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Abstract

The objective of the Ph.D. thesis presented in digsertation is to propose new, simple and effiicie
techniques and methodologies for support of mullimeontent adaptation to constrained contexts. The
work is based on parts of the on-going MPEG-21dseaththat aims at defining different componenta of

multimedia distribution framework.

The thesis is divided into two main parts: singledma adaptation and semantic adaptation of multined

composed documents.

In single media adaptation, the media is adaptataaontext constraints, such as terminal capissili
user preferences, network capacities, author re@rdations and etc. In this type of adaptation, the
media is considered solely, i.e. as mono media,vatitbut any multimedia structured presentation, or
independently of the multimedia composition (sceimejvhich it exists. We have defined description
tools extending the MPEG-21 DIA schema, for desimipof hints and suggestions on different media
adaptations (also called Resource Conversions) #&ir corresponding parameters. We have
consequently implemented a media adaptation engatebased on these direct hints and suggestasns,
well as context constraints, applies the most gmte form of media adaptation with optimal valwés
adaptation parameters, in order to provide the eat-with the best quality-of-experience. Throughou
this part of the work, we made several contribigimmMPEG-21 DIA.

In semantic adaptation of structured multimediautoents, we addressed the question of adaptation
based on temporal, spatial and semantic relatipashetween the media objects. When adapting a
multimedia presentation, in order to preserve thesistency and meaningfulness of the adapted scene,
the adaptation process needs to have access wemhantic information of the presentation. We have
defined a language as a set of descriptors, forepression of semantic information of composed
multimedia content. These descriptors contain mtdion provided by the author of the multimedia
scene, or any other entity in the multimedia delivehain, that helps the adaptation engine decidthe
optimal type and nature of the adaptation(s) thiatta be applied to the multimedia document. The

information included in these descriptors cover it@ependent semantic information of each media



object of the scene, the semantic dependenciessbatimedia objects of the scene, and the semantic

preferences on scene fragmentation.

In our implementation, we used SMIL 2.0 for desagbmultimedia scenes; however, the methodology is
independent of this choice and can be appliedherdiypes of multimedia documents such as MPEG-4
XMT. We implemented a proof-of-concept semanticpaiion engine that manipulates and adapts SMIL
2.0 documents, based on the semantic and physit@mation of the content, as well as context

constraints.



Résumé

L'objectif de la thése de doctorat présentée dansnémoire est de proposer des techniques et des
méthodologies nouvelles, simples et efficaces padaptation de contenu multimédia a diverses
contraintes de contexte d’utilisation. Le travait basé sur des parties de la norme MPEG-21 es deur
définition, qui vise a définir les différents congamts d'un systéme de distribution de contenus

multimédia.

Le travail de cette thése est divisé en deux mapiencipales : l'adaptation de médias uniques, et

I'adaptation sémantique de documents multimédigposés.

Dans l'adaptation de médias uniques, le médiadagité aux contraintes du contexte de consommation,
telles que les capacités du terminal, les préf@ende I'utilisateur, les capacités du réseau, les
recommandations de l'auteur, etc... Dans cettedatfadaptation, le média est considéré hors de tout
contexte de présentation multimédia structurée,imlépendamment de la composition multimédia
(scéne) dans laquelle il est utilisé. Nous avorfindées outils et descripteurs, étendant les suil
descripteurs MPEG-21 DIA, pour la description deggestions d’adaptation de médias (également
appelée Conversion de Ressource), et la descriggisparametres correspondants. Nous avons réalisé u
moteur d'adaptation de médias qui fonctionne sek®suggestions ainsi que selon les contraintes du
contexte, et qui applique au media, la forme la @ppropriée d'adaptation avec des valeurs optimale
des parametres d’adaptation, afin d’obtenir la leie qualité d’utilisationDurant cette partie du travalil,

nous avons apporté plusieurs contributions a lenedviPEG-21 DIA.

Dans l'adaptation sémantique de documents multeméttucturés, nous avons considéré l'adaptation
selon les relations temporelles, spatiales et stiqueas entre les objets média de la scéne. En aatapt
une présentation multimédia afin de préserverftumiité et la logique de la scéne adaptée, le pce
d'adaptation doit avoir acces a l'information séimae de la présentation. Nous avons défini undgeg
d’extension de la description de scéne pour |'esgiom de cette information sémantique, a base de
descripteurs. Ces descripteurs contiennent desmiations fournies par l'auteur de la scene multiméd

ou par n'importe quelle autre entité dans la chdénkvraison multimédia. L'information incluse daces



descripteurs aide le moteur d'adaptation a décddea forme et de la nature optimales des adaptatio
qui doivent étre appliquées au document. Cetternmdition consiste en une information sémantique
indépendante de chaque objet média, les dépendaésemtiques entre les objets média de la scéne et

les préférences sémantiques sur la fragmentaticoeatee.

Pour la réalisation d’'un tel systeme d’adaptatioos avons utilisé SMIL 2.0 pour décrire nos scenes
multimédia. Cependant, la méthodologie est indépetedde ce choix et peut étre appliquée a d'autres
types de documents multimédia, tels que MPEG-4 XMdus avons implémenté un moteur d'adaptation
sémantique expérimental, qui manipule et adapteddesments SMIL, en utilisant les informations

sémantiques et physiques du contenu, ainsi queahésaintes de contexte.
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Chapter 1

INTRODUCTION

Introduction

A major part of existing multimedia content is aniglly authored for being transmitted over high-
capacity networks and consumed on full-resourcécdsyHowever recent technical advances in thd fiel
of multimedia communications have led to lettingngsconsume multimedia content over low-capacity,

high-latency networks and limited devices, suclwiasless networks and mobile terminals.

Appropriate delivery of such a large diversity otiltimedia content to these different types of user
devices and environments is a major challenge ofuliimedia delivery chain. To do so, the content
delivery chains require enough information on tbatext of the usage environment — network, device,
user preferences, etc. — as well as the multimamhigent itself, in order to be able to provide ¢nel user

with the most suitable form of the content.

To help the content adaptation process, the cooteators also, should take into account at thieoaimg
level, the adaptation-needed features of the mattim content by creating adaptable content and by

providing the necessary metadata for adaptation.

A knowledge-based and context-aware multimedia tatiap infrastructure is then needed to satisfy
these requirements. Such an infrastructure willppse solutions for support of access, protection,
adaptation and delivery of different content typlswill also propose methods to express context
constraints as well as content-related informatiiPEG (Moving Picture Experts Grogpand W3C
(World Wide Web Consortignhave provided recommendations and standardshvghipport and define

frameworks for a multimedia adaptation system.

The work presented in this dissertation is basetheron-going MPEG-21 standard framework [1] and

proposes methodologies to deal with problems oftimatia content adaptation to limited devices and
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for different usage contexts. Limited devices ardtimedia terminals with reduced capacities in t&ioh

display size, player capabilities, buffer size, povetc.

In the field of multimedia content adaptation famstrained contexts, we have distinguished two main
parts: single media adaptation and semantic adaptat rich multimedia-composed documents. In sngl
media adaptation, the media is considered soledy, ds mono media, and out of any multimedia
structured presentation, or independently of thdtimedia composition (scene) in which it exists.
Therefore, this kind of adaptation is not a comgksdlution. In the second part of the work, we adslr
the semantic adaptation of multimedia-composed mweais based on temporal, spatial and semantic
relationships between their media objects. Singledim adaptation constitutes a part of semantic
adaptation of multimedia-composed scenes. In semadaptation of multimedia scenes, each media
object is adapted to the constraints of the usagéegt (device display size, device player captdsl)
user preferences, etc.), based on the whole peggensscenario. Apart from single media resouraes,
semantic adaptation of multimedia-composed docusnehe scene itself, i.e. the spatial, temporal and
logical structure of the document is adapted totexdnconstraints as well as to presentation semanti

constraints.

This Ph.D. thesis has been performed in the MERIt{Média Et Réseaux) group at ENST-Paris (Ecole
Nationale Supérieure des Télécommunications desPditie work was performed for and mainly funded
by France Telecom R&D. Parts of this work have beamied out in the context of two European IST
projects: ISIS [2] and DANAE [3] and were partiaflynded by them.

1.2 Motivations and objectives

A complete knowledge-based multimedia content adept infrastructure is built upon a number of
components. MPEG-21 is an on-going standard tmas ait defining a multimedia framework that will
enable transparent and augmented use of multincedint across a wide range of networks and devices
used by different communities. The framework igimdted to cover the entire multimedia content dgjive

chain encompassing content production, protectidaptation and delivery.

Apart from MPEG-21, there exist other standards tleve been dealing with one or some of these
mentioned multimedia communication components. HenaVIPEG-21 is the first “big picture” that can
describe how all of these elements, either in erist or under development, relate to each otheit i$h
why we have decided to base our work on MPEG-21raakie use of some of its well-defined solutions

in the area of multimedia content adaptation.
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MPEG-21 in its current form of the time this wotlarsed (2002-2003) was missing a number of features
in the area of support of conversion-type adaptati@s defined later in Chapter 4). Along this aeske
work, we tried to use advantageous solutions of PR for realization of an experimental multimedia
content adaptation framework, while proposing neWtions in the areas where MPEG-21 did not seem

to propose a complete solution.

As such, MPEG-21 originally provided a complete g for a particular type of resource adaptation
that implicitly targets scalable resources, andksarn the basis of XML [4] description of the media
bitstream and subsequent direct modification oftihstream. However, at the time, MPEG-21 did not
provide a complete support for the integrationdd@tation of non-scalable media resources. This pfp
media adaptation usually consists in decoding, maaiing and re-encoding the media, and is aldecaal
Resource ConversionThis is where our work on media adaptation cboted to MPEG-21. Our
methodology for support of media resource convarsio MPEG-21 is based on the description of
conversion-related information. This metadata h&éipsadaptation engine decide on the optimal fanth a
parameters values of the adaptation that is tgopéeal to the media. Through our proposed desaspto
the content author or any other involved entityn axpress his preferences and hints on certain

conversions for a particular media.

MPEG-21 part 7 only proposes solutions for suppbgingle media adaptation. The support of semantic
adaptation of rich multimedia-composed presentatismot yet considered in MPEG-21. In the second
part of this work, we defined new solutions for gagi of semantic adaptation of rich multimedia eon}

while remaining in the framework of MPEG-21 andngsits advantageous solutions.

1.3 Main contributions of this work

This thesis makes the following contributions:

» The first part of the work proposes new simple affitient solutions for support of single media
adaptation (Resource Conversion) under the franmeafothe MPEG-21 standard:

o We patrticipated in a contribution that resultecadopting descriptors for expression of media

conversion preferences to MPEG-21 part 7 (DIA).

o0 An amendment to MPEG-21 part 7 was established eme®ber 2003, to consider the support
of media resource conversion. We have participatedhe establishment of this amendment and
contributed to it during its evolution. At this tanthis amendment specifies solutions for the deson

of conversion-related information in MPEG-21 partWe continue to contribute to this amendment, on
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the specification of a new tool that uses DAdaptationQoSJescription tool for dynamic expression of

conversion parameter values, and supports a miiceeaf adaptation decision-making.

» The second part of our work in the area of adaptadf rich multimedia content, proposes solutions
for semantic adaptation of multimedia-composed sseWe used these solutions under the framework of
MPEG-21, and showed that the adaptation enginesneetiave access to the semantic information of
multimedia content, in order to perform a consisteaneaningful and appropriate adaptation to the
multimedia scene. Based on this theory we impleaterd semantic adaptation engine for SMIL

multimedia documents.

1.3.1 List of contributions to MPEG standardization body
Here is the list the contributions of this workM®®EG-21 standard:

Mariam Kimiaei Asadi, Souhila Boughoufalah and 3€daude Dufourd, “Proposed additions to
DIA WD 3.0”, ISO/IEC JTC1/SC29/WG11 M9257, DecemBé02, Awaji, Japan.

Souhila Boughoufalah, Mariam Kimiaei Asadi, Jeaat@e Dufourd, “Proposal for adding User
Interaction support to terminal capabilities in DJASO/IEC JTC1/SC29/WG11/MPEG2002/M9259,
December 2002, Japan, Awaji.

Truong Cong Thang, Yong Ju Jung, Yong Man Ro (ICI#ho Nam (ETRI), Mariam Kimiaei-
Asadi, Jean-Claude Dufourd (ENST), “Report of CE Mndality Conversion Preference (Part 1),
ISO/IEC JTC1/SC29/WG11/M9495, March 2003, Pattdyeiland.

Truong Cong Thang, Yong Ju Jung, Yong Man Ro (ICI#ho Nam (ETRI), Mariam Kimiaei-
Asadi, Jean-Claude Dufourd (ENST), “Report of CEMmdality Conversion Preference, Part 2: Syntax
Refinement of Presentation Priority”, ISO/IEC JTSCR9/WG11/M9496, March 2003, Pattaya,
Thailand.

Mariam Kimiaei-Asadi, Jean-Claude Dufourd, Truongon§ Thang, “Report of CE on
Transmoding”, ISO/IEC JTC1/SC29/WG11/M9745, Julp20Trondheim, Norway.

Mariam Kimiaei-Asadi, Jean-Claude Dufourd, Truongn@ Thang, Yong Man Ro, Jeho Nam,
“Report of CE on Transmoding”, ISO/IEC JTC1/SC29/fMBVI10111, October 2003, Brisbane,

Australia.

Mariam Kimiaei-Asadi, Jean-Claude Dufourd, “ProdasaDigital Item Adaptation Amendment 1
on Conversion Descriptors and Transmoding”, ISO/IEKC 1/SC 29/WG 11/M10697, March 2004,

Munich, Germany.
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Mariam Kimiaei-Asadi, Jean-Claude Dufourd, “Conttilon to Digital ltem Adaptation Amendment
1 on Transcoding and Transforming Conversions”,/IEO JTC 1/SC 29/WG 11/M10698, March 2004,

Munich, Germany.

Christian Timmerer, Klaus Leopold, Dietmar Jannaelermann Hellwagner, Mariam Kimiaei,
“Report of CE on Conversion Parameters”, ISO/IECIBC29/WG11, MPEG2004/M11262, October
2004, Palma de Mallorca, Spain.

Cyril Concolato, Philippe de Cuetos, Mariam Kimideadi, Benoit Pellan, “Proposition of
ConversionLink tool to DIA Amd 1", ISO/IEC TC1/SC2¥G11/M11670, January 2005, Hong-Kong,
China.

Cyril Concolato, Philippe de Cuetos, Mariam Kimidgiadi, Benoit Pellan, Truong Cong Thang,
Yong Ju Jung, Yong Man Ro, Jeho Nam, Jae-Gon King, Belfosse, “Report of CE on the use of
AdaptationQoS for Conversions”, ISO/IEC JTC1/SC2&/¥1/M11884, April 2005, Busan, Korea.

1.3.2 List of publications
Here is the list of our publications on this work:

Mariam Kimiaei-Asadi, Jean-Claude Dufourd, “Adapiat de Contenus Multimédia par
Transmodage dans MPEG-21", Proceedings of Prer@iénéérence Nationale sur le Multimédia Mobile:
Mcube 2004, Montbéliard, France.

Alexandre Cotarmanac’h, Kaveh Kamyab, Gabriel Raysil Concolato, Mariam Kimiaei Asadi et
al. “ISIS: Intelligent Scalability for Interoperabl Services”, Proceedings of first IEE European
Conference on Visual Media Production: CVMP 200dndon, UK.

Mariam Kimiaei-Asadi, Jean-Claude Dufourd, “Multidie Adaptation By Transmoding in MPEG-
21", Proceedings of 5th International Workshop orage Analysis for Multimedia Interactive Services:
WIAMIS 2004, Lisbon, Portugal.

Mariam Kimiaei-Asadi, Jean-Claude Dufourd, “Knowdedbased and Semantic Adaptation of
Multimedia Content”, Proceedings of European Wodgshn the Integration of Knowledge, Semantics
and Digital Media Technology: EWIMT 2004, LondonKU

Mariam Kimiaei-Asadi, Jean-Claude Dufourd, “Contamtare Semantic Adaptation of Multimedia
Presentations”, accepted in IEEE International €mrice on Multimedia & Expo: ICME 2005,

Amsterdam, Netherlands.
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Mariam Kimiaei-Asadi, Jean-Claude Dufourd, “Mediagurce Conversion in MPEG-21", accepted
in 8th Joint Conference on Information Scienceth-ldternational Conference on Intelligent Multineed
Computing and Networking: JCIS - IMMCN 2005, Sadtke City, Utah, USA.

Mariam Kimiaei-Asadi, Jean-Claude Dufourd, “Suppdet Transmodage de Contenus Multimédia
dans MPEG-21", accepted paper in Journal of Teclasiagt Sciences Informatiques, Hermes Publication,

expected to be published in spring 2005.

1.4 Outline

The remainder of this dissertation is organizetbhsws:

Chapter 2. This chapter provides a brief introduction on iasic concepts and objectives of the MPEG-

21 standard by emphasizing on the parts that &tedeto the presented work.

Chapter 3. The objective of this chapter is, firstly, to pide the basic notions, definitions and main
components of a single media adaptation framewarki secondly to provide a state-of-the-art and

discuss the related work in this area.

Chapter 4. This chapter describes our proposed solutionstledheory behind our methodology in the

area of single media adaptation.

Chapter 5. This chapter presents the architecture of our raxeatal implementation of a single media

adaptation engine, based on the methodology destiibprevious chapter.

Chapter 6. This chapter provides a description of the priatigoncepts, definitions and components of a
framework for multimedia-composed content adaptatemd to, subsequently discuss the state-of the-ar

on this subject.

Chapter 7. This chapter describes the elements of our prapas@ution and the theory of our

methodology in the area of multimedia-composederédaptation.

Chapter 8. This chapter presents the architecture of ourfpsbooncept implementation of a semantic

multimedia-composed content adaptation engine.

Chapter 9. This chapter concludes the presented work, desrits achievements and discusses

envisaged perspectives.



Chapter 2

MPEG-21 STANDARD: CONCEPTS AND OBJECTIVES

Summary

This chapter gives a brief introduction on the concepts and objectives of the on-going MPEG-21
standard. The emphasis is on the parts of MPEG-21, which are more related to my Ph.D. thesis

work.

Table of Content

2.1 INUOAUCHION cuuueieiiiitieeiitiieeccite e tte e aeeeeessss e e s e sas e s s e saneesesssssaeesssssnesenes 8
2.2 MPEG-21 Multimedia Framework: ISO/IEC 21000 .......cccccceeeeeeemuneeeeenneeeeeenseeeenenns 9
2.2.1 USEE MOAEL ..ot 9
222 DiGItal TEEM ottt s 10
2.3 MPEG-21 PAItS..cciueiiiiuiiiirieiiiieiniieiiieecnieessnecssssessssnesesssssssssssssssessssssssssssssssssesssnnes 11
2.3.1 MPEG-21 Part 1: Vision, Technologies and Strategy.........cccvuveeeuruririecrrrriricnemeereennn. 11
2.3.2  MPEG-21 Part 2: Digital Item Declaration ..., 12
233 MPEG-21 Part 3: Digital Item Identification ..........ccccovevviviiiininiiiiicicesiennn, 16
234  MPEG-21 Part 4: Intellectual Property Management and Protection ...........cccccccueuues 16
2.3.5 MPEG-21 Part 5: Rights Expression Language (REL) .......cccccovvvivnninniniiiicnee 17
2.3.6 MPEG-21 Part 6: Rights Data Dictionary (RDD) .....c.cccouiiviiiniiiniiiiicinicniciiciicns 18
2.3.7 MPEG-21 Part 7: Digital Item Adaptation (DIA) .....ccccccoviiiivviiiiiiiiiiicc, 18
2.3.8 MPEG-21 Part 8: Reference SOftWare .......cccevviieiiiniiiciiiniiciniiceciccesiscnecenenens 23
028 0703 Vo] 11 1 03 o RN 24

Table of Illustrations

Figure 2.1: Example: Distributed Multimedia SyStem .........coviviviiiiiiiiiiiiccecnnseee 12
Figure 2.2: Relationship of the principal elements within the DID Model........cccccooviiiiviiiininnnnnnn. 15
Figure 2.3: A simple example for a DIDL INStANCE ..o 17
Figure 2.4: Illustration of Digital Item Adaptation .........ccccceviieinniieriininieieeieree e 19

Figure 2.5: Organization of Digital Item Adaptation toolSs.........cccciiiiiieiiiieiieirree, 19
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Figure 2.6: A DIA instance expressing the terminal capabilities ..........ccocovviiiiniiiniiiiccen 20

Figure 2.7: AdaptationQOS eXAMPIE.......cevviiuiiiiiiiiiiiiiiiciiiee e sesees 22

2.1 Introduction

The demand, creation and then consumption of mettiencontent are rapidly increasing. A large vgriet
of devices with different capabilities, are usedaticess this multimedia content. Additionally, thes
access devices may be used in different contextsini different environments, and by different ngse

each having particular consumption preferences.ofpete multimedia adaptation infrastructure is

needed to deal efficiently with all the issuesto$ new multimedia usage context.

All content providers share the very same concemmemagement of content, adaptation of content to
consumer and device capabilities, protection ditsgprotection from unauthorized access/modificati

protection of privacy of providers and consumets, e

Currently, multimedia technology provides contergators and consumers with a myriad of coding,
access and distribution possibilities. At the sammee, communication infrastructure is being pubint
place to enable access to information and multimedirvices from almost anywhere and at anytime.
Still, no global end-to-end solutions exist allogimll different user communities to interact in an
interoperable way. This lack of interoperable — ahds standardized — solutions is stalling the
deployment of advanced multimedia packaging andrildigion applications, although most of the

individual technologies are indeed already present.

New solutions are required for the access, deliv@gnagement, and protection of different contgoes
in an integrated and harmonized way. This shouliiripdemented in a manner that is entirely transpare

to the many different users of multimedia services.

A framework is therefore needed which would deBoeh solutions in order to enable the transpamot a
augmented use of multimedia resources across a naitge of networks and devices. This motivated
MPEG group (ISO/IEC JTC1 SC29 WG11) in June 200&ant to work on the definition of an enabling
normative technology for the multimedia applicatoof the 21st century: MPEG-21 “Multimedia
Framework”. MPEG-21 or ISO/IEC 21000 is a standafd ISO (International Organization for

Standardization) family. ISO is a worldwide fedeyatof national standards bodies.
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2.2 MPEG-21 Multimedia Framework: ISO/IEC 21000

MPEG-21 Multimedia Framework (ISO/IEC 21000) aintisdafining a normative open framework for
multimedia delivery and consumption for use byttadl players in the delivery and consumption ch&]n [
This open framework will provide content creatgespducers, distributors and service providers with
equal opportunities in the MPEG-21 enabled operketaAnother purpose is the benefit of the content

consumers, providing them access to a large vasfetpntent in an interoperable manner.

The goal of MPEG-21 can thus be rephrased as dgfitlie technology needed to support users to
exchange, access, consume, trade and otherwiseputari multimedia content in an efficient,

transparent and interoperable way.

MPEG-21 identifies and defines the mechanisms #&ments needed to support the multimedia delivery
chain — as described above, as well as the refdtips between and the operations supported by them.
Within the parts of MPEG-21, these elements arkaglted by defining the syntax and semantics of the

characteristics, such as interfaces to the elements

The MPEG-21 Multimedia Framework is based on twaeasal concepts: the definition of a fundamental
unit of distribution and transaction (the Digitéér) and the concept of Users interacting with @igi
Items. The Digital Iltems can be considered the ‘tlwd the Multimedia Framework (e.g., a video

collection, a music album) and the Users can bsidered the “who” of the Multimedia Framework.

2.2.1 User Model

A User is any entity that interacts in the MPEGe&tvironment or makes use of a Digital Item. Such
Users include individuals, consumers, communiti@ganizations, corporations, consortia, governments
and other standards bodies and initiatives arotedworld. Users are identified specifically by thei

relationship to another User for a certain intecact From a purely technical perspective, MPEG-21
makes no distinction between a “content author’dantent provider) and an “end user” (consumer) —
both are Users. A single entity may use contembamy ways (publish, deliver, consume, etc.), andllso

parties interacting within MPEG-21 are categorizsdUsers equally. A User may assume specific or

even unique rights and responsibilities accordingi$ interaction with other Users within MPEG-2]. |

At its most basic level, MPEG-21 provides a framdwioa which one User interacts with another User
and the object of that interaction is a Digitahitecommonly called content. Some such interactares
creating content, providing content, archiving et rating content, enhancing and adapting content
aggregating content, delivering content, syndigatiantent, retail selling of content, consumingtean

subscribing to content, regulating content, faatiitg transactions that occur from any of the abewel



10 Multimedia Content Adaptation with MPEG-21

regulating transactions that occur from any ofabeve. Any of these are “uses” of MPEG-21, and the
parties involved are Users [5]. Among “MPEG-21 pebpanother term that is sometimes used for User,
is MPEG-21 Peer.

2.2.2 Digital Item

Since the “Digital Item” is the very basic conceygt MPEG-21, there is a need for a very precise
description of what constitutes such an “item”. Agifal Item is a structured digital object with taisdard
representation, identification and metadata wittie MPEG-21 framework. This entity is also the
fundamental unit of distribution and transactiorthivi this framework. Clearly there are many kinds o
content, and probably just as many possible waydestribing it to reflect its context of use. This
presents a strong challenge to layout a powerfd #éxible model for Digital Items, which can
accommodate the myriad forms that content can (akd the new forms it will assume in the future).
Such a model is only truly useful if it yields arfwat that can be used to represent unambiguougliyaDi
Iltems defined within the model, to communicate thamd to describe them successfully. The Digital
Item Declaration specification (part 2 of ISO/IEQOPO) provides such flexibility for representinggizal
Items. (See section 2.3.2). ISO/IEC 21000 constdtsseveral parts. Sixteen parts of MPEG-21

standardization within the Multimedia Framework éavarted (Part 13 is not attributed):

» Part 1: Vision, Technologies and Strategy

» Part 2: Digital Item Declaration (DID)

» Part 3: Digital Iltem Identification (DII)

> Part 4: Intellectual Property Management and Ptioie¢IPMP)
» Part 5: Rights Expression Language (REL)

» Part 6: Rights Data Dictionary (RDD)

> Part 7: Digital Item Adaptation (DIA)

> Part 8: Reference Software

» Part 9: File Format

» Part 10: Digital Item Processing (DIP)

> Part 11: Evaluation Methods for Persistent Assamiaf echnologies
» Part 12: Test Bed for MPEG-21 Resource Delivery

» Part 14: Conformance
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» Part 15: Event Reporting
» Part 16: Binarization

» Part 17: Fragment Identification for MPEG Media &gp

2.3 MPEG-21 parts

In the following sections, an introduction is givensome parts of MPEG-21, with special attention t
those parts most related to this work: DID (secf2dh2) and DIA (section 2.3.7).

2.31 MPEG-21 Part 1: Vision, Technologies and Strategy
Part 1 of MPEG-21 (ISO/IEC 21000-1 [5]) is a tecahireport that provides:

» A vision for a multimedia framework to enable transparent! @augmented use of multimedia

resources across a wide range of networks andetetocmeet the needs of all Users

» A framework to facilitate the integration of commons and standards in order to harmonize
technologiesfor the creation, management, manipulation, trartspistribution and consumption of

content;

» A strategyfor achieving a multimedia framework by the deyahent of specifications and standards

based on well-defined functional requirements tgtocollaboration with other bodies.

The use case example of Figure 2.1, given in this @ MPEG-21, considers a distributed multimedia
system comprising a certain number of Users exdhgrigigital Iltems across a wide range of networks
such as the Internet, mobile phone connections, t®t@a variety of terminals. In order to guaransee
smooth delivery of such Digital Items over hetemgmus networks “adaptations” of media resources
may be required, for example to overcome networigestion or to allow DIs to be routed at the same
time to Users connected via mobile devices and geré&Jon fixed lines. A large number of adaptation
possibilities exist, e.g., videos can be adaptedilmyple frame dropping or by modifying the quantiiza
coefficients. Such adaptations can happen anywhetee delivery chain from the DI provider to thé D

consumer and can be governed by rights expressions.
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Users Users
(DI provider) (DI consumer)
Heterogeneous
Network Stationary

User

be
f::ﬂ _}C/ \}C\ |
| T *@/ vy

e

(proxy cache)

Figure 2.1: Example: Distributed Multimedia System [5]

2.3.2 MPEG-21 Part 2: Digital Item Declaration

The purpose of the Digital Item Declaration (DIkesification is to provide a model and a languawge f
describing Digital Items. Within this model, as ddésed earlier, a Digital Item is the digital
representation of “a work”, and as such, it isttiiag that is acted upon (managed, described, exgth
collected, etc.). The goal of this model is to bdlaxible and general as possible, while providimgthe
“hooks” that enable higher-level functionality. $hin turn, allows the model to serve as a key daion

in the building of higher-level models in other MBR1 elements (such as Identification, Descripton
IPMP). This model specifically does not define agaage in and of itself. Instead, the model hetps t
provide a common set of abstract concepts and tématscan be used to define such a scheme, or to
perform mappings between existing schemes capablPigital Item Declaration, for comparison

purposes.
The DID technology is described in three normasigetions:

» Model: The Digital Item Declaration Model descriteeset of abstract terms and concepts to form a

useful model for defining Digital Items.

» Representation: Normative description of the syndax semantics of each of the Digital Item
Declaration elements, as represented in XML. Thidisn also contains some non-normative examples

for illustrative purposes.

» Schema: Normative XML schema comprising the emgir@mmar of the Digital Item Declaration

representation in XML.

Consider a simple “web page” as a Digital Item. Abwpage typically consists of an HTML document

with embedded “links” to (or dependencies on) vasiimage files (e.g., JPEGs and GIFs), and possibly
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some layout information (e.g., Style Sheets). Ia #imple case, it is a straightforward exercisagpect
the HTML document and deduce that this Digital lteomsists of the HTML document itself, plus all of

the other resources upon which it depends.

Now let us modify the example to assume that thel'wage” contains some custom scripted logic (e.g.,
JavaScript, etc.) to determine the preferred lagguaf the viewer (among some predefined set of
choices) and to either build/display the page iat tanguage, or to revert to a default choice & th
preferred translation is not available. The keynpan this modified example is that the presencéhef
language logic clouds the question of exactly wdwatstitutes this Digital Item now and how this d¢en

unambiguously determined.

The first problem is one of actually determining @&l the dependencies. The addition of the scriptin
code changes the declarative “links” of the simplb page into links that can be (in the generat)cas
determined only by running the embedded script epeific platform. This could still work as a meth

of deducing the structure of the Digital Iteassuminghat the author intended each translated “version”
of the web page to be a separate and distinctdigem. This assumption highlights the second lemb

it is ambiguous whether the author actually intefudseach translation of the page to be a stanéalon
Digital Item, or whether the intention is for thdgidal Item to consist of the page with the langeiag
choice left unresolved. If the latter is the casejakes it impossible to deduce theactset of resources

that this Digital Item consists of, which leads lb&x the first problem.

The above-stated problems are addressed by théaDitgm Declaration. A Digital Item Declaration
(DID) is a document that specifies the makeup,ctétine and organization of a Digital Item. Part 2 of
MPEG-21 contains the DID Specification.

The following sections describe the semantic “meghof some of the principal elements of the Diita
Item Declaration Model. We do not describe all edais and it should be noted that in the description

below, the defined entities italics are intended to be unambiguous terms within tlodeh

Container. A containeris a structure that allowtemsand/orcontainersto be grouped. These groupings
of itemsand/orcontainerscan be used to form logical packages (for trarispoexchange) or logical
shelves (for organizationPescriptorsallow for the “labeling” ofcontainerswith information that is
appropriate for the purpose of the grouping (egljvdry instructions for a package, category infation
for a shelf, or as used in this work and descrilager, the semantic information of a multimediarsge

A containeritself is not an itemgontainersare groupings atemsand/orcontainers

Item. An item is a grouping of suliems and/orcomponentghat are bound to relevadescriptors
Descriptorscontain information about thieem, as a representation of a wollemsmay contairchoices

which allow them to be customized or configurkdmsmay be conditional (opredicatesasserted by
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selectionsdefined in thechoice$. An item that contains no suitems can be considered an entity -- a
logically indivisible work. Anitemthat does contain sutemscan be considered a compilation -- a work

composed of potentially independent sub-pdtesnsmay also contaiannotationgo their sub-parts.

The relationship betwedtemsand Digital Items (as defined in [6]) could betsthas followsitemsare

declarative representations of Digital Items.

Component.A components the binding of aesourceto all of its relevantescriptors Thesedescriptors

are information related to all or part of the sfieciesourceinstance. Suclalescriptorswill typically
contain control or structural information about tiesource(such as bit rate, character set, start points,
encryption information, modality, format, encodigithor’s hints or other parameters e.g. the kaynés

for a video resource) but not information descigfiine “content” withinComponentare building blocks

of items

Descriptor. A descriptorassociates information with the enclosing elemé&hts information may be a

componentsuch as a thumbnail of an image, or a text cormptna textual, or an XMktatement

Condition. A conditiondescribes the enclosing element as being optianal links it to theselectioigs)
that affect its inclusion. Multipl@redicateswithin a conditionare combined as a conjunction (an AND
relationship). Anypredicatecan be negated within @ndition Multiple conditionsassociated with a

given element are combined as an OR relationshipnvdetermining whether to include the element.

Choice. A choicedescribes a set of relatsdlectionsthat can affect the configuration of @am The
selectionswithin a choice are either exclusive (choose exactly one) or &ickl (choose any number,

including all or none).

Selection.A selectiondescribes a specific decision that will affect amemoreconditionssomewhere
within anitem If the selectionis chosen, itpredicatebecomes true; if it is not chosen, figedicate

becomes false; if it is left unresolved, piedicateis undecided.

Resource.A resourceis an individually identifiable asset such as deai or audio clip, an image, or a
textual asset. Aesourcemay also potentially be a physical object. ®$ourceamust be locatable via an

unambiguous address.

Statement. A statements a literal textual value that contains inforrati but not an asset. Examples of

likely statementinclude descriptive, control, revision trackingidentifying information.

Figure 2.2 is an example showing the most imporgenents within this model, how they are related,
and the hierarchical structure of the Digital It®aclaration Model. An XML schema is designed for

declaring Digital Items, which is meant to be &xithle and general as possible.
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DIDL Overview

DIDL documents are XML 1.0 documents. In additi@iDL syntax is based on an abstract structure
defined in the Digital Item Declaration Model. Thalowing abstract entities defined in the Model:
container item component anchor fragment descriptor choice selection condition annotation
assertion resource statement are each represented in DIDL by a like-named DIBlement:
<Container>, <ltem>, <Component>, <Anchor>, <Fragtre <Descriptor>, <Choice>, <Selection>,
<Condition>, <Annotation>, <Assertion>, <ResourcexzStatement>. For example, the abstract

descriptorentity in the Model is represented in DIDL by tieescriptor> element.

A DIDL document consists of a DIDL root elementhwd single <ltem> child element or <Container>
child element. Thus, a DIDL document can represgher anitem or acontainer In addition, DIDL

defines the following special element types thahdbcorrespond to any of the Model entities:

Container
Item Item
Component Component
Component
Item
Component
Item
Component

Figure 2.2: Relationship of the principal elements within the DID Model

<Reference>and<Declarations>. These special elements are ugespfxific purposes within DIDL.

The <Reference> element is used to link the costeftan element inside another element. The
<Declarations> element is used to define a set WLDelements in a document without actually
instantiating them. A declared element (i.e. aldclilement of a <Declarations> element) is not

considered to be instantiated unless it is refexérfby a <Reference> element).
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DIDL makes broad use of XML'’s ID attribute type.ef@rally, attributes of this type are used to make
internal association between one DIDL element aratteer. For example, many DIDL elements have an
ID attribute, which makes them available as targktaternal references by <Reference> elements, and,
in limited cases, available for annotation by <Amtion> elements. In addition, other attributegygpie

ID that are not named ‘id’ are used to make spe&ifids of associations between specific eleméius.
example, the “select_id” attribute of the <Selettioelement allows <Condition> elements to be
associated with specific <Selection>s. It is sfgfgirecommended that attributes of type ID be amssig
globally unique values, in order to avoid collissomhen DIDL documents are merged. This is esgdgcial
important when there are external dependencief®fl values. Finally, it is noted that the usehe

ID attribute should not be confused with normatidentification mechanisms defined in any other péart
ISO/IEC 21000.

The DIDL element is the root element of a DIDL arste document. It may contain an optional
DECLARATIONS element, followed by exactly one <Container> oteri>. The DIDL element must
include a namespace declaration that declares Ib& Bamespace for the root DIDL element and its
contents. This is required so that applicatiorisr@tognize the document as a DIDL document, wligch

covered by DIDL specification.

The DIDL namespace URI is "urn:mpeg:mpeg21:200DM2L-NS". The "02" represents a serial
number that is expected to change as the DIDL sah&rolves along with this part of ISO/IEC 21000.

Figure 2.3 shows a simple DIDL instance.

In our work, we have used DID model and DIDL langgidor describing our content and context Digital

Items.

2.3.3 MPEG-21 Part 3: Digital Item Identification

The third part of MPEG-21 (ISO/IEC 21000-3), estitIDigital Item Identification (DIl), mainly speaifs
how to uniquely identify Digital Items and partsethof. In this work we have not used DIl. More

information on this is available in [7].

2.3.4 MPEG-21 Part 4: Intellectual Property Management and Protection

This part of MPEG-21 defines an interoperable framn& for Intellectual Property Management and
Protection (IPMP) [8]. Fairly soon after MPEG-4,thviits IPMP hooks, became an International
Standard, concerns were voiced within MPEG thatyramilar devices and players might be built by

different manufacturers, all MPEG-4, but many adrthnot inter-working.
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<DIDL xmIns="urn:mpeg:mpeg21:2002:02-DIDL-NS">
<Declarations>
<Descriptor id="PHOTO_INFO">
<Statement mimeType="text/plain">
Taken with my new SnazzyCam
</Statement>
</Descriptor>
</Declarations>
<Item>
<Descriptor>
<Statement mimeType="text/plain">Photo Album #1</Statement>
</Descriptor>
<Item>
<Descriptor><Reference target="#PHOTO_INFQO"/> </Descriptor>
<Component>
<Resource ref="myFirstPicture.jpg" mimeType ="imagel/jpeg"/>
</Component>
</ltem>
<Item>
<Descriptor><Reference target="#PHOTO_INFQO"/> </Descriptor>
<Component>
<Resource ref="mySecondPic.bomp" mimeType="i mage/x-ms-bmp" />
</Component>
</ltem>
</ltem>
</DIDL>

Figure 2.3: A simple example for a DIDL instance

This is why MPEG decided to start a new projectnoore interoperable IPMP systems and tools. The
project includes standardized ways of retrievinglPtools from remote locations, exchanging messages
between IPMP tools and between these tools anteth@nal. It also addresses authentication of IPMP
tools, and has provisions for integrating RightpiEssions according to the Rights Data Dictionangy a
the Rights Expression Language. Efforts are cugreon-going to define the requirements for the
management and protection of intellectual propéntythe various parts of the MPEG-21 standard
currently under development. We have dealt witkliattual property management, and have therefore
not used IPMP in this work.

2.3.5 MPEG-21 Part 5: Rights Expression Language (REL)

This part of ISO/IEC 21000 [9] specifies the syntad semantics of a Rights Expression Language. It
does not give any permission, including permissignsut who is legally or technically allowed to atie
Rights Expressions. It does not specify the secumkasures of trusted systems, propose specific
applications, or describe the details of the systemqguired for accounting (monetary transactioteges
transactions, and so on), either. It also doespetify if or when Rights Expressions shall bestidted.
However, this part of ISO/IEC 21000 does define authorization model to specify whether the
semantics of a set of Rights Expressions permivengPrincipal to perform a given Right upon a give
optional Resource during a given time interval bdase a given authorization context and a giventtrus
root. A Rights Expression Language is seen as dimaceadable language that can declare rights and
permissions using the terms as defined in the Riflgta Dictionary. We have not dealt with Digital

Right Management (DRM) issues, and have thereforeised REL in this work.
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2.3.6 MPEG-21 Part 6: Rights Data Dictionary (RDD)

This part of ISO/IEC 21000 [10] describes a Rigbtsta Dictionary which comprises a set of clear,
consistent, structured, integrated and uniquelyntiled Terms to support the MPEG-21 Rights
Expression Language (REL), ISO/IEC 21000-5.

Use of the RDD System will facilitate the accuratechange and processing of information between
interested parties involved in the administratibmights in, and use of, Digital Iltems, and in pautar it

is intended to support ISO/IEC 21000-5 (REL). Adlives providing definitions of Terms for use in
ISO/IEC 21000-5, the RDD System is designed to stupthe mapping of Terms from different
namespaces. Such mapping will enable the transtmmaf metadata from the terminology of one
namespace (or Authority) into that of another ngraes (or Authority). The dictionary is based on a
logical model (the Context Model), which is the isasf the dictionary ontology. The model is desedb

in detail in a normative annex to the specificatidh is based on the use of verbs, which are
contextualized so that a dictionary created udimegnbodel, can be as extensible and granular agedqu

An annex explaining how the model can be appliegeizerate new Terms is also provided.

We have not dealt with Digital Right Management {@Rssues, and have therefore not used RDD.

2.3.7 MPEG-21 Part 7: Digital Item Adaptation (DIA)

A great part of the work presented in this dissiemiais constructed upon the basis of this paMBEG-
21. Hence, comparing to our brief introductionsather parts of MPEG-21, in this section we look at
DIA in more details. However, where necessary iheotchapters, more in-depth explanations and

examples will be given on different parts of DIA.

One of the principal goals of MPEG-21 is to achiévieroperable transparent access to (distributed)
advanced multimedia content by shielding users fnetavork and terminal installation, management and
implementation issues. This will primarily enabletprovision of network and terminal resources on
demand so that multimedia content can be creatadl @riquitously shared, always with the
agreed/contracted quality, reliability and flexityil Towards this goal, the adaptation of Digiterhs is

required.

As shown in Figure 2.4, Digital Items are subjesta Resource Adaptation Engine, as well as a
Description Adaptation Engine, which together prthe adapted Digital Items. The aim of this pért
the standard is to specify tools that provide inputhe adaptation engine, so that any constraintthe
delivery and consumption of resources can be satisfand the user experience quality can be
guaranteed. It is important to emphasize that teptation engines themselves are non-normative tool

of Digital Item Adaptation. However, descriptionadaformat-independent mechanisms that provide
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support for Digital Item Adaptation in terms of oeisce adaptation, descriptor adaptation, and/ofitQua

of Service management are within the scope ofghit of the standard.

ISO/IEC 21000-7 [11] specifies the syntax and sdiosnof tools that may be used to assist the
adaptation of Digital Items, i.e., the Digital Itddeclaration and resources referenced by the dsidar
Users can use the tools to satisfy transmissionageé and consumption constraints, as well as Quali
Service management. DIA does not specify the atapt&ngines themselves. The DIA tools in this

specification are clustered into eight major categpoas illustrated in Figure 2.5.

The categories are clustered according to theictiomality and use for DIA around tHechema Tools
andLow-Level Data TypesThe schema tools provide uniform root elementsafbDIA descriptions as
well as some low-level and basic data types, wharn be used by several DIA tools independently. The

detailed syntax and semantics of the schema tool¢oav-level data types are specified in [11].

Digital Item
Adaptation Engine
Resource
o _ , Adapted
Adaptation E -
Digital Item e e Digital Item

Description
Adaptation Engine

T

DIA Tools

Scope of /

standardization

Figure 2.4: Illustration of Digital Item Adaptation [11]
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Figure 2.5: Organization of Digital Item Adaptation tools [11]
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Usage Environment Description:The first major category is tHésage Environment Description Topls
which includes user characteristics, terminal céjpials, network characteristics and natural envimznt
characteristics. These tools provide descriptiferination about the various properties of the usage
environment, which originate from Users, to accordate, for example, the adaptation of Digital Items
for transmission, storage and consumption. Thissishdnas contributed to this part of DIA on
ConversionPreferences. Figure 2.6 shows a simmepbe for a DIA instance expressing some Usage

Environment constraints concerning the terminabtidlfiies.

BSDLink: The second category is referred td&DLink.It provides the facilities to create a rich vayiet
of adaptation architectures based on tools spdoaifi¢hin this part of ISO/IEC 21000, ISO/IEC 210R20-
and ISO/IEC 15398 (MPEG-7 [12]) among others. Tioigl provides the facilities to link so-called

steering description tools aBEDtools in a flexible and extensible way.

<DIA>
<Description xsi:type="UsageEnvironmentType">
<UsageEnvironmentProperty xsi:type="TerminalsTy pe">
<Terminal>
<TerminalCapability xsi:type="DisplaysType">
<Display id="primary_display">
<DisplayCapability xsi:type="DisplayCapability Type">
<Mode>
<Resolution horizontal="720" vertical="480 ">
</Mode>
</DisplayCapability>
</Display>
<Display id="secondary_display">
<DisplayCapability xsi:type="DisplayCapability Type">
<Mode>
<Resolution horizontal="176" vertical="144"/>
</Mode>
</DisplayCapability>
</Display>
</TerminalCapability>
<TerminalCapability xsi:type="AudioOutputsTy pe">
<AudioOutput xsi:type="AudioOutputType">
<AudioOutputCapability xsi:type="AudioOutputCa pabilitiesType"
lowFrequency="30" highFrequency="8000" numChannel s="2"/>
</AudioOutput>
</TerminalCapability>
<TerminalCapability xsi:type="Userlnteractionlnput sType">
<UserlInteractionlnput>
<UserlInteractionlnputSupport xsi:type="Microph oneType"/>

</UserlInteractioninput>
<UserlInteractionlnput>

<UserlnteractionlnputSupport xsi:type="Keylnpu tType">
<Keylnput href="urn:mpeg:mpeg21:2003:01-DIA- KeylnputCS-
NS:1">
<mpeg7:Name xml:lang="en">PCKeyboard</mpeg7:Name >

</Keylnput>
</UserInteractionIinputSupport>
</UserlInteractionlnput>
<Userlnteractionlnput>
<UserlInteractionlnputSupport xsi:type="Mouse Type">
<Mouse buttons="2" scrollwheel="true"/>
</UserlInteractioninputSupport>
</UserInteractionlnput>
</TerminalCapability>
</Terminal>
</UsageEnvironmentProperty>
</Description>
</DIA>

Figure 2.6: A DIA instance expressing the terminal capabilities
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The extensible linking mechanism allows designinigla variety of adaptation architectures, e.geestd
by resource adaptation tools suchTasminal and Network Quality of Servi¢explained later)Usage
Environment Descriptiomools, ISO/IEC 15398 tools, or steered by the Using theChoice/Selection
mechanism provided by ISO/IEC 21000-2.

TheBSDLinktool eases the referencing of information ass$etsdan be used for this kind of Digital Item
Adaptation, i.e., references to these assets aredsin theBSDLink This description contains at least a
reference to théitstream Syntax DescriptioBSD, see next paragraph) and a reference toBiBB
transformation sheet. ThHBSD transformation sheet could be parameterized aouprab the desired
adaptation. Additionally, thBSDLinkmay contain a reference to the steering descnyikiat governs the
whole adaptation process and a reference to thmlaesource, which is described by 88D For a

complete walkthrough of an example use case, pkedseto Annex B of ISO/IEC 21000-2.

Bitstream Syntax Description: These tools comprise the third major category gfital Item Adaptation
tools. ABSDdescribes the syntax — in most cases, the high &xucture — of a binary media resource.
Using such a description, a Digital Item resourdapgation engine can transform the bitstream aad th
corresponding description using editing-style opens such as data truncation and simple modiboati

BSDbased resource adaptations are described in netaidsin next chapter.

Terminal and Network Quality of Service: The fourth category of tools is referred toTasminal and
Network Quality of Servic@oS). The tools specified in this category descthe relationship between
QoS constraints (e.g., on network bandwidth or mniteal’'s computational capabilities), feasible
adaptation operations satisfying these constraintsassociated media resource qualities that rizeuit
adaptation. This set of tools therefore provides rieans to trade-off these parameters with regpect
quality so that an adaptation strategy can be ftatad and optimal adaptation decisions can be ritade
constrained environments. In other wordgrminal and Network Quality of Servigadresses the
problem of selecting optimal parameter settings rf@dia resource adaptation to satisfy constraints
imposed by terminals and/or networks while maximgzithe quality of service. Therefore the
AdaptationQoStool specifies the relationship between constsairfeasible adaptation operations
satisfying these constraints, and possibly asstiatilities (qualities). In this way, terminal andtwork

QoS management is efficiently achieved by adaptaifonedia resources to imposed constraints.

Since a part of our work is based on the usagéddptationQoStool, here, we provide a brief
explanation on this tool. ThidaptationQoSool provides the required information allowing telection

of optimal adaptation parameters. The tool has liesigned in a modular way, i.e., the data and thei
relationships are structured in modules, whichtheebasic structural units for grouping the dataege
modules can have one of the following represemadiiomats: a) théJtilityFunction, which provides a

restricted set of adaptation operation points listéformat to choose from, b) theokUpTable which is
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a matrix representation format, enabling selechigrinterpolation of an adaptation operation poind a
allowing extra information to be represented, andtle StackFunction which is a functional
representation formalOPins provide the interface of the modules. E¥0ORin is a uniquely identifiable
variable globally declared and referenced from iwithmodule. The value of a@Pin may be any value,
possibly constrained to a (continuous or discretd)e range specified by thxis element in théOPin
declaration or to an externally retrieved paramaiggecified by theGetValueelement in thelOPin
declaration. Two or more modules referencing theesBDPin are linked, meaning that the referenced
IOPIn’s value should be the same for all these modwasghermore, alOPin can also be referenced
from outsideAdaptationQoSallowing the external retrieval of its attributedlue, as is the case in, e.g.,
the BSDLinktool. The example of Figure 2.7 illustrates thp-kevel structure of thédaptationQoS
description. It contains one or mofelaptationQoSmodules and one or mot®Pins used for internal

linking and external referencing.

<DIA>
<DescriptionMetadata>
<!-- optional description of Classification Schem e aliases -->
</DescriptionMetadata>
<Description xsi:type="AdaptationQoSType">
<Module xsi:type="LookUpTableType">
<l-- description of chosen data representation - ->
</Module>
<!-- other possible AdaptationQoS modules -->
<IOPin id="QUALITY"
semantics="urn:mpeg:mpeg21:2003:01-DIA-Adaptatio nQoSCS-NS:3.1"/>
<!-- other possible IOPins -->
</Description>
</DIA>

Figure 2.7: AdaptationQoS example

The description generation entity can choose thetrappropriate representation format for a module:
UtilityFunction, LookUpTable StackFunction Finally, the (continuous or discrete) value ramjehe
IOPins can be further constrained by tbeiversal Constraints Descriptiotool as specified in the next

paragraph.

Universal Constraints Description: The Universal Constraints DescriptioJCD) tools form the fifth
category of tools that enables the possibility #satibe limitation and optimization constraints on
adaptations. Th&JCD tool is based on establishing a mathematical attshn where constraints are
specified on variables representing resource amtfagmment characteristics using values obtainedakeeit
externally by XPath expressions frddsage Environment Descriptiorts by a direct specification of
numeric constants. When used in conjunction withAbaptationQoSthese constraints are applied to
IOPins in AdaptationQoS Otherwise, they are applied to resource or enwient characteristics
indicated by their semantics. The UCD constraiats lse provided by any DI User, i.e. content prorgde
or the content consumers. The adaptation constraart be specified not only on the resource asaewh

but also differentiated with respect to individuahits of the resource corresponding to logical
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partitionings such as GOPs, ROIs, Tiles, FramesSaich units are referred to as adaptation unds. F
each adaptation unit, the description is comprisgda set of limit constraints that specify Boolean
expressions which must evaluate to true, along wiptional optimization constraints that convey
numeric expressions which are to be maximized aorimized within the feasible space of decisions
satisfying the limit constraints. Together, theitiand optimization constraints specify a geneinig)ie or

multi-objective optimization problem.

Metadata Adaptability: The sixth category is referred to Bletadata Adaptability This tool specifies
hint information that can be used to reduce thepdexity of adapting the metadata contained in atBig
Item.

Session Mobility: For Session Mobilitythe seventh category of tools, the configurasitate information
that pertains to the consumption of a Digital Itemone device is transferred to a second devics. Th

enables the Digital Item to be consumed on thergkdevice in an adapted way.

DIA Suggestion Tools for DID: Finally, the eighth category is referred toi& Suggestion Tools for
DID, which provides recommendations — i.e. which kindcofiversions are suggested for the described
item or component — and provides information reggliior the configuration of a Digital ltem Adaptati

Engine.

Through this thesis, we have contributed to twotgpaf DIA: on conversion preferences and user
interaction support in the first category, and omwersion description in the eighth category. Weeha
also contributed to MPEG-21 DIA reference software.

2.3.8 MPEG-21 Part 8: Reference Software

This part of MPEG-21 describes reference softwmam@eémenting the normative clauses of the othespart
of MPEG-21 [13]. The provided information is applite for determining the reference software modules
available for parts of MPEG-21, understanding thacfionality of the available reference software

modules, and using the available reference softwadules.

In addition to the reference software, availabliétytsoftware that uses the reference softwarals®
described. The utility software can assist in ustigrding how to use the reference software. Referen
software will form the first of what is envisaged Ibe a number of systems-related specifications in
MPEG-21.
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2.4 Conclusions

The aim of this chapter was to briefly introduce thultimedia standard on which we based our waek, i
MPEG-21 standard.

We saw that the objective of MPEG-21 is to defineoaplete set of standardized tools for different
dimensions of a multimedia content adaptation fraor&. It was also explained that MPEG-21 standard

is still under evolution.

A summary was then given on some parts of MPEGSp&cial attention was paid to the parts on which
the presented work has been directly founded, anghich it has contributed. We also highlighted our
contributions to MPEG-21 DIA.

A good understanding of MPEG-21 DIA and DID is resaey for the comprehension of this dissertation.



Chapter 3

SINGLE MEDIA ADAPTATION

Summary

The objective of this chapter is to generally familiarize the reader to the concept of multimedia
content adaptation and to particularly explain the notion of single media adaptation and discuss the

related issues and the existing approaches in this area.
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3.1 Introduction

Over the past several years, the development airnrdtion technology and growth of multimedia
popularity as well as user demands have led ta@téation of a vast variety of multimedia contend an
devices. Delivery of such a large diversity of nmé#dia content to different types of user deviced a
environments is one of the major challenges of &imedia delivery chain. The content delivery clgin
need to transform the original content to an urtdedable and desired form, in order to satisfy the
characteristics of the usage environment (usericdewetwork and etc.) of the multimedia, so that i
would provide the end user with the optimum formtleé content. This is the concept of “Multimedia
Content Adaptation”. We divide the concept of muktia content adaptation into two major categories:
adaptation of a single media and adaptation of Himmdia composition. This chapter deals with the

former, i.e. single media adaptation.

In this chapter, we first provide some basic défins. The principal concepts and elements of “&ing
Media Adaptation” are then dealt with. Next, wetstéhe problems in this area and explain why weehav
chosen to build our work upon the framework of MREG A brief state of the art is then provided by

discussing different existing approaches, methodsstrategies.

3.2 Basic Definitions

To be able to define Single Media Adaptation, westfineed to have a common understanding of
“Multimedia Content Adaptation” and therefore anaeix definition for it. “Multimedia Content

Adaptation” is defined as the transformation ofitdigmultimediacontentfrom its initial state to a final
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state, in order to satisfy a set of constraintspedcontextof the usage. The final content could be
obtained either directly from the original contewr, by the usage of other existing alternatives.
Satisfying a given constraint will result in chamgithe state of the original content, so that teage
(consumption, transmission, etc.) of the contenttsnfinal state does not cause any problem to the
presence of that constraint. The mentioned setveingconstraints are generally referred tacastextof

the usage. Therefore, a “Multimedia Content Adagpitdtis in fact, the customization of a giveontent

for a givencontext Thecontextincludes different types of constraints such as pseferences, terminal
capabilities and characteristics, network chargties, author recommendations, cost functions asgim
considerations, etc. The set of context constraistgenerally referred to agsage environment
characteristicin MPEG-21.

We now define “Single Media Adaptation” as a mukilim content adaptation where the media is
considered solely, i.e. as a mono media, out of pm@gentation scenario, and independently of the

multimedia composition (scene) in which it exigtgy. a video track, a paragraph of text, etc.

The termmultimedia contentould refer to either a single media or a multdmecomposition, while
another term, usually used for single media conitentedia resourcéor resourcein short). This shall
not be confused with device resources that arergtal® as device capabilities in terms of displiag,s

player capabilities, buffer size, etc.

To avoid any confusion, in this dissertation, wél wiways use the term “device resources” for devic
capacities, the terms “single media”, “media” oesource” for single media content, and the term

“multimedia composition” or “multimedia scene” fach-composed multimedia content.

3.3 Principal Elements

A multimedia content adaptation framework is camsied upon several entities and functions. The
principal elements of a content adaptation framé&ware: original content, description of content,
description of context, adaptation core which cdudddivided into two separate parts: decision ngakin
and resource adapting process, and finally thetadagpntent. Figure 3.1 shows how these elemeats ar

related to each other in the structure of a multiim@daptation system.

In the following sections, we explain the concefpeach of these entities, apart from original addped

content, whose concepts are evident.
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Description Adaptation Core
of Content \

\ Decision
Description | 47" Making

of Context ¢

i Content Adapted
O I )
cggltgit > Adapting > Content

Figure 3.1: Principal elements of a multimedia content adaptation system

3.31 Description of content

The explicit description of the content is of vdrigh importance in a multimedia content adaptation
framework. To do its job the most properly, a cahtadaptation engine needs to have an exact and
complete description of the original content toddepted. It is true that some of the charactesistfche
content could sometimes be directly extracted fthbencontent itself, such as its modality or fornTatis
however, may sometimes prove to be difficult. Ateere are some characteristics of the content that
must or might better be given explicitly. Among dheis semantic information such as key frames of a
video, encoding parameters or other parameters asithe minimum resolution of a visual media, with

which it is still logically visible.

Among W3C (World Wide Web Consortium) recommendsioRDF (see section 3.3.1.2) is designed
for content description. Within MPEG (Pictures EntpeGroup) standards, it is MPEG-7 (see section
3.3.1.1) that provides complete description toolsdontent. MPEG-21 also defines descriptors f@& th
means, which are based on MPEG-7 descriptors andsaful for adaptation process. In next paragraphs
a short introduction on MPEG-7 and RDF is provided.

3.3.11 MPEG-7

MPEG-7 is an ISO/IEC standard developed by MPEGMtp Picture Experts Group). The MPEG-7
standard, formally named “Multimedia Content Dgstioin Interface”, provides a rich set of standaediz
tools to describe multimedia content [14]. Both lammusers and automatic systems that process

audiovisual information are within the scope of MRE.

MPEG-7 offers a comprehensive set of audiovisuaddption Tools. Description Tools are the metadata
elements and their structure and relationshipsdbtatdefined by the standard in the form of Desorgp

and Description Schemes to create descriptioncripéiens are sets of instantiated Description Sue
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and their corresponding Descriptors at the usells wihich form the basis for applications enabling
needed effective and efficient access (searclerifig adapting and browsing) to multimedia content.
MPEG-7 descriptions do not depend on the ways éiseribed content is coded or stored. It is possible
create an MPEG-7 description of an analogue mowigf @ picture that is printed on paper, in the sam
way as of digitized content. MPEG-7 allows diffaregranularity in its descriptions, offering the
possibility to have different levels of discrimifat. The level of abstraction is related to the viag
features can be extracted: many low-level featoaesbe extracted in fully automatic ways, wheragh h

level features need (much) more human interaction.

The main elements of the MPEG-7 standard are:

» Description Tools: Descriptors that define the aynand the semantics of each feature (metadata
element); and Description Schemes, that specifistheture and semantics of the relationships betwe

their components, that may be both Descriptorsegtription Schemes

» A Description Definition Language that defines thetax of the MPEG-7 Description Tools and
allows the creation of new Description Schemes andsibly, Descriptors that allow the extension and

modification of existing Description Schemes;

» System tools that support binary coded represemntafor efficient storage and transmission,
transmission mechanisms (both for textual and kinformats), multiplexing of descriptions,
synchronization of descriptions with content, maragnt and protection of intellectual property in
MPEG-7 descriptions, etc.

The MPEG-7 descriptions of content may also include

» Information describing the creation and producpoocesses of the content.
» Information related to the usage of the contenpydght pointers, usage history, broadcast schédule
» Information of the storage features of the confstarage format, encoding).

» Structural information on spatial, temporal or gp&¢mporal components of the content (scene cuts,

segmentation in regions, region motion tracking).

» Information about low level features in the contdoblors, textures, sound timbres, melody

description).

» Conceptual information of the reality captured bg tontent (objects and events, interactions among

objects).

» Information about how to browse the content in Hitient way (summaries, variations, spatial and

frequency sub-bands, ...).
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<Mpeg7 xmIns="urn:mpeg:mpeg7:schema:2001"

xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-i nstance"
xmlins:mpeg7="urn:mpeg:mpeg7:schema:2001"
xsi:schemaLocation="urn:mpeg:mpeg7:schema:200 1 Mpeg7-2001.xsd">

<Description xsi:type="ContentEntityType">
<MultimediaContent xsi:type="ImageType">
<Image>
<Medialocator>
<MediaUri>image.jpg</MediaUri>
</MediaLocator>

<TextAnnotation>
<FreeTextAnnotation> Sunset scene </FreeTextA nnotation>
</TextAnnotation>
<VisualDescriptor xsi:type="ScalableColorType" numOfCoeff="16"
numOfBitplanesDiscarde d="0">
<Coeff>1234567890123456 </Coe ff>
</VisualDescriptor>
</Image>

</MultimediaContent>
</Description>

</Mpeg7>
Figure 3.2: Describing an image with MPEG-7
<Mpeg7 xmIns="urn:mpeg:mpeg7:schema:2001" xmIns:xsi ="http://www.w3.0rg/2001/XMLSchema-instance"
xmIns:mpeg7="urn:mpeg:mpeg7:schema:2001" xsi:schema Location="urn:mpeg:mpeg7:schema:2001 Mpeg7-
2001.xsd">
<Description xsi:type="CreationDescriptionType" >
<CreationInformation>
<Creation>

<Title>an example web page</Title>
<CreationCoordinates>
<Date>
<TimePoint>1999-08-16</Time Point>
<Duration>P7D</Duration>
</Date>
</CreationCoordinates>
</Creation>
<RelatedMaterial>
<Medialocator>
<MediaUri>http://www.example.org /index.html</MediaUri>
</MedialLocator>
</RelatedMaterial>
</CreationInformation>
</Description>
</Mpeg7>

Figure 3.3: Expressing the creation date of a document in MPEG-7

> Information about collections of objects.
» Information about the interaction of the user with content (user preferences, usage history).

Figure 3.2 presents an MPEG-7 example describingegmarameters of an image resource. Figure 3.3,

shows how the creation date of a web document doeilgiven in MPEG-7.

3.3.1.2 RDF

The Resource Description Framework (RDF) is a laggufor representing information about
“resources” in the World Wide Web [15]. It is parilarly designed for representing metadata aboui We

resources, such as the title, author, and modificatlate of a Web page, copyright and licensing
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information about a Web document, or the availgbikchedule for some shared resource. By
generalizing the concept of a "Web resource”, RBXraso be used to represent information abougshin

that can be identified on the Web, even when traynot be directly retrieved on the Web. Examples
include information about items available from aeli shopping facilities (e.g., information about

specifications, prices, and availability), or thesdription of a Web user's preferences.

Unlike MPEG-7, RDF does not define any semanfisF is based on the idea of describing things in
terms of simple properties and property valuess ®riables RDF to represent simple statements as a
graph of nodes and arcs representing the resources,haidproperties and values. Consider the same
example that we gave for MPEG-7, i.e. the examplereation date of a document. The RDF graph for
the statementittp://www.example.org/index.htntlas a creation-datewhose val ue i s August 16,
1999 after assigning an URIref to tle eat i on- dat e property is as shown in Figure 3.4. Figure 3.5
shows the RDF/XML syntax corresponding to the griapRigure 3.4.

3.3.2 Description of context

The description of the context plays also an ex#élgrimportant role in a multimedia content adajotati
framework. A knowledge-based multimedia content pgation framework needs to have exact
information on the context (network, device, uste,) of the usage of the multimedia content ireotd

be able to provide the end user with the optimurmfof the content.

http: Mwww_example. org/indesx. htmil

http.fiwww. example.orgfterms/creation-date

August 18, 1999

Figure 3.4: A graph describing a Web page's creation date

<?xml version="1.0"?>

<rdf:RDF xmlIns:rdf="http://www.w3.0rg/1999/02/22-r df-syntax-ns#"
xmlins:exterms="http://www.example.org/ terms/">
<rdf:Description rdf:about="http://www.example.o rg/index.html">
<exterms:creation-date>August 16, 1999</exte rms:creation-date>

</rdf:Description>

</rdf:RDF>

Figure 3.5: RDF/XML for the Web page's creation date
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Different languages for context description haverbased by different approaches. Each approach may
evidently define its own context description langeiaNevertheless, day-by-day, the interoperability
between different multimedia adaptation systemsdse desired. Therefore, definition and usage of a
common context description language is highly valeaThat is why standardization bodies, namely,
MPEG and W3C have defined description languagety as MPEG-7, MPEG-21, RDF and CC/PP (see

section 3.3.2.2). A summary on different metada&iscdption standards is provided in [16].

3.3.2.1 MPEG-21 DIA

As briefly described in previous chapter, MPEG-2R [efines a complete set of description tools for
describing the usage context constraints, knowbsegje Environment Description (UED) tools within
MPEG-21. The usage environment includes the desmmipf User characteristics, terminal capabilities
network characteristics and natural environmentattaristics. These various properties of the usage

environment can be used for Digital Item Adaptation

Users characteristics include general User infammatusage preferences and history, presentation
preferences, accessibility characteristics, mgbitiharacteristics and destination. These descriptio
could help achieve an appropriate and efficientsgealization of multimedia content. Terminal
capabilities are defined by a wide variety of atites. Among them are codec capabilities, whiclhude
encoding and decoding capabilities, device progertwhich include power, storage and data 1/O
characteristics, and input-output characteristidsich include display and audio output capabiliti€se
description of a terminal's capabilities is primhariequired to satisfy consumption and processing
constraints of a particular device. Network chagstics descriptors describe networks in terms of
network capabilities and conditions, including daalie bandwidth, delay and error characteristitwese
descriptions could be used for efficient and robwahsmission of resources. DIA UED specifies
descriptors for describing natural environment ahtaristics including location and time of usageaof
Digital Item, as well as characteristics that perteo audio-visual aspects. For the visual aspects,
illumination characteristics that may affect thegeéved display of visual information are specifi€ar

the audio aspects, the description of the noiseldeand a noise frequency spectrum are specifies. T

information can help the Digital Item Adaptatiorgere perform a better adaptation.

In this work, we have used DIA UED description ®fir expression of the usage context constraints.

3.3.2.2 CC/PP

CC/PP, defined by W3C, stands for Composite CaitiasilPreference Profiles [17]. Pros and cons of
using CC/PP as a basis for a context model andntextomanagement system are discussed in [18].
CC/PP is based on RDF.
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A CC/PP profile is a description of device capdieiti and user preferences that can be used to theéde
adaptation of content presented to that devicetlaatduser. Here “profile” does not refer to a stlmsea
particular specification, for example the CSS Mebjrofile [19], but refers to the document(s)

exchanged between devices that describe the cijesbilf a device.

A CC/PP profile contains a number of CC/PP atteboames and associated values that are used by a
server to determine the most appropriate formrafsaurce to deliver to a client. It is structurecliow a
client to describe its capabilities. A set of CC/Rfribute names, permissible values and associated

meanings constitute a CC/PP vocabulary.

It is anticipated that different applications wilke different vocabularies; indeed this is needed i
application-specific properties are to be represgnwithin the CC/PP framework. But for different
applications to work together, some common vocapular a method to convert between different
vocabularies, is needed. XML namespaces can etisairéifferent applications' names do not clastt, bu
does not provide a common basis for exchangingrnmition between different applications. Any

vocabulary that relates to the structure of a CQ/RMIe must follow the CC/PP specification.

CC/PP is designed to be broadly compatible withahdier UAProf specification [20] from the WAP
Forum. CC/PP is compatible with IETF media featseés (CONNEG [21]) in the sense that all media
feature tags and values can be expressed in CERRever, not all CC/PP profiles can be expressed as
media feature tags and values, and CC/PP doestteaipd to express relationships between attributes.

Figure 3.6 shows an example of CC/PP profile witle¢ components.

<?xml version="1.0"?>

<rdf:RDF xmins:rdf="http://www.w3.0rg/1999/02/22-rd f-syntax-ns#"
xmlns:ccpp="http://www.w3.0rg/2002/11/08-c cpp-schema#"
xmins:example="http://www.example.com/sche ma#">
<rdf:Description rdf:about="http://www.example.co m/profile#MyProfile">

<ccpp:component>
<rdf:Description
rdf:about="http://www.example.com/profile #TerminalHardware">
<!-- TerminalHardware properties here -->
</rdf:Description>
</ccpp:component>

<ccpp:component>
<rdf:Description
rdf:about="http://www.example.com/profile #TerminalSoftware">
<!-- TerminalSoftware properties here -->
</rdf:Description>
</ccpp:component>

<ccpp:component>

<rdf:Description
rdf:about="http://www.example.com/profile #TerminalBrowser">
<!l-- TerminalBrowser properties here -->

</rdf:Description>

</ccpp:component>

</rdf:Description>
</rdf:RDF>

Figure 3.6: An example for CC/PP profile components in XML
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One of the weak points of CC/PP is that it is imiglf designed to describe terminal capabilitied and
user preferences that are only two parts of theesdnCC/PP is therefore limited for descriptionottfier
parameters of the context, such as network chaistats, natural environmental parameters, location
parameters, etc. Another weak point of CC/PP isttievocabulary for the description of the pararset
of the context is not standardized and each agjgitanay define its own vocabulary. This avoids the

interoperability at the level of the used vocabylar the description of context parameters.

3.3.3 Resource adaptation core

Within a multimedia content adaptation system, &atégn core is defined to be the entity, which is
responsible for deciding on the type of adaptatmad then applying that adaptation to the content.
Therefore, it could be said that the adaptatiorcgse is considered in two parts: decision makirgy an

resource adapting, which is done based on thetrmafstile decision making.

3.3.31 Decision making

The decision making is defined to be the entityt thakes the decisions on the type of the adaptadion
apply and also the value of the needed parameberthét particular adaptation. The decision making
needs to have access to the description of theexpband the content. It also needs some knowledge o
resource adaptors, i.e. it needs to know what Xinstieg available resource adaptors are and whet th

need as parameters.

As an example, consider the case of a video resowhich is to be adapted for a target device with
image support and no support for video modalitységbhon context and content description, the detisio
maker should decide on the type of conversion. @eaj the decision maker also needs to know whether
or not the needed parameters for a particular asiore are given. Let us assume that based on the
information that decision maker has on the confgme of content is video), and based on a part of

information on context (terminal has image suppibfthds the available resource adaptors as fatow

» Knowledge-based video-to-slideshow conversion. €hisversion needs as parameter, the key frames
to extract from the video.

» Random video-to-slideshow conversion. This coneersias no parameter.

» Knowledge-based video-to-image conversion. Thisvemion needs as parameter, the identity of the

key frame, which is to be extracted from the video.

» Random video-to-image conversion. This convers@asiio parameter.
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If, because of bandwidth limitations (another paftcontext information), the video-to-slideshow
conversions are not preferred, the decision maklethen have to choose between two different typies
video-to-image conversions. If no key frame is givéhen the choice of decision maker will be the

random video-to-image conversion.

3.3.3.2 Resource adaptation tools

Resource adaptation tools are the single mediatadaBased on how a resource adaptor changes a
media, we define two different main categories riegsource adaptation tools: resource adaptors which
work on the basis of Direct Bitstream Modificatiand resource adaptors which work on the basis of

Resource Conversion.

The former concerns resource adaptations toolsdinattly perform the modifications on the bitstrea
and this, mostly by removing packages of data, eviiie later concerns adaptation tools, which
completely convert the media. In other words, imebi Bitstream Modification, the structure of the
bitstream remains unchanged. This kind of resoadaptation is implicitly defined fascalablemedia.
Resource adaptors under the category of Resouncee@ion may (not necessarily) change the structure

of adapted bitstream, by for example changing ¢hmét or the modality of the resource.

This Ph.D. thesis, in its first part, i.e. the wark single media adaptation, proposes a framewark f
adaptation by Resource Conversion in MPEG-21 (dempter 4). In the following sections, the basis and

principle of these two main categories of resoat@ptation are described in more details.
Direct Bitstream Modification

For scalable media resources, a variety of adapesions can be retrieved from the original bitstneby
performing simple editing-style operations suchdasa truncation and simple modifications. Media
scaling of scalable resources is categorized utidgrkind of resource adaptation. It can, therefde

said that the structure media (bitstream) has eenlreallychanged

In order to provide coding-format independency dnerefore interoperability, it is desirable that a
processor that is not aware of the specific bigstrecoding format can be used for this task. Fa, thi
MPEG-21 DIA [11] has defined a generic approach grgviding a method based on XML for
manipulating bitstreams. The following paragraphghis section provide a short introduction on this

solution.

A binary media resource consists of a structuregiesece of binary symbols, this structure being ifigec
to the coding format. A bitstream is defined assbquence of binary symbols representing this resou

XML is used to describe the high-level structureadfitstream; the resulting XML document is caléed
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Bitstream Syntax Description (BS Description, BSDiis description, in most cases, will not describe
the bitstream on a bit-per-bit basis, but rathairesk its high-level structure, e.g., how the tgtan is

organized in layers or packets of data. With sucHeacription, it is then possible for a resource
adaptation engine to transform the BS Descriptfon,example with an XSLT style sheet, and then

generate back an adapted bitstream.

Figure 3.7 depicts the architecture of such a nesoadaptation step. The architecture comprises the
original Bitstreamand its Bitstream Syntax Descriptiprone (or more)Bitstream Syntax Description
Transformatiofs), the resultinglransformed Bitstream Syntax Descriptidhe Adapted Bitstreanand

two processors, a BS Description generator antstrdmm generator.

The output produced in one adaptation step is aaptad bitstream and possibly an updated BS

Description (not appearing on the figure) that ectly references the new bitstream.

The BS Description generator parses a bitstreangandrates its BS Description. The bitstream asd it
BS Description are subject to the adaptation. Aapéation engine is assumed to determine the optimal
adaptation for the media resource given the conssras provided by the DIA descriptions. Based on
that decision, if the resource is not pre-storedraeds to be derived by adapting an existing resou
then one (or several) BS Description transformdgipris (are) selected to be applied to the input
description. The result of these transformatiores isnsformed BS Description, which is the baselfe

generation of the adapted bitstream.

: Bitstream Syntax \ Bitstream Syntax
Bitstream - . -
Description Generation Description

itstream Syntax
Description
Transformation

\ A

) Transformed
Bitstream .
. < Bitstream Syntax
Generation o
Description

\

Adapted
Bitstream

Figure 3.7: Architecture of a BSD-based resource adaptation
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In order to provide full interoperability, it isenessary that a processor that is not aware afpeeific
coding format can nevertheless be used to prodi&® Bescription, and/or generate a bitstream frism i
description. For this, a new language, based on X8thema, called Bitstream Syntax Description
Language (BSDL), is specified by MPEG-21 DIA. Withis language, it is then possible to design
specific Bitstream Syntax Schemas (BS Schemas)ilggr the syntax of a particular coding format.
These schemes can then be used by a generic potessitomatically parse a bitstream and genétsate

description, and vice-versa.

BSDL provides means for describing a bitstreamaynitith a codec specific BS Schema. This requires
an adaptation engine to know the specific schemaoine use cases this is not desired, for instiitioe

adaptation takes place on devices with constrameedurces, e.g., in gateways and proxies. In these
cases, a codec independent schema is more appeofdrierefore, a generic Bitstream Syntax Schema
(gBS Schema) is also specified. The normative gBl$®a introduces means to describe hierarchies of

syntactical units and addressing means for effidiéstream access.

The gBS Description provides an abstract view am structure of the bitstream that can be used in
particular when the availability of a specific BEh®ma is not ensured. However, for transformatams
gBS Descriptions, coding format specific informatibas to be included in attributes of the gBS

Description.

For the BSDL case on the other hand, all codingh&drspecific information can be provided by the BS
Schema, which is common to all BS Descriptionsofelhg this schema. As a result, smaller descrition
can be obtained with BSDL. Furthermore, the fldkipiprovided by BSDL for designing BS schemas

allows including additional application specifiddnmation into the BS Description.

Depending on the application requirements one @iother technology may be the most appropriate. For

more information on this topic please refer to MRPEGDIA specification.
Resource Conversion

We define Resource Conversion to be a kind of aligiésource adaptation, which is not of Direct

Bitstream Modification Type. Adaptations of Resaukconversion type mainly change the structure of
the adapted Bitstream. For example decoding, méatipg and re-encoding a media is considered to be
an adaptation of Resource Conversion type. Thest @dite numerous resource adaptors, which do not
need the Bitstream Description Syntax (as defimegbrevious section). These resource adaptors are

defined to be working on the basis of Resource €msion.

We consider three main types of Resource Converdiansmoding, Transcoding and Transforming.

These are detailed in the following sections. Advese Conversion is conceptually defined to be an
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atomic process. For example a transmoding conveisia pure modality change, i.e., changes only the

modality parameter and is not supposed to changether parameter.

Resource transmoding

We have invented the tertransmodingfor a particular type of resource conversiBefore giving the
precise meaning dfansmoding we first need to come up with an exact definition“modality” and a

list of modalities. Modality has at least two meaays: on the perceptual level, modalities are tiethe
five human senses, thus there is only “one” visnatality; on the structural level, there may be ynan
modalities within one (perceptual) modality. Foample, visual modalities include bitmap video, l@m
image, and two flavors of vector images: graphicsgial graphics3D. Within MPEG-21, the right
meaning is the structural one, i.e. modality fréra point of view of adaptation, since it dictaties types

of algorithms, which can be applied to the resosirtée consider a hierarchical schema for the Modali
Classification SchemavodalityC3, which we have proposed to MPEG-21 througbose Experiment

In this classification schema, we have five priatimodalities and some sub-modalities for some of

them:

> Video

» Audio (audio2D, audio3D, speech)
» Image

» Graphics (graphics2D, graphics3D)
> Text

Here, graphics modality refers to vector graphigkile image modality refers to non-vector (bitmap)

image. Slideshow is considered to be a particylae tf graphics2D sub-modality.

MPEG-21 lately decided to use MPEG7 MO8ntentCSor this purpose, and since actual MPEG7 MDS
ContentCslid not provide all proposed modalities, it wasided to propose an extension to this CS. Our
proposedModalityCSis in fact a subset of MPEGQontentCSwhich considers only single modalities
and not multi-modalities, as considered in MPE&dntentC$ such as audiovisual modality. More

details on this are given in 4.2.1.5.

We now defindransmodingas a type of modality-conversion adaptation a.digital resource adaptation
that changes the modality of the original resourd¢hen talking about adaptation by modality
conversion, based on the point of interest, thedist dwo types of modality conversion: modality
conversion on demand and modality conversion lgrradttive resource subsitution (in some documents
these are also referred to @sline and offline modality conversion). Transmoding refers to on-deth

modality conversion of a multimedia resource whesealternative version of the resource in the eesir
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modality is provided. Conceptually, a pure transimgds not supposed to change other parametetseof t
original resource. For example a video-to-slidesiiamsmoding will result into a sequence of bitmap
images Any image format or resolution change of the traoding-resulted images is not included in the
transmoding. Therefore in order to obtain a slid@slbf a smaller resolution and in JPG format, a BMP
to-JPG transcoding and then an image resizingfoemsg should be cascaded to this transmodings Thi
is of course a conceptual definition, i.e. thereyrba resource adaptation tools that implement such

whole adaptation process in one step.
Resource transcoding

We definetranscodingas any format change of a resource while stayiripe same modality, in such a
manner that the content (essence) of the origgsdurce is not changed. An example of Transcoding i
the conversion of a GIF image to a BMP image repriésg the same picture. Conceptually, a pure
transcoding is not supposed to change other paeasnet a resource, such as the resolution of alisu
media. Therefore, for example in order to conve®i image to a smaller BMP image, we consider that
a GIF-to-BMP transcoding is first done and thenithage is resized. This definition is conceptuad an
does not intend to impose implementation-relatsdes. There exist several free transcoding toak su
as ImageMagick [22] or FFMPEG [23]. A great numbgéresource adaptation engines use such already

existing transcoding tools.
Resource transforming

We definetransformingas any parameter change of the original resowrcle a&s an image resizing or a

text translation, while staying in the same mogaditd format. We consider three kinds of transfagni

» Changing the encoding parameters of an originalianéor example re-encoding an MPEG-4 video at

a lower bit-rate.

» Changing the presentation parameters of an origiealia, for example resizing or cropping a JPEG
image to another smaller JPEG image, or translatioa text media to another text media in another

language.

» Other parameter changes such as summarizing a tadewther shorter video.

3.4 Problem statement

Numerous approaches have been adopted in the aurealttimedia content adaptation. Most of these
approaches are focused on the adaptation of singtka (resource), while the adaptation of multiraedi

composed scenes (presentations) has not beenatfigierest.
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In this chapter we focus our interest on single imadlaptation. None of the existing approachdkim
area, proposes a complete solution that takesaitctount all the difficulties of the problem (seetsm
3.5). In this section we describe the issues djflsimedia adaptation with special emphasis on MPEG-

21-based solutions.

Different issues of building a general context-liaseedia adaptation framework are discussed in [24].

The issues of multimedia scene adaptation are sigclin chapter 6.

In the area of single media adaptation, so farptatb methods have been rather limited to certain
particular aspects of the question. Often, the gsed solutions are incompatible and therefore daomo
integrated into a same system. Therefore it is vadlyantageous to work under an interoperable

framework and that is the objective of standardh as MPEG-21.

In this section, first are explained the generabpgms of single media adaptation. Then the missing

features of MPEG-21 are discussed.

3.4.1 General issues

The question of resource adaptation covers seaspcts. Are listed here some of these aspectdiwhic

have principal roles:

The diversity of client applications: terminals with different characteristics are pdradeterogeneous
environment. Different terminals process the muiilia content differently and have different ways of
accessing it. Therefore the different hardware software specifications of the terminals should be

considered in a resource adaptation system.

The diversity of the context and usage environmenta same terminal may be used to access, receive
and play a multimedia resource under different extst such as for example under different bandwidth

limitations. This issue should be taken into ac¢onm resource adaptation system.

The diversity of content: the multimedia content, in a resource adaptatigstesn, may be very
heterogeneous too. A complex content may be derdahglea simple terminal. In order to assure a
suitable and meaningful content delivery, the aakiqn system should be able to transform the canten

into an understandable form for the target device.

Adaptation tools: an efficient resource adaptation system shoulgp@tghe usage of different resource
adaptation tools to use in different cases. It doeels have to be limited to adaptation by switching

between different already existing alternativeshef content. It happens quite often that eitherailhor
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of a multimedia content have just produced oneioersf it, or existing alternatives of the contelot not

satisfy the underlying context.

3.4.2 Issues with MPEG-21

MPEG-21 DIA has a complete set of context descgiltools, which covers the description of different
parameters of the terminal and usage environmentméntioned earlier in this document, MPEG-21 DIA

has also description tools for describing contefich are based on MPEG-7 descriptors.

Concerning the support for different resource aatagt tools, MPEG-21 provides a complete suppart fo
a particular resource adaptation methodology basedirect bitstream modification. However, before
our work, MPEG-21 did not provide a complete suppor the usage of any other resource adaptation
(Resource Conversion) in terms of the descriptioihe recommended values for conversion parameters.
This is where our work on Resource Conversiontisaged within MPEG-21 DIA. As the result of our
contributions DIA, an amendment on MPEG-21 DIA wagblished on December 2003, to consider the
support of Resource Conversion within DIA [25]. \Wave actively participated in the establishment of
this amendment and contributed to it during its letion. Our approach for support of Resource
Conversion in MPEG-21 is described in Chapter 4.

3.5 Existing approaches

In this section a brief state of the art on adoptpdroaches, methodologies and strategies in deedar
single media adaptation is given. First are deedrithe non-MPEG21 approaches. MPEG21-based

approaches are then reviewed.

3.5.1 Non MPEG-21 approaches

In the area of media resource adaptation, numemmthodologies have been proposed as solutions to

problems in the field. The best known of thesediseussed here:

3.5.11 InfoPyramid framework

Smith et al. define an extensible multimedia contesensmission system [26]. The system uses a new
data model named InfoPyramid. The proposed metbgglopresent a framework for managing and
manipulating multimedia content composed of imateo, text and audio object. The model proposes at

the same time strategies for single media adaptatie well as adaptation of multimedia composed
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documents [27]. In this section, we limit our dission on single media adaptation in InfoPyramide Th

rich-multimedia adaptation in InfoPyramid is veiyited and will be discussed in Chapter 6.

InfoPyramid manages the different variations oftinelia objects with different modalities and fitieB.
The adaptation is then done either by selecting dkisting variations of media objects (offline
adaptation), or by on-the-fly manipulating of thedia objects. InfoPyramid is used to representerant
at multiple modalities and resolutions (fidelities) that it can be rendered on a variety of deviEggire

3.8 shows a simplified InfoPyramid for a video. Eamedia object is represented by a cell in the
InfoPyramid. For example the third cell in the lowew corresponds to a high-resolution video. Thksc
above this one in the video column correspond teeteresolution or compressed alternatives (lower
fidelity) of the video. The cells to the left ofdgo column correspond to image alternatives, arfdrtio

for audio and text columns (different modalitieBhe cell in the bottom of the text column corregjoto

a full-detailed body of text. The cells above itthre text column correspond to the summarized and
compressed alternatives (lower fidelity) of thettbrdy. The cells in the audio column correspond to
different variations of the text rendered as au(liifferent modality), such as by text-to-speech

conversation.

Resource adaptations in the InfoPyramid are limitetranslation and summarizatiorand some other
limited conversions. Theanslation methods cover a few number of modality conversiguh as text-
to-audio or video-to-image. Treaimmarizatiormethods convert the resource within the same nigdal
but different fidelity, for example image compressing, text summariziagd video abstraction

generating. These methods can be cascaded.

Resource adaptation in InfoPyramid is done in tvaysv

Key-Frames

d‘\ i - 28
3 2 bit
&a\? b hw Kbps
& 4 bit 128 8Kbps
ummary/ color Kbps
Closed 8 bit ‘
Caption calor 1 Mbps 50 Kbps
Text Image Video Audio |
Modality

Figure 3.8: An InfoPyramid model for a video object
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» Adaptive Delivery (offline Adaptation): in this tgpof adaptation, the customization is done by

selecting the optimum already-existing variatiohmedia objects.

In order to optimize the selection, InfoPyramidide$ and usesontent valuesor each media object.
The content value scores can be based on automm&Esures such as entropy, loss of fidelity or
distortion. They can also be manually set in aextbje way. The content selection process selbets t
media object variations, which either maximizestibtal content value, or minimizes the total dare.s

In addition to these two kinds of optimization, solimited device constraints could also be takda in

account, for example display size of the targeiaev

» Online adaptation: in this type of adaptation, Ryfoamid is used as a transient structure in coiorers
of the media objects to the most appropriate mtidaliand fidelities. A dynamic routing system that
exercises the trade-off between delay and distoiticselecting the conversion paths. In order tahis,

for each conversion path,Lthe model defines an input-output signatuges I(L,", L,°"), where
Lkin — (Mkin, Fkin, Dkin, S(in ),

LkOUt - (M kOUt l:kOUt Dkout S‘out) and

M, ™= input-output modality,

F™ = input-output fidelity

D™ °!' = input-output data size

S™°“' = input-output spatial-temporal size.

For example, a 50% text summarizer defines a sigeaif

Lkin :(Mkin, Fkin, Dkin, S(in),

and L= (M", 0.5 K", 0.5 0", 0.5 }"),

which indicates that the converter produces anutuifith the same modality as input, but with a 50%

reduction in fidelity, data size and spatial size.

The system uses these descriptions in order tatdle set of conversions to apply to the resourbe.
approach of conversion methods selection is venjiai to the selection of resources. The principleo
suppose the existence of certain parameters adefitte functions, which are to be minimized based o
the values of these parameters. For example, fcn eanversion method, delay rate parameter is
associated. The value of the parameter gives anagin of the time that the method needs to caraer

resource of a given size.
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The system then finds the set of conversion metl{pdths) that minimize the totalelay rateof all

conversions. The methodology is very interestingnethough not standard-based.

3.5.1.2 CC/PP and RDF-based approaches

UAProf is an earlier implementation of RDF, whiclasvspecifically designed to describe capabilities o
wireless devices. Unfortunately the model remagry limited to only one category of terminals and
WAP architecture, which suffers from numerous latians of content accessing. In this section some

approaches that are based on usage of CC/PP andifRDverviewed:

In the area of single media adaptation, NAC (Negmih and Adaptation Core) [28] proposes the
solutions of on-line and off-line resource adaptatit uses Universal Profiling Schemas [29] thefirtes
extensions to CC/PP. NAC also uses the XSLT styeets for adaptation of multimedia presentation;
this is detailed Chapter 6.

There exist numerous other adaptation techniquesy USC/PP and RDF, all of which, as discussed
earlier, suffer from the limitations of CC/PP, wdeextensions are used. Among these works we may
recall [30] which provides only offline resourceagdiation, [31] which proposes an approach for QoS-
sensitive resource adaptation or [32] which propoaa annotation-based web content adaptation
framework that also deals with resource adaptationmore details on this, please refer to chagjer
Some others works based on CC/PP are [18][33][34].

3.5.1.3 Adaptation based on augmentation

Susanne Boll et al. in [35] present their work orcrass-media (modality conversion) adaptation
framework, which is based on offline adaptatione T#ssence of the methodology isalmgmentthe
content by some definemligmentation modeksnd therefore to build several alternatives. d¢intikhooses
the alternative which best satisfies the constsaamd substitute the current media with this adteve.
The objective of the approach is the offline adaptaof multimedia presentations. To achieve this,
media resources and also document fragments atadiapted on an augmentation-substitution basts. W

will discuss this approach in more details in Chapt

3.5.2 Approaches based on MPEG-21

During the last couple of years, as the on-goingEKBR21 standards progressed, several resource
adaptation techniques were developed based oraitefvork. This section gives a brief review on some

of these approaches.
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3.5.2.1 BSDL and gBSD-based solutions

As described in detalils, in section 3.3.3.2, theid@lea of BSD is to define a generic method lmwathe
adaptation of different multimedia resources byngle, media resource-agnostic processor. Thidisolu
uses XML to describe the high-level structure dfirary media bitstream, to transform the descniptio
(e.g., by means of XSLT), and to construct the tsmthmedia bitstream from the transformed descriptio
Based on this concept, two complementary techne$od8SDL and gBS Schema, are defined within
MPEG-21 DIA. The two technologies provide solutidios parsing a Bitstream to generate its XML
description, for the generic structuring and magkirf this description, and the generation of arpseth

bitstream using its transformed description. The t&chnologies can be used as stand-alone tools.

S. Devillers et al. in [36] present how this baBi8D framework, initially developed for non-streamed
content and suffering from inherent limitations ahtgh memory consumption of XML-related
technologies such as XSLT, can be advanced ardegitiy implemented in a streaming environment and
on constrained devices. Two different attemptsdiwesthe inherent problems are described. The first
approach proposes an architecture based on tleenstdeprocessing of SAX (Simple API for XML) [37]
events and adopts STX (Streaming TransformatiomsXfdL) [38][39], a streaming transformation
language for XML as an alternative to XSLT, wher#ss second approach breaks a BSD up into well-
formed fragments called Process Units (PUs) that lma processed individually by a standard XSLT
processor. Gabriel Panis et al., in [40], focustib® gBS Schema and the joint BSDL/gBS Schema

harmonized approach.

The European project ISIS provides also resouregtations solutions based on BSD for adaptation of
scalableVideo, Audio and Graphics content [41]. As a pdrtSIS project, Concolato proposes usage of
MPEG-21 for adaptation of BIFS Graphics content][4Zhe approach realizes a BIFS encoder that
permits to encode a 2D Graphics content scalableway. The concept of the work is that the BIFS
stream representing the animation is encoded iersayThe basic layer contains the BIFS commands
permitting to visualize the most low-quality venmsiof the content. The improving layers contain BIFS
commands of element addition or insertion, perngttio improve the quality. These commands provide
the possibility of adaptation of the content bueahdnigher bit rates. The approach then uses thégBS
solution for describing and then adapting the tgtsnh of the Graphics content for different bit sate
Since the presented work has been partly done uhddramework of this project, I1SIS objectives and

achievements will be further discussed in next tdrap

Martinez et al. present an MPEG-21-based architedtur context-aware multimedia content adaptation
[43]. They implement scalable media adaptationstdyl customizing BSD, as well as real-time media

modification tools for non-scalable content.
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3.5.2.2 Other MPEG-21-based approaches

Research works, contributing to MPEG-21, have bdene to find necessary support for offline
adaptation by modality change, called offine mdagatonversion [44]. The proposed solutions are
limited to the support of static decision takinglaadaptation and do not permit to take into accdmt

metadata that are needed for online adaptation.

D. Jannach et al., in [45], propose an approachmiolti-step adaptation of multimedia resources. The
methodology is based on semantic descriptionsaotormation steps, which are exploited by a dassi
state-space manner. The proposed framework retieescriptions of the resource itself (MPEG-7), the
usage environment of the resource (MPEG-21), akasetleclarative descriptions of the transformation
tool. The implemented prototype that is a simptiewei resource adaptation engine employs a knowledge-

based engine for finding and executing the needagtation sequences.

The adaptation module of [43] uses also transcodingsmoding and real-time media modification $ool
These adaptations are performed based on contémipatext descriptions, respectively given by MPEG-

7 and MPEG-21 DIA descriptors. The approach ales sgeme transcoding hints, expressed in MPEG-7.

3.6 Conclusion

This chapter described the basic notion of singledim adaptation, which is also called resource
adaptation. Principal elements of a resource atlaptaystem, as well as the issues of such systera w
discussed. We categorized resource adaptationvirctonain categories: Direct Bitstream Modification
and Resource Conversion. We also discussed thdastiired frameworks for media adaptation and the

different existing approaches based on them.

In the area of resource adaptation, we have basedvark on Resource Conversion in the MPEG-21

framework; the rationale behind this choice andttie®ry of work is described in next chapter.



Chapter 4

RESOURCE CONVERSION: OUR METHODOLOGY

Summary

This chapter introduces the theory of our methodology for a Resource Conversion framework in

MPEG-21 DIA. We will describe our approach in two phases.
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4.1 Introduction

In the area of resource adaptation, we have basedvork on Resource Conversion in MPEG-21

framework; the rationale behind this choice is expd in the following paragraphs.

4.1.1 Why MPEG-21?

Chapter 2being dedicated to the MPEG-21 standaedyi not go through the advantages of MPEG-21
over other frameworks in this section. In summanycomparison to other standardization frameworks
(such as CC/PP & RDF), MPEG-21 has proven to b@we momplete framework, by providing answers
to questions on different aspects of a multimedibvdry chain such as usage environment description

media adaptation tools, digital right managemeiat, e
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4.1.2 Why Resource Conversion?

We previously explained (section 3.4.2) that MPEIGERIA, at this time, does not have a complete
support for Resource Conversions. That is why, len gubject of single media adaptation, we have
chosen to work in the area of Resource ConversiddREG-21. In this chapter we describe a framework

for Resource Conversion in MPEG-21.

We first describe the theory of the first phase¢hef work that was developed based on “simple” titsta
and “hard” description of conversion-related infation. This phase of the work was performed in two
steps; the first step dealt with only Resource @osions of transmoding type and was performed under
the framework of ISIS project. The second step bhased on the same methodology, but brought an

enhancement to the first step by considering d&ssource Conversion types.

Next, the approach of the second phase of the vimrklescribed. The idea is to use the DIA
AdaptationQoSool for providing “non-static” or “soft” descrifn of conversion parameters. This helps
achieving a more intelligent decision-making. Tlkeeearch and development of this phase was shared
between the author and other colleagues at ENS®ngAlboth two phases of the work, several
contributions were made to MPEG-21 DIA.

4.2  First phase: Static description of conversion-related information

4.21 Hinted transmoding

Transmoding has an important role in the conteaptation process of a Universal Multimedia Access
system. This is because adaptation by transmoding be the only solution for many frequent
multimedia content adaptation use cases. Nevesheko far, the focus of most research works on
content adaptation has been limited to either adispis that do not change the modality of the media
(such as BSD-based adaptation, transcoding ansftramng), or adaptations that substitute a media w
an already-existing alternative in another modaditygl the needed support for them. As a result,stipp

for transmoding has not been sufficiently invedtga

In this section, we introduce, our proposed detmripfor the expression of modality conversion
preferences, as well as our proposed descriptianféo online transmoding within MPEG-21 DIA. This
latter is the very first step of our work on thebget of Resource Conversion. The usefulness and
necessity of this description tool is then provemugh several use cases. Also the objectiveseof3I5

European project to which this approach has beegiated, will be described.
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4.2.1.1 Conversion preferences

On the subject of modality conversion preferencébkim DIA, in a joint research work with ICU, we
defined a set of descriptors for the expressiotthef preferences (of author, user, etc.) regardireg t
conversion of modality. These descriptors have h@eposed to MPEG-21 during@ore Experiment
and have been finally promoted to DIA under the @aihConversionPreferencd he original objective

of the work was the expression of preferences &iardnt modality conversions (or transmoding), ibut
was then extended to cover the expression of mmefes on all types of conversion. When several
conversions or transmodings are possible for aurespthese descriptors help to make a choice leetwe

them.

As described in the previous chapter, in the resoadaptation process, various types of conversiays
be carried out when a terminal or network canngipsut the consumption or transport of a particular
modality or format. For each resource, there magterany conversion possibilities. Given that aUse
will have preference for certain modalities or fatsiover others, the role of t@®nversionPreference
tool is to enable Users to specify these preferetmguide the conversion of resources. The Ussetwa
ways for identifying resources. The general wagpplied to all resources of a certain original niibgla

or format, and the specific way is applied to thecsfic resources in which the User is interested.

User preference for a conversion is divided into tewvels, qualitative and quantitative. First, eelJsan
specify the relativerdersfor possible conversions of each original modadityformat. The orders help
an adaptation engine find the destination modalitformat when the original one needs to be coerdert
under a given constraint. Second, a User can fugecify the numerigveightsfor conversions, which

can be considered as a User’'s QoS preferencesaotiversion of one modality or format to another.

In the example of Figure 4.1, the User wants tdyagenerally some conversion rules to video resesirc
where it is most desired that the videos be rethihpossible (i.e. order of video-to-video is However,
if videos must be converted, they should be coedeid audios first (order of video-to-audio is &nd if
not possible, they may be converted to image dr Bjxmeans oSpecificResourceConversigiise User

can express his/her preferences on the conver§msecific resource of video.

Note— In our work on hinted transmoding, we @mversionPreferenceonly for the expression of
modality conversion preferences of the end usee. dreferences of the author of a particular cordeat

then given in &ransmodinglescriptor (section 4.2.1.4), associated to thatemt.

4.2.1.2 Transmoding table

All online transmodings for the defined modalitiasChapter 3are illustrated in Figure 4.2. The whit

boxes are the transmodings, which seem to make seesiseful and have generic parameters.
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<DIA>
<Description xsi:type="UsageEnvironmentType">
<UsageEnvironmentProperty xsi:type="UsersType" >
<User>
<UserCharacteristic xsi:type="ConversionPrefere nceType">
<GeneralResourceConversions>
<Conversion order="1" weight="1.0">
<From href="urn:mpeg:mpeg7:cs:ContentCS:2001:4 2"
<mpeg7:Name>Video</mpeg7:Name>
</From>
<To href="urn:mpeg:mpeg7:cs:Conte ntCS:2001:4.2">
<mpeg7:Name>Video</mpeg7:Name>
</To>
</Conversion>
<Conversion order="3" weight="1.0">
<From href="urn:mpeg:mpeg7:cs:ContentCS:2001:4 2"
<mpeg7:Name>Video</mpeg7:Name>
</From>
<To href="urn:mpeg:mpeg7:cs:ContentCS:2001:4.1 ">
<mpeg7:Name>Ilmage</mpeg7:Name>
</To>
</Conversion>
<Conversion order="2" weight="1.0">
<From href="urn:mpeg:mpeg7:cs:ContentCS:2001:4 2"
<mpeg7:Name>Video</mpeg7:Name>
</From>
<To href="urn:mpeg:mpeg7:cs:ContentCS:2001:1">
<mpeg7:Name>Audio</mpeg7:Name>
</To>
</Conversion>

<From href="urn:mpeg:mpeg7:cs:ContentCS:2001:4 2">
<mpeg7:Name>Video</mpeg7:Name>
</From>
<To href="urn:mpeg:mpeg7:cs:ContentCS:2001:5">
<mpeg7:Name>Text</mpeg7:Name>
</To>
</Conversion>
</GeneralResourceConversions>
</UserCharacteristic>
</User>
</UsageEnvironmentProperty>
</Description>
</DIA>

Figure 4.1: Expression of general conversion preferences
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*This transmoding could be done in different wagee way would be Speech to
Text + Text to Image, the other way would be Spdedign language.
**This transmoding does not make sense as an®ugbmversion.

Figure 4.2: Transmoding table
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Generic parameters are not algorithm-dependentgidyeboxes are other transmodings. There are some
transmodings, which have not been investigatechis work and need to be investigated by related

modality experts; the related boxes contain a juestark.

4.2.1.3 Some use case scenarios

A use case scenario for video-to-image and videslitieshow (graphics2D) transmoding is the case of
an original video resource for which the providas mot provided the image or slideshow alternatings

has given his intentions concerning the transmodingnage and slideshow through the transmoding
descriptor. For the video-to-slideshow conversite, provider has determined which frames to use as

slides, the slides transitions and durations.

A concrete example of this scenario is as folloWse original video resource is a movie trailer, ethis
designed for ADSL but is not suitable to be trarisdiover cellular networks. In the correspondiriflR
expression, video-to-slideshow transmoding is augbd. The optimal adaptation decision, which is
taken on the basis of satisfying all related caists, is transmoding to slideshow. Once this detis
taken, to perform the action of transmoding, thedeel metadata is fetched from the DIA descriptor. F
example, the display resolution and the formathef image are fetched froferminalCapabilities
descriptor. Any constraint on modality or modalitpnversion priorities is fetched either from the
ConversionPreferencdescriptor oPresentationPriorityPreferencegescriptor. The available bandwidth
needed to determine the compression level of thexgén sequence, is fetched from the
NetworkCharacteristicglescriptor. And finally the list of the key framagad the relative durations is

fetched from the transmoding descriptor.

A use case scenario for text-to-image transmodmddcbe as follows. The resource to be adapted is a
text resource, for example, a message in Persigudme (or with any special font, family and stylehe
device is simple and does not have the Persiansigmport, but supports image content. In this ciise,
authorized in REL expression, a solution is to $raade the text to an image. The transmoding process
requires font characteristics (to render the tetd an image), colour information, etc. The same aase
may be given for a text-to-video transmoding, witem text does not fit into the screen of the teahin
(whose size is extracted froferminalCapabilitiesdescriptor), and thus needs to be scrolled. This

transmoding process additionally requires the aytheferences on the type of scrolling.

4.2.1.4 Transmoding description tool

We present a description tool for producing theadata on the adaptation of a resource by transmodin
We are interested in the point of view of the autfpoovider) of the resource. Nevertheless, throtngh

descriptor, any peer in the adaptation chain camwess his preferences on the parameters of a gpecif
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conversion. The author, based on his knowledgéemesources, may wish to express his preferentes o
transmoding(s) of a particular content and prowedme transmoding hints to facilitate, guide or émab

the adaptation; this can be done by means of thgoged descriptors.

Through the proposed transmoding descriptor, apressed the transmoding preferences and hints.
Transmoding preferences are the preferred prisritiedifferent transmodings of the same contend, an
the preferred or suggested quality of each trangmgod he transmoding hints include the descriptiohs
the most general transformation parameters of @ioetransmoding and for a particular resource. The
considered parameters are generic, in other waejsdre based on no particular underlying algoritAm
transmoding descriptor is not supposed to contayntieansmoding-related right or permission statdmen

The corresponding right and authorization statemedit be given through REL.

For the description of generic transmodings paramsgtwe have considered some of the meaningful
transmodings in the above table. For each of thesggive the related and generic parameters onhwhic
the provider may wish to impose or express hisguegfces or recommendations. As extensions to DIA
schema, XML schemas have been defined for thesamgders; Annex A provides the syntax and
semantics of these schemas. During several cotiotisuandCore Experimentswe proposed these
schemas to MPEG-21 DIA. They were not promotecheostandard under the form described here, but
gave birth to an activity (in which we participalesh Resource Conversion descriptors in DIA that
opened an amendment to DIA [25]. Other transmodisigsuld be investigated by related modality
experts. The structure of the proposed transmodiagcriptor is extensible, meaning that other
transmodings and their generic parameters may wttiame be added to it. Our considered set of

transmodings is as follows:

» Summarization  (video-to-image, video-to-slideshowgraphics2D) and graphics-to-image

transmoding)
o Parameters: resolution, and slide parameters:dode, duration.
» Text Visualization (text-to-video, text-to-imagedarext-to-graphics transmoding)

o Parameters: resolution, text color information, Kgsmound color, text color, and font

characteristics: (type, style, size), presentafination) style (scrolling, subtitle).

» Speech Visualization (speech-to-text, speech-t@énaspeech-to-video and speech-to-graphics

transmoding)

o Parameters: language, resolution, font charadteriftype, style, size), background color, text

color.

For the expression of transmoding preferences,efiaatwo notions:
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> Quality: The quality attribute gives a hint to thenderlying algorithm about the quality of
destination/transmoded resource. For a particuarstnoding, if the algorithm is simple and with few
clearly required and generic parameters, i.e.talbé¢ generic parameters could be mentioned in the
descriptor of this particular transmoding, then thality attribute will not be used. But usuallpy fa
particular transmoding, this is not the case,there are different possible algorithms, with diffet sets

of parameters that cannot be summarized into arigedescriptor. In such cases, as all the parameter
cannot be expressed in the descriptor of this qdal transmoding, then the provider can use tladitgu
attribute. This attribute gives a hint to the altfon about what quality is wanted. It can be mapjed
quality-related parameter of the algorithm. We doedi that although the quality attribute is not Igeal
reproducible from one chosen algorithm to anotliters better to mention it since it gives a useful
indication to the adapting peer. For instanceafbthe transmodings of-which the transmoded resois

video, the quality attribute may express the gyalftvideo in terms of the number of frames pelosec

> Priority: This attribute is used to set prioritiestween different transmodings of the same conkant.
example an author, who has expressed his prefgraedmeters for video-to-image and video-to-
slideshow transmodings of an original video, maghaio express that he prefers his video resourbe to

transmoded into slideshow rather than image.

Figure 4.3 and Figure 4.4 present two simple exampior video-to-image and image-to-text
transmodings. The preferred (or suggested) priogtality and parameters of each transmoding are

expressed.

<Transmoding quality="1.0" priority="1">
<TransmodingParameters xsi:type="VideoSummariz ationParametersType">
<To href="urn:mpeg:mpeg7:cs:ContentCS:2001">
<mpeg7:Name>Image</mpeg7:Name>
<[To>
<Slide importance="hight">
<mpeg7:MediaTimePoint>T01:14:30:12F24</mpeg7: MediaTimePoint>
</Slide>
</TransmodingParameters>
</Transmoding>

Figure 4.3: An example of transmoding descriptor for video-to-image transmoding

<Transmoding quality="1.0" priority="1">
<TransmodingParameters xsi:type="TextVisualization ParametersType">
<To href="urn:mpeg:mpeg7:cs:ContentCS:2001">
<mpeg7:Name>Image</mpeg7:Name>
</To>
<FontParameters fontSize="20">
<FontStyle>BOLD</FontStyle>
<FontFamily>ARIAL</FontFamily>
</FontParameters>
<Resolution horizontal="300" vertical="400"/>
<TextMotionStyle href="urn:mpeg:mpeg21:cs:TextMo tionStyleCS:2003">
<mpeg7:Name>TickerTape</mpeg7:Name>
</TextMotionStyle>
<TextColorInformation foregroundColor="0.2 0.5 0 .6" backgroundColor="0 0 0"/>
</TransmodingParameters>
</Transmoding>

Figure 4.4: An example of transmoding descriptor for image-to-text transmoding
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4.2.1.5 Description of the resource

The description of the original resource is neetellelp the process of adaptation decision-maldsg.
only transmoding-type adaptations are considereg, litdis sufficient to express only the modalifytioe
original resource. In other words, to choose whitthe available transmodings should be applietthéo
resource, the decision-making engine, in additothé modality conversion preferences and somestime

the transmoding parameters, needs to know the imypdéathe resource as well.

As an example, we consider an original video resmuflhe target device has no video support, but
supports image, graphics and text resources. Ammnaltive version of this resource in text modaiity
provided in the DID. The author has also given titsmsmoding parameters for a video-to-slideshow
conversion; key frames, durations, transitions aadn. To decide on the type and parameters of the
transmoding, the decision-making algorithm firsed® to know the original modality of the resouiite,
then verifies what transmoders are available fr ¢higinal modality. We consider that two transrasd

are available: text-to-image and text-to-slideshimathe modality conversion preferences, the ldites a
higher priority than the former and video-to-texingersion (i.e. the choice of the already-givert tex
alternative), it is therefore chosen as a firstiaptThe decision-making then verifies if the nezay
parameters for this transmoding are given. If sgghds the transmoding type and its parametettseto

resource adaptor engine.

Even thought the modality of a resource may beinbtafrom the MIME type attribute, we have decided
to use explicit descriptors for the expressionh&f modality. We first used our defindbdalityCS(as
defined in 3.3.3.2) for this purpose, which isactfa subset of the related MPE&@&@ntentCSHowever,
when MPEG-21 DIA decided to use the MPEG-ahtentCSor this, we decided to stay harmonized with

it. Figure 4.5 shows howontentCSs used to describe the modality of a resource.

<mpeg7:Content href="urn:mpeg:mpeg7:cs:ContentCS:20 01">
<mpeg7:Name>Image</mpeg7:Name>
</mpeg7:Content>

Figure 4.5: Usage of MPEG-7 ContentCS for describing resource modality

4.2.1.6 Integrating transmoding-related descriptors into DID

In this part we intend to show how the transmodiglgted descriptors, i.e. modality conversion
preferences, transmoding parameters and resourdhalityodescription, could be placed in a DID
instance. We have envisaged two different waygHis, but before going through these two expression

methods, let us define two basic concepts: CDIXénd
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XDI: conteXt Digital Item. An XDl is a DI or a fragment of a DI that contains ttentext information.
It is expressed in DIDL and contains the expressiboontext, commonly given in DIA UED (Usage

Environment Description) descriptors. It does rattain or does not reference any media resource.

CDI: Content Digital Item. A CDI is a DI or a fragment of a DI that contairfge tcontent and the
content-related information. It is expressed in DI@hd contains (references to) the media resowmcds

provides their related information, such as thesatiption.

Having defined these two concepts, we now desctibe ways for placing transmoding-related

descriptors within a DID instance.

Expression of virtual resources: The suggested parameters of a certain type ofnradieig for a
particular resource are expressed aSetectionelement within a DIDChoice element in a CDI. A
Componentlement related to the aboS8electionelement will give the provider the possibilitydmpress
his transmoding (recommended) parameters. Fomptitisose, the transmoding descriptors will be given
within a Statemenelement of theDescriptor element of thisComponentelement. The corresponding
transmodingComponentelement is a virtual component since it does notude any resource of the
destination modality. It contains, in iResourceelement, the original resource and in its assediat
Descripto/Statementelement, the description of the original resoussel also theTransmoding
descriptor. Thelransmodingdescriptor provides the author with a way for esgsing his/her suggested
parameters and preferences on a transmoding. Anm&eof the DID instance of such CDI is given in

Figure 4.6.

Note— We have defineransmodingdescriptor as an extension to DIA and that is vl appeared as
a DIA element. In Figure 4.Gransmodingdescriptor is put directly in the DID&tatemenelement, the
reason is that this phase of the work was develdygddre the opening of DIA Amendment 1, which

defined a placeholder within DIA for expressiorcofiversion-related information.

Although ConversionPreferencdescriptor is meant to specifically or generatkpress the conversion
preferences of any MPEG-21 User, here we use ¥t famlexpressing the general preferences of the end
user on modality conversions. The author prefereficeeach particular Resource Conversion, is given
in CDI by Transmodingdescriptor. The&ConversionPreferenceill be given in a XDI. Figure 4.7 shows

how general conversion preferences of the endarsezxpressed in an XDI.

Simple Descriptor/Statement-based expression: This way of integration of transmoding-related
information into a DID instance is quite similarttee one based on the concept of virtual resourid®ss.
only difference is that th@ransmodingdescriptor is directly attached to the correspogdResource
element containing the original resource. No virtggource is then required. Figure 4.8 represtrits

idea.
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<DIDL>
<Item>
<Choice >
<l-- video -->
<Selection select_id="1"/>
<l-- audio -->
<Selection select_id="2"/>
<l—transmoding to image -->
<Selection select_id="3"/>
</Choice>

<l—the provided video resource -->
<Component>
<Condition require="1"/>
<Resource ref="video" />
</Component>
<l—the provided text version -->
<Component>
<Condition require="2"/>
<Resource ref="text" />
</Component>
<l—no image version of the resource is provided -->
<Component>
<Condition require="3"/>
<Descriptor>
<Statement>
<dia:Transmoding >
<l— here goes the transmoding descriptors expressin g the recommendations and hints of the author
concerning the video-to-image transmoding -->
</dia:Transmoding >
</Statement>
</Descriptor>
<Descriptor>

<Statement>
<l— here goes the description of the original reso urce modality -->
<mpeg7:Content href="urn:mpeg:cs:Con tentCS:2001">

<mpeg7:Name>video</mpeg7:Name>
</mpeg7:Content>
</Statement>
</Descriptor>

<l—here is indicated the resource of the initi al modality -->
<Resource ref="video" />
</Component>
</ltem>
</DIDL>

Figure 4.6: A CDI showing the concept of virtual resources and usage of transmoding descriptors in DID

<DIDL>
<Container>
<Descriptor>
<Statement>
<l-- context information given by UED containing co nversion preferences, for example: -->
<dia:DIA>
<dia:Description xsi:type="UsageEnviron mentType">
<dia:UsageEnvironmentProperty xsi:typ e="UsersType">
<dia:User>
<dia:UserCharacteristic xsi:type= "ConversionPreferenceType">
<dia:GeneralResourceConversions >
</dia:UserCharacteristic>
</dia:User>

</dia:UsageEnvironmentProperty>
</dia:Description>
</dia:DIA>
</Statement>
</Descriptor>

</Container>
</DIDL>

Figure 4.7: An example of an XDI containing conversion preferences
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<DIDL>
<Item>
<Component>
<Descriptor>
<Statement>
<dia>
<l— here goes the transmoding descriptors expressing the recommendations
and hints of the author concer ning the video-to-image transmoding -->
</dia>
</Statement>
</Descriptor>
<Descriptor>

<Statement>
<l— here goes the description of the original resource modality -->
<mpeg7:Content href="urn:mpeg:cs:Conten tCS:2001">

<mpeg7:Name>video</mpeg7:Name>
</mpeg7:Content>
</Statement>
</Descriptor>

<l—here is indicated the resource -->
<Resource ref="video" />
</Component>
</ltem>
</DIDL>

Figure 4.8: Association of Transmoding descriptor to corresponding Resource

We have used and implemented both of these express&iys; nevertheless the latter is preferableesinc

the concept of virtual resource is not formallyidefl within MPEG-21 DIA.

4.2.1.7 ISIS

ISIS, Intelligent Scalability for Interoperable 8ees, is an IST European project. The goal of ISI®
design, implement and validate a multimedia franméwoat allows for audio-visual content to be ceehat
once and adapted to a wide range of service sasnaricontexts by customization to different tramsp

characteristics and end device capabilities as aseflersonalization to end-user preferences.

The envisaged transport mechanisms are those e, fixireless and mobile Internets. The end-devices
include the variety of personal computers and halidterminals connected to these networks. To this
end, the following objectives were pursued: 1- &epment of tools for coding, managing, delivering
and playing back scalable audio, video and graptucgents; 2- Integration in a consistent end-t@-en
production, delivery and consumption chain; 3- ¥afion and demonstration of scalability functiotyali

through a prototype application.

The innovation of the ISIS project is a multimedépresentation format and management tool thatvallo
for audio-visual content to be created once andptedato a wide range of service scenarios by
customization to different transport charactersstiend-device capabilities, natural environment

conditions as well as personalization to end-usefepences. This new technology will:

» Enable content creators to provide their contentnfiany different usage environments without the

need to create or store many different versionh@same content;
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> Enable service providers to provide their clientshwthe optimum quality and with customized

content with respect to the users’ current usage@mment.

These objectives represent a significant progresgpared to today’s situation where:

» Content and service providers have to developesémd maintain multiple versions of the same
content. It is then not always possible to chodse torrect version to address all relevant user

communities and relevant usage scenarios;

» End users have limited access to the content grregiuced QoS while accessing the content due to a
mismatch between their available terminal and netwesources and the content formats stored on the

servers.

To achieve its objectives, the project has analyzpecified and developed a complete end-to-end
production chain, which constitutes significantomation over the state-of-the art in major techgalal

areas of work:

1. Development of innovative content representatiooméds with an emphasis on scalable content

management techniques,

2. Design of an integrated customization and perspat@tin framework able to deal with complex

multimedia content formats and metadata,

3. Demonstration of the end-to-end platform accesgiegcontent over various networks including fixed

and wireless networks as well as fixed and mokilminals.

ISIS integrates different types of media resoudaptation, among-which are gBSD-based adaptation of
BIFS, scalable audio and scalable video contentyedisas a set of resource transmodings. Baseduon o
methodology, i.e. by usage of the transmoding-edlatescriptors as defined in this section, we have
developed the media transmoding part. The impleatient of the ISIS transmoding module is described

in more details in next chapter.

4.2.2 A complete Resource Conversion methodology

The last section described a methodology for hititedsmoding within the framework of MPEG-21, this
section provides a description on how to apply thisthodology to cover other types of Resource
Conversion, i.e. transcoding and transforming. phecipal elements of the approach are the desonipt

of the modality, format and form of the originalsoairce, the description of the parameters of

conversions, the expression of the author and sadaonversion preferences.
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4.2.21 Description of the original resource

Since the presented methodology in this sectioniges a framework for description of the informatio
on all types of Resource Conversion and not orlggmoding, the description of the resource shoeld b
extended to provide information on all aspectsanftent, which could be of use to decide and perfarm
conversion. These aspects are modality, formaingoahd form parameters. As in the first phasehef t
work, we chose to provide the description of theotece in MPEG-7 descriptors. Figure 4.9 provides a
MPEG-7 resource description for a video encodedREG-4 — and stored in an mp4 file, with 24 frames

per second and with dimension of 240*144.

The MPEG-7 resource description can be provided iseparate XML file. Our choice was to take
advantage of the DIDL structure by giving the reseudescription within th&tatemenbdf (one of) the
Descriptor(s)of the Componenelement that contains the correspondiesourcezlement. Figure 4.10

demonstrates the idea.

<mpeg7:MediaFormat>
<mpeg7:Content href="urn:mpeg:cs:ContentCS:2001">
<mpeg7:Name>video</mpeg7:Name>
</mpeg7:Content>
<mpeg7:FileFormat href="urn:mpeg:cs:FileFormatCS:20 01">
<mpeg7:Name>mp4</mpeg7:Name>
</mpeg7:FileFormat>
<mpeg7:VisualCoding>
<mpeg7:Format href="urn:mpeg:cs:VisualCodingForm atCSs:2001">
<mpeg7:Name>MPEG-4 Visual</mpeg7:Name>
</mpeg7:Format>
<mpeg7:Frame width="240" height="144" rate="2 4" />
</mpeg7:VisualCoding>
</mpeg7:MediaFormat>

Figure 4.9: MPEG-7 Resource description of an MPEG-4 video

<DIDL>

<Component >
<Descriptor>
<Statement >
<!-- the description of the resourc e in MPEG-7 !-->
</Statement>
</Descriptor>

<Resource />
</Component>

</DIDL>

Figure 4.10: Integration of resource description in a DID instance
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4.2.2.2 Description of conversion-related information

We have defined XML schemas for the expressioroafersion information. The descriptors contain the
description of conversion preferences and suggestmmmmended generic parameters of a set of
transmoding, transcoding and transforming convassi@he syntax and semantic of the XML schemas

are provided in Annex B.

Note— At the time, DIA Amendment 1 proposed anmopad extensible conversion description. The
syntax and semantic of our proposed schemas aredbas the Conversioninformationand
ConversionDescriptiomlefined in the Proposed Draft AMD1 [25]. There slight differences in syntax

and semantic with final DIA Amendment 1.
Conversion parameters

The considered transmoding parameters are the sanuescribed in the last section. Other generic

conversion parameters that were considered inbi& are as follows:

» Transcoding parameters: Each transcoding converdastriptor includes the description of the

resulting format and coding parameters.
» Transforming parameters:

0 Text translation. Parameters: language (resulimguage), font parameters that are optional
and are provided in case of any change comparingriginal rich information; for example, the
conversion of a rich text in English to a rich textlapanese, or a rich text in Thai to a rich texnhdian.

The resulting rich information may vary from thégamal rich information.

o Image resizing and cropping. Parameters: startaigt,pwhich is optional and used in case of

cropping, and size, which is also optional and usezkpress the resulting size.
0 Speech translation. Parameters: language (resudingyage)
0 Text summarization. Parameters: a set of startigesnding character points.

Conversion preferences

As for the transmoding descriptor, we have considiéwo attributes for conversion preferences: guali
and priority. Following the same policy as for tih@ansmoding descriptor, these attributes deschbe t
preferences of the author for a certain conversioa particular resource, and are expressed witten
corresponding conversion descriptor in the CDI. Demeral preferences of the user are provided in
ConversionPreferencen the XDI. Figure 4.11 presents an example ofCd €ontaining two original
resources: one text and one image. For the tegures, the author has expressed his preferences and

hints for two conversions: text-to-image (TextVikeation) and text translation. For the image reseu
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one conversion has been described: image refongatiihis conversion description may have been
generated for example from the UED/UCD. In thisufig“rcd:” is the prefix for the Resource Convensio

Description namespact. refers to text-to-image transmodirttyrefers to text-to-text (text translation)
transforming and refers to image-to-image transcoding.

<DIDL>
<Item>
<Component>
<Descriptor>

<Statement mimeType="text/xm|">
<dia:ConversionInformation>

<dia:ConversionDescription xsi:type="rcd:Tran smodingConversionType">
<dia:ConversionUri>http://www.example.com/ti </dia:ConversionUri>
<rcd:Transmoding>
<rcd:Parameters xsi:type="rcd:TextVisualiza

<rcd:To href="urn:mpeg:mpeg7:cs:ContentCS

tionParametersType">
: 2001">
<mpeg7:Name>Image</mpeg7:Name>

</rcd:To>

<rcd:FontParameters fontSize="20">
<rcd:FontStyle>BOLD</rcd:FontStyle>
<rcd:FontFamily> ARIAL</rcd:FontFamily>
</rcd:FontParameters>
<rcd:Resolution horizontal="300" vertical=
<rcd:TextMotionStyle href="urn:mpeg:mpeg2
<mpeg7:Name>TickerTape</mpeg7:Name>
</rcd:TextMotionStyle>
<rcd:TextColorInformation foregroundColor=
</rcd:Parameters>
</rcd:Transmoding>
</dia:ConversionDescription>

<dia:ConversionDescription xsi:type="rcd:Tran

<dia:ConversionUri>http://www.example.com/tt
<rcd:Transforming>

"400"/>
1:dia:cs:TextMotionStyleCS:2003">

"0.2 0.5 0.6" backgroundColor="0 0 0"/>

sformingConversionType">
</dia:ConversionUri>

<rcd:Parameters xsi:type="rcd:TextTranslati onType">

<rcd:Language href="urn:mpeg:mpeg21:cs:Lan guageCS:2001">

<mpeg7:Name>French</mpeg7:Name>

</rcd:Language>

<rcd:FontParameters fontSize="20">

<rcd:FontStyle>BOLD</rcd:FontStyle>

<rcd:FontFamily>ARIAL</rcd:FontFamily>
</rcd:FontParameters>

</rcd:Parameters>
</rcd:Transforming>
</dia:ConversionDescription>

</dia:ConversionInformation>
</Statement>

</Descriptor>

/>
</Component>
<Component>
<Descriptor>

<Resource mimeType="text/plain" ref="mytext.txt"

<Statement mimeType="text/xm|">
<dia:Conversioninformation>

<dia:ConversionDescription xsi:type="rcd:Tran scodingConversionType">
<dia:ConversionUri>http://www.example.com/ii </dia:ConversionUri>
<rcd:Transcoding>
<rcd:Parameters xsi:type="rcd:FinalFormatT ype">
<rcd:TargetFormat href="urn:mpeg:mpeg21:.c s:FormatCS:2001">
<mpeg7:Name>JPG</mpeg7:Name>
</rcd:TargetFormat>
</rcd:Parameters>
</rcd:Transcoding>

</dia:ConversionDescription>

</dia:Conversioninformation>
</Statement>

</Descriptor>

<Resource mimeType="image/png" ref="myimage.png
</Component>
</ltem>

">
</DIDL>

Figure 4.11: An example of a complete CDI containing conversion descriptors
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4.2.2.3 Description of composite conversions

To realize a composed conversion, the atomic caies can be cascaded (AND) and/or paralleled
(OR). The expression method of the conversion gascs in a DID instance, should, therefore allaw f

such a feature. Figure 4.12 shows how this carohe @ithin our model.

Figure 4.13 shows a concrete example of composit@earsions. For a text resource, two conversions
described in twaConversionDescriptios are cascaded in or&onversioninformationThis composed
conversion (text-to-image plus image transcodiisglhen paralleled to anoth@onversioninformation

containing a text translation conversion, by meaafresConversiorelement.

Note— It is assumed that the atomic text-to-imagesmoding results in a bitmap image.

4.2.3 Limitations of the static description of conversion parameters

Static description of conversion parameters vahedgs the adaptation engine make a correct deaigion
the form of the adaptation and a correct seleafatie conversion parameters values. However, $eca
where different values are provided for a convergarameter, this approach is either not the bagt w

for conducting the decision-making, or proves tpase limitations.

Consider the following use case example. The algiasource is a non-scalable color JPEG image of
size 640*480. The DI provider wishes to make tloatent accessible to terminals with various display
resolutions and color capabilities. He also wisttesuggest a tool for the conversion, identifiedany
URI. To achieve the conversion, this tool needsftilewing parameters: a) scaling factor for image
resizing (from 0 to 3), and b) number of colorstlvd output image (from 1 to 3). The values of these
parameters are selected based on the some valkmss igi the UED: terminal display size and color

capabilities.

<Statement >
<dia:Conversion>

<dia:ConversionInformation>
<rcd:ConversionDescription ... />
OR
<rcd:ConversionDescription ... />
</dia:Conversioninformation>

AND
<dia:Conversioninformation>
<rcd:ConversionDescription ... />

</dia:Conversioninformation>

</dia:Conversion>
</Statement>

Figure 4.12: ANDing and ORing conversions in DID
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<DIDL>
<Item>
<Component id="R1">

<Descriptor>
<Statement mimeType="text/xm|">

<dia:Conversion>
<dia:Conversioninformation>
<rcd:ConversionDescription xsi:type="rcd:Tra nsmodingConversionType">
I</dia:ConversionUri>

<dia:ConversionUri>http://www.example.com/T

<rcd:Transmoding>

<rcd:Parameters xsi:type="rcd:TextVisualiz ationParametersType">

<rcd:To href="urn:mpeg:mpeg7:cs:ContentCS :2001">

<mpeg7:Name>Image</mpeg7:Name>

</rcd:To>

<rcd:FontParameters fontSize="20">

<rcd:FontStyle>BOLD</rcd:FontStyle>

<rcd:FontFamily>ARIAL</rcd:FontFamily>

</rcd:FontParameters>

<rcd:Resolution horizontal="300" vertical=
<rcd:TextMotionStyle href="urn:mpeg:mpeg2
<mpeg7:Name>TickerTape</mpeg7:Name>
</rcd:TextMotionStyle>
<rcd:TextColorInformation foregroundColor
</rcd:Parameters>

</rcd:Transmoding>
nscodingConversionType">

</rcd:ConversionDescription>
<rcd:ConversionDescription xsi:type="rcd:Tra
I</dia:ConversionUri>

<dia:ConversionUri>http://www.example.com/|

<rcd:Transcoding>
<rcd:Parameters xsi:type="rcd:FinalFormatT ype">
s:FormatCS:2001">

<rcd:TargetFormat href="urn:mpeg:mpeg21:c
<mpeg7:Name>JPG</mpeg7:Name>
</rcd:TargetFormat>

</rcd:Parameters>

</rcd:Transcoding>
</rcd:ConversionDescription>

"400"/>
1:dia:cs:TextMotionStyleCS:2003">

="0.2 0.5 0.6" backgroundColor="0 0 0"/>

</dia:ConversionInformation>

<dia:Conversioninformation>

<rcd:ConversionDescription xsi:type="rcd:Tra nsformingConversionType">
/dia:ConversionUri>

<dia:ConversionUri>http://www.myURL.com/TT<
<rcd:Transforming>
<rcd:Parameters xsi:type="rcd:TextTranslat ionType">
<rcd:Language href="urn:mpeg:mpeg21:cs:La nguageCS:2001">
<mpeg7:Name>French</mpeg7:Name>
</rcd:Language>
<rcd:FontParameters fontSize="20">
<rcd:FontStyle>BOLD</rcd:FontStyle>
<rcd:FontFamily> ARIAL</rcd:FontFamily>
</rcd:FontParameters>
</rcd:Parameters>
</rcd:Transforming>
</rcd:ConversionDescription>
</dia:ConversionInformation>
</dia:Conversion>
</Statement>
</Descriptor>
<Resource mimeType="text/plain” ref="mytext.txt
</Component>
</ltem>
</DIDL>

/>

Figure 4.13: Expressing a composite conversion

For such use cases, static description of convergarameters values is not a good idea, since the
conversion parameters, i.e. the scaling factor taednumber of colors, do not have only one possible
value, but rather a value space. Also the seledidimal values should be optimized. In other wsyrthe
static description of conversion parameters valyiges direct hints on the final values of convemsio
parameters. Therefore, once an adaptation is chisemmdaptation engine retrieves these directhgyi
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values. No optimized selection is hence done ornv#hges of parameters. However, in some use cases,
such as the above one, we needs to give seveuss/adr a parameter and let the decision-makingneng

decide on the optimum value of the parameter basdtie context constraint.

In next section, we present another descriptiohtttat uses DIAAdaptationQoSn order to solve such

limitations. In section 4.3.3, we will show howghbol can deal with the above use case.

4.3 Second phase: ConversionLink

This section explains our design of a more efficigescription tool, called ConversionLink that alko
“soft” and non-static expression of the parametatses for a particular conversion. This helps ewinig

a more intelligent decision-making on the optimalues of the conversion parameters. The development
of this tool is a joint work with Cyril Concolat®hilippe de Cuetos and Benoit Pellan at ENST utider
framework of DANAE (IST-2004-507113) and TIRAMISUS(T-2003-506983) [46] European IST

projects.

ConversionLink takes a different route from the Imoelology presented in previous sections that
proposed “static” and “hard” expressing methodscfumversion parameters and preferences. The strateg
behind the idea of ConversionLink is the “soft” eagsion of conversion information, as could be done
by DIA AdaptationQoS

The need for concrete descriptions of conversioas mecognized through our contributions to MPEG,
which resulted in the creation of DIA AmendmeniThe latest version of DIA Amendment 1 specifies a
ConversionDescriptiorelement, which is a placeholder for providing segjgpns to a DIA engine on
how to convert a resource (or a DIEEm or Componert ConversionDescriptions considered as a
Digital ltem Adaptation description tool, which i&into the 8th category of DIA tools, referredasDIA
Suggestion Tools for DIDDIA Amendment 1 proposes to identify conversidmysusing a URI and
optional parameters, or using an XML syntax, agiidein the first step of our work. However, based o
the implementations of DIA that were developed um group under the framework of IST projects, we
are convinced that the DIA Amendment 1 specificatad the ConversionDescriptiorelement is not
sufficient, specific and “soft” enough to describa interoperable and flexible conversion, notably

compared to (g)BSD-based adaptation by usage &3 inkandAdaptationQoS

4.31 Methodology

Rather than defining a way for expressing setstaficsconversion parameters, as can be done by

ConversionDescriptionthe goal of ConversionLink is to provide a franeekv that enables smart
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selection of the values of conversion parametensp(d values) within several given values, based on
given values for some parameters or conditionau¢implues). This is done in an interoperable wagne

if the Resource Conversion tools used are non-atdntlVe proposed a tool to extend to conversidnes, t
possibilities given byBSDLinkfor (Q)BSD-based adaptation. In order to faciitéiture adoption, the
structure and semantics of the ConversionLink aegt tool is intentionally very close to that of
BSDLink

As BSDLink for (g)BSD-based adaptation, ConversionLink ermlieking AdaptationQoSsteering
description tools and conversion tools. It providasay to describe the parameters that will be eddxy

the conversion tool, and to give suggested valaeghem. ConversionLink reuses the exact syntak an
semantics of most of the schema types defined BS8DLink SteeringDescriptionType
BaseParameterTyp€onstantTypendlOPinRefTypeAnnex C provides only the syntax and semantics

of new types and elements.

4.3.2 Using ConversionLink in a DIA engine

Figure 4.14 recalls the general adaptation ardhiteayiven in figure B.1 of ISO/IEC 21000-7. We can
see that Drepresents a CDI, while Depresents an XDI. The usageQdnversionLinkn a DIA engine

is based oBSDLinkusage principles and follows the same processepssISO/IEC 21000-7 explains:

“The adaptation engine consists of the Descriptianc®ssing Engine (DPE) and the Resource
Processing Engine (RPE). The DPE takes as an ittputdescriptions (B contained within Dl and
descriptions (D) contained within DJ. The output of the DPE is on the one hangl €&g., a possible
transformed description, which governs the actwsource adaptation (input to RPE) and on the other
hand D, — which will become part of the adapted Digitanit (Db).

KN

Description
Processing
Engine

Ds-”
Resource
i R > Processing

= Ry—»

DI

Figure 4.14: High-level architecture of a Digital Item Adaptation engine
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The RPE adapts the resourcegoverned by means of the output of the DPE.(Dhe output is the
adapted resource @R and possibly an updated (transformed) descript{@s), which reflects the
modifications in the resource accordingly. Finalthe transformed Descriptions {[and D)) and the
resource are composed to the adapted Digital Itéh)( The adapted Digital Item could be also

validated in the same way as the input Digital ltem

Here in order to illustrate the use of ConversioklLiool, we recall the first example of ISO/IEC D087
Annex B: “Usage oBSDLinktool” for BSD-based adaptation. In this examplestéad of a scalable
JPEG2000 image resource we consider a non-scallti€s image. Figure 4.15 presents example
descriptions and resources for the DIA Engine | ¢hse of conversion-based adaptation. Figure 4.16
depicts the architecture of the Description PraogssEngine (DPE). The processing of; D
(ConversionLink D, (UED), and B 5(UCD) is as follows:

Short term Example instantiation

D, ConversionLink with an AdaptationQoS description as
steering description, a description of the input resource,
and a reference on the tool suggested for the conversion.

D, Usage Environment Description (UED) and/or Universal
Constraints Description (UCD)

Ds ConversionDescription leading the conversion

D, Transformed ConversionLink and resource description

R Resource, e.g., JPEG image

Ds Updated resource descriptions

R, Adapted resource, e.g., scaled JPEG image or grayscale
JPEG image

Figure 4.15: Example descriptions and resources

D21 D22
(UED) (UcD)
NS

Parameter

s BN BERNEEES > | (OPinRef)
D1 Ly Da
(ConversionLink) r~-_

__________ »| Conversion tool

reference
ConversionDescription
generator

A

D3
(ConversionDescription)

"l MPEG-7 resource
description

Figure 4.16: Architecture of Description Processing Engine
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1. The steering description, i.&daptationQoSforms the input for the Adaptation Decision Takin
Engine (ADTE) together with the UED.

The AdaptationQoSJlescription as well as the UED may be furtherietsd by two separate UCDs.

2. The ADTE retrieves the actual values for theialde parametersI@Ping) defined in the
ConversionLinkfrom the UED. Additionally, it resolves the carshts as defined in the UCDs.

3. The ConversionDescription generator producesamsion descriptions using the MPEG-7 resource

description, theOPinRefparameters and the conversion tool reference.
4. The ADTE together with the whole DPE might gisoduce a transformed MPEG-7 description.

Subsequently, the conversion description is foredrd the Resource Processing Engine (RPE),he., t
conversion tool, as depicted in Figure 4.17. TheE Rfeénerates the converted resource and possibly

updates the addressing information according tatimerted resource.

Note— By comparing the ConversionLink solutionhngimple static conversion description, we see that
the ConversionDescription (D3) in above figuresnidact the equivalent (or the same as) our defined
static conversion descriptions as done in first sebnd phases of this work. Therefore the firkitsm

(static conversion description) can be reused wighConversionLink solution.

4.3.3 ConversionLink example

Consider the use case of section 0. Figure 4.1&showConversionLinksolution can be used for this
use case. The Description Processing Engine (DREuse it jointly with the UED and/or UCD to
obtain values fotfOPins SCALE and NR_COLORS. The$®Pins are used to retrieve the values for the
parameters of conversion taain:enst:ImageProcessingamely rescale and colors). The Reference to a
description of the input resource (akiyo.xml#lmagsE) may be useful for providing information
specific to the resource, that can be used asiadalitparameters for the conversion (e.g., thefkayes

of a video for video summarization, or the regidrinterest of an image for image cropping). Thiswdo
require that the Resource Processing Engine (RP&)are of the characteristics of the conversioh to

used for this conversion.

The UED does not differ from the example givenS®IIEC 21000-7. It describes a display resolutibn o
176x220 pixels and no color capability. For simipfiof presentation, in this example we do notHert
constrain the usage of the DI by UCDs. Concernireggeneration of ConversionDescription (D3), Figure
4.19 shows the output of the Description Proces&ingine to the Resource Processing Engine as a

description of typ&onversioninformationType
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D3
(ConversionDescription)

Ds
| »{ (MPEG-7 resource
description)

Conversion
tool

Ry
(Resource)

R>
(converted resource)

Figure 4.17: Architecture of Resource Processing Engine

Note— The syntax of this example (Figure 4.1%oisformed to the latest version of DIA Amendment 1

at this time.

This description provides the following suggestiofsonversion to the Resource Processing Endiree: t
conversion tool to usaifn:enst:ImageProcessin@nd the parameters to use with this tool. Theesbf
parameters “rescale” and “colors” are obtained fribra results of the Adaptation Decision-Taking
Engine. The Resource Processing Engine may nowexdoe conversion of the resource and generate

the adapted resource as well as updated resowscem®ns.

In a ConversionLinkbased approach, the syntax of the metadata isragedeby the Description
Processing Engine and should govern the adaptafighe resource. In the case BEDLink it is a
(g)BSD description of the final resource. In ComienlLink approach this should be a
ConversionDescriptiorelement with constant parameters as in Figure.4H{tfvever, because of the
ConversionDescriptio@onversionParameterglement in DIA is currently not specific enouglhe t

interoperability is not insured when the DPE andERIPe implemented by different vendors.

Figure 4.20 gives an example to illustrate the athges of usingConversionLinkwhen describing
alternative conversions on a resource. We considétEG2000 image resource. Possible adaptations are
described by different description tools, such &S®Linkor aConversionLinkn a CDI. Depending on
the UED and UCD, issued by the provider or consumhéne DI, the Adaptation Decision-Taking Engine
will select the adaptation that meets the expressedtraints based on AQoS description and resource
description. The fourth conversion suggests a dtefResource Conversion tool by giving direct static
values of conversion parameters. In this exampleaesee how the syntax GbnversionLinkcan be
used for either static description of conversiomapeeters values and or dynamic description of
conversion parameters values. We could also exphesstatic description of conversion parameters
(fourth conversion) via statiConversionDescriptioras in Figure 4.19. In such case, we could see, how
ConversionLink BSDLink and staticConversionDescriptiorcould be used together in one CDI for
expression of alternative adaptations. Howe@wonversionLinkis after all a more complete solution,

since it provides the opportunity to express bédticcand dynamic values of conversion parameters.
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<DIA>
<DescriptionMetadata>
<ClassificationSchemeAlias alias="AQoS" href="urn :mpeg:mpeg21:2003:01-DIA-AdaptationQoSCS-NS"/>
<ClassificationSchemeAlias alias="MEI" href="urn: mpeg:mpeg21:2003:01-DIA-MedialnformationCS-
NS"/>
</DescriptionMetadata>
<Description xsi:type="AdaptationQoSType" id="aki yo_AQoS2">
<!I-- Provides the scale factor wrt display resolu tion -->

<Module xsi:type="LookUpTableType">
<Axis iOPinRef="DISP_WIDTH">
<AxisValues xsi:type="IntegerVectorType">
<Vector>80 160 320 640</Vector>
</AxisValues>
</Axis>
<Axis iOPinRef="DISP_HEIGHT">
<AxisValues xsi:type="IntegerVectorType">
<Vector>60 120 240 480</Vector>
</AxisValues>
</Axis>
<Content iOPinRef="SCALE">
<ContentValues xsi:type="IntegerMatrixType" mpeg7:dim="4 4">
<Matrix>
3333
3222
3211
3210
</Matrix>
</ContentValues>
</Content>
</Module>

<!-- Provides the number of color components wr t color capability of the display -->
<Module xsi:type="LookUpTableType">
<AXxis iOPinRef="COLOR_CAPABLE">
<AxisValues xsi:type="BooleanVectorType">
<Vector>false true</Vector>
</AxisValues>

</Axis>
<Content iOPinRef="NR_COLORS">
<ContentValues xsi:type="IntegerMatrixType" mpeg7:dim="2">
<Matrix>1 3</Matrix>
</ContentValues>

</Content>
</Module>
<IOPin id="DISP_WIDTH"><!-- Frame width of the resource -->

<l-- Horizontal resolution of a display -->

<GetValue xsi:type="SemanticalDataRefType" se mantics=":AQ0S:6.5.9.1"/>
</IOPin>
<IOPin id="DISP_HEIGHT"><!-- Frame height of th e resource -->
<l-- Vertical resolution of a display -->

<GetValue xsi:type="SemanticalDataRefType" se mantics=":AQ0S:6.5.9.2"/>
</IOPin>
<|OPin id="COLOR_CAPABLE"><!-- Color capability of a display -->

<GetValue xsi:type="SemanticalDataRefType" se mantics=":AQ0S:6.5.9.26"/>
</IOPin>
<IOPin id="SCALE"/><!-- Scale factor for the co nversion tool -->
<!-- Number of output color components for the conversion tool -->

<IOPin id="NR_COLORS"/>
</Description>

<Description xsi:type="ConversionLinkType">
<SteeringDescriptionRef uri="#akiyo_AQo0S2"/>

<ResourceDescriptionRef uri="akiyo.xml#ImageDes c'l>
<BitstreamRef uri="akiyo.jpg"/>
<ResourceConversionToolRef uri="urn:enst:ImageP rocessing123"/>
<Parameter xsi:type="IOPinRefType" name="rescal e"><Value>SCALE</Value></Parameter>
<Parameter xsi:type="IOPinRefType" name="colors "><Value>NR_COLORS</Value></Parameter>
</Description>
</DIA>

Figure 4.18: ConversionLink usage example
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<did:DIDL>
<did:Item>
<did:Descriptor id="ConversionDescription">
<did:Statement mimeType="text/xml">

<DIA>
<Description xsi:type="ConversionInformat ionType">
<ConversionDescription xsi:type="Conver sionUriType">
<sx:rightUri definition="urn:enst:Ima geProcessing"/>
<ConversionParameter>
<Parameter xsi:type="ConstantType" name="rescale">
<Value>3</Value>
</Parameter>
<Parameter xsi:type="ConstantType" name="colors">
<Value>1</Value>
</Parameter>

</ConversionParameter>
</ConversionDescription>
</Description>
</DIA>
</did:Statement>
</did:Descriptor>
</did:ltem>
</did:DIDL>

Figure 4.19: An example of generated ConversionDescription by DPE

4.4 Conclusion

In this chapter we described the theory of our wdotogy for defining tools for Resource Conversion
within MPEG-21. We described how the two principalases of our approach, led to the adoption of
some of our proposed tools by MPEG-21 DIA.

The first phase of the approach considered “dirant] “static” description of the conversion paraenet
and preferences. It defined a set of generic camweparameters for each Resource Conversionatbat
not dependent of any particular algorithm. It abdefines attributes for the expression of (author)
preferences on a certain conversion for a partigelsource. These attributes express the prefgurality

and priority of conversion(s). We argued that pdowy the values of the conversion parameters and
preferences helps the adaptation decision-makimggnento make a more intelligent decision on the

optimal type and parameters values of adaptation.

The second phase of the work considered the uddgAoAdaptationQoSool for non-static description
of conversion parameters and optimization of thasiten-making process. The proposgahversionLink
provides the Description Processing Engine witinka o an AQoS description and a mapping between
thelOPins used in theAdaptationQoSlescription and the parameters that will be ugethe conversion
tool for this conversion. Although the Resourcen@asion tools can be proprietai@pnversionLink
allows describing how to obtain the correspondiggngric or specific) conversion parameters in an
interoperable way, which would facilitate the adoptof MPEG-21 for conversion of media with a

variety of tailored tools from different vendorshd approach is similar to that of DBSDLinktool for
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(g)BSD-based adaptation. Next chapter describesropilementation of an MPEG-21-based Resource

Conversion engine.

<did:DIDL>
<did:ltem>
<did:Descriptor id="ImageDesc">
<did:Statement mimeType="text/xml">
<DIA>
<l-- BSD-based adaptation alternative -->
<Description xsi:type="BSDLinkType" id="B
<SteeringDescriptionRef uri="AQoS_BABY.x
<BSDRef uri="BABY_BSD.xml"/>
<BitstreamRef uri="baby.jp2"/>
<BSDTransformationRef uri="jp2.xsl"
type="http://www.w3.0rg/1999/XSL/Transf
<BSDTransformationRef uri="jp2.stx"
type="http://stx.sourceforge.net/2002/n
<Parameter xsi:type="IOPinRefType" name=
<Value>SCALE</Value>
</Parameter>
<Parameter xsi:type="IOPinRefType" name=
<Value>NR_COLORS</Value>
</Parameter>
</Description>
<!l-- Down-scaling JPEG conversion alterna
<Description xsi:type="ConversionLinkType
<SteeringDescriptionRef uri="AQoS_BABY.
<ResourceDescriptionRef uri="#ImageDesc
<BitstreamRef uri="baby.jp2"/>
<ResourceConversionToolRef uri="urn:ens
<Parameter xsi:type="IOPinRefType" name
<Value>SCALE</Value>
</Parameter>
<Parameter xsi:type="IOPinRefType" name
<Value>NR_COLORS</Value>
</Parameter>
</Description>
<!-- Cropping JPEG conversion alternative
<Description xsi:type="ConversionLinkType
<SteeringDescriptionRef uri="AQoS_BABY?2
<ResourceDescriptionRef uri="#lmageDesc
<BitstreamRef uri="baby.jp2"/>
<ResourceConversionToolRef uri="urn:ens
<Parameter xsi:type="IOPinRefType" name
<Value>CROP_X</Value>
</Parameter>
<Parameter xsi:type="IOPinRefType" name
<Value>CROP_Y</Value>
</Parameter>
</Description>
<!-- Static default JPEG conversion alter
<Description xsi:type="ConversionLinkType
<ResourceDescriptionRef uri="#ImageDesc
<BitstreamRef uri="baby.jp2"/>
<ResourceConversionToolRef uri="urn:ens
<Parameter xsi:type="ConstantType" name
<Value>3</Value>
</Parameter>
<Parameter xsi:type="ConstantType" name
<Value>1</Value>
</Parameter>
</Description>
</DIA>
</did:Statement>
</did:Descriptor>
<did:Component>
<did:Resource ref="baby.jp2" mimeType="image/
</did:Component>
</did:ltem>
</did:DIDL>
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Figure 4.20: A DIDL example with alternative conversions




Chapter 5

RESOURCE CONVERSION: THE IMPLEMENTATION

Summary

In this chapter we describe the architecture of our implementations of an MPEG-21 DIA-based
Resource Conversion Engine. This will include the description of our proof-of-concept
implementations of a statically-hinted transmoding engine and its enhancement into a full Resource

Conversion engine including transcoding and transforming conversions.
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5.1 Introduction

In this chapter, we describe the architecture af implementation of an MPEG-21-based Resource
Conversion framework. The theory of the approach described in the previous chapter. At the time of
writing this dissertation, the implementation of AdaptationQoSased Resource Conversion engine —
usingConversionLinkool — is not yet complete and the work is beingtmued under the framework of

DANAE project.

This chapter describes, in a first step, the imgletation of a hinted transmoding engine within the
framework of ISIS project, and in a second step/\@ng this engine to a Resource Conversion engine

which performs other conversion types: transcodamgl, transforming.

5.2 Statically-hinted transmoding

In this section we first present the architecture@ar implementation of a hinted transmoding engine
based upon our proposed transmoding descriptidn\é® then describe how such engine was exploited

to provide solutions for some use case scenaritSISfproject.

5.21 Architecture of Transmoding Engine

In this section, we describe the architecture afimplementation of a transmoding engine. In thst fi
step, we developed a parsing and validating soétwaithin the framework of the MPEG-21 DIA
reference software, that parses and validates 8B Bnd the transmoding descriptor, and stores the
usage environment and transmoding metadata intarmnal structure. In the second step, we develaped
decision-making software and integrated it, togetiwéh a set of transmoding tools, to the parser

software. The whole software was contributed to [BPE. DIA in aCore Experiment
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Transmoding
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Original ~ Resource Transmoded
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Decision
C oo DOl G e D

CDI (Content Digital Item): Resource description (MPEG-7), transmoding parameters
(Transmoding descriptor), and reference to original resource.
XDI (conteXt Digital Item): Context constraints (UED)

Figure 5.1: Architecture of Transmoding Engine

The Transmoding Engine is shown in Figure 5.1, endomposed of two main blocks: the Decision
Maker and Resource Transmoder. Its inputs are tiginal resource, its description together with the
transmoding parameters and preferences, includadibI, and the description of the context in anl XD
The Decision Maker is the decision-making algorithmhich determines the optimal form of
transmoding for the resources with certain constsailThe Resource Transmoder is an implementafion o
a set of transmodings tools developed at ENST,paioduces the transmoded resource. More details on
the functionality of these two blocks are giverbid.2.2.

5.2.2 Transmoding in ISIS

As mentioned earlier, this implementation was eixptbin the ISIS IST project. In this section, westf
give a brief description of the overall architeetwof ISIS, and detail the architecture of transmgdi
module and its integration into ISIS project. Werthdescribe transmoding use case scenarios of ISIS,

which necessitated and were answered by the integraf our transmoding engine into ISIS
architecture.

5.2.21 ISIS overall architecture

The Personalization and Customization FrameworkSth is depicted in Figure 5.2. In this figure the
blocks that are within the scope of personalizaiod customization, are shown with solid frame.line
These blocks are: Personalization Server, MediatdBuger, Streaming Server, Content Description

Database, Network & Device Description Database #rel Temporary Cache Database. All other
modules are shown in dashed line.
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The Personalization Server is the unit that receitree request from the user and creates from the
information in the Content Database a list of cohteems that is relevant for the given user. ThedM
Customizer is the unit that receives the clientlestion of content, determines the optimal custation
steps to be applied and performs the adaptatior. Siheaming Server is the unit that provides the
streaming functionalities of the server and comrmateis with the end user’s terminal. The Content
Description Database stores the XML metadata fer dkailable content in the form of DIDs. The
Network & Device Description Database stores thelX#i&scriptions of certain types of networks and
terminal devices, also in the form of DIDs, usinge®E-21 DIA UED descriptors. The third database is
used as a temporary cache to store the user’sragristdescription for the duration of a sessione T

summarized walkthrough of a single session, as showigure 5.2, is as follows:

1. The Client sends a request including the Termi@apabilities, Network Capabilities, User

Characteristics and Natural Environment Charadtesigan XDI). In order to conserve bandwidth, the
Terminal and/or Network Capabilities may be refeszhin the DID sent by the client, using a DevicelD
and NetworkID. The DIDs are sent using an HTTP estju

®
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Figure 5.2: ISIS Personalization & Customization architecture
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2,3,4,5,6,7,8,9: The HTTP/Application Seregtracts the DID and passes it to the Aggregdtois
latter first retrieves the Network and Device dggmns from the corresponding database, using the
DevicelD and NetworkID. The retrieved descriptiare aggregated into the DID. The Aggregator also
generates and inserts in the DID a Session ID. iBhaén ID to identify the Session and will be uréqu
throughout the session. The SessionID replacesxitsting DIl of the DID. The Aggregator stores the
aggregated DID in the Temporary Cache Databastafer retrieval by the Optimizer. The DID and its
DIl are passed to the database. The Aggregatorgeds the aggregated DID to the Personalizer. The
Personalizer processes the DID and issues a Qaeityet Content Database. This query is requesting
content DIDs that are relevant to the user. Tedhrioundaries set by the Device, Network and Natura
Environment are not considered here assuming beatitlaptation process can customize any resource
such that the technical constraints can be meicdasionally that should not be the case the op&imi
will generate an error message. The query retuttist af DlIs relevant to the user request alonghva
short description of the DID content. This shorsatetion will be included in the DID, at the higite
level, and will be extracted by the Personalizére Tist of Dlls is passed to the Catalogue Composer
which composes a catalogue using a default pregamtéemplate, the list of Dlls and the short
description of each DID. The catalogue is an XMlsdxh description of the scene to be presented to the
user and is passed to the Catalogue Compiler twimpiled into a BIFS scene and put into an MP4 file

The Catalogue Compiler passes the produced mptbfilee HTTP Server.
10: The HTTP Server transmits to the end userisiteal the mp4 file containing the catalogue.

11: The user selects the preferred content and@ehainal requests the corresponding resourcesiddess

ID and DIl (that are associated with the selecwutent) are included in the RTSP request.

12, 13, 14, 15, 16: The request reaches the SeMa®ager. The Streaming Server extracts from the
RTSP request the file name, the SessionID and thard passes them to the Optimizer as parameters.
Using the Session ID Il, the Optimizer retrieves DI of the given user from the Temporary Cache
Database. Using the DI, the Optimizer retrieves tkequested DID from the Content Description

Database.

17: The Optimizer processes the adaptation optistesl in the retrieved DID, and selects the optioat
satisfies the constraints, as they are describéderconstraints DID, and results the maximum dyali
Once the optimal adaptation option is selected, @imizer calls the Resource Adaptor. If the
adaptation option is a (g)BSD based bitstream adiapt the parameters to be passed to the Resource
Adaptor are a reference to the Bitstream Syntaxci@®on ((g)BSD), a reference to the XSLT styleshe

for the description transformation and the set afameters to be passed to the stylesheet. If the
adaptation option is a transmoding, the parameterbe passed to the Resource Adaptor are the

transmoding form, and the required parameters H transmoding, which are to be passed to the
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corresponding transmoder. If no adaptation optiatches the constraints, an error message will be

generated and passed, through the Resource Adaptdstreaming Engine, to the end-user’s terminal.

18: The Resource Adaptor retrieves the specifiedueee. In case of a BIFS scene, this data exchiange

not needed; therefore no action is performed here.

19: The Resource Adaptor performs the transformatin the gBSD, using the XSLT stylesheet and
parameters it received as input from the Optimidéren, the transformed gBSD is used to adapt the
resource. In a case of a transmoding, the Res@ddaptor performs the decided transmoding and In the
case of BIFS scene, the B4 description is compited an MPEG-4 stream. The stream of the

adapted/transmoded resource or scene is thentmput Streaming Engine.

20, 21, 22: The stream of the adapted resourcassegl from the Streaming Engine to the DMIF and the

to the RTP stack. The resource is then stream#tetend user’s terminal.

If the first requested resource was a scene, then teceipt of the scene, the client will beginuesfing

the individual resources included in the scene.daah resource, steps 11-20 are repeated.

23, 24, 25, 26, 27: For 3D mesh, feedback inforomatin the current viewing location and cached gata
passed from the RTCP stack to the DMIF and thethéo Service Manager. It is then input to the
Optimizer, which then re-evaluates the constrairsifg the new information and selects, if necessary
another adaptation option. It then inputs the ndapgation parameters to the Resource Adaptor riegeat
steps 18-22. Then feedback data is directly rotwtedhe resource adaptor, where it is parsed and

interpreted by a standalone module, which proceetise specific bitstream adaptation, using the@BS

5.2.2.2 Transmoding module in ISIS architecture

The Transmoder plug-in is in a part of Media CussgmModule in the overall architecture of ISISs It
inputs are user’s selection of content from the&ting Server (DID), the description of the contami

the transmoding parameters from the Content Ddsmmifpatabase and the user’s constraints desamiptio
from the Temporary Cache Database. As showhigure 5.3, the transmoder plug-in consists of two
main blocks: Transmoding Optimizer and TransmodRiegource Adaptor. Same colors are used for same

modules in Figure 5.2 and Figure 5.3 in order twvjate better understanding.

As ISIS treats other types of adaptations (thamstraoding), the Transmoding Optimizer block is & par
of the ISIS principal Optimizer module in Figure&5It, based on the given constraints decides en th
optimal transmoding. The Transmoding Resource Agtdgbck performs the corresponding transmoding
adaptation based on the transmoding parameters givethe content's DID. The output of the

Transmoding Resource Adaptor is the transmodedirespwhich is input to the Streaming Manager.
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Figure 5.3: Architecture of ISIS Transmoding Module

Session walkthrough is as follows:

1. The Streaming Server extracts the file name ftoenRTSP request, the SessionID and the DIl and

passes them to the Decision Maker as parameters.

2. Using the SessionlD, the Transmoding Optimizsrigves the XDI of the given user from the

Temporary Cache Database.

3. Using the DII, the Transmoding Optimizer retdevthe requested DID from the Content Description

Database.

4. The Transmoding Optimizer processes the adaptafptions listed in the retrieved DID, and selects
the transmoding solution that satisfies the comdsaas they are described in the constraints Rk
results in the maximum quality. Once the optimantmoding adaptation option is selected, the
Transmoding Optimizer calls the Transmoding Resoukdaptor. If no adaptation option matches the
constraints, an error message will be generatecdhassled, through the Transmoding Resource Adaptor

and Streaming Engine, to the end-user’s terminal.

5. The Transmoding Resource Adaptor performs tlamsformation on the resource using the

transmoding parameters extracted from DID fromTttensmoding Optimizer.
6. The stream of the transmoded resource is immpiltet Streaming Engine.
Transmoding Optimizer sub-module

The Transmoding Optimizer sub-module is depicted-igure 5.4. It has been entirely developed in

JAVA, and comprises three main modules:
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Figure 5.4: Architecture of Transmoding Optimizer sub-module in ISIS

The DID Parser

It takes as input the DIDs: CDI and XDI, and anafy/shem. It stores the reference(s) to the res(®)rce
locations. It then forwards the DIA descriptorstiod XDl (context) and CDI (transmoding descriptiar)
the DIA Parser. We have used the DID parser oMREG-21 reference software developed by Ghent
University [47]. An MPEG-7 parser (which parsesyoml subset of MPEG-7 descriptors) has been
integrated to this DID parser. It analyzes the wes® descriptions (CDI: resource description) ideorto

retrieve and store the parameters of resourceggyigéon.
The DIA Parser

We implemented a DIA UED parser that parses antysemthe MPEG-21 DIA including Transmoding
descriptors. It receives, form the DID Parser, RIED and Transmoding descriptors, analyzes them and

stores the metadata in an internal structure.
The Transmoding Decision Making Logic

It is the decision making engine of the Transmodbdmdimizer. It takes as input the constraints metimd

and the resource references, stored in an intetnadture. It works on a rule-based approach:

Static Priorities have been associated to diffecamstraints, for example terminal characteristios
more important than user preferences. First ardiea constraints of higher priority. These are tne
needed for making any transmoding decision, fornmgta modality supports of terminal. These
constraints will be used to filter out all transrrgoptions that are not supported by the curremhinal
and network. In the second step, from the remainjpiipns that are technically feasible then anrogki

decision is taken using the transmoding prefereioédbe author, as well as other constraints. dinth
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extracts the given values of the related transngpgsrameters (coming from Transmoding descriptor).
The Transmoding Optimizer module, then, returnsogbtemal transmoding form and the values of related

parameters, to the Transmoding Resource Adaptatebision.
Transmoding Resource Adaptor sub-module

The Transmoding Resource Adaptor is an implememtaif a small set of transmodings: text-to-image,
graphics2D-to-video and graphics2D-to-image (adlsth transmoding modules have been developed at
ENST). The Transmoding Resource Adaptor sub-modaildepicted in Figure 5.5. Inputs are the

transmoding form, the required parameters andefegance of the resource to be transmoded.

Image-to-text plug-in: We developed a simple java implementation that kirdpaws a text to an image

using the transmoding-related parameters, sucispkag size, font parameters and color parameters.

Graphics2D to video plug-in: This plug-in has been developed under the framewbiGPAC project
[48] and at ENST and is a tool that can dump a MP&G-4 2D BIFS animation (no audio, no image, no
video) to an MPEG-4 video with a given frame rasetlae transmoding parameter. This tool has been

developed in C.
Graphics2D-to-image plug-in: This plug-in is the same as the previous one, asitabitmap using the
frame number (time point) parameter, given asrdesimoding parameter.

5.2.3 Exploitation of the Transmoding engine

5.2.3.1 Examples for usage of Transmoding engine

This section intends to explain the results ofdke of our transmoding engine, by describing cdacre

transmoding usage examples.

Resource Transmoder
Transmoding form
— ¥ Text to Image Plugin
Transmoding Parameter Graphics2D to Video
—P Transmoded Resource
Plug-In L
Graphics2D to Image
Original Resource Plug-In
—P>

Figure 5.5: Architecture of Transmoding Resource Adaptor sub-module in ISIS



82 Multimedia Content Adaptation with MPEG-21

Example A: The original resource is a video content and theepd constraints are as follows:

» Terminal capabilities (decoding): Audio: MP3. ImaghlPEG. No video. Graphics-2D: slideshow.
Display resolution: 320*240. Bits per pixel: 8.

» User preferences:
0 Modality Conversion preferences: video to imagdeuwito slide show, no video to audio
0 Modality Priority: graphics, audio, image

» Provider-side constraints: transmoding parameters

0 Video-to-image, method (tool): frame selection, gpaeters: Time-code=01:30:01.24,

priority=1, quality = 1.

0 Video-to-slideshow, method (tool): video summaii@at parameters: Time-code= 00:00:04.24
duration=5, Time-code=00:10:14.24 duration=5, Teoee=00:20:04.24 duration=5, Time-
code=00:50:12.24 duration=5, Time-code=01:30:08@4tion=5. Priority=1, quality = 1.

» Cost function constraints: Adaptation operationselaon transmoding are less expensive than

adaptation operations based on direct bitstreanifioatibns.

To best satisfy these constraints, the optimal &diap is a video-to-slideshow transmoding. The
parameters are retrieved from the correspondimgtnading descriptor. The video is then transmoded t

a slideshow. Figure 5.6 shows screenshots of a\add the five slides of the resulting slideshow.

Geatpiayer B wew » B -0OX

e

© ResGude & Muscmy by ) Musk S

Time Line
(b)

Figure 5.6: Screenshots of a) original video media, and b) five slides of the adapted slideshow
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Example B: The service provider provides multi-language tex&ge content. The block diagram of such
multimedia service is depicted in Figure 5.7. Wesider two different multimedia content and two
different terminals: one with and one without Pamstharacter set support. When the original content
contains an image and an English text, it is seridth terminals and no transmoding is required. We
now consider an original Persian multimedia contanttaining one image and two text resources (title
and body) in Persian language. In a non-transmodt®nario, this content is sent to a terminal
supporting Persian character set, without any tnaadaéng. In a transmoding scenario, the decoding
capabilities of the second terminal are audio (MR8age (JPEG), and no support for Persian characte
set. Available display sizes, i.e. the suggestedlndions for the texts that are to be transmodedthage,

are 109*43 for the title text, and 268*125 for thedy text. This information is given within the
corresponding transmoding descriptor. No Englistsioa of the Persian text is provided. The adaptati
decision taken by the optimizer is then two texirb@age transmodings. The original Persian texts are
then transmoded to two images using the transmqaingmeters given in the corresponding transmoding

descriptors. In Figure 5.7, this transmoding casmuilined via a dashed-line box.

Now consider the multimedia document of Figure &8the original Persian multimedia document
available on the server. Our focus is on the Perstat resources. For the non-transmoding case, as
described above, the Persian texts are renderedxasesources as shown in part (a) of Figure 5.9.
Depending on the display size of the terminal, seemeresizings may be required. The Persian &@ds
rendered using the available Persian font of thmiteal, which is not necessarily the same as in the
original document, as can be seen in part (a) giiri 5.9. For the transmoding case, the Persids dee
transmoded into JPEG images, using the desiredre-the original — font (which is available in the
server), as shown in part (b) of the same figutee fiesolution and text font parameters of the tiesul

images are extracted form the transmoding descsiptgsociated to each original text media in thé. CD

Service : Terminal Terminal
_ with with no
Multi-Language Persian Persian
charcter
content - Chzreftter
— Transmitted Transmitted
Ongmal. Content: Content:
Content : image+ image+
image+ English text English text
English text
_______ N\
A ! Transmitted A 1
1 Content: I
— Transmitted | image+ I
Ongmal. Content: 1 Persian text
Content : image+ I transmoded I
image+ Persian text I into image 1
Persian text |
L
/

Figure 5.7: Block diagram of a Multi-language multimedia service that uses transmoding.
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Once, the text-to-image transmodings is done —gusite recommended resolutions given in the
corresponding transmoding descriptors, dependinghendevice display size, image resizings may be
required (see our MSSA solutions in Chapter 7anap@r 8for this).
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Figure 5.8: Screenshot of an original Persian multimedia content in the server.
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Figure 5.9: Screenshot of the adapted content of Figure 5.8 for a) a terminal supporting Persian character set,

and b) a terminal with no Persian character set support.
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5.2.4 Evaluation of the Transmoding engine

As seen in these transmoding examples, when thimapt or the only feasible form of adaptation is a
modality conversion for a resource for which ncemdative in the desired modality is provided, the
Transmoding module serves as a resource adaptatimiule that performs the on-demand modality
conversion. Transmoding is an “enabling” technoldiipat allows adaptations that are otherwise
infeasible. However, transmoding is not necessaaily often-used technology as transcoding is less
disruptive of the presentation. In the context of adaptation engine for multimedia structured
documents, transmoding may be very interesting.Hade used transmoding in our Multimedia Scene

Semantic Adaptation framework (see Chapter 7 dmap@r 8).

Advantages and weak points:Using an on-demand real-time transmoding enginarinadaptation
system, as in ISIS, removes the need for a heathoang task. This is due to the fact that, to beesof

the adaptability of his content, the author is fonted to provide different modalities of his camtteny
more. However, a client-server adaptation systech a8 ISIS that uses on-demand resource transmoding
(or adaptation in general) becomes problematic whany simultaneous transmodings or adaptations are
necessary to satisfy user requests. This will cansacrease in response time and possibly theadeia

of the server. A distributed architecture, usingxpr servers, is obviously a good solution that can
improve the functionality of the system face to tsymroblems. The continuation of ISIS, DANAE

European IST project — in which we participate msaat developing a distributed adaptation framework

Some indicative measurementsiVe have done some measurements for three transgnmdils. The OS

is Windows™ 2000, the processor is an AMD Athlon™ X000. The target display size is assumed to
be 176x144. The average execution times are: 28fbnGraphics (BIFS 213Kb, 15s, 12fps) to Video

(MPEG-4 Video), 420 ms for Text to Image (mostly ®Nncoding) and 15 ms for Graphics to Image

conversion. Our transmoding tools are not optimitleese measures are therefore only indicative.

5.3 Statically-hinted Resource Conversion engine

In this section we describe our implementation dkesource Conversion engine, which is in fact the

completion of our transmoding engine, in ordemtegrate other conversion types.

5.3.1 Architecture

Figure 5.10 depicts the architecture of our MPEGR&kource Conversion Engine. It is very similar to
the architecture of the Transmoding Engine as de=ttin 5.2.1. The inputs are the CDI, the XDI dmel

original resource.
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CDI (Content Digital Item): Resource description (MPEG-7), conversion parameters (RCD descriptors), and
reference to original resource.
XDI (conteXt Digital Item): Context constraints (UED): user, terminal, network characteristics

Figure 5.10: Architecture of Resource Conversion Engine

The CDI contains the description of content (in MGRE), description of conversion parameters and
preferences, and references to original resounides.XDI contains the description of the contextefus
preferences, terminal and network characterisiicE)IA UED. The DIA parser does also the parsing an
validating of the Resource Conversion DescriptdRCID) as described in previous chapter. The
DID&DIA parsers parse the CDI and XDI and store thetadata in an internal structure. The basis®f th
decision-making algorithm is almost the same agriorsmoding engine. The Decision Maker uses this
metadata to decide on the optimal type of convarsidfirst verifies the description of the contearid
high-priority constraints such as terminal modéldgmat support and constructs a list of possible
conversions. Then based on the preferences of sgrdamd author it chooses a conversion, for which i
fetches the required parameters values in the igéscr of conversion parameters. It then sends the
chosen type of conversion, together with the vahfesecessary parameters, to the Resource Conyverter
which will convert the resource. The resource covencludes a set of free resource converterl asc

ImageMagick and FFMPEG, as well as a set of coax®developed at ENST as described earlier.

5.4 Conclusion

In this chapter we presented our experimental implgations of MPEGE-21-based statically-hinted
transmoding and Resource Conversion engines. Thepkementations use “static” description of
conversion parameters and preferences in ordegrform a correct adaptation. Under the framework of
two European projects, we are currently workingtioe implementation of a more efficient Resource
Conversion engine based on the second phase ahetlnodology as described in the previous chapter.
Such a Resource Conversion engine will take adgantd usage of MPEG-2AdaptationQoSool for

non-static expression of conversion parameters.



Chapter 6

ADAPTATION OF MULTIMEDIA-COMPOSED PRESENTATIONS

Summary

In this chapter we discuss the notion of adaptation and customization of rich multimedia-composed

presentations. We also analyze the principal elements of such framework. We then provide a state-

of-the-art on this subject and discuss existing approaches in this area.
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6.1 Introduction

When the user’'s preferences, network capabilitiegshe device characteristics change, the original
presentation may become un-playable, inconvenientursatisfactory. A multimedia presentation
adaptation system is then required to customizie b@tdia objects and the presentation structure. 3.
spatial and temporal for layout — for a particidantext of usage. Providing structural semanticaaheta

on multimedia scenes helps and in some cases eraldh a system to adapt multimedia documents to

different usage contexts in a more appropriate mann

With current document mark-up languages such as HT48], the layout of a Web page is relatively

static — no temporal dimension, and fixed [50]. IBatark-up languages do not provide any mechanism
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for description of the metadata that is requiredafdaptation. SMIL ([51]) provides more flexible rka

ups for multiple alternative layouts, neverthelegsnantic metadata is still missing.

As the first chapter of the second part of thiselitation, this chapter discusses the notion optatian
and customization of rich multimedia-composed preg@ns. It then provides a brief state-of-theeart
this subject. We will end by situating our work eamantic adaptation of multimedia presentations,

among other existing approaches in this area.

In this dissertation, the terms “multimedia preséinh”, “multimedia document” and “multimedia
scene”, refer all to multimedia-composed conteiat ttontains multiple synchronized (temporally and
spatially) media resources, together with the irdtigg spatial, temporal and logical structure.
Adaptation of multimedia scenes, then addresseadhptation of the scene media objects, as welieas
adaptation of the document structure, based ondeahpspatial and semantic relationships between it

media objects, and based on the context constraints

6.2 Basic definitions

6.2.1 Multimedia Scene

A multimedia scene is a multimedia presentation thiegrates multiple static or continuous temporal
and spatial synchronized media resources. It gisgiies how they should be combined together and,
based on spatial, temporal, interaction and anandftictors, be presented to the user. We refehdo t

single media resources of a multimedia scene asanobjkcts.
Note— The term “scene” has been adopted from MRE@ndard.

There exist several languages for describing metdian scenes. The MPEG group has developed XMT
and BIFS Blnary Format for Scengswhich are description languages for MPEG-4 ssdB2]. SMIL
(Synchronized Multimedia Integration Language W3C recommendation, is a specification languag
with temporal functionalities. ¢X is another model for describing multimedia docuatse[53][54].
Section 6.4 describes some of the most common,ngadighed and important multimedia document

description models and languages.

6.2.2 Multimedia scene adaptation

Adaptation of a multimedia scene consists of: egpsation of its every single media resource, and b)

adaptation of the presentation structure i.e. {hetial and temporal relationships between the media
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objects, in order to: a) satisfy the context caists, b) satisfy the presentation constrailitsshort a
multimedia scene adaptation solution should ansieguestion of single media adaptation with regard
to not only the context constraint but also theicttire of the presentation. It also should deakh e

guestion of structure adaptation with regards ttext constraints.

6.2.3 Semantic adaptation of multimedia scenes

Multimedia scene adaptation, as defined above isanttomplete” multimedia scene adaptation, as it
does not guaranty the consistency, coherence aadinggulness of the resulting scene. A “complete”

multimedia scene adaptation should satisfy twosygfeconstraints:

» Physical context constraints, such as terminal lméipas, network characteristics and user/author

preferences (on single media adaptation) and etc.

» Content structural semantic constraints, i.e. #rmaantic constraints that would assure the produoctio
of a consistent, meaningful and coherent scene: irfstance, consider one image media and its text
caption within a multimedia presentation. If, withihe adaptation process, the image is eliminated
because of a bandwidth limitation, or a lack of gmanodality support by the terminal, the adaptation
engine should also remove the caption of the imddps is a structural semantic constraint, i.e. a
semantic constraint related to the structure of shene. The term “semantic” refers in general to
meaning, but in this dissertation, we use the t&gemantic” to refer to “structural semantic”, altlgh

this is a very limited use.

We call “‘semantic multimedia scene adaptatip@’ multimedia scene adaptation that takes intowatc
both these constraints categories. This is whemevowrk in the area of multimedia presentations

adaptation is situated.

6.3 Principal elements

In this section, we describe the principal and dba&tements of a multimedia presentation adaptation
system. Please notice that, in this section, weaddntend to describe any particular architecfaresuch
system. We only aim to describe the required elésn@ri a multimedia presentation adaptation

framework.

Some of the principal elements of a semantic meliim scene adaptation system are related to media
objects adaptation part of the scene adaptatiahaes therefore, shared with a single media atlapta

system, as described in Chapter 3. These are:
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Resource description which is in fact the description of the mediaeuit$ of the scene (we sometimes

refer to this asphysicalcontent description”), and
Context description. We have previously described this element iniee&.3.2.

Here we describe the required elements specificrmltimedia scene adaptation system.

6.3.1 Semantic information of a scene

An adaptation peer needs to have access to thenserirdormation of the presentation, which inclsde
the information on semantic relationship betweenttho media objects (image and text caption) a$ wel

as semantic information on each existing mediaablifethe scene.

A simple example is a multimedia document with iwmages and two texts, each text giving explanation
on one of the two images. We assume that even m@i@mmum downscaling of the images, the display
size of the user device is still too small for thleole scene. A fragmentation of the scene thenrneso
necessary. Now, in order to keep the related inzagktext together in the same scene fragment,and t
temporally sort the fragmentations in the correxdeo, the adaptation engine needs some semantic
information on the scene.

As illustrated by this simple example, a completaltrmedia content adaptation requires a good
understanding of the original document. If the aa@pn process fails to analyze semantic struobdire
document, then the adaptation result may not baerate and may cause user misunderstanding or non-
comprehension. We, therefore, observe that in diimedlia scene adaptation system, the adaptatian cor
should be provided by an accurate semantic desmrigf the scene. As opposed gthysical content
description, the semantic information of the scisnalso calledsemanticdescription of content. Several
solutions have been proposed for the semantic ipéscr of multimedia presentations. We will discuss

them in section 6.5.

6.3.2 Scene semantic adaptation core

Within a multimedia scene adaptation system, seengantic adaptation core, is in fact the equivadént

“Resource adaptation core” in a single media adiaptaystem, and is the entity, which is respormsibt

» deciding on the changes (adaptations) to be apfi¢iie structure of the presentation,
» deciding on the type of adaptations to be apphbeai¢dia objects,

» applying the chosen changes to the structure gbrssentation, and
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> applying the chosen adaptations to the media abject

Therefore, it could be said that the adaptatiorcess is considered in two parts: scene optimizatiah
is equivalent of decision-making in single media@dtion, and scene adaptation, which will be done

based on the result of the optimization.

The required sub-entities responsible for scenenigdtion and scene adaptation are explained here.

6.3.2.1 Scene optimization

Scene optimization is responsible to find the optiform of the scene based on the context and obnte
constraints. So, in fact the scene optimizer elémena decision-making algorithm. The context
constraints are, as in the case of Single Mediapfsdimn, the usage environment parameters such as
terminal capabilities, network characteristics, rupeeferences, etc. The content constraints are the

physical and semantic information of the contesitj@scribed above.

6.3.2.2 Scene adaptation tool

In a multimedia scene adaptation system, the sadaptation tool element is responsible for applying
adaptation techniques to the whole structure ofdibeument and to the media objects. The adaptation

techniques and the necessary parameters for treedeaided by the scene optimizer element.
Presentation adaptation tool:

The presentation adaptation element is definedetthb entity responsible for applying the adaptatio
techniques to the whole structure of the scenethieetemporal organization and the presentatigaui

of the scene.

The presentation adaptation tool customizes thectstre of the scene based on the output of scene

optimization. Such a tool could be implemented BLX ([55]) for XML-based multimedia documents.
Resource adaptation tools:

This element is defined to be the entity respoesibt applying resource adaptation techniques tdiane
objects of a scene. It adapts the resources bas#tealecision made by the scene optimization akéme

about the type of adaptation and the required petens It is the same as defined in section 3.3.3.2
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6.4 Scene description models and languages

In this section we provide brief summaries on samportant models and languages for multimedia
documents: these are the SMIL 2.0 language, the #6”el, MPEG-4 BIFS (XMT-A) and Madeus.

Multimedia applications need data models for theresentation of the composition of media objects;
these are called multimedia document models, ortwhiultimedia presentations description languages
are based. They are employed to model the reldipadetween the media objects participating in a
multimedia presentation. The initial requiremendsnultimedia documents are the modeling of the
temporal and spatial course of a multimedia predmm and also the user interaction. However, as
authoring of multimedia documents is a very timastoming and costly task, attention has been drawn t
reuse multimedia scenes for efficiency and econamieasons. This would ease the task of

personalization of multimedia presentations fotipalar contexts and over heterogeneous enviromnsnent

For more detailed information on adaptive multinseedbcument models, the reader can refer to Ph.D.
thesis of Lionel Villard who investigated differesdcument models for editing and adapting multiraedi

presentations [56].

6.4.1 SMIL 2.0 language

6.4.1.1 Overview

SMIL (pronounced "smile"), Synchronized Multimediategration Language, was approved by the
World Wide Web Consortium in 1998 as the standaedtkop language for multimedia presentations
[57]. SMIL is similar to HTML, which is the languagused for the layout of web pages with text and
graphics. SMIL is an XML-based language used toddynultimedia presentations, and adds powerful
multimedia and timing capabilities to basic laycannd formatting. SMIL allows for creation of
sophisticated-looking and interactive rich-mediaggntations. The last version of SMIL is SMIL 2.1
[58].

Using SMIL, an author can describe the temporalabiln of a multimedia presentation, associate
hyperlinks with media objects and describe the Uy the presentation on a screen. SMIL also alow
reusing of its syntax and semantics in other XMkdgh languages, in particular those who need to
represent timing and synchronization. For exampMIL 2.0 components are used for integrating timing
into XHTML [59] and into SVG [60].SMIL supports a number of media file formats andiowes

streaming media file types including video, audioimation, photos, graphics and text.
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6.4.1.2 SMIL documents

SMIL documents are XML 1.0 documents. The root e@etof SMIL documents is themil element. The
smil element can contain the following childrdrady, head Theheadelement contains information that
is not related to the temporal behavior of the @néstion. Three types of information may be corgdim
head These are meta-information, layout informationd author-defined content control. Thedy
element contains information that is related totémaporal and linking behavior of the documentdts

as the root element of the timing tree. Figure ghbws a simple SMIL document. The presentation

contains an image and an audio, which will be plapeparallel.

<smil xmIns="http://www.w3.0rg/2000/SMIL20/CR/Langu age">
<head>
<layout>
<region id="imageRegion" left="10" .../>
</layout>
</head>
<body>
<par dur ="120s">
<img id="photo" src="myPhoto.jpg" region="i mageRegion"/>
<audio id="song" src="mySong.mp3" />
</par>
</body>
</smil>

Figure 6.1: A SMIL document example

The media content of a SMIL document is structubgdusing composite elements so-called time
containers. A time container (or operator) caragsrticular temporal semantic that allows for nigbn

of temporal placement of media objects. These iperareseq par andexcl elements. Aseqcontainer,
short for "sequence” defines a sequence of elenientdich elements play one after the otherpa
container, short for "parallel", defines a simpied grouping in which multiple elements can plaglbat
the same timeexclis a time container with semantics based upam but with the additional constraint

that only one child element may play at any giveret

6.4.1.3 SMIL modules and profiles

A Module is a collection of semantically-related XML elengnattributes, and attribute values, that
represents a unit of functionality. Modules areirtled in coherent sets. This coherency is expressed

that the elements of these modules are associatiedh# same namespace.

A Language Profileds a combination of modules. Modules atemig i.e. they cannot be subset when
included in a language profile. Furthermore, a n@dpecification may include a set of integration

requirements, to which language profiles that idelthe module must comply.

Commonly, there is a main language profile thabiporates nearly all the modules associated with a

single namespace. For example, the SMIL 2.0 languyagfile uses most of the SMIL 2.0 modules.



Adaptation of Multimedia-Composed Presentations 95

Usually, the same name is used to loosely referbotle -"SMIL 2.0" in the example. Also, the name

"profile" is used to mean "language profile".

SMIL 2.0 provides a scalability framework, wherdaaily of scalable SMIL profiles can be defined
using subsets of the SMIL 2.0 language profile. MIIS document can be authored conforming to a
scalable SMIL profile such that it provides limitéghctionality on a resource-constrained devicelavhi
allowing richer capabilities on a more capable deviSMIL 2.0 Basic (or SMIL Basic) is a profile tha
meets the needs of resource-constrained devicésasumobile phones and portable disc players. The
SMIL Basic profile provides the basis for definisgalable SMIL profiles. A SMIL profile allows a
SMIL user agent to implement only the subset of 3MIL 2.0 standard it needs, while maintaining
document interoperability between devices profbedt for different needs. A scalable profile eresl
user agents of a wide range of complexity to rerfiden a single, scalable, SMIL document intelligent
presentations tailored to the capabilities of taegét devices. Conformance to a SMIL Basic profile

provides a basis for interoperability guarantedse advantages of scalable profiles are:

» Authors can re-purpose SMIL content targeting aewrdnge of devices that implement SMIL

semantics.
» The rendering of the same content can be improutatratically as devices get more powerful.

» All SMIL 2.0 documents can share a document typegheema, and a set of defined namespaces, and

the required default xmins declaration.
» Any future SMIL 2.0 extensions can easily be incogbed into SMIL documents and user agents.

A scalable profile is defined by extending the SMBhsic profile, using the content control faciliito

support application/device specific features vimmespace mechanism.

6.4.1.4 Adaptation support in SMIL

The structure of SMIL documents is defined in a gt helps the adaptation of SMIL documents to
different contexts. The SMIL specification also ides several elements that can help the process of

adaptation. In this section we describe these nmésime.

Spatial organization of SMIL documents:In SMIL 2.0, the spatial information of the medigjects are
given using layout, root-layout and region elements. SMIL 2.0 separates the description @f th
presentation layout and the description of the ein{media object). Therefore, layout modifications
(adaptations) can be done without changing theemntikewise, the content could be modified or
adapted, without changing the spatial organizatiba document. In SMIL, only theegion identifiers

link the content to the spatial organization.
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Interaction and hyper linking in SMIL: SMIL specification defines several mechanisms tdriction,
particularly hypermedia links. Figure 6.2 showsnapte example of a SMIL document containing a link.
When the user clicks on the video object “myVideg2eg”, a new presentation window will be started.
The usage of hypermedia links helps adapting th_SMcuments by scene decomposition. This is done
by providing links to media objects that, due wited display size, cannot be displayed on thelalsp

together with other media objects.

<seq>
<video src="myVideol.mpeg"/>
<par>
<a href=http://www.example.org/aSMILdocumne t show="new">
<video src="myVideo2.mpeg" ... />
</a>
<text src="myText.txt" ... />
</par>
</seq>

Figure 6.2: An example for linking in a SMIL document

Content control in SMIL: SMIL 2.0 specification defines content control migdy that contain elements
and attributes, which provide for runtime contelmbices and optimized content delivery. SMIL content

control functionality is partitioned across four dudes:

» BasicContentControl, containing content selectiements and predefined system test attributes;

CustomTestAttributes, containing author-defined@unstest elements and attributes;

» PrefetchControl, containing presentation optiniigatlements and attributes; and
» SkipContentControl, containing attributes that suppelective attribute evaluation.

SMIL 1.0 provides a "test-attribute” mechanism togess an element only when certain conditions are
true, for example when the language preferencefgabby the user matches that of a media objene O
or more test attributes may appear on media okjeactents or timing structure elements; if the ladiie
evaluates tdrue, the containing element is played, and if theilaite evaluates téalse the containing

element is ignored.

SMIL 1.0 also provides thswitchelement for expressing that some document pagtalggrnatives, and
that the first one fulfilling certain conditions@lid be chosen. This is useful to express thaewfit
language versions of an audio file are availabié, that the client may select one of them. The SRIIL
BasicContent module includes the test attributetionality from SMIL 1.0 and extends it by suppodi

new system test attributes. In example of FiguBe @ne text object should be selected to accomgaany
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video object. If the system language is Engl@lhtitle.txtis selected. If the system language is French,
soustitre.txtis selected. This example shows how adaptatioralt®rnative substitution is supported
within SMIL.

<pa|‘>
<video src="myVideo.mpg" ... />
<switch>
<text src="subtitle.txt" systemLanguage="fr" >
<text src="soustitre.txt" systemLanguage="en" >
</switch>
</par>

Figure 6.3: An example for use of switch element in SMIL documents

6.4.2 ZYX model

Susanne Boll and Wolfgang Klas propose an appré@chmodeling adaptable and reusable multimedia
documents [53] [54]. The model is calleg X and offers primitives that provide a support feuse of
structure and layout of document fragments andheradaptation of the content and its presentatmn,
the context. The model design aims to fulfill theee principal requirementseusability, adaptability
andpresentation-neutralityas defined in the following paragraphs. Here pnaside a brief summary on

Zy X concepts and structure, and describe how the himdesigned to achieve these three objectives.

6.4.2.1 Concepts and structure of Zy/X model

In this section, we present the terminology andithsic concepts of theyX model. The ZX model
describes a multimedia document by means of a Tte®.nodes of the tree are {heesentation elements
and the edges of the trdend the presentation elements together in a hieraatHeshion. Each
presentation element has driading pointwith which it can be bound to another presentati@ment. It
also has one or monariableswith which it can bind other presentation elemetdditionally, each
presentation element can biptbjector variablesto specify the element's layout. Figure 6.4 depibe

graphical representation of these basic elements.

Presentation elements can be media objects or etertieat represent the temporal, spatial, layoud, a
interactive relationships between the media objdeigure 6.5 represents a document tree model. The
root element the sequential elemsat] and binds the media objedtmageand Textto its variables v

and v, as well as a parallel elemgdr to its variable v Thepar element synchronizes\ddeoand an
Audia The fragment starts with the presentation ofrtw element, i.e. the sequential element, whose
binding point can bind the fragment to another @néstion element in a more complex multimedia
document tree. Unbound variables can later be wsgd, a title at the beginning and a summary at th

end of the sequence, later.
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Figure 6.4: Graphical representation of the basic document elements

-*>
Fef ‘
Image ar Text
v v
! \
‘ *
Video | Ao |

Figure 6.5: Simple document tree for a Zy/X fragment

6.4.2.2 Reusability

The model provides features that allow for reugiags of medias or document fragments. With regards
to the granularity of reusability, the model sugpdwo levels of reusability: reusability at the diee
level, and reusability at fragment level. Reusapikit media level is assured by means of selector
element:temporal-sand spatial-s elements. The former helps the selection of a teaippart of a
continuous media, while the latter supports thed&n of a spatial area of visual media objects.
Reusability at fragment level is provided by thegance of free (unbound) variables, the encapsuolafi
a fragment into a complex media element and thgaushexternal media elements (fragments composed

in other formats). With regards to the reusabilifye, the model supports identical and structieate.

The identical reuse can be realized by usage @twerl elements, while for realization of structural
reusability; the model provides the projector eletaghat influence the visual and audible layouteyr
define how a media object or fragment is preserftadexample the presentation speed of a videber t
spatial position of an image. They permit the satian of layout and presentation. Therefore by reean
of changing and or adding projector elements, @areahange the layout of a document. This allows for

reusability of the same structure with differerggentation layouts.

6.4.2.3 Adaptability

The model defines adaptability as the ability af tocument to best match the context of the user wh

requested the document. To support this, both giigers of the context and multimedia content et
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be adapted to this context are needed. The mogalres the context in a so-called Upeofile, i.e. the
metadata that describes the user’s topics of isttef@esentation system environment, and network

connection characteristics.

The model provides two presentation elements foadaptation of the document to a user profile: the
switchelement and thgueryelement. Thewitchelement allows us to specify different alternatider a
specific part of the document. With each of theralatives under awitch element, there is associated
metadata that describes the context in which thesific alternative is the best choice for presioma
This metadata is specified as a set of discrimigatttribute-value pairs for each alternative. Dgri
presentation, the user profile is evaluated agdiesinetadata of th@vitchand that alternative is selected
for presentation of which the discriminating atiriks best match the current user profile switch
element can be used only if all alternatives canntmeled at authoring time, in advance to the
presentation. Hence, tlssvitch element implements the requirement for static tedality of the model.
Non-static adaptability can be specified withueryelement. By means of metadata, the query represent
the fragment that is expected at this point in pmesentation. When the document is selected for
presentation thqueryelement is evaluated and the element is replagédenfragment best matching the
metadata given bgueryelement. Theueryelement provides for thdynamicadaptability of the model

as the evaluation of the query and the selectidhefragment takes place just before presentation.

6.4.2.4 Presentation-neutrality

S. Boll et al., in [53] define that a multimediantent is presentation-neutral when the multimedia
material is independent of the actual realizatiba presentation for a particular client and uraleertain
context. The requirement of presentation-neutraditgtrongly interrelated with the structural reuikgy.

The explicit separation of structure and layoubwvalt for presentation-neutral representation. Atired
before, the variables of a presentation elemerd neéto be bound in the first place, this alsoli@gdor

the projector variables. It is possible to spetifg presentation-neutral course of the presentaiah
later, bind the presentation-dependent layout\etn the document is selected for presentationn,The
the presentation-neutral structure of the docuneemound via projector variables to the presentatio

dependent layout defined by a set of projectors.

6.4.3 XMT-A Language (BIFS)

MPEG-4 scene description language BIFS (Blnary Rorfar Scenes) is based on the Virtual Reality
Modeling Language (VRML) [61]. In VRML, a scene &ists of three different tools: the scene graph, an
event routing mechanism, and prototypes. The sggaph is constituted of nodes, grouped in a
hierarchical structure, which describes objectssoreen and their properties. Nodes can be roughly

divided ingrouping nodes (that are used to logically combine objacid compose them spatially, and
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leaf nodes that provide graphic primitives (circletamgular, line, cube, cylinder etc.), text, vidaadio
and sensors to interact with objects on the sc(eendouble click, drag-n-drop functionalities)vent
routing provides the author with a mechanism thtowghich events generated by nodes can be
propagated to other nodes. This processing cargehidie state of the nodes, create additional emnts

change the structure of the scene graph. Finaditopmpes allow for extension of pre-build sets ofles.

BIFS is a binary format, which means that a compdeneeded to translate the scene from text tarpin
Of course the authoring will be done through tétie textual format used is the XMT-A format, the
official XML low-level MPEG-4 scene description lgmage standardized by MPEG. XMT-A is the exact
transcription of the BIFS bitstream to text andiigery low-level representation of the scene. Hawxev
there is another standard textual format for MPEGH#ed XMT-O, which is a high-level representation
of the scene more or less compatible with the Sktndard: authoring is simpler but you have less

controls on objects you're creating, unless usingr A in XMT-O.

Simply said, a BIFS scene is described as a treehioh leaves are media object (text, 2D/3D objects
video, audio) and intermediate nodes define grafpsbjects, sub-tree transformation rules (2D space
3D space, color etc.). The root of this tree defittee graphical context of the presentation, eith@D
world or a 3D world. For instance tt@rderedGroupnode allows grouping and ordered rendering of
child nodes in the 2D plane. By default childrepesgr in their declaration order: the first childdigwn

in the background, the last on top of all otherse DrderedGroup.ordeffield is used to modify this
behavior. The XMT syntax is as shown in Figure &6des in the scene may have properties, called
fields that can be modified at run time. In XMT-A, a nadelescribed by an XML element, and a field is
described by an XML element or attribute, dependinghe type of the field (elements for fields thah

contain nodes, attributes otherwise).

<OrderedGroup order="01 2 3">
<children> ... </children>
</OrderedGroup>

Figure 6.6: Ordered rendering of child nodes in the 2D plane in BIFS

BIFS has added several new concepts to VRML standalFS is a compressed binary format; as a
consequence, scenes are optimized in size. BIFBeeakary streams are composed of access units that
include BIFS commands to add new nodes, replate: Vedues, and replace the whole scene tree. These
commands enable single changes to the scene. BhfiSsstreams enable structured changes to a scene.
Together, these constructs add dynamic sceneshém words, scenes are not static but can change ov
time. This allows for streaming of MPEG-4 scenesing this tool, an MPEG-4 terminal connected to a
network can receive BIFS updates that modify coteplehe scene running on the terminal. This featur

can be advantageous for adaptation purposes.
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6.4.4 Madeus

As part of the Opera project [62], Nabil Layaidayiél JourdanCécile Roisin, Vincent Quint et al.,
define a multimedia document model called Madeusd&scribing multimedia scenarios [63] [64]. In
Madeus, the description of a multimedia documerganized upon four dimensions: logical, temporal,
spatial and hypermedia. In accordance with the wfeseparating document information into different
dimensions, in order to make it adaptive, the gangructure of each document is decomposed in four
main parts: MediaContent and MediaUse dimensioasdbscribe the logical structure of the document,
Temporal dimension for synchronization between dwnt parts, and a spatial dimension for layout.
Since hypermedia information is closely relatednteractivity, it is described in either the Temaloor

MediaUse parts. An example of a Madeus XML soumsudhent is shown in Figure 6.7.

The MediaContentlement contains raw media data, for instance |godea picture, characters of a text,
etc., and the intrinsic properties of the medike lthe duration of a video or its size. ThediaUse
element indicates a particular use of the contetit specific style properties, for instance a lbwrder
color, a font size, etc. The content part may alsaised to refine the media description. For irtsathe
content of a video can be structured in sequensesnes, shots, etc. The logical model allows
hierarchically organizing of media objects. As show Figure 6.8, a group element of type C-Group or

U-Group plays an aggregate role. Its semanticsrakepa the document type and not on its presentation

For instance, for this slideshow document, medigertt can be gathered by media types, and med&a use
can be gathered by the slide structure of the dtiol. A group element can define default values for
some attributes of its children elements (for ins&the color, the character size, etc.). The teahpo

model allows the organization of media objects dige.

The underlying model of this language is intervasdéd, meaning that each media object has a
corresponding time interval characterized blgegin a duration and anend attribute. Every MediaUse

element is associated with a tempanéérval element that carries all its temporal attributegined.

The spatial model allows spatial organization oflia@bjects. Madeus defines a set of spatial vdeapu
(left_align, bottom_spacing, etc.) for the two sgladimensions. A spatial attribute cannot haveefirdte

value. More precisely, the spatial model organthesdocument space as a 2D box hierarchy.

<Madeus>
<MediaContent> ... </MediaContent>
<MediaUse> ... </MediaUse>
<Temporal> ... </Temporal>
<Spatial> ... </Spatial>

</Madeus>

Figure 6.7: Overall structure of a Madeus document
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<MediaContent> <!-- Content specification part -->
<C-Group>
<C-Group ID="Text" MIMEType="text/plain">
<DefContent ID="ST1">Introduction</DefContent>
<DefContent ID="ST2">Multimedia</DefContent>
</C-Group>
<C-Group ID="Video" MIMEType="video/mpg">
<DefContent ID="Film" src="http://./Film.mpg">
<Scene StartFrame="0" EndFrame="20">
<Shot StartFrame="0" EndFrame="5"/>
<Shot StartFrame="5" EndFrame="20"/>

</Scene>
</DefContent>
</C-Group>
</C-Group>

</MediaContent>
<MediaUse> <!-- Objects specification part -->
<U-Group>
<DefUse ID="U-Film" Content="Film" BorderWidth="1 " BorderColor="black"/>
<U-Group ID="TOC_entries" FontColor="black">
<DefUse ID="U-title1_toc" Content="SlideTitle1" FontSize="12"/>
<DefUse ID="U-title2_toc" Content="SlideTitle2" FontSize="12"/>
</U-Group>
<U-Group ID="Slide1" FontColor="blue">
<DefUse ID="U-title1" Content="SlideTitle1" Font Size="32"/>
<U-Group ID="U-Body1"> ... </U-Group >
</U-Group>
<U-Group ID="Slide2"> ... </U-Group>
</U-Group>
</MediaUse>

Figure 6.8: A slideshow expressed in Madeus logical model

The hypermedia model allows description of linksnsen elements or different parts of elementss It i

based on XLink standard [65] and enhanced with teai@nd spatial behavior.

Lionel Villard, Cécile Roisin et al. present a geldramework for document production, which is dxhs

on Madeus model, and satisfies generic adaptateds[66]. They use the Madeus model for generation
of adaptable presentations. This presentation psotebased on XSLT transformation techniques and
constraint technologies for document formatting.e Thystem suggests splitting the presentation
generation into three steps. After encoding theeardrindependently from its presentation using M&de
XML DTD, a transformation step is performed thdbwak obtaining a new representation, reflecting all
the dimensions needed for presentation. This dtepsadapting the content to the presentation aevi
and to user preferences. A second simple transtmméa decoration) is then applied in order tomda
the media to the end user. Finally, the formationgcess produces a representation playable by the

presentation engine.

6.4.5 Other languages

Other than the above-described languages and mdtel® exist other multimedia scene description
languages, among which, we can recall, HTML/XHTMIYG and the new MPEG ongoing standard;
LASeR (Lightweight Application Scene Representati@7].
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HTML is an SGML application conforming to Internatial Standard 1SO 8879 [68]. XHTML is a
reformulation of HTML in XML. We do not really coier HTML/XHTML as “multimedia”
presentation description languages, since HTML/XHT#b not specify temporal synchronizations and

are rather defined for describing simple text-imegeuments.

SVG (Scalable Vector Graphics) is a modularizedyleage, originally defined for describing two-
dimensional vector and mixed vector/raster grapimcsML. SVG 1.1 does not define the description of
media objects such as audio or video. SVG 1.2 suipport (already under definition) media elements

similar to the SMIL media elements. SVG 1.2 mediégarents are video, audio and animation.

LASeR is an emerging standard of MPEG group, wisctiedicated tdightweightscene description of
rich-media interactive and streamable services amebile devices such as cell phones. The scene
description of LASeR is based on SVG.

6.5 Existing approaches for scene adaptation

While numerous approaches have been adopted ar¢laeof single media adaptation, less work has been
done on the adaptation of multimedia scenes. MPE® 2ledicated to support resource adaptation and
do not propose solutions to support structure adiapt of multimedia documents. In this section we

describe some existing approaches in the areaagtation of multimedia documents.

6.5.1 InfoPyramid Solution

Mohan et al. present very limited solutions for aetit adaptation of multimedia presentations, based
some incomplete semantic information, mainly onghgoseof image media objects [27]. The semantic
information is not explicit and is derived from theginal image object [69]. As discussed in Chagte
InfoPyramid rather aims at proposing solutions fesource adaptation and has not really solved the

gquestion of document adaptation.

6.5.2 Alternative-based scene adaptation

F. Rousseau et al., also propose solutions foatlamtation of synchronized multimedia presentations
[70]. They use temporal extensions to HTML as eelfas adding adaptation support. Through defining

temporal extensions to HTML, and new elements dinbbates, they propose means for specifying:

Alternate content Elements that allow defining alternate media otsjetemporal composition, and

layout.
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Content descriptions A way of associating (semantic) metadata inforomatwith elements of a

presentation (e.g. importance, keywords, duration).
Content predicates A condition that selects alternate content omglets that match content descriptors.

One of the weak points of the approach is thatlies on the usage of media object alternativesrand
media on-line adaptation. Also, it remains incortglieom the semantic point of view, i.e. the sertant

relationships between media objects of the scamaatrtaken into account.

6.5.3 Temporal layout adaptation

J. Euzenat et al., present solutions for adaptabio multimedia documents only along the temporal

dimension [71]. They do not discuss adaptatiorhefdpatial layout and semantic dimension of thaesce

6.5.4 Semantic Web

In the area ofSemantic Welp72], several research activities have been dond¢henontology-based

semantic description of Web documents based on RBFlescribed in [72], the Semantic Web provides
a common framework that allows data to be sharedl reused across application, enterprise, and
community boundaries. The Semantic Web activitiedsby W3C. The concept is to have data on the
web defined and linked in a way that it can be usgdnachines not just for display purposes, but for

automation, integration and reuse of data acrossusapplications.

Nagao propose external semantic annotation in ormlemake Web documents adaptable [73]. The

proposed semantic information remains incompleteeming dependencies between media objects.

6.5.5 Constraint-based layout for web documents

Borning et al. present a system architecture inclviiioth the author and the viewer can impose page
layout constraints, some required and some prefatdb0]. The definition of these constraints a®

the presentation designer to specify what are &séreld spatial properties of the scene, rather tiwan
these properties are to be maintained. Two systehitectures, based on different ways of dividihg t
work of constraint solving between Web server andbV¢lient, are identified. An authoring tool is
proposed that provides linear arithmetic constsafat specifying the layout of the document as asll

finite-domain constraints for specifying font sizationships.

The constraints capture the semantic of the desigise aspects that must hold true for the layoinet

appealing. The constraints are given strengths.stileagth labetequiredmeans that the constraint must
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be satisfied. Other strength values denote theldeviepreference. The model allows the designer to
provide multipleconstraint style sheeté&ach style sheet includes constraints that dgfnparticular
form of) the layout of the design and that dictatgen the design is appropriate. The constraintébase
document layout model has three main componengsddghument authoring topthe viewing togland

the constraint solver
The principal contributions of this work are:

» A description of how constraints provide importamictionality for web page layout and a constraint-

based negotiation model for determining the welegggpearance.

» An analysis of the requirements on the constraitves, and of different ways to the constraint

solving responsibilities can be partitioned betwelsnt and server.
» An implemented prototype that demonstrates thal#iag of the idea.

The objective of the work is to only adapt the latyto author and end-user preferences and constrain
The approach considers neither adaptations to usadienetwork context constraints, nor adaptation of

media objects.

6.5.6 External annotation-based adaptation of HTML scenes

Hori et al, propose semantic annotation and adaptat HTML documents [74]. The approach proposes
external annotations to characterize ways of cargdaptation rather than to describe individualteont
External annotation files contain hints associat@ti elements in an original document. RDF is uaed
the syntax of annotation files. User profiles amstext constraints are described using CC/PP. XPath
[75] and Xpointer [76] are used for associatingaated portions of a document with annotations. The
proposed annotation vocabulary includes three tygfesnnotation:alternatives, splitting hintsand

selection criteriaas described below. Further details on this voleapwwan be found in [77].
Alternatives: Alternative representations of a document or ahy&is elements can be provided.

Splitting hints: An HTML file, which can be shown as a single pageacmormal desktop computer, may
be divided into multiple pages on clients with deratlisplay screens. The vocabulary providéagathat

specifies a set of elements to be considered @gieal unit.

Selection criteria: An annotation may also contain information to hafpadaptation engine select from

several alternative representations, the one #wstduits the client device.

The execution sequence of the page-splitting modtldne approach is depicted in Figure 6.9 can be

briefly described as follows:
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1. Upon reception of the request from a client lm®ny an original page is retrieved for the firstdi

from a content server.

2. The editor component of the plug-in tries talfthe locations of annotation files, if it does satceed

the original page is returned as it is and theigrgs terminated.

3. Taking in to account the client capabilitieslired in an HTML request header, the generatoaetsr

a portion of a document object tree and returngoatiee to the client.

The authors show the results of applying their gatagn method to a particular form of web pagedws
page from a corporate Web site). The news pageastsrtd three tables stacked from top to bottone Th
top and middle tables correspond respectively leeader menu and a search form. The bottom table,

however, is used for laying out the content.

The headerrole annotation, which is assigned to a headen@&h means that the page-splitting plug-in

manages to keep the header element in every fraégthpage.

In addition, if a high importance value is assigtedhis element, this element should not be owohiite
any case. For the Sidebar element, we can imabatigtie role is annotated asxiliary; therefore, this
portion of the news page will be presented as ars#p page upon receipt of a request from a small-

screen device (activated by hyper linking).

The role of the bottom table in the news page @@arimotated asyouter This means that the bottom
table will not be retained in the display for srdteen devices. If the search form table is anedtas a

low importance element, it will be completely omitted.

Figure 6.10 illustrates how a news page is fragetent

Page Splitting
Plugin
G
HTTP request o LY
2nd or later [}
A tati D ht
DR n';||;|ul:ls~:iul)'r];;'| rgpcul:s'!{gry
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Addapted e
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@ Request E —E‘IW— annotation E{ 11
_- 0C. ‘_ =
— HTTP request —_ - | m
.ﬁ_l R {1st time) ~l HITP .
&:‘3 hatll request 1R
Personal devices HTTP Server
with small display Transcoding Proxy (WBI)

Figure 6.9: Hori’s annotation-based adaptation by a page-splitting plug-in
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Figure 6.10: Hori’s annotation-based fragmentation of an actual news page

This approach is interesting. However, comparedther types of synchronized multimedia documents,
such as SMIL documents, HTML documents are by dajimeasier to adapt, since no complex timing
synchronization is possible in HTML. Also anothezakness of this work is that the adaptation styateg

seems to be dependent on the spatial structurevs- m&ge form — of the document.

6.5.7 NAC solution for SMIL scene adaptation

Lemlouma T. and Layaida N. propose a frameworkSlHL content adaptation for embedded devices
such as PDA, cellular phones [28] [78]. In ordeattapt the SMIL content to these devices, the conte
access passes through an intermediate entity caflagtation proxy where the adaptation occurs. They
propose to add semantic metadata related to therttoThis additional information is directly reddtto

the adaptation mechanisms and includes: the SMternal relationships defined between different
objects of the content and additional metadata ¢hatrelate SMIL objects with other external olgect
available at the server side. The proposed adaptairocess includes: version selections, document
transformation and media adaptation as describkevbe

6.5.7.1 Versions selections

This kind of adaptation consists to choose the basant of the multimedia content or object on déh

of the user agent. Generally the selection is adptin the available variant set and based on \arian

description and the user requirements. Selectigarier may include the language, the media type, th

char-set, etc. The adaptation proxy processes e Switch element and chooses, when possible, the

first acceptable element. An element (a timingattrre or media object) with no test attribute iwals
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acceptable. The content selection can be expressied) the SMIL system test. Adaptation proxy

evaluates the test using the information extrafitead the different user profiles.

The variants selection is applied and the SMIL doent is restructured by eliminating the switch
elements and the non-selected alternatives. Trsywde SMIL in-line test attributes, to apply elatse

selection. In this situation, the adaptation pragis in the same manner as with the switch element.

6.5.7.2 Documents transformation

This kind of adaptation concerns transformatiorat #re applied on the global document organizairon
tree and can modify its structure. The SMIL struaturansformation applied by the proxy can either
keep the same media resource used by the origMil 8ocument, filter it or require an external madi
resource transformation to adapt the media for éhd user context. Document manipulations are

generally applied using XSLT.

6.5.7.3 Media resources adaptation

In order to make media objects available to thentland adapted to the environment characteristics

as the mobility and low available bandwidth, medésources shall be substituted, removed or
transformed to an acceptable format using availatptation techniques and methods. In this approac
a limited set of semantic vocabulary is introdudkedt expresses two limited media relationships: the
equivalentandadapted taelations. Anequivalentrelation means simply that the two related objbetse

the same role in the multimedia presentation. afapted torelation means that the target object
represents a constrained version of the conterd. aiproach proposes usage of a semantic parameter
indicating the level of the adaptation can be assed with theadapted tarelation. This can be exploited

in the content negotiation strategy if a media vese can be adapted to more than one object. The
adaptation of media objects referenced by the Sédlhtent includes video and image adaptation. Video
adaptation considers the characteristics of theless network and client device screen dimensiads a

color resolution. Image adaptations include imagapression and resizing.

The approach is interesting but remains incomplitited and unclear in the area of semantic adepta
of the temporal and spatial layout of SMIL docunsefithe semantic, temporal and spatial dependencies

between media objects are not completely takendotount.

6.5.8 SMIL adaptable documents for mobile devices

R. Steele et al. present their work on a SMIL-basextem for mobile device for dynamic adaptation of

presentations in response to changing mobile cangpuelated factors [79]. The methodology used in
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this research considers two alternatives for ddligea multimedia presentation to a mobile devaga
monolithic multimedia file or as a SMIL-based pmsgion. They identify the assumed mobile
computing architecture (e.g. WiFi [80] and GPRS][B8dnnectivity), as well as aspects that effect the
access of multimedia presentations from mobile aes/and devise techniques that make use of SMIL to

improve such access to multimedia presentations.

Each mobile device has an agent that will managedtrieval and display of the SMIL-based multinaedi
presentation. An agent dynamically manages aspéctailtimedia resource retrieval such as what files
to retrieve and when, by following the statemeritthe SMIL file but also making some decisions laase

on its knowledge of the current state of the mothdeice and wireless connection.

As a mobile device passes through different acaesgorks, with different access parameters, theesys
tries to find the location of the closest copy lué requested multimedia file, which will then beuraed
to the requesting mobile device. So the proposgdiap is to retrieve the requested file from thesest/

fastest source.

If the presentation provider has prepared the ptaten in such a way that its elements are decsegbo

into smaller parts referenced separately in theguration description, the chance that the downddad
particular file would be interrupted mid-stream &\change in connectivity is decreased. Accessiag th
source for which there is the “best” network linkcdeases possible transmission disturbance and as a

result, improves the presentation quality.

In addition if the presentation provider has predddifferent alternative multimedia files, these
alternative are then used depending on the curremtork connectivity at the mobile device’s locatio
e.g. WiFi, GPRS. This could is done by using thellSkWwitchelement. As a mobile device moves, the
sequence of definitions of multimedia resourcethenSMIL file dictates what new multimedia fileslwi

be requested. The requests are performed by theedeased agent, which contacts the proxy server to

request the file from the most appropriate servifris-server may differ from the server previousted.

The approach aims at optimizing the access of mothdvices to media files specified in a SMIL

document. It does not concretely treat the questfalocument structure and media object adaptation.

6.5.9 RIML

In the context of devices independent delivery, sasmisting languages offer many advantages and
adaptability facilities. Among these languages §idTML that combines the advantages of both XML
and HTML, SMIL with a whole module (content contratodule) dedicated to support device
heterogeneity and the adaptation for differentveeli contexts, XEvents for user interactions [82],

XForms for processing forms [83], etc. Researchkw&dnave been and are being done to define a
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language that would be completely device indepeinded that integrates all the aspects of content
adaptability [84]. The goal is to specify the dgstion of the application user interface in an XNdhsed
mark-up language to enable a rendering engine aptatthe complexity of the application input and
output according to established devices classes. [ahguage is called Renderer-Independent Markup
Language (RIML) [85][86].

The main objective of the CONSENSUS project isdgedop technology that enhances the mobile device
usage of enterprise applications and provides h leigel of usability [87]. One of the primary profe
objectives is the specification of a Renderer-lrahelent Markup Language (RIML) for defining such
application user interfaces. Documents writterhis tanguage can be transformed into target laregjag
creating multiple versions of the original that atetable for a wide range of visual browsers orbieo
devices and voice browsers. Inclusion of applicatevel clues enables this efficient and automated
transformation to take place, ensuring that thalfoutput on targeted devices and browsers deliaers

highly usable product.

RIML is an XML-based language that combines feawkseveral existing markup languages. RIML is
an XHTML language profile; XHTML serves as the htmtguage of the new language profile. The
RIML profile specification defines which parts oHXML are used and how parts of XForms, XFrames,
SMIL BasicContentControl and other new functionaift integrated into the new language [88]. XForms
1.0 Candidate Release is almost the final versioXForms, the new technology for forms developed by
the W3C. XFrames is a specification on frames #glalresses many of the shortcomings of the currently
used mechanisms. SMIL BasicContentControl is a Ispaat of the SMIL 2.0 Recommendation that is
suitable for managing conditional content in any Xkocument. According to [89], some of the main

features of RIML are:

» RIML Focus on device-independent visual and voieerinterface description. RIML can be used for
defining the user interface of an enterprise apiic in a device-independent way. By including
application-level hints, RIML enables automated pdon to specific devices and visual and voice
browsers to generate highly usable results. RIMlesdmot define business logic, but tries to be

compatible with the business logic of already exgsaipplications for desktop clients.

» Multiple layouts: The author can define multiplesoall page layouts in a single RIML document. The
most suitable layout for a specific device and m®mcan be selected during the transformation ef th

RIML document into the target language.

» Pagination and navigation: When a RIML documentois large to fit on a single page, it will be
paginated. The division into multiple pages and msef@r navigating among these pages are generated

automatically from application-level hints providied the author.
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» Alternative and optional content: RIML allows folteanative variants of the same content and also
optional content through RIML Extended Content CaintThis functionality, which is an extension of
SMIL BasicContentControl mechanisms, defines addél so-called test attributes, which the author ca
use for annotating optional and alternative contBgtdefining the conditions that refer to the dety

context, the author can provide guidance to theraated adaptation.

» Content Control test attributes of the technicalicks level and the usability level: Some of the
Extended Content Control test attributes referhte technical capabilities of devices and browsers.
Inclusion of these technical attributes addreskessyntactic adaptation issues in the final stephef
target language generation. Other attributes tefeisability characteristics of a device, espegidibse
related to the user’s interaction with browser-emed content. Such attributes could potentialljuirice

the semantic adaptation process, introducing amethod of impacting the usability level.

Gabriel Dermler et al. completed the first speaificn of RIML and the design of the adaptation eyst
needed to transform RIML into HTML, WML and XHTML Rimarkup [90].

RIML stresses the separation of content definifiom what is to be presented) from the descriptbn
dynamic adaptations, which can be performed onctivgent in order to match varying capabilities of
devices. Special row and column structures are useBIML to specify content adaptation. Their
semantics is enhanced to cover pagination and tagioectives in case pagination needs to be done.

Automated pagination support was a main design fgpodIML.

The overall layout of a RIML document is defined bging elements defined by the RIML layout

modules. The layout modules define a hierarchyasftainers in which the content should be placed.
These containers are row, column, grid and frarhe. 8daptation system will use suitable mechanidms o
the target language to accomplish this layout whenand wherever possible. The layout definition of
RIML is described in [89].

6.6 Conclusion

In this chapter we reviewed the basic concepts raitbns of multimedia scene adaptation. Principal
requirements and elements of a multimedia documéaptation system were described as well. We then
reviewed and discussed different approaches that haen adopted in this area. We saw that none of
these approaches has succeeded to propose a arimaletework for adaptation of rich structure

multimedia document and that most of them suffemftack of semantic adaptation techniques.
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In our approach, we propose a semantic and coateate multimedia adaptation framework based on
MPEG-21. The methodology guarantees consistendegrence and meaningfulness of the adapted

document layout.

Next chapter describes, in detail, the methodolofiyour approach, while the architecture of our

evaluation implementation of this approach is exyad in Chapter 8.



Chapter 7

MULTIMEDIA SCENE SEMANTIC ADAPTATION (MSSA)

Summary

This chapter describes our methodology for the realization of a multimedia scene semantic
adaptation framework. We describe our solutions for each element of such framework as defined in

previous chapter.
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7.1 Introduction

Mobile devices such as PDAs (Personal Digital Aasiy represent an increasing proportion of today
online content access. These devices have redusgdydcapabilities, therefore, we argue that atityen
should be inserted into a multimedia delivery chairtake care of providing the needed metadata and
attaching it to the content, for presentation aaléq to the context constraints such as devicplalis
capabilities. Of course, as these access devieegsad by users, each having different preferemres,
over networks having different characteristics, lhy®ut adaptation is further more constrained.hliie
multimedia content delivery chain, the above-meri entity should be placed after the multimedia-
authoring step, or integrated to the authoring.taslother words, from an adaptation point of viéws
preferable and sometimes required that the desmfreemultimedia system specifies how the structire
presentation should evolve based on the changevifoements (e.g., from a desktop screen to a raobil

display panel).

We propose and present a semantic and context-amahémedia adaptation framework based on

MPEG-21. The methodology guaranties consistencheremce and meaningfulness of the adapted
document layout. We introduce and use descriptf@emantic information of a multimedia presentation

in order to make it adaptable for different conseXthe process of adaptation of each resource faifne 0

whole multimedia presentation takes into accouatdbnstraints of the context as well as the semanti
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metadata of the multimedia content for both singledia objects and the whole presentation. Our
Multimedia Scene Semantic Adaptation (MSSA) framewaddresses the adaptation of multimedia-

structured documents based on temporal, spatiademéntic relationships between the media objects.

Please notice that we do not mean to deal withattehitectural aspect of a semantic multimedia
adaptation system. In other words, we neither nteatiscuss the architecture of the underlying netwo
(client, server and proxy-related issues), norddrass the underlying messaging and transport gubto
We consider that these issues are out of the sobfiee presented work, which rather aims to propose
approaches for different issues of a multimedigtateonengine— by investigating new solutions such as

MPEG-21 — and to, then, develop a framework foexgperimental or proof-of-concept implementation.

We have chosen SMIL for description of multimediacdments. However the methodology is

independent from this choice and the approach eapplied to other multimedia description languages
As analyzed in Chapter 6, principal elements ofudtimedia presentation adaptation system are:

» Content physical description,

» Context description,

» Content semantic description,

» Scene semantic adaptation core:
a. Scene optimization
b. Scene adaptation:

i. Presentation structure adaptation tools
ii. Resource adaptation tools

This chapter provides a detailed description of rtethodology of our approach for realization of a
framework for semantic adaptation of multimediasergations. We first argue our choice of SMIL for
the description of multimedia documents. Thengach principal element of such framework as redalle
above, we describe our approach and propose swute start by describing our solution for the
expression of metadata, namely semantic informaifanultimedia scenes. Through some examples, we
also describe how we use MPEG-21 DIDL for embeddhe semantic metadata of scenes. We then
present the basic concepts of our scene semardmaimn core and provide a brief description am th

algorithm of this module. Our implementation of MSBamework is detailed in next chapter.
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7.2 Scene description: why SMIL?

As different multimedia description languages haiféerent adaptation-related features, the choite o
scene description language is an important issuéhéncontext of a multimedia scene adaptation
framework. In our approach, we use SMIL 2.0 foradibéng scenes; nevertheless, the methodology of
the work is independent from this and can be agpieée other multimedia description languages. We
chose SMIL 2.0 since:

» SMIL is a “high level” scene description languagis facilitates performing adaptations on a SMIL

scene, compared to, say, performing an adaptatianoKMT-A scene.

» SMIL allows complete separation of the spatial layof the scene from its temporal and structural
layout and also from the content itself (i.e. mealigects). This facilitates independent maniputatid

spatial layout, as well as independent manipuladfomedia objects.

» By defining concepts such as switch element artcatesoutes, SMIL allows adaptability by means of
alternative replacing. Of course, pre-providing raedternatives (which could be used under differen
context constraints) is in general neither a gaga, nor a desired solution for the question oftimeldia
adaptation. This is due to the fact that it is logic to expect the author to provide differentsiens and
variants of his/her resources for a large numberootexts. Furthermore, an alternative-based atiapta
system may face a context for which no variant led tesource is provided. A better solution for
multimedia content adaptation would certainly becteate only one version of the content, and ta the
develop on-line adaptation structures that woulapadhe content on-the-fly, for each particulartesh
Nevertheless, alternative-based off-line adaptatiomld some times be of interest. This is usefuémvh
on-line creation of a variant is not possible. F@tance, online conversion of a video (with notileb

and no audio) to text is not possible unless aak&tnative is present.

» SMIL provides flexibility thanks to modularizatioof the language profiles. SMIL Basic profile is

ideal for limited devices.

» SMIL can be employed by Web site creators to spelodw media elements (video, sound, still

images) can be presented and played in sequemegallel as part of a Web presentation.

Although SMIL 2.0 has rather a very well-definedesification, working with SMIL 2.0 has some

disadvantages, namely:

» There exist no clean, fully open and fully custoamhie SMIL player that can be used as a common
research and development resource. RealNetworkdéPRger is available for nearly all desktop
environments [91]. Apple uses SMIL 1.0 in QuickTirpkayers [92]. Microsoft's implementation of
XHTML+SMIL in Internet Explorer 6 also has a wideach [93]. There are many other SMIL players,
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such as Oratrix's GRINS SMIL 2.0 player [94] and Autfant [95]. And yet, none of the existing
commercial players provides a complete and co®dtil. 2.0 implementation. The commercial players

that exist are geared to the presentation of petgoy media.

» The existing SMIL players are not interoperableanieg that, playing the same SMIL content by two
different players, e.g. Ambulant and RealPlayefl mot always result in a same layout. List of ¢xig
SMIL players is available on the W3C SMIL site [96]

Among SMIL players who run on embedded devices siscRocket PCs or PDAs, there is SMIL Player
by InterObject that supports SMIL 2.0 Basic Profi8¥]. This player is claimed to run on PC with
Windows NT/2000/XP and handheld devices with Po&et such as Compaqg iPAQ. PocketSMIL 2.0 is
another SMIL 2.0 Player for the Pocket PC [98%&upports SMIL2.0 Basic profile.

A problem that happens quite often when workingnW@MIL players is that they do not play correctly —
or do not play at all — some SMIL content, which however conformant to SMIL 2.0 specification. sThi

is because most of SMIL players do not supportthele W3C SMIL 2.0 specification.

Currently, the most used SMIL 2.0 Player aroundwioeld is RealPlayer (or RealOnePlayer). We have
chosen to mainly test our SMIL content with Reayelaas it is the most complete SMIL player avddab
for free. RealPlayer plays rich SMIL 2.0 contentvesll as SMIL 2.0 Basic Profile content, which is
adequate for devices with reduced resources. BedrtimalNetworks provides a relatively complete SMIL

content production guide that describes SMIL conder elements that can be played in RealPlayer.

Our adapted SMIL documents are conformant to SMIL Basic Profile and 3GPP SMIL Language
Profile [99], and are therefore, expected to beygrdaby any SMIL player for embedded devices. In
addition, the capabilities of the player in termissopported types and formats of media are takém in

account by means of DIA UED descriptors that désctérminal capabilities.

7.3 Expression and interpretation of metadata

This section describes how physical content desonipcontext description, and content semantic are
expressed and interpreted within MSSA framework.
7.3.1 Content physical description

The same as for our resource conversion framewakjse MPEG-7 descriptors for explicit description

of the content (physical content description) ie BASSA framework.



118 Multimedia Content Adaptation with MPEG-21

7.3.2 Context description

The description of context is given by MPEG-21 UB8scriptors. We do not use MPEG-21 UCD for
further constraining; but instead we attribute a&istpriority to each context constraint. This wine

constraints are satisfied in their order of prigrit

7.3.3 Semantic Information Declaration (SID)

Our semantic adaptation system requires an in-deptierstanding of the document. It, hence, needs
human intervention. The semantic information ccagdeither provided by the author of the document or
by any other editor or entity. We have defined XBtthemas for the expression of semantic information
of a multimedia scene. In the corresponding CDdséndescriptors are given irstatemenelement. The
SID (Semantic Information Declaration) descriptare used by the adaptation engine to decide on the

type, nature and parameters of the adaptation{s} applied to the scene.

Figure 7.1 shows the structure of a complete CDhtaiaing a reference to the considered SMIL scise,
SID descriptors, references to each media objethefscene and their alternatives (if present) @nd

RCD (Resource Conversion Description) descriptibqarésent).

<DIDL >
<Item> <!-- item containing scene and SID!-->
<Descriptor><!-- SID descriptors of the sce ne !- ->

</Descriptor>
<Component ><!--reference of the smil scene - >

</Component>
</ltem>
<Item> <!-- media objects and RCD and alternati ves!-->
<Item > <l—one media different alternatives and required conditions !-->
<Choice >

</Choice>
<Component>
<Condition .../>
<Resource .../>
</Component>
<Component>
<Condition .../>
<Resource .../>
</Component>
</ltem>
<Item> <!—one media object !-->
<Component>

</Component>

</ltem>

<|tem> <!—one media object!-->
<Component>

</Component>
</ltem>

</ltem>
</DIDL>

Figure 7.1: General structure of a complete CDI
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The information included in SID descriptors is catezed into three main parts: independent semantic
information of each media object, semantic depectidsnbetween media objects of the scene, and

semantic preferences on scene fragmentations.

In order to better understand these semantic metada consider the SMIL scene described in Figure
7.2. This SMIL content is originally designed to flayed on a desktop device. If played by RealRlaye
10, the layout will be as shown in Figure 7.3. Heme have reduced the overall size of the window in

order to fit it into the document.

We now proceed to explain our semantic informatieacriptors.

7.3.3.1 Independent semantic information

This category of semantic information describes, éach media object, its independent semantic
information, in the context of the scene, suchtagmportance, role and maximum authorized resmhuti

reduction. These parameters are provided as XMibates in the CDI that contains the SID descrigtor

The importanceattribute describes the semantic importance ofctiteesponding media object. It can
have one ofhigh, mediumand low values. The attribution of usage environments ugss such as
display size or network bandwidth can be definedéoproportional to the value of media importance.
While adaptation ohigh andmediumimportance media objects are relatively privileged importance

media objects may be omitted from the scene in chbmited usage environments resources.

<smil>
<head>
<layout>
<root-layout width="1000" height="950" backgrou nd-color="#ffffff"/>
<region id="videol" fit="fill" width="350" he ight="300" left="50" top="50"
background-color="#ffffff"/>
<region id="image2" fit="fill* width="350" he ight="300" left="600" top="350"
background-color="#ffffff"/>
<region id="image3" fit="fill"* width="350" he ight="300" left="50" top="650"
background-color="#ffffff"/>
<region id="text1" fit="fill" width="550" hei ght="280" left="420" top="70"
background-color="#ffffff"/>
<region id="text2" fit="fill" width="550" hei ght="280" left="50" top="370"
background-color="#ffffff"/>
<region id="text3" fit="fill" width="550" hei ght="280" left="420" top="670"
background-color="#ffffff"/>
</layout>
</head>
<body>
<par>
<video id="v1" src="v1.jpg" dur="60s" region="v ideol"/>
<text id="t1" src="t1.txt" dur="60s" region="te xt1"/>
<img id="i2" src="i2.jpg" dur="60s" region="ima ge2"/>
<text id="t2" src="t2.txt" dur="60s" region="te xt2"/>
<img id="i3" src="i3.jpg" dur="60s" region="ima ge3"/>
<text id="t3" src="t3.txt" dur="60s" region="te xt3"/>
</par>
</body>
</smil>

Figure 7.2: An example of a SMIL 2.0 content
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Figure 7.3: Layout of the SMIL content of Figure 7.2 in RealPlayer 10

Therole attribute describes the semantic role of the spoading media object. It can have oneey,
key-convertibleredundantanddecorativevalues. For instance if a media object h&eyrole, it means
that under no circumstance, it should be eitheverdad (i.e. adapted, downscaled, etc.) or remdneed

the scene. Hence if any adaptation is needed atigeifdeletion of this object is necessary for the
adaptation, the adaptation will not be possiblenédia object okey-convertibleole should under any
circumstances stay in the scene, either underiggal or converted form. A media object @dundant
role is meant to be redundant for another mediaablgresent in the scene. In this latter case thdian
object, for which, this media object is a redundahbuld be indicated within the descriptor thattains
media objects semantic dependenciesiindantForelement). A media object alecorativerole is
understood as a decorative media that is not agjattie essence of, or information included in the

communicated content. Advertisements are of sudtiarrele type.

For the visual media objects such as image, gra@nd video, another attribute describing the prede
or authorized maximum spatial downscaling, catlemkRRHmaximum Resolution Reduction Factor) is

also categorized under this category of semanficrimation.

Figure 7.4 shows the CDtem containing these SID attributes for the SMIL scefd-igure 7.2 and

Figure 7.3. The media objects are mapped to meudjects of the SMIL scene — which is referenced
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through this CDI — viaef attributes, however this could also be done bypgi3iPath expressions. The

corresponding SMIL scene of this example has sidianebjects: one video, two images, and three texts

7.3.3.2 Media objects semantic dependencies

This category of semantic information includes &0 semantic dependencies, spatial semantic

dependencies, and synchronization semantic depeieddmetween media objects of a scene.

The absolute semantic dependencies describe teerme of which media objects are a precondition for

the presence of another media object and whichnextia objects are closed captions for anotheranedi

The synchronization semantic dependencies providepteferred semantic synchronization information
between media objects if a temporal fragmentasomeieded. The spatial semantic dependencies describ
which media objects should be kept close togethease of a spatial rearrangement of the scene.ifAls
within a scene, a visual media object has a cajpért this dependency can be expressed withinagpat
semantic dependencies. Figure 7.5 shows the coen@iBt of Figure 7.4. As can be seen in ttem
containing SID descriptors, the presence of theianelject t1 (textl) is a precondition for the Emese

of media object v1 (videol) in the presentation.

<Item id="posterExample">
<Descriptor>
<Statement mimeType="text/plain">
this is a digital item declaration for a sm il multimedia presentation:
posterExample.smil, which contains 4 media. This did contains also semantic
metadata of the presentation
</Statement>
</Descriptor>
<Descriptor>
<Statement mimeType="text/xm|">
<sid:SID>
<sid:Object id="videol" ref="v1" importanc e="high" maxRRF="2" role="key">
<l-- semantic information of this me dia object through the scene!-->
</sid:Object>
<sid:Object id="text1" ref="t1" importance ="medium" maxRRF="3"
role="key-convertible">
<l-- semantic information of this me dia object through the scene!-->
</sid:Object>
<sid:Object id="image2" ref="i2" importanc e="low" maxRRF="2" role="redundant" >
<l-- semantic information of this me dia object through the scene!-->
</sid:Object>
<sid:Object id="text2" ref="t2" importance ="medium" role="key-convertible">
<!l-- semantic information of this me dia object through the scene!-->
</sid:Object>
<sid:Object id="image3" ref="i3" importanc e="low" maxRRF="2" role="redundant" >
<!I-- semantic information of this m edia object through the scene!-->
</sid:Object>
<sid:Object id="text3" ref="t3" importance ="low" role="key-convertible">
<!I-- semantic information of this m edia object through the scene!-->
</sid:Object>
</sid:SID>
</Statement>
</Descriptor>
<Component id="smilScene">
<Resource mimeType="application/smil" ref="posterE xample.smil"/>
</Component>
</ltem>

Figure 7.4: Independent semantic information attributes for SMIL scene of Figure 7.2
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We can also see that the media object v1 shoukpagally kept close to, and, temporally synchrediz
with t1. As can be seen in them containing media-related information (secdtet), for the video
source, parameters of video-to-image transmodieggaren in RCD descriptors. Also for textl media,

whosemaxRRHs 3, the alternative summarized text is given.

In this example, we can see that some metadataessipns are redundant. For example, semantic
dependency between vl and tl is expressed oncewiit correspondin@bject element of vl and
another time within thébject element of t1. This redundancy could be elimindtgdexpressing the
metadata in only on®©bject However, this redundancy will not cause any poblat the level of

implementation unless the expressed metadata doatoh to each other.

Note— Exactly likePreconditionMediaelement inAbsoluteSemanticDependengietosed captions

media objects are indicated in an XML elem€aptionMedia

7.3.3.3 Semantic preferences on scene fragmentation

This third category of semantic information desesitsemantic preferences and priorities on eventual

spatial and temporal fragmentation of scene.

The example of Figure 7.5 expresses that if a séemgmentation is necessary, when arranging the
fragments timings, the media object vl is preferreml be placed in the first fragment
(shiftingPriority="1"), and in arranging the spatlayout of fragments, v1 shall be kept in the same

fragment as t1.

It should be noted that general spatial semantifepences are different from fragmentation spatial
preferences. In example of Figure 7.5, the medjecdlyl should in general be kept close to t1. This
general remark, meaning that in rearranging théiaddayout of the scene, even if no fragmentati®n
needed for adaptation, v1 should be kept clos&.t®@n the contrary, the semantic spatial fragmentat

preferences, express that in case of scene fragtientvl shall be kept in the same fragment as t1.

The schema, syntax and semantics of SID descripterprovided in Annex C.

7.3.4 Interpretation and usage of SID metadata

As mentioned earlier in this chapter, the MSSA ragises the SID descriptors in order to find (degid
and then perform the optimal adaptation form fa tonsidered scene. The scene optimizer entity is i
charge of finding (deciding on) the type and natfrthe adaptation(s) as well as the values dtfisirs)
required parameters. The scene adaptor entity pleeiorms this (these) adaptation(s) and outputs the

adapted scene.
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<?xml version="1.0" encoding="UTF-8"?>
<DIDL xmIns="urn:mpeg:mpeg21:2002:01-DIDL-NS" xmins :xsi="http://www.w3.0rg/2001/XMLSchema-
instance" xsi:schemal.ocation="urn:mpeg:mpeg21:2003: 01-DIDL-NS didl.xsd"
xmins:sid="urn:mpeg:mpeg21:2004:01-SID-NS">
<Item id="smilscenel">
<Descriptor>
<Statement mimeType="text/xml|">
<sid:SID>
<sid:Object id="videol1" importance="medium " ref="v1" maxRRF="2">
<sid:SemanticDependencies>
<sid:AbsoluteSemanticDependencies>
<sid:PreConditionMedia>
<sid:MediaObject ref="t1"/>
</sid:PreConditionMedia>
</sid:AbsoluteSemanticDependencies>
<sid:SynchronizationSemanticDependenci es synchronizedTo="t1"/>
<sid:SpatialSemanticDependencies>
<sid:KeepCloseTo>
<sid:MediaObject ref="t1"/>
</sid:KeepCloseTo>
</sid:SpatialSemanticDependencies>
</sid:SemanticDependencies>
<sid:SemanticFragmentationPreferences>
<sid:TimeFragmentationPreferences shif tingPriority="1"/>
<sid:SpatialFragmentationPreferences k eepWith="t1" position="left"/>
</sid:SemanticFragmentationPreferences>
</sid:Object>
<sid:Object id="text1" ref="t1" importance ="medium" maxRRF="3" role="key-convertible">
<sid:SemanticDependencies>
<sid:SpatialSemanticDependencies>
<sid:KeepCloseTo>
<sid:MediaObject ref="v1"/>
</sid:KeepCloseTo>
</sid:SpatialSemanticDependencies>
</sid:SemanticDependencies>
</sid:Object>
<sid:Object id="image2" ref="i2" importanc e="low" maxRRF="2" role="redundant">
<sid:SemanticDependencies>
<sid:AbsoluteSemanticDependencies>
<sid:RedundantFor>
<sid:MediaObject ref="t2"/>
</sid:RedundantFor>
</sid:AbsoluteSemanticDependencies>
<sid:SpatialSemanticDependencies>
<sid:KeepCloseTo>
<sid:MediaObject ref="t2"/>
</sid:KeepCloseTo>
</sid:SpatialSemanticDependencies>
</sid:SemanticDependencies>
</sid:Object>
<sid:Object id="text2" ref="t2" importance ="medium" role="key-convertible">
<sid:SemanticDependencies>
<sid:SpatialSemanticDependencies>
<sid:KeepCloseTo>
<sid:MediaObject ref="i1"/>
</sid:KeepCloseTo>
</sid:SpatialSemanticDependencies>
</sid:SemanticDependencies>
</sid:Object>
<sid:Object id="image3" ref="i3" importan ce="low" maxRRF="2" role="redundant">
<sid:SemanticDependencies>
<sid:AbsoluteSemanticDependencies>
<sid:RedundantFor>
<sid:MediaObject ref="t3"/>
</sid:RedundantFor>
</sid:AbsoluteSemanticDependencies>
<sid:SpatialSemanticDependencies>
<sid:KeepCloseTo>
<sid:MediaObject ref="t3"/>
</sid:KeepCloseTo>
</sid:SpatialSemanticDependencies>
</sid:SemanticDependencies>
</sid:Object>
<sid:Object id="text3" ref="t3" importan ce="low" role="key-convertible">
<sid:SemanticDependencies>
<sid:SpatialSemanticDependencies>
<sid:KeepCloseTo>
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<sid:MediaObject ref="i3"/>
</sid:KeepCloseTo>
</sid:SpatialSemanticDependencies>
</sid:SemanticDependencies>
</sid:Object>
</sid:SID>
</Statement>
</Descriptor>
<Component id="smilScene">
<Resource mimeType="application/smil" ref="
</Component>
</ltem>
<Item>
<Component id="v1">
<Descriptor>
<Statement mimeType="text/xml">
<dia:ConversionInformation>
<dia:ConversionDescription xsi:type="r
<dia:ConversionUri>http://www.exampl
<rcd:Transmoding quality="1.0" >
<rcd:TransmodingParameters xsi:type
<rcd:To href="urn:mpeg:mpeg7:cs:ContentC
<mpeg7:Name>Image</mpeg7:Name>
</rcd:To>
<rcd:Slide importance="hight">
<mpeg7:MediaTimePoint>T01:14:30:12F24<
</rcd:Slide>
</rcd:TransmodingParameters>
</rcd:Transmoding>
</dia:ConversionDescription>
</dia:Conversioninformation>
</Statement>
</Descriptor>
<Resource mimeType="video/mpeg" ref="v1.gif"
</Component>
</ltem>
<Item>
<Item id="t1">
<Choice minSelections="1" maxSelections="1">
<Descriptor>
<Statement mimeType="text/plain"> What r
</Descriptor>
<Selection select_id="originalSize">
<Descriptor>
<Statement mimeType="text/plain">origi
</Descriptor>
</Selection>
<Selection select_id="maxRR">
<Descriptor>
<Statement mimeType="text/plain">maxim
</Descriptor>
</Selection>
</Choice>
<Component>
<Condition require="originalSize"/>
<Resource ref="t1.txt" mimeType="text/plai
</Component>
<Component>
<Condition require="maxRR"/>
<Resource ref="summarizedT1.txt" mimeType=
</Component>
<Item>
<Component id="i2">
<Resource mimeType="image/gif' ref="i2.gif
</Component>
</ltem>
<ltem>
<Component id="t2">
<Resource mimeType="text/plain" ref="t2.tx
</Component>
</ltem>
<Item>
<Component id="i3">
<Resource mimeType="image/gif"' ref="i3.gif
</Component>
</ltem>
<Item>

posterExample.smil"/>

cd:TransmodingConversionType">
e.frivi</dia:ConversionUri>

="VideoSummarizationParametersType">
S:2001">

/mpeg7:MediaTimePoint>

/>

esolution? </Statement

nal text</Statement>

um downscaled text</Statement>

n"/>

"text/plain”/>

"

t"/>

S
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<Component id="t3">
<Resource mimeType="text/plain” ref="t3.tx t'/>
</Component>
</ltem>
</ltem>
</DIDL>

Figure 7.5: Expressing semantic dependencies for the SMIL scene of Figure 7.2

In this section we describe the rules we set mderpretation of SID metadata by our MSSA scene

optimizer. These interpretation rules shall be eesgd by the MSSA scene optimizer.

7.3.4.1 Media object presence rules

Media objects having aPreConditionMedia may be present in the scene, only if their

PreConditionMediaobject is present in the scene.

7.3.4.2 Media object adaptation rules

Only nonkey rolemedia objects can be subject to adaptation (csiorer

7.3.4.3 Media object omitting rules

Not all media objects could be subject to elimimatirom the presentation. Media objectsdetorative
role may be omitted from the scene, independently ef importancevalue. Between seversddundant
role media objects of differeritnportancevalues, that are redundant for each other, thdge lewer
importancemay be omittedLow importancanedia objects of non-specifiedle could also be subject to
deletion. ACaptionMediamedia should be omitted when its correspondingalisnedia is omitted. A

media object should be omitted when its correspupéieConditionMediaobject is eliminated.

7.3.4.4 General semantic spatial and temporal organization rules of media objects

A media object should be temporally synchronizedgaorrespondingynchronizedTobject. A media
object must be kept close to its correspondimgpCloseTanedia object. A visual media should be

spatially kept close to, and, temporally synchredim itsCaptionMediamedia object.

7.3.4.5 Scene fragmentation rules

Media objects related biyeepWithshould be kept in the same scene fragment. pis#tion should be
respected if possible. Media objects of smatleiftingPriority values shall be proportionally placed in
first fragments. Within the media objects of a framt, the one who has the maximduoration value

imposes the duration of that fragment.
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7.4 Scene semantic adaptation core

Considering the hierarchy that we developed fomelets of a multimedia adaptation system, and as
recalled earlier in this chapter, the scene semauaptation core typically consists of two pastsene

optimizer and scene adaptor.

Within our MSSA framework, we decided to integrte presentation structure adaptor part of theescen
adaptor entity into the scene optimizer part. Tididue to the fact that in our implementation, skene

optimization part (scene rearrangement calculatiomd presentation structure adaptation
(rearrangements of the spatial, temporal and lbgtacture of the scene) were implemented close
together and approximately in one step. Consequehd elements hierarchy of the scene semantic

adaptation core of MSSA framework changes as falow

» Scene optimization
a. Presentation optimization, i.e. decision-maldand calculations of structure rearrangements
b. Presentation structure adaptation, i.e. applgtngcture rearrangements

» Media adaptation process, i.e. media resource atilaptools

In fact the intelligent part of adaptation corethie scene optimizer, for, it contains the decisitaking
algorithm of the adaptation core. The scene adgudris just a set of adaptation tools that penftine

adaptation(s) decided by optimizer algorithm.

Two types of SMIL scenes are considered in thiskw@imple and sequential scenes. We define a simpl
SMIL scene as a SMIL document that within liisdy element, the outermost enclosing element that

wraps up the media objects ipar element. Figure 7.6 shows an example for sucha§@MIL scene.

<smil>
<head>
<layout>
<root-layout width="650" height="550" back ground-color="#ffffff" />
<region id="video" width="150" height="150 " left="50" top="50" />
<region id="text1" width="300" height="200 " left="300" top="50" />
<region id="image" width="90" height="180" left="400" top="300" />
<region id="text2" width="300" height="150 " left="50" top="300" />
</layout>
</head>
<body>
<par>
<video src="video.ram" dur="15s" region="v ideo" />
<text src="textl.txt" dur="15s" region="te xt1"/>
<img src="image.gif" dur="15s" region="ima ge'"/>
<text src="text2.txt" dur="15s" region="te xt2"/>
</par>
</body>
</smil>

Figure 7.6: A simple SMIL scene
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<smil>
<head>
<layout>
<root-layout width="1000" height="950"
<region id="video" width="150" height="
<region id="text" width="300" height="2
<region id="image" width="90" height="1
<region id="textt" width="300" height="
</layout>
</head>
<body>
<seq>
<par dur="15s">

background-color="#ffffff"/>
150" left="50" top="50"/>
00" left="300" top="50"/>
80" left="400" top="300"/>
150" left="50" top="300"/>

<video id="v1" src="v1.ram" region= "video"/>
<text id="t1" src="t1.txt" region=" text"/>
<img id="i1" src="i1.jpg" region="i mage"/>
<text id="tt1" src="tt1.txt" region ="textt"/>

</par>

<par dur="15s">
<video id="v2" src="v2.ram" region ="video"/>
<text id="t2" src="t2.txt" region= "text"/>
<img id="i2" src="i2.jpg" region=" image"/>
<text id="tt2" src="tt2.txt" region ="textt"/>

</par>

</seq>
</body>
</smil>

Figure 7.7: A sequential SMIL scene

We define a sequential SMIL scene to be a SMIL dwent in which the outermost enclosing element of

thebodyelement is @eqelement. Figure 7.7 shows an example for suchay@MIL scene.

7.4.1 Scene optimization

The information provided in XDI and the correspargdCDI of the scene are used for scene optimization
The XDI contains usage context information. The QGIdhtains semantic information of the scene,
provided by SID descriptors, and also static resmuconversion information, provided by RCD

(Resource Conversion Description) descriptors asritd in chapter 4.

Figure 7.8 shows an example of such CDI. As canliserved, &£omponenelement provides the URI
of the scene, and its associal@escriptorelement contains the SID information of the coesed scene.
The media objects as well as their correspondiaticSRCD and MPEG-7 (physical content description
of media objects) descriptors are placed irtam element. For each media objedCamponentlement

is provided; the associatddescriptor elements provide RCD and MPEG-7 metadata. The aviml

wrapped up in an enclositigm (or Containe) element.

In the following, we briefly describe our optimizat algorithm, i.e. the optimization calculations f

“presentation optimization” and scene rearrangeroefpresentation layout adaptation”.
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<DIDL>

<Item >
<Descriptor.../><!-- here go the SID descript ors l--> / Scen

<Component >
<Resource ... /><!-- this is the smil scen e l-->
</Component>
</ltem>

<ltem>
<ltem><!-- for each media object a Item element is considered ! >
<Choice.../> <!-- eventual alternative selec tions !-->
<Component > <!-- eventual alternative media 1-->
<Condition ... /><!-- required conditions 1--> Media
<Resource .../><!-- alternative resource! --> obietc:

</Component> /
<Component> <!— original resource of a media object !--> >
<Descriptor.../><!-- eventual (RCD) descr iptors !-->
<Descriptor.../><!-- eventual resource de scription MPEG-7 descriptors !-->
<Resource .../><!-- original resource!-->
</Component>
</ltem>

</ltem>

</DIDL>

Figure 7.8: An example of a CDI with SID and RCD descriptors

7.4.11 Optimization calculations algorithm

This section describes the algorithm that we depetlofor our scene optimization. Figure 7.9 shows an
overall and rough flowchart of our scene optimizatalgorithm, while Figure 7.10 demonstrates the
flowchart of the adaptation layout box as highleghin Figure 7.9. In the following, we explain tees

algorithms in more details.

1- The modalities of all the media objects preserthe scene are first checked. For each mediachbje
whose modality is either not supported by the tadgvice or is not wished by the user (UED
descriptors), the corresponding SMIL media elem@mni, video or tex) is either eliminated -if
necessary- or decided to be converted to anothét &Mdia element; this later is in fact a decision
for performing a transmoding.

The formats of all the media objects of the scamesabsequently checked. For each media object,
whose format is not supported by the target dewitber it is decided to do a resource transcoding,

the corresponding SMIL element is eliminated.

In such cases of transmoding or transcoding, tbeies of the correspondimggion element remain
intact as we consider that any media transmodindranscoding is a pure modality or format

conversion and dose not change the spatial siteeahedia.
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Figure 7.9: Flowchart of our scene optimization algorithm
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The value of thesrc attribute of the new SMIL media element pointatoURI that does not exist for
the moment, for, the unsupported media will besnaoded or transcoded later by the media resource

adaptation module.

In case, based on the device-supported and usier@e modalities, no transmoding is possible,
considering the media objects omitting rules, dbsdrin section 7.3.4, either it is decided to reeno
the corresponding media object from the scene@stene adaptation is reported to be impossible and
the process is terminated.

Also if the media object which is to be removedaisprecondition for another media object
(PreConditionMediaelement in SID), based on media object omittinfpsuit is verified if the
deletion of this latter media object is permittechot. If it is permitted, the decision is to renedvoth
media objects. And if not, scene adaptation isntepdo be impossible and the process terminates. |
case, a media object removing is finally decidedake place, the relativeegion element, if not

referenced by another media object is removedetittument.

2- Some calculations are done on the spatial lagbthe scene in order to find the best form oiMe
roughly explain these calculations here :
Consider that the SMIL document hik screens. For aimple SMIL document, we definepar
screen as the outermost enclosimpgr element within théodyelement, while for @equentialSMIL
document, agpar screenis defined as thepar element, contained in the outermost enclosieq
element of the body element. Sometimes, in orddretbetter understood, we also use the teran “
elemerit for par screenbut this should not be misleading and it showdbted that this is not “any”
par element, but only those defined above.
Now, let us consider a (SMIL) generic spatial lalyauith M par screes, each containingy media
objects (or grouping elements, such aggelement that represents a slideshow). To bettgenstand
this, let us consider the Figure 7.11 that shogsreeric layout for theth par screerof a SMIL scene
(wherel < m < M. As can be observed the spatial layout is coraplefeneric, i.e. we do not limit
our scenes layout to any specific type of multirmedocuments (e.g. news pages as considered in
[74]). A, B, C, andD are theN=4 media objects (or media grouping elements) of phisscreen For

eachnth par screerof the SMIL document:

a. We define that several media objectstaygzontally-paralle] when they share the width of
the display. Groups of media objects that hogizontally-parallel are constructed. If we
consider than in theth par screen there existP such groups, then thgth such group is
denoted byGh, for1 < p < P.

For instance, as shown by horizontal dashed lindsgure 7.11, the groups bbrizontally-

parallel media objects ar¢A, B} ,{A, D} and{C, D} . Hence we can write:
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Figure 7.11: Generic mth par screen of a SMIL scene with media objects A, B, C and D

A
[

Gh={A, B} ,Gh ={A,D} ,Gh={C,D} ,andP=3

The optimizer then constructs a group of thiesazontally-parallelmedia objects groups. In
the following,GGh,denotes the group tibrizontally-parallelmedia objects groups for arth
par of a SMIL document. (GG stands for Group of Grqups

P
GGhy= D> Gh, forl < m< M
=1

For thepar screerof Figure 7.11, this will be as follows:
GGh,= {{A, B}, {A D}, {C, D} }

b. Then for eachth par, the groups ofrertically-parallel media objects are constructed. If we
consider that in therth par screen there existQ such groups, then thgth such group is
denoted byGv, forl < g < Q
Observing the vertical dashed lines of the exangpl€igure 7.11, it can be seen that these

vertically-parallelmedia objects groups are:
Gv; ={A, C}, Gv,={B, C}, Gv;={B, D},andQ=3

In the following,GGv,denotes the group eErtically-parallel media objects groups for arth

par of a SMIL document:

IA
<

Q
GG\ = Y, Ghy, far < m
o1l

GGw, = { {A, C}, {B, C}, {B, D} }



132

Multimedia Content Adaptation with MPEG-21

3-

4-

c. For eaclGh, of eachGGH, the sum of region widths of its media objectst@¢oted from the
regionelement referenced by the corresponding mediat)bigethen calculated. Subsequently
within the GGh, theGh, group, which has the maximum sum of region widthdound; this
happens fop = pmex). FOr eachmth par screenwe denote this maximum sum of region widths
by maxGroupWidthSUM , The same will be done f@Gv, and the maximum sum of region
heights, maxGroupHeightSUM nis calculated (this happens 6K, _ ) .

For instance, if we consider the following assumpi for the region dimensions of visual

media objects of thpar screerof example Figure 7.11:

wa<wd<wb<wg andhc<hb<ha<hd , then

maxGroupWidthSUM ,= wd+wc, that happens fdghs;, meaning thap.x =3 , and
maxGroupHeightSUM = hd+hb, that happens fdBv 3, meaning thafjmsx =3 .

d. Using the values ofmaxGroupWidthSUM, and maxGroupHeightSUM ,, and also the
values ofmaxRRHmaximum Resolution Reduction Factor, extractednfthe corresponding
media object SID descriptors in the CDI) for theresponding media objects, the minimum
possible region widths sum for the objectsGﬂ)mand qum, i.e. theGh and Gv groups
having the maximum media objects width and height,dgs then calculated. For eacth par
screen the calculated values will be denotethaxMinGroupWidthSUM ,, and
maxMinGroupHeightSUM ., For instance, if thenaxRRFof all media objects of Figure
7.11 is 2, then:

maxMinGroupWidthSUM = M and

2

maxMinGroupHeightSUM = w

The above calculations are repeated for gaohscreenof the SMIL document. Subsequently the
largest values omaxGroupWidthSUM ,, maxGroupHeightSUM ,, maxMinGroupWidthSUM ,
and maxMinGroupHeightSUM ,, among all par screes are calculated. These values are
respectively denoted by maxGroupWidthSUMmma , maxGroupHeightSUM , ,

X max

maxMinGroupWidthSUM m andmaxMinGroupHeightSUM ,

X max

The dimension of the layout of the SMIL documisnthen checked out. If one of the layout width or
height size is respectively bigger than target cewisplay width and height size, then it is dedide

that a layout adaptation is required, meaning that scene shall be resized (downscaled) and/or
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fragmented. Otherwise the layout size remains infBleen a second modality and format check is
performed on the resources that are decided todsept in the final scene. Based on this cheaqyf
media conversion is decided to be done, the reledegersions — if possible — will be performed by
the media adaptation modules, and the scene witiubgut. However if the decided conversions are
impossible — for example if the needed convertends available, the adaptation is reported to be
impossible.

Layout adaptation algorithm:

In case where a layout adaptation is requiredpvatig equation is considered:

maxGroupWidthSUM .. _ maxMinGrou pWidthSUM m pax
layoutWidt h minDisplay  Width

The above equation means that the ratiomaixGroupWidthSUM,, to layoutDisplay is
max
considered to be equal to the ratior@xMinGroupWidthSUM ,, to the minimum required display

max

width. The same is considered for height dimension:

maxGroupHeightSUM o, .~ _ maxMinGrou pHeightSUM m nax
layoutHeig  ht minDisplay  Height

From the above equations, the valuesnuhDisplayWidth and minDisplayHeight are

calculated. We then define that a scene fragmenti&inecessary if

minDisplayWidth > displayWidth , or

minDisplayHeight > displayHeight

In this case, the scene fragmentation sub-modutalled to handle the case. Otherwise, i.e., if no
scene fragmentation is necessary, the case wilhhded to the scene downscaling sub-module.

In any of these cases, theightandwidth attributes of theoot-layoutelement of the adapted SMIL
scene are respectively set to the device displaghhend width. If scene fragmentation or scene
resizing sub-modules decide on any media resizhmyaspect ratio is preserved for all visual media

objects, except for the text media objects.
A simple example for scene optimization calculatios

To better understand all above defined calculatideisus consider a very simple layout adaptation

example. The layout of the SMIL scene, which ib¢oadapted, is shown in Figure 7.12. The SMIL scene
is of simpletype, i.e. it has only ongar element irbodyelement (see Figure 8.1). It contains four visual

media objects, for each of which, the valuenaxRRHs 3.
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In this example, in order to avoid complexity, daptation is supposed to be done for satisfying on
one criterion: display size of target device. Nbestusage environment constraint is consideredcéien
the corresponding XDl is very simple and not preddere. The corresponding semantic metadata CDI
is given in Figure 7.13. Again for simplicity reass, the CDI provides only SID metadata and no RCD

(Resource Conversion Description) and media resatdescription is provided. We will then have:

maxGroupWidthSUM,, =750 ,
max

maxGroupHeightSUM ,, =550 ,
max

maxMinGroupWidthSUM ,, = @ =250
max 3
, and
maxMinGroupHeightSUM , = @ [ 183.3
max 3
, consequently:
N . 900 x250
minDisplayWidth = — =300
750
N . 700 x183
minDisplayHeight = —— [ 130
550
200 400
8 00
300 g
Al | 700
D i
¢ c 350
15
- 500 > = 2560 >" Y

s
- -

900

Figure 7.12: An example layout with four visual media objects
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<DIDL>
<ltem id="smilscenel">
<Descriptor>
<Statement mimeType="text/xm|">
<sid:SID>
<sid:Object id="A" role="key-convertible" ref="A
<sid:SemanticDependencies>
<sid:AbsoluteSemanticDependencies>
<sid:PreConditionMedia>
<sid:MediaObject ref="C"/>
</sid:PreConditionMedia>
</sid:AbsoluteSemanticDependencies>
<sid:SynchronizationSemanticDependencies syn
<sid:SpatialSemanticDependencies>
<sid:KeepCloseTo><sid:MediaObject ref="C"/></sid
</sid:SpatialSemanticDependencies>
</sid:SemanticDependencies>
<sid:SemanticFragmentationPreferences>
<sid:TimeFragmentationPreferences shiftingPr
<sid:SpatialFragmentationPreferences keepWit
</sid:SemanticFragmentationPreferences>
</sid:Object>
<sid:Object id="B" ref="B" role="key-convertible
<sid:SemanticDependencies>
<sid:SynchronizationSemanticDependenci
<sid:SpatialSemanticDependencies>
<sid:KeepCloseTo><sid:MediaObject ref="D"/></sid:
</sid:SpatialSemanticDependencies>
</sid:SemanticDependencies>
<sid:SemanticFragmentationPreferences>
<sid:TimeFragmentationPreferences shiftingPriorit
<sid:SpatialFragmentationPreferences keepWith="D"
</sid:SemanticFragmentationPreferences>
</sid:Object>

<sid:SemanticDependencies>
<sid:SpatialSemanticDependencies>
<sid:KeepCloseTo><sid:MediaObject ref="A"/></sid
</sid:SpatialSemanticDependencies>
</sid:SemanticDependencies>
</sid:Object>
<sid:Object id="D" ref="D" role="key-convertible
<sid:SemanticDependencies>
<sid:SpatialSemanticDependencies>
<sid:KeepCloseTo><sid:MediaObject ref="B"/></sid
</sid:SpatialSemanticDependencies>
</sid:SemanticDependencies>
</sid:Object>
</sid:SID>
</Statement>
</Descriptor>
<Component id="ABCDsmilScene">
<Resource mimeType="scene/smil" ref="ABCDsmilScen.
</Component>
</ltem>
</DIDL>

" maxRRF="3">

chronizedTo="C"/>

:KeepCloseTo>

iority="1"/>
h="C"/>

" maxRRF="3">

es synchronizedTo="C"/>

KeepCloseTo>

y="2"/>
/>

" maxRRF="3">

:KeepCloseTo>

" maxRRF="3">

:KeepCloseTo>

smil"/>

Figure 7.13: Example semantic metadata CDI for layout of Figure 7.12

We now consider two adaptation cases: one withigetalevice display size of 400*300 and one with a

target device display size of 144*176 (usual PDgptiy size).

A. Device display size is 400*300
We have:

MinDisplayWidth = 300 < displayWidth = 400

, and
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MinDisplayHeight = 130 < displayHeight = 300

No scene fragmentation is hence necessary, aryatldownscaling is sufficient for adaptation.
B. Device display size is 144*176

We have:

MinDisplayWidth = 300 > displayWidth = 176

A scene layout fragmentation is therefore unavdelédr adaptation.

7.4.1.2 Scene rearrangement algorithm

Scene rearrangement is in fact the presentatiooutagdaptation and consists of two types of layout
adaptation: layout downscaling (i.e. spatial sceesizing) and scene fragmentation (i.e. scene page

splitting).

Please note that, since “optimal” does not havealagplute signification, based on how one defines
optimization, scene downscaling optimization, oerse fragmentation optimization, the optimization

algorithm may be completely different accordingwbich constraints are deemed most important. Our
choice was to privilege maximum use of the avadatikplay size based on our defined interpretation

rules of semantic information of the scene, asritzsd in 7.3.4.

Through the process of scene downscaling and fragatien, a media downscaling is decided, if the
value of theole attribute within corresponding SID descriptor & key Otherwise the media object will
remain in the scene with its original region dimens and the scene downscaling or fragmentation

calculations will be redone, this time considering unchangeable region dimensions of this media.

In the following, we describe scene downscaling &lagmentation calculations. In order to avoid the
complexity, we only explain the calculations pracesit simplest case, i.e. for the case where eored
media objects do not havekay role Calculations for other cases are not describedgekier dealt with in

our algorithm.

7.4.1.2.1 Spatial scene layout downscaling

In case, where a layout downscaling is decidecetadressary by the optimization calculations, then
scene-downscaling sub-module downscales the lagbulhe scene. In this section we give a rough

description of the optimizing algorithm that we baleveloped for scene layout downscaling.

We consider the following equation:



Multimedia Scene Semantic Adaptation (MSSA) 137

maxGroupWidthSUM, _ adaptedMax GroupWidth SUMn rax
layoutWidt h displayWid th

This equation means that we consider the ratiduafmaxGroupWidthSUMmnrax (i.e. the sum of the
widths of the media objects of therizontally-parallelgroup that has the maximum width sum through
all the original SMIL scene) to tHayoutWidth  (i.e. the width size of the layout of the origir&VIL
scene) to be equal to the ratio of thaxGroupWidthSUM m of the adapted SMIL scene, denoted by
adaptedMaxGroupWidthSUM m to thedisplayWidth (i.e. the width size of the target device

display).

This, of course implies that the size of the layoluthe adapted SMIL scene is the same as the elevic

display size.

The value of adaptedMaxGroupWidthSUM , represents the maximum limit of width sum of
max
horizontally parallel media object groups in theygigd scene, and is calculated friiv@ above equation.

The same is done to calculate the valuadaptedMaxGroupHeightSUM

max

Then in order to calculate the resizing factor atke media object, two values, called optimal wialtia

height downscaling factors, are calculated as Vgglo

_ adaptedMax GroupWidth SUMh yax
maxMinGrou pWidthSUM m, e

wi (optimal width downscaling factor), and

daptedMax G Heigh tSUM
adapte - ax roup. ©1g Mmax_(optimal height downscaling factor).
maxMinGrou pHeightSUM ,

hf=

The optimizer then calculates which of the abovemated valueswf or hf , is the overall optimal
downscaling factor. To avoid too many details, wendt explain how this is calculated, neverthelges

consider one only case; for example if
wf X maxMinGroupHeightSUM m < displayHeight , and
wf X maxMinGroupWidthSUM ,, < displayWidth

max

then the optimal downscaling factor is tiwé if hf < wf. This optimal downscaling factor will be

denoted byptimalMediaDownscalingFactor

After computingoptimalMediaDownscalingFactor , for each media object of the scene, it is
verified if a simpleresizingis possible. Asimpleresizingis possible when, for the concerned media

object:
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displayWid th S 1

- 2 and
layoutWidt h maxRRF

displayHei ght S 1
layoutHeig ht =~ maxRRF

Then the optimizer calculates another value denbtedimpleResizingFactor , which is either:

(based on which one gives an optimal adapted scene)

displayWwid th
layoutWidt h

displayHei  ght
layoutHeig ht

Then if for a media object@mpleresizingis possible, and if

. . optimalMed iaDownscal ingFactor
simpleResizingFactor = ,
maxRRF

then the corresponding visual media object shaldtwenscaled by thisimpleResizingFactor
Therefore, the values @fidth andheightattributes ofregion element will be changed — adapted — by the
optimizer, and the media resource downscalingsheiltione by resource transmoders (media adaptation

module).

Otherwise, the considered visual media object sHadl downscaled by its corresponding

optimalMed iaDownscal ingFactor
maxRRF

factor. Hence, again the valueswatith andheightattributes

of region elements will be changed and the correspondingianesbizings will be done by resource

transformers.

In an alternative solution, we took into accourd #talue ofimportanceattribute (of SID descriptors) in

the calculation of downscaling factor of each mexhigect.
This results in a smaller downscaling for mediaeotg of higher importance.

Calculation of the values @fidth andheightattributes ofegion elements of corresponding media objects
is rather straightforward and simpler than caléntathe correct values of the correspondiog andleft
attributes. The latter depends on more parameddased on the old and nemidth andhigh attributes of

region elements andoot-layoutelement and based on the tdg andleft values, and certainly based on
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the general spatial semantic dependencies andrgnets (expressed in SID descriptors), and alsngak
into account the media objects that were removeunn fthe layout, the optimizer calculates the

appropriate new values tfp andleft attributes of each visual media object.
A simple example for scene layout downscaling

Let us now calculate these values for case A otonsidered example. We will have:

750 x 400
adaptedMaxGroupWidthSUM ,, = —— [ 333,
max 900
550 x 300
adaptedMaxGroupHeightSuMm ,, = ——— [ 236,
max 700
330 236

wf= —— =1332 ,andhf= —— =1.29
250 183
Consequently the optimal downscaling factor will be
OptimalMediaDownscalingFactor = 1.332
For all the media objects,simple resizings possible, and

optimalMed iaDownscal ingFactor

SimpleResizingFactor L =0.44

maxRRF

Therefore, the values dieight and width attributes of correspondingegion element, in the SMIL
document, will be divided by a factor of 0.44. Timedia resource adaptors will then downscale the

concerned visual media object by this factor. Téh@psed layout is showed in Figure 7.14.

88. 176
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Figure 7.14: Adapted layout of Figure 7.12 for a 300*400 display size
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For this particular example, as the SMIL documeas wfsimpletype and thenaxRRFvalues of all
visual media objects were the same, and since deal take into account the device capabilities and
user preferences (therefore no transmoding andsdealiing were decided), the optimization and

downscaling calculations were unusually very light.

7.4.1.2.2 Scene fragmentation

Whenever the optimization calculations result ioidimg a scene fragmentation, the scene is fragedent
For eactpar element far screeh of the original SMIL scene, the followings arengo

a. Based on the semantic information of the scéngroups of semantically-dependent media

objects (for eachar screen are constructed. Theth such group is denoted B .

b. Then for eaclsG, which is going to be a fragment (sub-scene) efabapted scene, the sub-
scene will be adapted as explained in the followiRige following will be performed for all groupd. |

possible, two temporally consequent groups argiated in one fragment.

* For each th semantically-related media object grodgi(<l ) , the maximum height and width,
among the heights and widths of all objects of ¢tbesidered group are calculated. These are
respectively denoted bynaxGroupHeight ; and maxGroupWidth ;. Then, based on the
maxRRF values of them media objects, for each group, thenimum possible
maxGroupHeight ; andmaxGroupWidth ;, are calculated. These are respectively denoted by

maxMinGroupHeight ; andmaxMinGroupWidth ;.

Then the sum of the heights and widths of each sBoadly-related object group are calculated,
these are respectively denoted HightSum ; andwidthSum ;. Again, taking into account he
maxRRFvalues of media objects, the minimumghtSum ; and widthSum ; are calculated.

These will be respectively denoted imynHightSum ; andminWidthSum ;.

« We then define that for a semantically-related ciisjgroup, &imple fragmentatiois possible if:

heightSum ; < displayHeight , and widthSum ; < displayWidth ,
or

heightSum ; < displayHeight , and maxGroupWidth ; < displayWidth,
or

widthSum ; < displayWidth , and maxGroupHeight ; < displayHeight.



Multimedia Scene Semantic Adaptation (MSSA) 141

This means that the objects of this group can laeeol in a scene fragment without being

downscaled. Then based on the above inequalitgés@mparison of the following values:

dh; = displayHeight — heightSum i, and
dw; = displayWidth — widthSum -

it will be decided whether a vertical, horizontalnoixed fragmentation is optimal.

A vertical fragmentation results in a vertical layomeaning that the media objects of the group
will be placed in avertically-parallelway (see Figure 7.15.a). A horizontal fragmentatiesults in
a horizontal layout, meaning that the media objadlisbe placed in éhorizontally-parallelway
(see Figure 7.15.b). If a group contains more tiaee visual media objects, we consider that a
mixed fragmentation could be envisaged (see Figuté.c). The position calculations are more

complex for mixed fragmentation.

In order to avoid going through too many details,do not explain our algorithm of fragmentation
type decision-making. Once the optimal type of fnagtation (vertical, horizontal or mixed) is

decided, it will be applied to the scene as deedrihb the following.

» If for the considered semantically-related objeptsup, asimple fragmentatiois not possible, i.e.
if media downscaling is required, the media dowlisgdactor for each object of the group is then
calculated.
Based on thenaxRRFvalue of each visual media object, the valuebafjhtandwidth attributes
of the correspondingegion element, the values aiaxGroupHeight andmaxGroupWidth of
the corresponding semantically related object graumd also based on the display height and
width, the downscaling factor of each media objgfotach semantically related object groups are

calculated. Thémportancevalue can be alternatively taken in to account.

b. A horizontal fragment C

a. A vertical fragmer )
c. A mix fragment

Figure 7.15: Scene fragments resulting from scene (a) vertical, (b) horizontal and (c) mixed fragmentations



142 Multimedia Content Adaptation with MPEG-21

The calculations are similar to the scene downsgatalculations, and are not therefore described

here. We just remind that if
minWidthSum ; > displayWidth , andminHeightSum ; > displayHeight ,

no fragmentation is possible without any media ctojenitting. We, therefore, have to see if, based
on media object omitting rules (section 7.3.4.8gré are any media objects which could be
dropped off from this group or not. If possibleteafremoving those media objects, we redo the

calculations for this new group.

« Once the new values are calculated Hierght and width attributes of the correspondimggion

elements, they replace the old ones.

The newtop andleft values will be calculated based on decided typ&agmentation (vertical,
horizontal or mixed), the new already-calculateshelisions of the layout and each media object,
and also spatial fragmentation preferences, expdeisough SID descriptors. Synchronization

dependencies are also respected through fragmestraotions.

C. After constructing the scene fragments, thectitne of the scene will also be changed as follows.
The scene fragments, which are in fact the senalytielated object groups, will each be represitge
apar element. If it is desired to result in an un-iatgive sequential scene, scene fragments will been
simply sequenced by means o$egenclosing element. In case an interactive adagptede is desired,
the scene fragments will be sequenced by meanseat™buttons placed in each scene fragment. “Back”
buttons can be also used for play back. For eaeheséragment, in the course of calculation and
optimization of media objects spatial dimensiond positions, the spatial dimension of “next” butien

except for the last fragment — are evidently takém account.

All temporal and spatial dependencies and prefe®nexpressed through the SID metadata, are also

respected within each fragment and through the evboéne.
If spatially possible, two consequent semanticadlgted object groups are placed in a sparescreen

d. After finishing the adaptation of the SMIL XMLodument, the new (adapted) calculated spatial
dimensions of each media object is provided tontleglia adaptation tools that will then downscale the
media. Also if there is any transmoding or trangegdo be done, the related adaptation tools altecca

and the necessary parameters are provided to them.

For downscaling text resources, as we do not ugeasthe-fly text summarization tool, we assume tha
the scene author provides one or several summaaitedhative texts in the CDI. We assume that the

required (for rendering) regions dimensions of ¢hesimmarized versions are pre-calculated and
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implicitly hinted by giving a correspondirigRF (Resolution Reduction Factor) value in the CDlother
words, for each of these pre-provided alternatav@RF — comparing to original text — is pre-calteda
and provided. Therefore, if through the scene aptition calculations, the region of a text resousce
downscaled, based on the downscaling factor, onthaxfe alternatives will replace the original text.
Please refer to Figure 7.8 see how in a CDI thiematives can be expressed. An example was given

Figure 7.5.
An example for scene layout fragmentation

Let us consider the case B of example of sedfimaur ! Source du renvoi introuvable..

We will have:

| =2 ,SG={A,C} ,SG ={B,D} |,

maxGroupHeight ; = 300 , maxMinGroupHeight ; = 100 , maxGroupWidth ; = 500 ,
maxMinGroupWidth ; [ 167, hightSum ;=450 , minHeightSum = 150 , widthSum ; =
700, minWidthSum ; =233, and

maxGroupHeight2 ; = 350 , maxMinGroupHeight ; [ 117, maxGroupWidth , =400 ,
maxMinGroupWidth ; [ 133, hightSum , = 550 , minHeightSum L 183, widthSum ,
=650 , minWidthSum ; [ 217 .

Since for both groupshightSum ; > displayHeight , widthSum ; > displayWidth ,
maxGroupHeight ; > displayHeight , andmaxGroupWidth ; > displayWidth , hosimple

fragmentationis possible.

For the first groupminHeightSum ; < displayHeight , therefore a vertical fragmentation is
possible. While for the second groupinWidthSum ; > displayWidth , andminHeightSum ; >
displayHeight . No fragmentation is hence possible for this grouiheut any media object
removing. And based on media object removing rutesmedia object can be removed from the scene

(absence oimportanceattribute meansnportance= high). No adaptation is hence possible at all.

If the media objectsnaxRRFvalues were 4 (instead of 3), the adaptation whalde been possible, in

that case, we would have:

maxGroupHeight ; = 300 , maxMinGroupHeight ;1 = 75 , maxGroupWidth ; = 500 ,
maxMinGroupWidth ; = 125, hightSum ; =450 , minHeightSum L 113 , widthSum ; =
700, minWidthSum ; =175, and
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maxGroupHeight2 ; = 350 , maxMinGroupHeight ; [ 88, maxGroupWidth » = 400 ,
maxMinGroupWidth ; =100 , hightSum , =550 , minHeightSum L 138 , widthSum , =
650, minWidthSum ; L 163 .

And for both groups, we havminHeightSum < dispalyHieght , therefore a vertical scene
fragmentation is possible for both fragments. Fas vertical fragmentation we consider the follogvin

equation:
adaptedMaxWidth = 0.95 x displayWidth

This equation means that the optimal adapted widtlhe media object of this group who has the

maximum width among this group is considered tedpgal to 95% of the display width. Therefore:
adaptedWidth - L[ 137 , and consequently we’'ll have:
adaptedHeigh ¢ [ 41 ,adaptedHeight . L[ 82 , andadaptedWidth . [54

Doing the same calculations for the second groupwill end up by an adapted fragmented scene as

shown in Figure 7.16.
Thetop andleft values could be now calculated for each mediachbj@wever, here, we do not explain
this calculation.

7.4.2 Scene media objects adaptation

The media adaptation tools that we use in our M&&/ework are the same as used in MRC (Media

Resource Conversion) framework.

144 5
" > ‘ < 137 >
A B 69
82
17€
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- ' -
137 86
Fragment # 1 Fragment # 2

Figure 7.16: Adapted fragmented scene for example of section 7.4.1.2.2
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7.5 Conclusion

In this chapter we described our methodology fatization of a framework for semantic customization
of multimedia presentations to usage context camgf. We reasoned our choice of SMIL 2.0 language
for description of our multimedia scenes. We th&planed our solutions for each element of such a

framework as defined in previous chapter.

We described how we choose to express the semiafaication of a multimedia scene on the basis of
MPEG-21. Our proposed descriptors for semanticrimégion description, as well as their interpretatio

within the system were also detailed.

We subsequently provided a brief description ofdlg®rithm of our scene semantic adaptation cone. T

architecture of an experimental implementatiorhig framework is detailed in next chapter.



Chapter 8

MSSA IMPLEMENTATION

Summary

In this chapter we describe the overall architecture of our Multimedia Scene Semantic Adaptation

engine. The functionalities of optimization and adaptation modules are also described.
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8.1 Introduction

One of the important issues in implementing a mdtlia presentation adaptation system is the type of
multimedia documents on which the adaptation poeak be performed. Depending on the type of used
multimedia documents, the “front-end” module of thgstem varies. For example for XML-based

multimedia documents, an XML parser and validatoneeded right at the beginning of the process.
Then, based on what language, the multimedia doeuisewritten in, a language-specific parser and

validator is necessary if documents have not babjest to validation before.

One other important issue that should be taken @mmount is the capabilities and characteristics of
multimedia players that exist for the chosen typenaltimedia documents, and which run under the

different usage contexts in the considered scesario

The capabilities of the considered target deviceserms of adaptation are also of great importance.

Based on these capabilities, some of the adaptitiks may be left to the end user device (or pJaye

In this chapter we present our proof-of-concept lemgntation for our MSSA framework. This
experimental adaptation engine of SMIL 2.0 multimedocuments is implemented based on the
methodology described in previous chapter. We @letcribe the overall architecture of the systeoh an
then discuss each module in more detail. A numlbexamples are discussed through the chapter in
order to facilitate the comprehension of the metdmrof the system and show the achievements of the

system.

It shall be noted that through this experimentgdlamentation, we do not aim to deal with the questi
of a complete end-to-end multimedia distributiosteyn. We consider that transport protocol-related o
client-server architectural questions are out opscof this work. In particular, we solely searalptove

how semantic metadata are important and vital dorect performance of an adaptation system.
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8.2 Architecture of MSSA system

Before going through the details of the architeztof our MSSA engine, let us recall the elements

hierarchy that we considered for our scene semadtptation core in previous chapter:

> Scene optimization

0 Presentation optimization; this is in fact the paftscene optimization that is in charge of
decision-making and computation of the optimal laydt calculates the optimal form of the presenotat

and the media objects.

0 Presentation structure adaptation (layout rearmaegé); this is in fact the adaptation of the

SMIL XML document. It is in charge of adapting t8®IL XML document, i.e. the presentation.

> Media resource adaptation: this part is in chafgedapting the resources based on the decisions

made by the scene optimization part.

Figure 8.1 depicts the overall architecture of owitimedia scene semantic adaptation engine. The pa
enclosed by (red) dashed line is the semantic segajgtation core. Its direct inputs are the CDI &b

The CDI is a DIDL XML document containing the restes conversion-related and scene semantic
information. The SMIL scene and its media resoumlresalso referenced through the CDI and will be
fetched by corresponding modules along the adaptatiocess (input dashed line arrows). Alternagivel
the SMIL scene may be directly input to the engiie.example of such CDI was given in previous
chapter. The XDl is also a DIDL XML document confag UED (Usage Environment Description)

metadata.

As shown by numbered steps in Figure 8.1, the dweadkthrough of an adaptation session is as fedip
1- The CDI and XDI are input to the adaptation ergi

2- The SMIL scene is fetched from its URI.

3- According to the optimization algorithm descdbim previous chapter and based on the metadata
provided in the CDI and XDI the optimizer calcukathe optimal form of the layout of the presentatio
as well as the optimal form of the media objectse Bcene structure is then converted to the decided

optimal form.
4- The media objects are fetched from their URI aredthen converted to their optimal decided forms.
5- The media objects and the scene are outputavedis

We now proceed to explain the detailed architecamek function of each module.
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Figure 8.1: Architecture of multimedia scene semantic adaptation engine

8.2.1 Scene optimizer

The scene optimizer function is to first try todian optimal form for the temporal, spatial andidat
structure of the layout of the presentation théisBas the context constraints and semantic degrerids
of the scene and to, then, convert the scene lagtoutture to this adapted. It works on the bakihe

optimization algorithm described in previous chapte

The optimizer module is totally implemented in Jémaguage. Its inputs are the CDI of the SMIL scene
and the corresponding XDI. Figure 8.2 demonstr#tesgeneral architecture of our scene optimizer
module. The scene optimization is done for a hunatb@ontext constraints such as target device aljspl
size, device capabilities (from the point of vielwesource modality and format support), as wellisesr
and author preferences. We have not implementegrsesoptimization for bandwidth criteria; however,
this can be done by considering thgortancevalue of each media object of the scene. Meariagthe
available bandwidth would be shared among mediacbbjof the scene, proportionally to their

importancevalue.

The optimization is done along a number of sceniniging sub-modules. In the following we provide a
rough description of the algorithm of scene opteniZThe optimization process walkthrough is analyze

through the description of each sub-module function
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Figure 8.2: Architecture of scene optimizer module

8.2.1.1 DIDL and SMIL parsing and validating

i. The optimizer takes the XDI and CDI as input.

ii. The XDI is parsed and validated through a DIDADparser. The UED metadata is saved into an
internal structure. We used the DID parser of theB@-21 reference software, provided by Ghent
University, and developed a DIA parser and validdlat parses, validates and then saves the DIA

metadata in an internal structure.

iii. The CDI file containing the SID and RCD mettalas well as the references to SMIL scene URI and
its media objects URIs, is parsed and validateduigin a DID+RCD+SID parser, the metadata is then

saved in an internal structure.

iv. The SMIL scene is retrieved form its URI. Ittleen parsed and validated through a SMIL parser. W
implemented a SMIL parser that verifies, parses\aiiiates our input SMIL scenes. The SMIL parser

also extracts the type of the SMIL documesitnpleor sequentidl.

8.2.1.2 Optimization calculation Core

This sub-module is in fact the implementation of first step of optimization, i.e. the part of seen

optimization that is in charge of decision-makinmgl@omputation of the optimal layout. It calculaties
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optimal form of the presentation and the media abjdased on the algorithm described in section

Erreur ! Source du renvoi introuvable..

8.2.1.3 Scene rearrangement core

This sub-module is implemented in JAVA. It is inache of performing the second step of optimization,
i.e. the presentation layout adaptation. It appifes calculated rearrangements to the structurthef
scene. It consists of two types of layout adaptatlayout downscaling and scene fragmentation and

works on the basis of the algorithm described atise 7.4.1.2.

8.2.2 Media resource adaptor

The media adaptation tools, that are a set of imadsrs, transcoders and transformers, will adapt th
media resources following the adaptation paramefiees downscaling, transmoding or transcoding

parameters) that are provided by the scene optimize

The media adaptation tools that we used in thikvapne the same that we used for resource conversion

framework, as described in chapter 5.

8.2.3 Exploitation and performance of MSSA engine

In this section we describe how our MSSA engine loarexploited in an adaptation framework. To do
this, we provide some adaptation cases for diffecentext constraints and describe how MSSA engine
adapts the content for these adaptation cases. I§dediéscuss the MSSA engine’'s performance by

reviewing its advantages and weak points.

8.2.3.1 Adaptation examples for SMIL scene of Figure 7.2

Let us recall the SMIL scene of Figure 7.2. A snemt of its layout is given in Figure 7.3. We ddes
this SMIL scene as the original full version of tantent that should be adapted for different qairss.

We consider the following adaptation cases:
Case A:

Constraints: The available display size for rendering the conig 200 * 300. This could be for example
a percentage of the device display size. The playeapable of playing all media modalities: textage
(JEPG, JIF), graphics and video (MPEG). The cooedmg CDI containing content-related information
is provided in Figure 8.3.



152

Multimedia Content Adaptation with MPEG-21

<?xml version="1.0" encoding="UTF-8"?>
instance" xsi:schemalocation="urn:mpeg:mpeg21:2003:

<Container>
<Item id="smilscenel">
<Descriptor>
<Statement mimeType="text/xml">
<SID>
<FragmentationType>interactive</Fragmentatio
<Object importance="medium" id="v1" ref="vid
<SemanticDependencies>
<AbsoluteSemanticDependencies>
<PreConditionMedia>
<MediaObject ref="t1"/>
</PreConditionMedia>
</AbsoluteSemanticDependencies>
<SpatialSemanticDependencies>
<KeepCloseTo>
<MediaObject ref="t1"/>
</KeepCloseTo>
</SpatialSemanticDependencies>
</SemanticDependencies>
<SemanticFragmentationPreferences>
<TimeFragmentationPreferences shiftingPrio
<SpatialFragmentationPreferences keepWith=
</SemanticFragmentationPreferences>
</Object>
<Object importance="low" id="t1" ref="text1"
<SemanticDependencies>
<SpatialSemanticDependencies>
<KeepCloseTo>
<MediaObject ref="i1"/>
</KeepCloseTo>
</SpatialSemanticDependencies>
</SemanticDependencies>
<SemanticFragmentationPreferences>
<TimeFragmentationPreferences shiftingPrio
<SpatialFragmentationPreferences keepWith=
</SemanticFragmentationPreferences>
</Object>
<Object importance="medium" id="i2" ref="ima
<SemanticDependencies>
<SpatialSemanticDependencies>
<KeepCloseTo>
<MediaObject ref="t2"/>
</KeepCloseTo>
</SpatialSemanticDependencies>
</SemanticDependencies>
<SemanticFragmentationPreferences>
<TimeFragmentationPreferences shiftingPri
<SpatialFragmentationPreferences keepWith
</SemanticFragmentationPreferences>
</Object>
<Object importance="low" id="t2" ref="text2
<SemanticDependencies>
<SpatialSemanticDependencies>
<KeepCloseTo>
<MediaObject ref="i2"/>
</KeepCloseTo>
</SpatialSemanticDependencies>
<AbsoluteSemanticDependencies>
<RedundantFor>
<MediaObject ref="i2"/>
</RedundantFor>
</AbsoluteSemanticDependencies>
</SemanticDependencies>
<SemanticFragmentationPreferences>
<TimeFragmentationPreferences shiftingPri
<SpatialFragmentationPreferences keepWith
</SemanticFragmentationPreferences>
</Object>
<Object importance="medium" id="i3" ref="im
<SemanticDependencies>
<AbsoluteSemanticDependencies>
<PreConditionMedia>
<MediaObject ref="t3"/>

<DIDL xmIns="urn:mpeg:mpeg21:2002:01-DIDL-NS" xmins

xmlns:sid="urn:mpeg:mpeg21:2004:01-SID-NS" xmins:rc

:xsi="http://www.w3.0rg/2001/XMLSchema-
01-DIDL-NS didl.xsd"
d="urn:mpeg:mpeg21:2003:01-DIA-NS">

nType>
eol" maxRRF="2">

rity="2"/>
"t1" position="left"/>

maxRRF="3">

rity="1"/>
"v1" position="right-below"/>

ge2" maxRRF="2">

ority="4"/>
="t2" position="right-up"/>

" maxRRF="3" role="redundant">

ority="3"/>
="i2" position="left-below"/>

age3" maxRRF="2">
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</PreConditionMedia>
</AbsoluteSemanticDependencies>
<SpatialSemanticDependencies>
<KeepCloseTo>
<MediaObject ref="t3"/>
</KeepCloseTo>
</SpatialSemanticDependencies>
</SemanticDependencies>
<SemanticFragmentationPreferences>
<TimeFragmentationPreferences shiftingPri
<SpatialFragmentationPreferences keepWith
</SemanticFragmentationPreferences>
</Object>
<Object importance="low" id="t3" ref="text
<SemanticDependencies>
<SpatialSemanticDependencies>
<KeepCloseTo>
<MediaObject ref="i3"/>
</KeepCloseTo>
</SpatialSemanticDependencies>
</SemanticDependencies>
<SemanticFragmentationPreferences>
<TimeFragmentationPreferences shiftingPr
<SpatialFragmentationPreferences keepWit
</SemanticFragmentationPreferences>
</Object>
</SID>
</Statement>
</Descriptor>
<Component id="smilScene">
<Descriptor>
<Statement mimeType="text/plain">this is th
</Descriptor>
<Resource mimeType="application/smil" ref="p
</Component>
</ltem>
<ltem>
<Descriptor>
<Statement mimeType="text/plain">item contai
</Descriptor>
<Choice minSelections="1" maxSelections="1">
<Descriptor>
<Statement mimeType="text/plain">What resol
</Descriptor>
<Selection select_id="originalSize">
<Descriptor><Statement mimeType="text/plain
</Selection>
<Selection select_id="RRFis2">
<Descriptor>
<Statement mimeType="text/plain">downscale
</Descriptor>
</Selection>
<Selection select_id="RRFis3">
<Descriptor>
<Statement mimeType="text/plain">maximum-d
</Descriptor>
</Selection>
</Choice>
<ltem id="video1">
<Component >
<Condition require="originalSize"/>
<Resource mimeType="video/mpeg" ref="v1.mpg
</Component>
</ltem>
<ltem id="text1">
<Component>
<Condition require="originalSize"/>
<Resource ref="t1.txt" mimeType="text/plai
</Component>
<Component>
<Condition require="RRFis3"/>
<Resource ref="maximumSummarizedT1.txt" m
</Component>
<Component>
<Condition require="RRFis2"/>
<Resource ref="summarizedT1.txt" mimeType
</Component>

ority="2"/>
="t3" position="left"/>

3" maxRRF="3" >

iority="1"/>
h="i3" position="right-below"/>

e smil scene</Statement>

osterExample.smil"/>

ning medias and related info</Statement>

ution?</Statement>

">original</Statement></Descriptor>

d media with RRF=2</Statement>

ownscaled media with RRF=3</Statement>

">

n"/>

imeType="text/plain"/>

="text/plain"/>
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</ltem>

<ltem id="image2">

<Component >
<Condition require="originalSize"/>
<Resource mimeType="image/jpg" ref="i2.jpg ">
</Component>

</ltem>

<ltem id="text2">

<Component>
<Condition require="originalSize"/>
<Resource ref="t2.txt" mimeType="text/plai n"/>
</Component>

<Component>
<Condition require="RRFis3"/>
<Resource ref="maximumSummarizedT2.txt" mi meType="text/plain"/>
</Component>

<Component>
<Condition require="RRFis2"/>
<Resource ref="summarizedT2.txt" mimeType= "text/plain”/>
</Component>

</ltem>

<Item id="image3">

<Component >
<Resource mimeType="image/jpg" ref="i3.jpg ">
</Component>

</ltem>

<ltem id="text3">

<Component>
<Condition require="originalSize"/>
<Resource ref="t3.txt" mimeType="text/plai n"/>
</Component>

<Component>
<Condition require="RRFis3"/>
<Resource ref="maximumSummarizedT3.txt" mi meType="text/plain"/>
</Component>

<Component>
<Condition require="RRFis2"/>
<Resource ref="summarizedT3.txt" mimeType= "text/plain”/>
</Component>

</ltem>

</ltem>

</Container>
</DIDL>

Figure 8.3: CDI for example of case A

As expressed within the CDI, for each text medism summarized versions, corresponding to Resolution
Reduction Factors (RRF) of 2 and 3 are provideds Thto help reducing the occupied space of text
media objects when needed. If no summarized vessidrtext media objects are provided, it can be
envisaged to reduce the text font size or applinertext summarizing algorithms, in order to dovaiec

the text media objects.

Adaptation solution by MSSA: As the original modality and format of the medigemlts are supported,

no transmoding and transcoding is done. The adatiteensions of visual media objects are calculated

and corresponding transformings (media resizings)dane. Based on spatial calculations, the origina

texts cannot be put in the adapted scene, and #xémam-summarized versions of texts are selected.

The adapted scene is an interactive verticallynmraigted scene, as shown in Figure 8.4. The adapted
values of media positions and dimensions can ba seéhis figure. Three screenshots of the three

fragments of the adapted scene, played with Rea@PED, are provided in Figure 8.5. Please notkitha

this figure, in order to use less room, the screetssare downscaled with a factor of 60%.
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It can be seen that the available display sizebean optimally used. In the last fragment no “Next”

button is needed, a bit more space is hence alailalbender the image and text.
Case B:

Constraints: The available display size is the same as in cad®asded on device player capabilities and
user preferences, the accepted media modalitiesexteand image (JEPG, JIF). The corresponding CDI
containing content-related information is almost #ame as in Figure 8.3, except for th@xRRFvalue
of the t2, which is, this time, set to 1. Also,arder to express the transmoding parameters adeowio-

image conversion, the correspondltegn element of video media is changed as given inreiguo.

<smil>
<head>
<layout>
<root-layout background-color="#ffffff"
<region fit="fill" height="167" id="vid
<region fit="fill" height="167" id="ima
<region fit="fill"* height="169" id="ima
<region fit="fill"* height="99" id="text
<region fit="fill" height="99" id="text
<region fit="fill" height="101" id="tex
<region height="15" id="nextButtonRegio
</layout>
</head>
<body>
<par>
<video dur="60s" id="v1" region="videol
<text dur="60s" id="t1" region="text1"
<a href="#pagel"><text region="nextButt
</par>
<par id="pagel">
<img dur="60s" id="i2" region="image2"
<text dur="60s" id="t2" region="text2"
<a href="#page2"><text region="nextButt
</par>
<par id="page2">
<img dur="60s" id="i3" region="image3"
<text dur="60s" id="t3" region="text3"
</par>
</body>
</smil>

height="300" width="200"/>

eol" left="3" top="10" width="194"/>
ge2" left="3" top="10" width="194"/>
ge3" left="1" top="10" width="197"/>
1" left="2" top="187" width="196"/>
2" left="2" top="187" width="196"/>
t3" left="0" top="189" width="200"/>
n" left="160" top="285" width="30"/>

" src="v1l.mpg"/>
src="maximumSummarizedT1.txt"/>
onRegion" src="next.txt"/></a>

src="i2.jpg"/>
src="maximumSummarizedT2.txt"/>
onRegion" src="next.txt"/></a>

src="t3.jpg"/>
src="maximumSummarizedT3.txt"/>

Figure 8.4: Adapted SMIL scene for adaptation case A
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Figure 8.5: Screenshots of fragments of the adapted scene for adaptation case A
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<Item id="videol">

<Component >
<Condition require="originalSize"/>
<Descriptor><Statement mimeType="text/plain">rcd
<Descriptor>
<Statement mimeType="text/xml|">
<dia:ConversionInformation >
<rcd:ConversionDescription xsi:type="rcd:Trans
<dia:ConversionUri>http://www.ensttransmoding
<rcd:Transmoding>
<rcd:Parameters xsi:type="rcd:VideoSummariza
<rcd:To href="urn:mpeg:mpeg7:cs:ContentCS:2
<mpeg7:Name>Image</mpeg7:Name>
</rcd:To>
<rcd:Slide importance="hight">
<mpeg7:MediaTimePoint>T00:00:00:01F24</mpe
</rcd:Slide>
</rcd:Parameters>
</rcd:Transmoding>
</rcd:ConversionDescription>
</dia:Conversioninformation>
</Statement>
</Descriptor>
<Resource mimeType="video/mpeg" ref="v1.mpg"/>
</Component>
</ltem>

metadta</Statement></Descriptor>

modingConversionType">
Tool.com/videotoimage</dia:ConversionUri>

tionParametersType">
001">

g7:MediaTimePoint>

Figure 8.6: DIDL Item element for video media object of adaptation case B

Adaptation solution by MSSA: As a modality mismatch was found between the ptesmdalities in

the original scene and allowed modalities, a vitteonage transmoding is decided, calculated and

performed. The conversion parameters are extraoied the CDI. The adapted dimensions of visual

media objects are calculated and correspondingftremings (media resizings) and substitutions are

done. Based on t1 and t3axRRFvalues and spatial calculations, the optimum aidtéves are selected
for t1 and t3. t1 and t3 are substituted by thesected summarized alternatives.

<smil>

<head>
<layout>

<root-layout background-color="#ffffff"
<region fit="fill" height="167" id="vid
<region fit="fill" height="171" id="ima
<region fit="fill" height="169" id="ima
<region fit="fill" height="99" id="text
<region fit="fill" height="101" id="tex

<region height="15" id="nextButtonRegio
</layout>

</head>
<body>
<pa|’>
<img dur="60s" id="transmodedv1" region
<text dur="60s" id="t1" region="text1"

<a href="#pagel"><text region="nextButt
</par>

<par id="pagel">
<img dur="60s" id="i2" region="image2"
<a href="#page2"><text region="nextButt
</par>
<par id="page2">
<img dur="60s" id="i3" region="image3"
<text dur="60s" id="t3" region="text3"
</par>
</body>
</smil>

height="300" width="200"/>
eol" left="3" top="10" width="194"/>
ge2" left="0" top="64" width="200"/>
ge3" left="1" top="10" width="197"/>
1" left="2" top="187" width="196"/>
t3" left="0" top="189" width="200"/>
n" left="160" top="285" width="30"/>

="videol" src="transmodedv1l.jpg"/>
src="maximumSummarizedT1.txt"/>
onRegion" src="next.txt"/></a>

src="i2.jpg"/>
onRegion" src="next.txt"/></a>

src="i3.jpg"/>
src="maximumSummarizedT3.txt"/>

Figure 8.7: Adapted SMIL scene for adaptation case B
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Figure 8.8: Screenshots of the fragments of the adapted scene for adaptation case B

This is not the case for t2. As itsaxRRFvalue is 1, no downscaling is allowed. Becausespce

limitation t2 was removed from the scene as it afdsw importance The adapted scene is an interactive

vertically fragmented scene as shown in Figure 8cfeenshots of the three fragments of the adapted

scene are provided in Figure 8.8. The screenshetdavnscaled with a factor of 60%.

Case C:

Constraints: The available display size is 500*475. Other caists are the same as for case A.

Adaptation solution by MSSA: Scene adaptation is done without any scene fragiem. The video

and images are resized. Optimum summarized versimmselected to replace text media objects. The

adapted SMIL scene is as in Figure 8.9. Figure 8tivs a screenshot of the adapted scene.

<smil>
<head>
<layout>
<root-layout background-color="#ffffff"
<region background-color="#ffffff" fit=
top="25" width="175"/>
<region background-color="#ffffff" fit=
top="175" width="175"/>
<region background-color="#ffffff" fit=
top="325" width="175"/>
<region background-color="#ffffff" fit=
top="35" width="275"/>
<region background-color="#ffffff" fit=
top="185" width="275"/>
<region background-color="#ffffff" heig
width="275"/>
</layout>
</head>
<body>
<par>
<video dur="60s" id="v1" region="videol
<text dur="60s" id="t1" region="text1"
<img dur="60s" id="i2" region="image2"
<text dur="60s" id="t2" region="text2"
<text dur="60s" id="t3" region="text3"
</par>
</body>
</smil>

height="475" width="500"/>
"fill" height="150" id="videol1" left="25"

"fill" height="150" id="image2" left="300"
“fill" height="150" id="image3" left="25"
"fill" height="140" id="text1" left="210"
“fill" height="140" id="text2" left="25"

ht="140" id="text3" left="210" top="335"

" src="v1l.mpg"/>
src="summarizedT1.txt"/>
src="i2.jpg"/>
src="summarizedT2.txt"/>
src="i3.jpg"/>
src="summarizedT3.txt"/>

Figure 8.9: Adapted SMIL scene for adaptation case C
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Tealrizyer EBle View Blay Favorites Tools Help = oxY)
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Figure 8.10: Screenshot of the adapted layout for adaptation case C

Case D:
Constraints: The available display size is 144*176. Other caists are the same as in case A.

Adaptation solution by MSSA: A vertical scene fragmentation is done. Due to laickpace, text media
objects are all removed from the scene since theyHow importance The adapted SMIL scene is as
shown in Figure 8.11. Screenshots of the threenfeands of the adapted scene are shown in Figure 8.12

In this example we can imagine that if the imaged the video were of lovimportanceand the text
media objects were of medium or highportance the images and the video would have been removed

from the scene and the text media objects woul@ hemained in the adapted scene.

<smil>
<head>
<layout>

<root-layout background-color="#ffffff"
<region fit="fill" height="123" id="vid
<region fit="fill" height="123" id="ima
<region fit="fill" height="123" id="ima
<region height="15" id="nextButtonRegio
</layout>
</head>
<body>
<par>
<video dur="60s" id="i1" region="videol
<a href="#pagel"><text region="nextButt
</par>
<par id="pagel">
<img dur="60s" id="i2" region="image2"
<a href="#page2"><text region="nextButt
</par>
<par id="page2">
<img dur="60s" id="i3" region="image3"
</par>
</body>
</smil>

height="176" width="144"/>
eol” left="0" top="13" width="144"/>
ge2" left="0" top="13" width="144"/>
ge3" left="0" top="13" width="144"/>
n" left="104" top="161" width="30"/>

" src="v1.jpg"/>

onRegion" src="next.txt"/></a>

src="i2.jpg"/>
onRegion" src="next.txt"/></a>

src="i3.jpg"/>

Figure 8.11: Adapted SMIL content for adaptation case D
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Figure 8.12: Screenshots of the fragments of the adapted scene for adaptation case D

8.2.3.2 Another adaptation example

Let us very shortly go through another adaptatisangple. The original SMIL document is shown in
Figure 8.13 (70% downscaled); it contains five raealjects: one video resource and one text resource
that are semantically related, and two image ressuthat are semantically related to another text
resource. The available display size of the tadgetce is 150*180 pixels. The first text (t1) is lofv
importance, wittmaxRRFvalue of 1. The other text resource (t2), the @ided the images are of high
importance and theimaxRRFvalues are 3. Summarized version of t2 is avalabhe target device
supports video, image and text modalities. The mthSMIL scene is a fragmented scene as shown in
Figure 8.14 (70% downscaled). The first fragmemttams only the video resource, as tl1 text resoisrce
eliminated from the scene. The other three senwiticelated media objects, i.e. il, i2 and t2 pom

together in a second fragment. Summarized verditd lvas replaced it.

@ealriayer File Wiew Play  Favarfites Tools Help =4

The Indian Ocean tsunami generated by the most
-“ powerful earthguake in decades on December 26 is TeXt 1
b 4 believed to have killed more than 150,000 people and
Video —/ made millions homeless, making it perhaps the most /_ (tl)

destructive tsunami in history.
(v1)

Within hours killer waves radiating from the epicenter
slammed into the coastline of 11 Indian Ocean
countries, snatching people out to sea, drowning
others in their hormes or on beaches, and demalishing
property from Africa to Thailand.

In the wake of the Christmas weekend tsunami in the
Indian Ocean, one of the worst disasters in history,
Mational Geographic News examines the killer waves'
causes and warning signs—information that can be a

. : Text 2
lifesaver in a tsunami zone
/ (t2)

The bodies of 14 men, apparently executed, have
been discovered in a shallow grave in Baghdad,
Iragi officials say. They were found blindfolded with
their arms bound and with bullet wounds to the
head in a vacant plot of land.

Meanwhile, in the Tikrit blast, at least eight other
people were wounded, with some reparts putting
the number of injured as high as 15, The incident
took place at an army and police checkpaint north
gf the city &t about 0300

Image

(i1)

| How Playing | B SmilExampleTsunami (|2) (i) [mpea] 3613 Khps o0 f 1:00 -’.‘9 -
u (&) (WH— (G5
139 Real Guide (00 Music My Library 7] Music Stare '

Figure 8.13: A SMIL document containing one video, two text and two image resources
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Figure 8.14: Adapted SMIL scene of Figure 8.13 for example of section 8.2.3.2

8.2.3.3 Advantages and weak points of MSSA engine

As we saw in above adaptation examples, the MSSfnencan be exploited in a multimedia content
adaptation framework, to serve adaptation of SMILdbcuments for limited devices. The methodology,
however, is independent of the choice of SMIL arch de applied to other types of multimedia

documents.

The most valuable advantage of the MSSA enginkasit reduces the workload of the authors. Instead
of designing several presentation layouts for diffe terminal player capabilities and display sizbe
author provides only the full version of his mulédia document and indicates its semantic informatio
by means of simple XML descriptors. The MSSA engihen takes care of the rest by providing a

personalized version of the original document fleuser request.

We experienced that position and dimension calicuiatproved to be complicated for scenes with high
number of media objects. Also it is true that fomplex SMIL contents with numerous hyper-linkingdan
timing dependencies, the programming task may beaquite complicated, but the methodology remains

valid.

If such engine is integrated into a client-serverhdecture, based on the capacities of the server,
important response delays may be expected in chsmmerous simultaneous adaptation requests.

Distributed architectures are more appropriataichases.

One important missing point of our MSSA enginehatt in its current from, it does not deal with the
guestion of adaptation for bandwidth limitationgsiles, the optimization of bandwidth sharing betwe

media objects is not dealt with. Theses features lsa added to the implementation by using
AdaptationQoSool and taking into account theportanceof each media object for bandwidth sharing

optimization.

We have chosen to implement our MSSA engine for ISKI0 documents, however, through the

implementation of MSSA, we learned that multimediécuments, whose spatial layouts are pre-defined
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in an absolute manner, are not best adaptable cechpa device independent multimedia documents.
Multimedia scene description languages that aredemng-independent, allow describing spatial
constraints rather than exact media positions amermsions. This makes the spatial layout optimixati
process less heavy. RIML is one of such languaggss gection 6.5.9). Its weak point is that it callgws
describing spatial constraints; semantic dependsratie not completely considered within RIML model.
Another possibility is the addition of constraittslanguages with absolute layout by default. Camer
McCormack et al. propose such a constraint extenfio SVG, resolved through the use of scripting

[100]. Semantic dependencies are not dealt withisproposal, either.

8.3 Conclusion

In this chapter, we described the architecture wf implementation of a multimedia scene semantic
adaptation engine, which was realized based om#taodology described in previous chapter. We also

described the algorithm of our scene optimizing ulesl

We used a set of descriptors — as defined in pusvihapter — for describing semantic informatiora of
multimedia scene such as inter-media semantic,iaspabd temporal dependencies, fragmentation
preferences, and also each media independent senmaftrmation. Through this proof-of-concept
implementation, we demonstrated that in order tofop@ a correct adaptation that preserves the
consistency and the meaningfulness of the adapttksthe adaptation process needs to have accass t

number of semantic information of the presentation.

The scene layout adaptation is done for a genayimut model and for satisfying context constrasush
as target device capabilities and user preferermsegiell as satisfying content constraints, suchcase

semantic and media conversion information.

Semantic adaptation of structured multimedia documés a complex issue and needs to be addressed
more completely. The order of complexity grows msignificant as complex temporal dependencies are
introduced between media objects of a scene. Appetiwe of this work is enhancing the set of reseur
adaptors and evaluating bandwidth limitations amel isage of MPEG-21 AQoS for optimization of

media resources bandwidth sharing.



Chapter 9

CONCLUSIONS AND PERSPECTIVES

In this dissertation, we formulated new solutionsder the framework of the on-going MPEG-21
standard, for adaptation of single media contedtrah synchronized multimedia-composed content, to

constrained contexts, i.e. limited devices, usefgrences and author constraints.

9.1 Summary and achievements

After giving an overview of MPEG-21 standard in @tex 2, in Chapter 3we described the concept of
single media adaptation and analyzed its princjmehponents. In the same chapter we discussed the

existing approaches in this area.

Chapter 4and Chapter 5describe the first part ef gresented work, that is in the area of resource
adaptation. In Chapter 4 we introduced our solgtifim an MPEG-21 Resource Conversion framework.
We presented description tools for expression oivecsion-related preferences as well as conversion
parameters. We started by presenting a descripioinfor transmoding conversions, which we used in
the implementation of a media transmoding modulelStS IST project. We then described the
enhancement and generalization of this descriptioh to a complete conversion description tool that
covers other conversion types: transcoding andfoaming. We also presented another tool for dyweami
description of conversion parameter values thad tise DIAAdaptationQoSThis description tool, called
ConversionLink was developed under the framework of DANAE an®RAMISU IST projects. In

Chapter 5, we presented the architecture of onstn@ding and Resource Conversion implementations.

Our work on the subject of Resource Conversion wastributed to the MPEG-21 standard. We
contributed descriptors for the expression of med@nversion preferences to DIA
(ConversionPreferengeAn amendment to DIA was established on December 2603sastill on-going.
This amendment aims at adding the support of resoaonversion to DIA. The current amendment

promotes a generic descriptor for the descriptibmamversion-related information in DIA. Currently
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ENST is leading aCore Experimentfor specifying a new description tool that useg tBIA
AdaptationQoSool for dynamic expression of conversion paramegtues, and helps support a more

intelligent adaptation decision-making process.

In Chapter 6 we described the basic concepts amdipal requirements of a multimedia-composed
adaptation framework, and discussed the existingrogghes in this area. Chapter 7described our
methodology for support of a scene semantic adaptétamework. We presented description tools for
expression of semantic information of multimedizwment. We also described how these tools could be
used under the framework of MPEG-21 DIA. Lastly,after 8 presented the architecture of our

implementation of a proof-of-concept semantic adimh engine for SMIL content.

Our work in the area of adaptation of rich multin@edontent proposes solutions for semantic adaptati
of multimedia synchronized scenes. We proved tatadaptation engine requires semantic information
of multimedia content in order to perform a correxnsistent and meaningful adaptation on it, ard w

implemented our proposed semantic adaptation sokiti

9.2 Areas of future work

This work could be continued in several directidogth in the areas of single media content adaptati

and multimedia-composed content semantic adaptation

9.2.1 Single media content adaptation

As we explained earlier in this document, an attjlied by ENST has begun in the MPEG-21 subgroup
on the usage of DiAdaptationQoSor the description and selection of conversidaiezl parameters
values. This tool QonversionLink is a new tool similar tdBSDLink for (g)BSD-adaptation, which
describes how to retrieve parameters for a conmeiags a function of UED and UCD constraints by gisin
AdaptationQoSWe believe that this direction will bring intetieg solutions for support of any kind of
media conversion in MPEG-21 DIA. However, this thals not yet been completely implemented, and

the harmonization of ConversionLink with other Didols needs to be further investigated.

9.2.2 Multimedia-composed content semantic adaptation

In the area of semantic adaptation of multimedianqoosed documents, several directions can be

envisaged for the continuation of our work.
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One immediate continuation of the work on MSSAdgake into account the question of the adaptation
of the scene against bandwidth limitations of tlearection. It will be interesting to investigateeth
possibilities of optimization of bandwidth sharibgtween the different media objects of the sceiseda

on their respectivamportance

Our experience with scene description languages 3KIL proves that high-level scene description
languages (like XMT-O) are more easy to use forasdin adaptation compared to low-level description
languages (like XMT-A). However since both thespety of languages rather define exact positionings
and occupied dimensions of media objects in theugyeven by having access to full semantic
information of the scene, the implementation ofreat-calculation of visual media objects positiamsl

resolutions in the adapted layout is very complkespecially for scenes with high number of media
objects. We believe that the best way toward aitiefft, consistent, and at the same time simple
multimedia semantic adaptation framework is to tigv@daptable multimedia description languages that
are device-independent. RIML is an example of saiatescription language, but it only addresses the
device-independent media positioning issues ands do deal with the between-media semantic
dependencies and media independent semantic iniormaHence, research on the subject of an
adaptable device-independent multimedia scene igéear language that addresses the problem of

semantic adaptation of multimedia content is arr@mate direction for future work in this area.



RESUME LONG FRANCAIS

Introduction

Aujourd'hui, afin de pouvoir fournir et consommasdcontenus multimédia de maniére transparente, il
est important de disposer d'une infrastructureapation. Sans une telle infrastructure, les ctgatde
contenus et les fournisseurs de services sontaué® a plusieurs problemes pour fournir un contenu
multimédia a leurs consommateurs. Entre autrasgri@ntation, souvent non réaliste, du nombre des
versions de contenus a produire, a stocker ettéibdier, ainsi que l'impossibilité de servir a qoa
client une version optimale correspondant a saigorition sont autant de limitations qui interdisan

acces universel aux contenus multimédia.

Une infrastructure d’adaptation nécessite une gasmm des contenus multimédia et du contexte de
consommation de l'utilisateur ainsi qu'un ensemtilimformations guidant le processus d’adaptation.
C’est en partie aux créateurs de contenu de pramoempte les dispositifs nécessaires a I'adaptadit

ceci, en créant des contenus adaptables et erideant les méta-données nécessaires a I'adaptation.

Plusieurs groupes internationaux de standardisamonme le W3C World Wide Web Consortignet
MPEG (Moving Picture Experts Grogmproposent des solutions pour aider et guiderimfeastructures
d’adaptation de contenus multimédia. Par exemeleatire de travail de CC/P@gmposite Capabilities/
Preferences Profile[ ?], défini par le W3C, définit un modéle de deastion des caractéristiques de
terminaux et de préférences utilisateurs pour guel@rocessus d'adaptation de contenu. D’'autrg par
MPEG-21 [?] normalise dans sa partie 7 (Digitaimté&\daptation) des techniques d'adaptation de

contenus multimédia.

Le travail présenté dans ce manuscrit est bask siorme MPEG-21 (en cours de spécification [ &t])
propose des méthodologies pour résoudre les preklédadaptation de contenus multimédia aux
terminaux limités et aux différents contextes dadtion. On entend par terminaux limités des taauak

de capacités réduites en terme de résolution d'éca support des codecs, de taille de buffer, de

puissance, eftc.
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Dans notre étude de l'adaptation de contenus madiam aux contextes contraints, nous avons
délibérément distingué deux types d'adaptationddfg#ation du média lui-méme et I'adaptation
sémantique des documents multimédia composés. Dmdeptation "mono-média”, les médias sont
considérés comme des entités indépendantes, hotsutlecontexte de présentation structurée, ainsi
gu'indépendamment de la composition multimédia r{eredans laquelle ils sont utilisés. L'adaptation
sémantique des documents multimédia composés, guatie, est basée sur les rapports temporels,
spatiaux et sémantiques entre leurs objets médiapendant, l'adaptation de contenu mono-média
constitue une partie inextricable de l'adaptatiémantique des scénes multimédia composées. En effet
dans l'adaptation sémantique des scénes multiméai@mue objet média est adapté aux contraintes du
contexte d'utilisation (taille d'affichage du temal, capacités de décodage, préférences utilisatetar.),

tout en prenant en compte le scénario et la logitpuk présentation. D’autre part, la scénet-&'afire

la structure spatiale, temporelle et logique duudment, est également adaptée aux contraintes de
contexte aussi bien qu'a des contraintes sémaastidaela présentation, et ce, indépendamment des

ressources médias.

Cette thése de doctorat a été effectuée dans lpgrbER (Multimédia et Réseaux) a 'ENST Paris
(Ecole Nationale Supérieure des Télécommunicatienpjopose des solutions innovantes pour tragter |
deux types d'adaptation décrits ci-dessus. Le trav&té principalement financé par France Télécom
R&D, et en partie effectué dans le cadre de deajefsr européens IST: ISIS[? ] et DANAE [ ?].

Adaptation de contenu multimédia

La plupart des contenus multimédia actuels sonsteoits pour étre consommeé sur des réseaux haut-
débits et par des terminaux puissants. Pourtanmpriegrés techniques de ces derniéres annéesramispe

la consommation de contenus multimédia sur lesatésbas-débits comme les réseaux sans fil, etgsar d
terminaux aux ressources réduites comme les téhgshmobiles et les agendas de poche électroniques.
Avec la montée en puissance du nouveau marché diimédia sur téléphone mobile, le besoin de

systemes d'adaptation de contenus a un contextgadtis en plus fort.

Définissions l'adaptation de contenu multimédia tant que transformation de I'état original d'un
contenu a un état final, afin de satisfaire un ende de contraintes liées au contexte d’utilisgtioe
sorte que I'état final soit compatible avec cesti@ntes. Le contenu adapté peut étre obtenu dimstt

a partir du contenu original ou par l'utilisatior dariantes existantes de ce dernier. L'adaptasin

parfois également appelée personnalisation.

Les principaux besoins d'un systéme d'adaptationaeenu sont : le contenu adaptable, les infoamati

sur le contenu (caractéristiques physiques, infioma sémantiques), les informations sur le comtext
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d’utilisation (capacités du terminal et réseaufémences de l'utilisateur, recommandations de €aut

etc.), et les outils d’adaptation.

Les normes multimédia concernées par 1'adaptation

Une chaine de distribution de contenus multimédimprend la création, la production, I'adaptatian, |
livraison et la consommation du contenu. Pour radiei ces objectifs, le contenu doit étre identiiécrit,
contrélé et protégé. Le transport et la livraisan @bntenu multimédia s’opérent sur un ensemble
hétérogene de terminaux et de réseaux pouvant ddiawe au report d'événements variéasvént
reporting). Un tel mécanisme de distribution inclura unedison fiable, une gestion des caractéristiques
et des préférences des utilisateurs, tout en resptela sécurité de ces données, et une gestion des

transactions financiéres.

Une infrastructure particuliere est requise poumoeaveau type d'utilisation de contenus multimédia,
permettant d'assurer l'interopérabilité de systérfmgnissant des contenus multimédia, ainsi que la
simplification, et si possible I'automatisation sdeansactions. Ceci exige une vision partagée¢oparles
participants afin d'intégrer les technologies amsla sécurité de la livraison des contenus, dari#é de

paiement ainsi que la gestion de droits.

Certaines normes du W3C et de MPEG définissentsdkgions pour le support d’une infrastructure
d’adaptation de contenus multimédia. Dans les papies suivants nous donnons une courte

introduction sur quelques solutions existantes.

CC/PP et RDF

CC/PP est basé sur XML [ ?] ainsi que sur RBEpurce Description FramewQrk]. CC/PP se limite
a la description des contextes et permet uniquemherdécrire de maniére statique les caractérigtique
logicielles et matérielles d’un terminal ainsi das préférences de I'utilisateur. RDF est une andbrene
du W3C, qui permet I'expression et l'utilisationteéfigente des méta-données. Elle associe aux

ressources un ensemble de méta-données les décrivan

CC/PP et RDF restent des solutions incomplete®ltes se limitent a la description statique d'unsso
ensemble restreint des informations nécessaireslaptation. Par exemple, elles ne mettent a dipos
aucun moyen pour la description des droits d"@ilen ou des paramétres nécessaires a I'adaptaem.

travaux de recherche basés sur CC/PP et RDF omffétdués, proposant des extensions a CC/PP [?]

[?].

MPEG-21
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Le groupe MPEG normalise aussi des outils qui fisgant du support pour I'adaptation de contenus
multimédia. MPEG-21 est une norme ISO de la famMIBEG, qui identifie et définit les éléments
principaux d'une chaine de distribution de contenudtimédia et les rapports entre ces éléments.

MPEG-21 définit également I'ensemble des interfandse ces éléments.

La notion de base de MPEG-21 est le « Digital IteifDl). Un Digital Item est une représentation
numérique d’ « un travail » et en tant que telstda chose sur lagquelle on agit: contréle, dééchange,
adapte, etc. Un DI contient a la fois des resseunngltimédia et les descriptions des multiplestiesede

Ces ressources.

La figure 1 présente l'infrastructure de MPEG-21ipone chaine de distribution de contenu multimédia
Le contenu original est fourni sous la forme d’un Différentes entités MPEG-21 manipulent ce Dlleet

DI adapté est finalement recu par I'utilisateurrayan terminal conforme a la norme.
Ci-dessous une liste non exhaustive des élémeintsgaux de MPEG-21:

> DID (Digital Item Declaration): un langage XML desctription de DI [?].

> DIA (Digital Item Adaptation): Un langage XML de si&iption de contraintes et des adaptations
possibles [?]. Dans DIA, les descripteurs MPEG-dvpat étre largement utilisés. MPEG-7 est une

norme définie par MPEG pour la description desextets et des contenus [?].

» REL (Right Expression Language) : un langage XMexgression des droits associés a un contenu

[2].

Fournisseur Entité Entité Consommateur
de or | MPEG-21 | * - - | MPEG21 DT > final
content adapté

Figure 1. La chaine de distribution de contenus multimédia de MPEG-21

» RDD (Right Data Dictionary) : un langage XML poardéfinition des droits, permettant en particulier

de créer de nouveaux droits et d’étendre ainsbieaine géré par REL [?].

» IPMP (Intellectual Property Management and Probegti ensemble de technologies permettant au

contenu d'étre contrblé et protégé a travers uandy variété de réseaux et de terminaux.
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Un Digital Item est donc représenté par un docuridfit nommé DID, dans lequel il y a entre autres:

» Des descripteurs de ressources, comme une vidéo fiux sonore.
» Des descripteurs DIA rendant possible des adaptatle ressources.
» Des descripteurs REL et RDD de droits d’accés fmuontenu complet et/ou pour chaque ressource.

Les caractéristiques du terminal sur lequel ce tBligtem doit étre présenté, du réseau utilisé eet d
I'utilisateur, avec ses droits et préférences, patiétre représentés dans un ou plusieurs fragrdents
DID. L’ensemble du DI et des contraintes est gé&é yn environnement qui doit obéir aux régles de

protection IPMP.

L'infrastructure d'adaptation de MPEG-21 repose @usieurs éléments, dont les contraintes et les
caractéristiques de I'environnement dans lequebidenu multimédia est utilisé. Les caractéristigde
'environnement d’utilisation (en anglais UEDJsage Environment Descriptipncontiennent les
différentes contraintes telles que les capacitéseduinal utilisateur, les caractéristiques du aésdes
préférences de I'utilisateur et de I'auteur ainge des contraintes imposées par n'importe queliiee au
entité intermédiaire existant dans une chaine dérildlition de contenus multimédia. La décision

optimale d’adaptation doit étre prise en respedtautes ces contraintes.

Dans MPEG-21, il existe aussi des outils de deSorifiels queAQoS(Adaptation Quality of Servigest
BSD (Bitstream Syntax Descriptipnconcu pour faciliter ou guider la tache de l'a@d@pn d'une
ressource scalable par modification directe derbdas dans le domaine binaire. Ces outils de dqegumi
fournissent les parametres et les méta-donnéessais au processus d’adaptation d’'une ressource

multimédia.

Au moment ou ce travail a commencé, MPEG-21 neqwaip pas d’outils de description pour guider
d’'une maniere dynamique et intelligente les adapiatdes contenus n@talable également appelées

conversions de ressource.

Premicre partie : adaptation mono-média

Les principaux éléments requis pour I'adaptatiorcdetenus mono-média sont la description du média
(également appelé ressource), la description dtegtm et des techniques d'adaptation. La figure 2
schématise un tel systeme d’adaptation. Le motewtagtation est basé sur des techniques d’adaptatio
qui consiste a séparer la phase de prise de dédsida forme optimale de I'adaptation a appliguda

ressource de la phase d'adaptation proprement lditeprise de décision est gérée par I'algorithme
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d’optimisation tandis que I'adaptation de ressowseeffectuée par différents outils d’adaptatianpar

substitution de ressource par ses variations exega

Nous catégorisons 'adaptation mono-média en traiégories: la modification directe de flux binaige

conversion de ressource et I'adaptation par sulistit.

Modification directe de flux binaire. La modification directe de flux binaire est plutfestinée aux
médiasscalables et consiste en la manipulation (suppressionttirde parties du flux binaire, et ne

change pas la structure haut niveau du flux.

La norme MPEG-21 met a disposition des moyens cetsplour supporter un tel type d'adaptation. Les
outils de description et d’adaptation AQoS et BSdrat et guident les processus de prise de déogtion
d’adaptation. Ces outils de description fournisdest paramétres et les méta-données nécessaires au
processus de transcodage d’'une ressource multimérl@incipe de ces outils repose sur la constract
d’'une description XML de la structure du flux ongi. Ensuite, selon les contraintes du contextie ce
description XML est transformée. Au final, le flusriginal est manipulé selon cette description

transformée afin d'obtenir le flux adapté.

Moteur
d’'adaptation

Description
de média N

N Prise
L de
Description // décision
de contexte

Adaptation Ressourcq
Ressource de adaptée
originale ressource

Figure 2 Le schéma d’un systéme d’adaptation de ressource

Conversion de ressourcela conversion de ressource est une adaptationomsiste en un changement
de la structure du flux binaire. Par exemple, leodidage partiel, la manipulation puis I'encodagend’u
media est considéré comme une conversion de ressdlette thése propose des moyens efficaces et
nouveaux basé sur la norme MPEG-21, pour le suplgoce type d’adaptation dans un systeme MPEG-
21.
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Au commencement de cette étude, MPEG-21 ne prdppaaid’outil de description pour guider les
conversions de ressources. La premiéere partieagaitrde cette thése a été une étude de ces destsip

qui a abouti a plusieurs contributions a la nornfeBG-21.

Substitution de ressourcela troisieme catégorie est I'adaptation hors-ligheavoir la substitution de

ressource par des alternatives déja existantes) kel contraintes du contexte.

Notre approche : conversion de ressource dans MPEG-21

Selon les divers changements que subit le médianggment de modalité, de format, etc.), nous

définissons trois types de conversion de ressaureesmodage, transcodage, et transformation.

Transmodage

Pour définir le transmodage, nous devons dans emipr temps adopter une définition exacte de «la

modalité » d’'une ressource multimédia ainsi qu'liste de modalités.

La modalité a au moins deux significations. Au aivgerceptuel, des modalités sont attachées agx cin
sens humains, ainsi il y a seulement « une » ntédaisuelle. Au niveau structurel, il peut y avoir
plusieurs modalités dans une méme modalité pereptuPar exemple la modalité perceptuelle
« visuelle » peut inclure vidéo « bitmap » (c'estir@ décrite point par point), image « bitmap >detix

sortes d'images vectorielles (graphiques 2D ethjopes 3D).

Dans MPEG-21, le niveau de modalité significatifhint de vue de I'adaptation est le niveau strettu

puisque la structure impose les types d'algorithgquépeuvent étre appliqués aux ressources.

Nous proposons une approche hiérarchique pouassification de modalité pour le transmodage. Dans
cette classification, nous avons cing modalitéqipales et quelques modalités secondaires pour

certaines d'entre elles :

> Vidéo

» Audio (Audio2D, Audio3D, Parole)

» Image

» Graphiques (Graphigues2D,Graphiques3D)
> Texte

Depuis peu, MPEG-21 utilise une version étendu€dntentCS de MPEG-7 pour la classification des

modalités. Cette classification est commune a ragipgroche mais contient aussi des modalités mesdtipl
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comme la modalité « audio-visuelle ». Notre clasaifon des modalités est un sous-ensemble de cette

classification qui ne contient que les mono-modalit

Note — Dans ce travail, la modalité graphiquesagmporte a des graphiques vectoriels et la modalité
image se rapporte a des images bitmap. Nous distirggles modalités graphiques 2D et 3D car les
modéles utilisés dans ces deux types de descrpébles algorithmes de rendu sont fondamentalement

différents.

Le concept de transmodage se rapporte a la coamedsiine ressource multimédia en changeant sa
modalité initiale en une autre modalité. Par consét}; nous définissons le transmodage comme un type

d'adaptation de ressource qui change la modalité aessource originale.

Dans ce travail, le transmodage fait référenceeaadaptation a la volée ou a la demande, et noa [zas
substitution d'une ressource multimédia par desimas alternatives pré-existantes sous d’'autres

modalités.
Quelques scénarios d’utilisation

Le transmodage est nécessaire dans divers scéembaidaptation de contenus multimédia. Voici un
exemple de transmodage vidéo-vers-image et vidésgraphiques2D : I'auteur d’'une ressource vidéo
n'a pas fourni les versions image ou séquence désianais a donné ses intentions de transmodage ver
image ou séquence d'images (c'est-a-dire la médghaphiques2D) par le moyen de descripteurs de
transmodage. Pour la conversion vidéo-vers-gragisi2pD, |'auteur a déterminé les trames vidéo qui son
a employer en tant qu'images, les transitions argseimages et les durées de présentation pouuehaq

image.

Un exemple concret de ce scénario est le suivamédsource vidéo originale est une bande anndaoe d
film, concue pour la transmission sur ADSL maigimapriée a la diffusion sur réseaux cellulairean®
I'expression correspondante de REL, le transmodatfm-vers-graphiques2D (séquence d'images) est
autorisé. La décision optimale d'adaptation estolaversion de cette vidéo en une séquence d’images.
Une fois cette décision prise, afin d'effectueitrinsmodage, les données nécessaires sont extiaites
descripteur DIA. Par exemple, la résolution d'affige et le format de l'image sont récupérés du
descripteurTerminalCapabilitieg?]. Les contraintes sur la modalité et les préxitdes modalités sont
récupérées dans le descriptdodalityConversionPreferenaeu PresentationPriorityPreferencdg]. La
bande passante disponible, nécessaire pour dé@riainiveau de compression de la séquence d'image,
est récupérée dans le descriptBietworkCharacteristic§?] Finalement, la liste des trames a utiliser,
leurs importances (& prendre en compte dans lesiedsnitations de bande passante) et les durées

relatives sont récupérées dans le descrigtansmoding
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Voici également un scénario de cas d'utilisationrde transmodage texte-vers-imagk ressource a
adapter est une ressource texte, par exemple, ssage en langue Persane (ou avec une police g)écial
Le terminal ne dispose pas de la police persanés pwut présenter des images. Dans ce cas, et Si
autorisé dans l'expression de REL, une solutioml@stansmoder le texte en une image. Le proceksus
transmodage exige la connaissance des caractéestide la police (afin d'afficher le texte dans une
image), l'information sur les couleurs, etc. Le meépas d'utilisation peut étre considéré pour un
transmodage de type texte-vers-vidéo, quand le mxtrentre pas dans I'écran du dispositif (dot#ille

est extraite a partir du descriptelierminalCapabilitiey, et a ainsi besoin de défiler sur I'écran. Ce
processus de transmodage exige en plus la connedsdas préférences d'auteur sur le type de défiiem
du texte : défilement horizontal sur une lignetieal sur plusieurs lignes, présentation par paiges

successifs, etc.
Outil de description de transmodage

Nous avons développé notre outil de descriptionpdeameétres de transmodage comme un langage XML
étendant le langage DIA. Cet outil de descripti@mnpet de décrire les informations de transmodage
d’'une maniére statigue. Nous nous sommes pluscpbétiement intéressés au point de vue du
fournisseur, mais toute autre entité dans la chdimgaptation peut exprimer ces informations sar le

parameétres d'un transmodage spécifique par le déaiet outil. Ces informations comprennent:

> Les préférences de transmodage concernant la éedlita priorité. Le créateur de contenu peut
exprimer un niveau de qualité pour un transmodageiique d’'une ressource précise. Un niveau de

priorité peut étre attribué a chaque transmodage guider I'algorithme d’optimisation.

» Les paramétres de transmodage. Le fournisseurrtiad da sa connaissance des ressources, peut
fournir quelques conseils ou recommandations detnadage pour guider I'adaptation. L’outil pernaet |
description des parameétres spécifiques au transgedéa plus généraux, c’est-a-dire que les parasétr
ne sont liés & aucun algorithme particulier. P@la,cnous avons considéré un ensemble de transemdag

qui ont des paramétres généraux et spécifiquesansmodage.

Les syntaxes et sémantiques de I'outil de desoripde transmodage sont détaillées dans I’Annexe A.

Moteur de transmodage

Afin de mettre en application l'outil de descriptide transmodage, dans une premiére phase nous avon
développé un module de gestion des descripteutsademodage, et I'avons intégré dans le logiciel de
référence de MPEG-21. Dans une deuxiéme phasensemble de convertisseurs de modalité a été

intégré dans ce logiciel. L’ensemble du logicietté proposé a MPEG-21 comme résultat d'@oke
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Experiment> sur le transmodage. Cette implémentation esgige dans le projet européen ISIS [?].
Notre moteur de transmodage est présenté danguiefB et se compose de deux blocs principaux : le

Décideur et le Transmodeur de ressources. Lesesnié module Transmodage sont :

» Le choix de contenu de I'utilisateur, transmis [gaBtreaming Servequi recoit la requéte initiale de

I'utilisateur (étape 1).
» La description du contenu venant d’'une baselahnées de descriptions de contenus (étape 2).

> La description des contraintes de I'utilisateudes caractéristiques de I'environnement d’utilsati

(réseau, terminal, etc.) venant d’'une base de dsnpedvisoire (étape 3).

» Le contenu a adapter, venant d'une base de dode&essources (étape 4).

> Laressource adaptée est envoyé8tagaming Serveétape 5).

Transcodage et transformation

Nous définissions le transcodage en tant qu'uneearsion de ressource qui change le format de codage
de la ressource sans changer sa modalité, tandislaguransformation est définit en tant qu’une

conversion de ressource changeant des parametressideirce autre que le format et la modalitétra ti

d’exemple, ces paramétres peuvent inclure des garesnd’encodage ou de mise en forme.

=54 Module de
e .
ressourges | ™| Transmodage Stéeamlng
\A Transmodeur C,; erver
de Ressource . :
P Streaming
BD de Engine
Descriptions ™~
decontenus
Décideur Service
< Manager

temporaire \?)

Figure 3. L’architecture du module de transmodage dans ISIS

Note — Les trois types de conversions définis cstie (transmodage, transcodage et transformation)
sont des conversions atomiques. A titre d’exempletransmodage video-vers-image n’est pas sensé
changer la résolution de I'image adaptée, car nghment de résolution est en fait une conversion d

type transformation. Obtenir une image plus petiterésolution, a partir d’'une vidéo, est donc une
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conversion composite. Des conversions compositaseoe étre obtenues par différentes compositions

des conversions atomiques.

Dans la deuxiéeme phase de notre travail sur laamsion de ressource, hous avons étendu notredautil
description de transmodage a un outil de descriptie conversion générale. Pour cela, en plus des
paramétres de transmodage, nous avons étudiériemgtaes génériques et spécifiques des conversions
du type transcodage et transformation. Les syntatesémantiques du langage RCRes$ource

Conversion Declarationsont détaillées dans I’Annexe B.

Afin de mettre en application cet outil de desdniptde conversion ou RCD, nous avons ensuite
développé un moteur de conversion de ressourcé, saad’architecture du moteur de transmodage. Ce
moteur contient un ensemble de transmodages, tdages et transformations de média. Figure 4

démontre deux exemples de conversion de médiawfume contenu original pour différents contextes.

Deuxi¢me partie : adaptation sémantique de scénes multimédia

Considérons une scéne multimédia en tant qu’ungeptation intégrant plusieurs objets médias discret
ou continus, temporellement synchronisés et spati@ht organisés entre eux. L'adaptation d’'une scéne
multimédia implique I'adaptation des objets médgiadsents dans cette scene ainsi que I'adaptatidan de
présentation elle-méme. Dans ce cadre, définidsmtaptation sémantique de scénes multimédia comme
'adaptation de scénes multimédia prenant en conggi@ement les contraintes sémantiques de la

structure de la présentation.

Les éléments requis pour I'adaptation sémantiquecdaes multimédia sont la description de la sdane,
description du contexte, les informations sur lateou, et des techniques d’adaptation sémanticges. L
informations sur le contenu contiennent la desiotiptdes caractéristiques physiques (format, magalit
etc.) ainsi que la description des informationsadtiques (importance, etc.). Les techniques d’ adizpt
sémantique se décomposent en des techniques diidaptle la structure de scéne et des techniques

d’adaptation de ressource.

Plusieurs travaux de recherche ont été effectuas Badomaine de I'adaptation de scéne multimédia.
Néanmoins, il n'existe pas de cadre complet quppse des techniques d'adaptation sémantique de

présentation.
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Figure 4. Deux exemples de conversion de ressources

Nous avons donc besoin d’un cadre de travail pusgque qui propose des solutions pour maintenir |
cohérence de scéne et qui permettent de conservesens. Notre approche essaie de trouver des

réponses a ces besoins.

Outil de description SID

Nous avons défini un langage XML pour la déclaraties informations structurellement sémantiques de

scéne (c'est a dire du point de vue de la struataria présentation). Ce langage est appelé Séhéntic
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Information Declaratioi Les instances du langage sont contenues da@DurContent Digital Item
qui contient également les références de la sd&mhesaessources, la description des ressources gaie
la description des conversions (exprimée par dé$sale description de conversion). Le langage SID

permet de décrire trois types d’information séntardi

» Information sémantique propre a chaque objet mpdégent dans la scene, dans le contexte de la
présentation. Cette information est décrite patdimédiaire des attributs XMimportance , role

maxRRF(maximum Resolution Reduction Fagtor

o L’attribut importance  représente I'importance de cet objet média dansolgexte de la

présentation. Les valeurs possibles $owt, medium, ethigh .

o Lattributrole représente le réle de I'objet média concerné tianentexte de la présentation.
Par exemple si I'objet média a un réle clé -c’eslira qu’il n'est pas possible de I'éliminer desleeéne
sous aucune condition, mais qu'il peut étre adaptéplacé ou converti, la valeur de l'attribate  sera
key-convertible . Les valeurs possibles pour cet attribut sokey, key-convertible ,

redundant etdecorative

o Lattribut maxRRF permet de décrire le seuil maximal autorisé pouréiuction de la taille

(résolution) spatiale de I'objet.

» Dépendances sémantiques entre objets médias dea&.sNous avons considéré trois types de

dépendance :

o Dépendances absolues des objets médias. Par exdenfdé que la présence d’'un média soit
une condition préalable pour la présence d'autréslias, peut étre déclaré par I'élément XML
PreConditionMedia , et le fait qu’'un texte soit une Iégende d'un autrédia peut étre exprimé par

I'élément XML CaptionMedia

o Dépendances spatiales des objets médias. A tieeediple, le fait que deux objets médias
doivent étre gardés cbte a coOte si un réarrangespatial de la scéne est nécessaire, peut étrerexpr

par I'élément XMLKeepCloseTo .

o Dépendance de synchronisation entre objets méeiaexemple, le fait que deux objets médias
doivent étre synchronisés dans la scéne adaptéaddiadaptation exige un réarrangement temporel de

la scene, peut étre exprimé par I'élément XKitepCloseTo .

» Préférences et priorités sémantiques sur les éslenécoupages (fragmentations) spatiaux et

temporels de la scéne.

Les syntaxes et sémantiques du langage SID saatiéés dans I'Annexe C.
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Régles d’interprétation

Afin de pouvoir développer un algorithme d’optintisa, nous avons défini un ensemble de régles
d’interprétation pour les informations incluses slées descripteurs SID. Ces régles d’interprétagimmt

décrites plus en détails dans le manuscrit.

Moteur d’adaptation sémantique de scéne (MSSA : Multimedia Scene Semantic

Adaptation)

Nous avons développé un moteur d’adaptation séqmantde scene pour les documents multimédia
SMIL. Le schéma du moteur est démontré dans ladigu Les CDI et XDI Contexte Digital Item
contiennent les références de la scéne et de sdmanédes contraintes du contexte ainsi que les

informations sur le contenu.

Le moteur se décompose en deux parties principdgsimisation de scene et I'adaptation des médias
L'optimisation est effectuée en deux étapes: lloation de la présentation et 'adaptation degtsbj
médias. Dans un premier temps la présentationptishieée, et ensuite selon la forme optimale treyvé

la structure de la présentation est adaptée.

L'optimisation de la présentation consiste en iagde décision sur la forme optimale de la scémues
calculs de réarrangement de la structure. L'adiaptaies médias est effectuée par plusieurs outils

d’adaptation et de conversion de ressource.

Les différents modules de 'optimiseur de scénd dustrés dans la Figure 6. Leur fonctionnement e

I'algorithme d’optimisation sont détaillés danshanuscrit.

Transmodeurs
Transcodeurs
& Transformeurs

Adaptateur de

Ressources” — — —* ressource
S | Optimiseur
CDI de scéne
Optimiseur de
Présentatior
XDl l
Adaptateur de layout de ‘
o présentation —
Cé)|r\}|t ﬁ_nu SMIL
adapté

Figure 5. L’architecture du moteur MSSA
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Optimiseur de scéne adaptation de
layout de
Réarrangement présentation
de scene
analyse et
validation de >| Downscaling | [Fragmentation structure
— d S d S
XDl + CDI ——p] DIDL& [+ e scene e scene adaptée
+ SMIL SMIL |A de layout
Av v Optimisation de
Optimisation & Calculs layout de
Calculs et décision d Calculs& Présentation
transmodage , D"fl o=
transcodage & de(|:|3|onts » Vers
transformation elayou adaptation
de médias

Figure 6. L’architecture détaillée du module optimiseur de scéne

Exemples d’adaptation sémantique de scéne

Cette section décrit quelques exemples d’adapta@omantique de scénes SMIL a différents contextes.

Les instances de CDI (comprenant les informatidBy 8t XDI sont données dans le manuscrit.
Exemple A.

Cet exemple illustre I'adaptation de la scenealetide la figure 7 dans deux cas différents. Darsséne
de la figure 7, le texte Textl explique la vidéa&bl, tandis que les images Image2 et Image3rélust
respectivement les textes Text2 et Text3. Les etsipl’objets (Textl, Videol), (Texte2, Image 2) et

(Text3, Image3) sont donc des groupes de médiargé&mament reliés.
Cas A-1

Récapitulatif de XDI et CDI: La taille d’écran esipposée étre de 200 x 300 et les modalités aesepté
sont seulement texte et image. L'aspect visuel algrésentation est privilégié en spécifiant une
importance basse pour tous les textep@rtance =Ilow ). La taille spatiale des textes Textl et Text3
peut au maximum étre réduite par l'utilisation @esions courtesrfaxRRF= 3) tandis que le texte Text2
ne peut pas étre résum@axRRF= 1). Toutes les images ainsi que la vidéo sonhe’importance
moyenne importance = medium) , et leur taille spatiale peut étre au maximum itédd'un facteur

de deux haxRRF= 2). Les paramétres de conversion vidéo-vers-amamt donnés dans l'instance de
CDl.
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troaps to Mosul
tion ta take

Figure 7. Une scéne multimédia SMIL

FealPiayer Eile  Uiew » &

@eatptayer Flle  View @‘ @aIPlayer File  iew >

The US military in Irag says it
has begun a big assault on

There is a new crime in
Zimbabwe: driving with food. Mot
eating a takeaway at the wheel,

insurgents in the northern city of
Mosul. 1,000 soldiers are to be
deployed

but travelling along the country
with maize on your back seat

] || b adapted-posterExample 5] || B Untitled Clip 2 2] | B Untitled Clip 3 ool 100 ||
(=) WG n a) (R 11 ) () ————— Q==
) Real Guide 10 Msic & My Library [ ) Real Guid Music & Iy Library. (2 ReslGuide (o Music & My Ubrary 7] Music Store '

Figure 8. La scéne adaptée pour Pexemple A-1

La solution d’adaptation trouvée et effectuée patemr MSSA est une fragmentation de scéene. Les
versions les plus courtes des textes Textl et TextBremplacé les textes originaux. Le texte TedR
supprimé et un transmodage vidéo-vers-image a #eEt@ sur la vidéo. Les images ont été

redimensionnées. La scene adaptée est représignues.
Cas A-2.

Le récapitulatif du XDI et CDI est le méme que ddmscas A-1 sauf que toutes les modalités sont
jouables sur le terminal et plus particulierementidéo. La taille de I'écran est plus importarBeQ x

475) et le texte Text2 peut étre résumé (mMaxRR}: = 2
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@ealriayer s View FPlay Favorites Tooks Help = - O XY

The US military in Irag has begun a big assault
on insurgents in Mosul. Mare than 1,000
soldiers are to be deployed. Attacks on the
Arnericans and their lragi allies flared in Mosul
i aweek ago, when several police stations were
destroyed by insurgents.The US military
diverted 500 troops to Masul, Irag's third largest
city.

At the burial for the veteran leader in Ramallah,
young Arafat loyalists who basically
steamrollered the sombre cerermony planned
by his old guard supporters. Mahmoud Abbas -
known as Abu Mazen - arrived in Gaza and
walked straight into an armed confrontation at |
the mourning tent set up for the dead leader.

There is a new crime in Zimbabwe: driving with
food. Mot eating a takeaway at the wheel, but
travelling along the country with maize on your
back seat. Three bags is OK but more is not
An official: "There's nothing in the villages
Even in the town there is hunger."

| Maw Playing || B adaptedsmil F6Kbps 00l f1:00 .:.3,) e
o —
fiejolcoe @—o—
D Real Guide (0 Pusic & My Ubrary 71 Music Srove

Figure 9. La scéne adaptée pour Pexemple A-2

La solution d’adaptation trouvée et effectuée pateur MSSA est un redimensionnement de scéne. Les
images et la vidéo ont également été retaillées veesions courtes optimales des textes ont rebbac

textes originaux. La Figure 9 montre la scéne asapt
Exemple B.

La scéne initiale, illustrée dans la figure 10,t@mt une vidéo, deux images et deux textes. Laoviest

sémantiquement liée au premier texte, tandis qdeugiéme texte explique les deux images.

2 File  Wsw Play Favorites Tools Help =4 O X %
Video (v1)
MaxRRE = 3f+r=rsN\geresrmraramnuiansesiana s sn s Text (t1)
. The Indian Ocean tsunami genergfed by tl =
|mportance = ‘,‘ powerful earthguake in decadeﬁn/;:\.:: maXRRF }
h|gh - believed to have killed more than 150 000 importance=
rnade millions homeless, making it perha low

destructive tsunami in history.
Within hours killer waves radiating from the epicenter
slarmed into the coastline of 11 Indian Ocean
countries, snatching people out to sea, drowning
others in their homes or on beaches, and demolishing
property from Africa to Thailand

In the wake of the Christmas weekend tsunami in the
Indian Ocean, one of the worst disasters in history,
MNational Geographic News examines the killer waves'
causes and warning signs—infarmation that can be a
lifesaver in a tsunami zone

The bodies of 14 men, apparently executed, hav
been discovered in a shallow grave in Baghdad,
Iragi officials say. They were found hlindfolded wi
their arms bound and with bullet wounds to the
head in a vacant plot of land.

Meanwhile, in the Tikrit blast, at least eight other
people were wounded, with some reports putting
the number of injured as high as 15, The incident
took place at an army and police checkpoint nort
of the city at about 0500 \

Imge (i1)

maxRRF = 3 Text (t2)
5] a Playing | I SmilExampld importance = i) [FIpEg) 3615 Kbps of
0o @@L
@D Real Guide () Music &My Lbrary [ Music Store

Figure 10. La scéne initiale de ’exemple B
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Meanwhile, in the Tikrit
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Figure 11. La scéne adaptée de ’exemple B

Récapitulatif de XDl et CDI : La taille de I'écralu terminal est extrémement réduite (150 x 180utd®
les modalités sont supportées et pour chaque tdgtex versions courtes sont disponibles. Les autres

informations sont données sur la figure 10.

La solution d’adaptation trouvée et effectuée patemr MSSA est la fragmentation de la scéne en deux
morceaux. Le texte t1 est supprimé. Les deux imageda vidéo ont été redimensionnées. La version
courte optimale de t2 I'a remplacé. Un réarrangdndenlayout a eu également lieu sur le deuxiéme

fragment. La figure 11 montre la scéne adaptée.

Conclusions

Adaptation de contenu mono-média et conversion deessources :

Nous avons développé un outil de description darsatre de la norme MPEG-21 DIA, qui permet de
décrire d’'une maniere statique les informationsaleversion. Nous avons ensuite développé un moteur
de conversion guidée qui permet I'adaptation desa@rces médias par conversion, selon les corgsaint
de contexte, les préférences d'utilisateur aing lgs recommandations de l'auteur sur les pr&rits
qualités et les paramétres de conversion. Ces reeontions sont déclarées par notre outil de

description.

Notre travail sur la conversion de ressource daR&®-21 DIA a proposé des solutions innovantes pour
le support de I'adaptation guidée par I'auteur ti@eail a également prouvé que les recommandatiens
'auteur sur les parametres, priorités et qualités conversions, guident I'adaptation et améliosemt

résultat.
Adaptation sémantique de scene :

Nous avons défini un langage pour la descriptionndga-données structurellement sémantique des
présentations multimédia. En utilisant ce langageus avons ensuite développé un algorithme

d’optimisation de scéne et un moteur d’adaptaté@mantique de documents SMIL.
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Notre travail sur l'adaptation structurellement sétique de documents multimédia a montré que
I'information sémantique sur la structure de docaomjeue un rble essentiel dans I'adaptation deescen
Obtenir une scéne adaptée cohérente et logiguesitecéa disposition de cette information. Il eshd
tres important de trouver des solutions qui peremeéttle décrire d’'une maniére générale cette infooma

pour tous les documents multimédia qui sont a atapttomatiquement.

Perspectives

Adaptation de contenu mono-média et conversion dessources :

L'étude plus approfondie des solutions de convargioidée est une des premiéres perspectives de notr
travail dans le domaine d’adaptation mono-mediaaUtne domaine pour de futur travail est I'étudend’
outil de description qui permettrait la descriptides valeurs contraintes des parametres d’adaptatio
d’'une maniére dynamique. Les valeurs contraintes pdgametres de conversion sont soit les valeurs
exactes des contraintes de contexte (décrits en)tDbien, peuvent étre calculées a partir de ces
valeurs. Un tel outil de description permettrajal@ment la sélection plus intelligente des valelas
paramétres, parmi un ensemble de valeurs donnéeschaque paramétre, et ceci en utilisant les soutil
AdaptationQoS et UCD de MPEG-21 DIA. Actuellemenmteuactivité sur un tel type d'outil de
description de conversion est en cours au seirrauypgMPEG-21 DIA, dont 'TENST est le coordinateur.

Cet outil de description est appelé ConversionLink.
Adaptation sémantique de scéne :

Une suite immédiate de notre travail dans le caérdISSA est la prise en compte de critére de bande
passante dans I'adaptation sémantique. Ceci comaemneffet I'étude des solutions innovantes d’un
algorithme d’optimisation, d’allocation et de pagade bande passante entre les objets médias d’'une

scene multimédia, en fonction des informations séimaes de la scéne.

L'étude des modéles et des langages de descrigéstene qui permettront de décrire une sceéne sans
donner la définition absolue de layout, serait égant une suite intéressante pour ce travail. Un te
modeéle de description de scene doit permettre dmirdéun layout en fonction des contraintes

sémantiques, temporelles et spatiales.

L'étude des solutions de génération automatiqueirdesmations sémantiques, trouvées en fonction des
historiques d'utilisation des documents multiméoiéat de différents utilisateurs, est un autre axér

futur travail dans ce domaine.



ANNEX A: SYNTAX AND SEMANTICS OF

TRANSMODING DESCRIPTION TOOL

Transmoding Syntax

The following proposed syntax has been validatedreg the DIA schema.

<l-- Definition of Transmoding
<|-- BHHBHH A
<complexType name="TransmodingType">
<complexContent>
<extension base="dia:DIABaseType">

<sequence>

<element name="TransmodingParameters" type="dia

</sequence>
<attribute name="quality" type="mpeg7:zeroToOneT
<attribute name="priority" type="positivelnteger
</extension>

</complexContent>

</complexType>

<o HRHHHHHHHH R
<l-- Definition of TransmodingParametersType
<o HRHHHHHHHH R
<complexType name="TransmodingParametersType" abstr
<complexContent>
<extension base="dia:DIABaseType">
<sequence>
<element name="To" type="mpeg7:ControlledTermUs
</sequence>
<attribute name="method" type="anyURI" use="opti
</extension>
</complexContent>
</complexType>

<o HRHHHHHEHHH R
<l-- Definition of VideoSummarizationParametersTy

NN TN R RN TR TR TR TR TR BTN TR N T T TN N TR TN TN TR TR TR TR TRTRTRTRT BTN T NI TN TN TN TN INT]

<complexType name="VideoSummarizationParametersType
<complexContent>
<extension base="dia:TransmodingParametersType">

:TransmodingParametersType"
maxOccurs="unbounded"/>

ype" use="optional" />
" use="optional" />

#HH -->
-->
#HH -->
act="true">
eType"/>
onal"/>
#H >
pe -->
#i >

ns,
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<sequence>
<element name="Slide" maxOccurs="unbounded">
<complexType>
<complexContent>
<extension base="mpeg7:MediaTimeTyp e">
<attribute name="importance" ty pe="string" />
</extension>
</complexContent>
</complexType>
</element>
</sequence>
</extension>
</complexContent>
</complexType>

<o HHHEHEHITHEE TR HH#HH >
<l-- Definition of TextVisualizationParametersTyp e -->
e G A A HHH >
<complexType name="TextVisualizationParametersType" >

<complexContent>
<extension base="dia:TransmodingParametersType">

</extension>
</complexContent>
</complexType>

<complexType name="FontParametersType">
<seguence >

</complexType>

<complexType name="TextColorInformationType">

<attribute name="backgroundColor" type="dia:RGBCol orType" />
<attribute name="foregroundColor" type="dia:RGBCol orType" />
</complexType>

<simpleType name="RGBColorType">

<restriction base="dia:zeroToOneVectorType">
<length value="3"/>

</restriction>

</simpleType>

<simpleType nhame="zeroToOneVectorType">
<list itemType="mpeg7:zeroToOneType"/>

</simpleType>

< BHEHHR R R R R R R A R R AR A #H# >
<l-- Definition of SpeechVisualizationParametersT ype >
<|-- HHHHHHH AR H AR AR R R AR #H >
<complexType name="SpeechVisualizationParametersTyp e">

<complexContent>

<sequence>
<element name="FontParameters" type="dia:FontPa rametersType" minOccurs="0"/>

<element name="Resolution" type="dia:Resolution Type" minOccurs="0"/>

<element name="TextMotionStyle" type="mpeg7:Con trolledTermUseType" minOccurs="0"/>
<element name="TextColorInformation" type="dia: TextColorInformationType" minOccurs="0"/>
</sequence>

<attribute name="frameRate" type="float" use="op tional" />

<element name="FontStyle" type="string" minOccurs ="0"/>

<element name="FontFamily" type="string" minOccur s="0" />
</sequence>

<attribute name="fontSize" type="positivelnteger" use="required"/>
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<extension base="dia:TransmodingParametersType">
<sequence>

<element name="Language" type="string"/>
<element name="FontParameters" type="dia:FontPa
<element name="Resolution" type="dia:Resolution
<element name="TextPresentationStyle" type="mpe
<element name="TextColorIinformation" type="dia:
</sequence>
<attribute name="frameRate" type="float" use="op
</extension>
</complexContent>
</complexType>

Type" minOccurs="0"/>
g7:ControlledTermUseType" minOccurs="0"/>
TextColorInformationType" minOccurs="0"/>

tional" />

Transmoding Semantics

Semantics ofransmodingType

Name

Definition

TransmodingType

Tool for describing suggested transmoding adapt
information

atio

TransmodingParameters

Describes the values of the parameters of a tragisimo

Semantics ofTransmodingParametersTy

pe

Name

Definition

backGroundColor and forGroundColor.

TransmodingParametersType TransmodingParametersType extendd
DIABaseType and provides a base abstract type|for
various types of transmoding-related parameters.

To Describes the final media modality

method Describes a suggested transmoding method

Semantics ofVideoSummarizationParametersType

Name Definition

VideoSummarizationParameters Tool for describing the transmoding parametersteeldo

Type video summarization.

Slide Describes the slide parameters.

Semantics o extVisualizationParametersType

Name Definition

TextVisualizationParametersType Tool for describing transmoding parameters related

to text-to-video, text-to-image and text-to-grapic
conversion.

FontParameters Describes the parameters of the font of the text.

Resolution Describes the resolution of the image.

TextMotionStyle Describes the motion style of the text in cas¢ of

text-to-graphics and text-to-video transmoding.

TextColorinformation Describes the color information of the tgxt:

frameRate

Describes the frame rate.
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Semantics oFontParametersType

Name Definition

FontParametersType Tool for describing parameters of the text font.
FontFamily Describes the font family.

fontSize Describes the font size.

FontStyle Describes the font style.

Semantics o extColorinformationType

Name

Definition

TextColorinformationType

Tool for describing color information of the text.

backGroundColor

Describes the color of the background.

forGroundColor

Describes the color of the text.

Semantics oEpeechVisualizationParametersTy

pe

Name

Definition

text-to-graphics and text-to-video transmoding.

SpeechVisualizationParametersType Tool for describing transmoding parameters relgated
to speech-to-text, speech-to-image, speech-to-
video, and speech-to-graphics transmodings.

Language Describes the final language of the text.

FontParameters Describes the parameters of the font of the text.

Resolution Describes the resolution of the image.

TextMotionStyle Describes the motion style of the text in cas¢ of

TextColorInformation

Describes the color information of the text.

frameRate

Describes the frame rate.




ANNEX B: SYNTAX AND SEMANTICS OF CONVERSION

DESCRIPTION TOOL

ConversionDescriptor Schema:

Syntax:

<schema targetNamespace="urn:mpeg:mpeg21:2003:01-DI
xmins:dia="urn:mpeg:mpeg21:2003:01-DIA-NS"
elementFormDefault="qualified" attributeFor

<import namespace="urn:mpeg:mpeg7:schema:2001"
<include schemaLocation="DIA.xsd"/>
<include schemalocation="UsageEnvironment.xsd"/

<I-- B
<l-- Definition of ConversionDescriptorType
<o B R T
<complexType name="ConversionDescriptorType">
<complexContent>

<extension base="dia:DIADescriptionType">

<sequence>

<element name="Conversion" type="dia:Conversion

</sequence>

</extension>
</complexContent>
</complexType>

<o B R
<!I-- Definition of Converion Information -->

e FHHH R

<complexType name="ConversionInformationType">
<complexContent>
<extension base="dia:DIADescriptionType">
<sequence>
<element name="ConverionInformation" type="dia:

</sequence>
</extension>
</complexContent>
</complexType>
<complexType name="ConversioninformationBaseType" a

A-NS" xmlns="http://www.w3.0rg/2001/XMLSchema"
xmlns:mpeg7="urn:mpeg:mpeg7:schema:2001"
mDefault="unqualified">

schemalocation="mpeg7-udp-2003-dia.xsd"/>

>

Hit -->
=

Hi -->

InformationType" minOccurs="0"
maxOccurs="unbounded"/>

## -->

## -->

ConversionInformationBaseType" minOccurs="0"
maxOccurs="unbounded"/>

bstract="true">
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<complexContent>

<extension base="dia:DIADescriptionType"/>
</complexContent>

</complexType>

N m B A G L A #it -->
<!I-- Definition of ConversionDescription -->
N m B A G L A #it -->

<complexType name="ConverionDescriptionType">
<complexContent>

<extension base="dia:ConversioninformationBaseTyp e">
<sequence>
<element name="ConversionDescription" type="dia :ConversionDescriptionBaseType"
minOccurs="0" maxOccurs="unbounded"/>
</sequence>

</extension>
</complexContent>
</complexType>

<complexType name="ConversionDescriptionBaseType" abstract="true">
<complexContent>
<extension base="dia:DIADescriptionType">
<sequence>
<element name="ConversionUri" type="anyURI" mi nOccurs="0"/>
</sequence>
</extension>
</complexContent>
</complexType>
</schema>

Semantics:

Semantics of th€onversionDescriptorType

Name Definition
ConversionDescriptorType Tool for describing conversions
Conversion Describes suggested conversions for a particusauree

Semantics of th€onversioninformation

Name Definition

ConversionIinformationType Tool for describing suggested conversions for aiqdar
resource

Conversioninformation Describes a conversion or a set of cascaded (ANDed)

suggested conversions for a particular resource

Semantics of th€onversionDescriptor

Name Definition

ConversionDescriptionType Tool for describing a suggested atomic conversion d
particular resource

ConversionDescription Describes a suggested atomic conversion for a cpéat
resource

ConversionUri Identifies an atomic conversion using a URI.
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RCD schema:

Syntax:

<schema targetNamespace="urn:enst:2005:RCD" xmIns
xmins:rcd="urn:enst:2005:RCD" xmIns:dia="urn:mpe
xmIns:mpeg7="urn:mpeg:mpeg7:schema:2001" element
attributeFormDefault="unqualified">

<import namespace="urn:mpeg:mpeg7:schema:2001" s
<import namespace="urn:mpeg:mpeg21:2003:01-DIA-N

<|-- HEHEHE R R R A AR A AR A
<l-- Definition of TranscodingConversionType
<|-- HEHEHEHRH R R H R H R A AR A AR A
<complexType name="TranscodingConversionType">
<complexContent>
<extension base="dia:ConversionDescriptionBaseTyp
<sequence>
<element name="Transcoding" type="rcd: Transcod
</sequence>
</extension>
</complexContent>
</complexType>

<o BRI R R
<l-- Definition of Transcoding
<o R R R R R
<complexType name="TranscodingType">
<complexContent>

<extension base="dia:DIABaseType">

<sequence>

<element name="Parameters" type="rcd:Transcodin

</sequence>

</extension>

</complexContent>
</complexType>

<complexType name="TranscodingParametersType" abstr
<complexContent>

<extension base="dia:DIABaseType"/>
</complexContent>
</complexType>

<complexType name="FinalFormatType">
<complexContent>
<extension base="rcd:TranscodingParametersType">
<sequence>
<element name="TargetFormat" type="mpeg7:Contro
</sequence>
</extension>
</complexContent>

="http://www.w3.0rg/2001/XMLSchema"
g:mpeg21:2003:01-DIA-NS"
FormDefault="qualified"

chemalocation="mpeg7-udp-2003-dia.xsd"/>
S" schemalocation="ConversionDescriptor.xsd"/>

Hit -->
Hit -->
e">

ingType" minOccurs="0"/>

gParametersType"/>

act="true">

lledTermUseType" minOccurs="0"/>
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cleamnlavTunas

<-- BHEHHHHH T T T
|| <l-- Definition of TransformingConversionType

<o HHHHEH R A
<complexType name="TransformingConversionType">
<complexContent>
<extension base="dia:ConversionDescriptionBaseTyp
<sequence>
<element name="Transforming" type="rcd:Transfor
</sequence>
</extension>
</complexContent>
</complexType>

<I-- I
<l-- Definition of TransformingType
<I-- I
<complexType name="TransformingType">
<complexContent>

<extension base="dia:DIABaseType">

<sequence>

<element name="Parameters" type="rcd:Transformi

</sequence>

</extension>
</complexContent>
</complexType>

<I-- I
<l-- Definition of ChangingParametersType
<-- R T T
<complexType name="TransformingParametersType" abst
<complexContent>

<extension base="dia:DIABaseType"/>

</complexContent>
</complexType>

e G A A
<l-- Definition of TextTranslationType
<I-- I
<complexType name="TextTranslationType">
<complexContent>
<extension base="rcd:TransformingParametersType">
<sequence>
<element name="Language" type="mpeg7:Controlled
<element name="FontParameters" type="rcd:FontPa
</sequence>
</extension>
</complexContent>
</complexType>

<o R R R
<l-- Definition of ImageResizeCroppingType
<o S R
<complexType name="ImageResizeCroppingType">
<complexContent>
<extension base="rcd:TransformingParametersType">
<sequence>

## -->
=

#Hit -->

S

mingType" minOccurs="0"/>

H#H# >

H#H# >

ngParametersType" minOccurs="0"
maxOccurs="unbounded"/>

#HH >
-—>
Hit# >
ract="true">
Hitt -->
-->
#Hitt -->

TermUseType" minOccurs="0"/>
rametersType"/>

HH# -->

#iHH ->
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calamant nama—"QtartinADAint" minNerrnire="N"s

<complexType>
<attribute name="x" type="positivelnteger"/>

<attribute name="y" type="positivelnteger"/>
</complexType>

|| </element>
<element name="ImageSize" type="dia:ResolutionT ype"/>

</sequence>
</extension>
</complexContent>
</complexType>

<l SR
<l-- Definition of SpeechTranslationType -->
oo JEHR G A AL L #HH ->
<complexType name="SpeechTranslationType">

<complexContent>
<extension base="rcd:TransformingParametersType">

<sequence>
<element name="Language" type="mpeg7:Controlled TermUseType" minOccurs="0"/>
</sequence>

</extension>

</complexContent>

</complexType>

<|-- BHBHRHRR R R R H R R HiH -->
<l-- Definition of TextSubsetType -->
<|-- BHBHRHRR R R R H R R HiH -->
<complexType name="TextSubsetType">
<complexContent>
<extension base="rcd:TransformingParametersType">
">

<sequence>
<element name="TextSubset" maxOccurs="unbounded

<complexType>
<attribute name="StartingCharacter" type="pos itivelnteger"/>
<attribute name="EndingCharacter" type="posit ivelnteger"/>

</complexType>
</element>
</sequence>
</extension>
</complexContent>
</complexType>

<|-- HHHHEHE R #it -->
<l-- Definition of TransmodingConversionType -->
< M #it -->
<complexType name="TransmodingConversionType">

e">

<complexContent>
<extension base="dia:ConversionDescriptionBaseTyp

<sequence>

<element name="Transmoding" type="rcd:Transmodi ngType" minOccurs="0"/>
</sequence>

</extension>

</complexContent>

</complexType>

<I-- I R R Hitt -->
<l-- Definition of Transmoding -->
<I-- HHHHHHHHH it -->
<complexType name="TransmodingType">
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cramnlavifCnntants

<extension base="dia:DIABaseType">
<sequence>
<element name="Parameters" type="rcd:Transmodin

</sequence>
|| </extension>

</complexContent>
</complexType>

<l-- HHEHEHEHREHEEH R
<l-- Definition of TransmodingParametersType
<o HHEHEHEHREHEE R
<complexType name="TransmodingParametersType" abstr
<complexContent>

<extension base="dia:DIABaseType">

<sequence>

<element name="To" type="mpeg7:ControlledTermUs

</sequence>

</extension>

</complexContent>
</complexType>

<o HHEHEHEHRTHEH R
<l-- Definition of VideoSummarizationParametersTy
e A A A
<complexType name="VideoSummarizationParametersType
<complexContent>
<extension base="rcd:TransmodingParametersType">
<sequence>
<element name="Slide" maxOccurs="unbounded">
<complexType>
<complexContent>
<extension base="mpeg7:MediaTimeType">
<attribute name="importance" type="string"/
</extension>
</complexContent>
</complexType>
</element>
</sequence>
</extension>
</complexContent>
</complexType>

<o S R
<l-- Definition of TextVisualizationParametersTyp
<e- HHHRHHHHEHH T P
<complexType name="TextVisualizationParametersType"
<complexContent>
<extension base="rcd:TransmodingParametersType">
<choice maxOccurs="4">
<element name="FontParameters" type="rcd:FontPa
<element name="Resolution" type="dia:Resolution
<element name="TextMotionStyle" type="mpeg7:Con
<element name="TextColorInformation" type="rcd:
</choice>
<attribute name="frameRate" type="float" use="op
</extension>
</complexContent>

gParametersType" minOccurs="0"
maxOccurs="unbounded"/>

#HHt >
o
#HHt >
act="true">
eType"/>
#iHt >
pe =2
#Ht >
">
>
#itt -->
e ==
H#itH -->
>

rametersType"/>

Type"/>
trolledTermUseType"/>
TextColorIinformationType"/>

tional"/>
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cleamnlavTunas

<complexType name="FontParametersType">
<sequence>
<element name="FontStyle" type="string" minOccurs
<element name="FontFamily" type="string" minOccur
</sequence>

|| <attribute name="fontSize" type="positivelnteger"

</complexType>

<complexType name="TextColorInformationType">
<attribute name="backgroundColor" type="rcd:RGBCol
<attribute name="foregroundColor" type="rcd:RGBCol
</complexType>

<simpleType name="RGBColorType">
<restriction base="rcd:zeroToOneVectorType">
<length value="3"/>

</restriction>

</simpleType>

<simpleType name="zeroToOneVectorType">
<list itemType="mpeg7:zeroToOneType"/>
</simpleType>

oo JEHR A A AL
<l-- Definition of SpeechVisualizationParametersT
oo JEEH R A AL
<complexType name="SpeechVisualizationParametersTyp
<complexContent>
<extension base="rcd:TransmodingParametersType">
<choice maxOccurs="5">
<element name="Language" type="string"/>
<element name="FontParameters" type="rcd:FontPa
<element hame="Resolution" type="dia:Resolution
<element nhame="TextPresentationStyle" type="mpe
<element nhame="TextColorInformation" type="rcd:
</choice>
<attribute name="frameRate" type="float" use="op
</extension>
</complexContent>
</complexType>
</schema>

S
s="0"/>

use="required"/>

orType"/>
orType"/>
#H# >
ype  -->
#H# >
e">

rametersType"/>

Type"/>
g7:ControlledTermUseType"/>
TextColorInformationType"/>

tional"/>

Semantics:

Semantics o ranscodingType

Name

Definition

TranscodingConversionType

Tool for describing transcoding conversions.

Transcoding

Describes a transcoding conversion.

Parameters Describes parameters of a transcoding conversiory.
TargetFormat Describes the target format of a transcoq
conversion.

Semantics offrransformingType

ng
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Name

Definition

TransformingConversionType

Tool for describing transforming conversions.

Transforming

Describes a transcoding conversion.

Parameters

Describes parameters of a transforming conversio

Semantics ofextTranslationType

Name

Definition

TextTranslationType

Tool for describing the transforming parame
related to text translation.

Language

Describes the resulting language.

FontParameters

Describes the font parameters of the resultingh)
text.

Semantics ofmageResizeCroppingType

Name

Definition

ImageResizeCroppingType

related to image resizing or cropping.

StartingPoint

Describes the starting point of the image.

ImageSize

Describes the size of the resulting image

Semantics oSpeechTranslationType

Name Definition

SpeechTranslationType Tool for describing the transforming paramet
related to speech translation.

Language Describes the resulting language.

Tool for describing the transforming parameters

Semantics ofextSubsetType

Name Definition

ImageResizeCroppingType Tool for describing the transforming parameterates
to subset selection of a text.

StartingCharacter Describes the character of the original text, which

be the starting character for the subtext.

EndingCharacter

Describes the character of the original text, which

be the ending character for the subtext.

Semantics ofransmodingType

Name

Definition

TransmodingConversionType

Tool for describing transmoding conversions.

Transmoding

Describes a transmoding conversion.

Parameters

Describes parameters of a transmoding conversio

-

To

Describes the target modality.

The semantic of the rest of transmoding descripotise same as given in Annex A.



ANNEX C: SYNTAX AND SEMANTICS OF

SID DESCRIPTION TOOL

SID Syntax:

<schema targetNamespace="urn:enst:2004:SID-NS" xmin
xmlns="http://www.w3.0rg/2001/XMLSchema" elementF
attributeFormDefault="unqualified">

< B R T
<l-- Definition of Semantic Adaptation Declaration

e FHHHH

<element name="SID">

<complexType>
<sequence>
<element name="FragmentationType" type="string"
<element name="Object" type="sid:ObjectType" min
</sequence>

</complexType>

</element>

<o B T
<!l-- Definition of Object

e FHHHH

<complexType name="ObjectType" >
<sequence minOccurs="0">
<element name="SemanticDependencies" type="sid:Se
<element name="SemanticFragmentationPreferences"
type="sid:Semanti
</sequence>
<attribute name="id" type="string" use="required"/
<attribute name="ref" type="string" use="required"
<attribute name="importance" type="string" use="op
<attribute name="role" type="string" use="optional
<attribute name="maxRRF" type="positivelnteger" us
</complexType>

<l-- Definition of Semantic Dependencies

<complexType name="SemanticDependenciesType">
<sequence minOccurs="1" maxOccurs="3">

s:sid="urn:enst:2004:SID-NS"
ormDefault="qualified"

## -->

## -->

minOccurs="0" maxOccurs="1" />
Occurs="1" maxOccurs="unbounded"/>

## -->
>
## -->

manticDependenciesType" minOccurs="0"/>
cFragmentationPreferencesType" minOccurs="0"/>

>
/>

tional"/>

">
e="optional"/>

Hit -->
>
Hit -->
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<element name="AbsoluteSemanticDependencies" type

<element name="SynchronizationSemanticDependencie
type="sid:SynchronizationSemanticDependenc
<element name="SpatialSemanticDependencies" type=

</sequence>
</complexType>

<\-- B
<!-- Definition of Absolute Semantic Dependencies
<\-- BT T T T
<complexType name="AbsoluteSemanticDependenciesType
<sequence>
<element name="PreConditionMedia" type="sid:Media
<element name="RedundantFor" type="sid:MediaType"
</sequence>
</complexType>

<e- HEHHHEHEH B T R R R
<!l-- Definition of MediaType
<o HHHHEH R A
<complexType name="MediaType" >
<sequence>
<element name="MediaObject" minOccurs="1" maxOccu
<complexType>
<attribute name="ref" type="string" use="requir
</complexType>
</element>
</sequence>
</complexType>

<|-- HHHHHH AR R AR AR R AR
<!l-- Definition of Synchronization Semantic Depend

<|-- HHHHHH A AR AR R R R R R
<complexType name="SynchronizationSemanticDependenc
<attribute name="synchronizedTo" type="string" />
</complexType>

< SHEHRHEHEHHEH R R R
<l-- Definition of Spatial Semantic Dependencies
N m B A G L G L

<complexType name="SpatialSemanticDependenciesType"
<sequence minOccurs="1">

<element name="KeepCloseTo" type="sid:MediaType"
<element name="CaptionMedia" type="sid:MediaType"
</sequence>
</complexType>

<-- SRR R R
<!-- Definition of Semantic Fragmentation Preferen
N m S A G L G
<complexType name="SemanticFragmentationPreferences
<seguence minOccurs="1">

<element name="TimeFragmentationPreferences" type

<element name="SpatialFragmentationPreferences" t

="sid:AbsoluteSemanticDependenciesType"
minOccurs="0" />

s

iesType" minOccurs="0" maxOccurs="unbounded"/>

"sid:SpatialSemanticDependenciesType"

minOccurs="0"/>

##t -->
==

#t -->

ns,

Type" minOccurs="0" maxOccurs="1"/>
minOccurs="0" maxOccurs="1"/>

#t -->
=
## -->

rs="unbounded">

ed"/>

Hit >

encies -->

## -->

iesType">

#t -->
->

# -->

>

minOccurs="0" maxOccurs="1" />
minOccurs="0" maxOccurs="1"/>

#it -->
ces -->

#it -->
Type">

="sid: TimeFragmentationPreferencesType"
minOccurs="0" />
ype="sid:SpacialFragmentationPreferencesType"
minOccurs="0" maxOccurs="unbounded" />
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</sequence>
</complexType>

<l-- Definition of Time Fragmentation Preferences

<|-- BHHHH T R
<complexType name="TimeFragmentationPreferencesType
<attribute name="shiftingPriority" type="positivel

<attribute name="duration" type="positivelnteger"
</complexType>

Hit -->
>

Hit -->
ws

nteger" use="optional"/>
use="optional"/>

<l-- Definition of Spatial Fragmentation Preferenc es -->

<complexType name="SpacialFragmentationPreferencesT ype">

<attribute name="keepWith" type="string" use="requ ired"/>

<attribute name="position" type="string" use="opti onal"/>

</complexType>

</schema>

SID semantics:

Semantics 0SID:

Name Definition

SID Describes semantic information of a multimed
presentation.

FragmentationType Describes the suggested type of fragmentafion:
sequential or interactive.

Object Describes semantic iofmation of a media object

the presentation.

Semantics 0ObjectType

Name

Definition

ObjectType

Tools for describing semantic information of mg
objects of the presentation.

SemanticDependencies

Describesthe semantic dependencies between
corresponding media object and other media ob
of the presentation.

SemanticFragmentationPreferences Describes the semantic fragmentatietated
preferences for the fragment in which [he
corresponding media object will be placed.

id Describes the id of the corresponding media objecf.

ref Describes the reference to the corresponding nj
object in the presentation. This shall be equiug
with the id of the corresponding media object ie
scene.

importance Describes the semantic importance of
corresponding media object.

role Describes the semantic role of the corresponding
media object.

maxRRF Describes the authorized maximum spatial resoly
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Name Definition

reduction factor of a visual media object.

Semantics oSemanticDependenciesType

Name

Definition

SemanticDependenciesType

Tools for describing semantic dependen

between the corresponding media object and ¢ther

media objects of the presentation.

AbsoluteSemanticDependencies

Describes the absolute semantic dependen

between the corresponding media object and ¢ther

media objects of the presentation.

SynchronizationSemanticDependencies

Describes the synchronizatioalated semant
dependencies between the corresponding n
object and other media objects of the presentafi

SpatialSemanticDependencies

Describes the spatial semantic dependel

on.

between the corresponding media object and ¢ther

media objects of the presentation

Semantics oAbsoluteSemanticDependenciesTyp

(¢

Name

Definition

AbsoluteSemanticDependenciesType

Tools for describig absolute semant
dependencies between the corresponding nj
object and other media objects of the presentajt

PreConditionMedia

on.

Describes for the presence of which media object,

the presence of the considered media object
pre-condition.

RedundantFor

Describes that the considered media objeq

Redundant for which media object of the sceng.

Semantics oMediaType :

Name Definition

MediaType Tools for referencing a media object.
MediaObject References a media object

ref Describes the id of the referenced media objeq

Semantics oSynchronizationSemanticDependenciesType

Name

Definition

SynchronizationSemanticDependencies
Type

corresponding media object and athmedid
objects of the presentation.

synchronizedTo

Semantics opatialSemanticDependenciesType

Name

Definition

SpatialSemanticDependenciesType

Tools for describing spatial semar
dependencies betweethe corresponding med
object and other media objects of the presentaft

KeepCloseTo

Describes to which media object, the consid
media object shall be spatially kept close to.

Describes the id of the referenced media objeft.

—

Tools for describing synchronization-relajed
semantic dependencies between the

on.
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Name Definition

CaptionMedia Describes which media object, is a close cagtion
for the considered media object.

Semantics oSemanticFragmentationPreferencesType

Name Definition

SemanticFragmentationPreferencesType Tools for describing semantic fragmentatipn-

related preferences for the fragment in wh
the corresponding media object would
placed.

ich
be

TimeFragmentationPreferences

Describes the timing-related preferences of
fragment in which the corresponding me
object would be placed.

the

SpatialFragmentationPreferences

Describes the spatial fragmentation-reld

ted

preferences related to this object.

Semantics oTimeFragmentationPreferencesType

Name

Definition

fragment in which the corresponding me
object would be placed.

TimeFragmentationPreferencesType Tools for describing timing-related preferenges
of the fragment in which the corresponding
media object would be placed.

shiftingPriority Describes timing priority of the fragment [in
which the corresponding media object would be
placed.

duration Describes the suggested duration of |the

Semantics oBpacialFragmentationPreferencesType

Name

Definition

SpacialFragmentationPreferencesType

Tools for describing spatial fragmentatiq
related preferences for this media object.

n-

dia

keepWith Describes with which media object, this mg
object should be in the same fragment.
position Describes the position of this media ob]

against thekeepWith media object in th

ect

D

fragment.
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