve the recordateam efficiency.

A good overview of content based recommender systean be found in [Bez2002],
[Zim2004], [Buc2002], [Dif2002] and [Kur2001].

3.2.3 Hybrid Recommender System

Following the optimization of both stand alone macoender systems mentioned above, the
recommender results can be further improved by aoimdp both approaches. There are many
possible ways for constructing hybrid recommendestesn, for instance a parallel design
where both approaches are run at the same timéhanithal decision is based on both out-
puts, a serial design where approaches are rumftereanother or more complex hybrid de-
sign, for example a cascade design where the oafpute recommender represents an input
for the second recommender system.

ﬁ Final predicted
rating

Hybrid
recommender
: *.QPQ" A B
@&Qq,db %?f%
T O

Collaborative
filtering
recommender

Database layer
O (movie MD and user ratings)

Figure 3: Architecture of a hybrid recommender eyst

Content-based
recommender

From a number of above mentioned hybrid recommesgietems we suggest the parallel ap-
proach. The main reason for this decision is thareaof the parallel recommender, which al-
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lows for arbitrary weighting of both recommendepigaches. This means that the classifica-
tion decisions for individual content items madebogh recommender approaches can by ar-
bitrarily combined based on the decision parameldiese parameters include the prediction
accuracy (precision and recall), availability ohtent recommendations from one or the other
approach, etc. In addition, the parallel hybridoramender is easier to implement than other
hybrid recommenders. The architecture of a pardlidgdrid recommender is presented in
Figure 3.

A good overview of hybrid recommender systems carfdund in [Bur2002], [Uch2002],
[Sal2006] and [Pog2004].

3.3 Metadata Generation Systems

The task of metadata generation systems with respélee LIVE project is to add descriptive

information to audiovisual essences (i.e. archiwadéo material and live streams) in order to
give the Intelligent Media Framework relevant imf@tion on how to process, recommend
and interrelate the material.

At the “meta level” (see section 6 for a detailebctiption of this concept) the information
about the material can be describing featuresettntent object (e.g. features related to the
creation or to the encoding of an essence). Ofstilgect matter level” (see section 6) the in-
formation describes, at different levels of abdtom; the “meaning” of the material. Such
meaning is usually created manually to ensure thdurreuse of the audiovisual material:
Broadcasters let experienced archivists assigridabethe audiovisual material: The labels
are taken from a controlled vocabulary in ordeemable efficient search and retrieval of the
stored material. The controlled vocabulary or ¢fasgion scheme has been optimized by the
archive experts to cover the most important usescésr search and retrieval within their
usual workflow.

Metadata generation systems can be classifiednaioual annotation tools, semi-automatic
annotation tools and automatic annotation toolsni annotation systems help the user to
label the data by some useful classification sclsewtdch are important for finding relevant
material later on in an achieve. Free-text annmtais used in combination with terms stem-
ming from classification schemes. The user seldxse classification labels which are most
helpful for later search and retrieval.

3.3.1 Manual Annotation of Content Metadata

In many user scenarios broadcast material is mgnaahotated: Major news companies,
such as Reuters or Sportsticker, perform onlin@tation of LIVE sports events and produce
real-time feeds to consumers, e.g. via RSS. Melsemwvation companies monitor various
broadcast feeds and annotate the live materiak ififiormation is used in many scenarios,
e.g. in order to generate edit lists to cut out w@rTials, to validate whether a spot has been
broadcasted correctly, or, as a broadcaster, tlitdde reuse of the AV material in the future.
The following list highlights a few annotation tsah the academic area:

VideoAnnEx from IBM is based on MPEG-7, supportyydemporal labelling and
contains automatic temporal segmentation of theowitbntent
(http://www.research.ibm.com/VideoAnnEx/ - lastessed: 10.11.2006)
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MuViNo from the University of Klagenfurt which is@omponent of ViTooKi - The
Video ToolKit (see http://vitooki.sourceforge.netiasponents/muvino/code/in-
dex.html - last accessed: 10.11.2006). The togbeup temporal labelling, supports
Linux, Windows and is a C++ open source project.

Anvil from the DFKI GmbH is a video annotation raseh tool in Java.
http://www?2.dfki.de/~kipp/anvil/ - last accesse@:.11.2006

Moreover, special tools for audio and image anrmtatexist as well, e.g.:

The Transcriber (http://trans.sourceforge.net/as@ntation.php - last accessed:
10.11.2006) is a open-source audio annotationvtatten in * Tcl/Tk, which runs
under Linux und Windows. The tool allows to generatranscription of the audio
track and to enter and modify tracks of metadatasts which may encode arbitrary
classifications (speaker name, genre, silenceionugyle, etc.). Metadata are ex-
ported as an XML-document.

The M-OntoMat-Annotizer from the Project acemedia
(http://annotation.semanticweb.org/ontomat/indexlhtlast accessed: 10.11.2006) is
a spatial annotation tool for images using ontaeglt is used in the IST-BOEMIE
project. It uses a predefined ontology and enablkesiser to label the metadata ac-
cordingly to the controlled vocabulary.

Besides these rather academic annotation tools the variety of special purpose software
products which help customer to annotate multimddia. Let us mention the three important
approaches in the area of consumer annotationa{gagging):

PICASA (http://picasa.google.com - last access@dt22006) is a free digital photo
management tool. It organizes digital photos arfersfalgorithms for efficient search
and retrieval. It supports free text annotationwedl as metadata according to the
IPTC standard. It helps the user to produce sl®vs, photo books and web pages
by offering additional tools for image manipulatiomage enhancement and layout as
well as upload functionality to photo finishers adine communities in order to pub-
lish the results. Similar tools exist from photoishers, such as Fuijifilm, in order to
ensure simple and efficient production of photaialk or printed third-party products
such as personalized calendars, mugs, t-shirts, etc

Flickr (http://flickr.com - last accessed: 22.1108Dis a portal for sharing digital pho-
tos on the internet. Flickr supports an internehcwnity by providing infrastructure
in combination with web-based software technologyifmage search and retrieval.
Besides free textual annotation, it supports atsdial annotation of images: the user
is able to associate arbitrary image regions wekb fext annotations.

YouTube (http://www.youtube.com - last accessed 22006) is an Internet commu-
nity portal for sharing self-made videos. Categorseich as “Arts and Animation”,
Sports, etc. must be manually entered before th@adpof audiovisual content. The
portal provides search and retrieval on a clip$yasiwhich user-preferences, e.g. fre-
guency of viewing, are directly used to generatememendations.

The reader shall be referred to a recent workshpprt containing a comparison of multimo-
dal annotation tools ([Roh2006]). Moreover, the arping deliverable [LIVE D5.2] “Report
on LIVE Human annotation” will contain more infortran on annotation tools and details of
the manual annotation tool which is developed asetlun LIVE's workpackage 5.
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3.3.2 Automatic Annotation of Content Metadata

The aim of automatic and semiautomatic tools foregating content metadata is to extract as
much useful information from the essence (AV-cot)tes possible. Various algorithms from
computer vision, pattern recognition, speech reitmgn spoken document retrieval and sig-
nal processing are applied to solve this diffitattk. Despite significant progress over the last
decades, only a few of the classification tagssisee interested in can be defined automati-
cally, e.g. whether a scene is currently “funny™ioonic” is far too complicated. On the other
hand, hard cuts generated by editing or sappindeatetected automatically. This is usually
called “semantic gap” since computers cannot “ustded” essences in the way humans do.
Algorithms with acceptable performance alreadyteiisthe following tasks: temporal video
segmentation, transition classification into cutl @ahssolves, face detection, camera estima-
tion, tracking of objects, audio segmentation, shenspeech detection, melody detection
and audiovisual fingerprinting. For instance, tengp@ideo segmentation and face detection
has found already its way into the acquisition hane: Camera vendors use face detection in
photo cameras for illumination enhancement and teadvideo segmentation is available ei-
ther on the hardware level in video cameras or @ercoards or provided as software (based
either on different SMPTC time stamps of the sigimasimple image processing algorithms).
For instance, the video annotation tools “VideoArh&nd “MuViNo” mentioned above are
both able to perform hard cut detection on theinow

The state-of-the-art in video indexing and retrlegsassessed on a regular basis by the TREC
video retrieval evaluation (TRECVfR However, any system for multimedia analysis and
recognition becomes relevant if it is able to prmaEwseful information which describes the
essence. Hence, this field is still a very actie&lfof research.

Web sites such as Flickr, Google (http://imagesytmoom - last accessed: 10.11.2006), Riya
(http://www.riya.com/ - last accessed: 10.11.2006) ike (http://www.like.com/ - last ac-
cessed: 10.11.2006) have recently begun to apgbriims for automatic extraction of con-
tent metadata (e.g. shapes, colour or texture fesaccording to MPEG-7). They combine
similarity-based search and retrieval technologyedaon low-level features with high-level
concepts, in which the latter disambiguates theckehy limiting it to smaller and well-
defined domains. Moreover, some sites already igdelavel pattern recognition technology
such as face detection and identification algorghitomhelp users to train and to identify hu-
man faces on digital pictures (e.g. Riya).

Besides these rather community-driven solutioreretfare some commercial products which
are able to perform automatic analysis of audialistontent, e.g. “Media Archive” from
Blue Order, “VideoLogger” from Virage, the “Media iMng Indexer” from Saillabs,
“Video/Audiolngest” from Visual Century or “StreaBage”, to name only a few of them.

The upcoming deliverables [LIVE D5.3] “Descriptiof low- and mid-level offline metadata
Extraction from sports video” and [LIVE D5.4] “Dagation of low-level compressed domain
online metadata extraction from sports video” wdlver in detail which algorithms are used
in the LIVE project for real-time and offline metatd generation.

2 TRECVID: http://www-nlpir.nist.gov/projects/trea¥f - last accessed: 10.11.2006
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3.4 Video Conducting Systems

Within the context of LIVE the term “Video Conduagi System” comprises a software sys-
tem providing the functions needed by professiasals to stage live events. A special focus
is set on so called “staging tools”: These tootsvte the user interface for the different tasks
and responsibilities of the video conducting teawoading to a staging concept. The staging
concepts and associated content models are dedelopdVE's workpackage 4 and are de-
scribed in the corresponding deliverables: [LIVE.L] describes the artistic research road-
map for the development of content models and sgagoncepts. [LIVE D4.2] describes the
practical workflow and contains first suggestions $taging tools and [LIVE D4.3] presents
the scientific reasoning of our content researchkw8ince detailed information on staging
concepts and staging tools is provided in thesweatables, we restrict this document to a

general overview.

Software OSC|FFT audio/| Formats | Built-in Free- Special Layers SDK | Platform
analysis Effects | Frame
FlowMotion N Y QT, AV, >100 Y fixed layout, scratch, Mask layerq, 5 Y PC, Mac
(advanced] SWF, scratch pad can be controlled by M|DI
Director or linked to any parameter
Livid Union N Y (beat) QT >100 N fixed layout, clip sequencer, stna 4 Y PC, Mac
3D effects
Modul8 Y Y all QT, basic N modular interface, 3D objects, 10 Python Mac
SWF advanced pre-visualization panel, |
mode type: normal, loop or ping-popg
VVVV Y Y AVI, >100 Y patch-based interface (MAX/MSP, § unlimited N PC
.MPEG like), 3D positioning
ArKaos VJ N Y AVI, >60 Y fixed layout, with drag & drop and k| unlimited N PC, Mac
DIVX, punch functionality at all levels, mulgi-
MPEG, screen, DMX
ASF,
WMV
MXWendler Y Y AVI,QT, >100 N completely hardware based realtifne 8 N PC
2.0 SWF compositing suite, based on Open{sL
and exclusively uses pixelshade
technology for transformations,
layering, wiping, keystoning,
softedges, HD DV, feedback loop
EyesWeb Y Y AV, >10 Y patch interface, not specifically VJ unlimited Y PC
MPEG software, advanced connectivity
Pilgrim N Y QT,AVI, >100 N 3D effects, editor, Time slider: tothl 8 N PC
MPEG, control of time. Go back in time or go
SWF,ASH back to the future. For video, text and
3D Layers
Isadora Y Y QT >40 Y/Mac | patch interface, 3D effects, serial qut 6 C, ¢++ MRC,
only (beta)
Resolume N 18 band AV, >60 Y fixed layout, easy interface, skratch, 3 N PC
MPEG stream video over network, multi-
screen
VJamm N Y MPEG, basic Y fixed layout, individual clip contro 16 N PC
AVI (size, shape, soft edge luma key]
opacity, position, direction
and scratch)
GridPro N Mac only | QT, SWH >70 N fixed grid layout (1 layer énface),| unlimited N PC, Mac
HD DV

Table 1: Summary of features for prominent VJ t¢bl¥E D4.3]
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Digital Content Research

[LIVE DA4.1] provides a state of the art report agi@l content research and starts with a
presentation of “Video Jockeys (VJs)”: The workMis is in so far closely related to the role
of a video conductor as they create live visuafggarances by composing different video
clips to a coherent show. The deliverable givesrmtion about design principles for video
composing, such as the “proactive moderator driverigation” or possible “temptations for

reactive navigation” which is driven by audiovispaltterns (picture in picture, inserts, etc.)

Tools and Techniques for Live Staging

[LIVE D4.3] (“Methods, design guidelines, workflovisr online staging”) describes several
techniques a video conductor can use to cope Wilthallenges of live staging (e.g. the use
of loops, “AV Ballets” or scratching to close smghps between two clips and/or streams).
Moreover, the deliverable presents a comparisodiféérent video editing tools typically
used by video jockeys. The Table 1 from [LIVE D4c8htains a survey of VJ tools, which is
cited for a quick reference below:

3.5 Interface Technologies

The focus of this section are commonly used teauie$ allowing separate software compo-
nents to communicate via a programmatic mechanaledc“interfaces”. Interfaces define
the communication boundary between two softwarepmrants. They generally constitute an
abstraction that a component provides of itseth®outside, thereby separating the methods
of external communication from internal operatidhis allows a component to be internally
modified without affecting the way other componeintgract with the modified component.
Moreover, interfaces can provide multiple abstattiof one component. Interfaces allow to
cross program language boundaries and potentildiw anteracting components to be im-
plemented in different program languages. One efditawbacks of the use of interface tech-
nologies is the additional overhead, which is dep®n on the higher abstraction level,
(remote) method invocation and service lookup efittierfaces.

This section focuses on those technologies whigpa@t remote communication and are
likely to be applicable in the context of the LIfiEoject. Further Information is available in
[Tan2001] and [New2004a].

3.5.1 Remote Procedure Invocation

The Remote Procedure Invocation is usually asstitt the client-server model of distrib-
uted computing. An interface is initiated by thdlera(client) sending a request message to a
remote system (the server) to execute a certaiceduoe using arguments supplied. A result
message is returned to the caller. Remote procaduoeation technologies usually require
both peers be on-line with network connectivityidgrthe invocation.

In this section we will introduce most relevanthieologies that involve remote procedure in-
vocation.
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RPC

Remote Procedure Calls (RPC) have been used s0scdRPC is based on extending the no-
tion of conventional, or local procedure calling,that the called procedure need not exist in
the same address space as the calling procedusgwbhprocesses may be on the same sys-
tem, or they may be on different systems with avoet connecting them.
There are several RPC solutions for different platls, some of them incompatibles.
The most common are:
SUN-RPC (also called ONC-RPC), developed by SUNrdsigstems and available in
most of UNIX OSs
DCE-RPC developed by the Open Software Foundation
MSRPC, developed by Microsoft, based on DCE-RP@dus/ Microsoft DCOM

RPC solutions are being falling into disuse in fawbother technologies that permit a greater
abstraction level

CORBA

CORBA stands for “Common Object Request Broker Redhure” and is an open architec-
ture and infrastructure industry standard created supported by the OMG (Object Man-
agement Group). CORBA is only the specificatioG@RBA implementations are known as
an ORB (or Object Request Broker).

CORBA defines APIs, communication protocol, andegbgervice information models to en-
able applications to interoperate. An importantrabeeristic of this interface solution is its
independency from hardware/software platform aray@mming language, being available
in most of them. CORBA is intended for Object Otezhsoftware following the Distributed

Object Model, providing platform and location trpagency for sharing well-defined objects
across a distributed computing platform.

CORBA defines GIOP, which is an abstract and ndtwaalependent protocol, for communi-
cation between peers. The implementation of GIGRopol for the TCP/IP is denominated
[IOP.

Java RMI (Java Remote Method Invocation)

Java RMI, is the Java API for performing remotecpure invocation. Initially was oriented
towards intercommunication between Java Virtual IMaes, interoperability with CORBA
was added later. Java RMI usually is used diremtgr TCP connection, but can be also used
over other protocols such as HTTP.
There are two different protocols:
Java Remote Method Protocol (JRMP), is a Javaeatietocol, using this protocol
communication could only occur between Java Viridathines.
RMI over IIOP (RMI-1IOP) , which permits interopdmiity with CORBA

Web-Services

The term “Web service” refers to any service predignachine to machine using web proto-
cols, we will restrict here to the W3C definitiorhieh restrict to SOAP/WSDL bindingA
Web service is a software system designed to supperoperable machine-to-machine in-
teraction over a network. It has an interface désed in a machine-processable format (spe-
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cifically WSDL). Other systems interact with thebVgervice in a manner prescribed by its
description using SOAP messages, typically convegedy HTTP with an XML serialization
in conjunction with other Web-related standardbklaas2004].

With this definition Web-Services allow the invoicet of remote methods (procedures) using
two different XML technologies: SOAP and WSDL.

WSDL describes Web services interface by defining messages that are exchanged be-
tween the requester and provider agents. The messhgmselves are described abstractly
and then bound to a concrete network protocol aegsage format, usually HTTP, although

other protocols are also supported as SMTP, JMS,SAP is used to package and ex-
change the XML messages with the requests andnmespo

SOAP/WSDL themselves don’t provide solutions fesssen management, security, authenti-
cation, transactions and other models of communitcdas publish/subscribe, asynchronous
communication...), however several standards haveapd that provide them. To cite some
of them:
WS-Security, from OASIS, provides enhancements to SOAP mesdagegeqgrity,
confidentiality and authentication purposes. Aduhiglly WS-I Basic Security
Profile provides guidance on the use of WS-Security aadJger Name and X. 509
security token formats.
WS-Business Activity WS-Atomic Transaction andWS-Coordination from BEA-
Systems and IBM specify different levels of trarisacand coordination,
WS-Notification, from OASIS, defines an approach to notificatiomgs topic-
based publish/subscribe pattern.
WS-Addressing,from W3C, provides transport-neutral mechanismeadaress Web
services and messages allowing secure end-to-ehmbien identification in messages.
WS-Eventing, from BEA Systems, Computer Associates, IBM, Msof, Sun
Microsystems and TIBCO Software defines a basal@tef operations that allow
Web services to provide asynchronous notificationsterested parties.

Microsoft .NET Remoting

.NET Remoting is the solution for communicationhit Microsoft .NET framework, being a
proprietary solution. It is the successor of MiathPistributed COM (DCOM).

It is a generic system for different .NET applicas to communicate. .NET is based on ob-
jects, that are exposed to remote processes to glterprocess communication.

The most important characteristics are:

- Requires the clients to be built using .NET, whatlows the developers to use
different programming languages (any availableR¥T), but it is restricted to
Microsoft Windows platforms.

.NET Remoting eliminates the difficulties of DCOM bupporting different
transport protocol formats and communication prot®cThis allows .NET
Remoting to be adaptable to the network environnrentich it is being used.
It supports state management options.

Applications can use binary encoding where perfoceas critical, or XML
encoding where interoperability with other remotfrgmeworks is essential.
All XML encoding uses the SOAP protocol in trangpay messages

Allows objects to be passed by value or by refezenc
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.NET Remoting will be superseded by Windows Comrmatnon Foundation (WCF), which
is expected to be released in 2007. WCF will allamong other things, interoperability with
Web-services.

3.5.2 Message Oriented Solutions

Opposed to a request/response metaphor commonhdptbby all the previously explained
solutions, message oriented solutions generalfyaelasynchronous message-passing, allow-
ing other communication scenarios as publish amdaibe, multicast, broadcast, asynchro-
nous and synchronous messaging.

Message oriented solutions often rely on the ex¢gteof a message oriented middleware.
Most message-oriented middleware (MOM) systems mkjom a message queue system, al-
though some implementations rely on broadcast amohicast messaging systems. Charac-
teristics usually available in MOMs are the proorsiof guaranteed message delivery,
security, and priority-based messaging.

The most widely used technologies associated tesagesoriented solutions are Microsoft
Message Queuing and Java Message Service.

Microsoft Message Queue

The Microsoft Message Queuing (MSMQ) is both a tedbgy and an implementation, re-
stricted to Microsoft Windows platform.

Some of the key characteristics of the MSMQ are:

It allows sending and receiving messages overgntifocol.

Send messages to multiple destinations

It integrates with the security features of the tdiws operating system through the
use of access control, auditing, encryption, antlemntication, and using security
features such as the Kerberos security protocoaritalso use SSL for authentication
over HTTP/HTTPS messaging.

JMS Java Message Service

The Java Message Service (JMS) API is a Java Me<agnted Middleware (MOM) API

for sending messages between two or more clieMsS. i3 a specification developed under
the Java Community Process as JSR 914. It allopcapjion components based on the Java
2 Platform, Enterprise Edition (J2EE) to createdseaeceive, and read messages. It enables
distributed communication that is loosely coupletiable, and asynchronous.

JMS supports two models:
point to point
publish and subscribe
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4 Related Standards

The Intelligent Media Framework in its role as ategrating middleware for different knowl-
edge sources within the LIVE system is highly dejeem on standardization. This applies to
both, interfaces with external systems and to malecommunication with the metadata gen-
eration system, the video conducting system andett@mmender system.

This section provides an overview of standardsveziefor the Intelligent Media Framework
and investigated the following categories of stadsla

Media and Broadcasting Domain: This domain is opamance because it includes
state of the art content models and interface diefivs to deep archives, digital asset
management- and playout systems.

Semantic Web and Ontology Engineering Domain: Tumain defines base tech-
nologies and knowledge models for the definitiontlod Intelligent Media Assets

(IMA).

The journalism and news domain do already heawl www infrastructure in there

daily work. Therefore there are widely used stadsl@vailable for this domain. These
standards are very important for the IMF and th€H.ISystem in general because
dealing with live events conditionally means deglivews systems.

4.1 Standards Related to the Broadcasting Domainan d
Media

This section gives an overview about standardeseribe assets in the broadcasting domain.
In addition some of the standards also define sam&flows and/or interfaces to software
components like playout server or video servers.

As pointed out in section 3.1.1 (“Media Asset Magragnt (MAM)”), the usage of media as-
sets within the broadcasting domain includes aflaifferent user scenarios leading to differ-
ent requirements based on the way content is s{twad term archive, production archive,
etc.) and the way content is used (preproductitaygot, content exchange between broad-
casting companies, etc.). Therefore it is no ssepthat there are a lot of different standards
used to describe content within this domain.

The different standards of the Moving Picture Ex@noup (MPEG) are well known but also
other organisations like the European Telecommtinica Standards Institute (ETSI), the
Society of Motion Picture and Television Engine@MPTE), the European Broadcast Union
(EBU) and the International Standardization Orgatn® (ISO) do provide metadata schemas
and controlled vocabulary used within this domain.

Furthermore, vendors and their products as wetlasing systems used in the broadcasting
domain often use proprietary descriptions and eimngador describing media assets. The fol-
lowing section does not claim provide a detailedcdgtion to the standards, it rather pro-
vides references to relevant background materialgodd summary of the standards is
available in [Jon2003].
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Dublin Core

The Dublin Core Metadata InitiatiVéDCMI) develops and entertains a universal sefesf
scriptors, the DCMI Metadata terms. It consistel@ments, element refinements, encoding
schemes, and vocabulary terms. The basic metaxelamge scheme is a list of 15 metadata
fields (Title, Subject, Description, Creator, Pshkr, Contributor, Date, Type, Format, Iden-
tifier, Source, Language, Relation, Coverage, Righthe element refinements may detail the
basic elements by adding specific qualifiers (Exgated, Valid, Available refine the element
Date).

The DCMI Metadata Terms [DCMI2006] are mainly useexchange (descriptive) metadata
on the web. It may fit into the audiovisual prodantenvironment if combined with standards
for broadcast production and distribution. The DOWBtadata Terms are a recommendation
of the DCMI. Legacy documents covering subsetshefdefinition are in the public domain,
including the IETF RFC 2413, the CEN Workshop Agneat CWA 13874, NISO Standard
Z39.85-2001, ISO Standard 15836-2003, and a vanietytional standards that include some
or all of the Dublin Core Metadata Set.

MPEG-7

MPEG-7 is a metadata standard developed by theoMétictures Expert Group. Unlike other
MPEG standards, MPEG-7 does not say anything aheutoding of essences (audiovisual
data) but deals only with the description of theeege. For each entity to be described, a de-
scriptor is defined. Descriptors are combined tecdption schemes which themselves can be
part of more complex description schemes [Mar2008pse are formed by the Description
Definition Language (DDL) which is based on XML ®&cha. The MPEG-7 description
schemes are divided into a visual part, an audibgral the semantically rich multimedia de-
scription scheme (MDS). MPEG-7 descriptions cardied using XML or in binary format
called BiM (Binary format for MPEG-7). The latterapbe integrated in the transport streams
of other MPEG formats (i.e. MPEG-2, MPEG-4).

The MPEG-7 standard consists of 11 parts. In 2p@#;, 1 to 6 where published and since
then several amendments to these parts were méagendwest parts are 9: Profiles, 10:
Schema Definitions, and 11: Profile Schemas whiehevpublished in 2005.

Information on current work can be found at theoadmg page of the homepage of the Mov-
ing Picture Experts GrodpThe MPEG-7 standard documents are published @yrtierna-
tional Standardization Organisation (1SO).

MPEG-21

MPEG-21 [Bor2002] aims at defining a framework foultimedia delivery and consumption
which supports a variety of businesses engagebertrading of digital objects. The frame-
work offers to the users transparent and interdppereonsumption and delivery of rich mul-
timedia content. In standardising the set of tetdgies that comprise the MPEG-21 standard,

3 DCMI Homepage: http://www.dublincore.org - lastessed: 10.11.2006

* MPEG? section of the official homepage of the MayvPicture Experts Group:
http://www.chiariglione.org/mpeg/working_documehtmi#MPEG-7 - last accessed:
10.11.2006

® International Standardization Organisation (IS@fp://www.iso.org - last accessed:
10.11.2006
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MPEG has built on its previous coding and metad@adards (MPEG-1, -2, -4 and -7) such
that it links these together to produce a protdetahiversal package for collecting, relating,
referencing and structuring multimedia contenttha consumption by users.

The standard defines the following key areas whighthe main components for building up
an enhanced multimedia framework:

Digital Item Declaration (DID): DID describes a sétabstract terms and concepts to
form a useful model for defining Digital Items. TB¢D Model defines digital items,
containers, fragments or complete resources, &ssgristatements & annotations on
digital items.

Digital Item Identification and Description (DII)the DIl deals with unique identifi-
cation of complete or partial Digital ltems by epsalating Uniform Resource Identi-
fiers into the Identification DS. It also enablég identification of Digital Iltems via a
Registry Authority.

Intellectual Property Management and ProtectioM@. It deals with management
and protection of intellectual property within MPEG.

Rights Expression Language (REL): REL helps dedlayets and permissions using
the terms as defined in the Rights Data Dictionary MPEG REL grant consists of:
the principal to whom the grant is issued; the triftat the grant specifies; the re-
source to which the right in the grant applies tr@condition that must be met before
the right can be exercised.

Rights Data Dictionary (RDD): The Rights Data Dictary (RDD) comprises a set of
uniquely identified Terms to support the REL. RDDdesigned to support mapping
and transformation of metadata from the terminolofypne namespace into that of
another namespace.

Digital Iltem Adaptation (DIA): It enables adaptatiof digital content to preserve
guality of user experience taking care of usemieal or network characteristics.
Reference Software: It deals with the architectargrocessing Digital Items.

File Format: MPEG-21 Digital Item consists of thentent of multiple formats, both
textual (XML) and binary (still images).

Digital Item Processing (DIP): DIP was motivatedtbg need to make DIDs active as
these are just declarative and provide no usageuagt®ns. DIP should improve the
processing of ‘static’ Digital Items by providingdls that allow users to add function-
ality to a DID. DIP specifies Digital Item Method®IM) using the Digital Item
Method Language (DIML). One possible use of DIBigrovide a Digital Iltem with a
set of methods that can are visible to users aaoltidme performed on the DI

TV-Anytime

The TV-Anytime Forurf develops specifications [TVA2002] for audiovissarvices based
on digital storage in consumer electronic platfarigital content shall be searched, se-
lected, and located and acquired location (i.evision, internet) and time (i.e. scheduled or
on demand) independent. TV Anytime enables cordestriptions with a number of attrib-
utes including programme genre, title, synopsispragc production country, etc. In addition
the TV Anytime’s content description schemes enalascriptions of the type of mood for
which some TV programme is suitable. The TV-Anytimetadata schema is based on
MPEG-7. It uses XML to encode the metadata andMR&G-7 Description Definition Lan-

® TV-Anytime Forum: http://www.tv-anytime.org/ - leaccessed: 10.11.2006
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guage to describe the metadata structure. In additivV-Anytime uses several MPEG-7 data
types and MPEG-7 Classification Schemes.

The application domain of this standard is restddio professional broadcast delivery in the
context of interactive television (iTV). The curterersion of the standard was published by
the European Telecommunications Standards Insffff&!1)’ in January 2006 [ETSI2006]
[ETSI20064].

P/Meta

P/Meta [Ric2002] is a working group of the Europ@mnadcast Union (EBU) It developed

a schema for the exchange of information on prograaterial between organisations (B2B).
It defines attributes, attribute types, sets ailaites and sets of sets. One focus of the attrib-
utes’ development was machine readability to entbéxchange of information between sys-
tems (S2S). The P/Meta standard is finished antighda by the EBU.

SMPTE Metadata Dictionary

The SMPTE Metadata Dictionary is developed by the Societiofion Pictures and Televi-
sion Engineers. It is a dynamic collection of mataditems and their definition. It should
serve as a public reference for all media desaspiuat are used in the broadcast production
chain. Its aim is to overcome interoperability doaieis between network devices for digital
broadcast production caused by incompatible form@tsaudio and video. All items are
uniquely identifiable by their so-callddniversal LabelJUL) which is a 16 byte string, de-
fined in SMPTE 298M. Some items aredesthat combine théafs (i.e. the single metadata
entities) of the dictionary to classes and subseas

The SMPTE Metadata Dictionary is designed to bel usea professional broadcast produc-
tion environment. The current version of the staddzan be downloaded in form of a Micro-
soft Excel Sheet at http://www.smpte-ra.org/mddémtitml or browsed online at

http://www.smpte-ra.org/diffuser/mg-diffuser.phphel SMPTE Metadata Dictionary is de-
signed as a dynamic list that will constantly baasrced.

MXF

The Material Exchange Format [Bru2002] was devedopg a group of specialists that are
part of the Professional-MPEG Fortthand is standardised by the SMPTE. MXF is not a
metadata standard but a file format specificatitat tiefines a wrapper for both essence and
time synchronized metadata within one file. Its amo improve file-based interoperability
between servers, workstations and other contemtioredevices. The built-in metadata ele-
ments are fully taken from the SMPTE Metadata Ditary. Additional descriptive metadata
can be added to MXF files. Part of the standarthésDescriptive Metadata Scheme Part 1
(DMS-1) that defines a set of common descriptiveaaiata items derived from typical sce-
narios within the broadcast production chain. Ottescriptive metadata schemas can be used
within MXF. The coding of MXF files is based on tKey Length Value format (KLV), de-

" European Telecommunications Standards Instituf&[Ehttp://www.etsi.org

8 European Broadcast Union (EBU) http://www.ebu.ch/

® Socienty of Motion Picture and Television Engireeé8MPTE) http://www.smpte.org and
the SMPTE Registration Authority; http://www.smpteerg - last accessed: 10.11.2006

9 The Professional MPEG Forum http://www.pro-mpeg-olast accessed: 10.11.2006
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fined in the Data Encoding Protocol by the SMPTEIPES E 336M). Unique Material Identi-
fier (UMID) is used to uniquely label the essenathin an MXF file.

The core standard document SMPTE 377M has beemspallin 2004 in is currently under
revision. Current states of the standard documargdisted and frequently updated by the
IRT at http://www.irt.de/IRT/mxf/information/speaiftion/index.html - last accessed:
10.11.2006

UMID (Unique Material Identifier)

The Unique Material Identifier is a standardizedywa identify audio-visual material on dif-
ferent levels of granularity (i.e. single videorfra to whole program item). The standard is
defined by the SMPTE. The Basic-UMID consists oft§Bes which contains a Universal La-
bel (UL) of 16 byte, identifying this byte string an UMID. The remaining 16 bytes are used
to form a globally unique number. The Extended-UMdllows to add information about
where, when and by whom the material was creat®dtiDUs used to uniquely identify mate-
rial within media asset management systems andsicate any essence item with its exter-
nal metadata. UMID might be transported using SMRBEM Ancillary Data packets of the
Serial Digital Interface (SDI). UMID is also part ine MXF specification where it is a built-
in part of the structural metadata.

Video Disc Control Protocol (VDCP)

Video Disk Control Protocol (VDCP) is a communications protocol used to control hard
disk video servers as commonly used in the brogidgadomain. VDCP is an industry stan-
dard originally developed by Louth Automation. VD@Psupported by most of the providers
of video and playout servers in the Broadcastinga@io and therefore highly relevant for in-
tegrating LIVE Components with production enviromtgeof today.

The VDCP uses a tightly coupled master-slave metlogg. The controlling device takes the

initiative in communications between the contrajlidevice (e.g. the LIVE Staging System)

and the controlled device (video disk, playout egst VDCP conforms to the Open Systems
Interconnection (OSI) reference model. VDCP is mabeommunications protocol and con-

firms to EIA RS-422A. It is therefore designed lihsa an full dublex communication chan-

nel with a transfer rate of 38,4 kBit/s. The difiet commands defined by the protocol are
realised as bit sequences. Note that the VDCPIlysaonautomation and control protocol and
do not transfer multi media data.

The Advanced Media Protocol (AMP) is a successothefVDCP and adds two important
new features First AMP adds commands to navigataugh a folder structure on the video
disk server. With VDCP all files must be locatedairsingle location. Second AMP can be
used via Ethernet and RS-422 serial port. Etheteftition is provided via DCOM and TCP.

Audiovisual Documentation Models

[Bau2005] contains an analysis of audiovisual doent@tion models adopted by the major
organisations participating in the Prestospaceeptajhttp://www.prestospace.org - last ac-
cessed: 10.11.2006) plus a set of standard-modiais. includes the RAI documentation

1 Documentation: http://support.omneon.com/Updatesi@n/Documentation/vdcp.pdf -
last accessed: 10.11.2006
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model, the INA documentation model, FARAO (ORF)NMMX /B&G) and the DR metadata
standard. Furthermore it includes a descriptiothefmost popular metadata schemes and in-
cludes a mapping between the different models.

4.2 Knowledge Representation Standards

Knowledge Representation Standards are neededrrimalize the knowledge used by the
LIVE system. The section is split up in three sulisas:

1. Knowledge representation languages define the folanguage which can be used to
express computer understandable facts. Sectiod hBoduces the most popular
knowledge representation languages.

2. Knowledge representation models define actual nsodgl using one ore several
knowledge representation languages. These modelbecased as controlled vocabu-
lary (to annotate existing items) or to create keawledge items (instances). Section
4.2.2 provides a general introduction to ontologied to their classification.

3. Foundational ontologies are a special types of kedge representation models,
which define rather general knowledge structuréms€é knowledge structures can be
used to derive more specific ones or to align exgsinodels (even not semantic en-
abled one) to a knowledge framework.

As we are focussing on the relevance of knowle@égeesentation standards with respect to
LIVE and the Intelligent Media Framework, the theésections do not try to exhaustively
cover the state of the art in this area. They ra#ine supposed to create awareness for the
conceptual background of content integration by meeaf knowledge technologies. Detailed
information is provided in the referenced sources.

4.2.1 Knowledge Representation Languages

RDF(S) [Bri2004] and the OWL family of languageseds http://www.w3.org/TR/owl-
features/ - last accessed: 10.11.2006) are the popstiar ontology languages that are avail-
able and used today. These two languages (or lgegaanilies) undergo W3C standardiza-
tion activities.

Before the development of these languages othewlkadge representation languages were
used: Early standards of representation languagdsde for example CycL [Cyc2002],
Frame Logic (FLogic) [Kif1989] or Description logigBaa2003]. The next era of ontology
languages included OIL [Fen2001], DAML, and the figation of the two called
DAML+OIL [Hor2001].

RDF [Man2004] is a data model that has been augddny the ontology language RDF-S.
RDF-S offers a minimum of expressiveness and sugplfitite reasoning, but has gained some
importance due to the availability of scalable i®fmyies and reasoners.

Besides the W3C efforts, the activities of the WSMrking group have yielded proposals
of new ontology languages, namely WSML [Bru2006\WWG (“OWL minus”) [Bru2005a]
and OWL Flight [Bru2005b]. OWL- for example is a lw®unded reduction of OWL that
combines efficient reasoning with a high degreexgressiveness.
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Surveys of the most popular ontology languageshbmafound in [Ant2004]. Survey of the
older ontology languages can be found here [GomR@GRoverview of the WSML language
family is available in [Bru2006].

4.2.2 Knowledge Representation Models (Ontologies)

Up to now different knowledge representation lamggsawere introduced. This section pro-
vides some information on which types of models care build by using these languages.

The term “ontology” has become important in theergg/ears in the field of computer and in-
formation science. The first use of “ontology” ionsputer science occurs already in 1967, in
a work on the foundations of data modelling by Meatferenced in [Smi2002]). He is con-
cerned with questions which are recognizably owmfickd in the philosophical sense. Al-
though the concept of ontologies is very similarth@ concepts used in the database
community [Smi2002] the first implementations ofarmation science ontologies were done
in artificial intelligence by McCarthy [Car1980] @rHayes (referenced in [Smi2002]). Since
then researchers have found various new applicéietds for ontologies, e.g. data engineer-
ing, knowledge engineering, etc. In the mid 90lmgies attracted attention of web engi-
neering developers (starting with the SH®Bntology) and have now become an
increasingly active research area.

The use of ontologies is manifold. At first veryngile ontologies like glossaries und taxono-
mies can be used to define a controlled vocabudtarg community or a sector. A similar but
a little bit more demanding usage is the buildifiga dingua franca for information systems:
resolving the terminological and conceptual incotiljilties between databases of different
sorts and of different provenance. In this conteXh ontology is a dictionary of terms for-
mulated in a canonical syntax and with commonlyepted definitions ...” [Smi2002]. More
expressive ontologies can also be used as datalsnadeé last but not least such kind of
knowledge models also support reasoning of nevs taased on available information.

This wide range of different usages for ontologlemand knowledge models with very diva-
gate properties. Therefore a more precise claasiic of ontologies is needed. In the follow-
ing subsections different classification schemes Kioowledge representation models are
presented. This classification schemes are lated s classify different available founda-
tional ontologies.

Classification Based on Purpose

Various authors describe the purposes of knowledgdels. The purpose of a knowledge
representation models allows a first understandimgquirements for the ontology.

The most general approach described in [Uschold18®&les the space of uses of ontolo-
gies into the following three categories:

1) Communication between Humans

2) Inter-Operability between computer systems

3) Systems-engineering: specification, reliability aadsability

12 Simple HTML Ontology Extensions, http://www.cs.umdu/projects/plus/SHOE/ — last
accessed: 10.11.2006
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Relating to the same classification schema but tithknowledge management related ap-
proach of [Mika2004] there are three layers of tiorality of ontologies in applications:

Increasing
formality

Produce

Relate More

complex

Understand / ConniE Rl \ L applications

Figure 4: Mika’s pyramid of increasing levels ofrimality [Mika2004]

Integration

Supporting communication between humans for unaedstg requires less formality than in-

tegration (relating) of applications. The most ctempand therefore most demanding level of
formality would be reasoning (automatically deriyinew conclusions from existing knowl-

edge).

Classification Based on Generality and Scope

Guarino [Guar1998] identifies four different typafsontologies based on their level of gener-
ality (see Figure 5):

top-level ontology

N

+

domain ontology ‘ task ontology

7

application ontology

Figure 5: Types of ontologies [Guar1998]

Top-level ontologiesdescribe very general concepts like space, tinatem object,
event, action, etc., which are independent of &quaar problem or domain: it seems
therefore reasonable, at least in theory, to hanked top-level ontologies for large
communities of users.

Domain ontologiesand task ontologies describe, respectively, theabolary related
to a generic domain (like medicine, or automobil@sa generic task or activity (like
diagnosing or selling), by specializing the termisaduced in the top-level ontology.
Application ontologiesdescribe concepts depending both on a particwarath and
task, which are often specializations of both #lated ontologies. These concepts of-
ten correspond to roles played by domain entitieBeaperforming a certain activity,
like replaceable unit or spare component.”
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Classification Based on Expressiveness

What is an Ontology?

Thesauri
“narrower Formal Frames General
Catalog/  term” is-a  (properties)| ogical
1D relation constraints
Informal Formal Disjointness,
Terms/ is-a instance Value inverse, part-
glossary Restrs. of...

Figure 6: Ontology Expressiveness Spectrum [GuitR00

Ontologies can also be classified according ta eegiressiveness (see [Guin2001]):

Controlled vocabulary: this is the simplest fornd drasically a list of terms
Thesaurus: A thesaurus can be seen as a contratabulary, where the terms are
connected through relations; a hierarchy can beetlext

Informal taxonomy: An informal taxonomy models amplcit hierarchy between con-
cepts (generalization and specialization are supg@prthere is no strict inheritance,
thus an instance of a subclass is not necessarilystance of the superclass.

Formal taxonomy: In a formal taxonomy strict intenice is supported.

Frames: this form is similar to classes in obje@ded programming: Frames contain
a number of properties and there can be instarfciEarnes. These properties are in-
herited by subclasses and instances (see alsors&c#.1)

Value restrictions: In this form values of propestiare or can be restricted

General logic constraints: If a greater expressgens needed values can be restricted
or defined by logical constructs using values fratimer properties

First-order logic constraints: This form is allowbgl very expressive ontology lan-
guages. These allow more detailed relationshipwd®t terms such as disjointness,
inverse properties/relationships or part-whole treteship expressed first order logic
constraints.

4.2.3 Foundational Ontologies

As the classification based on generality and scipeved, there are top level ontologies
which define the foundation for more concrete donaaid application ontologies.

In this section different foundational ontologie® @resented and classified based on their
purpose and there expressiveness.

SOWA

John F. Sowa introduced the Knowledge Representa&diatology in his book Knowledge
Representation [Sow2000]. The basic categoriesdatohctions of this ontology have been
derived from various scientific research areas lidggc, linguistics, philosophy, and artificial
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intelligence. For the ontology to remain extensibtava does not define a fixed set of catego-
ries. Instead it provides a set of basic distimdiavhich ontology designers can extend by ap-
plication dependent distinctions.

A distinction is a certain characteristic of a ¢atg/ in Sowa’s ontology, e.g. a category may
be independent or physical. Sowa defines nine puendistinctions; each of them describes a
certain category at the top-level of his ontologlge top level categories related by subsump-
tion are shown in the following figure.

Figure 7: Sowa'’s top level lattice [Sow2000]

Sowa distinguishes between top level categoriestwlare characterised by one property
(primitives) and those which are described by ajumstion of several properties (non-
primitives).

Sowa’s ontological categorization scheme reliefaumdations established by a number of
philosophers including Plato, Aristotle, Kant, Hed¢usserl, Whitehead, Heidegger, and (es-
pecially) Peirce. The twelve top level categori@ghout the primitives) for classification can
be seen as the result of 2x2x3 factoring as shawine following table.

Physical Abstract
Continuant | Occurrent | Continuant | Occurrent
Independent| Object Process Schemg Scrip
Relative Juncture | Participatiop Description| History
Mediating Structure Situation Reason Purpose

Table 2: Matrix style of Sowa's primitives [Sow2(000

To represent the ontology Sowa used the concegtaph notation. This formalism is com-
prised of a graphically based language of nodedaelled arcs, which serve as a readable,
but formal design and specification language. Sewaitology corresponds to a high level of
expressivness.
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Cyc

Cyc is a very large multi-contextual knowledge bagsd inference engine. The development
of Cyc was started at the Microelectronics and QaeypTechnology Corporation (MCC)
during the early 1980s and continued at Cycorp Inc.

Cyc builds a knowledge infrastructure containingessons about everyday objects and ac-
tions in certain contexts. Commonsense substries'One can see people’s noses but not
their hearts” make up its foundation. These maguatfted axioms, cover a significant por-
tion of the knowledge part of Cyc. The Purpose pé G serve as a bases for Al systems and
enable further knowledge collection through natleabuage processing and machine learn-
ing (Level 3 based on the classification schemgupose). The Cyc ontology roughly has
10° general concepts spanning time, space, substarieasion, contradiction, uncertainty,
belief, emotions, planning and so on [Len1995].

Cyc puts each of its assertions into one or momgi@k contexts called microtheoriesm.
Every microtheory instance (context) is relativeiyiall and solid and may have connections
with other microtheories (contexts) allowing impog assertions from them.

The Cyc knowledge infrastructure includes a knog&elase, an inference engine and natural
language processing tools.

Cyc defines its own representation language bagetthe first-order predicate calculus plus
ZF set theory, meta-level assertions, contextsnaodial operators [Cyc2002].

SUMO

SUMO is an upper level ontology that is freely #afalie under the GNU Public Licertde
SUMO is a summarization of different publicly awadile ontologies which combines all best
practice concepts to build a single ontology frévam. SUMO was created at Teknowletige
with an extensive input from the Standard Uppeel@ntology working group (SU®) This
ontology provides definitions for general-purposents and acts as a foundation for more
specific domain ontologies [Nil2001]. The purpo$eS&JMO is to promote data interopera-
bility, information search and retrieval, automatei@rence, and natural language processing.
(Level 2 based on the purpose classification)

SUMO is formalized in a derived form of the Knowdedinterchange Format (K#)called
SUO-KIF and periodically translated into DAML, LOQMML OWL, and Protégé formats.
When it is translated in a format with less exprestess like Protégé or OWL most/some of
the axioms are lost.

SUMO contains around 4000 assertions with over R08s to define its 1000 concepts.
SUMO terms are mapped to all 200000 WordNet synosgta [Nil2002]. The development
of SUMO is completed and it is being maintained.

DOLCE

DOLCE is a foundational ontology developed in thentferWeb EU-Project and described at
[Mas2003]. The acronym DOLCE stands for Descriptvgology for Linguistic and Cogni-
tive Engineering. The original version of DOLCEaisiomatized full first-order logic wit mo-

3 The source file for the SUMO, http://ontology.tekviedge.com/cgi-
bin/cvsweb.cgi/SUO/Merge.txt?rev=1.60&content-tyfed/x-cvsweb-markup
The License is available http://ontology.teknowledgm/IEEE_license.htm

4 http://ontology.teknowledge.com

15 http://suo.ieee.org/

18 Knowledge Interchange Format KIF; http:/logiarsord.edu/kif/dpans.html
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dality and formalized in KIF, but there is also @WL-DL version available. Based on
DOLCE there some extensions available. DnS (Desonipand Situations) [Mas2004] de-
scribing Roles, Tasks, Palns and Situations orin&tion Objects [Mik2004].

The following figure shows the core Concepts of [BHLin a hierarchical fashion.

Figure 8: Taxonomy aboLCE basic categories [Mas2003]

DOLCE is based on a fundamental distinction betwemsturing and perduring entities, i.e.,
between what philosophers usually call continuants$ occurrents. The main assumption be-
hind that is, that that objects (endurants likespes) cannot be parts of occurrences (per-
durants like events, actions ...), but rather theyig@pate in them. In addition to these two
main categories DOLCE defines Quality and Abstr@utalities are defined as basic entities,
which can be measured like colour, size, tempezatuAbstracts do not have any own quali-
ties but define regions and sets in time, spaaghar (abstract) dimensions.

DOLCE provides a very high level of precision. pigrpose includes reasoning (Level 3) and
the level of expressiveness is on the level of-brger logic. In comparison to other founda-
tional Ontologies DOLCE is rather small. The contobogy contains 37 Concepts 2nd 70 Re-
lations. By including all extensions and module©{TE Lite Plus) includes 210 Concepts
and 325 Relations. The development of DOLCE is deted and it is being maintained.

Some of the extensions are still in development.

PROTON

The PROTON Ontology is a rather young Ontology tgved in the European IST integrated

project SEKT. The Ontology contains about 300 cpte@nd 100 properties and structured
in four modules. PROTON is designed as light-wemttblogy and defines firstly a hierarchy

on concepts with secondly relations between theROPON was developed on the base of
the KIMO-Ontology and is formalized in OWL-Lite. €four modules of PROTON are the

system-module, defining some concepts used by lediyel management systems for man-
agement purpose, the top module containing thdetogl-concepts and relations, the upper
module containing more domain related conceptsthadknowledge management module,
containing concepts typical used by knowledge ektra systems. The last module is

strongly related to the working domain of the SE®ject.
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The top level concepts pf Proton are Abstract, leappm and Object. The foundation of these
concepts is defined by referring to the accordiogcepts of the DOLCE Ontology. Object
stands for endurant; Happenings are perdurant@bsitlact stands for abstract as defined in
DOLCE. The following image shows the concept highgras defined in the Top Module

Figure 9: Taxonomy of PROTON

The purpose of PROTON is to enable data interofl@yabnformation search and retrieval
and natural language processing. (level 2 baseth@mpurpose classification). The expres-
siveness of PROTON is on the border between ligtitreeavy weight ontologies.

4.3 News and Journalism Domain Standards

The International Press Telecommunications Coth@PTC) is the main standardization
body for the content description in the news andrjalism domain. The IPTC is an interna-
tional consortium of news agencies, editors andspeyers distributors. IPTC has developed
standards like the Information Interchange Mod&J] NewsCodes (formerly the Subject
Reference System), the News Industry Text FormBtEN NewsML or SportML. Almost all

of them are defined by using XML technologies. Ehebjective is to represent and manage
news along their whole lifecycle, including thefeation, exchange and consumption.

Most of these Standards are highly relevant in toatext of LIVE. To exemplify,
NewsCodes may be useable as a controlled vocabidarkassify LIVE content. NewsML
and SportML are very interesting for the definitiminstandard interfaces to external Informa-
tion systems as well as LIVE internal interfacesieen components.

The following subsections provide an overview altbetdifferent standards.

IPTC News Codes

The IPTC creates and maintains lists of valuescéstain metadata values. This universe of
NewsCodes is currently split into 28 individualssefhese sets are technical terms controlled

7 |PTC: http://lwww.iptc.org/ - last accessed: 102DD6
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vocabularies (CV). Some of these sets are struttur@ hierarchical fashion similar to tax-
onomies.

The set which defines the subject codes is the mgsbrtant one of the IPTC news code
standard. The subject codes are designed to gldksisubject of content itmes (mostly news
items). They are defined in a hierarchy with thkeeels. The first level definesubjects
which provide a high level classification of corntetems. Subjectsinclude categories like
“arts, culture and entertainment”, “crime, law gustice”, “disaster and accident”, “economy,
business and finance"“... The second level is buildddyject matterproviding a description
at a more precise level. The final and most prelgsel is defined by subject details. Both
subject matterandsubject detailsare assigned to a specific more general categpnsing

an 8-digit numbering system where the first twatdigepresent theubjectthe next three the
subject matteand the last three tiseibject detail

Some examples of other CV sets part of the News€ade audiocodecs, confidence, genre,
media type and MIME types, urgency, All these sets of CV are used as values for m&tada
fields defined in other IPTC related standards NesvsML or SportML.

There are some initiatives to make these vocalmslaccessible to semantic web technolo-
gies. The most important issue within these eff@gtthe translation of the XSL/XML re-
sources to OWL/RDFS/RDS.

Within the Neptuno Projetta RDFS schema for the IPTC NewsCodes was defBaskd
on this Schema all Terms of the CV are definechasances.
Further Information about the IPTC News Codes &lakle at [Ste2005].

NewsML

NewsML is branded by IPTC as “ .. the versatile NéMarkup Language for global news ex-
change.”. This sentenced describes very well the afi NewsML. Technically NewsML is
defined using XML technologies. It defines variams/elopes, by which the actual news con-
tent is described.

The first envelope is calledontent layer and provides a uniform interface to content irre-
spective of the media type. Format, MIME-type, ahing... are examples of metadata items
defined within this envelope. The base XML-comptgge for this layer is calle@ontent-
ltem

The second envelope provides metadata about tenattstructure of the news item and is
called thestructure layer. This layer uses thidewsComponeras base XML-complex types.
NewsComponentiefine metadata and the internal structuréledvsComponens therefore a
container which can hold one or more sub itetswsComponentontetnltemsNews
Itemsor links toNewsltemp The metadata dlewsComponents separated in administrative
metadata (provider, creator, source, ...), desceptietadata (language, genere, subject code,
date line date, ...), Rights Metadata (copyrightgesdght) and Miscellaneous Metadata.

18 Neptuno aims to apply Semantic Web technologiesnfirove current state of the art for
digital news archive management and exploitatidp:tbets.ii.uam.es/neptuno/ - last ac-
cessed: 10.11.2006
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The third envelope defines management infrastructure above the other two envelopes.
This layer definedNewsltemas an identified and publishable piece of newss Ehthe object
that a provider will create, store, manage, reliske to and from otheNewsltemsthis is the
unit of interchange in a news environment.

Each Newsltems is identified by an UID (globallyiqure identifier) including the Provider-
ID, DatelD, ItemID, RevisionID and a Publicldengifi(an URN combining all the other IDs).

In addition aNewsltenprovides management properties like informatiorthanfirst creation
date, status, urgency, revision history, ... Basedhese management metadata the standard
defines some usage cases (so called manageméegstsa forNewsltems

News ML uses the CV defined by the NewsCodes ticevalues of the different defined
metadata fields. This design ensures interopetaliiétween different systems and organiza-
tions. More information about NewsML is availabtethe NewsML guidelines [Meu2004].

SportsML

SportsML is a markup languadecreated in a project launched by IPTC — Inteomati Press
Telecommunications Council. SportsML is a crossAspooss-language XML standard for
the interchange of sports data and statistics.tSdar supports identification and description
of a large number of sports characteristics. Hgitis include:

Scores: who won, how many goals were scored, hdwhei score change

Schedules: which players/team are playing and ateahis/theis opponents, when is
the match and where

Standings: who is leading the championship or @ipgournament, who's the clos-
est to qualifying for the championship

Statistics: How do the players and/or teams meagui@gainst one another in various
categories

News: How do we combine editorial coverage of spuiith all these data feeds? How
do we package metadata- and multimedia-filled l@gitogether with sports data?

SportsML consists of a core Schema/DTD that costaigreat amount of properties that de-
scribe a wide range of sports coverage. Much usgioits reporting can be done through the
core Schema/DTD. In addition, SportsML containsesaV "plug-in" specific-sport Sche-
mas/DTDs, which are only necessary when the pudaliskeds to go in-depth for a specific
sport. There are only seven sports covered in Sidrs initial release, but users can also de-
fine additional plug-ins. The core Schema/DTD pde good starting point for many sports,
and the development of many of them is alreadyacgss.

19 SportsML: http://www.sportsml.org/ - last accessHel11.2006
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5 Requirements for the Intelligent Media Framework

This section gives an overview about different agperhich have an impact on the Intelligent
Media Framework (IMF) and which are derived frone 8tate of the art analysis. These re-
quirements act as additional - mostly technicabnrstraints on the choice of technology
which will be needed for the IMF.

5.1 Architectural Requirements

The Intelligent Media Framework acts as a middlenfar the overall LIVE system. Figure
10 shows the basic system components which weredunted in the system architecture in
[LIVE D9.3].

Thelntelligent Media Framework will integrate several components of the LIVE system

1) TheIntelligent Media Asset Information System (IMAIS) providing access to ser-
vices for the storage of media, knowledge modets raptadata relevant for the live
staging process and providing services for theticneand management and delivery
of intelligent media assets. This will be the ceahttomponent of the Intelligent Media
Framework.

2) TheRecommender Systemgiving content recommendations to the user basetthe
user's personal profile and on previous user feddba

3) TheMetadata Generation Systemdealing with the detection, extraction and annota
tion of knowledge from audiovisual material

4) TheVideo Conducting Systemdealing with the real-time staging of a live elven

Figure 10: LIVE System Overview (from [LIVE D9.3])

The Intelligent Media Framework will provide ser@gcto the components of the LIVE sys-
tem. Its main role is to act as a middleware festhsubsystems, passing information between
them and integrating the information coming frerternalinformation systems. With respect
to that, the IMF is intended to be apen frameworkthus it needs to implement and offer
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standardized interfaces and it must comply withadata standards for the annotation tools,
the production/playout server and the recommenystes.

5.2 Combined Requirements of Knowledge-, Metadata- and
Asset Management

In order to assess knowledge and content modetsrespect to the state of the art we need a
comparison scheme for content models. Such a caesopawas done in 2002 [Schel2002],
but the focus then was more on advanced multimeapabilities and less on knowledge rep-
resentation and meta-data. The "-" symbol meansupport, "0" means partial support and
"+" means full support.

Table 3: Comparison of the respective strengthsraknesses of web-based multimedia
document modelling approaches (from [Schel2002])

The requirements for advanced media systems hawengsignificantly since 2002. The IMF
needs to deal with information which is normallyichen different systems and it needs to
combine these disparate information objects intmified view. To serve this purpose, LIVE
postulated the need for Intelligent Media AsseldA). IMAs act as homogeneously struc-
tured entities that are exchanged in the systemdset the different components. They are
capable of storing the integrated information sefeat into contextual facets and they hold
actionable knowledge about that information.

There are many possible relations between knowledge content: Classical media asset
management systems rely heavily on metadata abeuinedia assets. Within LIVE both,

content-derived annotations and knowledge desoriptwill be used to enrich media objects.
Content descriptions can come from low level fegguextracted from the raw media material,
information available from long term archives amdictured descriptions given by humans
by using the human annotation tool. Knowledge dpsons are provided by the video con-

ductor and his team and by consumers via the fegdieannels.

Based on current applications and projects we daviged the following requirements for the
knowledge and content model of the IMF:
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1. Defined Data Structures - Knowledge must be encodagking a formal language:
Knowledge content must be interpretable by machiteegnable the implementation
of systems supporting knowledge workers in handtiogtent objects. Therefore, it is
a requirement to encode the knowledge in a formafjlage. The use of statistical
methods only (e.g. as used for page ranking) willbe sufficient in closed, corporate
environments.

2. Cross domain knowledge and metadata alignmentSome aspects of knowledge
about content are independent from the applicatmmain. Media coding information
and rights management are the most prominent ex@mpgstablished standards of
such domains must be respected and aligned tmtiwept of knowledge content.

3. Make knowledge independent of content - it is a manto-many relationship: In
traditional media asset management system knowledggically dependent on the
content object. As shown, this is not a valid agstuzn for most of the interrelations
between knowledge and content. Particularly plagmiativities of knowledge work-
ers first create a description of the topic of iegt and later search for suitable content
objects which support the conceived story. Put Bimfhe relationship between
knowledge and content is many-to-many (i.e. ona ib¢ knowledge can be supported
by different media assets and one media assetecasdwciated with different items of
knowledge).

4. Different meta data aspects of content depending oiine perspective:In a broad-
casting situation, content has a technical perspede.g. the compression format
used), a genre-perspective (e.g. a sports-relaed item) and a knowledge perspec-
tive (e.g. a report on a new test for banned sabstain sports). These elements of in-
formation may be managed by different systems awtirio be re-integrated at the
level of the overall information asset.

5. Distributed, heterogeneous storage of virtually homgeneous objectsWe cannot
assume that all content models take a unified w@ewligital content. On the contrary,
it is more likely that digital content is split mindividual media assets which are then
managed individually in media asset managemenesystThe IMF will need to offer
the capability of assembling and managing compieer,ged content structures and it
needs to manage the semantics of how the eleménite structures relate to each
other.

6. Compatibility with semantic web technology:It will be necessary for the IMF to
combine the strengths of media production and memagt with up-to-date knowl-
edge technologies. The standardisation effortshef W3C cannot be ignored and
therefore, existing and emerging standards sucRS, OWL and Semantic Web
Services will have to be taken into consideratidgvewdeveloping the IMF.

7. Contextualisation on the basis of user profilesThere will be a specific need to
foresee the representation of user interests agfdrpnces in order to customise IMAs
to the end user.

8. Real-time delivery of knowledge and content, driverby the data stream:Last but
not least, fast media delivery will have to be rhatt by equally fast knowledge ser-
vices that ensure that up to date, contextualiskmmation is available at the user's
home cinema at the same time as the live picture is
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6 Assessment of Models for Intelligent Content

A content modelis a structural definition for a “type” of obje(.g. a learning object, image,
book). It defines what components may be compiiisesh object (document) or a certain part
of an object (document section). It may also cangaset of constraints on digital objects and
a set of rules for creating these objects. In aomar sense, a content model mainly describes
the kind of content that a specific type of docutn@may contain. The ternmtelligent con-

tent is a notation for semantically annotated and sred data or in other words for content
containing information with explicit semantic daptions of its properties. In this chapter,
the termknowledge contentwill be used as a synonym for "intelligent content

Intelligent Content Models, as assessed for exampBur2006], can be seen as a metadata
integration architecture allowing to combine knadge coming from diverse sources and
covering different properties of specific contefsh intelligent content model for the IMF is
thought to enable the integration of informationm@ag from the participating systems like
the Metadata Generation system, the Video Condysiystem or other external information
systems. The term Intelligent Media Asset (IMA) Wbk used to refer to content objects
which comply with the specific intelligent contenbdel of LIVE.

In the following sections we first provide an oview of current scenarios for the use and ap-
plication of intelligent content models. Sectio2 @hen outlines past and current approaches
to intelligent content models, section 6.3 pres&mswledge Content Objects (KCO) in more
detail to illustrate the potential of sophisticgtkdowledge based content models and section
6.4 compares the relative strengths and weakne$sles major knowledge and content mod-
els.

6.1 Metadata Annotation in the Web

Today, the strongest driver for determining the aetics of content is its usage in the WWW.
The typical approach to semantics of multimedi® isimply add annotations to the meta data
set. Some of them are generated manually and sbthero (semi-)automatically. The source
of such annotations and their appearance and caitypie thereby manifold: Some systems
try to derive annotations just from the low-levehfures detected in the raw media data, other
systems try to analyze the different modalitiesaofideo, analyse the usage context of the
media or rely on human annotation/interpretatioecdit research efforts however try to
combine low level features with background knowlkedgailable via the Web [Dow2005] or
other knowledge sources. Some approaches allowachaseveral interpretations to the con-
tent (like LastFM), others allow to attach descops with concepts using ontologies
[Sta2006]: An application called Rich News [Dow2p@gals with automatic annotation and
extraction of semantics from news videos: In & Btep, the system extracts text from speech
and then it tries to extract the most importanta®from that. With these extracted topics, the
system starts a Google search to find news stonethe web that cover the same topic(s).
Google did exactly the same in a research proj¢en2003] to enhance American TV news
with background information from the Internet: Thextract important topics from the subti-
tle channel that is broadcasted along with evewsmghow and give consumers the possibility
to access background information about these nmassiby displaying links to related web
pages.
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MediaMill®®, a system that was developed at the Universino$terdam, uses all modalities
of a video to derive the semantics of it, whiclespecially important when the visual content
is not reflected in the associated text like cloaptions or speech-to-text transcripts. There
are also different examples for attaching knowletdgeontent showing up on the Web: Two
of the most popular content-based services ar&rRicd LastFM, both of which get their us-
ers to classify (tag) images or music files witthiese systems. These systems do not classify
the content according to predefined categoriesinstitad, taxonomies evolve from the users'
tags (folksonomies). These tags can be regardedeasbased knowledge about certain items
that on these platforms, is used to filter or res@nd content to other users.

The examples above show that annotations attachedntent can have a different appear-
ance (from keyword lists to ontological structuregn be at different ontological levels (de-
scribing low level properties or high level semeasitiand can come from different sources
which clearly should be marked. Sometimes it is altmwed to access content but only the
generated metadata, this also has to be ensurtbe lopntent itself.

Within the LIVE system the IMF has the responsipito combine content based knowledge,
with social based knowledge of the different usdrthe system. Content knowledge is pro-
vided by archives, by automatic extraction of levdl features and by human annotations.
User knowledge is split up in two parts: Firstlgetconsumer knowledge, which is derived
from the consumers’ feedback by the personalisatimh feedback components of the LIVE
system. Secondly, knowledge which is gathered byepsional users such as the video con-
ductor, within the event preparation phase andnguttie live production phase by interaction
with the video conducting tools. In this settinige tintelligent Media Framework has the re-
sponsibility to combine all the different sourcdsknowledge based on a unified knowledge
content model which will form the basis for thedltigent Media Assets (IMA). Such a com-
prehensive set of tasks is currently neither eig@danor understood as a possible requirement
in the Web. However, as current activities showerg¢his a growing sense at least in the re-
search and standardisation communities (see eo@(06]), of a future need for more com-
prehensive and ontologically sound multimedia medel

6.2 Approaches to Intelligent Content Models

The field of content modelling attracted interesthe hypermedia and multimedia communi-
ties in the 1990s when information systems begamatalle web sites and when office and
consumer hardware became powerful enough to hamdtemedia in real time.

6.2.1 Early Models - from Office Automation to Medi  a Presentation

Autonomous Knowledge Objects

Tsichritzis et al. proposed the notion of an autnoos knowledge object [Tsi1987]: They in-
troduced an object-oriented environment targethrey drea of office automation and giving
the managed objects the ability to migrate to newrenments and to acquire new operations
dynamically, which means that they were intendeteéon and to adapt themselves to new
circumstances and environments. While this intreduthe idea of "intelligent objects" not

20 MediaMill - Semantic Video Search Engine: httpww.mediamill.nl/ - last accessed:
10.11.2006
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much attention was given at the time, to multimezhpabilities or to global networking as
the proposal was made several years before thationeof the WWW.

Multimedia Information Presentation System - MIPS

One of the early attempts at integrating multimedistributed systems and knowledge based
annotation was the Multimedia Information PreseotatSystem (MIPS, 1992 - 1995),
[Mac1995] which was developed in an EU projectha third Framework Programme. MIPS
developed a distributed, knowledge based mediatatim and presentation system three
years before Tim Berners-Lee published his firsaglabout the semantic web.

MIPS distinguished between a presentation layénawledge based middleware and a dis-
tributed database layer. The schemas of the pgzatiog databases were represented in a
knowledge based system which acted as the "glaib&nsa" and wrapper for the heterogene-
ous databases. The user interface had a querwtooh enabled the user to access the het-
erogeneous distributed databases by posing quieriéise knowledge base which in turn
translated the query into the proprietary languarjdéke databases.

At the presentation layer, the query results fréma tdatabases were cast into presentation
templates defined in HyTime. Again, it was the taskhe knowledge based system to deter-
mine which of the predefined presentation templatgted the query results best.

Overall, MIPS was an example of a visionary propgtacking too many unsolved problems
at the same time: it developed a semantic modelinguage three years before the early
ideas of the semantic web evolved; it created aanaatabase access layer shortly before
ODBC became common place, it used an untried relsgaototype of an object request bro-
ker in the absence of any web services infrastracamd it developed one of the first inter-
preters of a subset of the HyTime standard which tha precursor of XML (1995) and - to
some extent - of MPEG-7 (1996). Last but not leiasised C++ in the absence of Java and
required a dedicated C++ to Prolog interface ineorbmmunicate between the knowledge
base and the surrounding components of the system.

6.2.2 The MPEG Family of Content Models

Since 1996, the MPEG family of standards has d@eeldhree content models starting with
the metadata standard MPEG-7, the definition oitaliglems through MPEG-21 [Bor2002]
and currently working on MPEG-A [Cha2004] whichtie attempt to bundle the growing
universe of meta data requirements so that thegrbeananageable in actual applications.
MPEG-7 for example has standardized tools for dasgy different aspects of multimedia at
different levels of abstraction. These amongst rstleclude tools to describe the semantics
(e.g. objects and events) of multimedia [Ben2002jese tools mainly serve the purpose of
annotating what can be seen on the image or videdd not offer means for adding highly
structured background information. Furthermore,gbssibilities of MPEG-7 are not formal
enough to allow reasoning in order to deduce neswkedge from known facts. This lack of
semantic formality should not come as a surprise:miodel was conceived of in the mid-90s
as a metadata scheme for broadcasting. Early ®mpraponents realised the need to extend
the modelling capabilities and this was done bgveilhg the definition of add-on descriptor
schemes. However, any descriptor scheme is oniysefl as the operational semantics de-
fined for it. This makes it difficult for new Desptor Schemes to become accepted by the
MPEG user communities. However, the MPEG standaodsffer a platform for convergence
of knowledge based and meta data based contentadiono
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6.2.3 Semantic Web and Multimedia Standards

For a long time, the combination of knowledge aadtent did not play much of a role in ei-

ther of the research communities: On the one hhatktwere metadata models for content
like Dublin Core or MPEG-7, and on the other hameré were domain ontologies developed
by the Semantic Web community (see sections 4.14a2)d However, in the past few years
much work has been done on the specification oblogies that aim to combine traditional

multimedia description models, thus trying to depeiodels that allow reasoning over the
structure and semantics of multimedia data [Hun2@042005].

ZYX, Enhanced Multimedia Meta Objects, Smart Conten t, Information Objects

Between 1999 and 2002, researchers became inaggBasiware of the need to combine
document models, content standards and the eme&gngantic Web Technologies. The
ZY X Model [Bol1999] was one of the first presentatimodels which accounted formally for
temporal and spatial views and which also distisiged presentation from interaction.
EMMOs (developed in the IST project CULT8Bwere a continuation of the work on ZYX
and were used to represent relations between dooibdgacts in order to build cultural units of
learning. A similar concept of "Information Objeatas developed at the same time, in the
context of the INKASS project which dealt with theeation of a market place for digital
products [Abe2003].

Figure 11: A smart content package [Beh2003]

The definition of EMMOS was already similar to tision of smart content as introduced in
the EP2010 study, which was a strategic Europeaty in the future of electronic publishing
towards 2010 [Beh2003]. In the EP2010 study, thezbmord smart content was first intro-
duced and agreed as a term to describe a unifysignvfor knowledge management tech-
nologies and any activities pertaining to digitahtent value chains. The smartness of these
objects refers to the ease with which the contantlee manipulated and re-purposed in dif-

2L CULTOS: http://www.cultos.org — last accessed0&R006
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ferent environments [New2004]. A smart contentckaage — as visualized in Figure 11 - con-
sists of two main parts:

The structural component (the smart content) desdrby the content and the knowl-

edge about the content. Knowledge is separatedowledge about the properties of
the media objects, knowledge about how the congemntterpreted in the actual do-

main and knowledge about how the content is tyyiceded.

The functional component, described by severalfetes to some ambient environ-

ment in which external actors are designed to wstdied smart content objects. These
contact points can be viewed as service interfdegscan be used to query for knowl-

edge or act on data [Beh2003].

Inspired by the smart content - vision and base&MMOS and INKASS Information Ob-
jects, the so-called Knowledge Content Objects (K@@re defined: KCOs are based on the
DOLCE foundational ontology (see section 4.2.3) &ade so-called semantic facets that
form modular entities to describe the propertie&K60s, including the raw content object or
media file, metadata and knowledge specific todtwetent object and knowledge about the
topics of the content (its meaning). Through thasets all the information is modelled, that
is necessary to deal with KCOs in different sitoiasi [Beh2005]. An overview of the state of
the art in intelligent content models and a refeeemodel for intelligent content can be found
in [Bur2006a].

6.2.4 Active Media Objects for Mobile Communication s

The aceMedia integrated project is defining anasiftucture for the use of active media ob-
jects that can be used in mobile applications. Atdnds for "Autonomous Content Entity"
and an ACE-enabled device consists of four compisnen

the aceManager, coordinates communication betwezidmponents within the ace-
Framework and also with external systems..

the aceRepository provides functionality for steraand retrieval of ACEs. This is
implemented as a system-independent wrapper middéete handle multiple aceMe-
dia platforms such as mobile phones, set-top basewell as high-end servers at a
content provider.

The aceExEnv is the ACE execution environments i isand-boxed environment to
run the intelligence layer of an ACE using a vittoachine approach as known from
Java applets. The execution of ACEs is initiatedl @ntrolled by the aceManager.
The aceNetworkLayer handles communication with #uiyl party device and appli-
cation.

An ACE [Kom2004] consists of three layers:

thedigital content itself,

its associated metadata in tmetadata layerto store manual and automatically ex-
tracted semantic annotations and

a content management "intelligence" layer consisting of distributed functions that
enable the content to instantiate itself accordmgfs context including its network
environment, the user terminal, and recorded usfefences.

The ACEMEDIA project has also developed antology structure to include low-level
audiovisual features, descriptors and behavioutalets in order to support knowledge-aware
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multimedia analysis, media-aware semantic inferem@nd high-level semantic reasoning,
which will provide the means for automatic contannotation and generation of the ACE
scalable metadata layer. This ontology structurigased on the DOLCE foundational ontol-
ogy and its spatio-temporal extensions, a Visuadiptor Ontology that contains the repre-
sentation of MPEG-7 visual descriptors, the MultiliaeStructure Ontology which models
basic multimedia entities from the MPEG-7 Multimeddescription Scheme and some do-
main ontologies [Blo2005].

6.3 Knowledge Content Objects (KCOs)

Knowledge Content Objects, as proposed by Behrenalt [Beh2005], were designed to ad-
dress environments where actors have knowledgeetsive information. Furthermore, the
actors have access to a large content space froom Wiey can draw further information. The
actors make use of their existing knowledge spaeaye the new information into their ex-
isting knowledge and eventually interpret theirwgirg knowledge space with respect to their
current or future action space. If the interpretatis done with reference to a future action
space then it is called planning, with respech®durrent action space it is called doing. Ac-
tors communicate with each other by exchanging meén statements: Human beings are
capable of using natural language for this taskekMmachines are involved, surrogates must
be found for natural language and for the notiomefiningful statements. KCOs can be un-
derstood as such a surrogate which can be exchdregegen humans and humans, humans
and machines, as well as machines and machines.

Figure 12: The structure of a KCO [Br2006b]

The described setting -- where actors can dravhdarinformation from content in the re-
source space and later have to weave it into #rewledge space -- is represented by the
structure of the KCO ithree different levels

1. Resource Level:This level refers to the actual content objecte(Fstream, image,
text, structured text like XML or MS Office docuntsh Content objects consist of
the actual content and some additional informatamiitating its consumption. To at-
tach any knowledge to content objects it is reqliceuniquely identify such object by
defining it as a resource. Web based systems yausdl URIs as unique identifiers.

2. Meta Level: This level refers to knowledge describing featwkthe content object,
e.g. frame rate, compression type or colour coditeme. These features are more
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intuitive types of metadata. Publication rightscess restrictions or presentation de-
scriptions are metadata, too, because they ardisgedhe content object.

3. Subject Matter Level: This level comprises knowledge about the topidjestt) of
the content as interpreted by an actor. The cortdbjact realises this interpretation.
Because this level represents interpretations twra@bout topics, such knowledge is
not dependent on the content object. This indepa®lean be illustrated by the fact
that one can define knowledge objects without ogyréontent that realizes this se-
mantic descriptions (e.g. in order to search fartent that realizes these descriptions).

Figure 12 visualizes the core structure of a KCe fiumbers 1, 2 and 3 in the figure refer to
the three levels of knowledge described above: ddrgent object and a number of knowl-
edge objects are the main building blocks of a KEiGwever there are two types of knowl-
edge objects. The first type represents knowledgects which are about the content object.
Therefore they belong to the meta level (2). Theantevel consists of knowledge objects
containing descriptions about different aspectthefcontent object like encoding, presenta-
tion, security, trust and business related inforomatThe second type are knowledge objects
representing an interpretation of the content dbj8ach knowledge objects are about the
topic of the content and belong to the subject end#ivel (3). Note that a content object can
realise diverse interpretations conceived by déffiéractors. This reflects the fact that actors
can refer to different aspects of the content oy maen disagree about the correct interpreta-
tion of a content object.

The foundation for KCOs is an ontological desigttgra specified within an extension of the
DOLCE foundational ontology [Mas2003]; Details ab®©OLCE and this ontological design
pattern can be found in [Bir2006] or [Beh2005].

Table 4: The facets of a KCO [Biir2006b]

In addition to the knowledge structure the KCO alsfines a structure based on the different
domains of the knowledge objects. This structurdiv&led into six so-called facets of which
some facets are further separated into facet elismEach facet and facet element defines a
knowledge structure which is optimized for a speaisage (see Table 4).
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Most of the facets and their elements belong tarikéa level (2), because they define knowl-
edge structures to hold information about featspecific to the content object. The proposi-

tional description and the content classificati@ohg to the subject matter level (3) because
they specify the subject matter. The first knowkedigyvel (the resource level ) is represented
by the content object itself. Further informatidroat the Knowledge Content Object model

can be found in [Beh2005], [Beh2006], [Btir2006]{ifB006a] and [Br2006b].

It is important to note that the KCO model seemeffer a good starting point for Intelligent
Media Assets because it addresses several of tagequirements set out earlier:

Many-to-many assignment of knowledge items andertritems
Being rooted in a foundational ontology

A defined conceptual data structure which supporiftiple views
Alignment with semantic web technologies

Support for multiple content standards

However, IMAs will have to add the following caphies to the KCO model:

Real time capability
Ability to contextualise content depending on ys&ferences
More comprehensive knowledge content storage model

With the above basis, IMAs may also be made corblgatvith emerging semantic web tech-
nologies as well as with competing or complementaoglels such as the aceMedia Content
Model.
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6.4 Comparison of Selected Knowledge & Content Mode

Is

The following table summarizes how IMA will extetide current State of the Art with re-
spect to the requirements set out for intelligamttent models.

MIPS
1995

MPEG-7
1996
ongoing

ZYX &
EMMO
2002

KCO
2005

ACE
2005

IMA
2008

Many-to-many
assignment of
knowledge to
media assets

Yes

No

Partial

Yes

unclear

Yes

Knowledge-
level support
for metadata
alignment

No

No

No

Yes

Yes

Yes

Defined data
structure at con
ceptual level,
asset exchange
and storage lev-
els

No

Partial

Partial

Yes

Yes

Yes

Real-time capa-
bility

No

Partial

No

No

Partial

Yes

Ability to con-
textualise the
object accord-
ing to user pref-
erences

Partial
(tem-
plates)

Partial (user
model in
MPEG-21)

Partial
(tem-
plates)

Partial
(tem-
plates)

Partial

Yes

Alignment with
semantic web
technology

No

Yes

Partial

Yes

Yes

Yes

Support for (in-
tegrated) meta-
data manage-
ment according
to multiple con-
tent standards

No

No

No

Yes

unclear

Yes

Defined storage

model

Yes

unclear

Yes

Partial
(RDF)

Partial

Yes

Table 5: Comparison of intelligent content modelsoading to major selection criteria
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7 Conclusions for the Design of the Intelligent Me-
dia Framework

We have given an overview of asset managementrsgsa@d of standards related to media,
news, and broadcasting. This was put into the gomibe LIVE system which aims at provid-
ing novel ways of enriching digital video contemton delivery, by adding knowledge based
information to media objects. We compared recept@ches to the modelling of intelligent
content and identified research gaps that the Lpvigect should be able to close.

The Intelligent Media Framework will mediate betwedVE's Intelligent Media Asset In-
formation System, the Recommender System, the M&ta@eneration System and the Video
Conducting System. The IMF must be seen conceptaallan actor that operates on data
structures which we call Intelligent Media AssdtdAs). In other words, IMAs are not per se
living objects that act and re-act in the LIVE aoviment like for example intelligent agents.
Compared to raw media objects IMAs get their “iigeince” from their rich annota-tions
added by either humans, manually or by softwardicimns (semi-)automatically. The ho-
mogeneous data structure of IMAs enable them tagettated by concepts coming from on-
tologies and this is the basis for reasoning afferimg new information from existing facts.
In order to enable IMAs to find their way to thddrested users the recommender system
plays a crucial role, as it can match IMAs agameth other and match IMAs against user
profiles. The interaction of consumers with IMAseissentially modelled in the staging tem-
plates which are part of the Video Conducting Syste

We have seen that research into multimedia stasdachtent models and knowledge based
technologies points clearly at the convergencenofltedge and content technologies. While
current metadata standards such as MPEG-7 arengaoceptance in the user communities,
knowledge based technologies are still not undedsteell enough to have found their way
into commercial products used by media producef¢ELwill demonstrate that knowledge
based content production systems can deliver supgquality of information and a better
match between information needs and informatiowipron, while not compromising on the
real-time aspects (video and knowledge data asywehronised on the user's screen). In or-
der to make this scenario a reality, the Intellighledia Framework must offer answers to
these questions:

Is it possible to associate different sources dfitaahal information to the objects
which participate in a media event? Associatinded#éint knowledge sources means
we must be able to attach multiple statements eoaamtent stream (even to a single
items in that stream).

Is it possible for meta data schemes - which mawecat different levels of sophisti-
cation - to be aligned with the overall model? Timisans that the semantics offered
by IMAs can be expanded by aligning a new metasget@me to the overall ontology
on which the IMA is founded.

Is it possible to not only conceptualise an IMA} bloes it also have a logical and
physical design, in the form of a machine-readalala structure which can be stan-
dardised and used as a data exchange format?

Is it possible to generate synchronised streanoofent and associated knowledge
items, and what information needs to be modellethénIMF in order to provide this
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synchronised stream? Alternatively, what scop&ese for supplying good quality of
information service even if the provision of knodgdge-based items is not concurrent
with the content streams?

Is it possible to characterise user preferencedilgs) in such a way that the IMA can
provide data to match between the preferences landeatures exhibited by content
objects? This may require careful consideration mouch user-related information
will be associated with a content object, eithedbegctly putting the information into
the object or by storing the relationships betw#en content and its users in some
other place (e.g. in a trusted repository).

Is it possible to integrate the technology devetbpeLIVE, into other open frame-
works and can the solutions be made accessiblser@ntic web technology? This
means it must be possible to extend applicationbetMF by other components pro-
vided they are also using open standards such &saRD OWL.

Is it possible to separate media related metadata $ubject domain related metadata
and from business related metadata? For examplejage of a sailing boat, the pur-
chase of the rights for displaying the image onebwite, and information about
which boat it is and what history is associatechwviif may well be kept in different
systems, but should be accessible through the ptauitiews of the IMF.

Is it possible to operate on Intelligent Media Asse ways that are similar to data-
bases? In other words, does the IMA offer a welirdel data model or schema? This
may require a trade-off between the richness oéxaressive knowledge model and
the practical needs of end user organisations.

In the design stage of the LIVE project, this preaton of the state of the art in intelligent
content models will act as the baseline for thagiesrhe notion of Intelligent Media Assets

Is an extension to a line of research which staafgaroximately in 1990 and which has since
led to a convergence of multimedia content stargjandtadata schemes and semantic models
including foundational ontologies.

© LIVE Consortium, 2006 Page 56 / 63



State of the Art Report IMF LIVE - D7.1

8 References

[Abe2003] Abecker, A., Apostolou, D., Maass, W.,i¥&as, G., Reuschling, C. and
Tabor, S., Towards an Information Ontology for Kiedge Asset Trad-
ing. in ICE 2003 - 9th International ConferenceCaincurrent Enterpris-
ing, (Espoo, Finland, 2003).

[Ada2003] Adams, WH and lyengar, G. and Lin, C.Nd&aphade, M.R. and Neti,
C. and Nock, H.J. and Smith, J.R. "Semantic indgwihmultimedia
content using visual, audio and text cues” In: E@RAJournal on Ap-
plied Signal Processing Vol.3 No. 2, pp. 170--18H)3.

[Ant2004] Antoniou, G. and van Harmelen, F. A Setiaweb Primer MIT, 2004

[Baa2003] F. Baader, D. Calvanese, D. L. McGuinBs$yardi, P. F. Patel-
Schneider (2003): The Description Logic Handbodkedry, Implemen-
tation, Applications. Cambridge University Presantbridge, UK, 2003.

[Bar2001] Barnard, K. and Forsyth, D. “Learning #®mantics of words and pic-
tures,” in Proc. International Conf. on Computesign, vol. 2, pp. 408—
415, IEEE, Vancouver, Canada, July 2001.

[Bau2005] Christoph Bauer, Florian Rosensprungia8teajtos, Laurent Boch,
Philippe Poncin, and Conny Herben-Leffring Analysisurrent audio-
visual documentation models, Mapping of curremid#ads, Prestospace
Deliverable D15.1MDS1, 2005. Available at:
http://prestospace.org/project/deliverables/D15-

1 Analysis_AV_documentation_models.pdf - last aseds27.10.2006)

[Beh2003] Behrendt, W., Geser, G., Mulrenin, A.2BFPO - the Future of Electronic
Publishing Towards 2010, 2003.
[Beh2005] Behrendt, W., Gangemi, A., Maass, W., @haler, R.: Towards an

Ontology- Based Distributed Architecture for Paion@nt In: A. Go-
mez-Perez and J. Euzenat (Eds.): ESWC 2005, LNG3, 3p. 257-271,
2005.

[Beh2006] Behrendt, W., Arora, N., Burger, T., adstenthaler, R.: "A Manage-
ment System for Distributed Knowledge and Contenje€ts” Proceed-
ings of the 2nd International Conference on Aut@dd&roduction of
Cross Media Content for Multi-channel Distributidecember 12-15,
2006, Leeds, UK.

[Ben2001] Benitez, A.B. and Change, S.F. and SniifR, "IMKA: a multimedia
organization system combining perceptual and semknowledge" In:
Proceedings of the ninth ACM international confeenon Multimedia,

2001

[Ben2002] Benitez, A. B. et al.: Semantics of Mulkéidia in MPEG-7. In: Proceed-
ings of the IEEE International Conference on ImRgecessing (ICIP
2002), 2002.

[Ber2001] Berners-Lee, T., Hendler, J., & Lass0a,2001. The Semantic Web.

Scientific American, 284(5), 34--43.

© LIVE Consortium, 2006 Page 57/ 63



State of the Art Report IMF

LIVE - D7.1

[Bez2002]

[Bl02005]

[Bol1999]

[Bor2002]

[Bre1998]

[Bri2004]

[Bru2002]

[Bru2005a]

[Bru2005a]

[Bru2005b]

[Bru2006]

[Buc2002]

[Bur2002]

Bezzera, B.; Carvalho, F.; Ramalho, Ggker, J.-D.: Speeding up re-
commender systems with meta-prototypes. LecturedNiot Computer
Science, Advances in Atrtificial Intelligence, 20@&hringer-Verlag
GmbH, 227-236.

Bloehdorn, S. et al.: Semantic Annotatadrimages and Videos for Mul-
timedia Analysis In: Proceedings of the 2nd Europ&amantic Web
Conference, ESWC 2005, Heraklion, Greece, May 2005.

Boll, S. and W. Klas: 1999, "Z Y X - A Bantic Model for Multimedia
Documents and Presentations'. In: Proc. of théF8th Conference on
Data Semantics (DS-8): "Semantic Issues in Multim&ystems". Roto-
rua, New Zealand: Kluwer Academic Publishers.
http://citeseer.ist.psu.edu/boll99semantic.html

Bormans, J. and Hill, K.: Mpeg-21 ovemwig.5.
http://www.chiariglione.org/ mpeg/standards/mpegigdeg-21.htm,
2002. ISO/IEC JTC1/SC29/WG11. (last accessed: (B004)

Breese, J. S.; Heckerman, D.; Kadie Etpirical analysis of predicitve
algorithms for collaborative filtering. Proceedingfsthe Fourteenth Con-
ference on Uncertainty in Artificial Intelligenc®ladison,USA, 1998.
Morgan Kaufmann Publisher.

Brickley D, Guha RV (2004) RDF Vocabulddescription Language
1.0: RDF Schema. W3C Recommendation, http://wwwovgBT R/rdf-
schema/ (last accessed: 20.10.2006)

Bruce Devlin of Snell & Wilcox for thEBU Technical Reviewjuly
2002. http://www.ebu.ch/en/technical/trev/trev_28Min.pdf

de Bruijn J, Polleres A (eds) (2005): DVWSML Deliverable D20.1
v0.2. WSML Working Draft May, 15 2005.
http://www.wsmo.org/TR/d20/d20.1/v0.2/200505155tlaccessed:
27.10.2006)

de Bruijn J, Polleres A (eds) (2005): DVWSML Deliverable D20.1
v0.2. WSML Working Draft May, 15 2005.
http://www.wsmo.org/TR/d20/d20.1/v0.2/200505155(laccessed:
27.10.2006)

de Bruijn J, Polleres A, Lara R, and $&rD (2005), OWL DL vs. OWL
Flight: Conceptual Modeling and Reasoning for teen8ntic Web, Pro-
ceedings of the 14th International World Wide Weinference
(WWW2005), Chiba, Japan.

Jos de Bruijn, Holger Lausen, Axel PalgerDieter Fensel: The Web
Service Modeling Language WSML: An Overview. InoBeedings of
the 3rd European Semantic Web Conference (ESWC)28p6inger,
2006.

Buczak, A; Zimmerman, J.; et al.: Perdiaation: improving ease-of-
use, trust and accuracy of a tv show recommendgmradceedings of the
AH2002 Workhop on personalization in future TV, lbig&, Spain 2002

Burke, R.: Hybrid recommender systemsv8y and experiments. User
Modeling and User-Adapted Interaction 12 (2002)-3%0.

© LIVE Consortium, 2006

Page 58 /63



State of the Art Report IMF

LIVE - D7.1

[Biir2005]

[Biir2006]

[Biir2006a]

[Blr2006b]
[Car1980]

[Cha2004]

[Chan1998]

[Cyc2002]

[DCMI2006]

[Dif2002]

[Din2004]

[Dow2005]

[ETSI2006]

Tobias Burger, Erich Gams, Georg Gunth®mart Content Factory -
Assisting Search for Digital Objects by GenericKing Concepts to
Multimedia Content”, in Proceedings of the SixtéeACM Conference
on Hypertext and Hypermedia (HT '05), 2005.

Birger, Tobias and Westenthaler, RupartdMhe gap — Requirements
for the combination of content and knowledge. ladeedings of the
SAMT Conference, 2006.

Tobias Burger, loan Toma, Omair Shdligniel Doegl "State of the Art
in SWS, GRID and 'Intelligent’ Content Objects nGlaey meet?" GRIS-
INO Deliverable D1.1, available online at http://wwgrisino.at (last ac-
cessed: 17.10.2006)

Bilrger, Tobias and Westenthaler Rup@vty the combination of con-
tent and knowledge matters*”, Salzburg ResearchnieahReport, 2006.

John McCarthy, Circumscription — A Forfmmn-Monotonic Reason-
ing, Artificial Intelligence, Volume 13, pp. 27-32980

Chang, W.: MPEG-A multimedia applicationrmat overview and re-
guirements v.2. http://www.chiariglione.org/mpegrslards/mpeg-
a/mpeg-a.htm, 2004. ISO/IEC JTC 1/SC 29/WG 11t-dasessed:
06.04.2006.

S. F. Chang, W. Chen, and H. Sundar&emantic visual templates—
linking features to semantics,” in Proc. IEEE Ingfonal Conference on
Image Processing, vol. 3, pp. 531-535, IEEE, ClucHly USA, October
1998.

CycCorp (2002): Ontological Engineers Hiamok,
http://www.cyc.com/doc/handbook/oe/oe-handbookédpencyc.html -
last accessed: 27.10.2006

Dublin Core Metadata Initiative (2006)aOMI Metadata Terms
http://dublincore.org/documents/dcmi-terms/ - stessed: 15.10.2006

Difino, A.; Negro, B.; et al.: A multi aant system for a personalized
electronic program guide. In proceedings of the B62Workhop on
personalization in future TV, Malaga, Spain 2002

Li Ding, Tim Finin, Anupam Joshi, RongiRd&. Scott Cost, Joel Sachs,
Vishal Doshi, Pavan Reddivari, and Yun Peng, Swao§lSearch and
Metadata Engine for the Semantic Web, ThirteentiMAConference on
Information and Knowledge Management (CIKM'04), Wagton DC,
November 2004

Dowman, M., Tablin, V., Ursu, C., Cunniregn, H. and Popov, B.: Se-
mantically enhanced television news through webvathelo integration

In Proceedings of the Workshop on Multimedia aredl$iemantic Web at
the European Semantic Web Conference (ESWC 2008%.2

ETSITS 102 822-3-1 V1.3.1 (2006-01)o&dcast and On-line Services:
Search, select, and rightful use of content ongretisstorage systems
("TV-Anytime"); Part 3: Metadata; Sub-part 1: PhdseMetadata sche-
mas

© LIVE Consortium, 2006

Page 59/ 63



State of the Art Report IMF

LIVE - D7.1

[ETSI2006a]

[Fen2001]

[Fer2004]

[Gom2002]

[Guar1998]

[Guin2001]

[Haas2004]
[Han2001]

[Hen2003]

[Hor2001]

[Hun2001]

[Jon2004]

[Kha2003]

[Kif1989]

ETSITS 102 822-3-3 V1.1.1 (2006-0Ino&lcast and On-line Services:
Search, select, and rightful use of content ongreisstorage systems
("TV-Anytime"); Part 3: Metadata; Sub-part 3: Ph@seExtended Meta-
data Schema

Fensel D, van Harmelen F, Horrocks I, Mici@ess DL, Patel-Schneider
PF (2001) OIL: An ontology infrastructure for therBantic Web. IEEE
Intelligent Systems & their applications 16(2): Bg-44

Fergus, R. , Perona, P. and Zissermam Xisual Category Filter for
Google Images Proceedings of the 8th European @Gorde on Com-
puter Vision, Prague, Czech Republic, 2004.

Gomez-Perez, A and O. Corcho, Ontologyduages for the Semantic
Web, IEEE Intelligent Systems 17(1) (2002) 54-59.

N Guarino (1998) “Formal Ontology anfbhmation Systems”. In: N.
Guarino (ed.), Formal Ontology in Information Syst 1998. Proceed-
ings of FOIS’98, Trento, Italy, 6-8 June 1998. Aerdam, I0S Press,
pp. 3-15.

Deborah L. McGuinness (2001) “Ontologizeme of Age”. In: Dieter
Fensel, Jim Hendler, Henry Lieberman, and WolfgéfahlIster, editors.
The Semantic Web: Why, What, and How, MIT Pres§120

Hugo Haas, Allen Bown: “Web Servicessséy”
http://www.w3.0rg/TR/ws-gloss/ - last accessed1R2006

Hand, D.; Smyth, H. M. P.: Principlesdata mining. Cambridge: The
MIT Press, 2001.

Henzinger, M. Chang, B.-W., Milch, B. aBdn, S.: Query-Free News
Search. In Proceedings of the 12th World Wide Wehf&ence, pp. 1-
10, 2003.

Horrocks I, van Harmelen F (eds) (200&fdRence Description of the
DAML+OIL (March 2001) Ontology Markup Language. Texcal re-
port. http://www.daml.org/2001/03/reference (lastessed: 27.10.2006)

Hunter,J.: Adding Multimedia to the Ser@aiVeb - Building an
MPEG-7 On- tology, Proc. of the 1st Internationahfntic Web Work-
ing Symposium (SWWS 2001), Stanford, USA, 2001.

Annemieke de Jong: Metadata in the ausliaV production environ-
ment, published by Nederlands Instituut voor Beldseluid, Hilver-
sum/Netherlands, October 2003

Kang, H. and Shneiderman, B.: "MediaFmde interface for dynamic
personal media management with semantic region$risceedingsof
the Conference on Human Factors in Computing Syst2003

Kifer, M. and Lausen, G. (1989). F-logia:higher-order language for
reasoning about objects, inheritance, and schemnferdceedings of the
1989 ACM SIGMOD international Conference on Managetof Data.
J. Clifford, B. Lindsay, and D. Maier, Eds. SIGMCEY. ACM Press,
New York, NY, pp. 134-146

© LIVE Consortium, 2006

Page 60/ 63



State of the Art Report IMF LIVE - D7.1

[Kob2001] Kobsa, A.: Generic user modeling systeldser Modeling and User-
Adapted Interaction 11 (2001), 49-63.
[Kom2004] Kompatsiaris, 1. et al.: Integrating knedge, semantics and content for

user-centred intelligent media services: the ac@é@ject. In: Proc. of
WIAMIS 2004, Lisboa, Portugal, 23 April 2004.

[Kur2001] Kurapati, K.; Gutta, S.; et al.: A muétgent recommender. Proceedings
of the 8th International Conference on user moddlivM2001,
Sonthofen, Germany, 2001, Springer.

[Kur2002] Kurapati, K.; Gutta, S.: Tv personalizatithrough stereotypes. Proceed-
ings of the AHA" '2002 Workshop on PersonalizatiorFuture TV,
2002.

[Len1995] Douglas Lenat. Cyc: A Large-Scale Investiin Knowledge Infrastruc-
ture. Communications of the ACM, 38(11). p33-3893.9ACM Press,
New York.

[Le02002] Riccardo Leonardi, Pierangelo Migliord®&emantic Indexing of Multi-
media Documents," IEEE MultiMedia ,vol. 09, nopp, 44-51, April-
June, 2002.

[Mac1995] Macnee, C A; Behrendt, W; Wilson,M D; Jeffery, KKalmus, J R;
Hutchinson, E K: 'Presenting Dynamically Expanddty@ermedia’ In-
formation and Software Technology 37 (7) pp 339;33®5
http://citeseer.ist.psu.edu/macnee95presenting.html

[Man2004] Manola F and Miller E (2004) RDF Prim&f3C Recommendation.
http://www.w3.0rg/TR/REC-rdf-syntax/ (last access2d.10.2006)
[Mar2002] Martinez-Sanchez, J. M., Koenen, R. aackPPa, F.: MPEG-7: The Ge-

neric Multimedia Content Description Standard, RatEEE MultiMe-
dia 9(2): 78-87 (2002)

[Mas2003] Claudio Masolo, Stefano Borgo, Aldo GangeNicola Guarino, Ales-
sandro Oltramari. “WonderWeb Deliverable D18 Ongyld.ibrary, De-
cember 31, 2003.
http://wonderweb.semanticweb.org/deliverables/damnisiD18.pdf —
last accessed: 10.11.2006

[Mas2004] Masolo, C., Vieu, L., Bottazzi, E., Caeai, C., Ferrario, R., Gangemi,
A., Guarino, N.: Social roles and their descripsioim: Procs. of KR’04.
(2004)

[May2003] James Mayfield and Tim Finin, Informaticetrieval on the Semantic

Web: Integrating inference and retrieval, SIGIR W&brop on the Se-
mantic Web, Toronto, 1 August 2003.

[Meu2004] L. Le Meur, Jo Rabin: NewsML 1.2 GuidelsV 1.00.
http://www.newsml.org/IPTC/NewsML/1.2/documentafisawsML_1.
2-doc-Guidelines_1.00.pdf, 2004 - last accessdd:. 3006

[Mik2004] P. Mika, D. Oberle, A. Gangemi, and M.fea. Foundations for service
ontologies: Aligning owl-s to dolce. In Proceedirggghe 13th Interna-
tional World Wide Web Conference. ACM, 2004.

© LIVE Consortium, 2006 Page 61/ 63



State of the Art Report IMF

LIVE - D7.1

[Mika2004]

[Nap2004]

[New2004]

[New2004a]

[Nil2001]

[Nil2002]

[Par2003]

[Pog2004]

[Ric2002]

[Roh2006]

[Sal2006]

[Schel2002]

[Smi2002]

[Sno2006]

Mika, P. Akkermans, H. (2004) Towardeew synthesis of ontology
technology and Knowledge Management. In: The KndgdeEngineer-
ing Review, Volume 19, Issue 04, 01 Dec2004, pp345.

Milind R. Naphade, John R. Smith "On de¢ection of semantic con-
cepts at TRECVID" In Proceedings of ACM Multimed@04: 660-667

Newcomb, S. and Blunden, B.:Smart Cont@piportunity Discovery,
Knowledge Trading and Alliance Making (slides), septed at XML

Tsichritzis et al: KNOs - Knowledge acquisitionsgsemination, and
manipulation objects In: ACM Transactions on Ot@@imation Sys-
tems No. 5, Vol. 2, April 1987.

Newcomer, E. and Lomow, G. "Understag@®A with Web Services
(Independent Technology Guides)", Addison-Wes|&p4

Niles, I., and Pease, A. 2001. “TowardStandard Upper Ontology.” In:
Proceedings of the 2nd International ConferencEamal Ontology in
Information Systems (FOIS-2001), Chris Welty andrg&mith, eds.,
Ogunquit, Maine, October 17-19, 2001.
http://portal.acm.org/citation.cfm?id=505170 - lastessed: 10.11.2006

lan Niles, Mapping Word Net to the SUMhlogy,
http://ontology.teknowledge.com/nilesWordNet.pdHist accessed:
10.11.2006

Paralic, J. and Kostial, I.: Ontology-4xh$nformation Retrieval. Proc. of
the 14th International Conference on Informatiod antelligent systems,
[IS 2003, Varazdin, Croatia, September 2003, p2&3

Pogacnik, M.; Tasic, J.; Tomazic, S.sPealized content retrieval. Pro-
ceedings of the International Symposium on Telecamoations
VITEL, Ljubljana: Electrotechnical Society of Slavia, 2004.

Richard Hopper, 2002, P/Meta Metadataiaxge Scheme, V1.0
http://www.ebu.ch/en/technical/trev/trev_290-hoppef - last accessed:
10.11.2006

Katharina Rohlfing, e.a.: Comparison efitmodal annotation tools -
workshop report. In: Gesprachsforschung — Onlinigsgkrift zur verba-
len Interaktion (ISSN 1617-1837), Ausgabe 7 (209699-123
(www.gespraechsforschung-ozs.de); 2006.

Salter, J.; Antonopoulos, N.: Cinemastcmreeommender agent: Com-
bining collaborative and content-based filterifgEE Intelligent Sys-
tems 21 (2006), 35-41.

Schellner K, Zillner S, Klas W, 200Bgtument Models and Enhanced
Multimedia Meta Objects”, CULTOS Internal Delivelal3.2.1.

Barry Smith, Ontology Information Systems
http://ontology.buffalo.edu/ontology(PIC).pdf —iakcessed:
10.11.2006

Cees G.M. Snoek, Marcel Worring, Jandb. @emert, Jan-Mark Geu-
sebroek, and Arnold W.M. Smeulders. “The ChalleRgeblem for
Automated Detection of 101 Semantic Concepts intisheldia” In Pro-

© LIVE Consortium, 2006

Page 62/ 63



State of the Art Report IMF

LIVE - D7.1

[Sow2000]

[Sta2006]

[Ste2005]

[Tan2001]

[Tro2006]

[TVA2002]

[Uch2002]

[Uschold1996]

[Val2005]

[Wes2005]

[Zim2004]

ceedings of ACM Multimedia, pp. 421-430, Santa Baah USA, Octo-
ber 2006.

John Sowa. Knowledge Representation:dadgPhilosophical, and
Computational Foundations. Brooks/Cole, 2000.

Steffen Staab, Dionysios AnastasopolNosman Timmermann, Carsten
Saathoff, Kosmas Petridis, Yiannis Kompatsiarisl:OntoMat-
Annotizer: Linking Ontologies with Multimedia Lowevel Features for
Automatic Image Annotation”, Poster and Demo Prdoegs of ESCW
‘06, 2006.

Michael Steidl, John Minting: NewsCodesation in NewsML 1 Top-
icSets, http://lwww.iptc.org/download/public/NCD05RY
NewsCodesAsTopicsets.pdf, 2005 - last accessetll @206

Tanenbaum, A.S. and Van Steen, M. "iated Systems: Principles
and Paradigms", Prentice Hall, 2001.

Raphael Troncy, Jacco van Ossenbruggensi@n Halaschek-Wiener,
Giorgos Stamou, Vassilis Tzouvaras, 2006, "Multigpective Require-
ments for a Common Multimedia Ontology FramewotkA., last ac-
cessed 26/11/2006,
http://www.acemedia.org/aceMedia/files/multimediatadogy/cfr/MMT
F-Multimedia_Ontology.pdf

TVAnytime: Specification series: S-3 mdtda, SP0003 v1.3, part A,
2002 ftp://tva:tva@ftp.bbc.co.uk/pub/SpecificatitBR003v13.zip - last
accessed: 10.11.2006

Uchyigit, G.; Clark, K.: An agent basddatronic program guide. Pro-
ceedings of the AHA 2002 Workshop on PersonalipatioFuture TV,
2002.

Uschold, M., (1996) Building Ontolegi Towards a unified methodol-
ogy, AlAl Technical Report September 1996 (AIAI-TIRY), Edinburgh,
1996.

Vallet, D., Fernandez, M., and Castdfls;'An Ontology-Based Informa-
tion Retrieval Model" In: Proceedings of ESWC '@B05.

Westermann G.-U., Zillner, S., Schelldeand Klas W.: EMMOs —
Tradeable Units of Knowledge-Enriched Multimedian@mt In: U.
Srinivasan and S. Nepal (Eds.): Managing Multim&gaantics, Idea
Group, 2005.

Zimmerman, J.; Kurapati, K.; Buczak, A; Schaffer, D.; Martino, J.;
Gutta, S.: Tv personalization system: Design of shbw recommender
engine and interface. Kluwer Academic Publishe@942

© LIVE Consortium, 2006

Page 63 /63



