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Résumé long en francais

Chapitre 1 : Introduction

Enjeux & besoins

La diffusiont de données multimédia associées aux servicesidrauils de radio ou de télévision du
paysage audiovisuel francais constitue une évaidtigorisant une interaction avec les auditeurslesi
téléspectateurs. Cette évolution est facilitéelgémansition technologique qui s’opére avec lespge de
I'analogique vers le numérique de la diffusion @s services au travers de standards comme DVB-T
[42], DVB-H [44] ou T-DMB [39]. Elle est égalememrovoquée par le développement rapide de
services complémentaires transmis par internetpuoies podcasts des émissions de radio ou enore le
programmes disponibles en télévision de rattrap&gpdte évolution (ou révolution) annoncée des
services de radio ou de télévision prend parfoiyden de “radio augmentée” ou de “télévision
intelligente” (Smart TV). Les données multimédia@sées aux stations de radio ou aux chaines de
télévision se doivent naturellement d’étre a latbaudes attentes des utilisateurs en termes dgéqua
des contenus mis a disposition mais elles doivematlegnent proposer une interface attrayante et
ergonomique, conforme aux exigences de [l'utilisatewoderne. En particulier, cette expérience
multimédia se doit d’étre au moins équivalentelBe @pie I'on peut observer au travers des sitesmet

des stations de radio ou des chaines de télévisiodes objectifs pour les éditeurs historiquesadé

et de télévision étant de renforcer la pertinereéadplateforme hertzienne et de conquérir la paiveh
génération d'utilisateurs.

La diffusion audiovisuelle par voie hertzienne wstdomaine exigeant pour les services multimédé. C
environnement présente plusieurs contraintes gupiiiemt les difficultés que I'on peut rencontren e
téléchargeant un document multimédia ou bien erstnattant un service en streaming par internet. Par
exemple, la bande passante dédiée a un servicadd® mumérique correspond a une part de la rare
ressource hertzienheelle est donc relativement limitée et il n’ess@visageable, dans les conditions
actuelles, de faire I'hypothese systématique dwrie de communication depuis le récepteur de radio
numérique vers un serveur distant (une voie deurgiar internet, par exemple). En outre, le caeal d
communication utilisé pour la diffusion des sergicaultimédia peut étre perturbé et engendrer des
pertes irrécupérables de données. Enfin, la ddfushpose, par nature, que le méme service multanéd
soit diffusé a tous sur une zone géographique doafgrs que le parc des récepteurs est souvent tres
hétérogene, les récepteurs les plus sommaires sdispaniquement des capacités nécessaires a la
restitution sommaire du service.

Si le souhait premier d’'un éditeur de service rdifiosé est bien de rester accessible par son @ubli
quelque soit le récepteur utilisé, ces mémes éditelnerchent également a se démarquer les uns des
autres en proposant des fonctionnalités innovagtestirent parti des capacités techniques les plus
avanceées des récepteurs. Par conséquent, il esttéampque des services multimédia riches puisieat
diffusés mais il est également impératif qu’ils p@voquent pas d’incompatibilité avec le parc des
récepteurs déployés. De la méme facon, la mullisiifih de données multimédia visant différents
récepteurs spécifiques constitue une valeur ajgub&e un service. Cependant, il n’est pas acceptabl
que de telles déclinaisons d’'un méme service iedtiisles délais de transmission excessifs pour
'ensemble du service, notamment lorsque la baidegnte s’avere trop limitée. De fait, le maintien

la qualité globale des services multimédia en diffm au cours du temps nécessite un soin permedeent

! La diffusion est définie tout au long de ce mémaipmme étant une transmission unidirectionnellelatenées, par voie
hertzienne dans le cadre de nos expérimentatiomgstination d'un grand nombre d'individus sansilgné puisse étre
nécessairement fait I'hypothése d’'une voie de retomplémentaire.

2 Le débit alloué aux données multimédia d’un serde radio représente typiquement un débit coreptie 8 et 32 kbps.
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la part des éditeurs, y compris dans les différaamsironnements d’'usage que I'utilisateur peut
rencontrer, de facon a toujours préserver un leenahfiance et de proximité avec chaque téléspmeaotat

En pratique, le souhait d’un éditeur étant toujalesrendre son service multimédia accessible agl plu
grand nombre, une stratégie simple pour la pulibicade contenu consiste a minimiser les prises des
risques quitte a réduire la qualité du service fgous. Cette réduction de qualité peut prendredmé

de restrictions applicables seulement dans certe@ssd’'usage répertoriés, certains environnements
pouvant parfois étre simplement ignorés. Par exemplest courant qu’un site internet soit congu en
évitant les fonctions mal intégrées par certainggageurs internet, voire méme parfois, que cellsieit
inaccessible a partir de certains navigateurs jugés utilisés. Cependant, ces solutions de
contournement ne sont pas satisfaisantes en diffusar il n'est pas acceptable qu'un service
multimédia soit inaccessible depuis un récepteunpadible ou qu’'un service multimédia souffre
d'importantes limitations sur des équipements lileugamme, alors que ces limitations ne s'appliquent
pas pour des services similaires transmis parrietePar conséquent, il existe un besoin de techniques
performantes d’adaptation qui permettent la diffoside services multimédia robustes a tous les
utilisateurs et qui facilitent I'enrichissement niiédia de leur présentation dés que les conditions
d'usage le permettent.

Formulation du probléme & principes de la solution proposée

La finalité de nos travaux consiste a fournir legile techniques nécessaires a la diffusion deicesv
multimédia adaptables aux conditions d’'usage géditeur de service souhaite prendre en charge avec
un soin particulier. Ainsi, I'objectif de nos travapeut se formuler sous cette forme: il s’agispécifier

un processus de transformation générique, autonstnagix surcodts réduits pour I'adaptation maitrisée
de services multimédia enrichi&n effet, le marché horizontal, qu’est le mardké récepteurs de radio
ou de télévision, nécessite un processus d’'adaptafiii, en I'état actuel, ne peut faire I'nypothése
systématique d'une voie retodransformationautonomg De facon a réduire le colt des récepteurs, un
processus d’adaptation se doit de reposer suraesférmations standardisées (ou qui sont susteptib
d’étre standardisées) de fagcon a pouvoir se gésérah I'ensemble des gammes de produit
(transformationgénériquég. La diffusion de données multimédia associées @ogrammes en direct
impligue un processus d’adaptation dynamique etimonservice multimédjadont la qualité doit
pouvoir étre validée selon les regles éditorialéslee charte graphique définies par I'éditeur
(transformation maitrise Enfin, la captation de I'attention de I'utiligatr requiert une présentation
attrayante et travailléecgntenu multimédia richequi doit pouvoir étre adaptée par un processus de
transformation interférant peu sur I'environneméigixécution du servicer@nsformationaux surcoQts
réduits.

Le principe sous-jacent notre approche provientadeeprésentation scalable des codecs audiovisuels
comme MPEG-4 SVC [104] ou JPEG2000 [85], aussi légpeodages hiérarchiques. Une telle
structuration de la représentation d’'un média perdmenise en oeuvre d’'un processus d’adaptation
générique et dynamique, fondé sur le filtrage desssnsembles du flux binaire. L’avantage essedéel

ce procédé de filtrage adaptatif est I'efficacigésbn exécution en comparaison avec les technipies
transcodage. En pratique, toutes les options dtatlap sont configurées pendant la phase d’encodage
du média et classées dans des couches progredie®s< de scalabilité ». Ces couches de scakabilit
correspondent donc a des enrichissements du médime, par exemple, 'amélioration du rapport
signal sur bruit d'une vidéo ou 'augmentation derésolution d’'une image. La représentation scalabl
des codecs audiovisuels présente donc des praprigaélaptation qui correspondent en partie aux
exigences de la diffusion audiovisuelle de servioedtimédia. Ainsi, bien qu’'une scene, chorégraphe
organisant les différents média dans une présentaisuelle et interactive au cours du temps, rjag

les mémes propriétés qu’une séquence vidéo ou gumage, nous défendons l'idée que le concept de
scalabilité des média peut étre transposé aux sgankimédia, définissant ainsi $&alabilité de scéne
multimédia.Le principe défendu dans ce mémoire est donc gpedlsentation d’'un service multimédia
(ou d'un document multimédia statique) peut étredé@tisé en trois axes de scalabilité en répartissant

3 Les services multimédia & la demande peuvent lméeréti’'une phase de négociation en amont de lastission des
contenus; or ceci est impossible dans le cas difieion.
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'ensemble des caractéristiques d’'une présentaiorcouches de scalabiligpatiales, temporelles et
interactives. Grace a la flexibilité des différefaemats standardisés de description de scenemadia
comme SVG [118], MPEG-4 BIFS [59], SMIL [119], HTMI[L120], NCL [105] ou Flash, nous
proposons d’'organiser les propriétés des difféeest®nes alternatives d’'un méme service (ou d'un
document) multimédia en couches de scalabilité cBaséquent, la solution que nous proposons permet
la génération de services (ou document) multimédlaptables ou l'adaptation est congue comme
I'enrichissement d’'une présentation existante et tlaffichage progressif est possible. Ainsi, dints
parametres d’adaptation peuvent éventuellemeniaéseciés a ces couches de scalabilité : la dioensi
de I'écran, comme illustré dans I'exemple ci-dessow encore le niveau d'intérét de I'utilisateauple
contenu, la durée de la présentation ou encoragacité du processeur du récepteur a prendre egecha
des animations complexes.

X = 90.000000 Y = 140.000000 X = 138.000000 ¥ = 212.000000 X = 138.000000 Y = 330.000000

Chat avec: CHAT AVEC HENRI SALVADOR
HENRI Chat avec: Henri Salvador sera en chat
SALVADOR mercredi 6 & 17h. Posez-lui dés

HENRI

maintenant vos questions, écoulez
SALVADOR

le single "Dans mon Tle” en
intégralité, et regardez l'interview.

Exemple de scalabilité de scene et d'une adaptati@nla dimension de I'écran.

Contributions

Le cheminement vers la modélisation de la scatabiie scene multimédia nous a amené a une
contribution que nous appelons le mod8kalable MSTIL’acronyme MSTI signifieMédia, Spatial
Temporel et Interactif. Dans notre approche, les termes ‘scalable’ etlabdité’ sont directement
empruntés de l'anglais ‘scalable’ et ‘scalabiligomme définis par H. Schwarz dans le contexte du
standard MPEG-4 SVC [104]. Si I'on se référe afiaaf québécois de la langue francijse scalabilité

fait référence a la notion d’extensibilité dansiteanaine informatique et au codage hiérarchique tans
domaine des télécommunications. En effet, I'extdlis y est définie comme ‘I'aptitude d’'un serviée
augmenter ou a diminuer son niveau de performansesecodts pour répondre aux changements dans la
capacité de production ou dans la demande’. D'guaré, le codage hiérarchique y est défini comme
‘une technique de codage du signal numérique, @anpsiste a répartir les informations a transmetamsd
des sous-ensembles hiérarchisés, de telle sordeagupuissent étre utilisées par ordre d'impomtaac
moment de reconstituer les sons ou les images.’ {Ur] sous-ensemble de base contenant les
informations essentielles et des sous-ensemblemdaices sont définis. A la réception, le décodeur
utilise d'abord les données du sous-ensemble d& pass, s'il le peut, les données des sous-enssmbl
secondaires. La transmission s’adapte ainsi au digonible ou aux capacités du décodeur.’ Ailasi,
scalabilité de scéne multimédia, telle qu'envisadées notre contribution, intégre ces deux accegtio
en proposant a l'utilisateur différents niveaux pigsentation aux ‘performances’ croissantes en
‘hiérarchisant’ la scéne en ‘sous-ensembles’ deiénara faciliter 'adaptation de la présentation a
I'environnement d’'usage lors de sa diffusion.

Si la scalabilité de scéne multimédia peut étrdisad pour adapter un service multimédia a
I'environnement d’'usage en supprimant certains @spae la présentation de la méme maniére que le
codage hiérarchique d’'un média audiovisuel le perfigément innovant du modétcalable MSTest

la notion de couche de scalabilité pour une scanémeédia. Nous les appelossuches STét celles-ci

ont la particularité de traiter 'adaptation degdurs composants d’une scéne en tant que groupmet

en tant que composants indépendants d’'une méme.d2ans les paragraphes suivants sont décrites les

deux principales contributions de nos travaux qoet de graphe d’adaptation et les mises a jour
d’adaptation.

4 http://www.granddictionnaire.com
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Valeur du
parameétre
Chemin d’adaptation d’adaptation
APV (APV)
S S35 Spatial (S)

Interactif (1)
Le graphe d’adaptation d’'une scenescalable MSTI.

Contribution — Le graphe d’adaptation

Dans ce mémoire, Nnous proposons un processus ske geidécision représenté a partir d’'un graphe a
trois dimensions structurant les capacités d'adiapta’une scene multimédia scalable. Dang@phe
d’adaptationillustré ci-dessus, chaque alternative de scéh@astionnée sur des axes de scalabilité,
appelé axes de scalabilitt ST(axes Spatiaux Temporels et Interactify, selon des parametres
d’adaptation sélectionnés pendant la phase deiamé&ar conséquent, chaque alternative de la scéne
représentée par un triplet, (3, I,), peut étre associée aux valeurs de parameétrdamtaion (APV) qui
guident l'algorithme de prise de décision. Puisgi@s contraintes de progressivité s'appliquent aux
propriétés de scene contenues dans les couchesleSpipcessus de prise de décision en vue de
'adaptation d'une présentation peut étre représegdus la forme de la sélection d'un chemin
d’adaptation menant a une scéne appropriée (elégige par I'auteur) parmi I'ensemble des scénes
possibles. En complément de ce parcours adapatifiori sans retour possible autre que I'origine d
graphe d’adaptation, des couches STI dites « dé»gpeuvent étre introduites. Ces couches de
scalabilité de repli permettent, par exemple, quasteur multimédia soit en mesure d’identifier une
configuration optimale ‘en aveugle’, c'est-a-direns nécessairement faire appel a des valeurs de
paramétres d'adaptation explicites, par I'applmatprogressive de couches STI jusqu’a ce que eglles
excedent les capacités du lecteur multimédia. Erepces couches STI de repli constituent de \#esa
points d’entrée dans le graphe d’adaptation, comeidaires a I'origine du graphe. De cette fagon, un
lecteur multimédia est aussi en mesure de tragemnlodifications apportées a un service multimadia
cours du temps sans avoir systématiquement ategtfensemble de la scéne courante.

Les avantages d’'un graphe d’adaptation sont megtipEn particulier, cette représentation par graphe
suggeére un procédé d’édition guidé pour la gér@ralie présentations adaptables a partir d'un jeu de
scenes multimédia a renseigner. En diffusion, lapke d'adaptation facilite la mise en ceuvre
d’optimisations pour la transmission progressivescines multimédia par la définition de priorithge

les différents aspects d’'une présentation. En témed’'adaptation dynamique d’'une scene multimédia
aux contraintes fluctuantes de I'environnement afjes peut étre gérée au travers d'un algorithme
déterministe qui ne nécessite pas l'interprétaties propriétés de scéne encapsulées dans les souche
STI. Enfin, l'organisation hiérarchique des promg des différentes scénes alternatives d'une
présentation adaptable ouvre un large champ de idemal’application a partir du méme moteur
d’adaptation par la mise en correspondance destéasdiqgues fondamentales d’'une présentation
(propriétés spatiales, temporelles et interacti/as scéne) avec des parameétres d’adaptation sheisi
fonction des scénarios viseés.
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Contribution — Les mises a jour d’adaptation

Dans ce mémoire, nous proposons également une ll@fmene de transformation de scéne définie a
partir de mises a jour qui modifient les caractigyiges d’'une présentation dans la perspective d’'une
adaptation. Cemises a jour d'adaptatiosont des transformations similaires aux classiguiess a jour

de scene définies dans Flash, MPEG-4 BIFS [59] ®REM-4 LASeR [62] et qui sont utilisées pour
modifier la scéne d’un service multimédia au calugemps. En revanche, ces mises a jour nécessitent
une validation supplémentaire a partir de I'envivement d’'usage avant de pouvoir étre appliquéas a |
scéne. En d'autres termes, les mises a jour d’atlaptpeuvent étre filtrées lorsqu’elles ne sorg pa
compatibles avec I'environnement d’'usage du doctiroandu service multimédia. Il est important de
noter ici que la portée de ces mises a jour d'adi@pt ne comporte pas de limite au sein de la
scéne autres que celles des formats utilisés gsuexprimer. Ainsi, des modifications portant ser d
nombreux composants d’'une scéne peuvent étrestidgtéacon unitaire en les encapsulant sous laeform
de mises a jour d’adaptation au sein d'une mémehm8TI.

Les mises a jour d'adaptation se différencient rdgséement des autres types de transformation
adaptative par le surcodt faible qu'elles nécessiém diffusion en termes de puissance de caleul, d
besoin en mémoire et de consommation en bande npassklles permettent également des
transformations de scéne aux niveaux les plus éltaines des formats de scéne et ne brident donc pas
les capacités d’expression des langages de scehignédia. Enfin, les mises a jour d’adaptation
présentent la particularité d’avoir des colts dadion qui progressent avec la richesse du service
multimédia. Ainsi, la scene multimédia congue plasr environnements d’'usage les plus exigeants (le
service ou document dit « de base ») bénéficieodésad’adaptation tres faibles, et donc de conaiitio
d’acces privilégiées, alors que les présentati@stitEes a des environnements plus favorablesgraurr
bénéficier d’enrichissements multimédia par lagoga charge de colts d’adaptation plus élevés.

Contexte industriel des travaux

Les travaux présentés dans ce mémoire ont été ndarés le contexte industriel de RTL en tant
gu'employé a plein temps entre octobre 2006 etigar®010 (dans le cadre CIFRE d'une Convention
Industrielle de Formation par la REcherche). RTddio la plus écoutée en France, appartient a RTL
Group qui est le leader de lindustrie du divegisent & I'échelle européenne avec 43 chaines de
télévision, 31 stations de radio dans dix paystdiffits et une production audiovisuelle internatmna
Dans le cadre de mes activités de recherche, lasegstations de radio du groupe RTL en France, a
savoir RTL, RTL2, Fun Radio and RTL L'Equipe, orné ée terrain de jeu de mes expérimentations,
visualisables tout au long de ce mémoire, mais @lie surtout défini les fortes exigences de prtidanc
multimédia qui ont guidé mes travaux.

Le rythme de mes travaux a été influencé par lencaler 1égal du lancement de la radio numérique en
France, qui a été défini progressivement par ladioi30 septembre 1986 relative a la liberté de
communication, au travers de ses évolutions suieesssn 200% 2007 et 2009. En mars 2008, le
Conseil Supérieur de I'’Audiovisuel (CSA) a lancéltemier appel a candidatures pour la diffusion de
services de radio numérique sur les zones de Réaiseille et Nice-Cannes en T-DMB dans les bandes
hertzienne IIl et £ Tout au long de cette période, j’ai notammenttitoné au nom du groupe RTL aux
efforts de standardisation, au travers du groupestéens’ de I'organisation MPEG et du comité
technique du WorldDMB, dans le but d’améliorerfiedcité et I'interopérabilité des services de caeln
T-DMB. Ces contributions, portées techniqguementTgecom ParisTech, ont abouti a la mise a jour du
standard T-DMB publié par I'ETSI en avril 2009 [38]par la définition d’un nouveau profil du stardla
MPEG-4 BIFS publié par ''SO/IEC en juillet 20100]6

®Loi n° 2004-669 du 9 juillet 2004 relative aux conmitations électroniques et aux services de comratioh audiovisuelle
® Loi n°2007-309 du 5 mars 2007 relative & la moisation de la diffusion audiovisuelle et & la téén du futur

7 Loi n° 2009-258 du 5 mars 2009 relative & la comication audiovisuelle et au nouveau service puliida télévision

8 Arrété du 3 janvier 2008 relatif & la radio difé@sen mode numérique par voie hertzienne terrestpar voie satellitaire en
bande L ou en bande S fixant les caractéristiqaesignaux émis
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Nos travaux de recherche sur la scalabilité de esgénltimédia ont été publiés dans différentes
conférences [2][3][4][5][6], un journal internatiah[1] et ont été partagés avec les partenairassindls

de RTL pour certains [13]. En outre, nous avonseéténesure de faire la démonstration de la diffusio
de scénes scalables dans des conditions réellearta fde la tour Eiffel dans le cadre des
expérimentations autorisées a Paris par le CSAart duelques salons francais ouverts au grandcpubli
comme le Salon de I'’Automobile (2008) ou encorsdion SATIS-Le RADIO (2009) grace a une étroite
collaboration avec I'opérateur de diffusion TDF slda cadre du projet de recherche RADIOBes
résultats applicatifs issus de travaux menés dagadre de projet sont disponibles en appendicede
meémoire.

Plan du mémoire

Ce mémoire se compose des chapitres suivants:

— Le chapitre 2 décrit des scénarios de radio numeérigui nécessitent une adaptation de la
présentation du service multimédia en fonction 'davironnement d’usage du contenu mais
également en vue d’une transmission progressive.

— Le chapitre 3 constitue une étude des modelesjaoants les principaux formats de scéne a
partir d’une classification des caractéristiquasnd’ présentation en propriétés spatio-visuelles,
temporelles et interactives. Notre modébealable MSTIs’appuie précisément sur cette
décomposition des présentations en trois compasaletecomposant&patiale Temporelleet
Interactive

— Le chapitre 4 décrit I'état de I'art des techniquiesprise de décision pour I'adaptation d'une
présentation multimédia en 'organisant en quattégories d’approche. Notre mod&8ealable
MSTI est fondé sur la combinaison desélection de scénes alternativetsdela plasticité de
scene les autres approches ne remplissant pas lestimmdde notre cahier des charges pour
'adaptation multimédia dans le domaine de la diffa. De plus, ce chapitre décrit également
les transformations de scéne qui peuvent étreségdi pour modifier les caractéristiques d’une
présentation multimédia. Ces transformations ggoés constituent la boite a outils normalisée
pour I'expression demsises a jour d’adaptationtilisées dans I'approciecalable MSTI

- Le chapitre 5 présente notre cahier des chargeds’pdaptation des présentations multimédia et
décrit deux contributions qui ont conduit a la défon de la scalabilité de scéne multimédia.
Premierement, l'adaptation de média scalables @t-scalables) en coordination avec
'amélioration de leur présentation a été expériden Deuxiemement, lemises a jour
d’adaptation utilisées dans I'approcifcalable MSTlont été expérimentées dans le contexte de
la diffusion en comparant leurs performances auseawapproches applicables a I'adaptation des
propriétés spatiales d’'une scéne.

- Le chapitre 6 décrit notre approclBealable MSTIqui s’appuie sur une séparation entre la
structure de scéne de médislédia) et les propriétés de la scéne (propriéBmatiales
Temporelleset Interactive3. De plus, la flexibilité apportée par la scalabilde scene a été
illustrée au travers du concept dgaphe d’adaptation Cette représentation introduit un
ensemble de régles qui guident le processus de pesdécision pour I'adaptation de la
présentation vers une option adéquate.

- Le chapitre 7 conclut ce mémoire et ouvre des peta@s en vue de prochains travaux portant
sur la scalabilité de scéne multimédia.

® ANR ANR 08-CORD-018 - Radio Augmentée et Diffusion datenus Interactifs Optimisés
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Chapitre 2 : Scénarios multimédia de radio numériqgu e

La radio numérique terrestre est I'évolution tedbgimue de la radio analogique FM. Elle consiste a
diffuser le son d'une station de radio en utiliséed nouvelles technologies numériques et propose
également un enrichissement visuel des programmgawers de services multimédia synchronisés avec
le son. Ces services multimédia synchronisés a®@iogrammes donnent par exemple accés a des
éléments complémentaires pendant les flashs divdtion, permet I'identification du morceau musical
en cours, propose des liens vers des offres conmatesgendant les coupures publicitaires ou permet
I'affichage de messages d'auditeurs transmis adtoa de radio par SMS. En complément de ces
données viennent s’ajouter d’autres types de ssvioultimédia qui ne sont pas nécessairement
synchronisés avec le son de la station de radjoigiroposent différentes fonctionnalités multinzédui
enrichissent I'expérience de I'utilisateur. Parrapée, des services de météo, d'astrologie, d’inédiom

sur le trafic ou encore une vue d’ensemble de iite gles programmes de la station peuvent étre
proposés aux auditeurs équipés d’'un récepteur nguesavec écran, comme un autoradio GPS ou bien
un cadre photo-radio par exemple. Lors de nos tsgwaous avons volontairement cherché a différencie
ces services « asynchrones » et les services ettt o qui sont synchronisés avec le son de liosta

de radio car ils revétent des problématiques tectas différentes. Une liste non-exhaustive, mais
relativement compléte, de scénarios multimediaaditornumérique et des problématiques techniques
associées est décrite en appendice (Appendice A).

H'I'l Stop ou Encore
Vinecent Perrot
nfos =

DAVID GUETTA | SCLCCI \ika Grace Kelly

_& Album : Poplife météo | —
Titre : Love is Gone

trafic Faroles
astro Ity to be ke Grace Kelly

NEWS FUN

PLAYLIST

NEWS
R2&N0 . POPROCK

But all her looks were too sad

So liry
RTL c'est vous Qs

la grille

rAY FUNT

Exemples de données multimédia synchronisées avetmorceau musical.

RTL Matin

HI'I- L'horoscope

Vincent Parizot dujour

le direct Welcome on RTL le direct Bélier . le direct

météo at IBC2009 météo 21 mars - 20 avril météo

trafic a® trafic C'est la nouvelle Lune. Pile trafic o ;
face & vous si vous étes du - )I RTL Matin

astro ’ astro Ter décan, elle vous dit astro .ﬁ" Vincent Parizot

la grille

O, R d'étre plus attentif & l'autre. lagrille  [EENg 590 1430 1800

(V5 I 2 &) Mo M AW s 3

H'I'l La grille N
10 sept. 2009
4:30

RTL Petit Matin
Denis Girolami

Exemples d’'un service d'astrologie et d’'une grilleles programmes en complément du direct.

Lorsque I'on considére I'écoute de masse que reptést les millions d’auditeurs quotidiens d’'une
station de radio comme RTL, la diffusion de la capar voie hertzienne demeure aujourd’hui la seule
technologie économiquement viable. Cependant,dérasios multimédia de radio numérique doivent
explorer les opportunités que présentent les podeegadio connectés aux réseaux IP par une
connectivité 3G ou Wi-Fi. Cette hybridation desvgars multimédia de radio numérique peut s’opérer,
par exemple, en considérant une simple voie deirg@r internet ou bien en cherchant a développer u
véritablement voie de communication réciproque pdtant le téléchargement ou encore la transmission
par streaming de données complémentaires venamtu@iement enrichir les services multimédia
diffusés par voie hertzienne.
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RTl socxED

Un probléme d'écoute ?

L[&¥d » Les Grosses
Tétes

Philippe Bouvard

Les émizsions de RTL en podcast w

15:56| Le dernier titre

Ver

Exemple d’un service hybride alliant données multiradia en diffusion et transmises par internet.

Chapitre 3 : Les modeles de description de scéne

Dans ce chapitre, nous présentons les modelesogsitendent quelques un des principaux langages de
description de scéne qui sont actuellement prishenige par les lecteurs multimédia (a savoir SVG
[118], MPEG-4 BIFS [59], SMIL [119] et HTML [120])Ces standards ont déja fait I'objet de
différentes études [21][25][29]. L'approche adoptieds ce chapitre d'état de I'art consiste a atiddi
principes généraux des modeles sous-jacents cegades a partir d'une classification des
caractéristiques des présentations multimédia peces spatiaux, temporels et interactifs. Préahadite

a cette étude, ce chapitre fournit également lanitiéh de certains termes utilisés tout au longcde
mémoire: scene présentation description de scenamais égalemenimodeles qu'ils soient «de
présentation p«de document (ou de service)u «de description de sceme

Définitions

Une présentation multimédiaonstitue I'expérience que l'utilisateur perco#nd la réalité du monde
physique en visionnant un contenu, c'est-a-dirsgi@il est confronté a I'écran tactile de son pafte
radio numérique, par exemple. Comme le définit hrdtinan [48], cette présentation est le résultat de
I'exécution au cours du temps d'unités d’informatiui sont présentées a I'utilisateur. Plus précisd,

une présentation multimédia est le rendu d’'un denirmultimédia comme le définit S. Boll [24Du,
plus largement, le rendu d’'un service multimédiaua service est défini comme un document pouvant
étre modifié partiellement au cours du temps.

Un document multimédia@onstitue la captation d'une présentation soufotene d’'une description
statique selon L. Hardman [48] Un service multimédia constitue donc en quelqoetes un
enregistrement en direct de I'expérience multiméglie I'utilisateur percoit en exposition avec un
contenu. Comme l'indique S. Laborie [78], ‘un do@mh multimédia est constitué d’'un ensemble
d’objets multimédia. Ceux-ci sont mis en page gides techniques d’assemblage propres a l'auteur e
forment la composition du document multimédia’. iganisation des différents objets multimédia d’'un
service peut étre implicite comme c’est le cass#sices de television, par exemple, ou I'affichdge
sous-titres est géré automatiquement par les BoespTNT et ou la sélection des pistes audio peut
s'effectuer a partir de la télécommande du télévisa appuyant sur des touches dédiées.

Une scéne multimédiaonstitue la description explicite de I'organisatid’'une présentation multimédia.
La composition d’'un document (ou d’'un service) mnudtdia peut donc faire appel & une scene de fagon
a organiser, dans l'espace et le temps, les objetimédia auxquels I'utilisateur peut accéder par
interactivité. Par exemple, un service de télémigieut inclure une scéne multimédia et proposer a

9. Hardman : « The terpresentatiorrefers to the runtime behavior of the informationits presented to the user. »
113, Boll : « A multimedia presentation is the reiaigiof a multimedia document. »
12 L. Hardman : « The term document refers to sticription of the presentation which can be stosed
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I'utilisateur une présentation spécifique a la nhgdour I'activation des sous-titres et pour lastbdn de
la piste audio principale comme illustré ci-dessous

La modeélisation d’une présentati@monsiste a abstraire le comportement percu ptlidateur exposé a
I'écran de son lecteur multimédia présentant uneanmultimédia. Cette modélisation reste cependant
une notion théorique puisque gqu’elle est en prmcigpable de modéliser I'ensemble des comportements
multimédia possibles alors que I'expérience perngae I'utilisateur est elle-méme influencée par les
limites techniques des récepteurs et les fonctiemshaitées par les éditeurs. Contrairement a la
modélisation de phénoménes naturels par I'observata modélisation de présentations multimédia
consiste a abstraire un phénomeéne artificiellergénéré selon les souhaits d’un créateur du contenu.

Document

Média

Audio (FR) 1

Audio (DE) 2

Video 3
4
5

Sélection
des média

Text (sub FR)
Text (sub DE)

Document

Sceéne

|
[ [ '
\AudioHViieOH Sub ‘

1 2 4 5

Média

Audio (FR) 1+
Audio (DE) 2
Video 3N
Text (sub FR) [4
Text (sub DE) |5

Exemples d'un service de television sans scéne nédia (& gauche) et avec une scéne multimédia (pode)

Un modele de documeast la représentation d’'un modéle de présentdtiahles capacités d’expression
informatique ont été définies de fagon a répondrel@esoins d’'un cycle de création-consommation du
contenu. Par exemple, la compacité, I'exactituderobustesse, la réutilisabilité, 'adaptabilité lde
description d’'une présentation multimédia sont @tutée criteres qui conduisent a la conception de
modéles de document différents qui représententtgodula méme présentation. Ainsi, le processus de
d'expression informatisée d'une présentation résdiun compromis qui varie selon les domaines
d’application.

Un document multimédia peut s’exprimer (ou étreligytans un ou plusieurs formats a partir d'une
syntaxe spécifique (un langage). Un modéle de dentimend donc éventuellement possible la multi-
publication des documents multimédia. Pour lesgmtdions faisant appel a une scene, le modéle de
document relatif au langage utilisé pour la desiotipde scéne est appelé modele de description de
scenedans ce mémoire.

Description de scéne

<Scene> e
W </Scene> 333
T
Lecture
Document multimédia —> Présentation
A
Expression Abstraction
\ 4
Modele de document | Modéle de («), (<)
Média Scéne Représentation
3
12 4.5

La modélisation d’'une présentation multimédia
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Propriétés spatiales, temporelles et interactivesd  es scénes multimédia

La définition d’'un document multimédia proposée @arRoisin [99] décrit une entité constituée ‘d’'un
ensemble d'éléments d’information de base reliésdea relations de différentes nature (relations de
composition, spatiales, temporelles et de naviggtiha classification des modéles de descriptien d
scéne que nous proposons dans ce chapitre s’apgaiement sur les trois principaux aspects d’'une
présentation multimédia qui définissent I'expériemoultimédia proposée aux utilisateurs, a savair le
propriétés spatio-visuelles, temporelles et intiéras que I'on rencontre usuellement dans I'étatafe
[21][25][29].

Les modéles de description de scene permettentpeésentation concrete des présentations, telles
gu’elles peuvent étre restituées a l'utilisateurteavers d'un lecteur multimédia compatible avec le
format de scéne modélisé. Notre étude s’est irkéeet I'expression des caractéristiques essentielle
d’'une présentation, a savoir la mise en scéne déelangui la constituent, a partir des différentsyems
d’accés a l'information dont dispose l'utilisateur:

- l'observation des média affichés a un instant donA#ési, la dimension spatiale d’'une
présentation s’exprime informatiquement sous lenéode différents modéles de positionnement
et de visibilité. Le style appliqgué aux médias magglement les accessoires décoratifs qui les
agrémentent font partie intégrante des propriéggticsvisuelles de la scéne dans notre
classification puisqu’ils sont trés souvent indéfdement liés a I'organisation spatiale de la
présentation.

— I'observation des média par leur renouvellementomatiguement au cours du tempsux
propriétés statiques des modeles spatiaux, s'ajauthorégraphie des média au sein d’'une
présentation qui nécessite la gestion de leur poéset de leur synchronisation. La temporalité
de la scéne dans son ensemble participe égaleriierpérience multimédia de I'utilisateur face
a une présentation.

- l'observation des médias sélectionnés par intevéétiLorsque le lecteur multimédia le permet,
la présentation des média est susceptible d’étigédi par I'utilisateur lui-méme. Au dela de la
seule modélisation des actions de I'utilisateus, ddéférents modes de controle des média et de
navigation définissent le comportement interaatifa présentation.

Cette classification des propriétés de scene auliéée dans notre approct&alable MSTIpour
constituer des groupes de transformation en vukadeptation de la présentation d’un document (ou
d’un service) multimédia. Ainsi, la sélection d'groupe de propriétés spatiales d’'une scéne pepaet,
exemple, d’adapter 'ensemble des média affichémilsinément en fonction des caractéristiques de
I'écran. De la méme maniére, la sélection d’un peode propriétés temporelles peut apporter un acces
séquentiel & des médias qui ne peuvent s’affidharlanément par manque d’espace sur I'écran. Enfin
la sélection d'un groupe de propriétés interactivasre I'accés a des média complémentaires a la
demande de I'utilisateur, en fonction de ses sasilpar exemple.

Les modeles de description de scene introduits datie classification n'ont pas fait I'objet d'une
comparaison systématique de leurs avantages etude inconvénients. En effet, chaque modele de
description de scéne présenté dans ce chapitsusstptible de répondre aux besoins particuliars d’
domaine d'application. Parfois, ces modéles peuegialement étre combinés avantageusement. Par
ailleurs, cet inventaire ne constitue pas une ksteaustive des modéles de description de scéne. En
effet, les modeles de document sont seulementaprégentation partielle des présentations multianédi
dont la complexité progresse rapidement avec l'argation des capacités des récepteurs (et des
réseaux) et I'exigence croissante des éditeurdggtutilisateurs). Les modeéles de document sort don
amenés a évoluer réguliérement. Pour faire face fdisonnement, nous suggérons que les traitements
appligués aux documents multimédia reposent, dansnésure du possible, sur des approches
extensibles. Notre modéfecalable MSTprend en compte ce constat en s’appuyant notansoentne
transformation de scene congue sur la seule sépad#s propriétés spatiales, temporelles et iotiess
d’'une scéne.
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Chapitre 4 : L’adaptation de scene multimédia

Dans ce chapitre, nous définissons la notion dienviement d’'usage telle qu’elle est envisagée dans
notre étude et nous présentons différentes méthaelgwise de décision en vue de 'adaptation d'un
document (ou d’un service) multimétiiaNous présentons également les mécanismes déotraation

de scene qui sont couramment utilisés pour mod#iprésentation de documents multimédia.

Définition — Environnement d’'usage

Les modeles de description de scéne décrits auit@ha@pfont I'hypothése que les instructions d’'une
scéne seront correctement traitées lors de largediwdocument (ou du service) multimédia. Cepetdan
ces conditions idéales de lecture ne sont pasumijperifiées et une telle hypothese peut conduile
dégradation de la présentation restituée. Ainsigualité d’'une scéne multimédia ne se mesure pas
uniguement a sa capacité a exprimer fidélementpuésentation claire et ergonomique. En effet, la
restitution adéquate d'une présentation nécesgjtdedent une compatibilité entre la scéne d’'un
document (ou d’un service) et les conditions dewizage de celle-ci [134].

L’environnement d’usage d’'un document (ou d’'un sex)multimédia est constitué de I'ensemble des
contraintes imposées par l'infrastructure technimigse en ceuvre pour la restitution d’'une présenmtati
mais inclut également les préférences de l'utitisat Cette différenciation régulierement admiseaeent
les contraintes techniques et les souhaits delidatieur, comme par exemple chez S. Hplhe
transparait pas nécessairement dans les langagemjyecMPEG-21 UED [66] ou encore W3C CC/PP
[125], qui sont utilisés pour exprimer expliciterham environnement d'usage donné. En revanche,
méme si nous ne faisons pas cette différenciatmmersonnalisation des média d’'un document par
rapport aux centres d’intérét de l'utilisateur)eajue traitée par A. Scherp dans la plateforme MM4
[101], n'a pas été abordée lors de nos travaueltaest difficilement envisageable dans le comteld

la diffusion. Les seules préférences de I'utilisatprises en compte dans nos travaux concernent des
souhaits généraux comme, par exemple, l'intérér poe partie de la présentation, la lisibilité de |
présentation ou encore le temps qui peut étre cohsal visionnage de la présentation.

Architecture d’un moteur d’adaptation

Afin de prendre en compte la variété des envirorer@md'usage et garantir aux créateurs de contenu
une restitution fidele de leur production, une appe pragmatique consiste a concevoir des scenes
multimédia uniqguement a partir de fonctionnalitésrectement prises en charge dans la majorité sle ce
environnements d'usage. Cette stratégie reste dapefrustrante pour les éditeurs qui doivent diiu

des documents multimédia dont I'attractivité set\wmidée par les environnements d'usage les plus
contraignants. Cette pratique est également déteymur les utilisateurs qui disposent d’équipement
électroniques sophistiqués mais qui ne peuvenb@aéficier de présentations multimédia avancées.

L'adaptation de scéne multimédia répond a cettdlnoatique en produisant des scénes multimédia
congues pour satisfaire les contraintes d’'un enmement d’usage donné, exprimées sous la forme de
parametres d’'adaptation (ou encore d’'un contexaelaptation dans le standard MPEG-21 DIA [66]).
Ainsi, I'adaptation de scéne multimédia peut s'éxer sous la forme d’'un processus en deux étapes,
comme décrit ci-apres [91]. Premierement, un motiuprise de décision pour I'adaptation (ADTE)
transforme les contraintes de I'environnement djesan paramétres d’adaptation en rapport avec la
scene multimédia. Deuxiemement, un moteur de toamsftion de données (BAE) exécute la
transformation de la scéne.

13 Bien qu'ils revétent une définition différente eixpée au Chapitre 3, les termes ‘document multiméeti&ervice

multimédia’ sont utilisés de facon interchangeatleours de ce mémoire car notre approche s’atéacbhasidérer les deux cas
indifféremment.

1435, Boll : « For the extent of adaptability, we bligtiish between adaptation to user interest, whitdpts the contents of a
document to the user's knowledge, professional ¢gmacknd, and the like, and adaptation to technidahstructure, which
adapts to the technical infrastructure availabla tser ».
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Contraintes de

I'environnement d’'usage

| MOTEUR D'ADAPTATION (AE)

v
.| Moteur de prise de décision pour Parametres
Indices ! I'adaptation (ADTE) d'adaptation
d’adaptation
v
» Moteur de transformation de .
Données données (BAE) Données adaptées

L’architecture d’'un moteur d’adaptation (de scene).

Taxonomie des techniques d’adaptation de scene

Une des difficultés majeures de l'adaptation denscenultimédia est la préservation des aspects
sémantiques d’une présentation lors de la transfttorn de sa description de scéne. Par conséquent, d
nombreux travaux de I'état de I'art portant sudéptation de scéne ont été menés en vue de laamise
point d'une prise de décision pertinente pour lfdton des présentations multimédia. Ceux-ci sont
organisés dans ce chapitre de facon a souligndqupse caractéristiques fondamentales qu’ils ont en
commun. En revanche, les différentes approches’é&lat Ide l'art utilisées par les moteurs de
transformation pour I'adaptation de scéne sontgmtées dans ce chapitre selon des caractéristiques
techniques abstraites issues de la représentatitin [X16]: remplacement ou propagation de la valeur
d’attributs et mise a jour d’éléments. Ces tramsfifons sont volontairement non-spécifiques a
I'adaptation de scéne. En effet, le choix d’'unedfarmation de scéne générique facilite 'adopties
fonctionnalités qui en découle, a savoir I'adoptites fonctions d’adaptation de la scene multimédia
dans notre cas. Cette conception de I'adaptatioacdae en tant que transformation de scene usuelle,
comparable a celles qui permettent I'évolution agiésentation d’un service multimédia, constitoe u
fondement de notre modésealable MSTI

Lors de cette étude, quatre grandes catégorieprdieipe pour I'adaptation de scéne ont été ideatfié

- L’adaptation de scéne guidée par les mémbasiste a configurer la transformation de la s@&ne
partir de décisions d’adaptation prises au nivesairdédia. Ces approches sont notamment une
réponse pragmatique aux besoins de certains médigamt une infrastructure technique
avancée mais réduisent aussi le champ d’applicdédiadaptation de scéne.

— La publication de scenes adapté&eapplique aux plateformes de génération de contenil est
envisageable d’intégrer I'adaptabilité de la scane liste des objectifs du modéele de document
utilisé pour la création des présentations. Cesaapps permettent notamment I'automatisation
de la production de présentations adaptables neaigept brider les fonctionnalités multimédia
des présentations par une représentation tropaétbsbu par des regles d’adaptation trop rigides.

— La sélection de scéenes alternativamsiste a choisir parmi un ensemble fini de priggi®ns
possibles celle dont la scene multimédia est cabipaavec I'environnement d'usage. Ces
approches garantissent aux créateurs de contendlaxilgilité éditoriale importante sur les
présentations adaptées mais peuvent nécessitengemgartie un effort d’édition plus important
pour la préparation de scénes multiples.

- La plasticité de scéngermet la description des comportements adaptidifie présentation en
tant que propriétés intrinséques de la scéne nadign Ces approches bénéficient de la
flexibilité d’'une formulation mathématique des sados d’adaptation d’'une présentation mais
souffrent d’'une complexité d’édition plus importamui peut notamment conduire a la limitation
du champ d’application de I'adaptation de scéne.

Face a la multiplicité des techniques d’adaptatierscéne, une quéte idéaliste consisterait & atreéch
unifier toutes ces méthodes au travers d’'une ntuypebposition qui cumule leurs avantages idergtifié
ci-dessus tout en résolvant leurs difficultés. Belous, un tel objectif parait utopique car I'addipin de
scéne est toujours un compromis entre le besoimedfoaitrise éditoriale de la présentation résultant
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I'adaptation et la simplicité des nouveaux paradigrd’édition a mettre en ceuvre dans une chaine de
production multimédia pour prendre en charge I'aéaign. En revanche, ces différentes approches ne
sont pas exclusives. Par conséquent, bien quechmitpie d’adaptation de scene adoptée par notre
modéle Scalable MSTIrepose essentiellement diar sélection de scénes alternativesdle peut étre
avantageusement complétée [zaplasticité de sceneu s’articuler avetadaptation de scéne guidée
par les média

Chapitre 5 : Le cheminement vers la scalabilité de  scene multimédia

Dans ce chapitre, nous présentons les principacteues qui hous ont conduits a la proposition d'un
modéle de scene scalable. En particulier, noudigtahs un bilan des différentes approches d’atiapta
de scene présentées au Chapitre 4 au regard deprobfematiques relatives a la diffusion
unidirectionnelle par voie hertzienne de servicesltimédia. Ensuite, nous présentons deux
expérimentations préalables a la conception du lre@tmlable MSTQui préfigurent le fondement notre

proposition: la scalabilité de scéne multimédia.

Analyse de I'état de l'art

Le croisement de la problématique de nos travaesgmtée en introduction, a savoir la spécification
d’'un processus de transformation générique, autonemeux surco(ts réduits pour I'adaptation
maitrisée de services multimédia enrictdgec les résultats de notre analyse des difésamthniques
d’adaptation de scéne présentés au Chapitre 4 ialiuguatre catégories d’approches qui sont
envisageables dans notre cas:

— L’adaptation de scéne guidée par les méesh pertinente lorsque I'éditeur a la possibidiae
décrire des indices, voire de fournir des instnrj pour I'adaptation de la scéene en fonction
des transformations appliquées aux média. La liraitades surco(ts provoqués par le processus
d’adaptation de la scéne écarte, par exemple, imestaapproches calculant itérativement
I'ensemble des propriétés de scéne a partir degefies caractéristiques des média et d’indices
d’adaptation laissés par I'éditeur [75][78]. De qlla description des instructions d’adaptation
de l'éditeur doit également répondre au besoin aleninimisation de la bande passante
consommeée par ce type de données supplémentairegadé I'adaptabilité de la présentation.

— La sélection de scénes alternatives révéle étre un excellent candidat, notammesgle
I'éditeur peut explicitement maitriser les critedes la prise de décision. En revanche, le poids
que représentent les différentes alternatives diméene présentation doit étre optimisé afin
d’atteindre un surco(t en bande passante acceptable

- La plasticité de scengar la spécification de contraintes entre lesdiifits éléments d’'une scene
constitue une option intéressante qui souleve akpendes difficultés lorsqu’il s'agit de
considérer des contenus dynamiques et notammetddses multimédia. En outre, la maitrise
de la portée des contraintes d’adaptation de sate difficile pour I'éditeur et la résolution de
celles-ci représente un surco(t de traitement ‘gst pas négligeable.

- La plasticité de scengar la spécification d'interpolations combine lagantages d'une
représentation compacte et de la perspective digstions pour le traitement des calculs
correspondant aux configurations les plus usue@este approche peut étre considérée comme
une simplification de la plasticité de scéne parti@ntes et n'a finalement pour seul véritable
défaut que sa capacité limitée a prendre en climmg@ins types d’enrichissement multimédia.

Sur la base de cette analyse, nous présentonscdaolapitre deux contributions intermédiaires qui
cherchent & étendre et a corriger certaines detemd@miques de facon a faire correspondre leurs
caractéristiques au cahier des charges de nosixaua I'adaptation de scene multimédia. La preenier
contribution associd’adaptation de scéne guidée par les médiak sélection explicite de scénes
alternativesde fagon notamment & améliorer le compromis datbesoin d’adaptation des média et de
maitrise de I'adaptation de scene. La deuxiemeriborion vise a optimiser I'approche psélection de
scenes alternativesn cherchant a réduire les surcolts de l'adaptaté scene. Les expérimentations
menées lors de cette seconde étude ont permisvaheaton comparative de ces surcodts avec d’autres
approches issues degiasticité de sceneotamment.
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L’adaptation de scéne guidée par les média

Nos travaux sur I'adaptation de scéne guidée Eamédia nous ont permis de montrer comment une
architecture d’adaptation congue pour I'adaptatienmédia scalables peut évoluer par l'introduction
d’'un module d’adaptation de scéne. Ce module diadiap de scéne établit le lien entre un ensemble d
média adaptés et une des présentations conguéédiiur. Cette approche permet 'améliorationlae
qualité globale du service multimédia adapté, tglle percue par I'utilisateur, et ouvre la posaébitie
nouveaux scénarios d'adaptation au niveau de leescé

Le principal concept développé dans notre contiobugst la modification guidée de la scéne a pdeir
différentes versions adaptées d’'un média commstiifiLci-dessous. En effet, la dégradation d’'un médi
peut souvent étre contrebalancée par un enrichéssede sa présentation, au travers de ce que nous
appelons desises a jour pour le basculement de la présentatRar exemple, le basculement d’'une
vidéo vers un diaporama d’'images dans le but d@wiser de la bande passante peut éventuellement
étre compensé par I'acces a un contréle intersitifes différentes images du diaporama. Des tiansi
fluides entre les différents états d’adaptatiornd'nédia peuvent également étre introduites dang not
approche par des transformations de scéne queappatons demises a jour pour la transition de la
présentationPar exemple, une vidéo au format VGA peut praivement étre redimensionnée avant de
basculer vers une version QVGA. Les deux aspextgnises a jour pour le basculement ou la transitio
de la présentation ont pu étre combinées, lorsodeerpérimentations, avec les autres transfornstion
temporelles du service multimédia en s’appuyaniesmnéme type de mise a jour de scéne introduite au
Chapitre 3. En particulier, cette approche rendsibbs une prise de décision dynamique pour
'adaptation de la présentation et permet égalernapt synchronisation entre les transformations des
média et de la scéne, ce qui contribue signifieatient au sentiment de qualité du service multimédia
aupres de l'utilisateur. Ces mises a jour entrexdeats de la présentation multimédia ont été teten
dans notre modelScalable MSThu travers de la notion de chemin d’adaptatiorsdarprocessus de
prise de décision pour I'adaptation. Par analoges chemins d’adaptation peuvent également étre
utilisés pour définir des transitions entre legédénts états d’'une scene scalable.

MaJ de transition(Tr) @ +( sw ) MaJ de basculement (Sw)

VIDEO VIDEO DIAPORAMA
MPEG-4 MPEG-4 IPEG

Sw * 1@
@o)+(sw)

Modification de la scene entre les différents étatd'adapation des média

€ ©

La sélection de scéne guidée par I'environnementd’  usage

Nos travaux sur la sélection de scene guidée pavifonnement d’'usage nous ont permis de montrer
comment les mises a jour de scene peuvent étigéesl pour I'adaptation de la présentation de cesvi
multimédia en diffusion par rapport & I'environnemed'usage. En particulier, nos résultats
d’expérimentaux montrent que I'adaptation par mégsur de scéne peut présenter de bon résultats su
les terminaux disposant d’'un petit écran, de caé@mde traitement réduites et de peu de mémoire. En
outre, notre proposition permet aux éditeurs ddigorer la granularité de la précision de |'adaiptat

des propriétés de la scéne en fonction du sureoiarde passante qu'ils jugent acceptable.
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L’innovation principale de cette contribution sdes mises a jour d’adaptatiomui constituent une
transformation incrémentale de la scene permetiamtépasser les limitations dues a la redondarge de
scenes alternatives. En outre, la plasticité deesqear la spécification d'interpolations s’est éeé
relativement colteuse pour I'adaptation des prtgsigpatiales d'une scene. Ces surcolts augmentent
priori dans le cas de la plasticité de scéne pasplecification de contraintes. Par conséquent, la
production de différentes scénes alternatives,tififses par des références explicites a des résohit
d’écran et générées dynamiquement de facon inctéeenous a permis de mettre au point une solution
répondant au besoin d’adaptation d’une présentatiaitimédia vis-a-vis d’une résolution d’écran dsé
tout en respectant notre cahier des charge. Cessmaigour incrémentales constituent le cceur de la
transformation de notre approcBealable MSTI

| RésolutionA | | Rés.B | [ Rés.C| | Rés.D |

\ SCENE SCENE SCENE SCENE
\ vO0 vl v2 v3

2 N N Na 7

X Mise a jour d’adaptation
Génération de scénes alternatives par des misesaiufj d’adaptation

I

Chapitre 6 : Le modele Scalable MSTI

Dans ce chapitre, nous présentons le concept dizbditd de scene multimédia. En particulier, nous
présentons notre modéBealable MSThQui définit une séparation entre la structure s dédiée aux
média (descriptiotMédia) et les propriétés de scéne d’'une présentatidnsani elles-mémes réparties
en couches de scalabilité progressives (couSpadiales Temporelleset Interactive$. Enfin, nous
décrivons I'organisation hiérarchique des difféesnbptions de la présentation d’'un document (on d'u
service) multimédia scalable & partir des compesa8T | de notre approche. Ces couches de scaabilit
abstraites peuvent étre représentées sous la fiitmegraphe d’adaptation qui guide I'adaptationlale
scene en fonction de I'environnement d’usage.

La scéne MSTI de base

La scalabilité de scéne multimédia, telle que dé@n introduction de ce mémoire, consiste a osgani
de facon hiérarchique la scéne correspondant apuésentation adaptable. A l'origine de cette
représentation hiérarchique, il existe un mailloimgire que nous appelons la scérde«ase »Dans
notre modeleScalable MSTIcette scene de base repose sur les mémes psirddpdescription que
n’importe quelle autre scéne, qu’'elle soit scalahlepas. En particulier, elle est strictement erpe
selon le langage de description scéne du docuroardy service) multimédia. Une scé®ealableMSTI
est constituée de quatre composantes qui marquentséparation, introduite au Chapitre 3, entre la
structure de scéne des média et les éléments de saatifs a leur présentation: une descriphitadia,
Spatiale Temporelleet Interactive Comme illustré dans la figure ci-aprés, les cosaptes relatives a la
présentation multimédia, les composantes STI, ggoréent uniquement a la descriptidiédia. De cette
facon, elles restent toujours indépendantes les deg autres.

Nos diverses expérimentations ont permis de metirévidence que cette séparation des propriétés de
scene est possible pour les standards SVG [118E@A® BIFS [59], SMIL [119]. Elle est de plus en
cohérence avec les caractéristiques intrinsequeee girésentation puisqu’un utilisateur peut accadrr
média d’'une présentation soit au travers d’un laffige statique (propriétés spatiales), au courgmpg
(propriétés temporelles) ou encore par actionspffEtés interactives). Par ailleurs les difficultégées

par la séparation des composantes STI pour cemadueles de description de scene multimédia ont
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également été traitées, notamment par l'introdactitune logique partagée au sein de la description
Média

O média Document
Description
@ Eléments temporelle
partagés de

logique

Description
spatiale

Description
interactive

Description Média

Un document multimédia dans le modéle Scalable MSTI

L’enrichissement de la scene par scalabilité

La descriptionMédia d'une sceneScalable MSTIpeut étre vue comme la structure d’un document
multimédia qui ne serait pas encore habillé de résemtation. La descriptioklédia dispose donc
d’identifiants permettant de lui assigner des péips de scénedf id ). Le processus qui permet la
transformation d'une descriptioédia en une scen&calable MSTlest appelée la composition STI.
Celle-ci s'appuie sur les mises a jour de scéneefssdle I'état de I'art portant sur les transforovaide
scene décrites au Chapitre 3 au travers de commatiolesertion €Insert/> ), de remplacement
(<Replace/> ), de suppressiorxDelete/> ) ou encore de déplacemerMove/> ).

Une des propriétés fondamentales de la compos&idrpour la scalabilité de scene multimédia est sa
récursivité, le résultat d’'une composition STI pantvétre utilisé en tant que descriptidédia d’'une
nouvelle composition STI comme illustré ci-dessoGstte cascade est une conséquence directe de
I'indépendance des composantes STI entre elldsrdtdgalement au fait qu’une descriptideédia est
exprimée dans le méme format que la descriptioscéae résultant de la composition STI, & savoir un
format standardisé comme SVG [118], MPEG-4 BIFY,[SMIL [119], HTML [120], NCL [105], ou
Flash. Dans notre approche scalable, le processusadcade peut étre utilisé pour définir un
enrichissement progressif de la présentation ar ghnne scéne de base constituée du trigg¢lo).
Etant donné qu’un objectif pour la scalabilité déree multimédia est de minimiser la redondancd qu'’i
peut exister entre deux scéenes aux descriptionshpsp I'une pouvant étre considérée comme
I'enrichissement de I'autre, une descript®patiale(S.;) ne remplace pas nécessairement I'entiéreté des
propriétés introduites par la précédente descrip@patiale (S). Au contraire, celle-ci introduit
uniquement les mises a jour nécessaires a I'évolude la présentation du document multimédia. Ces
mises a jour de scéne sont rassemblées au seim ettité que I'on appelleouche de scalabilité

Media

M

- Spatial : g

GQL Temporel ? '§ 3 Document

@ Interactif - é @ I @ M"i'g;np?gia

& — g ®

@t

@ = | |
EDITION Choix LECTURE

Cascade de compositions STI.
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Le gaphe d’adaptation

L'édition d’'un documentScalable MSTIlconsiste a définir et & remplir successivement ateghes
Spatiales Temporelleset Interactivesqui correspondent aux différentes alternativesal@résentation.
Ces couches STI incrémentales correspondent ardéBoeations de la présentation multimédia du
document et nécessitent parfois le relachementr@gseif de contraintes de I'environnement d’usage.
Ainsi, les différentes couches de scalabilité d'weeéne peuvent étre ordonnées selon trois axes de
scalabilité ou une relation d’'ordre est définie pobacun a partir d’'un type de paramétre d’adapiati
sélectionné par I'éditeur. Ainsi, des exemplesgyps de parametres d’'adaptation en rapport avec les
capacités des récepteurs sont la résolution $@edia), les capacités de traitement (aemporel et la
consommation en mémoire (axe Interactif). Cepenanhombreux autres parameétres d’adaptation sont
également envisageables comme, comme par exenmglajns parametres relatifs aux souhaits des
utilisateurs: I'accessibilité aux personnes malvitga (axeSpatia), la durée de la présentation (axe
Tempore) et le niveau d’expertise de I'utilisateur (axgeractif). A partir de ce choix éditorial, les axes
de scalabilité peuvent se voir attribuer des valeportant sur les parametres d’adaptation leur
correspondant et deviennent alors de véritables daglaptation. Il est cependant important de rapter

les valeurs de ces parametres d'adaptation n’'omtngaessairement besoin d’'étre précises. En effet,
I'ordonnancement relatif de ces parameters peftiresuf lui seul pour définir la scalabilité d'uneése
multimédia car cela permet, entre autres, d’éllaeiifficile question de I'estimation précise detaes
paramétres liés aux capacités des terminaux erogmop une évaluation in situ (la consommation
meémoire varie d’'un lecteur a un autre, par exemple)

Le processus d’adaptation qui consiste a séleaiolanprésentation correspondant a un environnement
d'usage peut étre représenté dans le contexte gfaphe a trois dimensions comme celui illustré ci-
dessous. Il s’agit donc de progresser le long @&uwh axe d’adaptation jusqu’'a ce que les valewss de
paramétres d’adaptation excedent les contrairkégdipar I'environnement d’'usage: la résolutiolaet
bande passante dans cet exemple. Etant donné wadreés paramétres primaires d’'adaptation peuvent
étre utilisés au maximum, compte-tenu de notreéssptation a partir de trois axes de scalabiligg, d
paramétres auxiliaires peuvent étre introduits pagarter certaines options potentiellement
incompatibles avec I'environnement d’'usage (la miémaive et la disponibilité d'un écran tactile,rpa
exemple). En complément de ce mode de fonctionneraenel du graphe d’adaptation, quatre
extensions ont été introduites afin de mieux prenen compte certains cheminements adaptatifs
particuliers. Ainsi, des couches STI d’acces dipsivent étre introduites dans le graphe pour itoast
des raccourcigéndomAccess ). Des couches STI optionnelles peuvent égalententéfinies afin de
pouvoir étre évitées lors d’'un parcours adaptatifppable ). La regle d'indépendance entre couches
STI peut étre ponctuellement enfreinte afin detlmyolontairement les possibilités du graphe autss
cas pertinentsdependsOn et requiredFor ). Enfin, des couches STI bloquantes permettent de
prendre en compte certains cas extréme d’adaptadiame des composantes STI prédomihecks ).

Bande

te I @g@ @%@ @%Q o %Q
D e eﬁ? _’

Ecran

tactile T
5 _’& J.
[k HIo)
Jige @M @ T &
(So)
0
| 320x240 | [ 400x240 | | 480x272 | | 480x320 |
Dy, : Document de base D.: Document complet Résolution

Exemple de graphe d’adaptation.
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Lors de nos travaux, nous avons été en mesurelidervexpérimentalement que le graphe d’adaptation
permet toujours I'adaptation d’'une présentatioreavironnement d’'usage dans le respect des souhaits
de I'éditeur, le pire cas étant la sélection dedane dite « de base ». Lors de nos tests, nons &té
amenés a développer plusieurs algorithmes. Un iligee simple consiste, par exemple, a parcourir
compléetement I'axé&Spatial jusqu’a épuisement avant de parcourir I'@amporelpuis Interactif avant

de recommencer. Un autre algorithme simple consisippliquer successivement une couspatiale

puis Temporelle puis Interactive et ainsi de suite. Méme si nos expérimentationss remnduisent a
émettre quelgues recommandations s'agissant dartrant des extensions de notre graphe d’adaptation,
nous ne définissons pas d’algorithme de prise desio@ pour I'adaptation. En effet, I'exploitati@ui

peut étre faite du graphe d’adaptation dépend rfarte des différentes contraintes qui pesent sur le
moteur d’adaptation selon les domaines d’applicatRar exemple, certains algorithmes doivent pauvoi
s'exécuter sans mémoire alors que d’autres pedivenparti des étapes précédentes dans le grapire p
déterminer chaque nouvelle progression. De la mérariere, certains algorithmes doivent étre en
mesure de traiter les couches de scalabilité daursdrdre de réception alors que d’autres peuvent s
permettre de construire une représentation comgi¢tgraphe avant de prendre une premiére décision
d’adaptation.

Les différentes expérimentations de services matfianque nous avons menées ont permis de mettre en
ceuvre la scalabilité conjointe des média (MPEG-L£58t de la scéne (MPEG-4 BIFS) par streaming
dans le cadre de plateforme MPEG-21 DIA [66] etléigant de réaliser la diffusion progressive de
scénes scalables dans le cadre du standard T-DBI|B@Bie ce soient la gestion conjointe de plusieurs
graphes d’adaptation, la fusion de deux graphedagtation ou encore la prise en charge de la
modification dynamique d’'un graphe d’adaptationnhdenbreuses pistes d’exploration et d’optimisation
restent ouvertes pour que la scalabilité de scardgmnédia s’épanouisse pleinement.

Chapitre 7 : Conclusion

Dans ce mémoire nous avons présenté le concephtibiité de scene multimédia en introduisant une
nouvelle méthode de prise de décision pour I'adiyptale la présentation de documents (ou de sesvice
multimédia (notion dgraphe d’adaptatiopet en faisant évoluer les transformations deegan mise a
jour pour les besoins de I'adaptation (notionntises a jour d’adaptation Le modeleScalable MST|
que nous proposons, est un modele de descriptisnéte s’articulant autour de quatre composardes (|
composante Média Spatiale Temporelle et Interactive respectivement) qui fournissent une
représentation flexible d’'un document (ou servio)ltimédia adaptable. En particulier, le modele
Scalable MSTIcorrespond au besoinuti processus de transformation générique, autonemaux
surcolts réduits pour I'adaptation maitrisée devssgs multimédia enrichisssu de la diffusion de
services de radio multimédia en mode numérique/qiarhertzienne terrestre.

Modele de description de scéne

Notre étude de I'état de l'art et des différentgpraches traitant de I'adaptation de présentations
multimédia au Chapitre 4 aboutit & une oppositiorief entre les modéles de document généralistes
comme ZYX [24], AHM [48] ou Madeus [79] et les mdele de document abstraits comme dans les
approches MSSA [75], MM4U [101], celles baséesdas contraintes [84] ou des interpolations [36]. En
effet, les modeles de document généralistes, apggilés méta-modeles dans notre classificatior, son
concus pour identifier différents besoins d’adaptatet pour réconcilier ces besoins en un unique
modele de représentation d’'une présentation mulieméEn revanche, les modeles de document
abstraits, aussi appelés méta-format dans notssifitation, sont issus de I'analyse d’'un ou plusse
formats de scéne existants et représentent cestairmprietés de leur modéle de présentation, voire
toutes leurs propriétés comme dans le cas du roateaf MM4U. Ces deux approches ont des avantages
et des inconvénients. L'approche par méta-modelengte notamment une flexibilité d’adaptation
importante mais réduit considérablement les pdi#éibid’expression d’'une présentation. L'approche p
méta-format, quant a elle, permet la pleine exaliwit des possibilités multimédia des formats dmec
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standardisés lorsqu’elle ne cherche pas a couusiqurs formats, mais la flexibilité de I'adaptetipeut
étre limitée par leur modéle de présentation sacert.

Lors de nos travaux, nos choix de conception angétdés par I'idée que la capacité d’adaptatiamd’
service multimédia (ou d’un document multimédiahstitue une valeur ajoutée pour celui-ci. En effet,
la démarche d’adaptation provient souvent du congte plusieurs utilisateurs ne peuvent ou ne
pourront profiter de I'expérience multimédia, telipie prévue par I'éditeur, avec un niveau de
satisfaction suffisant. Une telle hypothese de€ualajoutée’ disqualifie les approches par métaaieod
parce que leur mise en oeuvre nécessite la remisawse des plateformes de production existanies qu
ont pourtant fait I'objet d’investissements impaottapour étre en mesure de rendre un service digéqua
a la majorité des utilisateurs. Au contraire, ngueposons un modéle de document abstrait, notre
modéleScalable MSTIqui ne constitue cependant un méta-format dei4pultlication, puisque seules
les caractéristiqgues génériques (propriété spafigdanporelles et interactives) d’'un format de scén
donné, expression concréte d’'une description daescgont abstraites dans le but de concevoir des
scénarios d’adaptation comme dans I'approche CSMGBdu pour permettre un affichage progressif de
la présentation [102]. Le modeBealable MSTest donc un modele de description de scene quitste

la scéne de documents (ou de services) multimédigpendamment de leur format en sous-ensembles
hiérarchisés.

Adaptation de scene multimédia

Le cceur de notre approche repose sur une défirdidola scalabilité de scene multimédia qui vise a
enrichir la présentation d’'un document multimédiéstant. Dans le cas particulier de I'adaptation, u
document initial est congu pour étre compatiblecdaanajorité des environnements d’'usage, si cstn’e
tous. Ensuite, la scalabilité de scéne multimésiargése en oeuvre pour enrichir I'expérience muétiia
parfois médiocre de ce document dit « de base Bgmolication de propriétés de scéne supplémesgair
compatibles avec I'environnement d’'usage.

Etant donné notre cahier des charges issu de fiasidifi de services de radio multimédia en mode
numérique par voie hertzienne terrestre, commeitdélams le Chapitre 2, nos choix ont été
essentiellement guidés par la maitrise des suromssionnés par le traitement de 'adaptationdssr
récepteurs portatifs mais également par la miniiisale la bande passante nécessaire a la sigialisa
des éléments destinés a la mise en oeuvre de t&ntap En effet, le surcolt occasionné par lagpeis
charge d'un processus d'adaptation au niveau deptéar (par une puissance de calcul supérieure, par
une batterie a la durée allongée ou par une méndoide capacité étendue) doit toujours rester en
cohérence avec le gain final procuré a I'utilisatgui devra le financer. De la méme facon, la sstpar

d’un service multimédia de radio numérique en glus niveaux de présentation en vue de sa diffusion
a partir d'une bande passante limitée, mais cotestast un compromis entre la qualité du serviag po
tous (en d’autres termes, le temps d’accés aucgede base et le poids de ses données multimédiés) e
capacités d’adaptation de ce service. En conséquaaae cahier des charges issu de la diffusion de
services multimédia, notre modebealable MSTlepose sur deux processus successifs. Le prentier es
une transformation de la scene pour I'adaptatiotageésentation d’'un service multimédia (les mises
jour d’adaptation). Le deuxieme est un processuprie de décision qui oriente I'adaptation de la
présentation en fonction des souhaits de I'édieuservice (le graphe d’adaptation).

L’origine des capacités d’adaptation du mode@alable MSTlintroduit au Chapitre 6, provient de la
sélection appropriée d’'une scéne multimédia parlusigurs alternatives. Dans notre approche, la
représentation de ces scenes alternatives a éthisg# en rassemblant leurs propriétés spatiales,
temporelleset interactives dans des descriptions progresgiss couches de scalabilitépatiales
Temporelleset Interactives respectivement) qui enrichissent une descrigtidiale dite « de base » (la
description Média). De facon a répondre aux contraintes de l'enviemnent d'usage et guider
I'adaptation de la présentation, chaque couchep®it étre associée a la valeur de plusieurs paresnet
d’adaptation liés aux besoins des scénarios degin visés (une résolution d’écran minimale de
320x240 pixels, par exemple). Par conséquent, ptadian de plusieurs composants d’'une scene est

traitée par groupe de transformations atomiques tapprocheScalable MSTlau sein des couches de
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scalabilité, au lieu d’étre traitée de facon indiwglle pour chaque composant, comme c'est le cas de
plusieurs approches de présentés au Chapitre #e @pproche a l'avantage de prendre en compte
explicitement les liens sémantiques qui unisseniriédia élémentaires d’'une méme présentation.

L'expression concrete des couches de scalabilitéséination des scénarios d’adaptation, appeléesmis

a jour d’adaptation, est définie au Chapitre 5 étéaexpérimentée au sein de deux plateformesstie te
Premierement, I'adaptation simultanée d’'un conteitiéo scalable et de la présentation a laquelle il
appartient a été explorée et testée dans le cadne glateforme MPEG-21 de streaming sur IP [6].
Deuxiemement, les performances de mises a jouragtaton appliquées aux scenes multimédia
enrichissant un service sonore de radio ont étliées par rapport aux approches comparables idsues
I'état de I'art (voir Chapitre 4) dans le cadrel@elaptation des dimensions spatiales de la prasent

de services multimédia destinés a une diffusionfddMB [5]. Dans les deux cas, les mises a jour
d’adaptation se sont révélées faiblement consonteaten capacité de traitement, peu gourmandes en
meémoire et économes en bande passante. En ousresxpérimentations ont montré la remarquable
flexibilité d’adaptation qui est offerte aux fousaeurs de documents ou de services scalablestdEnef
surco(t croissant des mises a jour d'adaptatiofiuawet a mesure de leurs applications successives
permet d’apporter une solution efficace & destmatiles récepteurs les plus limités en reportant
'essentiel du surcolt de l'adaptation sur les besc d’amélioration les plus hautes, couches
correspondantes aux terminaux les plus avancéslearssénarios de diffusion de la radio numérique.
Enfin, la bande passante consommeée par la sctdatiiline scene multimédia peut étre contrdlée gar |
fusion des mises a jour d’adaptation, ce qui reévdereduire la granularité de la scalabilité d’seéne
multimédia apres sa génération, ou bien en intszshi des sous-canaux de transmissions a plusieurs
deébits [13].

Le modéleScalable MSTest une transposition de la scalabilité des mé&diamme MPEG-4 SVC [104]
pour la vidéo ou bien encore JPEG 2000 [85] poumafe, au domaine des documents ou services
présentant une scene multimédia. Par conséquetng mmdeéle inclut des axes de scalabilité (I'axe
Spatial Temporel Interactif) auxquels sont associées des relations d’ordreotr@spondance entre les
propriétés d'une scéne (couches de scalabilitésetaractéristiques envisagées pour I'environnémen
d'usage du contenu (parametres d’adaptation) rpest spécifiée par notre modele. Ceci permet
notamment une configuration spécifique en fonctitas scénarios d’application. En revanche, nous
proposons de guider les algorithmes de prise disidégour I'adaptation de la présentation en féth

le processus de sélection entre les différentesores de la scene. Dans le cas des scénarios thtidap

ou les environnements d’'usage sont explicitesatgsithmes de décision peuvent étre représentés so
la forme d’'un graphe d’adaptation ou la sélecties douches de scalabilité de la scéne est guidéapa
ensemble restreint de regles définies au Chapif8. &insi, plusieurs algorithmes de prise de dixi

ont été expérimentés sur des scénarios d’adaptiypicues. Par exemple, les parametres d’adaptation
des axes STI ont été configurés avec des cardiiads relatives aux capacités techniques des
terminaux en s'appuyant sur la résoluti@pdtia), les capacités de traitemeiie(nporel et la mémoire
vive (Interactif) [1]. Pour le besoin de la génération de résumdlimedia, les paramétres d'adaptation
ont été configurés avec des caractéristiques vetataux attentes de [lutilisateur [2], s’agissant
notamment des zones visuelles d’intérét de la ptésen Spatia), des moments d’intéréTémpore) et

des actions d'intérétir{teractif). Nos multiples expérimentations ont conclu qudldaibilité de notre
graphe d’adaptation est suffisante pour définir deemins d’adaptation menant & des versions
pertinentes des scenes scalables tout en conservanbcessus de sélection simple.

Scalabilité de scene multimédia

Le terme ‘scalable’ ou ‘scalabilité’ utilisé powr diéfinition de la scalabilité de scene multiméathas le
modéleScalable MSTHoit étre interprété comme défini dans le standdREG-4 SVC [104] et fait
référence a la suppression de sous-ensemble d(fltixxde scene, dans notre cas) en vue de I'atiapta
aux différents besoins de l'utilisateur et fairedaa la multiplicité des capacités des terminaumsiai
gu'aux fluctuations du réseaux. Au travers de nggementations, la scalabilité de scéne multimédia
été abordée sous des angles différents mais cdotgzati
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Premiérement, I'adaptation d’'une présentation mditlia, y compris I'adaptation des média scalables
gu’elle présente, constitue une premiére étape laessalabilité de scene multimédia [7]. Nous avons
montré dans le cadre du projet DANAKjue des décisions d’adaptation prises au niveauntéia
scalables pouvaient étre utilisées pour guiderapgation de la scéne en utilisant les mises a jour
d’adaptation au sein de la plateforme d’adaptadi®E=G-21. De plus, la scalabilité de scene multimgédi
telle que définie dans le modébealable MSTIpeut étre combinée a la scalabilité des médiaeso
définissant des graphes d’adaptation dépendantss@atiant, par exemple, la résolution de la sadae
résolution d’'une des ses vidéo) ou soit en défamssles graphes d’adaptation indépendants aux
parametres d'adaptation décorrélés.

Deuxiemement, I'adaptation de scér@xsalable MSTiqui intégrent des média non-scalables introduit
également la scalabilité de scene multimédia epgzant un ensemble de média mis en scene dans
'espace et le temps au sein d’'une présentatiaraotive compatible avec I'environnement d'usage.
Cette forme de scalabilité de scéne multimédia ola scalabilité des éléments graphiques comme
ceux définis en SVG [118], la scalabilité introdugar les différents niveaux de détail d’'un univems
trois dimensions comme défini en VRML [55] ou erecta scalabilité d’'une police de caractére telle qu
définie dans le format TrueType [63]. Dans ce tes propriétés de scéne (et plus particulieremest |
propriétés spatiales) des documents (ou servidespble MSTpeuvent bénéficier d’'une plasticité sans
conséqguence au niveau du graphe d’adaptation.

Troisiemement, le décodage et le rendu progressiscbnesScalable MSTIpeut faire appel a la
scalabilité de scéne multimédia de facon a fourn& présentation multimédia pertinente et cohér@nte
I'utilisateur pendant le chargement du contenu. SNawons montré dans le cadre du projet RADfO+
que la diffusion de couches de scalabilité conéaersur quelques flux élémentaires MPEG-4 pouvait
étre mise en place pour optimiser le compromiseelatiqualité du contenu et les délais de transamssi
dans I'environnement T-DMB.

Perspectives

Le travail présenté dans ce mémoire peut étre pgélodans différentes directions qui vont de
'amélioration de la production de scénes scalalilsgiu’a I'adaptation des scénes scalables aux
préférences de l'utilisateur en passant par l'ogtition de la scalabilité des scénes multimédia et
I'exploration de la scalabilité de scéne pour Fudion de la télévision.

Perspectives — Amélioration de la production de scé nes scalables

En termes de production de contenu, les caradtgrest relatives a la scalabilité de scene multimédi
introduites dans I'outil d’éditioBIFSEdit présenté en appendice (Appendice D), se sonuaées aux
optimisations automatisables permettant I'amélioratde la production de services multimédia
affichables progressivement. Par conséquent, lesrzaMSTI générés lors de la phase d’'édition ont
permis de faciliter la production de contenu erspnéant un ensemble de canevas multimédia préts a
I'emploi. En outre, ces canevas multimédia fagilitégalement la transmission progressive de service
multimédia par l'identification explicite des infoations les plus pertinentes qui doivent étre didas

en priorité. Dans le cadre d’'un outil d’édition déritables sceneScalable MSTIces patrons MSTI
pourraient également mentionner a l'utilisateurl'detil les scénarios d’adaptation gu'ils intégrent
Ainsi, une approche multi-vue présentant une visaabn appropriée d’'une scene scalable au seim d’u
outil d’édition bénéficierait certainement des sfammations incrémentales XML telles que définias p
L. Villard [112].

Bien que la prise en compte des propriétés spstitdenporelles et interactives des scenes multamédi
dans les paradigmes d’édition a déja fait I'objgt e passé d’études poussées, comme par exenmde da

15 EU IST-1-507113 - Dynamic and distributed Adamtatdf scalable multimedia coNtent in a context-AsvEnvironment
http://danae.rd.francetelecom.com
18 ANR ANR 08-CORD-018 - Radio Augmentée et Diffusion datenus Interactifs Optimisés
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le projet Madeus [79], la composition de plusiedocumentsScalable MSTlen un seul et méme
document scalable nécessite des travaux suppléimsntdlusieurs approches peuvent déja étre
identifiées pour la composition de deux scenesabted. Premiérement, une des deux scénes scalables
peut étre adaptée et intégrée, en tant que scénscatable, dans une scene scalable maitresse.cBans
cas, une partie des capacités d’adaptation degkeptation est perdue lors de la composition des de
documents. Deuxiemement, les couches de scaladdithaque scéne peuvent étre distribuées dans une
nouvelle scene scalable. Une telle fusion de ldabid@é de deux scenes conserve la totalité des
capacités d'adaptation de la présentation dan®derndent final mais nécessite des axes d’adaptation
compatibles. Enfin, une des deux scenes scalaldes §tre référencée dans la scene maitresse,
introduisant ainsi une sous-scene scalable. Dandecdier cas, le traitement de plusieurs graphes
d’adaptation dépendants doit étre exploré.

Perspectives — Optimisation de la scalabilité de sc  éne multimédia

Notre contribution a la standardisation [8][9][11] d’'un nouveau profil MPEG-4 BIFS permettant la
description de mises a jour d’adaptation par et de I'outil EnvironmentTest [60] nécessite
encore une adoption par le standard T-DMB pourl@gaaptation de présentations par la scalabilité de
scene multimédia soit possible sur les récepteriradio numérique dotés d’'un écran (actuellement, s
Core2D est le profi MPEG-4 BIFS du T-DMB). D’ailles, la spécification du transport des données
MPEG-4 BIFS en DAB+ [39], en cours de développeranisein du forum WorldDMB, ouvrirait le
champ d’application de la scalabilité de sceneiméliia a I'ensemble de la famille DAB [41]. Le gtof
MPEG-4 BIFS ExtendedCore2D a été défini comme wtension du profil Core2D de fagon a garantir
une rétrocompatibilité avec les récepteurs T-DMEa@®mmercialisés. En revanche, la diffusion en T-
DMB de services multimédia hiérarchiques, ou urenecau profil Core2D peut étre enrichie par des
éléments de scene au profil ExtendedCore2D, daibrenfaire I'objet de précisions, en faisant
éventuellement appel a la possibilité de définiusmurs descripteurs d’objet MPEG-4 initiaux
(Initial Object Descriptors) dans un flux de transport MPEG-2. Par conséquient,
scalabilité de scéne multimédia définie a partim@ organisation hiérarchique des différents mafilin
format utilisé par un service (ou un document) imétlia, comme introduit par les profils scalable
SMIL [119], reste a évaluer.

Lors de notre étude, nous avons pris le parti deipr la description de nos couches de scalébilit
directement au sein du flux de scéne, par exeraplepoyen du descriptenvironmentTest pour

le format MPEG-4 BIFS, de transformations XSLT [[LR2ur le format HTML [120] ou encore de code
JavaScript [64] pour le format SVG [118]. Cependamte signalisation au moment du transport des
scenes multimédia, au niveau MPEG-2 TS [54], MPESGE4[56] ou RTP [51], pour I'adaptation de
scene optimiserait encore davantage la transmisioscénes scalables en permettant la mise en place
d’algorithmes de correction d’erreur inégale [2@, transmission distribuée de contenu [97] ou
I'entrelacement inégal des couches de scalabil®8][ De telles extensions (ou spécialisationsyeke
standards pourraient étre entreprises en appliqaatncept de couche de réseau abstrait (ou Networ
Abstraction Layers) a la scalabilité de scene mmdldia [106].

Enfin, la nature dynamique des services multimédiaprise en compte dans notre apprdgbalable
MSTIpar la mise a jour directe des couches de scidaBil | du graphe d’adaptation au cours du temps.
Ainsi, a I'occasion d’'une modification de la scéfeegraphe d’adaptation est partiellement réévalué
partir du triplet de couches STI précédent toutelles qui ont été modifiées. Un nouveau chemin
d’adaptation peut alors étre décidé et mener addifination partielle de la présentation courante e
s’appuyant sur les couches de scalabilité diteéaccds rapide » (RAL) les plus proches. Cependang,
modification portant sur la descriptidhédiad’'un documenBcalable MSTIqui contient notamment les
références aux média, peut nécessiter le rafraimmisnt de I'entiereté de la présentation. D’aifleur
cette limitation de notre approche se retrouve diera diffusion de flux de transport MPEG-2 lorsde
numéro de version de la table PMT est incrémemtfsion_number ) ou encore lors d'une
transmission en streaming sur IP avec RTP a caa$z mhture statique de la description SDP [52k De
solutions de contournements ont été mises en odamele cas de la diffusion de services multimddia
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radio numeérique T-DMB en exploitant la mise a jderdescripteurs d’objet MPEG-4 pour reconfigurer

dynamiquement les flux de transport MPEG-2 du servCependant, la continuité du service multimédia
dans le temps reste une problématique ouverteicglg@tement lorsque la bande passante disponible
nécessite un chargement progressif du contenu.

Perspectives — Scalabilité de scene pour la diffusi  on de la télévision

Les exigences qui ont guidé nos choix dans nosisaproviennent de la diffusion de services dearadi
multimédia en mode numérique par voie hertzienmeste. Bien que nos contributions puissent étre
appliquées directement au domaine de la télévisgoscalabilité de scéne multimédia revét des basoi
qui peuvent étre différents dans ce cas. En dHetessource allouée pour la diffusion de servites
télévision en mode numérique étant supérieure la@ nécessaire aux services de radio numérique, un
débit substantiel peut éventuellement étre dégageé Ip diffusion de services multimédia. De ples |
capacités de traitement d’un boitier TNT peuverd ptus avancées que celles d'un récepteur de radio
mobile fonctionnant sur batterie. Par conséqueng étude supplémentaire semble nécessaire pour
explorer la scalabilité de scéne multimédia lorsgeetrés nombreuses couches de scalabilité sont
définies et pour évaluer I'impact que peut avodr $e€narios hybrides de la télévision diffuséevpée
hertzienne et transmise par internet.

En particulier, la présence d’'un moteur JavaSatgs le standard HbbTV [40] et les capacités de
traitement grandissantes des boitiers de *flgBsent a nouveau la question de I'adaptation éeespar
contraintes introduite au Chapitre 4. En effet,dapacités d’organisation spatiale de la scéneuerde
I'adaptation restent limitées dans notre modsalable MSTIs’agissant notamment de la granularité de
I'adaptation par rapport a la taille de I'écran gst nécessairement non-infinie. Pour autant, fesgion

de contraintes d’adaptation nécessite souventigation de langages procéduraux qui peuvent séavér
difficiles a manipuler [84]. L'association des deapproches peut donc constituer une solution
performante dans ce cas.

Perspectives — Adapation de scénes scalables aux so  uhaits de Il'utilisateur

L’adaptation de la présentation multimédia aux sditshde I'utilisateur a été volontairement écadée
champ de notre étude de fagon a limiter le domdiagaptation a I'environnement d’'usage. Cependant,
notre modéleéscalable MSTprésente des chemins d’adaptation qui « digressent« fourchent » (voir
Chapitre 6) et qui pourraient étre utilisés poursedgner des parametres d'adaptation optionnels en
relation avec les préférences de I'utilisateur.

En particulier, I'approch&calable MSTpermettrait la mise en ceuvre d’algorithmes dectiéle a partir

de retours d’expérience implicites de la part délisateur [95] en définissant notre graphe d’adtapn
comme un espace configurable en fonction des médés de I'utilisateur. Ainsi, les média suppoges é
préférés par I'utilisateur feraient partie des ¢mscde scalabilité les plus basses (c'est-a-dirglles
prioritaires) alors que les nouveaux sujets némagent davantage d’actions de la part de I'atiésir
pour étre visualisables. Ainsi, cette organisatiggrarchique de la scéne évoluerait perpétuelleraent
fonction des choix de l'utilisateur en interacti@vec le document (ou service) multimédia. Les
préférences des utilisateurs pourraient égalemenvoir utilisées pour précharger les couches de
scalabilité les plus populaires et optimiser aiesidélais de chargement des contenus.

17 0n notera, par exemple, que le boitier TV FreeRexolution dispose d’un processeur Intel Atom CE 4100
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Chapter 1 — Introduction

Chapter 1 Introduction

1.1 Background and motivations

The broadcasting of multimedia services is an diauof the broadcasting of radio and television
services. This transition is supported by the thiidion of digital broadcasting standards such 4B

[42], DVB-H [44] or T-DMB [38] and the rapid devglment of complementary IP-based services such
as radio podcasts or catch-up television servidédgltimedia services associated with radio (or
television) programs have to meet user expectatiotesrms of content but must also offer an ativact
presentation. Therefore, the multimedia productbra broadcaster is driven by strong editorial sule
and graphic standards that contribute to the cherrac the radio station. In fact, multimedia broast
should be seen as a gateway to on-demand multirsediices. Such a multimedia front-end must offer
an advanced visual and interactive experience & uber in order to enable the success of the
technological upgrade and to conquer the next géoarof users.

Broadcast scenarios imply challenges for multimeskavices since broadcast environments gather
specific constraints. In particular, these constsaheighten the difficulties raised when prognesgi
downloading a multimedia document or streaming dtimedia service. For instance, the digital radio
bandwidth dedicated to multimedia applications resaery low?® and a return channel from digital
radio receivers cannot always be assumed. Furtierthe radio communication channel may suffer
transmission losses and the same multimedia sehaseto be broadcast to all while the cheapest
handheld radio receivers only have limited procespiower and memory capabilities.

On the one hand, the goal of a radio broadcastén isonstantly remain accessible to all auditors,
whatever multimedia device they may use. On theratiland, broadcasters would like their multimedia
service to maximize the satisfaction of their amditby making use of the full technical capabitiaf

the delivery chain. As a consequence, it is imparahat multimedia services being broadcast do not
suffer a breakdown due to a receiver with inconfg@timultimedia capabilities. In the same way,

unbearable transmission delays due to narrow-battdvenvironments are not acceptable. In fact, the
quality of multimedia services needs to be closagtrolled by broadcasters over time and in various
user’s contexts in order to preserve an end-toeengmunication channel with auditors.

In practice, the objective of a broadcaster is gbata maximize its potential audience share. Assallt,

a usual content publication strategy consistsdicang the multimedia quality of the service fdr @his
quality reduction can take the form of restrictiodsntified in some particular usage environmefts.
that case, the other specific environments thah@alne made compatible are simply ignored. However,
this workaround is not satisfactory since broadoadtimedia services undergo important limitatiams
high-tech receivers compared to on-demand servisdsed, on-demand services usually imply content
negotiations prior to delivery, which is not possim broadcast scenarios. As a consequence, ithare
need for high-performance adaptation techniqueswoald ensure a robust multimedia service for all
while providing multimedia enhancements wheneverusage environment makes it possible.

1.2 Obijectives and overview of the proposed solutio n

The motivation of our work is to provide technicaipport for the deployment of multimedia services
optimized for the usage environments a broadcasisits to address. Hence, our main objective is to
specifya genericautonomous and low-overhead transformation profasthe controlled adaptation of
advanced multimedia services fact, the horizontal market of broadcast reees, such as radio and
television receivers, requires an adaptation pct#mt does not assume any return channel
(autonomous).To lower deployment costs, the adaptation procdssuld use a standardized
transformation of multimedia servicdgeneric) The live nature of multimedia broadcast implies a
continuous adaptation proce@ervice)whose quality needs to be validated accordindhéoeditorial

18 A typical bandwidth from 8 to 32 kbps can be adlied! to multimedia services
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rules and the graphic standards of the broadcésietrol). Finally, attracting the user attention requires
carefully designed and fancy presentatiqaslvanced multimedialhat must be adapted using a
transformation process that does not significaintigrfere with the user’s environmefw-overhead)

The underlying principles of our proposal lay ire $talable representation of visual media codel asic
MPEG-4 SVC [104] or JPEG2000 [85]. Such a scalableierarchical representation of a media permits
a generic and dynamic adaptation process baseaeasetf-sufficient filtering of scalability layer$his
simple filtering process can be performed with ptalle processing overheads compared to media
transcoding. Furthermore, all adaptation optiores @amfigured during content encoding and classified
into progressive scalability layers. These scalgblidyers correspond to media enhancements such as
signal-to-noise ratio improvement or image resoluincrease. Although the multimedia scene- whsch i
the choreographer that organizes several mediaintsual and interactive presentation over tineesd

not have the same properties as a video sequerae iotage, we argue that media scalability concepts
can be transposed to multimedia scenes, thus dgfmultimedia scene scalabilityn few words, the
principle defended in this dissertation is that giesentation of a multimedia service (or of aistat
document) can be modeled into three scalabilitys d®e dividing all scene properties into progressive
Spatial Temporaland Interactive scalability layers. Thanks to the flexibility ofésl by standardized
multimedia scene description formats such as SVIB][IMPEG-4 BIFS [59], SMIL [119], HTML
[120], NCL [105], or FlasH, we propose to organize the presentation of diffeversions of the same
multimedia service (or document) into progressicalability layers. As a consequence, the thesis
addresses multimedia services (or documents) wbeneent adaptation is assumed to improve an
existing presentation or enables progressive playtaifferent adaptation parameters can be useld suc
as display dimensions as illustrated in Figurehé,user’s level of interest, the presentation domathe
receiver’s capability to cope with CPU-demandingrations, etc.

X = 90.000000 Y= 140.000000 X = 138.000000 ¥ = 212.000000 X = 138.000000 Y = 330.000000
Chat avec: CHAT AVEC HENRI SALVADOR
HENRI Chat avec: Henri Salvador sera en chat
SALVADOR HENR) mercredi 6 & 17h. Posez-lui dés

maintenant vos questions, écoutez
le single "Dans mon Tle” en
intégralité, et regardez l'interview.

SALVADOR

Figure 1: Example of scene scalability and adaptaih to screen dimensions.

1.3 Summary of the contributions

Our contributions towards the modeling of multineedcene scalability result in a consolidated apgroa
that we called th&calable MSTiodel.Scalable MSTstands for scalabMedia Spatial Temporaland
Interactive In our approach, the term “scalable” and “scdigbishould be understood as defined by H.
Schwarz for the MPEG-4 SVC standard: Scalabiligférs to the removal of [...] bit-stream in order to
adapt it to the various needs or preferences ofuseds as well as to varying terminal capabilibes
network conditions” [104]. As a matter of fact, timedia scene scalability refers to the removal of
scene properties in order to adapt a multimedigicgeor a document) to the usage environment, each
scalability layer, that we call STI layers, treatithe adaptation of the various media components of
scene as a group. The two major innovations thastitate a breakthrough when compared to state-of-
the-art approaches are the adaptation graph amutadida updates that are described in the following
paragraphs respectively.

First, an adaptation decision-taking process baseal graph that structures the adaptation capebilif

the multimedia presentation into a 3D-space reptaen has been specified. In our adaptation graph
illustrated in Figure 2, each scene alternativgpagsitioned ontoSpatial Temporal and Interactive
scalability axes, also called STI scalability axasgording to adaptation requirements selectechguri
content creation. As a consequence, each scenmrveepresented by a (ST;, li) triplet can be

19 http://www.adobe.com/products/flash/
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associated with adaptation parameter values (AR&f)telp driving the decision-taking algorithm. &n
progressive requirements are imposed on the scemgernties enclosed into our STI layers, the
adaptation decision taking process can be repeders the selection of an adaptation path witHin al
possible scene versions. Additionally, fallbacklalcgity layers can be defined so that a multimedia
player can identify its optimal configuration byogressively applyingTI scalability layers until they
exceed its capability. The advantages of such aptation graph for multimedia scenes are numerous.
For instance, it provides guidelines for preseatatiuthoring (empty adaptation placeholders talleel f
in). In broadcast scenarios, it enables optimiratifor the progressive transmission of the multiimed
scene by defining priorities within presentatiomtpaFurthermore, the adaptation of a dynamic stene
fluctuating environments constraints can be hantfiesligh a deterministic and efficient decisionitgk
algorithm which does not have to be aware of thieahscene properties contained inside STI scéahabil
layers. Finally, the classification of scene prdigsraccording to domain-specific adaptation patarse
opens a large panel of application scenarios rglginthe same adaptation engine.

Second, a new transformation (based on updates)nibdifies the scene properties for adaptation
purpose has been proposed. These adaptation updattisied transformations similar to scene updates
that are applied to modify a multimedia scene awvee. However, these updates require a contextebase
validation before being applied to a scene. In oterds, these adaptation updates might be filtered

if they do not fit the current usage environmentaptation updates differ from traditional scene
adaptation transformations because they requirénmmalnoverheads in terms of processing-power,
memory and bandwidth; allow for low-level and cusized scene transformations and have progressive
adaptation costs (that evolve along with the risknef the multimedia service). As a result, the
multimedia presentation targeted for the heaviagrstraints Basedocument) has very low adaptation
overheads and can be carefully designed into apugliose and robust content while multimedia
presentations targeting advanced environmentsheiiefit from multimedia enhancements by taking in
charge supplementary adaptation costs.

Temporal (T)
ey @

©
> Adaptation
Adaptation path Parameter
Value
APV
S S3> Spatial (S)

Interactive (1)
Figure 2: Adaptation graph of a Scalable MSTI scene

1.4 Industrial context of our work and outputs

The work presented in this dissertation has beedwzied within the industrial framework of RTL as a
full-time employee between October 2006 and Jan2@l0 (research position defined by a CIFRE
contract - Conventions Industrielles de Formatian la REcherche). RTL, the leading radio station in
France, belongs to RTL Grotiwhich is the leading European entertainment nékwth 43 television
channels, 31 radio stations in 10 countries anddwdde productions. In the scope of my activitithse
four radio stations of RTL Group in France, nam@jL*, RTL2*, Fun Radi@® and RTL L'Equipé*

20 http://ww.rtigroup.com
2L http:/fwww.rtl.fr

22 http:/fwww.rtl2.fr

Z http:/fwww.funradio.fr
2 http:/fwww.rtl-lequipe.fr
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have been my innovation playground but also putight some strong requirements that guided my
studies.

The timescale of my work was influenced by the lagae frame of the launch of Digital Radio in
France which is defined by the ‘freedom of commatian’ act (Loi n° 86-1067 du 30 septembre 1986
relative a la liberté de communication) since 280@bmpleted in 20G7 and 2009. In March 2008, the
Conseil Supérieur de I'Audiovisuel (CSA) launchefirst call for tender in the areas of Paris, Mélse
and Nice-Cannes for the broadcast of Digital Raging the T-DMB standard in bandfll| conducted
standardization efforts within the MPEG Systemsugrand the WorldDMB technical committee, on
behalf of RTL group, in order to improve T-DMB radéervices efficiency and interoperability. These
contributions, technically sustained by Telecomidach, resulted into the update of the T-DMB
standard published by ETSI in April 2009 [38] andhet definiton of new
MPEG-4 BIFS profile published by ISO/IEC in JulylZD [60]

Our research activities on multimedia scene sd#lalhiave been published in [12] several scientific
conferences [2][3][4][5][6][7] and journal [1] andhared with industrial partners of RTL [13].
Additionally, we demonstrated the broadcastingaafiable multimedia services in live conditions from
the Eiffel tower and in several major broadcastwatases in France such as the Paris Motor Show
(2008) and the SATIS-Le RADI® (2009) thanks to a close cooperation with the ¥Dfetwork
operator as part of the RADIO+ research préfedrom an industrial perspective, the adaptation of
multimedia services to receiver’s capabilities fiest been tackled by defining minimum requireméhts
for digital radio receivers in cooperation with t&#MAVELEC* and DIGITALEUROPE® (former
EICTA) at the European level. Additionally, prowes for the future adaptation of multimedia digital
radio services through scene scalability have Istsmdardized in T-DMB and MPEG-4 BIFS standards
[8][9][10][11]. Finally, the progressive renderirfgatures of scalable multimedia scenes helped the
development of the multimedia production chain ofLRin coping with the narrow-bandwidth
constraints of digital radio. In particular, tisealable MSTlpproach was partly introduced in an in-
house authoring tooB{FSEdi) that publishes scalable multimedia services ¢emeric interface. This
interface is described as an XML-based specificatialledDMB Markup Languagehat | engineered
for RTL. TheDMB-ML can either be used to produce scalable multimezbaes by using on-the-shelf
T-DMB multiplexers such as the AllegroDVTT-DMB encoders (AL1020) or validated using a
multiplexer simulator developed by RTM(xSimulatoy.

1.5 Outline of the dissertation

Chapter 2 gives an overview of multimedia digitatlio scenarios and explains why presentation is
needed for the broadcasting of ‘augmented’ radioices.

Chapter 3 provides a survey of the models undeglyhe principal scene descriptions (or format)
currently implemented in multimedia players. Thasslfication of scene properties into spatio-visual
temporal and interactive components constituteb#isés of ouScalable MSTimodel.

Chapter 4 describes state-of-the-art adaptationsideetaking techniques and identifies four main
approaches. Th8calable MSThapproach is based on the combination of scenmatiees selection and

25 Electronic communications and audiovisual commation Act, 2004, 9th of july.

26 Audiovisual broadcasting modernisation & TV ofifte Act , 2007, 8 of march.

27 Audiovisual communication and new TV public seevitct, 2009, B of march.

28 Sjignal characteristics related to the terrestiil satellite broadcasting of digital radio Dec@8, & of january
29 http://www.mondial-automobile.com

%0 http://www.satis-expo.com

3L http:/fww.tdf.fr

32 ANR ANR 08-CORD-018 - Radio Augmentée et Diffusite contenus Interactifs Optimisés
33 EBU, Recommandation R126, http://tech.ebu.ch/dbt26.pdf

3 http://ww.simavelec.fr (one of the French asstimiefor consumer electronics industry)

35 http://www.digitaleurope.org

%8 http://www.allegrodvt.com
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scene plasticity since the two others (media-basede generation and custom scene publishingjifaile
to address our requirements. Additionally, sceandfiormations targeting the modification of thensce
properties of multimedia services are also detaildtiis chapter. These scene transformations itotest
the standardized toolbox used to express the ddaptgpdates of th8calable MSTapproach.

Chapter 5 details our adaptation requirements asdribes two experiments we conducted in order to
pave the last miles toward multimedia scene sdalabirirst, the synchronized adaptation of scadabl
and non-scalable media along with presentation reséraents is shown. Second, scene adaptation
updates, as defined in ti&calable MSTlapproach, have been experimented in broadcasarsaen
through a comparative study with two other appreaclapplicable to the spatial adaptation of
multimedia presentations according to progressiveext requirements.

Chapter 6 describes o@calable MSTIproposal by specifying the separation of the mediacture
(Media) and scene propertieSfatial Temporalandinteractivg. Furthermore, the flexibility offered by
Scalable MSTIscenes is illustrated through the concept of ad@pt graph. This adaptation graph
defines a concise set of rules which guide adaptatiecision-taking algorithms to a suitable
presentation.

Chapter 7 concludes this dissertation and givesrsppctive on future work.
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Chapter 2 Multimedia digital radio scenarios

Digital radio is the evolution of the analog FM i@adt consists in delivering the sound of a rastiation

to its listeners using digital technologies ana atslude multimedia services that are synchronized

the audio stream, also called ‘live’ services (@ews programs, music programs, commercial breaks,
display of auditor's messages via SMS). Additiomalltimedia services, not necessarily synchronized
with the audio stream, such as weather forecastsplagy, traffic or an electronic program guide
services can also be transmitted to enrich therpbgrams. We call them ‘asynchronous’ services. A
further detailed in Appendix A, all of these digitadio scenarios include interactive usages fon-ri
media radio receivers by proposing extended inftionanavigation in a multimedia service, interaeti
quiz or services that require user inputs.

When considering mass services delivered to mdliaf listeners at the same time, digital radio
broadcasting still remains a cost-effective tecbgpl However, multimedia digital radio scenarioséa
to explore the new service opportunities on radivices connected to 3G or Wi-Fi IP networks, either
by considering a simple return channel or by usingvo-way communication channel that allows the
download or the streaming of auxiliary informatias a complement to multimedia services being
broadcast.

RTL Matin L'horoscope La grille \
HTI' Vincent Parizot HTI' \I dujour / HTI' \[ 10 sept. 2009

. . . : 4:30
GV \velcome on RTL le direct Bélier _ le direct RTL Petit Matin
météo at IBC2009 météo &1 mars - 20 avrl météo BRI E
frafic F) trafic C'est la nouvelle Lune. Pile trafic P \ 7-:00
face & vous si vous étes du ==! bl Matin
astro ’ astro Ter décan, elle vous dit astro A \incont Parizot
; 3 d'étre plus attentif 4 l'autre . : 1230 1430 18:00
la grille O la grille [N la grille - 2 :
(VST man 2 =) [ ]

Figure 3: Examples of an astrology and an EPG sem in addition to the live service.

The scenarios illustrating these multimedia fundited most of the developments that were conducted
as part of the Radio+ projétand participated in defining the requirements ihfiienced the technical
choices of ourScalable MSTImodel. In particular, these digital radio scemaneere expressed as a
unitary test suite for the multimedia productiomichdeveloped in the context of the Radio+ projéhe
same content illustrates all along this dissemtatite adaptation experiments that we conductetién t
scope of our research activities. All in all, mtinan 10 hours of live multimedia programs syncteedi
with the audio stream was produced for testingderdonstration purposes.

In the following, an overview of some essential timgdia functions of digital radio services, extegt
from the technical scenarios detailed in Appendjxafe presented focusing on the synchronization of
audio and multimedia data (Section 2.1), the fegdinlive and asynchronous multimedia data (Section
2.2) and the interactivity of multimedia presergas (Section 2.3).

2.1 Audio and multimedia data synchronization

A digital radio service is composed of natural ymthetic images that are presented to the radienks

as part of a presentation in order to provide avaaded multimedia user experience. The technical
constraints applied to the signaling and transmdrthese images highly depend on the level of
synchronization that is required with the audi@aitn (ranging from 40ms to no synchronization at all
When switching on a digital radio station, the rimtdia service is progressively displayed as images
are retrieved and inserted into the presentation.

3" Radio+ consortium gathers RTL, Telecom ParisTAtlegro DVT, Cameon and TDF. Radio+ project (08-QpB18) is
partially financed by the French Research Agencfdence Nationale de la Recherche) as part of @&TINT program.
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A digital radio service is based on a structure trganizes the different media of the presentation
(audio, image, video) and also includes graphictexir paragraphs for instance. As a consequenee, th
presentation organizes efficiently-coded syntheliienents that can also be tightly synchronized thi¢h
audio stream.

The images, graphics and text elements that aseipted in a digital radio service can be refresteeg
frequently as illustrated in Figure 4, especially Synthetic elements that consume a very limited
amount of bandwidth. The technical mechanisms useduch scenarios to perform presentation
transformations (e.g. adaptation transformations$trensure short latency from each steps of thdewho
digital radio transmission chain.

ml Stop ou Encore
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NEWS FUN trafic Faroles
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S Lty alit
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PLAYLIST .
la grille
rAY FUNT

Figure 4: Examples of loose (album cover) and tightsong lyrics) synchronization.

2.2 Live and asynchronous multimedia data

Contrary to television channels, many radio statiproduce live programs. As a consequence, digital
radio services are composed of live media whosseptation can be prepared off-line or dynamically
generated during the radio show. In that caselitheauthoring of advanced multimedia presentations
can only consists in filling in presentation tentpawith live information. As a consequence, highly
structured presentations as illustrated in Figucarbbe used in order to ease live authoring entble
automated content generation.

HIL RTL Foot ml Les auditeurs ont la parole

Christophe Pacaud Jéréme Godefroy
le direct COUPE le direct
i = J I
meteo DE LA LIGUE it viipﬁest;?)o(fgsusseurs
trafic STR ﬂﬂ BAS trafic le samedi matin,

astrc.a LEN SED astrc? ;;}3: rL;nmi;:l)r(:)bIéme
lagrille  WEETONE 1 |1 [i= L Anne, Rouen
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Figure 5: Examples of highly-structured presentatios (tables and text area).

The update of images, graphics and text elemerds time depends on synchronization rules that are
strengthen with supplemental constraints in liveabicasting scenarios. Indeed, content pre-fetdotis
possible during live productions which require ghhreactivity. Instead, such dynamics can be handle
by smartly designed interfaces and transitionsceffevhich emphasize live aspects. For that purpose,
smooth transitions are required when progressieelging a multimedia presentation.
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Figure 6: Example of a dual-headed radio service.

During the content transportation to the radio inexe the digital radio service can be partially (o
completely) replaced by a local program or complete with presentation coming from other sources
than the terrestrial broadcast (e.g. IP-based atiomeon the receiver). The integration of sucheexl
multimedia data sources requires a harmonized neamagt of the visual service as illustrated in
Figure 7. Although dedicated visual areas can bedyseeserved for commercial banners, the integnati
of interactive content in a dynamic presentatioises contractual obligations that must always be
respected.
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Figure 7: Examples of presentation designed to inggate external scene data.

2.3 Multimedia interactivity

Digital radio services can extensively exploit fiaactionality offered by interactivity standardswio
supported in digital technologies as illustratedFHigure 8. Of course, interactive interfaces should
guarantee a satisfactory and similar behavior bradio receivers in order to ease content acciiggib
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Figure 8: Example of an interactive quiz synchronied with the audio stream.
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2.4 Why and what presentation adaptation is needed ?

The production of digital radio services has toecoyth the expectations of radio stations whichehav
numerous and ambitious application scenarios indmidowever, the broadcasting of multimedia
services also has to cope with the significant taigs of the digital radio environment. In praeti the
quality of the multimedia services delivered toicdisteners can be limited by two main factors.

First, each receiver manufacturer is free to decidhéich function needs to be implemented in its
multimedia devices. Indeed, the support of a m@tia standard by a digital receiver often reliesaon
technical profile which defines its minimal requirents (see Appendix C). As a consequence, on e on
hand, multimedia radio services offer content tieaeivers might filter out depending on their legél
support. For instance, the interactive properties presentation might be removed on receiversowith
interactive means. In the same way, animations tntighignored on car-radio receivers while driviog f
safety reasons. On the other hand, multimedia reelieices offer content that might not be satisfact

on some high-end devices. For instance, the quelity standard image resolution for common radio
receivers might not be sufficient on a 10-inch sare

Second, the broadcast of a multimedia service regj@onstant content repetition in order to prodde
permanent access to the service. As a consequbecepnfiguration of digital radio broadcast isedil
by transmission delays. Some timed media such di® au video cannot suffer any jitter due to their
high frequencyf. Multimedia services may have a lower dynamicityey can be progressively
transmitted with longer delays in order to increthear final quality.

Our Scalable MSTimodel aims at tackling these adaptation needaddkio account the constraints that
the continuous production of rich-media contenuces.

% The duration of MPEG-4 HE-AAC v1 Access Unit ioab40ms at 48kHz when SBR is used (2048 samplesaee are
used). The duration of MPEG-4 AVC Access Unit isatt2s at 0.5fps (slideshow) when only IDR NAL srdre used.
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Chapter 3 Scene description models

This chapter aims at giving an insight on the medelderlying the principal scene description laggsa
currently implemented in multimedia players (i.e/Gs[118], MPEG-4 BIFS [59], SMIL [119] or
HTML [120]). These standards have already been mected in several surveys [25][21][29]. Our
approach in this chapter consists in classifying detailing the main principles of their underlying
model. These typical properties, available in onmore languages, are illustrated on concrete ekeamp

First, some definitions related to the multimedomain are introduced (Section 3.1). Then, this tdrap
follows an organization based on three aspects Ithatthe foundations of most, if not all, scene
descriptions models: spatio-visual properties (8act3.2), temporal aspects (Section 3.3) and
interactions (Section 3.4).

3.1 Definitions

This section introduces some definitions for keyagothat are used through this dissertation, like
multimedia scenepresentation media componentscene descriptigndocumentmode] presentation
model and scene description madel

3.1.1 Multimedia scene and presentation

A multimedia scenspecifies the organization of a presentation caegmf several elementary media
(audio, images, text...) as perceived by the user.aAsonsequence, a scene can be included in a
multimedia document or in a multimedia service mev to define “the runtime behavior of the
information units presented to the user” as L. id@ad defines the terpresentation48]. Multimedia
documents that do not enclose or reference anyesesmally rely on automated presentation rules that
are sufficient to cope with specific scenarios. Fatance, common Digital Television (DTV) services
can be considered as multimedia services sinceateysually composed of one video stream, one or
several audio streams for multilingual support ané or several text streams for subtitling purpose.
However, DTV scenarios assume a choice betweeditfezent available languages and the activation
(or not) of a single subtitling option. Therefotlee presentation of such DTV services remains dichitt
consists of rendering a single audio stream symeched with a full-screen video component possibly
overlaid by a couple of text lines in its bottonearas illustrated in Figure 9. In that case, itusthde
noticed that the presentation of the subtitles whiffer from one TV set to another since no explicit
scene is provided for managing the text layoutsiple.

Document Media

selection

Media

\

Audio (FR) 1A
Audio (DE) |2
Video 3N
Text (sub FR) |4 N
Text (sub DE) |5

Figure 9: Example of a DTV presentation without anyscene.

In our work, we have focused our studies on multiimelocuments whose presentation is explicitly
specified through a scene. In that case, a prdgantimilar to the DTV service described in Fig@e
can also be proposed to the user as illustrateffigare 10. Additionally, the text properties can be
defined either by the editor (by changing the t®tor over time depending on the background calor)
by the user (by increasing the font size for advettxt legibility). In practice, multimedia serei
targeting specific scenarios can also be achiewedddfining a scene (possibly predefined and
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normalized) as it is the case for mobile TV in Kor@8]. Indeed T-DMB standard can be used to

broadcast simple audio/video scenes without angraetivity. As a consequence, assuming that the
presentation of multimedia document is determingd lscene does not discard any application scenario
but extends existing one with new functionaliti®#se MPEG-4 framework has been defined based on
this principle: a scene gives provision for multdi®enhancements.

Document
Media
Audio (FR) 1 Media
Audio (DE) 2 selection
Video 3

Text (sub FR) (4
Text (sub DE) | 5

Scene

’Audlo‘ ’Vldeo‘ ’ Slljb ‘
© G

!FlR\ e] e [oe]

Figure 10: Example of a DTV presentation based on scene.

3.1.2 Media components

A multimedia scene does not necessarily controlttadl details of the presentation. In particular, a
presentation can be described by multiple and iedégnt sub-scenes that are included into one master
scene. In that case, the main scene can haveduttat over these sub-scenes (option 1), a limited
control defined through an explicit control intexéa(option 2) or no control over them (option 3)the
same way, some elementary media that are parpoésentation may have an inherent organization or
may enable a limited control. For instance, a videquence being broadcast is composed of images
whose presentation cannot be easily controlled frarexternal multimedia scene (option 3). Howeaer,
multimedia scene may have some control over a vegpence by controlling its playback speed or
seeking into the video timeline (option 2). Whemsidering graphic elements, such as rectangles, the
multimedia scene usually has the full control abese elementary media to define their border styte
colors (option 1). In order to cope with such dsmsr, we do not make any difference between sub-
scenes and elementary media in our terminologydefme asnedia componerg document that offers a
control interface to an external scene. As illustldn Figure 11, this interface can be:
- minimal, if it only allows the inclusion of its pgentation (as it is) into an external scene (e.g. a
non-scalable video sequence in broadcast enviroisien
- limited, if it proposes a list of parameters thahde changed to modify some aspects of its
presentation through scene characteristics or eimemedia selection (e.g. the activated audio
track in a multi-language environment).
- complete, if it allows an unlimited access to akkgentation aspects of the media component
(e.g. menu items displayed in overlay over the ajde

3.1.3 Scene description

Multimedia scenes need to be described so as totérpreted by a player and visualized by a user. A
scene descriptiogan be defined as the concrete expression ofsemegion that can be included in a
multimedia bitstream (document or service). ltsyp&ck leads to a deterministic process that offers
multimedia experience to the user that should fiaith match the author’s intention. Even though a
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scene description is supposed to be a machine-tbine description (edited thanks to the use of
authoring tools), most of existing languages caprogided in a human-readable XML syntax.

Scene
O | Q
Audio Video Sub Menu
3

FR DE FR DE

1 2 4 5
Audio Sub-title MC Menu MC
Media component

Figure 11: A multimedia scene and its media compoms.

An essential aspect of multimedia scenes is thaktls no one to one mapping between a presentation
and a scene description. Two scene descriptiongedrto exactly the same presentation as illuesdrat
Figure 12. For example, some content generatiotfoptas such as the MM4U framework [101]
manipulate a unique multimedia document encompgsairsingle scene that can be provided into
multiple formats. During this transformation phaselled the ‘last mile’ by A. Scherp, the same
multimedia content is transformed into a ‘concnetgltimedia presentation format’ (we call it a scene
description) that depends on the targeted playbagkonment.

Scene : Move Scene : Scale and move

....................................

Figure 12: Two scene descriptions leading to the @ presentation.

3.1.4 Presentation model, document model and scene descri ption model

If we consider a multimedia presentation as a stilgjestudy, an abstraction of this reality in adebis
essential to perform experiments. In that sensegdeveot strongly agree with the following statement
from S. Boll: “A multimedia document is an instation of a multimedia document model that provides
the primitives to capture all aspects of a multimedbcument” [24]. Instead, we would rather defane
multimedia document as the instantiation addlaument modehat captures a presentation (and not a
document) as illustrated in Figure 13. Indeed, eudeent model is in the computer space (close to the
machine execution), while the presentation modgl the user space (close to the human concegis). T
main goal of such a theoretigalesentation modeadonsists in capturing the user’s experience intfod

a multimedia presentation, i.e. a representatiowludit she/he observes over time and depending on
her/his interactions. To put it in a nutshell, agentation model firstly aims at capturing all atpef a
multimedia presentation. Document models also trycapture these aspects but with additional
objectives. For instance, the compactness, thetrmess and/or the robustness of the descriptioheof t
presentation can be additional quality criteriohattlead to several multimedia documents models
representing the same presentation. In fact, tipeesentation process that defines a multimedia
document model from an abstract presentation misdaivays the result of a trade-off that varieshwit
different application scenarios.
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Furthermore, each multimedia document designedrdicmpto a document model can be expressed (or
serialized) in, at least, one document format &ithedicated syntax (or language) as illustratdelgnre

13. However, a single multimedia document model banalso serialized into several formats and
therefore enable multi-format publishing platfori@air objective is not to define a new document rhode
encompassing all existing presentation models @a#\thsterdam Hypermedia Model (AHM) [48] or the
ZyX model [24] proposed in the past. Indeed, itlsar that several scene formats will coexist & th
future since their underlying document models ateviant for specific applications. Instead, we ps®

a new model that abstracts and integrates existogne formats and leverages the low-level
functionalities of each scene format.

As a consequence, the presentation capabilitiesiofnodel are directly inherited from the document
model relative to the scene description being uBedthe sake of simplicity, we will name in thetref
this dissertation astene description modehe document model relative to a scene descripBuch a
scene description model is not designed for mulbHgation. With that definition, the new model we
propose (thé&calable MSThodel) is a scene description model. In the folhmythe scene description
models relative to the main scene formats are wedefocusing on presentation aspects [24][71][101]:
spatio-visual properties (Section 3.2), temporpkats (Section 3.3) and interactions (Section 3.4).

(in a given format)
- Scene description
<Scene> -3
ogo‘:
</Scene> e |
Playback -
Multimedia Document » Presentation
A
Serialization Abstraction
\ 4
Document model | Presentation () (+)_
i . model =
Media Scene Representation 0-)|| = (,1—.;)
|
2 WIS 2 | Th
3 @EE 2%
1.2 4//5 £+ I - I
& 1 4

Figure 13: Modeling a multimedia presentation.

3.2 Spatio-visual models

The most obvious aspect that a scene descriptiatelmust cover is the way the different media are
perceived at a given instant from a user perspechill these perceptual properties of media comptme

at a particular moment are mainly visual (excephes@udio-related properties) and can therefore be
expressed in a visual model that defines the positg of media components in a 2D (or 3D)
environment and their dimensions (Section 3.2.1dheir visibility (Section 3.2.2). Furthermore, the
color, their border properties and all kinds of @@tion features that aim at faithfully describitigp
multimedia presentation as created by the autlealao visual properties (Section 3.2.3).

3.2.1 The positioning of media components

When considering the underlying visual model of @timedia presentation, the layout of the content i
a key property that is often the focus of statehef art studies [24][48][79]. In particular, as Ell
describes it [24], ‘the positioning of visual elam®in the multimedia presentation can be exprebged
the use of a spatial model'. Hence, three appr&adam be distinguished: fixed (Section 3.2.1.1),
topological (Section 3.2.1.2) and directional (8etB8.2.1.3) positioning.
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3.2.1.1Absolute and relative fixed positioning

In absolute/relative positioning, the scene is hiarge of defining the exact placement of each media
component by providing a coordinate pair (or tiipla a 2D (or 3D) space. This positioning layoahc

be defined according to an absolute reference [alespositioning) or can be relative to another
reference (relative positioning). The definition tbe origin of a coordinate system related to aimed
component is often determined by the scene strigthich contributes to the specification of thetspa
model in that case.

Absolute positioning in HTML can be defined usin§®position: absolute) as illustrated in
Code 1. In that case, all media components appehe &xact pixels that are specified usirnie#,
top) coordinate pair for instance.

<HTML>
<HEAD>
<STYLE type="text/css" media="screen">
#sidebar {
posi tion: absol ute;

width: 50px;
height: 300px;
top: 100px;
left: O;
background-color: rgb(51,102,255); // blue

A
100px
\4

A

300px

}..
</STYLE>
</HEAD>
<BODY>
<DIV id="sidebar"/> ...
> </BODY>
300px <HTML>

Code 1: Absolute positioning in HTML through CSS.

Relative positioning can also be defined in HTMIs&& on CSS absolute positioning thanks to the XML
structure of XTHML documents as illustrated in C&ldn that case, the 2D space associated with each
media component is explicitly defined. A last ago in HTML consists in relying on the verticalvilo

of <DIV> elements (see Section 3.2.1.2). In that case,2ihespace associated with each media
component is implicit but can be updated using €8& position: relative ) as illustrated in
Code 3.

<HTML>
<HEAD>
<STYLE type="text/css" media="screen">
#page {
posi tion: absol ute;
width: 300px;
height: 300px;
top: 100px; ...

}
#sidebar{
position: absolute;
width: 50px;
height: 300px;
top: O; ...
}o.
</STYLE>
</HEAD>
<BODY>
<Dl Vid="page" >
<DIV id="sidebar"/> ...
</DV> ...
</BODY>
</HTML>

Code 2: Relative positioning in HTML through CSS anl DIV structure.
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<HTML>
<HEAD><STYLE type="text/css" media="screen">
#header {
position: relative;

width: 300px;
height: 100px;
top: O;
left: O; ...

}
#sidebar {
position: relative;
width: 50px;
height: 300px;
top: O;
left: 0; ...

}
</STYLE></HEAD>
<BODY>
<DIV id="header"/>
<DIV id="sidebar"/> ...
</BODY>
</HTML>

Code 3: Relative positioning in HTML through CSS.

3.2.1.2Topological positioning

In topological positioning, the scene defines tlee@ment of each media component by specifying the
topological relationship between two contiguous metbmponents. The Region Connection Calculus
representation (RCC-8) can be used to define aiphtial topological relations [31]. Although these
relations proved sufficient to describe all possibbmbinations of two media components in a one-
dimension spatial environment according to authtwpplogical positioning is not widely used in
existing scene formats.

In fact, most multimedia formats assume non-oveilap relations when a layout is dynamically
generated. In the HTML format, the vertical positrg of media components relies on a simitaet
relation (by default). Besides, the HTML flow ofDR/> elements can be modified using CSS
(flow:left) in order to define horizontaheetrelations as illustrated in Code 4. It should a0
noted thatcoversandcovered-byrelations can be specified through the paintdgsrithm (also known
as priority fill) and becomes visible when relatpesitioning results in overlapping media composent
However, these scene properties only partially cdahe functionality that could provide a spatial
topological model as implemented in multiple auithgtools [20][79].

<HTML>
<HEAD>
<STYLE type="text/css" media="screen">
#sidebar {
float: left;
width: 50px;

height: 300pXx; ...

#main {
position:relative;
float: left;
width: 200px;
height: 300px;
left: 50px; ...
background-color: rgh(128,0,128); // violet
b
</STYLE>
</HEAD>
<BODY> ...
<DIV id="sidebar"></DIV>
<DIV id="main"></DIV> ...
</BODY>
</HTML>

Code 4: A simplified ‘meet’ topological positioningin HTML using an horizontal flow.
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3.2.1.3Directional positioning

In directional positioning, the scene defines thec@ment of each media with respect to other media
components by specifying a directional orientatidnsimple modeling distinguishes height directional
relations:north-west north, north-easteast south-eastsouth south-westindwest

Directional positioning is largely used to defiree tposition of a media component that is contained
inside another media component. In HTMigrth-west north-east south-eastor south-westrelations
can be defined in CSS by providifigp:0; left: 0) , (top:0; right: 0) , (bottom:0;

left: 0) or (bottom:0; right: 0) attributes as illustrated in Code 5. Partiallyteeed
positions defined byorth, east southandwestdirections can also be specified in HTML but regsi
workarounds such as automated margins relatecttadiual size of theBdV> element.

<HTML>
<HEAD>
<STYLE type="text/css" media="screen">
.box {
osition: absolute;
i HERTH e \‘/)vidth: 100px;
height: 50px; ...

.top-left { top:0; left:0;}
b i = .top-right { top:0; right:0;}
.bottom-left { bottom 0; left:0;}
.bottom-right { bottom 0; right:O0;}
SOUTH-WEST] SOUTH SOUTH-EAST) .bottom-mid { bottom 0, left: 50% mar g| n-left: - 50pX, }
.middle-left { left:0; top: 50% margin-top: -25px;}..
</STYLE>
</HEAD>
<BODY> ...
<DIV class="box top-left">NORTH -WEST</DIV> ...
</BODY>
</HTML>

Code 5: Directional positioning in HTML through CSS.

3.2.2 The visibility of media components

A multimedia presentation contains media compon#asare visually proposed to the user over time.
However, all media components included in a documaém given time are not necessarily part of the
current presentation. Indeed, their visibility nraguire some actions from the user who is intedesste
accessing them. Their visibility also may not fastthe complete duration of the presentation. 3tene

is in charge of specifying visibility mechanismshelscene can rely, for instance, on the topological
relations of a spatial model to hide some mediapmmants behind some others. As previously explained
in Section 3.2.1, media component hiding can bdopwed by taking advantage of the painter’s
algorithm. Also, relative depth positions can bealibed to define a 2D+1/2 space as illustratedade

6 by using an MPEG-4 BIFS der edG oup. In that case, the overlapping of media componientst
implicitly defined by the structure of the scend byplicitly described by a dedicated structurelast
approach consists in defining an individual deptmedz-index property in the scope of CSS, which
removes the burden of a dedicated scene structure.

Although these ‘hiding’ workarounds are very haratyd efficient in some cases, specific visibility
properties are also defined in spatial models oleoto maintain these visibility semantics accdssib
from the scene. Three main types of visibility prdjes can be distinguished: visual activation {isac
3.2.2.1), alpha compositing (Section 3.2.2.2) aeaport cropping (Section 3.2.2.3).
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<OrderedG oup order="2 1 0"><children> ...
<Protolnstance name="PROTO_LIVE">
<fieldValue name="backColor" colorValue="0 1 0"/ >
<fieldValue name="textField" stringArrayValue="" z=3"/>
</Protolnstance>
<Transform2D translation="15 -20"><children>
<Protolnstance name="PROTO_LIVE">
<fieldValue name="backColor" colorValue="0 0 1"/ >
<fieldValue name="textField" stringArrayValue=" z=4">
</Protolnstance>
</children></Transform2D>
<Transform2D translation="30 -40"><children>
<Protolnstance name="PROTO_LIVE">
<fieldValue name="backColor" colorValue="0 1 1"/ >
<fieldValue name="textField" stringArrayValue=" z=5"/>
</Protolnstance>
</children></Transform2D> ...
</children> </ Or der edG oup>

Code 6: Reversing the painter’s algorithm by defimg relative depth positions in BIFS

3.2.2.1Visual activation

A scene can define the visibility of each media ponent by individually specifying their visibility
status or assigning a visibility status to the grofimedia components they belong to. In that ceitiger
the media component is displayed in the presemtatigt cannot be seen by the user at all.

The visual activation of a media component is Ugudéfined using a dedicated element (e.g. the
Swi t ch SMIL element) or specific attributes (e.g. thiespl ay orvi si bi | ity SVG attributes) that
indicates whether the media component or the gafumedia component, it is attached to, shall be
displayed or not. In the MPEG-4 BIFS format, Switch element can be used to disable the visibility
of its children elementwhichChoice="-1 ) but also to visually activate only one of its ldhén
using an indexwhichChoice="1") as illustrated in Code 7.

<Swi t ch whi chChoi ce=" 1" ><choice> ...
<Transform2D translation="15 -20"><children>
<Protolnstance name="PROTO_LIVE">
<fieldValue name="backColor" colorValue="0 0 1"/ >
<fieldValue name="textField" stringArrayValue=" z=4">
</Protolnstance>
</children></Transform2D>
<Transform2D translation="30 -40"><children>
<Protolnstance name="PROTO_LIVE">
<fieldValue name="backColor" colorValue="0 1 1"/ >
<fieldValue name="textField" stringArrayValue="" z=3"/>
</Protolnstance>
</children></Transform2D> ...
</choice> </ Swi tch>

Code 7: Visual activation in BIFS.

3.2.2.2Alpha compositing

A scene can define the visibility of each media porrent by individually specifying their transpargnc
or assigning a transparency to a group of medigpooents. In that case, visual activation as defined
3.2.2.1 can be achieved (visible or not visible) ibis also possible to emphasize the visibilifysome
media components by using partial transparencyyoprogressively modifying their visibility (e.g.
visual fade-in or fade-out).

Although transparency can be used to define thgaliactivation of media components as illustrated i
Code 8 in the MPEG-4 BIFBeclareProto , it is not commonly used for that purpose becdhse
visual activation of a media component goes beybedfact it is visible or not. Indeed, a player hiig
take advantage of activation mechanisms describeBl.d.2.1 to optimize its processing by caching
inactive media components until their activatioguiees the allocation of an internal memory spawe f
its decoded data. In practice, the total visibility invisibility of a media component should onlg b
defined using transparency if it is likely to be@partially transparent during the presentation.
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...<Shape>
<appearance><Appearance/><material>
<Material2D filled="true"
emissiveColor="0 0 0" transpar ency="0.8">
</Material2D>
Le direct </material></appearance>
<geometry>
) <IndexedFaceSet2D DEF="RTL_LOGO">
trafic <coord><Coordinate2D point="-102.375 -67.275 -73.575
astro -67.275 -73.575 67.275 ..."/></coord>
la grille </IndexedFaceSet2D>
</geometry>
</Shape> ...

météo

RTL c'est vous

Code 8: Transparency in BIFS.

3.2.2.3Viewport cropping

A scene can define the visibility of each media porrent by specifying a visibility window also calle
viewport. All media components positioned insidés thisibility window are displayed while media
components laid outside this window are clipped @nthot be seen by the user. If a media composent i
not entirely inside (or outside) the viewport, g@me rules apply and only a part of the media compio

is displayed. This approach is similar to the managnt of visibility by media component hiding but
cropping operations can be optimized during plagbadhat case.

Most of the scene formats define a rectangular patvfor their media components. The dimensions of
this viewport can be determined on-the-fly basedtlom computing of bounding boxes of media
components. It can also be explicitly specifiedtlie scene during authoring by the editor. Both
approaches can even been combined to make a cdittéatviewport. A visibility model based on
viewport cropping relies on tools such aslthger2D MPEG-4 BIFS element illustrated in Code 9 that
do not perform any fitting. A global scene viewpogn also be defined by specifying a scene size
(BIFSConfig element in MPEG-4 BIFS atiewport  attribute in SVG).

...<Shape DEF="GREEN_HEADER"/>
<Shape DEF="RED_SIDEBAR"/>
<Layer 2D si ze="215 175">
<children>
<Shape>
<appearance><Appearance USE="APP_GREEN"></app earance>
<geometry>
<Rectangle size= "320 240"/>
</geometry>
</Shape>
</children>
</ Layer 2D>...

Code 9: Viewport cropping in BIFS.

3.2.3 Style properties

A multimedia presentation often differs from thenple playback of several elementary media by the
attractiveness of their composition and the coleeaf their decoration. Style properties can be
associated with elementary media and have a signifimpact on the perception of the user. On tfee 0
hand, style properties are closely related to aiiperisual layout, but on the other hand sevetgles
can be associated with the same presentation ¢mmdified as a ‘theme’ by the user). In short, estyl
properties cannot be disconnected from the spatgdnization of a presentation, i.e., positionimgl a
visibility of media components, because those aspe closely linked from a perception point awi

as illustrated in Figure 14 on weather forecastrglas. For this reason, we define style propedmes
presentation characteristics: they are part ofsihegtial model that is in charge of defining theusais
properties of a presentation at a given time. Tiyte snodeling approaches can be distinguished:obne
them tackles the style of a presentation from medimponents (Section 3.2.3.1) while the other targe
the style of the scene as a whole (Section 3.2.3.2)
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Figure 14: Examples of weater forecast presentatis with three different styles.
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3.2.3.1Media components style

The style properties of a presentation can be neddesing a bottom-up approach: style properties are
attached to each media component in order to hidd style of the complete presentation. As a
consequence, style properties can be applied teancedponents without taking into account the scene
they have to be included to. Of course, these styperties need to be coordinated during the aitipo
phase in order to end up with a harmonized desfgimeo content, but this is not explicit in the styl
description.

Such styling model requires media components tffar aome control over their style. These style
parameters can be associated with an elementariamasithg a CSS style sheet targeting specific scene
elements. As illustrated in Code 10, the font stfidext elements is configured by CSS through the
"menu"<g> element and a blurred JPEG image is assigneadgo"krect> element using some lines
of JavaScript code.

Some state of the art approaches rely on mediadbsisge model for their visual properties. They
usually define dedicated tools for this purposehsas thechannel concept of the Amsterdam
Hypermedia Model (AHM) [48]. This kind of approadhvors style reuse across different media
components. However, the style properties of mediaponents are always defined in an independent
way even if they belong to the same presentatiorour menu bar example, some implicit layout rules
need to be kept while authoring a presentation fstyted media components. For instance, the number
of menu items and their width implicitly drives ttext font size. It needs to be maintained in tzste.

In the same way, the location of the "logo" imagd #és size clearly depend on the global layouthef
scene. These parameters must remain inside the""brga if style decisions are only operated at the
media-level. These restrictions are illustratedFigure 15 where depicted menu bars look similar
because of the limitations a media-level styling.
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I inside the referenced CSS file
#menu {
font-size:15pt;

font-family:Arial;
font-weight: bold;

fill: white;

- /l inside the referenced JS file
le direct function apply_media_style(evt){ var imagelLogo =
{url:"./menu_style/logo_RTL.jpg’,

meteo width:80, height:56, xPos: 10, yPos: 8};
astro var svgdoc = evt.target.ownerDocument;
. setimageStyle(svgdoc, 'logo’, imagelLogo);
la grille geStyle(svg g geLogo)
<svg onload="apply_media_style(evt)"> ...
i ;i <rect id="logo" width="106" height="90"/> // blur red area
Without With <g id="menu" transform="translate(0,120)">
style style <text>le direct</text>
</g>
</svg>

Code 10: Styled media components in SVG using CS8dJavaScript.

le direct

météo WMETED METED
astro TRO ASTRO
la grille . GRILLE LA GRLLE

Figure 15: Various menu bar examples using the sanseene style.

3.2.3.2Scene style

The style properties of a presentation can be neddesing a top-down approach: style properties are
managed by a single choreographer that is alsmmegyge for the organization of the presentatios, i
the scene. In this approach, style properties afmetl along with media components and therefore
encompass all aspects of a multimedia scene.

Contrary to the styling approach described in 312.8 scene-based approach creates a styled scene
integrating media components that inherit somédne$e style properties. As far as CSS or JavaSanépt
concerned, it does not make much difference sihegy both have a global scope inside an SVG
document. However, it does make a difference frggnesentation modeling point of view. For instance,
the width of the “menu” rectangle in our exampla t& defined according to the largest text widtth an

its selected font style. As illustrated in Figurg the "logo" image can be positioned accordinghto
whole scene layout. In practice, scene-based sigldeling remains compatible with a styling based on
media components as long as the scope of media-is&ge properties remains limited (the color of a
font for instance).

In some cases, the difference between style piepesihd other visual properties might be diffidolt
distinguish because the style properties of thegmtion have been customized to the presentation
during the authoring phase. This ambiguity mighseaaissues in models allowing the authoring of
several styles for a single content. However, ¢his be handled using alternative scene versioateéd

of media-based style alternatives). In practicehsscene versions can be configured ualtgynate

CSS stylesheet or created from scratch using JapaSode.
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3.3 Temporal models

A scene description model is in charge of représgrthe audiovisual experience of a user exposed to
set of elementary media during a period of timevigual model captures a snapshot of a presentation
that does not take into account the choreographyefcourse of the multimedia playback. All these
changes in the perceptual properties of media copms can be expressed in a temporal model that
defines the presence of media components over (Beetion 3.3.1), their synchronization (Section
3.3.2) and the timing of the presentation (SecB@3).

3.3.1 The presence of media components

Multimedia models, such as ZYX [24], AHM [48] or Meus [79], define their temporal model as a

description of the ‘temporal dependencies betwbemtedia elements of a multimedia document’ [24].

These temporal dependencies refer to the presenosedia components in the presentation which

usually results in defining visibility propertied media components over time. These dependencies
require a set of relations that can be defineddasédntervals using the Allen algebra [16]. Inttbase,

all possible dependencies between two differentianedmponents are defined using height temporal
relations:before meetsoverlaps starts during, finishesandequalsillustrated in Figure 16.

Although the Allen temporal model is flexible, tleetmporal relations between two media components
are not accurate enough to define a determiniséisgmtation. For this reason, three temporal mazels

be derived from the Allen model and strengthen dgbiuse cases by focusing on interval-based
sequences (Section 3.3.1.1), interval-based tieel{8ection 3.3.1.2) and point-based timelinesti@ec
3.3.1.3).

Relation lllustration Interpretation

é i )\2 — X Y X takes place for Y

é m,\;( S S Y X meet Y (i stands for inverse)
é gi\)(( S S Y X overlaps with Y

)\5 ;\)(( — X Y X starts Y

é gl))(( X Y X during Y

é ::|\)(( X Y- X finishes Y

Y=X X Vi XisequaltoY

Figure 16: Allen temporal relations between media@mponents.
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Figure 17: Three media presence models mapped onléh temporal relations

3.3.1.1linterval-based sequence

When considering off-line authoring, media compdsaran be defined as intervals to be cascaded onto
a time axis: their presence in the presentatiotletermined by a start time and a duration (or ah en
time). A temporal model can consist in defining ttearse of a presentation as a sequence of media
components. In that case, the start time of amiateorresponding to a media component does rext ev
have to be specified since it can be determinem fitte duration of the previous media component and
from the time it started.

Since interval-based sequences define the pregent#ftmedia components over time, the structure of
multimedia documents can be used to describe smspdral scene properties. For instance, the body of
a SMIL document can be composed afseg> element which defines a sequence of elementaryamed
with durations dur attribute for<img>) as illustrated in Code 11. The sequence of mealaponents
can also be managed by the use of deldggifi attribute in SMIL timing) or customized by
introducing empty intervals for live prograndu( attribute for<seq> elements) as illustrated in Code
12. All Allen relations can be explicitly defineding this interval-based sequence model (by using
positive or negativdegin attributes) as illustrated in Figure 17. Howevegan be noticed that this
model is more appropriate foefore meetsandoverlapsrelations.

In practice, the interval-based sequence appraatibxible for off-line authoring since the remoyat
insertion) of one media component from (or intog thequence will be automatically managed by
computing again all dependencies. It can also leel @sr live services by reserving time slots in the
interval sequence. In that case, a dynamic compuataf content planning needs to be implemented on
the player’s side.
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<smil xmIns="http://www.w3.0rg/2001/SMIL20/Language
<head>
<layout> <root-layout width="320" height="240"
<region id="live" top="50" left="12" width="215
</layout>
</head>
<body>
<pa|’>
<audio src="funRadio.mp3"/>
< Seq>

ns

/>
" height="185"/>

<img src="funl.jpg"
<img src="fun2.jpg"
<img src="fun3.jpg"
<img src="fun4.jpg"
<img src="fun5.jpg"
<img src="fun6.jpg"
<img src="fun7.jpg"
<img src="fun8.jpg"
<img src="fun9.jpg"
<img src="fun10.jpg"

</ seq>

<pa|’>

</body>

</smil>

dur ="20s" region="live" fill="freeze"/>
dur ="16s" region="live" fill="freeze"/>
dur ="7s" region="live" fill="freeze"/>
dur ="19s" region="live" fill="freeze"/>
dur ="12s" region="live" fill="freeze"/>
dur ="16s" region="live" fill="freeze"/>
dur ="15s" region="live" fill="freeze"/>
dur ="5s" region="live" fill="freeze"/>
dur ="4s" region="live" fill="freeze"/>
dur ="8s" region="live" fill="freeze"/>

Code 11: Interval-based sequence in SMIL.

<seq dur="122s">

<img src="funl.jpg" dur="20s" region="live" fill=
<img src="fun2.jpg" dur="16s" region="live" fill=
<img src="fun3.jpg" dur="7s" region="live" fill="
<img src="fun4.jpg" dur="19s" region="live" fill=
<img src="fun5.jpg" dur="12s" region="live" fill=
< seq dur="40s">
<img src="fun6.jpg" begin="0s" region="live" fi
<img src="fun7.jpg" begin="16s" region="live" f
<img src="fun8.jpg" begin="15s" region="live" f
<img src="fun9.jpg" begin="5s" region="Ilive" fi
</ seq>
<img src="./media/fun10.jpg" begin="0s" region="|

"remove"/>
"remove"/>
remove"/>

"remove"/>
"remove"/>

I="freeze"/>
ill="freeze"/>
ill="freeze"/>
I="freeze"/>

A=

ve

fill="remove"/>
</ seq>

Code 12: Interval-based sequence with delays in SMI

3.3.1.2Interval-based multi-timeline

A presentation does not have to be restrictedstegaence of media components. A part of a presemtat
can be efficiently managed by an interval-basedisece model because it is composed of cascading
media components but others parts may be designegpear together on the display. As a consequence,
a temporal model can consist in defining the cowkea presentation as media components to be
displayed in parallel. In that case, only the diane of an interval corresponding to a media congmb

has to be specified since the visibility of the medomponent can expire when its duration time is
reached.

An interval-based multi-timeline defines the visitgi of media components by referring to a common
timeline which includes an initial time referenagla clock. For instance, a SMIL document can decla
a<par> element which describes a list of elementary médiag>) with durations ur attribute for
<img>) to be displayed in parallel according to thearsihg time pegin ) as illustrated in Code 13. All
Allen relations can be explicitly defined usingstlimterval-based timeline model as illustrated iguFe
17. However, it can be noticed this model is mgmerapriate forstarts during andoverlapsrelations.

In practice, the interval-based multi-timeline mbde commonly combined with the interval-based
sequence model to address a large set of usewdlkd¢he most suitable approach. Although multinaedi
documents relying on such models can be fed withriiedia components, the temporal properties of the
presentation suffer the fact that the visibilityroédia components is managed by a temporal steuctur
whose playback cannot be easily updated from aesewhich usually has no information about the
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player’s current status. Therefore, such interedda models are suitable for off-line authoringriaige
severe issues when used in live conditions.

<par >
<audio src="funRadio.mp3"/>
<img src="funl.jpg" begi n="0s" dur ="20s" region="live" fill="freeze" />
<img src="fun2.jpg" begi n="20s" dur ="16s" region="live" fill="freeze" />
<img src="fun3.jpg" begi n="36s" dur ="7s" region="live" fill="freeze" />
<img src="fun4.jpg" begi n="43s" dur ="19s" region="live" fill="freeze" />
<img src="fun5.jpg" begi n="62s" dur ="12s" region="live" fill="freeze" />
<img src="fun6.jpg" begi n="74s" dur ="16s" region="live" fill="freeze" />
<img src="fun7.jpg" begi n="90s" dur ="15s" region="live" fill="freeze" />
<img src="fun8.jpg" begi n="105s" dur ="5s" region="live" fill="freeze" />
<img src="fun9.jpg" begi n="110" dur ="4s" region="live" fill="freeze" />
<img src="fun10.jpg" begi n="114s" dur ="8s" region="live" fill="freeze" />

</ par >

Code 13: Interval-based multi-timeline in SMIL.

3.3.1.3Point-based timeline

Contrary to the interval-based timing models whiglguire the duration of media components to
generate the timeline of a presentation, a poisetdimeline considers media components indiviguall
as instantaneous events to be positioned ontoeadiis. In that case, each point (or timestamp)edri
the activation of the visibility of one or severakdia components independently from the other media
components of the scene. The duration of the Vitsilaif a media component can either be definedhfro
the activation of another media component (scepaecement) or by introducing a new point on the
timeline which explicitly consists in deactivatiitg visibility (scene deletion).

Although the point-based timeline approach allowsnaltimedia player to generate a presentation
without computing relations between media compadhtelies on an implicit temporal model which
has been used to define the temporal dependeneigedn media components (during content
authoring). This point-based temporal model carbédged on an Allen algebra limited before and
startsrelations in case of replacement commands. Feanne, a sequence of images can be generated
using MPEG-4 BIFS by replacing imagesRgplace> command) when their display timestamp is
reached l§egin attribute of the<par> elements) as illustrated in Code 14. The compMien algebra

can also be expressed with independent insertiohdafetion commands for media components as
illustrated in Figure 17. Such advanced managewfetie presence of media components can be used to
enable transitions between images by introduciagjrfstance, a new imagelfsert> command)
before deleting{Delete> command) the old image a few second later asridltest in Code 15.

In practice, the point-based timeline approachssaily applied for services delivered by streaming
technologies that are based on timestamps (RTPRE®A2 TS for instance). In that case, the playback
of the scene is managed in the same way as thbagakyf an audio or video sequence: a buffer isl use
to temporarily record and then render chunks ohea their required timestamps. It should be edtic
that a point-based temporal model does not nedgssaquires a multimedia format based on
timestamps as in the previous MPEG-4 BIFS examfdesMPEG-4 LASeR [62]). Any command
mechanism, such as XMLHttpRequest [131], can bd tsenodify an XML document upon reception.
A typical example is the Remote Events for XML [1B4at can be used to modify SVG documents and
manage the presence of media components over time.

3.3.2 The synchronization of media components

In this section, the term synchronization referghi® mechanisms which ensure that two or more media
components will be jointly displayed at the timewhas specified during authoring. A simplistic
synchronization would consist in specifying thag firesence of two media components will start et th
same time. However, such synchronization approastiraes a linear playback where media component
data is always immediately accessible or cannqidgally paused, fast forwarded or sought by theru

All these additional constraints concerning thegeral properties of the presentation can be expdess
in two models: timeline (Section 3.3.2.1) and edMaated synchronization models (Section 3.3.2.2).
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<Replace><Scene>
<OrderedGroup><children>
<Transform2D DEF="T2D"><children>
<Protolnstance name="LIVE_IMAGE">
<fieldvValue name="imageURL" stringArrayValu e="funl.jpg"/>
</Protolnstance>
</children></Transform2D>
<Sound2D>
<source><AudioSource url="funRadio.mp3"/></so urce>
</Sound2D>
</children></OrderedGroup>
</Scene></Replace>

<l-- Note that the image url could also be updated but broadcast scenarios require few
dependencies between timed scene elements due to po tential packet losses -->
<par begin="20">
< Repl ace atNode="T2D" atField="children" position="BEGIN">
<Protolnstance name="LIVE_IMAGE">
<fieldValue name="imageURL" stringArrayValue= "fun2.jpg"/>
</Protolnstance>
</ Repl ace>
</ par >

<par begin="36">

<Replace atNode="T2D" atField="children" position ="BEGIN">
<Protolnstance name="LIVE_IMAGE">
<fieldValue name="imageURL" stringArrayValue= "fun3.jpg"/>
</Protolnstance>
</Replace>
</par>

Code 14: Point-based timeline in BIFS based on theplace command.

<par begin="20">
< Insert atNode="T2D" atField="children" position="END">
<Protolnstance name="LIVE_IMAGE">
<fieldvValue name="imageURL" stringArrayValue= "fun2.jpg"/>
</Protolnstance>
</ Insert>
</ par >
<par begin="21">
< Del et e atNode="T2D" atField="children" position="BEGIN"/>
</ par >

<par begin="36">
<Insert atNode="T2D" atField="children" position= "END">
<Protolnstance name="LIVE_IMAGE">
<fieldvValue name="imageURL" stringArrayValue= "fun3.jpg"/>
</Protolnstance>
</Insert>
</par>
<par begin="37">
<Delete atNode="T2D" atField="children" position= "BEGIN"/>
</par>

Code 15: Point-based timeline in BIFS based on thesert/delete commands.

3.3.2.1Timeline-based synchronization

The synchronization of media components can beegediby relying on a temporal model based on a
unified timeline. As illustrated in Figure 17, theesence of media components can always be intecpre
as a point-based timeline. Such a timeline consta common reference during playback that can be
used to synchronize media components. Hence, ifiéli@ corresponding to a media component cannot
be displayed on time, all other media componentstaynized on the same timeline will be postponed
until all data attached to this time code can lspldyed. The same synchronization principles cao al
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be used when seeking into a presentation: firgt,ndw point in the timeline is determined and then
media components are displayed according to that.da order to ease synchronization of the conten
when seeking, Random Access Point (RAP) can beetkfiluring authoring in order to improve user
experience by immediately displaying an up-to-datetent while maintaining a good coding efficiency.
For instance, temporal prediction can be used deovsequence for non-RAP frames.

A synchronization model based on a timeline carek@icit. For instance, the point-based timeline
model of MPEG-4 BIFS commands can be coupled taithedine of an elementary media by pointing to
the same Object Clock Reference (OCR) in the MPEGhework. In that case, the user can seek
temporally in the content by targeting a timestang visualize the presentation as if it was pldyeuh

the beginning until that point.

A timeline-based synchronization model can alsdniyglicit. For instance, the timing of an interval-
based document based eseq> and<par> in SMIL can be computed to build a playback timeliln

that case, the user can seek temporally in theeptatson by targeting a percentage of its totahtion.
Additionally, the advanced synchronization of mettianponents can be specified using dedicated tools
which guide the implicit timeline synchronizatiorsyncBehavior , syncTolerance and
syncMaster attributes of SMIL timing.

The timeline-based synchronization of media comptseluring playback consists in constantly
checking the alignment of their timelines. Oncefigured by the editor, this process is automateid bu
still depends on external characteristics suchhasplayback tempo of media components, temporal
cropping or pre-fetching strategies that take atoount buffering and decoding delays.

3.3.2.2Event-based synchronization

The timeline-based synchronization of media comptsesquires a deep control over the timing of all

media components which is not always feasible.ifFstance, a multimedia production chain might be

informed when an audio segment is started or stbppé does not necessarily have constantly acoess t
the timeline of the audio stream. In that case, Synechronization of media components can still be
achieved by relying on a temporal model based antsvnotifications. Contrary to timeline-based

synchronization model which guarantees the syndibation of media components at any time, event-
based model only ensure this synchronization at rkeynents of the presentation, i.e. at transitions
between media components. Hence, an event-baselrepization model can specify the beginning of

the presence of two (or more) media componentsityering a common event and can disable them by
triggering individual events.

The synchronization of the media components caradieeved by focusing on key moments of a
presentation by relying on event listeners. Sudntvlisteners are configured to catch all notifioes

that correspond to media components becoming gisibdisappearing from the current presentation. In
some multimedia formats, event-based and timelas=d synchronization model can be advantageously
combined in the same descriptors. For instanceSke begin  attribute, introduced in Section 3.3.1.1
as an explicit time reference, can also refer ® lginning or to the end of a media component as
illustrated in Code 16. In this example, the casmpdf media components is managed by triggerieg th
beginning of a media component from the ending ewuéiis predecessor. The same cascading scenario
can also applied to point-based timeline. In tlate; begin and end events can be triggered froedtim
commands as illustrated in the MPEG-4 BIFS exarppdeided in Code 17.

The event-based synchronization is applicable ésgmtations whose timeline can be decomposed into
segments where individual media components arblgidin particular, such synchronization modeligg i
not suitable for the synchronization of two (or eloelementary media streams such as audio and video
because a lip-sync synchronization is requiredhiatt tase. However, these two approaches succgssfull
complement each other in many application scenarios
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<pa|'>
<audio src="funRadio.mp3"/>
<img id="fun1" src="fun1.jpg" begin="0s" dur="20s " region="live" fill="freeze"/>
<img id="fun2" src="fun2.jpg" begin="fun1l. endEvent " dur="16s" region="live" fill="freeze"/>
<img id="fun3" src="fun3.jpg" begin="fun2. endEvent " dur="7s" region="live" fill="freeze"/>
<img id="fun4" src="fun4.jpg" begin="fun3. endEvent " dur="19s" region="live" fill="freeze"/>
<img id="fun5" src="fun5.jpg" begin="fun4. endEvent " dur="12s" region="live" fill="freeze"/>
<img id="fun6" src="fun6.jpg" begin="fun5. endEvent " dur="16s" region="live" fill="freeze"/>
<img id="fun7" src="fun7.jpg" begin="fun6. endEvent " dur="15s" region="live" fill="freeze"/>
<img id="fun8" src="fun8.jpg" begin="fun7. endEvent " dur="5s" region="live" fill="freeze"/>
<img id="fun9" src="fun9.jpg" begin="fun8. endEvent " dur="4s" region="live" fill="freeze"/>
<img id="fun10" src="fun10.jpg" begin="fun9. endEvent " dur="8s" region="live" fill="freeze"/>
</par>

Code 16: Event-based synchronization in SMIL.

<Replace><Scene><OrderedGroup><children>
<Sound2D><source><AudioSource url="funRadio.mp3"/ ></source></Sound2D>
<Transform2D DEF="T2D"><children>
<Protolnstance name="LIVE_IMAGE">
<fieldValue name="imageURL" stringArrayValue= "funl.jpg"/>
</Protolnstance>
</children></Transform2D>

<Conditional DEF="ACTIVATE_FUN2"><buffer>

<Insert atNode="T2D" atField="children" positio n="END">
<Protolnstance name="LIVE_IMAGE">
<fieldvValue name="imageURL" stringArrayValu e="fun2.jpg"/>
</Protolnstance>
</Insert>
<Delete atNode="T2D" atField="children" positio n="BEGIN"/>

</buffer></Conditional>

<Conditional DEF="ACTIVATE_FUN3"><buffer>

<Insert atNode="T2D" atField="children" positio n="END">
<Protolnstance name="LIVE_IMAGE">
<fieldvValue name="imageURL" stringArrayValu e="fun3.jpg"/>
</Protolnstance>
</Insert>
<Delete atNode="T2D" atField="children" positio n="BEGIN"/>

</buffer></Conditional>
</children></OrderedGroup></Scene></Replace>

<par begin="20">
<Replace atNode="ACTIVATE_FUNZ2" atField="activate " value="true"/>
</ par >

<par begin="36">
<Replace atNode="ACTIVATE_FUN3" atField="activate " value="true"/>
</ par >

Code 17: Event-based synchronization in BIFS.

3.3.3 The timing of the scene

The temporal properties of a multimedia presenmtatannot be limited to the presence of media
components and their synchronization. Indeed, @dkial properties introduced in Section 3.2 can be
changed over time: positioning, visibility and styproperties. As a consequence, a multimedia scene
describes timing properties that aim at animatimmes aspects of the presentation: scrolling texting
pictures, blinking banners, transitions, fading amagnifying effects, etc. All these temporal prds

can be modeled using two different approaches: dimpeoperties (Section 3.3.3.1) and animations
(Section 3.3.3.2).

3.3.3.1Timed properties

The changes over time of the spatial aspects opregentation (or interactive aspects) can be fipaci
by assigning a duration to the value of some sgeoperties. Hence, the timing of all scene propsrti
can be managed by an interval-based or point-b@s@ty model in the same way as the presence of
media components over time is handled. Such a mmdighg on timed properties extends temporal
models focused on media components because itedefineir visibility over time as any other
presentation property that can be timed.
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The definition of timed properties requires ideyitify targeted presentation aspects of the spatial (
interactive) model, defining a timing period foeth (possibly infinite) and specifying a value théll

be assigned to each targeted property during itwaéion period. As illustrated in Code 18, the
activation period of a SMIL property can be definkeg an interval-based sequence withet>
elements. In this example, the positiaitifbuteName ) of each image is defined over time (
attribute) so that they become visible. As illusgcain Code 19, the same example can be replicated
MPEG-4 BIFS with the same scene timing model bygisi point-based timeline and visual activation
mechanismsSwitch ).

In fact, the presence models for media componerdsepted in Section 3.3.1 and some aspects of
synchronization are simplified timing models whionly take into account a limited aspect of a

multimedia presentation (i.e. the visual activatioh media components). Timed properties can

advantageously complement such models or takedrgehithe whole timing aspects of the presentation
depending on the level of functionality supported thrgeted multimedia players and application

scenarios.

<par>
<audio id="caraudio" src="./media/funRadio.mp3"/>
<img id="fun1" src="funl.jpg" left="320" region=" live" fill="freeze"/>
<img id="fun2" src="fun2.jpg" left="320" region=" live" fill="freeze"/>
<img id="fun3" src="fun3.jpg" left="320" region=" live" fill="freeze"/>
<img id="fun4" src="fun4.jpg" left="320" region=" live" fill="freeze"/>
<img id="fun5" src="fun5.jpg" left="320" region=" live" fill="freeze"/>
<img id="fun6" src="fun6.jpg" left="320" region=" live" fill="freeze"/>
<img id="fun7" src="fun7.jpg" left="320" region=" live" fill="freeze"/>
<img id="fun8" src="fun8.jpg" left="320" region=" live" fill="freeze"/>
<img id="fun9" src="fun9.jpg" left="320" region=" live" fill="freeze"/>
<img id="fun10" src="fun10.jpg" left="320" region ="live" fill="freeze"/>
<seg>
< set targetElement="funl" attributeName="Ileft" to="0" d ur="20s"/>
< set targetElement="fun2" attributeName="Ileft" to="0" d ur="16s"/>
< set targetElement="fun3" attributeName="Ileft" to="0" d ur="7s">
< set targetElement="fun4" attributeName="Ileft" to="0" d ur="19s"/>
< set targetElement="fun5" attributeName="Ileft" to="0" d ur="12s"/>
< set targetElement="fun6" attributeName="Ileft" to="0" d ur="16s"/>
< set targetElement="fun7" attributeName="Ileft" to="0" d ur="15s"/>
< set targetElement="fun8" attributeName="Ileft" to="0" d ur="5s"/>
< set targetElement="fun9" attributeName="Ileft" to="0" d ur="4s"/>
< set targetElement="fun10" attributeName="left" to="0" dur="8s"/>
</seq>
</par>

Code 18: Timed-properties in SMIL.

<Replace><Scene><OrderedGroup><children>

<Sound2D><source><AudioSource url="funRadio.mp3"/ ></source></Sound2D>
<Switch DEF="SWITCH_IMAGE" whichChoice="0"><choic e>
<Protolnstance name="LIVE_IMAGE">
<fieldvValue name="imageURL" stringArrayValue= "funl.jpg"/>

</Protolnstance>
<Protolnstance name="LIVE_IMAGE">
<fieldvValue name="imageURL" stringArrayValue= "fun2.jpg"/>
</Protolnstance>
</choice></Switch>
</children></OrderedGroup></Scene></Replace>

<par begin="20">

<Replace atNode="SWITCH_IMAGE" atField="whichChoi ce" value="1"/>
</ par >
<par begin="36">

<Replace atNode="SWITCH_IMAGE" atField="whichChoi ce" value="2"/>
</ par >

Code 19: Timed-properties in BIFS.
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3.3.3.2Animations

The quick changes over time of the spatial aspEdtse presentation can be defined by assignirguev

to targeted scene properties for a short peridihe# (like in cartoons for instance). However, thare
some use cases where the evolution of some sceperpes can be determined over time through a
mathematical formula. Based on the descriptionuchsa formula, the presentation playback consists i
computing scene properties every time the rendemugiires it to create an animation effect. As a
consequence, an animation model defines spatiatespf the presentation (or interactive aspeatsy o

a period of time by associating a function of titmescene properties.

The management of the temporal aspects of a peggenusing an animation model requires the explici
identification of targeted scene propertieanifnatable  attributes in SVG) and an animation
description that determines the different valuegadh property over a period of time. For instarmce,
specific function of time can be created using Javipt code getTimeout function). Simpler
animation models can rely on predefined transfommatto define animations such as interpolations.
Such an animation model usually defines the dumatibthe animation and (at least) the initial/final
states of the targeted property. As illustrate€Cade 20, a SMIl<animate> element can be used to
define a linear translation of theft  attribute from 320px to Opx in a period of 2s.

Although any timed properties model could be exggdsby an animation model (by specifying the

animation as a constant function in that case),athienation model is seldom used as the primary
temporal model for a presentation. In fact, theditions that trigger the animation of some scene
properties are often managed using a presencerohi®nization temporal model for media components.
Indeed, the animation model introduces a mappitgden a local timer (or event generator) and values
of a scene property. Therefore, an animation modgl complement a global temporal model which

masters the whole presentation.

<par>

<audio id="caraudio" src="funRadio.mp3"/>

<img id="fun1" src="funl.jpg" left="320" region=" live" fill="freeze"/>

<img id="fun2" src="fun2.jpg" left="320" region=" live" fill="freeze"/>

<img id="fun3" src="fun3.jpg" left="320" region=" live" fill="freeze"/>

<img id="fun4" src="fun4.jpg" left="320" region=" live" fill="freeze"/>

<img id="fun5" src="fun5.jpg" left="320" region=" live" fill="freeze"/>

<img id="fun6" src="fun6.jpg" left="320" region=" live" fill="freeze"/>

<img id="fun7" src="fun7.jpg" left="320" region=" live" fill="freeze"/>

<img id="fun8" src="fun8.jpg" left="320" region=" live" fill="freeze"/>

<img id="fun9" src="fun9.jpg" left="320" region=" live" fill="freeze"/>

<img id="fun10" src="fun10.jpg" left="320" region ="live" fill="freeze"/>

<Seq>
< ani mat e targetElement="fun1" attributeName="left" to="0" b egin="0s" dur="2s"/>
< ani mat e targetElement="fun2" attributeName="left" to="0" b egin="18s" dur="2s"/>
< ani mat e targetElement="fun3" attributeName="left" to="0" b egin="14s" dur="2s"/>
< ani mat e targetElement="fun4" attributeName="left" to="0" b egin="5s" dur="2s"/>
< ani mat e targetElement="fun5" attributeName="left" to="0" b egin="17s" dur="2s"/>
< ani mat e targetElement="fun6" attributeName="left" to="0" b egin="10s" dur="2s"/>
< ani mat e targetElement="fun7" attributeName="left" to="0" b egin="14s" dur="2s"/>
< ani mat e targetElement="fun8" attributeName="left" to="0" b egin="13s" dur="2s"/>
< ani mat e targetElement="fun9" attributeName="left" to="0" b egin="3s" dur="2s"/>
< ani mat e targetElement="fun10" attributeName="left" to="0" begin="2s" dur="2s"/>

</seq>

</par>

Code 20: Animations in SMIL.

3.4 Interactive models

A scene description model aims at proposing anoaiglial experience to the user who can influenee th
course of the presentation by interacting with mmeétia content. An interactive model (sometimes
called hypermedia model [48]) defines the interfaeéwveen a human exposed to a set of elementary
media and their presentation that can be expressied) the visual and temporal models previously
described in Section 3.2 and 3.3. The variety ohdw interfaces is large because interactive mea@ns a
numerous (a keypad, a mouse, a touch screen styfirgger on a touch screen, voice orders, eta) an
the possible interactive behaviors associated wsir's wishes can be very rich. Among all possible
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behaviors, an interactive model may offer somerobatver media components (Section 3.4.1), define a
content navigation scheme (Section 3.4.2) or specifser agent (Section 3.4.3).

3.4.1 The control of media components

The user interactions with a multimedia contenemfaim at controlling the media components that are
part of the presentation. This requires that comtamameters over media components are accessible t
the user. The targeted properties of these cop@n@meters are the visual and temporal propertideo
presentation and could be associated to the ‘dastgnactions [that] influence the visual and atglib
layout of a presentation’ and the ‘movie interagsigthat] affect the temporal course of the entire
presentation’ defined by S. Boll [23]. However, lsur distinction between design and movie suffers
limitations since the design of a presentation loarclosely linked to its temporal course. Insteaab
main control models for media components are ddfimethe following depending on the scope of
presentation parameters, i.e. external (Sectiod 3 Yor internal (Section 3.4.1.2) to media congs.

3.4.1.1External control parameters

The control over perceptual properties of media mmments can be introduced in a presentation by
specifying new parameters that override defaulbag@operties. For instance, the default sizevifleo

clip is determined according to the screen definitand the resolution of pictures. However, the use
may select a full-screen or thumbnail renderingHsr presentation by applying a scaling factor ¢o b
applied to the default size. Such control fromuber can be modeled with external parameters fngce
supplemental description is not part of the medimmonent itself but attached to it, as proposethby
ZyX projectors [23].

The control over media components by external patars covers any perceptual aspect that can be
overridden. Hence, the size of media componentbeaxtended or reduced using a scaling factar, the
playback speed can be modulated (and possibly gdaufieeir position in a relative or absolute
positioning model can be updated, their visibitign be canceled... All these presentation modifiexg m
be ordered by the user from independent interad¢teés that rely on a content analysis (or specific
descriptors). For instance, the playback controéromn audio sequence can be managed by the
presentation using dedicated tools such as <¢hediaControl> element of MPEG-4 BIFS.
Additionally, the playback control over the wholeegentation can be handled directly from the
multimedia player by using the media control bartHe same way, a scaling factor might be applied b
a web browser based on user preferences or ekplcibposed to the user as part of the multimedia
presentation.

The modeling of user interactions through extecaaitrol parameters is flexible because it introdume
interactive layer that is independent from oth@&spntation aspects. However, this modeling onlgv
some general properties of media components (i@aasparency, playback speed or sensitivity to
interaction) and sometimes assumes specific spatidl temporal models. For instance, a media
component might be based on a set of colors thaitaractive model based on external parametets wil
be unable to control.

3.4.1.2Internal control parameters

The control over the presentation of a media corapbrcan be offered to the user, by each media
component, by exposing an interface that can be tseet the values of targeted parameters inkigle t
component. The parameters of such an interfacespeeific to each media component but can be
expressed using generic interface mechanisms.

A presentation whose interaction model is drivennbgrnal control parameters allows the full cohtro

the media components proposed to the user giveérathahavior manager has been associated with the
parameters of the exposed interfaces. Code 21lides@& button whose presentation changes when being
pressed. This SVG button constitutes a media coemgawhose interface is provided in an associated

JavaScript description. Depending on the actiothefuser, the behavior manager configures the SVG
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button through its interface with the required intd parameters. As illustrated in Code 22, sucHiae
component interface can also be defined usingBretoDeclare>  MPEG-4 BIFS elements.

The modeling of user interactions through intercahtrol parameters can be used to address specific
needs to modify media components based on useynadtiowever, the definition of such content-
oriented interfaces requires the authoring of rattbriactive behaviors since a generic multimedigeaula
might not be able to analyze targeted scene ptiepeRor this reason, the simultaneous usage @fnat

and external control parameters models enablesdaantageous trade-off between the flexibility of
external parameters and the richness of interastigaarios opened by internal parameters.

<svg xmins=http://www.w3.0rg/2000/svg>
<script id="script-root" type="text/ecmascript">.
function setTextButtonColor(color){
- okText = document.getElementByld("ok_text");
OK okText.setAttribute("fill", color);
}
function mouseOver() {
setTextButtonColor("#636466");

O setGradientColor("rgb(255,255,255)","rgb(157, 159,161)";
' }
Mouse over </script>
- <g transform="translate(-500, -550)">
O <g onnouseover ="mouseOver()"  onnpuseout ="mouseOut()"
onnmousedown="mouseDown()" onnmouseup="mouseUp()">
Mouse down <path fill="url(#gradient_effect)" d="M610.309, >
<text id="ok_text">OK</text>...
</g>
<lg>
</svg>

Code 21: JavaScript control interface for mouse inpts in SVG.

<Pr ot oDecl ar e name="BUTTON_PROTO">
< fi el d name="textColor" type="Color" vrml97Hint="exposedF ield" colorValue="0 0 0"/>
< fi el d name="gradientColor" type="Colors" colorArrayValue ="0.730.740.741 1 1"/>
<Transform2D><children>
<Shape>
<appearance><Appearance>
<material>
<Material2D USE="MAT"/>
</material>
<texture>
<LinearGradient key="0 1" endPoint="0 1">
<IS>
<connect nodeField="keyValue" protoFi eld="linearGradientColor"/>
</IS>
</LinearGradient>
</texture>
</Appearance></appearance>
<geometry><Curve2D type="1 2 2 1 2 2"><point >
<Coordinate2D point="-45 20..."/>
</point></Curve2D></geometry>
</Shape>
<Shape>
<appearance><Appearance><material>
<Material2D filled="true">
<IS>
<connect nodeField="emissiveColor" pro toField="textColor"/>
</IS>
</Material2D>
</material></Appearance></appearance>
<geometry><Text string="OK"></Text></geometr y>
</Shape>
</children>
</Transform2D>
</ Pr ot oDecl ar e>

Code 22: Prototype control interface in BIFS.
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3.4.2 Navigation schemes

An important aspect of content interactivity is tegacity of the user to select the media companent
he/she might be interested in. During authoringigmificant effort can be spent on the ergonomic
aspects of a presentation to make sure that thhecaseeasily identify all the content he/she caress.
Most of the time, content possibilities cannot beppsed as a long catalogue: mainstreams need to be
defined (e.g. welcome page), content can be cdmmgbaccording to it level of details (e.g. heagkin
leading to detailed articles), content might begased according to selected topics (e.g. persmuhli
advertising)... The presentation is in charge of mdefi the paths that guide the user accessing the
proposed media components. As S. Boll says [2dis interaction type [navigation interactions] mean
that the document offers the users the possiliitgelect one out of many presentation paths’. Such
navigation scheme can be modeled using the twooappes described in the following: directions arcs
(Section 3.4.2.1) and a finite state machine (8p@&i4.2.2).

3.4.2.1Directional arcs

A navigation scheme defines the different pathsser us allowed to follow when interacting with a
presentation. These interactive paths proposeetoder aim at providing a customized access téamed
components depending on topics interests, requéssted of details, etc. Building these routes irapli
editorial choices. These routes can be modeledywsigradual approach where the selection of a media
component opens access to one of several otheransednponents. Such directional arcs build up a
complete navigation tree that the user can rurutfirdo get access to media components.

In practice, each media component needs to beasindtion of a directional arc to become accessibl
by the user. As a consequence, such a navigatioemee can be illustrated using a connected graph
where the interactions of the user can be drawa path as illustrated in Figure 18 on a menu exampl
For instance, these directional arcs can be defigesimple HTML<a> anchors.

The modeling of presentation interactions usingational arcs focuses on the best possible ways to
access a given media component. Once a media ce@mpbas been selected, the experience of the user
needs to be pursued by providing new interactithgpa his can be performed by inviting the usegdo
back to the main presentation which is then thetistapoint of any navigation inside the content.
Secondary directional arcs can also be defineth@siéxt and previous arrows of an astrology service
example. In an HTML browser, directional arcs aseally stored and can be undone in order to step
back in the navigation scheme. In practice, diogati arcs are quite static structures since thejlyim
one-to-one dependencies between media componemtsidtance, the dynamic insertion and deletion a
media component require repairing broken links.

| Live |

’Weather‘ ’Traﬁc‘ ’ EPG ‘

' [
Astro Astro L, Astro L Astro N Astro
Menu Panel 1 Panel 2 Panel 3 Panel 12

| il

Figure 18: Interactive menu based on direction arcs

3.4.2.2Finite state machine

The design of a navigation scheme inside a presemtprimary aims at proposing media components
that meet the interest of the user. For examphgw&ed search engines are very efficient when logkin
for a precise piece of information. In that casegdional arcs can still be used to offer varitings to
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media components related to queries. Howevereit tequires numerous scene alternatives to cope wit
various presentation possibilities due the stadiiime of these links. Additionally, users are netays
expecting a prioritized access to some specificismedmponents while navigating into a presentation:
they might be interested in having a multimedia touoversee a content dealing with a specificaapi

a more general theme. Such navigation scenariasreegey presentation states that can be accessed
according to some pre-conditions and lead to attaes as illustrated in Figure 19. The modeling of
finite state machine can be used to manage theusamteractive paths offered to the user.

A navigation scheme modeled by a finite state melshould be seen as a storyboard. This approach
has been largely explored in the human interfageaio to generate Graphical User Interface (GUI)
where the user should fulfil different steps to iaeld his task [50]. Each presentation state can be
associated with spatial or temporal modificationat tmaterialize the dialog between the user and the
presentation. For instance, sub-menu states cameaged in order to host dynamic items that do not
actually correspond to any specific media compor{enhtent placeholders). Based on interactivity
managers several presentation states can be cteatietermine the media component to be displayed
according to user actions.

The modeling of presentation interactions usingeef state machine enables a high-level management
of user actions. Additionally, the current presgatastate of interactivity can be managed at dajlo
level to enable suitable transitions between soeméigurations. Of course, transitions from one iaed
component to another can be defined using direglti@ncs by introducing additional descriptors
specifying some animation effects. However, suahsition mechanisms heavily depend on the current
status of the presentation when applied and ngtagpend from the media component that triggered th
animation. As a consequence, both modeling carsed o efficiently cope with stateless and/or &thte
links depending on the required level of controusér actions.

Figure 19: Interactive menu based on a finite statenachine.

3.4.3 User inputs

The modeling of the interactive aspects of a pregiem aims at defining the behavior of the content
according to user actions. Therefore, the possibde’s actions need to be specified in order tonddghe
human interface of the presentation. In this domainte of a lot of user inputs describing the vas
actions of a human over a presentation have beaendatdized such as the MPEG-21 DIA
Userlnteractionlnput support. As far as the presentation of media car@pts is concerned only
targeted user’s actions matter. For this purposentebased notifications, as introduced for tempora
models in Section 3.3.2.2, are the prevailing modehpproach that can be found in the current state
the art. The supported interactive means can therdie modeled using two combined descriptions.
First, interactive actions being supported are sgdppossibly through event listeners. Then, expect
user’'s actions are translated into triggers thatrob the properties of some media component (8ecti
3.4.1) or step into the presentation navigatioreswh (Section 3.4.2). In the following, the two mager
interaction input models commonly available on im#idia terminals are described by underlying their
functionalities that cannot be limited to hyperlif8]: buttons (Section 3.4.3.1) and pointing desic
(Section 3.4.3.2).
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3.4.3.1Button-based interactions

The first interactive means proposed to usersteyait with a multimedia presentation were buttibias

can be pressed to trigger some actions on theagiisBluch buttons can be specific to a device liee t
‘Home’ button of an internet tablet (e.g. Nokia NBOA limited set of buttons can be proposed to the
user on handheld receivers like the usual keypaotefucomposed of the ‘right’, ‘left’, ‘up’, ‘down’

‘ok’ buttons. Finally, a complete AZERTY keyboardrcbe accessible to the user on a PC or some
mobile phones like the Samsung i780. All these keythis need to be modeled to enable the
identification of the buttons activated by the used also to determine the action that was perfdrme

The modeling of keyboard buttons that need to liied to the presentation engine when being pieésse
is partially standardized by existing charactes 4étl] that provide a mapping between a numerical
representation and printable characters such asof@’ as illustrated with theaccessKey of the
SVG example described in Code 23 (decimal cod&#&#or ‘L’ character). Additionally, non-printing
characters such as a ‘down’ action triggered byggng on the down arrow button of a keyboard can
also be caught using the ASCII code characterbuasrated with the<InputSensor>  element of the
MPEG-4 BIFS example described in Code 24 (decirodeds #&18 for the down arrow). Finally, these
key identifiers can be complemented with a categtion of the user action. For instance, the
<InputSensor> element of MPEG-4 BIFS distinguishes press anebsse commands and can notify
the presentation of the combined used of ‘alt’iftsbr ‘control’ buttons and an additional key.

The modeling of user actions on keyboard buttoreviherelies on the standardized mapping of the
device buttons with respect to the ASCII or anyeagtd character set. The association of key easaks
presentation behaviors is mostly based on the saeghanisms that are used to modify the visual
properties over time. In fact, both mechanisms eaen be used to trigger the same behavior or
combined into a single event. For instance, thenmanu of a presentation could become immediately
visible by pressing the ‘Q’ character on a keybo@nda ‘Home’ button) while this menu can also be
automatically displayed after a certain periodractivity. In a similar way, keyboard events midpet
triggered a few seconds after pressing a buttdiluarated in Code 23.

3.4.3.2Focus-based interactions

A usual interactive means proposed to users tgactevith a multimedia presentation is a pointing
device locating an area of the visual presentati@n.instance, such pointing devices can be videdl

on a screen by a mouse. It can also be the reg@rfiof the user (or a stylus) in the case of taarkens.

The pointing actions that need to be notified t® pihesentation engine are closely linked to theianed
component the user is supposed to interact witha Asnsequence, the modeling of focus-based user
interaction inputs is mostly based on sensorsdhatbe attached to media components whose surface
then becomes sensitive to user’'s selections. Asfbased interaction model aims at identifying the
media components pointed by the user and specitiimgriggered actions.

<svg xmins=http://www.w3.0rg/2000/svg>

RIL
<image id="myTablmg" width="106" height="29"
i xlink:href="tab.gif"/>
L pressed <rect id="myTab" width="106" height="30" opacity ="0"/>
le direct </defs>
météo <use id="menu_tabl" display="none" xlink:href="#my Tablmg"/>
LE DIRECT <text>le direct</text>
astro <use id="menu_item1" xlink:href="#myTab"/>
la grille <set xlink:href="#menu_tab1" attributeName="displa y"
to="inline" begin="menu_item1.click+1s; accessKey(&#76;)"/>
</svg>

Code 23: Button-based user’s inputs in SVG.
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<Conditional DEF="C_UP"><buffer> ... </buffer></Con ditional>
<Conditional DEF="C_DOWN"><buffer> ... </buffer></C onditional>
<Valuator DEF="V_PRESS_UP" Offset1="-17" />

<Valuator DEF="V_PRESS_DO" Offset1="-18" />

<InputSensor url="KeySensor">

<buffer>
<Replace atField="inSFInt32" atNode="V_KEY_PRES SED" value="0" />
<Replace atField="inSFInt32" atNode="V_KEY_RELE ASED" value="0" />
<Replace atField="inSFInt32" atNode=" V_ACTI ON_KEY_PRESSED" value="0" />
<Replace atField="inSFInt32" atNode=" V_ACTI ON_KEY_RELEASED" value="0" />
<Replace atField="inSFBool" atNode="V_SHIFT_KEY _CHANGED" value="TRUE" />
<Replace atField="inSFBool" atNode="V_CONTROL_K EY_CHANGED" value="TRUE" />
<Replace atField="inSFBool" atNode="V_ALT_KEY_C HANGED" value="TRUE" />
</buffer>

</InputSensor>

<ROUTE fromField="outSFInt32" fromNode="V_ACTION_KE Y_PRESSED"
toField="inSFInt32" toNode="V_PRESS_UP" />
<ROUTE fromField="outSFInt32" fromNode="V_ACTION_KE Y_PRESSED"
toField="inSFInt32" toNode="V_PRESS_DO" />
<ROUTE fromField="outSFBool" fromNode="V_PRESS_UP" toField="reverseActivate" toNode="C_UP" />
<ROUTE fromField="outSFBool" fromNode="V_PRESS_DO" toField="reverseActivate" toNode="C_DOWN"/>

Code 24: Button-based user’s input in BIFS.

The focus on a media component can be triggered) aspointing device. In that case, pointing action
need to be further categorized by specifying speeents such adlick , mousedown, mouseup,
mouseover , mousemove, mouseout as defined by SVG standard and linked to a mealiaponent

to define a particular behavior. As illustrateddade 25, anouseover event can change the color of a
blue rectangle to yellow for one-second period. iAddally, generic focus mechanisms that do not
depend on a specific pointing device can also keeied. For instance, tHecusin , focusout and
activate interactive events as defined by the SVG standeaidsbe used to handle some part of the
mouse-like interactivity but also some focus-basgetibns triggered from keyboard buttons such as the
‘tab’ (or the ‘shift'+'tab’) shifting key and ‘ENTR’ or the “alt+tab” (or the ‘shift'+'alt'+'tab’)
switching key.

The pointing devices used to interact with a presgtem are various and evolve quickly over timeeTh
scroll wheel of a mouse is an example. In practsent handlers need to be extended to be able to
recognize new actions applied to a media compotiettgets a focused action from the user. As an
extension, some global interactive events thatyapplthe whole presentation, and not necessarily
focused onto one or several media components, ealetined (presentation-based focus). For instance,
the display dimensions set by the user when resitsnHTML browser window or the coordinates of a
mouse are global events that can be registeretieopresentation. In that case, the behavior agedcia
with fired events can be defined by involved memienponents that listen to events through an exténde
scope or managed at the presentation level, pgghitdugh JavaScript.

<svg xmins=http://www.w3.0rg/2000/svg
width="600" height="100" viewBox="0 0 100 600" >
<rect x="10" y="10" width="80" height="55" rx="10 " ry="10">
<set begin=" cl i ck" attributeName="fill" to="yellow" dur="1s"/>
mousedown <Irect>
<text x="50" y="80" text-anchor="middle" >click</ text>
<rect x="10" y="110" width="80" height="55" rx="1 0" ry="10" >
<set begin=" nmousedown" attributeName="fill* to="yellow" dur="1s"/>
. <[rect>
click <text x="150" y="80" text-anchor="middle" >mouse down</text>
<rect x="10" y="210" width="80" height="55" rx="1 0" ry="10">
<set begin=" f ocusi n" attributeName="fill" to="yellow" dur="1s"/>
<[rect>
focusin <text x="50" y="80" text-anchor="middle" >focusin </text>
</svg>

Code 25: Focus-based user’s inputs in SVG.
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3.5 Conclusion

The organization of scene properties into threennaaipects (spatio-visual, temporal and interactive
properties) gives a structured view of the multimedxperience that can be proposed to users.
Depending on application scenarios, a multimedemsanight focus on different scene properties:

- the spatio-visual organization of media componéntts a single document (e.g. a presentation
slideshow or an interactive book)

- the temporal evolution of the presentation throoghtent transitions and animation effects that
attract the user’s attention or improve the ergadooaspects of interactivity (e.g. rich-media
applications)

- the interactive flexibility of the presentation &aocess media components but also to play with
them (e.g. a content gallery or a game)

The use of scene properties as common abstraceptsnior all of these presentation aspects con&ibu
in reducing authoring limitations while minimizingnplementation efforts for generic multimedia
players. For instance, based on common interaativéels, multimedia events can be used to retrieve
the following: the dimension of the display wind@®8ection 3.2.2.3), the beginning of the playback of
video (Section 3.3.2.2) and action of the usergingson a button (Section 3.4.3.2). In the same, way
using a common set of tools, the scene structurdeaised to define the position of a media compbne
on a grid layout (Section 3.2.1.3), the cascadihgmedia components over time (Section 3.3.1.1) and
‘previous-next’ navigation in a menu (Section 3.#)2Another example is the stateful management of
the current presentation, which is commonly usediiil methodology. Scene states can encompass
topological relations between media componentsti{@e8.2.1.2), a time reference used to synchronize
the display of several media components (SectiBr2.3.) and the presentation modifications requiced
navigate to another presentation state (Sectia@.24

Beside this convergence of presentation toolsnttaral evolution of existing multimedia standatds
address new requirements by extending existing fmattees not necessarily tend to a unique solution.
Indeed, the requirements of targeted applicati@nagos are an important factor when selecting the
models that will depict a multimedia presentatibar instance, authoring and playback scenariosotlo n
have to deal with the same constraints. Contertingdrequires some flexibility while multimedia
rendering implies an efficient content computatibnthe same way, generation and delivery scenarios
have different focuses. Data generation requiresrthintenance of a high content quality while conte
delivery may be optimized by giving up some expkgmantics.

As a consequence, each scene description modetitgbdn this chapter may be advantageously
deployed in some multimedia environments. Somehes¢ models might be combined with limited
implementation costs or can complement each othextend some initial requirements. Multimedia
presentation systems must be designed to leverhgd these possibilities. In particular, reducing
multimedia richness to enable specific scene psiitgssuch as the adaptation of a presentatiamtis

an option. The evolution of a multimedia platforrashto be considered with a high priority when
considering software development, even if presemstdesign is narrowed to dedicated scenarios at
creation time.

As a last concluding remark for this chapter, itsinfbe mentioned that we do not claim to have pexvid
an exhaustive list of scene description modelsaagg spatial, temporal and interactive dimensares
concerned. Multimedia documents are only limitepresentations of a presentation and will therefore
always evolve over time. We strongly suggest rglyon extensible approaches when dealing with
multimedia documents, and as you will see, thischating remark will guide our designs in the
following chapters.
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Chapter 4 Multimedia scene adaptation

The underlying models of scene descriptions basethe three types of scene properties described in
Chapter 2 (viz. visual, temporal and interactiveparties) assume that scene instructions will be
accurately applied during the rendering procesb@tlocument. However, the ideal playback condition
assumed during content conception might not beiggpé in some environments, thus degrading the
audiovisual experience of the user. Hence, multimedene usability cannot be simply guaranteed by a
smartly designed and appealing presentation. t edgjuires a technical compatibility between the
multimedia scene and different usage environmeb®d][ The common approach, which is largely
deployed in nowadays authoring chains, consistiesigning multimedia presentations that only featur
very well supported functionalities in order to gastee the expected document playback to the nser i
all environments. In fact, this “one-content-fit-atrategy is very frustrating for service proeig who
must author highly constrained multimedia documémt# the most restricted usage environments It
also unsatisfactory for end users who cannot acaessdvanced multimedia experience even though
they are appropriately equipped.

Scene adaptation consists in providing a multimesiane tailored to meet the constraints of the
rendering engine in the user’'s environment. Thegestcaints are commonly described as part of the
user's context (or user and network characteristissdefined in MPEG-21 DIA [66]). The scene
adaptation processes described in this chaptebeamodeled as a two-step process, as depicted in
Figure 20 [91]. In the first step, an adaptatiogisien-taking engine (ADTE) transforms environment
constraints into adaptation parameters expressétkigcene domain. In the second step, the bitastea
adaptation engine (BAE) performs scene transfoonati Although this schematic representation of
scene adaptation may look simplistic, it is notyets take appropriate adaptation decisions when
numerous context aspects need to be handled. Addity, dynamic context aspects and live documents
also require continuous scene transformationshidneg to be integrated in a real-time adaptationgss.

In the following, general considerations aboutuker's context are discussed in Section 4.1. Sedt®
describes state-of-the-art adaptation decisiomtpkipproaches while scene transformation techniques
commonly implemented in scene formats are desciib&dction 4.3. These decision-taking approaches
and scene transformations mechanisms enable th#icatdn of the multimedia presentation based on
scene description models which were previouslyildetin Chapter 2.

User’s context

' ADAPTATION ENGINE (AE)

v
.| Adaptation Decision-Taking Engine Adaptation
Input adaptation| (ADTE) FECIIREE
descriptors
.| Bit-stream Adaptation Engine .
Input bit-stream ! (BAE) Adapted bit-stream

Figure 20: The adaptation engine architecture.

4.1 The user’s context

The context parameters that can influence the playlof a presentation can be various and numerous
[28][33]. As S. Boll suggests it, ‘for the exterftamlaptability, we distinguish between adaptatmuter
interest, which adapts the contents of a docuntetitet user’'s knowledge, professional background, an
the like, and adaptation to technical infrastruetwhich adapts to the technical infrastructurdlalke

to a user’ [24]. In the following, we introduce theope of our environments constraints (Sectioril}.1
and define user’s preferences as we handled itigBet.1.2).
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4.1.1 Environment constraints

The concrete user context that we consider careberitbed using standardized approaches such as the
User Environment Descriptor@MPEG-21 UED) [66] orComposite Capability Preference Profiles
(W3C CC/PP) [125]. This user context (or executgmvironment) is naturally heterogeneous and may
fluctuate over time. For instance, the resourcésr@d by wireless networks vary with the number and
the position of connected users. Additionally, mgmasage, processing power, decoding capabilities,
screen size, screen resolution and available ctteeameans are examples of technical requirenfents
terminals, also called receivers profile. Thesénnézal requirements must be addressed to ensure the
access of the multimedia presentation to the erat. usurthermore, other user-oriented context
parameters such as the level of details, presenthggibility, content duration or lighting levetan also

be exploited to adapt the presentation to usepgetations, also called user profile.

These environment parameters can be described MP&G-21 document as provided in Code 26 and
constitute adaptation constraints to be respecyescene properties. Since the mapping between scene
properties described in Chapter 2 and environmenstecaints might be a difficult task to perform, as
illustrated in Figure 21, environment constrainte aometimes grouped into typical configurations.
Hence, device-specific authoring consists in priegaa custom scene description for each targeted
environment. In that case, a version of the saresgmtation is defined for each configuration (arg.
iPhone). Such authoring approach is efficient iagasenvironments where receiver's types can be
identified. However, it does not scale well as thenber of possible device configurations increases.
Even though such a high-level context descriptibrihe user’s environment has limitations, it still
enables some essential adaptation scenarios sublk asntent selection operated by an MPEG Digital
Item Processing (DIP) engine [68] or an adaptdtiamework [101].

Our approach relies on intermediate descriptotsetween environment or context parameters and scene
properties, that we call adaptation parameterfadt) adaptation parameters gather scene propartes
groups that are targeting specific user contextes€& presentation groups are linked to adaptation
parameters which describe content characteridiaswill be matched against environment constraints
The Switch element of SMIL is an example of such a presemationfiguration. For instance, its
systemBitrate attribute can used to define bandwidth requiremémt several audio tracks. In that
case, this adaptation parameter refer to an aailzndwidth that can be allocated for the playbafck

an audio track instead of requiring a minimal systeandwidth (as described in Code 26) for the
presentation playback.

Scene properties Terminal Capabilities
(nProp) (nCap)

Screen resolution
Screen size
Processing power (CPU)
User interface
Decoding memory

Visual activation
Spatial positioning
Sensitive areas
Interactive behavior
Animations

Figure 21: Mapping scene properties to terminal cagbilities.

4.1.2 User preferences

As far as user’s interest is concerned, we consdéror-driven content adaptation according to -igh
level concepts of user profiles (level of interastxt legibility or available time to watch a timed
presentation). Indeed, although user’'s contextrgescs encompass user interests that can be wsed f
the presentation adaptation according to user'tepeces for some topics, we do not envisage these
personalization use cases due to our broadcadtafimh scenarios. In fact, adaptation to userads

as tackled by A. Scherp in the MM4U framework [104]out of the scope of this dissertation.
Additionally, we do not attempt to model user’s &gbr as proposed by some researches from the
virtual document domain (Digital Virtual Procesgdisl1][132].

-74 -



Chapter 4 — Multimedia scene adaptation

<DIA xmiIns="urn:mpeg:mpeg21:2003:01-DIA-NS"
xmins:xsi="http://www.w3.0rg/2001/XMLSchema-in stance"
xmins:mpeg7="urn:mpeg:mpeg7:schema:2001">
<Description xsi:type="dia:UsageEnvironmentType">

<UsageEnvironmentProperty xsi:type="dia:Network sType">
<Network>
<NetworkCharacteristic xsi:type="dia:Networ kCapabilityType"
maxCapacity="384000" minGuaranteed="32000 ">
</Network>
</UsageEnvironmentProperty>
<Description xsi:type="dia:UsageEnvironmentType ">
<UsageEnvironmentProperty xsi:type="dia:Termi nalsType">
<Terminal>
<TerminalCapability xsi:type="dia:DeviceC lassType">
<DeviceClass href="urn:mpeg:mpeg21:2003 :01-DIA-DeviceClassCS-NS:1">
<mpeg7:Name xml:lang="en">PC</mpeg7:N ame>

</DeviceClass>
</TerminalCapability>
</Terminal>
</UsageEnvironmentProperty>
</Description>
</Description>
</DIA>

Code 26: MPEG-21 usage environment description.

In our study, we assume that the environment ltoitg have been made explicit and can be retrieved
without any ambiguity. For instance, we do not édeisimplicit feedback that can be used to adapt
multimedia content based on user-centric interf@&p In such an approach, a user agent tries &sgu
the context of the user from its interaction wikte presentation using ‘trial and error’ learningbgr
reinforcing successful decisions by ‘cumulating aed¢ and avoiding fruitless decisions’ [107].
Although such a dynamic context might be an efficigolution to overcome the difficulty raised bgth
explicit statement of the user's context, we detide first tackle scene adaptation with respect to
identified environment constraints and reserve ictgleedback as a perspective for future work (see
Section 7.3.4). As a consequence, we developegroposal keeping in mind that P. Plesca underlines
that “the adaptation approaches proposed in taetitre [often] suppose the contextual data is &asy
perceive or at least that there is no possible guitlyi to identify the state of the current cont&j@6].

4.2 Scene adaptation approaches

One of the main challenges when adapting a multimsckne is to preserve semantics while altering it
presentation in order to address the specific caimss of the usage environment. State-of-the-art
research work that has been conducted on the didaptd multimedia presentations is reported in the
following. This section is organized according to olassification of existing adaptation decisiakihg
approaches. This classification aims at underlinblogne essential functionality of these algorithms
which determine the appropriate scene transformaitiio be applied. This study distinguishes scene
adaptation policies in four categories: media-basadsformations (Section 4.2.1), custom publishing
(Section 4.2.2), alternatives selection (Secti@?3j.and scene plasticity (Section 4.2.4).

4.2.1 Media-based scene generation

A scene organizes the composition of several eleangmmedia into a coherent presentation. The
adaptation of a presentation necessarily requirestiaptation of its elementary media accordindpe¢o
usage environment. The transformation of an eleangmhedia into a content that is compatible with th
playback environment of the user is not studiedhia dissertation. Instead, we refer to the numgrou
transcoding or transmoding approaches from the sththe art [34][73][80][108]. The adaptation of
these elementary media requires the modificatiothef multimedia scene in order to integrate these
media-level changes. Two main adaptation policiess described in the following: media neutral
(Section 4.2.1.1) and media-driven scene adaptéfeation 4.2.1.2).
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4.2.1.1Media-neutral scene adaptation

A multimedia scene can address a wide range ofcases from the simple decoration of a few
elementary media (e.g. an audio/video sequencdetdynamic and interactive applications integgatin
various elementary media types. In some usage sosnaontent adaptation can primarily focus on
some key elementary media because they might eegidmanding capabilities. The straightforward
inclusion of adapted elementary media in the mdtia scene might enable a large set of adaptation
scenarios and only require to modify the scenedgecwith these converted or transmoded content.
Hence, numerous scene adaptation policies [481188k been defined to support media references that
do not depend on scene properties. For instancelatdman recalls ‘the importance of including the
resources as a separate layer is that each caepkeced by a similar resource while leaving the
document structure itself unchanged.’ In what wietba media-neutral approaches, the independehce o
the document structure from the elementary medisganizes ensures that an appropriate presentation
will be generated according to adapted media.

The transformation process required when adaptimyléimedia scene following media conversion (or
transmoding) basically consists in updating somedspaf the presentation. The authoring of media-
neutral scene mainly aims at delimiting areas d@t be affected by converted media and try to
minimize them. For instance, the AHM model [48]ide§ a spatial layout that is based on independent
channels The counterpart of such an adaptation policyhé the main scene basically contains empty
placeholders that are to be filled in accordingnedia-level decisions independent from it. Foranseg,

the conversion of a video clip into a sequencay@ges would benefit from a deep modification of the
scene navigation scheme (e.g. to include next aendqus buttons) which is not feasible in that cdse
practice, these approaches mostly rely on autontayedt rules (usually based on high-level struetas
defined in SMIL [119], Madeus [79], HTML or highkgmplated documents). We do not necessarily rely
on such structured documents as defined in [94 U we believe that in carefully designed corttent
structure of the document should even be updated.

4.2.1.2Media-driven scene adaptation

The media-neutral adaptation approaches descnibé®il.1 can be advantageously extended by taking
into account the other elementary media that betonthe presentation. In that case, the adaptation
decision-taking is still based on media-level adaph decisions but these decisions can be inflegnc
by presentation aspects or by the relationshipsd®t elementary media. For instance, the adagabili
modeling defined in Tiempo [115] relies on medikesion groups and quality of service ranges. These
groups and ranges define priorities between theianements of the presentation. They help in
computing an optimal decision at a given time. Bimailar way, the synchronized template for adaptab
multimedia presentation (STAMP) model [22] defirkga compositionand decorativedimensions in
addition to traditionakpatial temporalandinteractive properties in order to query and select related
media elements based on a nucleus-satellite mataphtast example is the multimedia adaptation
framework based on MPEG-21 standard [98] that camfopm generic and dynamic media
transformations based on perceived quality of sermietrics. All these approaches do not directligiéa

the adaptation of multimedia presentations but $oon the combined adaptation of several media
elements that belong to the same presentation .eTineslia-driven scene adaptation approaches mostly
assume, as media-based approaches, that an undeatgisentation model will smartly take into acdoun
these changes operated at the media level.

Such a management of media-level adaptation desistan be enhanced by steering scene-level
adaptation decisions. In particular, media-leveh@dtion decisions can be combined with a guided
adaptation of the multimedia scene. For instarlee MPEG-21 Multimedia Scene Semantic Adaptation
(MSSA) framework [75] provides semantic adaptatitascriptors along with the content and helps a
scene adapter in computing an optimized presentatt@r instance, layout constraints such as a
maximum resolution reduction factor of elementagdia fnaxRRB can be defined. Such a hint from

the editor can guide the computation of layoutsuheus allowing the fragmentation of the preseotati

into several content pages. Additionally, depengienbetween media components are key information
that cannot be inferred easily. For instance, tf&SK descriptors introduce spatial relations between
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media components that help in computing their aat®#@ distance in the adapted presentation
(SpatialSemanticDependencies ). A last approach defined by S. Laborie [78] cstssiin
minimizing the modification of the presentation idgr the adaptation process by defining spatial,
temporal and interactive distance between medigpooents. In that case, the presentation can dher
transformed through refinement (by maintaininghesentation constraints of the document) or thmoug
transgression [45].

Although media-driven approaches significantly egteadaptation capabilities compared to media-
neutral approaches, they also require adaptatiots l{e.g. additional scene descriptors or structure
patterns) to meet author’'s expectations. The atlaptdecision-taking algorithm remains fuzzy. As a
consequence, the quality of the presentation iaguitom such automated media-driven approaches can
be questioned since it may not be easy, or evasibleafor the author to control the output of Huene
adaptation process.

4.2.2 Custom scene publishing

The production phase of a scene is probably thé pesod to define adaptation procedures for a
multimedia scene since it guarantees an excelleowledge of the presentation semantics which is the
most important ingredient for a successful adamatecipe. Content production can be divided into t
main steps as far as the scene is concerned: datgereration and document formatting. During these
two steps, scene transformations can leveragemldeaviedge of the presentation semantics in cxer
look for the best possible match between the usem@ronment and scene properties. Multimedia
publication platforms based on custom scene pubtisbutput scenes that are individually generated t
address a specific adaptation scenario.

Custom publishing cannot always be considered aadaptation process since it may not use any
ADTE, which is the core of the adaptation proces®lr view (see Figure 20). Custom publishing
sometimes consists in only doing scene format asies, and even if they include an ADTE, they are
not always designed with a clear separation betwbenADTE and the publication platform. For
instance, abstract graphical toolboxes, such asGff€® or Java AWT/Swing or multi-environment
toolboxes [32], can be used to guarantee the plityabf a GUI on different operating systems.
However, it does not mean that the interface wdl ddapted to the screen size as in multimodal
approaches [30][93]. In the scope of this dissenrtatscene format conversions are not covered since
they constitute a complementary transformatiorhto ddaptation process which is the main subject of
our study.

In the following, two types of publication platfosmgenerating adapted multimedia documents are
described depending on the abstraction level oflteeiment: model-based (Section 4.2.2.1) and fermat
based document publications (Section 4.2.2.2)

4.2.2.1Meta-model scene adaptation

A popular state of the art approach [19] for scewd@ptation consists in focusing on the content
generation phase (as opposed to the formattingeph@sach an approach defines adaptation policies on
unique presentation model, which integrates allsjipbs presentation models. Such an ‘integrative
multimedia document model’, as S. Boll calls it ]2 often coupled with authoring systems such as
ZYX [24], AHM [48], Madeus [71] or the MultimediarBsentation Generator System (MPGS) [20].
However, the complete modeling of an ‘abstract mgtlia content representation’, as A. Scherp dsfine
it, is suitable for editing a document but ofteilsféto meet the requirements of a multimedia pld26t.

An extended review of multimedia document models loa found in [24]. It describes a large panel of
underlying presentation models of some major staliwed formats or research projects by focusing on
list of basic and advanced requirements for multimelocuments as illustrated in Table 1.

39 http://www.gtk.org
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When considering multi-publication platforms, antio@al approach would consists in applying the
adaptation process on a meta-model which ‘gathifieseht models under one roof’ and that can then b
transcribed into any multimedia format by dedicateghslators. Unfortunately, such a meta-model
remains the Holy Grail of the multimedia commurstyice the number of multimedia models constantly
grows over time and because document requirementsficantly evolved according to users
expectations in few years. For instance, HTML+CBIML+JS, HTML+AJAX, HTML 5.0, SVG,
MPEG-4 BIFS, VRML, NCL, FLASH would significantlyomnplicate the model classification proposed
by S. Boll illustrated in Table 1. Moreover, scgmeperties described in Chapter 2 are richer thase
proposed as a classification for tlspatial, temporaland interaction entries in Table 1. As a
consequence, a presentation meta-model cannot taie universal.

In the field of User Interface, which can be coesidl as a special type of multimedia document, the
concreteuser interface (such as events, callbacks anatrig) can be factored out in order to define an
abstractuser interface [103]. In that case, the adaptd#oitities of the scene model will necessary lead
to some limitations during the concrete user iaiggfspecification since all multimedia functionaiitill

not be accessible to the author. However, suchraaitisin ensures that consistent interaction segnti
are maintained independent of changes in the ctnarser interface (e.g. adaptation to display
resolution). Depending on targeted application ages, such high-level multimedia authoring might b
acceptable since it offers a unified authoringt(edice and publish in all formats) and can alsegrdte
scene adaptation functionalities.

Another example is the adaptation process propdsed. Laborie in [78]. Indeed, this semantic
approach cannot be directly applied to SMIL docutsesince SMIL is not based on connected graphs or
qualitative relationships between the elementargiasnef the presentation. Instead, a SMIL scene is
abstracted into a theoretical meta-model wherenszasgc adaptation process can be performed. Once
adapted, the multimedia presentation is instamtibtek in an adapted SMIL document. In that cdee, t
functionalities of the adapted SMIL document areitied by the spatial, temporal and interactive scen
properties taken into account by this meta-modeki@es, S. Boll underlines this loss saying that th
ZyX model ‘can [then] be seen as an internal forthat can be converted to other model rather than a
proprietary format [...]. This allows us a (lossy)pext or conversion of our multimedia document into
standard data models [...]. The model aims at supgpd rich multimedia functionality while still
keeping a high semantic level’ [24].

Table 1: Quote from [24] - Document models analysis
HTML | HTML SMIL SMIL

HTML | pHTML | +TIME | 1.0 2.0 -+ | Madeus
absolute positioning + + + + + +
spatial relationships - - - - - O
point-based - - - - - . -
interval-based - - + + + +
event-based - + - - + . -
script-based - - " -
general navigation support + + + + + +

spatial/ | spatial/ | spatial/

linking from media subparts spatial | spatial temporal | temporal | temporal 0
linking to media subparts - - temporal | temporal | temporal +
design - 0 - - 0 +
Multimedia functionality very low | medium low medium high medium
Semantic level medium \lloevrvy medium | medium | very low very high

(+support, o partial support, - no support)
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4.2.2.2Meta-format scene adaptation

The production chain of a multimedia content candhéded into several steps that possibly involve
various human actions such as conception, makimg vafidation. Additionally, content production
remains an iterative development where various etemzes are needed. For instance, a journalish and
designer might select elementary media accordingdttorial rules and graphical charter (conception)
while the document created by a specialized te@mi¢making) will be supervised by a chief editor
before publication (validation). Moreover, sevenabck-ups might be created and further modified to
refine the content concept or validate editoriabichs to progressively reach the final versionhaf t
document. In addition to these multimedia scenes #re not generated only once, multimedia
presentations are quite often built up with recgcleontent which is reused or updated. As a
consequence, the adaptation of a multimedia scetieei production chain is not limited to conception
phase as described in 4.2.2.1. It also has to itatike account pre-authored inputs which have not
necessarily been expressed using a meta-model.

The meta-format approach might look similar to theta-model approach described in Section 4.2.2.1.
Both rely on a document model that is transformednieet environments constraints. However, the
design of meta-model comes from the desire of lgpmnltimedia functionalities inspired from existing
document formats, but which model does not necéssaver all of their functionalities. This ressilt
into a new document model for each design. Instisdmeta-format approach is designed to covet a se
of identified scene formats and must thereforelide # import any kind of multimedia scene as lasg
their format is supported. In this approach, theanfiermat is not associated with any new document
model. The meta-format defines a glue around tigieg formats. In that case, the document germrati
and formatting phase rely on the underlying mode single format (possibly harmonized) that can be
converted to several export formats. For instattee AHM approach was implemented in the CMIFed
authoring system [49] based on the CMIF format Bndardman proposed to encode the CMIF format
in HyTime since “a hypermedia document expresseHyifiime can be converted to other document
types, or to particular output formats, using staddools”.

Scene format conversion is a well-known subjedhefstate of the art. It raises the issue of theeton
one map of such a scene transformation and theofodata it may cause. S. Boll concludes thathd t
target document model does not offer an equivatartimedia functionality as offered by the source
model, the conversion will be lossy”. S. Laborisaatiemonstrated with the SMIL format that the sampl
import/export in an abstract model without any adépn might end up with a document different from
the initial one [78]. The workaround proposed imattltase consists in storing and transforming the
hierarchical structure of the SMIL document alorithwhe specification of the scene. However, thgre
no guarantee that such a structure-based approddbeveompatible with other formats such as Flash
for instance. The same issue is tackled by D. Theven the Man-Machine Interface domain. D.
Thevenin defines an ‘inverse zipping process’ wlgohsists in minimizing the scope of conversions in
the scene tree [109]. As S. Boll indicates, thestjar is about “how much power the integration faye
should have? It could be the smallest common dematori of the primitives of the different integrated
models. The integration model could also define arabstract primitives with specific semantics for
integration”. The development of the second optimpidly becomes cumbersome because it implies a
main model featuring exceptions for each targeteohét. In practice, dedicated scene converters (SVG
to SMIL for instance) are feasible but it is cléhat the complexity of the operation that consists
inversing the transformation of an SVG polygon tBNG image referenced in a SMIL scene shows the
limits of a meta-format for multimedia scenes.

4.2.3 Scene alternatives selection

Although the content production phase benefits feodirect access to the author’s intention, it might

be the best moment to apply scene transformatiecause an appropriate decision also requires an
accurate and up-to-date access to the user’'s d¢ofigxthis reason, a well-known adaptation apgnoac
of multimedia presentation consists in capturinghauintentions by preparing a set of typical conte
configurations and then selecting, at the presiemtadime, the most appropriate version that add®ss
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the user’s context. Two types of scene adaptatecisibn-taking approaches can be distinguished:
explicit (4.2.3.1) or implicit (4.2.3.2).

4.2.3.1Explicit alternative-based scene adaptation

The adaptation of a presentation basically consgistsansforming the multimedia scene from itsialit
form to another version that fits the user’'s cont@x adaptation policy consists in selecting tbf of

the multimedia scene from a set of pre-definedraditives according to some context parameters [114]
For instance, the SMIL language defines@witch> element that allows the activation of the scene
properties according to the context conditionghkt case, the mapping between the user’'s contekt a
scene properties is explicitly defined by the authon the same way, HTML and CSS format [123]
allows authors to associate any number of mutuatkglusive style sheets with a document
(alternate CSS attribute) and to select the appropriate sitlet depending on the context (e.g. using
CSS Media Queries) [121]. For instance, an authay specify one style sheet designed for small
displays, for printing or for partially sighted gens (e.g. with large fonts).

The selection of scene alternatives prepared ducioigtent authoring can be based on explicit
environment constraints as introduced in Sectidn K case several presentation versions fulfis¢he
requirements, quality metrics can be defined ineortb optimize the decision-taking algorithm
[77][108]. However, presentation alternatives ulsuadmain limited to a small set since their editizan
require significant authoring efforts.

4.2.3.2Guided alternative-based scene adaptation

Several versions of the same presentation canteyaed during the content production phase bygusin
multimedia document publishing platforms describe&ection 4.2.2. In that case, content creatisgty
not the focus of these presentation alternativesesthey constitute pragmatic solutions automadyical
generated from an adaptation algorithm based orergerheuristics. Therefore, an incremental
transformation processor, such as incXSLT [112}y ba used to control the scope of presentation
changes. Based on a set of selected presentatisiong the author may modify and also annotatethe
with semantic descriptors possibly attached tortheinsformation rules (XSLT in that case). This
semantics information constitutes implicit guidebnfor an appropriate selection of presentation
alternatives according to the user’s context.

For instance, the role of the MMCM model [89] is stip to provide knowledge on the presentation’s
semantics. Hence, semantics QoS parameters argéaudetermine the prioritization and categorization
of the different presentation alternatives. In ttase, parallel views of the presentation can beiged
(or generated) to guide the adaptation of all pfatdayers (including the presentation layer) adicar

to environment constraints thus defining an impbeilection algorithm.

4.2.4 Scene plasticity

Modern scene formats have overcome most conteduption limits by offering advanced multimedia
functionalities. For instance, most of the creativepirations of a web designer can be expressed by
editing a Flash presentation. However, there i ati important need for highly-templated media
components which only need to be filled in to beeamultimedia document. This can be explained by
two factors. First, whereas a significant effortnche spent on the custom design of the main
presentations of a service, the large-scale pramuct daily content requires automated designoSegc
since the content quality of multimedia productims become more democratic, there is a need for use
friendly configurable presentation toolKitsSuch a compromise between high-quality and ainfor
productivity is a trade-off that is also applicatidescene adaptation.

A popular adaptation approach, also called liquifluad design [90], consists in adapting a preagah
to the available space, the same way water takeshiipe of the glass it is in. In that sense, [@v&hin
uses the term ‘plasticity’ for the adaptation of thser interface [109]. We define scene plastas#yhe

40 http:/ivww.dojotoolkit.org/
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self-adaptation of the scene properties of a doatrtee various environment constraints, such as the
spatial layout according to the display resolutidowever, scene plasticity does not have to betditni

to visual properties and can also cover tempordliateractive properties. For instance, a menuchar

be created to support a variable number of memasitand configured with transition effects if an
animation support is detected. In this contentraed approach, the adaptation decision-taking dhgor
can be defined as a function that directly maps'sisentext onto scene properties.

It should be noted here that scene plasticity chivess very specific use cases, such as the layaut
justified text. Such automated layout approachesnat described in this dissertation. However, two
generic principles related to the adaptation ofiaigproperties through scene plasticity are deedrib

the following: interpolation-based (Section 4.2)4dnd constraint-based scene adaptation (Section
4.2.4.2).

4.2.4.1Interpolation-based scene adaptation

The authoring of an interpolation-based adaptabdsentation consists in creating several key scenes
configured for typical usage environments. For éalign purpose, key scenes can be interpolated to
address usage environments that have not beeadlin@overed during authoring. An application otsu
interpolation-based techniques is the adaptationp@sentations to receivers screen size. The
interpolation-based approach extends the scalaldétures of vector graphics languages such as SVG
by providing intermediate versions that are speaily designed for targeted scene sizes. It also
leverages authoring efforts of content creators awteused to provide their multimedia documents in
several versions (large and small logo of a compapyor left banner for a Flash commercial on & we
site...).

Artistic resizing is an interpolation techniqueraduced in [36] targeting the spatial adaptatiorusdr
interfaces. The artistic resizing approach offeps-linear resizing functions by transforming severa
copies of an object at key size using inferenceiatatpolation algorithms in order to virtually sugot

any resolution. In terms of processing, it requireghematical computations for each media component
to be adapted. The adapted scene properties @irtiséc resizing approach are restricted to thatiap
layout and orthogonal interpolations and still haeene awkward limitations in terms of flexibilitg.@.
rotations, cross-axis constraints, non-linear gands). At the current state of the art, the nerewback

of this approach is the flexibility of linear inpalations since subparts of the presentation cabaot
suppressed or added.

4.2.4.2Constrained-based scene adaptation

In this approach, the adaptation process takesaotount usage environment variables by submitting
them to a constraint-solving engine generated dutie authoring that computes, at playback time,
adapted scene properties [86]. The authoring ofstcaimt-based adaptable multimedia documents
consists in creating several versions of media @apts and scene configurations (style, spatial
layout...) along with a set of one-way or multi-wapnstraints that must be maintained when
transforming the document for adaptation purpo3déw main difficulty raised by the authoring of
constraint-based adaptable documents is that thefigation of document constraints requires a high
level of expertise. For instance, the explicit @hobal constraints that guide the adaptation poaes
[19] can be provided by an application developdrrimt a content creator. Based on this conclusion,
customized constraint-based authoring tool has b#mreloped for diagrams [84] and allows the
specification of default adaptation behaviors fanlimedia presentations based on several diagram
models. However, “a key question is [still] how thethor can specify diagram specific adaptive layou
behavior” without having “to write textual attrilutexpressions when, say, specifying one-way
constraints in CSVG [17]".

4.3 Scene transformations

Within the adaptation domain, a scene transformatansists in modifying an original presentatiotoin
another one that is compatible with the playbackirenment of the user. However, scene
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transformations can also be applied to a multimpdégentation in order to modify the perceptiohef
user over time. For instance, scene descriptiomdits include scene transformations in order to cope
with live scenarios (where transformations are ededfter the scene has been processed and iwitializ
or to specify presentation behaviors upon userant®ns. A scene adaptation engine can take aagant
of these available functionalities in order to opie its performance and to provide adaptatiorufesat

at the lowest implementation cost.

In this section, state-of-the-art scene transfonatcurrently implemented in multimedia playere (i
SVG [116], MPEG-4 BIFS [59], SMIL [119], HTML [120pr Flash) are described. These scene
transformations can be used to adapt multimediaesca&ccording to context-based decision-taking
algorithms. Our approach in this section consisgsroviding examples of standardized transformation
such as format-specific facilities or external tosch as CSS [123], XSL [122] or JavaScript [64]
descriptions. In the following, the identificatimi updatable scene properties and the conditioas th
trigger their transformation are discussed. Thiglgtfollows an organization based on three types of
transformations that can be applied to the XML-viefva multimedia scene: attribute replacements
(Section 4.3.1), attribute spreading (Section 4.8l element updates, including replacement (&ecti
4.3.3).

4.3.1 Scene attributes replacement

A multimedia scene is the concrete expression pfesentation according to models that have been
introduced in Chapter 2. The transformation of ensccan be performed by addressing each property of
its underlying presentation model (e.g. the vertzsition of an image) and by updating its valaey(
overwriting its actual value with a new verticalsgmn). Several approaches can be used to achieve
these attribute replacements depending on the tonslithat trigger the scene transformation: the
initialization of the process (Section 4.3.1.1jiraed event (Section 4.3.1.2) or external eveneztiSn
4.3.1.3).

4.3.1.1Init-based scene update

The update of scene attributes can be a one-sboegs applied to the whole scene, typically upon
presentation loading. In that case, all attribytdates are described as a list of replacement consna
which associate identified scene properties andt tteplacement values. A typical example is the
eXtensible Stylesheet Language [122] which deftn@ssformation rules for XML documents that can
be applied by an XSLT engine. Once started, the TX$kocess performs scene transformations
successively until the last command is executedCdde 27, thestyle attribute of a<DIV> element
(size, position and colour) of the HTML scene dgdimm is updated as soon as the web browser loads
the content by applying the attached stylesheetil&i scene transformation processes can be tegger
during the loading phase of the presentation bghiag events, such as tl@ad event, which fires at
the end of the content initialization.

Since a scene transformation targeting the wholdimmedia document with a list of attributes to be
updated does not depend on the presentation #tdtees not necessarily have to be performed during
the initialization phase: it can also be applieflired. However, most of the scene transformatioresnt

for adaptation require a configuration which oftlEpends on usage environments. A common trade-off
consists in applying an XSLT transformation uporriss request in order to deliver a multimedia
presentation which matches the initial renderingditions [71][101]. Such an approach can also leelus
to convert a scene description into a new formab @ublish a scene into a given format.
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/I extract from paramTransform.xsl
<xsl:template match="*[@id="inner">
<xsl:copy>
<xsl:attribute name="style">
position: absolute;top: 25px;left: 25px;
width: 250px;height: 250px; background-color: Green;
</xsl:attribute>
<xsl:apply-templates/>

</xsl:copy>
l <Ixsl:template>
XSLT
<?xml-stylesheet type="text/xsl" href="paramTransfo rm.xsl"?>
<HTML xmIns="http://www.w3.0rg/1999/xhtml|">
<BODY>
<DIV id="border" style="position: absolute;
width: 300pXx; height: 300px;background-color: Red;"></DIV>
<DIV id="inner" style="position: absolute; top: 125px;left: 125px
width: 50px;height: 50px;;background-color: B lue;"></DIV>
</BODY>
</HTML>

Code 27: Init-based attribute replacements in HTMLusing XSLT.

4.3.1.2Time-based scene update

The update of scene attributes can be manageddaseduled process where transformations are applied
according to a timeline. In that case, attributelaips are replacement commands that are grouped
according to the time the new values are suppasedplace current scene properties. For instance, a
SMIL player can apply a list ofset> commands at a specified time according to an\atdrased
timing as illustrated in Code 28. Such a transfdaiomacould also be described by applying an exierna
SMIL timesheet [127] attached to an HTML document.

In a different way, the MPEG-4 Synchronization Lag®L) allows the association of an MPEG-4 BIFS
update command, possibly referencing scene pregetiith a timestamp. Once the timestamp deadline
iIs reached according to the player's internal clottle BIFS decoder performs buffered scene
transformations. Such an approach can be usedrisform multimedia services where the active scene
varies over time. Additionally, scene transformatgyocesses can be run without any clock referbgice
applying replacement commands upon reception (s(cfibOM mutation events). In that case, the
scheduling is performed by transmitting groupsegfiacement commands progressively using streaming
or broadcasting transport mechanisms. This methagplicable with replacement commands, expressed
for instance in the MPEG-4 BIFS format, or throlRgmote Event for XML [124].

In the adaptation domain, time-based scene updatresde used to progressively transmit a document
over time. In narrow-bandwidth scenarios, a multiaeplayer can progressively apply scene attribute
replacements as if they were timed properties ef rifultimedia service, without knowing they are
adaptation transformations.

<smil xmIns="http://www.w3.0rg/2001/SMIL20/Language ">

<head><layout>
<root-layout id="border" width="300" height="300 " background-color="red"/>
<region id="in" top="125" left="125" width="50" height="50" background-color="blue"/>
</layout></head>

<body>

<par dur="10s">

<set targetElement="in" attributeName="width" begi n="5s" dur="10s" fill="freeze" to="250"/>

<set targetElement="in" attributeName="height" beg in="5s" dur="10s" fill="freeze" to="250"/>
<set targetElement="in" attributeName="top" begi n="5s" dur="10s" fill="freeze" to="25"/>
<set targetElement="in" attributeName="left" beg in="5s" dur="10s" fill="freeze" to="25"/>
<set targetElement="in" attributeName="backgroun d-color" begin="5s" dur="10s"

fill="freeze" to="green" />

</par>

</body>

</smil>

Code 28: Time-based attribute replacements in SMllusing timed properties.
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4.3.1.3Event-based scene update

The update of scene attributes can be handled bgvant manager that triggers transformation sub-
processes according to fired events. In that casehute updates are replacement commands that are
grouped to be applied together by successively tupgldhe values of targeted scene properties. For
instance, JavaScript code can describe transfaymatiles for an XML document using the DOM API
and can define activation triggers for each grdugcene transformations as illustrated in CodeX@te
started, a JavaScript engine will listen to eveatifications and will perform scene transformations
whenever a targeted event is caught.

In terms of scene adaptation, event-based scersagydan be used to transform multimedia documents
requiring scene transformations that need to beateg. In particular, the event-based approactbean
suitable for dynamic context where the adaptatiecision can quickly evolve and may imply to
reprocess some parts of the scene, without relyingew data coming from a server.

<svg xmlns="http://www.w3.0rg/2000/svg" width="300 " height="300" viewBox="0 0 300 300">
<script id="script-root" type="text/ecmascript">
function mouseDown() {

innerRectangle = document.getElementByld("inn er');
innerRectangle.setAttribute("width", 250);

innerRectangle.setAttribute("height”, 250);

innerRectangle.setAttribute("x", 25);

innerRectangle.setAttribute("y", 25);

innerRectangle.setAttribute("fill", "green"); }
</script>
<g onmousedown="mouseDown()">
<rect id="border" width="300" height="300" fill ="red"/>
<rect id="inner" width="50" height="50" x="125" y="125" fill="blue"/>
<lg>
</svg>

Code 29: Event-based attibute replacements in SVGsing JavaScript.

4.3.2 Scene attributes spreading

A scene aims at organizing several media comporntats coherent presentation. Hence, there may be
a strong correlation between some scene propeRmsthis reason, the replacement of some scene
attributes may lead to the replacement of otheibates either with the same value or with a nelea
that can be determined from it. Instead of dupligascene replacement commands, as it could be done
by only relying on the attribute replacement apphodescribed in Section 4.3.1, another technique
consists in applying a single attribute replacemand then spreading this value to other related
attributes. In the following, four different sceattribute spreading approaches are presentedcadph
(4.3.2.1), inheritance (4.3.2.2), bubbling (4.3)2&8d routing (4.3.2.4).

4.3.2.1Replication

The simpler spreading approach for scene attribistpsobably the description of scene propertied th
reference values of other scene properties forr timgiialization as illustrated in Figure 22. The
presentation of a drawing composed of several grapdlements might take advantage of a colour
palette. In that case, the update of one colouibate will automatically update the colour of all
rectangles that refer to it. Such a replicationcpss is compatible with dictionary-based authoring
paradigms where the actual multimedia scene maiafsists in organizing the different words of a
dictionary composed of media components.

The reuse of existing content is one of the esslergguirements underlined by S. Boll [24] becaiise
significantly speeds up content production and gak#o account the common practice of content
recycling. Additionally, a proper authoring wouldpdicitly reuse scene properties in order to avoid
attribute duplication by rather relying on attributplication. Such automated replication process ¢
successfully be exploited to spread the adaptegkpties of a multimedia scene.
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Figure 22: Replication of scene attributes.

4.3.2.2Inheritance

A multimedia scene might be structured as a hibreat tree where branches are all related to &tfan
root node). The connection between two branchealisd a node (or container element) and a lea$ end
each branch mostly with elementary media such @soyiaudio, image, text or graphics elements. The
hierarchical structure of a multimedia documentiag the efficient management of scene properties.
For instance, cumulative coordinates can be de=trib define the position of a media component or
relative start time can be used in the case ofvatdased timing models. Additionally, a hierarzii
structure allows grouping some shared scene prepestich as media components visibility or their
sensibility to user actions. The propagation ofilaites in the scene tree can follow a rising gf sa
approach, also called inheritance approach, whesidering the multimedia scene as an upside down
tree as illustrated in Figure 23.

The inheritance process targets scene attributlesabélements that are not entirely describeti@teaf
level. These attributes can be set to their defealtie (e.g. default black colour) or specified as
modifiable (e.g. coordinates when relative positigris used). In that case, all the ancestorsle&fican
specify a value that overrides its default valus.a8Aconsequence, the update of a scene attribgte mi
automatically imply the update of the scene attabuwof all its children. In practice, inheritanedargely
used during authoring since it avoids duplicatielgted values and enables a compact descriptitreof
scene which can be efficiently transmitted to teeruln that case, the playback process is redgensi
for applying scene transformations during the rendephase.

In practice, many existing standards provide suttteiitance feature. Hence, the style properties of
Cascading Style Sheets [123] can be inherited fiteendocument structure when attributes are set as
inherit. As a consequence, the modification of the scenetste during adaptation may impact
some inherited scene attributes such as style grepe
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Figure 23: Inheritance of scene attributes.
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4.3.2.3Bubbling

Scene transformations based on inheritance spoeag properties from the root of a scene tree down
its leafs elements. It naturally follows authoriagproaches where a master scene manages media
components in order to create a presentation. Henyélie elementary media of a presentation might
also trigger scene transformations. For instarf@user action on an image, a video sequencertdat e
or any event fired by a media component might &igattribute updates that do not only target chitdr
nodes or leafs but also parents or sibling elemekgsa consequence, the propagation of an attribute
value in the scene tree can follow the parent clward and scatter in their children looking for
targeted scene attributes to be updated as iltadtrin Figure 24. Upon madification, these scene
attributes behave as bubbles that rise along thaches of the scene tree (bubbling process). For
instance, the properties of an SVG document camddified through some attribute changes using a
DOMAttrModified  event listener.

Among all scene attributes, the output of eventegators, such as interactive sensors, typically oal
bubbling processes to be dispatched to all the telisteners of the document. The DOM 2.0
recommendation [130] specifies a bubbling procedune allows event handlers to stop the propagation
of the bubbling event flonsfopPropagation ).

Scene

I

Root
Element

U Bubbling

attribute
Inherited
attribute

Figure 24: Bubbling of scene attributes.

Media
Component

4.3.2.4Routing

Inheritance and bubbling processes heavily reltherhierarchical structure of the multimedia docotne
to automatically spread transformed scene progeftiewever, this document structure might be useful
for multiple scenarios: spatial organization, tengboscheduling, interactive sensitivity, priorittze
visibility... Hence, the document structure has tadbsigned taking into account all of these needs an
may suffer limitations due to incompatible usagepossible workaround consists in defining an esipli
path between two scene attributes to propagateluee feom one attribute to another. This routing
description creates new connections between sc¢amrites (routes) and this additional structure ba
independent from the hierarchical structure of tid@timedia scene as illustrated in Figure 25. Such
routing description can be found in MPEG-4 BIFRoute> element) [59] or in NCL «link>
element). [105]

In the scope of content adaptation, routes careéer as one-way constraints which replace the \dlae
scene attribute according to a computed value faowther scene attribute. Constraint-based decision-
taking consists in adjusting free variables of sggtem while the scene transformation process apdat
attributes following validated routes that fulféage constraints.
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Figure 25: Routing of scene parameters.

4.3.3 Scene elements update

The elements of a scene can be updated througle scemsformations that can deeply modify the
document or its format-dependent description. Tieate of elements relies on the same identification
and triggering mechanisms as the replacement afesparameters (Section 4.3.1). However, scene
element updates differ from attribute updatesviar thain reasons:

— identifiers do not only point to a list of scenériutes but may point to a group of elements. It
includes the identified scene element to be updatgdalso all its children elements. The
grouping strategy of scene elements in a documégtttrbe driven by authoring guidelines in
the case of semantically-related elements. Scesraegits might also be grouped in order to
facilitate the progressive rendering of the contegt gathering them according to their
significance. A last example is the grouping ofned@ts to minimize playback requirements
when animating the position of several media coreptsy As a consequence, transformations
targeting scene elements might disturb the wholeudhent and therefore require a more
advanced understanding of the content than scéniteuge replacements.

- the nature of the transformation can be the repiac¢ of an existing scene element by a new
one as it is the case for scene parameters repdgtehiowever, scene element updates can also
manipulate the multimedia scene and modify itscstme.

A multimedia service requires the modification bé tmedia components referenced by the scene over
time. Such modifications imply significant scenansformations including attribute updates but also
element updates that possibly modify the architecti the scene. Additionally, the transformatidn o
scene elements is essential when designing latgeaative presentations since the footprint of enec
has to be controlled on handheld devices due toanemequirements. Scene element updates can be
described as a set of four scene transformatimsgrtion (Section 4.3.3.1), deletion (Section 43,3
replacement (Section 4.3.3.3) and move (Sectioi34.B8as considered in the XML Delta model [100].

4.3.3.1Insertions

The insertion of a media component requires a segneture that is dynamic since the document
possibly evolves during a scene transformation. éi@s, such dynamicity of the multimedia scene

requires specific authoring efforts (see scene tiplasapproach in Section 4.2.4, for instance).

Additionally, the insertion of a new media compadnienthe scene may trigger a brand new computation
of the presentation which requires rendering praiogscapabilities on player side that might be too
important in some scenarios. For these reasonge slements might be introduced in the presentation
along with all the visual, temporal and interactikensformations it implies. As illustrated in Figu26,

a new media component might be added as a new aflideslideshow along with all the JavaScript

description required to update the interactivectiela mechanisms.
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Figure 26: Insertion scene elements.

4.3.3.2Deletions

The deletion of media components consists in rengpthem from the scene either because their
activation is permanently disabled or because ¢baesneeds to be cleaned from these unused phets. T
scene manipulation process involved when deletimgliancomponents are the same as for element
insertion: related scene elements and attributesl ne be cleaned off either by relying on flexible
structure or by explicitly targeting them. As iliteted in Figure 27, an item from a slideshow can b
removed by setting back selection mechanisms.
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Figure 27: Deleting scene elements.

4.3.3.3Replacements

The replacement of scene elements might be pertbloyex combined process that delete the identified
elements (Section 4.3.3.2) and insert brand new (8ection 4.3.3.1). For instance, the MPEG-4 BIFS
<Replace> command can be executed by an XML parser thaitigware of the details of the XMT-A
syntax except this replacement command as illestrén Code 32. In the same way, a JavaScript
function can perform the replacement of XML elemse(@ode 30). As opposed to these memoryless
element replacements, the replacement process raigilyze the elements to be replaced so as to
configure the new elements to be inserted to theeotiscene. For instance, a XSLT process can parse
the XML syntax of the initial SVG document desdidpt to extract some scene attributes, such as a
rectangle size, that are then integrated in a néMIEHdocument as illustrated in Code 31 and Code 33.

Although replacement commands primarily target gjgescene elements, it can also be used to replace
the root node of a scene. As a consequence, theceement of scene elements can be considered as the
minimal requirement for adapting a multimedia préagon since it can reach all scene properties.
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/I extract from paramTransform.xsl
<svg xmins="http://www.w3.0rg/2000/svg" width="100 %" height="100%"
viewBox="0 0 100 100" onload="replace(evt)">
<script id="script-root" type="text/ecmascript">
function replace(evty{
var svgNS = "http://www.w3.0rg/2000/svg";

var circle = document.getElementByld("circle" );
. var rect = document.createElementNS(svgNs, "r ect");
JavaScript circle.setAttributeNS(null,"width", 50);
Replace() circle.setAttributeNS(null,"height", 50);

circle.setAttributeNS(null,"fill", "red");
rect.parentNode.replaceChild(rect, circle); }

</script>
<g>
<circle id="circle" cx="25" cy="25" r="50" fill ="blue"/>
</g>
</svg>

Code 30: Replacement of scene elements in SVG usitayaScript.

/I extract from paramTransform.xsl
<xsl:template match="@*|node()">
<xsl:copy>
<xsl:apply-templates select="@*|node()"/>
</xsl:copy>
</xsl:template>
<xsl:template match="*[@id="circle']">
<svg:circle id="rect" width="50" height="50" fill ="red"/>
<xsl:apply-templates/>
</xsl:template>

<?xml-stylesheet type="text/xsl" href="elemTransfor m.xsl"?>
<svg xmins="http://www.w3.0rg/2000/svg" width="100 %" height="100%" viewBox="0 0 100 100">
<g">
<circle id="circle" cx="25" cy="25" r="50" fill ="blue"/>
</g>
</svg>

Code 31: Replacement of scene elements in SVG usKgLT.

<Replace><Scene>
<OrderedGroup><children>
<Transform2D DEF="T2D"><children>
<Shape><appearance><Appearance USE="APP_BLUE" /></appearance>
<geometry>
<Circle radius="35"/>
</geometry>
</Shape>
</children></Transform2D>
</children></OrderedGroup>
</Scene></Replace>

<par begin="0">
<Replace atNode="T2D">
<Transform2D><children>
<Shape><appearance><Appearance USE="APP_RED"/ ></appearance>
<geometry>
<Rectangle size="50 50"/>
</geometry>
</Shape>
</children></Transform2D>
</Replace>
</par>

Code 32: Replacement of scene elements in BIFS.
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/I extract from svgToHTML.xsl
<xsl:template match="/">
<html:HTML xmIns="http://www.w3.0rg/1999/xhtml" x ml:lang="en" lang="en">
<html:BODY>
<xsl:for-each select="svg:svg/svg:circle">
<html:DIV style="position: absolute;
top: {@cy}px; left: {@cx}px; width: {@r}px;h eight: {@r}px;background-color: {@fill};"/>
</xsl:for-each>
</html:BODY>
</html:HTML>
</xsl:template>

<?xml-stylesheet type="text/xsl" href="svgToHTML.xs ["?>

<svg xmlns="http://www.w3.0rg/2000/svg" width="100 " height="100" viewBox="0 0 100 100">
<circle id="circle" cx="25" cy="25" r="50" fill=" blue"/>

</svg>

Code 33: Replacement of scene elements in SVG itdid ML using XSLT.

4.3.3.4Moves

The scope of the manipulation of a scene doesanat to be narrowed to the transformation of a singl
scene element. In particular, a piece of the scanebe cut and paste into another part of the sddmee
move manipulation of the scene can be performedbguny insertion and deletion commands.
However, move commands constitute a significaninapation since scene elements do not have to be
repeated in that case. Moreover, moving scene elsnalows to dynamically modifying the scene
structure while keeping the current presentatiamesas illustrated in Figure 28. For instance, tiwie
and insertion transformations would imply the ladésscene properties modified by the user through
interactivity during document playback. Only silgi#) cousins or distant cousins elements can bednove
(no child relation is possible in that case)
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Scene Update

[~ E—

Move
command

7

Figure 28: Moving scene elements.

4.4 Conclusion

The adaptation of a multimedia scene requires aaraxd control over the scene description models
which has been previously described in Chapterehdd, scene properties can be complemented with
adaptation semantics (Section 4.2.1), abstractedhigh-level models (Sections 4.2.2), preparedafor
set of typical environments (Section 4.2.3) or gesd to cope with uncertain contexts (Section 4.2.4
All of these approaches endeavor to deal with gelgsanel of content adaptation scenarios while
maintaining a good content quality. They also henerent limitations that define the scope of their
application scenarios that are detailed below:

- Media-based scene adaptation efficiently tacklesatiaptation of elementary media but also
restricts the adaptation of scene properties tolsinscenarios (possibly guided by author
preferences).

- Custom scene publishing lightens the burden obeglity providing authoring facilities through
the abstraction of scene properties that can benwically adapted. However, such an
abstraction reduces the capabilities of multimgatesentations since only a part of the scene
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properties can be transformed through adaptatgorigthms. Furthermore, these transformations
follow generic aesthetic rules that do not necesfitathe author’s needs.

— Scene alternatives selection enables the full obritver adapted scene properties but also
requires significant authoring efforts that lintiettargeted adaptation scenarios to a set of typica
use cases.

— Scene plasticity allows the definition of adaptatiehaviors as a part of the document for some
scene properties. These transformation functioms lm configured according to the user’s
environment. However, these specific functionssely related the content, cannot be applied to
all properties and may require complex authorimasto

Naturally, it would be idealistic to look for antopal solution targeting all adaptation scenariasdu

on a unified proposal; this is because there isaydwa trade-off between the need for low-level

adaptation control and simple authoring paradigepsedding on application scenarios. However, all of
these approaches could be combined into a singléuption chain. Media-level adaptation decisions

taking into account presentation considerationsdcbe combined with custom scene generation taols t

propose presentation alternatives to the authoretbtorial modifications and validation. Based on

adaptation scenarios, scene alternatives and Rexitedia components (plastic media) would be

combined in order to efficiently modify the propest of created scene descriptions according to the
actual user’s context.

The scene transformation techniques described atidBe4.3 are currently available in multimedia
format (MPEG-4 BIFS update commands) or applicaisiag external tools such as JavaScript [64] or
XSL [122]. These scene transformations allow anaaded and optimized control over scene
transformations by replacing scene attributes (@eet.3.1), controlling their spreading in the sedree
(Section 4.3.2) and updating scene elements (Pedti®.3). Additionally, numerous communication
protocols suitable to convey multimedia scene offiaiceholders for descriptors that could ease the
deployment of adaptive solutions. As a consequem@Eene adaptation decision-taking engine should
generate adaptation parameters that can be easilyafted into such descriptors. Thus, adaptation
scenarios naturally cover the dynamic transformmatib multimedia presentations during the authoring
phase but also while being transmitted or evennduthe course of the playback on the end-user
terminal.

Finally, the scene decision-taking process andstommation process described in this chapter incur
overheads (e.g. implementation costs, processimgepomemory requirements, battery consumption,
bandwidth...). These overheads have to be carefudliglhved depending on application scenarios. For
instance, some approaches might be oversized cethparexpected adaptation features. In some cases,
environment constraints might prevent the impleragon of some approaches because they would
worsen these constraints and directly impact carmgeality. Thus, our study on multimedia digitatiia
broadcast has led to technical choices and enhamterthat will be described in Chapter 5. This ytud
paves the last miles toward multimedia scene siti#§ab
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Chapter 5 Towards multimedia scene scalability

The background of our scalable scene model thabwitlescribed in Chapter 6dalable MST)ican be
easily identified from the classification of scepmperties as described in Chapter 2 (viz. spatial,
temporal and interactive properties). Howevereimis of scene adaptation, the underlying principfes
our scalable model significantly differ from theigting approaches described in Chapter 4. The main
factors that led us to this new proposal are dsaih this chapter. In particular, we show in Seth.1
how a large number of existing solutions fail todiabs our adaptation requirements in broadcast
environments. Additionally, we describe in Secti®2 and Section 5.3 two contributions that we
developed starting from the existing solutions #rat partially succeeded in addressing our neels. T
results of these two preliminary experiments sugbeforehand the essence of our proposal: multimedi
scene scalability.

5.1 Adaptation requirements

All the adaptation requirements that guided tedidnibioices during our research activities come feom
single use case which is the delivery of adaptamlétimedia services over a broadcast channel. In
practice, the adaptation of the presentation afoadicast service to terminal capabilities and tavaek
capacities is a challenging task. It can be derimgmimultiple scenarios such as file casting, peagive
content downloading or real-time streaming. Indesdthough document sharing or on-demand client-
server streaming did not directly drive our chojaesppeared that our ‘broadcast’ requirements als
fulfil these ‘unicast’ or ‘local’ use cases thusabling a hybrid broadcast-broadband adaptive swluti
[88].

In the following, the main adaptation requiremetiitat define the sub-header of this dissertation are
detailed: “A generic, autonomous and low-overhead transfoiomatprocess for the controlled
adaptation of advanced multimedia services”

5.1.1 Generic adaptation process

Content adaptation needs are always specific sirggeare determined by the particular wish of atoed
and the unique context of the user. However, thaptadion process applied to a presentation must
remain generic so as to be implemented on multismedivices that were not configured for these
dedicated application scenarios. In particular,abdoast scenarios cannot assume any dedicated pre-
installed software on playback platforms for eaehvise. For instance, an iPhone with a 3G or Wi-Fi
connection may download a custom application fotheaervice. However, many other handheld
terminals used to watch television or listen tordio only rely on broadcast signals to retrieatadAs

a consequence, all adaptation processes haveitopbEmented in a framework, possibly standardized,
that is generic enough to be industrialized. Henoedia-driven (Section 4.2.1.2), meta-model (Sactio
4.2.2.1), meta-format (Section 4.2.2.2) and guiakéernative selection (Section 4.2.3.2) decisiddinig
algorithms sometimes rely on sophisticated impldat@ns dealing with content semantics which can
be developed on a publication platform but aregesteric enough to be largely deployed on receivers.

5.1.2 Autonomous adaptation process

Broadcast scenarios do not allow any external sudpo the adaptation of a multimedia presentation
other than broadcast channel information. Althoaghnected TV could provide an adaptive feedback
channel for broadcasted services, the current dprednts focus on unicast adaptive applications aach
the Samsung’s TV Apps stdteHence, adaptation decisions must be exclusiagrt from the input
service’s description provided to the receiver.adsonsequence, all adaptation proposals baseceae sc
alternatives (Section 4.2.3) selected through tiadyais of users requests are not suitable fordmast
scenarios. Instead, all possible alternatives nedzk transmitted to receivers so that they cafopar
the presentation adaptation themselves. Such sd@maatives or additional transformation instraos

4 http://tv.samsungapps.com/
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are data that must remain very limited comparethéomain media transmitted through the broadcast
channel (Section 4.2.1.2). It can also be noticere that meta-model (Section 4.2.2.1) and metadbrm
approaches (Section 4.2.2.2) are not applicableroadcast environments since only one standardized
format should be used for document description imass market such as free-to-air TV and Radio
services.

5.1.3 Low-overhead adaptation process

An essential requirement for the adaptation of imaltlia services is that the actual transformation
process should not impact the capabilities of the eser terminal. Indeed, an adaptation proceds tha
would significantly modify user’s context adds urtagty on its own input parameters. For instarece,
scene transformation that aims at reducing contentplexity to match the limited processing power
capabilities of terminals must not require a compbeocessing. In practice, the well-known option
which consists in operating the adaptation prooesa distant server in order to lighten the burdén
receivers cannot be applied in broadcast envirotsnéheta-model (Section 4.2.2.1) and meta-format
approaches (Section 4.2.2.2) are not applicabtbah case. Although a transparent adaptation psoces
would be difficult to achieve, all additional cogia bandwidth, memory consumption and processing
power have to be minimized. In fact, a single ralenmarizes the acceptable costs of adaptation
functionalities: the bigger the overheads are hilgber the benefits of adaptation must be.

Among our classification of adaptation approachesdia-driven scene adaptation (Section 4.2.1.8) is
possible option that requires efficient scene fiansation techniques. Whereas implicit adaptation
transformations (Section 4.2.3.2) could be diregyformed on receivers, they do not fit well with
limited platforms where the intensive processin@g @emantic adaptation decision-taking engine danno
be easily implemented. Finally, constrained-bassmhe adaptation approach (Section 4.2.4.2) requires
noteworthy processing capabilities for limited ded and do not scale well with multimedia content.
Indeed, even if the complexity of one-way constramiving techniques [110] is not high, it mightt e
acceptable for very limited terminals especiallyewlthe number of media objects remains reasonable
[86]. Furthermore, a description of adaptation t@msts, provided as JavaScript code in [84], rezgia
significant bandwidth when frequently repeated inbmadcast carousel. Indeed, such adaptation
descriptors cannot be resident in the terminalesthey differ for each content.

5.1.4 Dynamic adaptation process

In broadcast environments, multimedia radio ses/@e either transmitted as continuous streams (e.g
MPEG-4 Elementary Streams in T-DMB [38]) or prowddas individual chunks (e.g. using Multimedia
Object Transfer of T-DAB [43]). In both transmissiecenarios, a multimedia service can be considered
as a live document. However, services differ frdra simple succession of independent documents
because a significant value of the content prodoctomes from the editorial choices made to
dynamically compose these documents over time bydocing seamless transitions. An adaptation
process must be able to follow such dynamicitypanticular, all adaptation proposals which define t
adaptation decision-taking as an initial step ptoothe complete presentation delivery cannot ipdiegh

Only a persistent decision-taking engine can haradlaever-ending document and cope with the
variability of user’s context over such a long pdrof time.

Even though an optimal presentation can be gemktfateany new context, the coherence of the user’'s
experience might require some hysteresis effectsinstance, it might be more beneficial for therus

keep watching an image slideshow than switching wideo sequence for a short period of time during
occasional bandwidth increases. Additionally, thamsless transition between two adapted multimedia
documents requires an advanced management of gogmerties. In that case, the abstraction of ameta
model (Section 4.2.2.1) or a meta-format (Sectich242) approach raises severe issues since such a
service continuity often relies on low-level scemeperties provided to the user over time.

Finally, constraint-based adaptive documents (8eecti2.4.2) are not designed to be updated over. tim
Indeed, whenever a new object, which was not cens@tlduring authoring, is to be dynamically ins#rte
to the multimedia document, the whole constrairsigllsalgorithm description has to be updated and the

-94 -



Chapter 5 — Towards multimedia scene scalability

complete adaptation has to be reprocessed. Howeeeemental constraint solvers, such as DeltaBlue
[46], can be considered for that purpose.

5.1.5 Enhanced adaptation process

Content quality is an essential aspect for serpimviders who propose a multimedia offer through a
dedicated channel (e.g. a DMB sub-channel) or apeetal (e.g. a website) because the loyalty ofaise
is a key success factor. In fact, a significant paauthoring effort is spent on selecting thedfanedia
that will catch user attention and in designing finesentation in such a way that the content looks
attractive. The adaptation of multimedia preseoretiis another way to make content more comfortable
for users by avoiding never-ending loading timepredictable degraded services or even playback
failures that would ruin the service reputation.wdwer, adapting a presentation should not interfere
with the editorial choices of the author or dictatghoring constraints that would ease the adaptati
decision-taking process. Instead, the content atlapt process must be flexible enough to handle
advanced multimedia scenes (such as SVG [118], MRPBG-S [59], SMIL [119], HTML [120], NCL
[105] or Flash) where the spatial, temporal andraattive properties of a presentation are esseantil
allow content creators to carefully design theiegemtations. For this reason, all media-neutrahesce
adaptation approaches (Section 4.2.1.1) that assimpdistic (e.g. audio/video only) or structurévein
presentations (e.g. SMIL-based layout) where trayais of the multimedia content is straightforward
only cover a limited range of content possibilitiés the same way, meta-model (Section 4.2.2.1) and
meta-format approaches (Section 4.2.2.2) only adfdimited set of functionalities compared to the
multimedia formats they target. Finally, interp@atbased adaptation (Section 4.2.4.1) is not cefit

to deal with the adaptation of all scene properties

5.1.6 Controlled adaptation process

An editor is responsible for the multimedia senvicproduces. For this reason, the content prodaocti
chain is usually composed of several steps wheredhtent is controlled by humans in order to check
its quality but also that editorial rules have beespected. For instance, it is not acceptabledadzast

a tour operator advertisement next to the headlimut a plane crash. The scene transformationgedppl
for the adaptation of a presentation must follow fame validation process to always remain under
control. For this reason, all implicit scene tramsfations (Section 4.2.3.2) that let software syste
automatically operate the adaptation of the presiemnt are not acceptable. Of course, these appesach
lighten the burden of content creators by takinge caf usage environment constraints but output
documents that are completely out of the controlth@ editor. However, all of these automated
adaptation decision-taking algorithms remain excelitools for assisting authors during the content
generation phase.

The complete control of an adaptable presentatiookly requires increasing efforts as the number of
adaptation parameters grows. Two options can bésaged: lessening editorial checkpoints and/or
limiting adaptation scenarios. For instance, mefligen scene adaptation techniques (Section 4)2.1.2
can offer some control to the author over adaptatiecisions by providing optional semantic
information. However, these approaches [75][78] weally not satisfactory because they still regjuir
quite a lot of authoring efforts without providirayclear control on their impact in terms of content
usability. In the same way, the specification afgantations resulting from the resolution of a taing-
based algorithm (Section 4.2.4.2) requires advaneaiitiation tools to cope with all possible
configurations. As a consequence, a trade-off batvemntent control and adaptation flexibility neemls
be found.

5.1.7 State of the art analysis

The result of the combined analysis of our adamtatequirements and state-of-the-art scene adaptati
approaches is summarized in Table 2. It can be the¢rfour main approaches can be envisaged for the
adaptation of multimedia scenes in broadcast enmemnts:
- The media-driven approach can be a good candifld@tean offer a clear control over scene
modifications to the author, make use of efficiscéne transformation techniques and optimize
the amount of data required for scene adaptation.
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- The alternative-based approach is an excellentidared as long as the weight of scene
alternatives can be reduced to acceptable valspedcmlly for large presentations and memory-
limited devices). Additionally, the generation akpentation alternatives is a tedious task that
should be supported by automated content generf@¥dfr0].

— The constrained-based approach is an attractivieroput raises important issues when the
adaptation of dynamic services in constrained enwirents is considered. Additionally, it
remains a complex task for authors to define cdntenstraints (developer-oriented approach)
and for receivers to resolve them with low-procagsequirements.

— The interpolation-based approach can be seenightabnstrained-based approach focused on
some specific scene properties (visual propertiegnly). This approach combines the
advantages of a compact representation and regdeptimizations for scene transformations
when used for dedicated purpose (e.g. text layauinktance). It should be used for adaptation
purpose whenever the content makes it possible.

Table 2: Matching GALDEC scene adapation requiremets with state-of-the-art approaches.
Generic | Autonomous Low-Overhead Dynamic| Enhanced Control

Media-neutral + + + + - +
Media-driven 0 0 0 + + 0
Meta-model 0 - - 0 - +

Meta-format

(publishing) (o] - - (o] = +

Alternative-based

(Explicit) + 0 + + + +

Alternative-based

(Guided) 0 0 - + + -
Constrained-based + + (o] (o] + (o]
Interpolation-based + + + + (o] +

+ supported, o might not be supported or requieeifip optimization, - unsupported

In following, we describe two contributions we deged to fulfil our adaptation requirements stagtin
from state-of-the-art approaches. First, we havabined media-neutral and expli@tternative-based
scene adaptation to make a trade-off between the foe media adaptation and scene adaptation dontro
with a coarse granularity (Section 5.2). This atwttion defines a new media-driven approach fonece
adaptation. Second, we have defined a new progeesstene transformation technique for the
alternative-based approach in order to improvait®nomy (Section 5.3). Our experiments compared
our approach with classical alternative-based agres and an interpolation-based approach based on
objective measures.
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5.2 Media-driven presentation adaptation

The media-driven scene adaptation presented irs#tton is a method to complement existing audio,
video, and image adaptation techniques in ordemfwove the perceived quality of interactive rich-
media applications. Some scalable video codecs| [A0d image codecs [85] organize the media bit-
stream in abstraction layers, thus simplifying gtaptation process to cut and paste operations [66]
Additionally, transcoding and transmoding offer alevrange of adaptation scenarios such as: coding
format transformation, video key-frames extractioext-to-speech synthesis, etc. Both approaches,
scalable and non-scalable, can also be coupledai@mgtee the highest media quality in a large tadé
usage environments. However, media adaptatiortsiovin, is not sufficient to guarantee a satisfying
quality of the end user’s experience in interactie-media applications. In fact, the adaptatiérao
media may significantly impact the user’s displayd anay require the accommodation of the whole
presentation, as illustrated in Figure 29, whelaage portion of the display remains empty.

—— ==

P Resizing > Resizing
This is a video resizing This is a video resizing
example performed through _,Q example performed through ,@
video content switching. ® video content switching. @

— (0]

~Toaee

Figure 29: Example of a non-optimal media-driven sene adaptation.

Our approach published in the proceedings of thermational Workshop on Image Analysis for
Multimedia Interactive Services [6] consists in dymcally adapting multimedia services at the
presentation level according to media-level adaptatecisions. The principle of this approach isHer
explained in Section 5.2.1. Section 5.2.2 depiwtsapplication test-bed using MPEG-4 and MPEG-21
that we implemented with the proposed adaptatigmagezh and concludes our study with an evaluation
against our adaptation requirements listed in 8edil.

5.2.1 Principles

The adaptation of elementary media (audio, videwmges, text paragraph or graphic elements) is a
prerequisite for scene adaptation. Indeed, it wowdtl make sense to adapt the presentation of an
elementary media that can not be displayed to siee. Unstead, a multimedia presentation shouldtadap
to its transformed media and/or propose an equivalersion of these media in their best possibimnfo

In the scope our study, we did not directly tadkle transformation of elementary media in broadcast
environments but we rather relied on two curredyployed approaches which are mostly compatible
with our adaptation requirements: the simulcastse¥eral media alternatives and the broadcast of
scalable media. The large deployment of MPEG codledke broadcast industry (typically MPEG-4
AAC and MPEG-4 AVC) and the recent developmenthef MPEG-21 adaptation framework are an
opportunity to adapt elementary media along withirttpresentation based on a single adaptation
decision-taking engine. Such a harmonized appraauok at facilitating the implementation of general-
purpose adaptation engine by receiver manufacturers

The underlying principle of our proposal is to congbthe strength of a generic decision-taking emgin
for media-driven scene adaptation with the fulltcoinover presentation options which is guaranteyd
explicit scene alternatives. The architecture @hsa media adaptation engine enhanced by the aalditi
of scene adaptation capabilities is illustrate&igure 30. Thus, a typical media adaptation mo¢giey

box) composed of an adaptation decision-takingrengind a media resource adapter [134] constitutes
the core of our adaptation architecture. The meeision-taking engine selects an optimized media
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adaptation process (e.g. scalable adaptationrdatstswitching, transcoding) for a given environimen
context while the resource adapter is in charg@esforming the adaptation operation on the media
bitstream.

In order to guarantee the overall presentationityud the end-user, a dynamic scene adapter module
has been introduced in addition to the media atlaptanodule. This scene adapter module detailed in
Figure 31 provides an additional presentation trassion channel and takes into account media-level
adaptation decisions in the presentation layoustFan enhanced decision-taking engine decidaben
best presentation version based on author constrdinen, presentation updates dynamically modhiéy t
user display according to fluctuating environmegmstraints.

Adaptation Environment
[y Media metadata constlraints
1
ok :
Media stream Media Adaptation

Resource |¢ Decision
1

¢ Adapter !l __Engine
! Media adaptation module
& Media i i
Q time y v !
Presentation stream Scene 1
| Adapter Server

Client ¢

Figure 30: The enhanced adaptation architecture

The proposed decision-taking algorithm relies omexdia decision-taking engine described in 5.2.1.1
including theConversionLink  tool, which we contributed to the MPEG standariimabody and is
now part of the MPEG-21 DIA standard. The inferssgtne decision-taking engine that complements
media-level decisions is explained in Section 52.Finally, our scene transformations through
presentation updates are described in Section.8.2Alfine-grain control of the synchronization of
presentation updates with adapted media streamssed to enable seamless switching of media
bitstreams with different coding (transcoding) @itshing to media streams with different modalities
(transmoding).

Media Adaptation

time metadata
| |

i i Scene Media
Presentation v A\ 4 adaptation adaptation
stream Scene Updates decision .S.cene . decisions
Generation and [« Decision-Taking [€1------~
Synchronisation Engine
Scene Adapter

Figure 31: The scene adapter module.

5.2.1.1The media decision-taking engine

Given the limited processing capabilities of soraadheld devices used in broadcast environments, two
main adaptation approaches have been envisag#uefadaptation of elementary media: the filterifg o
appropriate enhancement layers of scalable coatehthe selection of a suitable version among skver
content alternatives. In particular, all dynamianeersion processes have been discarded because of t
heavy processing they require. Since all mediarradteres are known beforehand, they have been
explicitly described in the MPEG-21 Digital ltemeasfor their presentation. An adaptation decision-
taking engine, such as a compliant MPEG-21 DIA e@agis responsible for selecting the best option
among all media versions and relies on an exph@pping between environment descriptors (e.qg.
MPEG-21 UED) and these alternatives. For instaimeeMPEG-21 DIA standard describes this mapping
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as adaptation modules (MPEG-2HaptationQoS ) which can be expressed as a lookup table. In
particular, key layers of the video bitsteams aepped onto explicit parameters so that a conteatraw
adaptation decision-taking engine can select relelggers according to the usage environment. &uch
straightforward adaptation decision-taking engiae be enriched with adaptation constraints (MPEG-21
UCD) which can be used to introduce some computedions between adaptation parameters and
adapted media versions. For instance, the maximitiraté allocated to a video sequence might be
limited to 80% of the available bandwidth.

Once an adaptation decision has been taken, opfpaimeters (e.g. MPEG-20Pin ) need to be fed
into a resource adapter which will perform the attedia adaptation. This adaptation process can be
simply described by referencing the original cohterbe adapted and the adaptation descriptorsiiliat
guide the adaptation process. For instance, tworigésrs can be used in the scope of MPEG-21 DIA as
illustrated in Figure 32BSDLink andConversionLink
- The MPEG-21BSDLink creates a connexion between a scalable bitstrearjstream
description (e.g. gBSD) which signals the charasties of its adaptation layers and a
transformation description (BSD Transformation) gaiible with the bitstream description that
features input parameters for its configuration.
- The MPEG-21ConversionLink creates a connexion between a bitstream, an @ption
MPEG-7 resource description and a conversion attdsn transform the bitstream according to
input parameters.

{ UED | | ucp { UED : | uCD
A — Cepeacaad [ — ,,,/ ,,,,,,,
\X K/ X ¥
[ ‘ ADTE oo : ADTE
__,v] AdaptationQoS 3 /‘ ‘_,j AdaptationQoS L f
e veo ¢ T 17 ueb 3
,,,,, PR, i ,,‘
— Cpaemewsr 1| g ol | Parameter |
ConversionLink | }_-.------==""77777m00s > (IOPinRef) ! R ¥ (IOPinRef) |
\ L Conversion act : ,,,,,,,,, . R BSD
. g reference ! XML fragment \\ ‘N Transformation |
\ N ko Bitstream |:| Binary \\\ 'S Bitstream
Y reference \ reference
. S Conversion Reference N T BSD
MPEG-7 + A\ Tool )| |7 > ; : Transform
resource — x gBSD —
description ____, Dataflow ‘

Figure 32: MPEG-21 BSDLink and ConversionLink desciption tools

The ConversionLink descriptor results from a contribution we conddct® the MPEG
standardization body to harmonize media converois with existing MPEG-21 DIA tools targeting
the adaptation of scalable content. This tool leenkstandardized [67] and is now integrated iratesst
release of the standard [66]. In practice, conwversicts are defined as registered media transfammmat
processes defined outside the scope of MPEG. Amsequence, a media selector featuring a Boolean
input parameter that enables filtering out a metiem can be defined using @onversionLink
descriptor. Hence, a document (e.g. MPEG-21 DID) @ascribe a large panel of adaptation scenarios
for an elementary media stream (scalable or nat) tan be dynamically selected according to the
decisions of a unique adaptation platform.

5.2.1.2The inferred scene adaptation decision

A scene decision-taking processing consists indilegithe best overall presentation for the cursemtof
media. Since broadcast scenarios require efficdaptation techniques, we decided to transfer wfost
the complexity of scene transformations to the eohtcreation phase in order to limit scene
transformations to the replacement of a few scétnbaes (Section 4.3.1). Hence, our approacleseli
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on scene format capabilities to define presentalternatives, referred as branches in the sceee lin
practice, the scene has to integrate as much bearashpossible dynamic adaptation scenarios.

Figure 33 shows a multimedia scene specificallygiesl to enable the dynamic branch switching from
a video to a slideshow. For instance, these twoesaéiernatives might offer a full screen videousetge

or a slideshow featuring smooth transparency effeetween images and an interactive access tashe |
displayed images.

In our approach, the content creator is in chafgiebning the mapping between the media state {@ed
level adaptation decisions) and the activated ptaten alternatives (scene branches). Therefbie, t
scene decision-taking algorithm is straightforwaadd simply consists in selecting predefined
presentation options from media-level adaptatistdptions. This content referencing can be peréatrm
through media descriptions identifiers (e.g. MPEIGEAI [65]) that point to branch identifiers in the
corresponding multimedia scene (e.g. MPEG-4 Olpexdcriptors ID). Our approach can also be used
for the dynamic generation of multimedia preseatatibased on a format- and layout-agnostic streictur
(MPEG-21 DID). In that case, the scene adapterhbmamroupled with an automated scene generator
which follows specific editorial rules.

MPEG-21 DID
Video It

MPEG-4 Scene ideo Item /~ Component

DIA Description

Video Video (BSDLinkType)

Layout | | Media Scaled Video

) ; DIA Description
Slideshow | | Slideshow (ConversionLinkType)
Layout Media Slideshow transmoding
Video Resource (Media)

Figure 33: Example of a scene and its related MPE@1 content description.

5.2.1.3The scene transformation engine

Once the decision for a specific scene adapta@srbleen taken, the scene adapter module is inecbérg
modifying the presentation. This basically impliesplacing the scene properties that control the
visibility of the required scene option and synetizong this scene transformation with adapted media
streams. More precisely, the modification of thengc basically aims at two different goals: traositi
effects and branch switching.
- Transitions updates modify the display to prepaeedoming media adaptation and the possible
corresponding branch switching.
- Branch updates actually perform the media switcliihghe scene level. In any case, precise
synchronization is required to achieve seamlessattrattive transitions.

In order to perform these scene transformations,deeided to select time-based scene updates as
defined in 4.3.1.2 due to our needs for a dynaoens adaptation to a fluctuating context and ireotd
guarantee the finest synchronization with medi@ll@daptations. The synchronization model chosen in
our approach takes advantage of the fact that aanaethptation buffer is used for content delivery o
playback. For instance, a server necessarily ngetiich and adapt the media bitstream in advamce i
order to deliver the content on time. This adaptabuffering time can be used to start transititiects

as soon as the media adaptation decision is takenbranch switching update is only applied when th
adaptation actually becomes effective on the teamin

This scheduling of presentation updates is depittefigure 34 in a video resizing scenario. A video
bitstream-switching decision is taken at the seside at time T but will effect at the output of the
server at time I Snapshots of the user display show scene enhamnterlong with video adaptation.
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\ [X] Transition update X Branch update Priﬁ::tnaetilon
7 77777 7% :
/ //Video/ “sVideo CIE Vlde|o
WL s 55 Fresizing “adaptation, enanne
decision performed QCIF video
channel
T Adaptation buffering time T2 T (time)

Figure 34: Example of a scene layout adaptation teideo resolution.

5.2.2 Experiments and results

Our experiments conducted on the adaptation ofesg@operties in concordance with media-level
adaptation decision have been performed in theesadpthe DANAE IST European projétt This
project targeted a complete framework able to pl®wnd-to-end quality of (multimedia) service at a
minimal cost to the end-user. Although the test Wwed developed and integrated for unicast streaming
scenarios, some of the results described in thewolg are also applicable for multicast scenarios.

5.2.2.1The testing environment

The architecture illustrated in Figure 30 has biegplemented and integrated in the DANAE platform.
This platform is composed of a streaming server andMPEG-4 client, compliant to MPEG-21,
communicating with the RTSP/RTP streaming protoSeleral experiments have been conducted on the
adaptation of multimedia services on both PC and Rainly relying on video adaptation techniques.

5.2.2.2Adaptation efficiency

During our experiments based on the DANAE test bexlhave been able to demonstrate the dynamic
adaptation of multimedia scenes with latency lowean 1 second in streaming scenarios (see our
dynamic requirement in Section 5.1.4). Such re#gtiesults from the performance of the entire nhai
that is capable of detecting context changes nafelly. through RTCP reports), processes media data
with short pre-fetching delays and plays presemtativith a short buffering time.

In unicast streaming scenarios, the proposed aplprbas low processing overheads on the server side
thanks to its straightforward scene decision-takifgprithm. Moreover, it is also transparent to b
handsets in streaming scenarios since scene upai@dasterpreted as regular timed scene commands
(replace, insert or delete) and do not require spgcific context handling nor any specific scene
processing engine. However, the difficulty raisgdie implementation of an MPEG-21 DIA engine on
handheld terminals for multicast scenarios hasheen tackled. Even though we did not measure the
performance of an MPEG-21 adaptation decision-takimgine on portable platforms, the complexity of
the adaptation solving clearly increases as thebeurof adaptable media grows. As a consequence,
acceptable overheads for our adaptation approauobiotng media selection and presentation adaptation
directly depends on the ability of the MPEG-21 DivAplementation to efficiently handle multiple
instances of the adaptation module processor. Asomsequence, our low-overhead adaptation
requirement (Section 5.1.3) is likely to fail besauof our need for advanced multimedia services
(Section 5.1.5)

Concerning our autonomy requirement (Section 5.5R)metadata referenced by the MPEG-21 DID
could be transmitted along with media streams. d&ssi distributed adaptation scenarios were
demonstrated in DANAE by continuously transmittiggSD data as metadata streams to operate the
adaptation of scalable media in network adaptatiaes [35]. So, this would seem feasible to transmi
gBSD data directly to receivers for a client-sidmaptation. However, since our approach depends on

42 http://danae.rd.francetelecom.com/

-101 -



Chapter 5 — Towards multimedia scene scalability

media-level adaptation decisions, the number ohescalternatives quickly grows in the case of
presentations featuring numerous and highly-adaptiedia. In that case, all adaptation descriptods a
the initial scene featuring many alternatives woatthsume a significant bandwidth. However, this
bandwidth remains limited compared to the usuahtatof a single video stream.

5.2.2.3Adaptation flexibility

Our scene adaptation framework allows the on-thgdineration of a static presentation from an MPEG-
21 DID. In that case, the scene generator is imgehaf producing a presentation from media-level
decisions according to simple editorials rules Whitave been automated. Additionally, multimedia
scenes can also be prepared off-line and fed It@taptation system as long as they offer presamta
alternatives compatible with the nature of the &eldpnedia. For instance, the media switching from a
video to a slideshow requires the scene switchiogn fa video node to a timed image node in the scene
Such adaptation scenarios have been demonstrateéldn AXIM PDA by performing QCIF MPEG-4

SP video-to-video seamless bitstream switching @eorto-slideshow synchronized transitions.
Additionally, the content creator can freely enhatite spatial, temporal and interactive propedfabe
rich-media presentation according to media-levaligiens. These scene properties can be defined in
each scene branch to enable a complete control amegstation options. The experiment described in
Figure 35 illustrates the scene adaptation scehroscalable video sequence composed of two PSNR
layers (Lo and L) to a slideshow featuring 3D effects. Snapshoth@fuser display illustrate the benefits
of presentation updates during and after the bastrswitching key points.

(Bk'tt)rjt; L, Video PSNR base layer bitrate

A\ Video PSNR enhancement layer bitrate

3001 — 3D Slideshow bitrate (on a 10s shifting window)-
- Estimated available bandwidth

250 — —— Server throughput

200

150 \ ]

100} §

Lo
50

40 Time (s)

;

[Ts...T.]
Figure 35: Example of a video summarization to sliedshow.

5.2.3 Conclusion

The approach presented in Section 5.2 showed hstirgxadaptation architectures targeted for sdalab
media can be enhanced by including a scene adapieiscene adapter module performs the mapping of
the adapted media set onto optimized presentatiesigned by the content creator. This approackvallo
an improvement in the perceived quality of the aeldpnultimedia service and grants content providers
more adaptation scenarios at a minimal cost.

The important concept developed in our work throaghexperiments is that of presentation transition
between the different adapted versions of mediflussrated in Figure 36. Media degradation caroft

be balanced with presentation enrichments (presentawitching updates). For instance, switching
from a video to an image slideshow in order to shaedwidth can be counterbalanced with an
interactive control over these slides. Scene tmansdtions can also be introduced to create seamless
transitions between the different adaptation stafedementary media (presentation transition uggjat

For instance, a VGA video can be progressivelyestdbwn before switching to a QVGA configuration.
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Both aspects, presentation switching and transitiptiates, have been successfully combined with the
timed transformations of the multimedia servicerblying on the same scene updates. This approach
enables dynamic adaptation decisions but also eng# synchronization of media-level and scene
transformations which significantly contributesttee quality perceived by the user. These adaptation
updates between presentation states have beemaitggn ourScalable MSTImodel by defining
adaptation paths in our adaptation decision-takingine. These configurable adaptation paths can be
leveraged to trigger suitable transitions betwemsgntation states.

(Tr)ansition update @ +(sw) (Sw)itching update

JPEG

MPEG-4 MPEG-4
SvC SP SLIDESHOW

VIDEO Sw VIDEO @ +<Swj

Figure 36: Linking presentation alternatives through adaptation updates.
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Although the demonstrations presented in the MUSemmiseum were successful, several limitations
have been identified.

First, media-driven approaches assume an audimmandieo content which is the main adaptation
concern. In fact, these elementary media can requisignificant bandwidth and their decoding (and
rendering) process might consume a large part eftéhminal’s resources. However, it might also be
useful to adapt a presentation to the user’s comiout adapting these key media. In that cagmyre
media-driven approach should be combined with odtmne adaptation approaches, such as scene
plasticity (Section 4.2.4), to broaden the range sopported context parameters (e.g. targeting
presentation size other than typical video resohs).

Second, the adaptation complexity of our proposafeases as the number of media configurations
grows. Advanced multimedia content featuring a damgumber of adaptive media would require
significant overheads for the continuous processimgll the adaptation engine instances it woulglym

Of course, it is still possible to narrow scenepaton scenarios to the main media configurations.
However, this limitation also shows that the sharethagement of the adaptation of several elementary
media (MPEG-21 descriptors driving MPEG-4 scenedsdnot have the same objective as the single
adaptation of a presentation including several etgary media (MPEG-4 scene driving MPEG-21
descriptors). On the one hand, media-driven scdaptation mainly aims at proposing each identified
elementary media in their best possible qualitth user. On the other hand, scene-driven appreache
focus on the global audiovisual experience proptsede user.

Third, the MPEG-21 adaptation framework is flexibleough to cope with the adaptation of advanced
presentation. However, media-driven scene adaptatearly targets context parameters that areeetlat
to audio, video or image decoding (e.g. bandwidtidec capabilities, decoding resolution, and displa
resolution). Other parameters from the user’s cargbould also be taken into account when adapting
the properties of a presentation such as the &lailateractive means or the presentation legybilit
which are directly related to context-oriented ¢aaints as described in Section 5.3.

In fact, these three limitations are overcome in $calable MSThpproach described in Chapter 6 by
defining a scene-driven decision-taking algorithmattextends media-driven adaptation decisionslto al
presentation characteristics.

4 http:/iww.museon.nl
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5.3 Context-driven presentation selection

Among all the research done in the scene adaptditdheh the adaptation of the spatial layout of
elementary media is an interesting topic becausaises severe problems. In practice, spatial scene
adaptation allows the presentation of a multimediene on different devices with various screerssize
resolutions and aspect ratios. Existing scene iiiser languages such as (i.e. SVG [118], MPEG-4
BIFS [59], SMIL [119], HTML [120] provide some basispatial adaptation mechanisms such as
automatic flow/grid layouts for text and/or grapliobjects, scalable representation of vector geaph
etc. Additionally, these formats can be extended] [br semantically annotated [76][135] to
automatically perform enhanced adaptation. Howerasre author-driven adaptation techniques are
required to strictly preserve the legibility of tihext content or the graphic standard as illustrate
Figure 37, Figure 38 and Figure 39.

X= 206.000000 Y= 136.000000 X= 160.000000 Y= 136.000000 A= 160.000000 Y= 136000000

Chat avec:
HENRI
SALVADOR
Mercredi 6
a17TH

Figure 37: Two examples of unsuitable presentatioadaptation (original content on the left).

X= 160000000 Y= 136.000000 X= 160.000000 Y= 136.000000 X= 160000000 Y= 136.000000
Chat avec: Chat avec: Chat avec:
HENRI HENRI HENRI
SALVADOR SALVADOR SALVADOR
Mercredi 6 Mercredi 6 Mercredi 6
a41TH a1TH aiTH

Figure 38: Examples of straightforward but questiorable presentation adaptation.

A= 160.000000 Y= 136.000000 A= 160.000000 Y= 136.000000 X= 160.000000 Y= 136.000000

Chat avec:
HENRI
SALVADOR

Loy
Chat avec: |
HENRI SALVADOR HENRI SALVADOR
Mercredi 6 a 17H Mercredi 6 4 17H

i) Chat avec:

Figure 39: Examples of semantic presentation adapti@n requiring an editorial validation.

Our broadcast-friendly scene adaptation approaahlighed in the proceedings of the International
Conference on Multimedia & Expo [5], consists iningsincremental scene description updates for the
context-driven adaptation of multimedia presentetidn the following, the principle of this apprbais
further explained in Section 5.3.1. Section 5.3e8adibes a concrete example illustrating the use of
adaptation descriptors that target progressiveeacresolutions. In this example, a scene adapted to
increasing resolutions provide visual enhancemientarge screen receivers. Our experiments destribe
in Section 5.3.3 show the benefits of our appraaderms of bandwidth, memory and processing time
on a set of typical multimedia contents.

5.3.1 Principles

The authoring of a presentation designed to nativeégrate adaptation options is the best possiblg
to ensure content quality in multiple usage coodgi As proposed in our media-driven scene adaptati
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introduced in Section 5.2, these scene versiondegrepared according to technical capabilitiethef
media to be adapted. Another option consists inmemating specific target devices or network
conditions and generating a specific scene alten&or each of them. We call this approach context
driven, as opposed to the previous media-drivemcagmt. This context-driven adaptation approach has
the advantage to leverage the full capabilitiesagne descriptions. Indeed, a multimedia scenébean
interpreted and deeply transformed contrary todewisequence which requires analysis and metadata
extraction. Additionally, even if it is obviouslynpossible to capture all possible user contexis, th
definition of a set of optimal presentations, adatg to the editor, for specific usages allows aatzly
addressing specific (but frequent) configurastiamdle other configurations simply match the nearest
version that does not exceed any of their constpanameters. The adaptation of presentationseo th
screen display of multimedia devices is a typicsg @ase that our proposal tackles and that fits our
broadcast adaptation requirements.

The underlying principle of our proposal is to ray the intrinsic plasticity of standardized scene
formats (e.g. automated layout, lossless vectolingcalescribed in Section 4.2.4) and to introduce
optimized scene alternatives. This new type of edeansformation aims at factoring the redundancy
between scene alternatives in order to reduce #ghivof these descriptions which is a criticaltdas
broadcast environments. First, a context-drivenst@t-taking selects an optimal scene version based
an explicit mapping between constraints and sceopepties (Section 5.3.1.1). Then, presentation
updates are progressively applied until the optiada@pted version is reached (Section 5.3.1.2).

5.3.1.1Scene and context matching

The experiments we conducted on media-driven sadaptation (Section 5.2) showed that even if the
controlled adaptation of a presentation driven ldapaation decisions on media can rely on a
standardized adaptation framework (e.g. the MPE@&&thework), it still suffers limitations when the
adaptation of rich-media content is consideredpanticular, the number and the diversity of media
options quickly lead to a significant number of reegpossibilities. Furthermore, the organisation of
several adaptive media in a common presentatiotigmplefining independent scene branches. This
leads to impenetrable barriers between some saeperties which narrow authoring possibilities sinc
only the sub-scene related to the activated meaticbe adapted. For this reason, we decided tmrely
scene-based adaptation decision-taking enginedties not explicitly depend on media alternatives: t
appropriate scene alternative is directly selebtechatching context parameters and its scene adapta
parameters.

The authoring of an adaptive presentation with saene alternatives requires defining the adapta
parameters that need to be addressed. An effiojgitn consists in selecting all targeted deviced a
specifically addressing their characteristics (argiPhone for instance). A more flexible optiomsists

in identifying only typical adaptation parametensttare applicable in some targeted usage scenarios
(e.g. display resolution, memory requirements radtve means, information details...). In that cdise,
adaptation decision-taking still remains cumbersainee multiple alternatives for the same adaptatio
parameters need to be compared. For instance, hoecide between two scenes alternatives matching
the user context: is it more important to minimike content memory footprint or give access to more
information? Our proposal consists in definstgeringadaptation parameters that are to be maximized
during the adaptation process. Each of these stgpdrameters has a priority so that multiple stger
adaptation parameters can be handled by addressirfgghest prioritized constraints before the the
Additionally, thresholdadaptation parameters can be defined. These tidephrameters do not drive
the adaptation decision-taking engine but disatieptation options when they are not satisfied. ldenc

if the quantity of information is defined as a siteg adaptation parameter and memory requiremests a
threshold parameters, the decision algorithm velést the scene alternative that maximize the dyant
of information and that still matches memory coaists.

5.3.1.2Progressive scene updates

Scene update is a mechanism available in severglidges (Flash, MPEG-4 BIFS [59] and MPEG-4
LASeR [62]) that allows the streaming of timed nfditions of a scene as described in Section £3.1.
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In our approach, we propose to use these updatexchieve efficient scene transformations for
adaptation purpose in broadcast scenarios. Indeediransmission of multiple scene alternatives in
broadcast environments requires repeating all catiinuously. Since all of these alternatives dturtst
different versions of the same presentation, s@dandancy exists between them and could be reduced
in order to lighten transmission costs. A firstpsteonsists in reducing this redundancy using scene
attribute spreading techniques (Section 4.3.2). @aposal goes beyonds by expressing a set of scene
alternatives into a sequence of scene updatese Sttmnatives are ordered in such a way that thay
difference between a scene alternative and itsepessor is specified. The efficiency of the ordgoh
scene alternatives directly depends on the redwydah scene properties. As a consequence, a
bandwidth-optimal ordering needs to be computednduthe content publication phase by comparing
XML documents based on state-of-the-art approald@3. Then, a predictive coding for updated XML
elements and attributes has to be applied.

In this approach, the adaptation decision-takingcess and the scene transformation are, by default,
independent. First, the adaptation decision-takimgine considers every possible alternative taggtd
context descriptors and selects the one that ma&snitssteeringadaptation parameters one after the
other according to their priority. During this pess, or prior to this process, all alternatives thi to
addresghresholdadaptation parameter are discarded. Then, thetsdlecene alternative is generated by
successively applying all scene updates until ¢hecsed scene alternative is reached.

Even though our approach does not mandate progeessene updates to be ordered according to
steering adaptation parameters, such a directrliight be meaningful when few steering adaptation
parameters are considered and naturally imply grpesive evolution of the presentation. The screen
dimension of a receiver is an interesting caseesmtarge presentation can be created from theriaate

of a smaller version. Hence, the multimedia contamt be built by concatenating the scene, desitpred
the smallest resolution, with adaptation scene w@sdahich either adjust the layout of existing racali
insert new media elements. In practice, upon remeptf these updates, the terminal applies scene
commands in the given order until it detects that next update resolution will exceed its capaédit
The detection and filtering mechanism can be aeuidoy inserting specific updates between adaptation
scene updates to signal the spatial characterigtipsred to process the related data. Such signai
illustrated in Figure 40.

I]:l] Media Insertion updates Signalling updates Layout updates

360 x 240
400 x 240
440 x 255
480 x 270

PUIEN \
ot N EITHIN % N\

Scene
Figure 40: Spatial scene updates and bitstream org&ation.

5.3.2 An MPEG-4 BIFS example

The multimedia content provided in this sectionléscribed using the MPEG-4 BIFS language [59]. It
shows a 3-day weather forecast (today, tomorrowthadiay after tomorrow) that gives an interactive
access to detailed information in the morning anthe evening (temperature, illustration iconstuak
description, confidence rating) as illustrated igufe 41. Text elements, interactive arrows, regiar

top captions are all described using scalable geagHements. Only the sun and cloud icons are PNG
images. The scene corresponding to the presentd¢ipicted in this section features a new adaptation
tool that we contributed to the MPEG-4 BIFS stadddat is described in Appendix C. This new tool,
called EnvironmentTest , can be used to signal key state updates (Se&idr2.1) but also
intermediate state updates (Section 5.3.2.2) flmvsthe adaptation of our example to severalestre
configurations.
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Aprés-demain - 25/04/07

Paris

08H00 Temps clair
13° Vent faible

Paris

14H00

Bel aprés-midi
21° Vent fort

Figure 41: Example of a weather forecast service.

5.3.2.1Key-state scene updates

Media instances are likely to be introduced progjivety as the scene dimensions increase. Depending
on designer wishes, a multimedia scene may haweited number okeyscene states corresponding to
typical display resolutions. For each resoluticeywvnmedia might be introduced while the presentation
existing media is modified as illustrated in Figdée

480 x 270

320 x 24(

400 x 24

Aprés-demain - 25/04/07

Paris

0SHO0 Temps clair

Aprés-demain - 25/04/07

Paris

08HOO0 Temps clair

IC=4/5

Aprés-demain - 25/04/07

IC=4/5

Paris
08HO0
13°

Temps clair
Vent faible

13° Vent faible 13 13° Vent faible
Paris Paris Paris
14H00
14H00 Bel aprés-midi 20° 14H00 Bel aprés-midi 24° 20° 21° Bel aprés-midi
21° Vent fort 1C=4/5 21° Vent fort Vent fort

Figure 42: Example of weather forecast service preged for three typical resolutions.

The media insertion updates and layout updates hwhanstitute key state scene updates rely on
identifiers, signaled by BEF attribute in MPEG-4 BIFS, which are defined eithrethe initial scene or

in previous adaptation scene updates. Each adaptaddia introduced in the current scene must define
such identifiers in order to allow the dynamic nfmdition of its main spatial scene properties dmdd

in Section 3.2. In the MPEG-4 BIFS example descriloe Code 34, all media referenced in the
multimedia scene are introduced insidegTaansformMatrix2D> element which enables classical
geometric 2D transformations.

OrderedGroup { children [
DEF SWITCH_DEF_MEDIA Switch {
whichChoice -1
choice [
DEF SHAPE_MEDIA_COMPONENT_1 Shape {
appearance Appearance {
material Material2D { filled TRUE emissiv
}
geometry Rectanglef size 320 240 }
} DEF SHAPE_MEDIA_COMPONENT_2 ...
I}
# Insert point for media instance
DEF T2D_INSERT_POINT Transform2D { children [] }
I

AT 0Of
# 320 x 240 layout
APPEND TO T2D_INSERT_POINT.children
Transform2D{ children [
DEF TM2D_MEDIA_COMPONENT_1 TransformMatrix2D{ c
USE SHAPE_MEDIA_COMPONENT_1
I3l

# 400 x 240 layout
APPEND TO T2D_INSERT_POINT.children
DEF ADAPT_400pxw_240pxh Conditional { buffer {
APPEND TO T2D_INSERT_POINT.children
DEF TM2D_MEDIA_COMPONENT_2 TransformMatrix2D{
DEF T2D_MEDIA_COMPONENT _2 Transform2D {
translation 148 70
children [ USE SHAPE_MEDIA_COMPONENT_21}}} 11}

Code 34: Media insertion for key states scene updzt in MPEG-4 BIFS.

eColor111}

hildren[

children[

-107 -



Chapter 5 — Towards multimedia scene scalability

5.3.2.2Intermediate-state scene updates

Key state scene updates define typical scene aoafigns designed to address a set of targetede usag
environments (screen resolution of 320x240, 400x240 480x270 in our example). However, other
intermediate resolutions need to be addressed poowra the adaptation granularity. As far as spatial
scene properties are concerned, the layout of noedidoe interpolated by relying on two versionshef
same presentation at different resolutions agtilitesd in Figure 43. Based on our approautermediate
state scene updates can be defined to createtaritnnber of additional states between two keyestat
These intermediate scene updates are signalletyasttzer adaptation updates as illustrated in CG3ade

320 x 24( 360 x 24( 400 x 241
Aprés-demain - 25/04/07 Aprés-demain - 25/04/07 Aprés-demain - 25/04/07
Paris Paris Mar 24/04 Paris
08H00 Temps clair 08HOO Temps clair 08HO0 Temps clair

13° Ventfaible 13° Ventfaible 13° 13° Vent faible
Paris Paris Paris
14H00 Bel aprés-midi 14H00 Bel aprés-midi 20° 14H00 Bel aprés-midi
21° Vent fort 21° Vent fort \C=4/5 21° Vent fort

Figure 43: Example of weather forecast service gerated with one intermediate resolution.

AT 0f

/I Adaptation update
APPEND TO T2D_INSERT_POINT.children
DEF ADAPT_K1_P1 Conditional { buffer {
REPLACE TM2D_MEDIA_COMPONENT_1.mxx BY 1.12

1}

/I Adaptation update trigger

APPEND TO T2D_INSERT_POINT.children
DEF C_360pxw_240pxh Conditional { buffer {

REPLACE ADAPT_K1_P1.activate BY TRUE
B

/I Checks width against 400 pixels
APPEND TO T2D_INSERT_POINT.children
DEF ENV_360pxw EnvironmentTest {

enabled TRUE parameter 2 compareValue 360

}

/I Checks height against 240 pixels
APPEND TO T2D_INSERT_POINT.children
DEF ENV_240pxh EnvironmentTest {

enabled TRUE parameter 3 compareValue 240

}

/I check resolution against 360x240 and trigger B
APPEND TO T2D_INSERT_POINT.children
DEF C_360pxw Conditional { buffer {
REPLACE V_360px_240pxh.Factorl BY 0.5
REPLACE V_360px_240pxh.inSFInt32 BY 1

IFS adaptation update

1}

APPEND TO T2D_INSERT_POINT.children

DEF C_240pxh Conditional { buffer {
REPLACE V_360pxw_240pxh.Factor2 BY 0.5
REPLACE V_360pxw_240pxh.inSFInt32 BY 1

1}
APPEND TO T2D_INSERT_POINT.children
DEF V_360pxw_240pxh Valuator {

Factorl 0 Offsetl -0.5

Factor2 0 Offset2 -0.5

Factor3 0 Factor4 0 Sum TRUE

}

INSERT ROUTE ENV_360pxw.valueSmaller TO C_360pxw.
INSERT ROUTE ENV_240pxh.valueSmaller TO C_240pxh.
INSERT ROUTE V_360pxw_240pxh.outSFBool TO C_360px

activate
activate
w_240pxh.reverseActivate

Code 35: Adaptation update for intermediate statein MPEG-4 BIFS.
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5.3.3 Experiments and results

In this section, we present experiments that haen lzonducted on adaptable T-DMB multimedia radio
service$’. These experiments have been conducted on a sgpichl scenes described in Section
5.3.3.1. Quantitative results are depicted in tbkowing by focusing on processing requirements
(Section 5.3.3.2), memory requirements (Sectior3333 and bandwidth requirements (Section 5.3.3.5).
All these results compare our approach with admptadpproaches based on alternative selection
(Section 4.2.3.1) and dynamic interpolation techag)(Section 4.2.4.1). Finally, the flexibility otir
adaptation approach is described in Section 5.3.3.5

5.3.3.1The testing environment

Test scenes are composed of M media. These medidbenased as several instances in the scene, of
which N are to be adapted. A multimedia scene mayehK key scene states and P additional
intermediatestates may be created between two key statesiptalK+P*(K-1) states. Our quantitative
criteria (processing, memory, and bandwidth) arerlegads due to the adaptation functionality. They
may depend on the number of adaptable media irestgi?N), the number of adaptation states (K, P) but
also from the ratio R between the weights (in Kbytef media data (images, text, and graphics)
compared to scene structures. A set of interastbemes used during our experiments can be visdalize
in Figure 44. Their characteristics are summarinethble 3.

Table 3: Characteristics of digial radio test scerne
Sequence (a) (b) (c) (d) (e)
8

M 13 16 31 39
N 8 19 9 19 58
K 2 3 3 3 3
R

2% 21% 2% 2% 25%

() (b) (©) (d) (e)

RTL Matin Lundi 23 Avril \ E"."".'“'E: Présidentielles 2007 Aujourd'hui - 23/04/07
, [[07h00-09h30 _RTL Matin b
» 7h-9h30 09n30-11h30 Ca peut vous arriver g s o e
11h30-12h30  La Bonne Touche -~ .
Christophe 12h30-13h00  Le ji e

Les résultats du
premier tour
Matinée ensoleillée
Hondelatte 13h00-14h30  Les.
14h30-16h00  La ti

@ 31,11% =IEE 14° Léger vent N-O
8] 1051% [RTL Matin Paris
o rﬂ 25,84%
16h00-18h00  Les Grosses. Tétes s

+ dinfo m Gk a
Figure 44: Digital radio test scenes with variousltaracteristics

Temps splendide
24° Vent faible

The multimedia scenes have been described using#EG-4 BIFS standard and the same visual
behavior has been created for each adaptation agpradaptation scene updatgdpdate, alternative-
based selectionSitch and dynamic interpolation-based adaptatibrte¢polation3. All adaptation
algorithms have all been implemented in JavaSanigirder to have a fair comparison of processing
requirements, even though some approaches could kasmplemented natively (e.g. adaptation scene
updates). As a consequence, all elementary med@tions for key states have been defined using
MPEG-4 BIFS<Switch> element which is configured according to the aaltémt decision computed
by the JavaScript engine. Additionally, intermediaitates have been defined according to the
specificities of each studied approach as illusttam Figure 45:
— For Switchapproach, supplementagBwitch> children have been introduced according the
desired adaptation granularity (P). In that case JavaScript engine is in charge of selecting the
best<Switch> choice (key state of intermediate state) baseti®targeted resolution.

— For thelnterpolation approach, oneSwitch> child has been introduced between each key
state pairs. In that case, the JavaScript engimedisarge of selecting the best key state based on
the targeted resolution. If no exact matching carfdund, the spatial properties of the closest
intermediate state are dynamically configured bg thavaScript engine by resolving the
interpolation function proposed in [36] from thgdat of its neighbouring key states.

44 Test content and a video demonstration can bedfbene: http:/ficme2008.tnt.uni-hannover.de/1835/
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- For the Update approach, no supplementaxgwitch> child has been introduced. All key
states have been kept for media insertion and atlaptupdates have been described according
to the desired adaptation granularity. In that ctse JavaScript engine is in charge of selecting
the best key state based on the targeted resalufiven, it applies the spatial properties of
adaptation updates until the best configuratiaeached.

s s s
320x240 Jl 320x240 320x240
z 360x240 z z 360x240
E 400x240 E 400x240 E ——l 400x240
= = =
o 420x247 o o 420x247
440x255 — ] 440x255
480x270 480x270 —| 480x270
Switch approach Interpolation approach Update approach

Figure 45: Test scenes (K=3 and P=2) for the switchterpolation and update approaches

Measurements have been performed on a smartph&\é €S00) using GPAC [81]. The initialization
cost for the JavaScript engine is omitted from ¢hessults and the adaptation processing time
corresponds to a complete presentation cycle (du decoding, compositing and rendering). The
processing overhead represents the extra comgirtieg ms) dedicated to handle the adaptation psoces
The memory overhead takes into account the extia (#aytes) that need to be loaded on the terminal
because of the adaptable feature of a multimedimescThe bandwidth overhead shows the bitrate
(kbits/s) induced by the delivery of adaptationadat

5.3.3.2Processing efficiency

In terms of adaptation processing overhead, Fig@rdepicts a comparison of interpolations, altéveat
and our proposed scene updates with P intermestiaties on scene (e), as introduced in Table 3,hwhic
has three key states (K=3). It can be noted tleapthcessing of the interpolation approach is qoRé
demanding compared to others. It can also be rtbdhe handling of scene structures needed &or th
switching approach has a significant impact whémcReases.

Figure 46 also shows that the scene updates apphascprogressive CPU requirements contrary to the
other approaches with a similar P value. Therefadaptation using scene updates is a very comjeetiti
approach for low-end digital radio terminals (wahsmall resolution) while it is equivalent to other
approaches on high resolution terminals. As expthin Section 5.3.3.5, results below are used faira
comparison and could be optimized.

700 + mmm Switch (P=5)  mmmm Switch (P=3) Switch (P=1)
6nC])z § - Switch (P=0) —@—Update (P=5) —¥— Update (P=3)
—e— Update (P=0)

500

Interpolation
400 -

300

200

100 +

No adaptation

0

320x240 360x240 400x240 440x255 480x270

Figure 46: Adaptation processing overheads on (e).
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5.3.3.3Memory efficiency

Concerning memory requirements, scene updates dmewr any overhead contrary to other options.
Table 4 gives memory overheads for several testescél his is mainly due to the fact that only ralgv
media elements and scene structures are loadbd player scene manager when using adaptation scene
updates. Besides, multimedia scenes with signifisaene structures (i.e. (b) and (e) as described i
Table 3) highlight the limitations of spatial adawn using theSwitchapproach with more than 10%
memory overheads with quite a few scene alterrai{9ealternatives in that case since K=3 and P£3).
could be argued that an optimized multimedia playedd only load alternatives when activated. Tigis
not implemented in the GPAC player: only media whi@re part of an inactivated branch of a
<Switch> node are not loaded. Indeed, all scene elementbeaipdated over time, whether they are
loaded or not. As a consequence, it would be dilifim reduce the memory overheads of Table 4 which
mainly reflect the costs of the scene structure.

Table 4. Memory adaptation overheads.

Sequence (a (b) (c) (d (e
Updates 0% 0% | 0% | 0% | 0%
Interpolations 1% 5% | 0.9%| 2% | 12%

Alternatives (P=3) 2% | 10% | 1.8% | 3.7%| 21%
Alternatives (P=5) 3% | 15% | 2.6% | 5.3% | 30%

5.3.3.4Bandwidth efficiency

The bandwidth required to broadcast (a), (b) apdnfdtimedia services is illustrated in Figure Zhe
bitrate required to broadcast images has not bakentinto account in any approach (including
simulcast) since images can always be referencaddiol any data duplication. The scene is broaddast
every 500 ms (carousel period) and no transpontheesl is considered. The benefits of all adaptation
approaches can be compared to the simulcast opémdient presentations corresponding to their key
states.

In Figure 47, it can be seen that interpolation$ scene updates roughly consume the same bandwidth
when few intermediate states are defined (P<3)thEtmore, thanks to the use of our update-based
approach, a bandwidth-optimized scene broadcasednas Update*) can even be defined using two
different carousels. A base carousel only repeaitts fibr key adaptation states (every 500 ms) wdnle
enhancement carousel provides intermediate adaptsttites (every 2 s).

12 1 Kbits/s I (a) test scene

10 B (b) test scene -
O (e) test scene

Wik

Simulcast ~ Switch (P=5)  ArtResize ~ Update (P=0) Update (P=3) Update (P=5) Update* (P=5)

o N A O ©
L L L L L

Figure 47: Bandwidths of adaptable multimedia scere(a) (b) (e).

5.3.3.5Adaptation flexibility

The strength of our approach is that it has anlkxtdlexibility since appending new elementarydize

is natively supported and no particular adaptasoene structure is required. Indeed, the use ofesce
updates do not mandate that presentation alteesatiind possible elementary media versions are
described in the scene that is provided to the (serelying on specific scene structures for inety:

they are transmitted and integrated in the scentheénsame way as content is updated over time.
However, the accuracy of the adaptation procesmsigine user's context, i.e. adaptation granylarit
should not be minimized by technical requiremeHhisnce, an adaptation technique that addresses any
spatial configuration is more attractive than dmat focuses on a set of typical screen resolutionthe
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interpolation approach, the adaptation process isharge of providing a complete adapted layout to
each spatial configuration. In our approach, onfinde number of resolution are targeted and scali
techniques can be additionally used to addresstieeminal requirements. In order to achieve fine
adaptation granularity, two configurations can beppsed.

First, the number of intermediate state can befgigntly increased. This does not imply any auitgr
efforts since interpolation algorithms can appltedgenerate these adaptation updates. However, the
progressive (and possibly overwriting) layout scepdates have an impact on the processing required
for high resolution terminals. Indeed, numeroustingi accesses to the scene tree decrease overall
adaptation efficiency. Furthermore, even thougliiptive coding is used, the consumed bandwidth stil
depends on the number of targeted screen resaution

Second, our approach can be combined with sceséqitha (Section 4.2.4) as natively implemented on
receivers. In that case, adaptation scene upditessahe selection of an author-driven presentatio
alternative which might suffer from minor modifigats through scene plasticity.

5.3.4 Conclusion

The approach presented in this section shows hewesopdates can be used to achieve the context-
oriented adaptation of multimedia services in boaatl environments. Our experimental results showed
that the spatial adaptation through scene updatssekcellent performances on constrained handsets
with small display, low processing power and litthemory. Additionally, it was shown that adaptation
scene updates can grant content providers withdiiamed spatial adaptation or coarse-grained apati
adaptation depending on the acceptable bandwidtis.calthough our experiments have been conducted
using the MPEG-4 BIFS scene format only, scene t@gdzan also be implemented in other languages,
as previously explained in section 4.3, by changpgtial properties throughlinks> in the NCL
format, for example, and by triggering scene upslateng editing commands in that case.

A major finding in our experiments was that scedapdation updates constitute an incremental scene
transformation as illustrated in Figure 48, whickei@wome the limitation of the redundancies intraatlic

by the scene alternatives approach (Section 412a@ed, although it may seem evident that evalgai

set of rules that simultaneously select severalesedternatives is more efficient that evaluatirggtof
rules that individually select each scene alteweatthis was not obvious. There could even be some
cases where dividing this evaluation could be athgeous for flexibility reasons. Additionally, seen
plasticity (Section 4.2.4) based on customizedrjiation-based scene adaptation has shown some
significant overheads for spatial adaptation thdl mecessary increase when using constraint-based
decision-taking engine. As a consequence, scerenatives identified through resolution labels and
dynamically generated using incremental scene epdsticceeded in fulfilling all of our adaptation
requirements on the screen resolution use case.
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Figure 48: Generating presentation alternatives though adaptation updates.

This analysis led us to the use of these increrhenéme updates as the core adaptation transfamsati
of our Scalable MSTodel. In short, we propose to express a setasggntation alternatives designed
for several adaptation scenarios as scene updatdsnOt scene alternatives) by describing the ket o
scene alternatives corresponding to all these ptratsen alternatives as a sequence of scene updates
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Although the adaptation of presentations accordmnghe display resolution is a usual scenario, the
proposed adaptation approach has two main limitatio

First, although our adaptation decision-taking eagcan handle several parameters from the user
context, the organization of scene properties progressive adaptation scene updates becomes less
efficient as the number of steering adaptation ipatars increases. For instance, a scene can be firs
adapted according to the resolution of the screehthen selected according to the user’'s level of
interest. In that case, a highly-detailed presemidbr a small resolution will probably include dia
components that might not be available in the l@taded presentation for a larger resolution. la th
same way, the organization of the progressive ptaten characteristics of scenes alternativesbean
broken down by introducing specific scenes targetindifferent aspect ratio (e.g. from landscape to
portrait). In both cases, the performance of owaptation approach falls back to a level that common
alternative-based scene adaptation can reach.hiordason, ouBcalable MSThlpproach introduces
three independent but flexible steering adaptafiarameters for the scene adaptation decision-taking
engine Gpatial Temporal and Interactive adaptation parameters) in order to efficiently eopith
multiple steering adaptation parameters.

Second, the resolution of a receiver screen reng#ig in many cases but highly variable userexdnt
parameters should also be taken into account.dh dbntext, it should be possible to revert a scene
adaptation transformation. Contrary to the selectd scene alternatives, incremental scene updates
cannot be easily cancelled. A complete reload efpitesentation would not be an acceptable option fo
highly dynamic usage environments. Instead, it khéwe possible to undo scene updates in order to
enable seamless transitions between adaptatiasstdr that purpose, specific scene upd@®asdom
Access Layejshave been introduced in tBealable MSTapproach described in Chapter 6. These scene
updates enable a random access to some key sfathe presentation with an optimized memory
footprint.
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Chapter 6 The Scalable MSTI model

The approach proposed in this chapter is the cbrmodissertation and consists in introducing new
scalability concepts for multimedia scenes. CRgalable MSTImodel enables the adaptation of
multimedia presentations according to the usertgecd by defininga generic, autonomous and low-

overhead transformation process that guaranteesdetrolled adaptation of advanced multimedia
serviceqsee Section 5.1).

Our research was driven by industrial constrairgee ( Section 1.4) that tend to minimize the
implementation efforts required to move from a seevice-fits-all approach toward several flavors of
the same services. Indeed, the large ecosystemigiing authoring facilities, transportation hiraad
playback optimizations cannot be ignored for adigriaeasons. In practice, these aspects even megmai
priority for content producers since the introdowtiof adaptation features into a multimedia deliver
chain is not harmless. In particular, authoringapgagms cannot be easily changed nor upgraded.
Streaming or broadcasting standards evolutions mdustys ensure backward compatibility with non-
adaptable services already deployed. Finally, @aklrequirements dedicated to adaptation processing
represent implementation efforts that must be ntackéo the end user with a competitive added value
compared to costs overheads. Based on these otimesyane of our fundamental design choices differ
from many state-of-the-art document models intenfdedadaptation such as ZYX [24], AHM [48] or
Madeus [79] in that we do not assume any meta-m(s#sd Chapter 2). Instead, tBealable MSTI
model defines non-semantic extensions for exissicgne formats such as SVG [118], MPEG-4 BIFS
[59], SMIL [119] or HTML [120] to express scene atition capabilities. These extensions are
compatible with non-adaptive multimedia platforrs.short, our scalable model for multimedia scene
adaptation consists in dividing the scene properteee Chapter 2) of several authored presentation
alternatives into a hierarchical structure, aldtedaan adaptation graph.

In the following, the different components of owakble model are described. First, the separation
the scene structurdlgdia description) from the scene properties is desdribeSection 6.1. Then, the
splitting of scene properties into STI componer@patial Temporaland Interactive descriptions) is
explained in Section 6.2. Finally, the organizatioh the STI components of multiple adapted
presentation alternatives in progressive STI séaliyers is described in Section 6.3. These atistra
scalable layers enables the generation of an ataptgaph (our document model) designed to diine t
adaptation of the multimedia content to variousgesanvironments. For illustration purpose, several
scalable multimedia presentations examples ardgedvn Section 6.4 and conclusions drawn from our
experiments are given in Section 6.5.

6.1 Scene transformation principles

Our Scalable MSTimodel is a novel approach to represent multimedenes. The scene descriptions
associated with this model are based on their tedglenguage. Each scene description expressed in a
given language is split according to its media citme and its scene properties. The MSTI scene
descriptions are divided into four componeriedia Spatial Temporaland Interactive descriptions.

The Spatial description defines the layout of all media conmus that are part of the document; the
Temporaldescription provides the timing of the multimedr@gentation and of each elementary media;
and thelnteractivedescription adds interactive aspects to the matfimmdocument. In the MSTI model,
these threeSpatial Temporal and Interactive (STI) components are all related to the saviedia
description and possibly share logic elementsastihted in Figure 49.

In order to regenerate a scene description froml&ml scene representation, scene transformatians ar
required. In the following, the principles of theese description transformations of tBealable MSTI
model are described. First, thdedia description, which constitutes the fulcrum of oscene
transformations, is introduced in Section 6.1.1eMhthe updates that describe the scene propefties
STI descriptions are specified in Section 6.1.2.
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Document

Elementary
media

@ Shared logic

Temporal
description

Interactive
description

Spatial
description

Media Description

Figure 49: A multimedia document in the Scalable M$I model.

6.1.1 The Media description

The Scalable MSTodel is based on state-of-the-art multimedia dwnt design that clearly separate
media and logical structures from the multimediaspntation. This presentation-agnostic view of a
document is a common authoring practice: e.g. tefithe Basedocument using presentation agnostic
language like XML (and even to some extent HTMLYI éime layout of web pages using W3C Cascading
Style Sheets [123]; or using SMIL Time Sheet [12F]apply temporal properties to an existing
document or using an external JavaScript to aderantive behaviors. In the MSTI model, selected
media components and their metadata are specdieferenced) in thediadescription. ThéMedia
description constitutes a structured XML documdatt tcan be queried and repurposed independently
from its presentation. With such a structure, medi@ponents can be associated with metadata such as
defined in W3C Resource Description Framework [libh&rder to ease semantic search and can also be
used in several application scenarios where thresgntation will be different (possibly using tthefs
element in SVG). Th#ediadescription is expressed in the targeted langesage as SVG in Code 36.

<svg xmins="http://www.w3.0rg/2000/svg" version="1. 2"
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-sy ntax-ns#"/>

<metadata id="meta-rdf">
<rdf:RDF
xmins:dc = http://purl.org/dc/elements/1.1/>
<rdf:Description
dc:date="2008-10-04"
dc:publisher="RTL"
dc:language="fr"
dc:Title="DMB Digital Radio at Paris Motor Show 2008">
</rdf:Description>
</rdf:RDF>
</metadata>

<g id="g_0">
<rect id="rect_0"/>
<video id="video_0" xlink:href="salonAutoRTL.h2 64"/>
<img id="img_0" xlink:href="koleos-RTLNumerique .ipg"/>
<text id="text_0" xlink:href="pressRelease.svg# text"/>
</g>
</svg>

Code 36: A Media description including RDF metadatan SVG.

The Media description specifies or references the media compts that compose the multimedia
document. This includes not only audio sequenddsp\wclips, or images, but also text, graphic eleisie

or any configurable sub-scene as defined in Se@idr2. TheMedia description also includes the
structures and the application logic that define thlationships between these media components. For
instance, if two images have been included in #mesdocument to be shown as a slideshow, the displa
order and priorities should be described in tedia description since they do not depend on
presentation choices. In other words, the imagesgmtation order is the same if the slideshow is
automatically animated or if transitions are trigge by the user. An example bfedia description
(using SVG and JavasScript) is given in Code 37afoimage gallery composed of 6 images. It should be
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noticed that we use JavaScript code in this SVGngka because this slideshow requires it, but our
approach does not mandate the use of JavaScrigt cod

The Mediadescription of théSTImodel could be compared to the ‘logical’ modeMazdeus [79] with
two main differences. First, the language usedefind theMedia description is the same as the final
presentation language. Therefore, no specific synégeds to be defined at tMedialevel. Second, the
Media description does not contain the intrinsic praperof media elements (e.g. duration, size). It
rather provides information related to their senwsnie.g. an image gallery). Hence, tMedia
description of the MSTI model can be seen as aimedtia document that does not include any
presentation means.

<svg id="root" version="1.1">
<script>
image0 = document.getElementByld("img_0");

image5 = document.getElementByld("img_5");
rectO = document.getElementByld("rect_0");

rect5 = document.getElementByld("rect_5");
slideshow_token = 0;

function activateNextSlide(){
slideshow_token = (slideshow_token + 1) % 6;
updateSlideshow(slideshow_token);

function updateSlideshow(token) {
switch (token) {

case 0: <!-- Apply presentation for imageO - -> break;
(l:'ése 5: <!I-- Apply presentation for image5 - -> break;
}
}
</script>
<g>
<rect id="rect_0" visibility="hidden"/>
<image id="img_0" visibility="hidden" xlink:hre f="pic0.png"/>
<rect id="rect_5" visibility="hidden"/>
<image id="img_5" visibility="hidden" xlink:hre f="pic5.png"/>
</g>
</svg>

Code 37: A Media description for an image gallery antent in SVG.

Compared to the work of S. Boll [23], tiszalable MSTodel does not comply with the ‘presentation-
neutral’ definition. In our approach, the multimeadlocument is expressed in the ‘presentation-gpecif
format used for playout of the multimedia matetiads a consequence, our approach cannot be used to
enable publication of content in multiple formaksowever, the MSTI model enables the complete
separation of the multimedia scene properties filoensemantics of the multimedia document without
requiring a publication phase, in which an interdacument model needs to be converted into a
standardized multimedia format. As opposed to metdel or meta-format approaches described in
Section 4.2.2.1 and in Section 4.2.2.2, BealableMSTI approach can take full advantage of the
richness, including specific low-level features,amly of the multimedia standards such as SVG [118],
MPEG-4 BIFS [59], SMIL [119], HTML [120], NCL [105%r Flash.

6.1.2 The update of scene properties

TheMediadescription alone cannot be presented to the 8eene scene properties need to be added, to
be applied to the media components. In the MSTIr@gh, this is done using scene description
transformations (Section 4.3). These transformateme described in three additional descriptiamghe
Spatial Temporalandinteractivedescriptions. As a consequence, $patial Temporalandinteractive
descriptions of th&1STImodel are closely related to théledia description and complement it to build

a complete multimedia document as described inréida.
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In existing multimedia scenes, specifically in watenes expressed in HTML, styling is an important
part of the description. The style of a scene findd as a set of decorative properties assignezhch
media component, such as color, border width arsparency values of graphics elements. We believe
that these decorative properties do not directhtedo the spatial, temporal or interactive conipms of
media components. Hence, decorative properties titars specific visual properties that should
typically be defined as part of the spatial layoia multimedia documengpatia). However, they may
also be applied by timed animations in which casg should be part of theemporaldescription; or by
user action, in which case they should be parthefinteractive description as further explained in
Section 6.2.2.

The transformations that can be applied to a melfiilan scene description such as Mhedia description

of the Scalable MSThodel have been described in Chapter 4. We ewahere how they can be used
for our purpose. In practice, the spreading of satributes (Section 4.3.2) can be defined asqgfahte
document structure using format-specific paradighime replacement of scene attributes (Section 4.3.1
and the update of scene elements (Section 4.3&3)lassical transformations for XML documents. We
can cite four technologies that fit in these twdegaries and that need to be considered. Declarativ
Stylesheet Languages, such as XSL [122], are goiteerful for modifying the structure of a document
and can indeed be used to apply presentation uptataMedia description. Cascading Style Sheets
(CSS) [123] are also widely used to apply stylesdo@uments and therefore to transform them.
However, they cannot be used for our purpose shmedo not allow the modification of the structofe

an XML document and only allows for scene attribtgplacements. In the same way, programmatic
DOM-based specification, such as a JavaScript code, also be used to describe advanced scene
description transformations but this technologygédy overpowers our needs. Finally, scene updaes a
defined by the MPEG-4 BIFS [59], MPEG-4 LASeR [@é22]d Flash standards can also be used for that
purpose.

The syntax of the scene transformations of3balable MSTmodel has been inspired by the MPEG-4
BIFS updates so that they can be expressed witmparct and language-agnostic representation that le
implementation choices open. The syntax of thesaes¢ransformations allows the insertion (Section
6.1.2.1), the deletion (Section 6.1.2.2), the regataent (Section 6.1.2.3) or the move (Section &)L d&f

a scene element by pointing to an existing ideai(ifi)  into theMedia description. Thé&calable MSTI
model currently relies on the identifier mechanishexisting multimedia standards to link preseotati
characteristics to scene attributes. For example, 3VG language defines an attribute caliéd
Another example is thBEF attribute in BIFS. However, generic technologiashsas XML identifiers
[128] or XPath expressions [129] could also be dsethat purpose.

6.1.2.1The Insert scene command

Thelnsert command of th&calable MSTimodel corresponds to the insertion of scene el&eren
described in Section 4.3.3.1. The scene descriptiorfbe inserted is provided as a child of the
<insert> element and refers to an existing element of Mexlia description using theef id
attribute. The scene description is inserted ap @hild of the referenced scene element.

<i nsert ref_id="root"> timedSlideshowUpdate(); </ insert>

Code 38: An Insert command.

6.1.2.2The Delete scene command

The Delete  command of theScalable MSTimodel corresponds to the deletion of scene elesrant
described in Section 4.3.3.2. The scene descriptidne deleted is defined by referencing an existin
element of théVlediadescription using theef_id  attribute of the<delete> element.

<del et e ref_id="root"/>

Code 39: A Delete command.
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6.1.2.3The Replace scene command

TheReplace command of th&calable MSTmodel corresponds to the replacement of scerbudts

or scene elements as described in Section 4.3.liraigkction 4.3.3.3. The scene properties to be
replaced are provided as a child of tkeeplace> element and refer to a specific attribute
(attribute ) of an existing element of tidedia description using theef_id  attribute. In the same
way, the scene description to be replaced is peovis a child of thereplace> element and only
refers to an existing element of thedia description using theef_id  attribute (noattribute

value is specified in that case).

<repl ace ref_id="root" attribute="viewBox">0 0 250 200</ repl ace>
<repl ace ref_id="root"> </ repl ace>

Code 40: A Replace command.

6.1.2.4The Move scene command

The Move command of theScalable MSTImodel corresponds to the move manipulation of ecen
elements as described in Section 4.3.3.3. The sbeswiption to be moved is defined by refereneing
existing element of th®ediadescription using therc_id attribute of the<move> element and point
to a destination element using tted_id attribute. The moved scene description is inseaead top
child of the referenced scene element.

<nove src_id="live" ref_id="root"/>

Code 41: A Move command.

6.2 Splitting scene properties

Our preliminary work described in Chapter 5 showederal limitations when using a generic adaptation
decision-taking engine (such as defined in MPEG#2d4 multimedia presentations as far as the ditersi
of context parameters is concerned. On the one, lrantkdia-based approach (Section 5.2) is restricte
to technical context parameters related to thestrégsion and the playback of elementary media (e.g.
audio bitrate, video codec support or image regwiut On the other hand, a context-driven approach
(Section 5.3) opens broad possibilities (e.g. ationaequirements, presentation level of detailsest
and audio languages). However, this context-driegproach still requires content priorities or
automated generation rules in order to define @rdehistic adaptation decision-taking process. A
simpler context-driven approach consists in pregarimultiple presentation alternatives targeting
specific devices. However, the description of pnéeston characteristics based on individual context
parameters enables more flexible adaptation saenalm both cases, the underlying decision-taking
process remains similar: a set of multiple presamtaalternatives are prepared or can be generated
order to address several usage contexts.

The Scalable MSTmodel suggests another way for the adaptationudfimedia presentations. Indeed,
the Scalable MSTImodel first concentrates on the intrinsic progartiof multimedia presentations
without considering any adaptation issues. Morecipety, the MSTI model categorizes all scene
properties into three componenSpatial Temporal and Interactive components (STI components).
Even though this decomposition is only the firgpsof multimedia scene scalability, it already deab
simple but interesting adaptation scenarios (seetid®e 6.4.1) by suggesting authoring practices:
presenting media components along with multipleetinand interactive accesses to them. Besides,
accessibility guidelines [126] militate for suchdaversity of media access. For instance, a media
component might be accessible though interactibity can also be displayed in the course of the
multimedia document playback in order to take mtoount usage conditions where user interactians ar
not possible. Therefore, oWcalable MSTImodel defines independent STI components, whenever
possible, by gathering all presentation logic ia Rhedia description while maintaining its coherence
during transformations by using shared variablafiusdrated in Section 6.4.1.
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In the following, STI components are described ect®n 6.2.1. As explained in Section 6.2.2, this
decomposition of scene descriptions also includgting properties. Finally, the results of our
experiments on the SVG, MPEG-4 BIFS and SMIL staaslare discussed in Section 6.2.3.

6.2.1 The STI components

In the following, the descriptions of ti@&calable MSTtomponents are specified: tBpatialdescription
(Section 6.2.1.1), th@emporal description (Section 6.2.1.2) and thderactive description (Section
6.2.1.3). For each of these STI components, sorampbes of scene properties from the SVG, MPEG-4
BIFS and SMIL languages are provided.

6.2.1.1The Spatial description

The Spatialdescription of th&calableMSTI model defines the layout for all the media compsi¢hat
are part of theMedia description. ThisSpatial description entirely relies on the spatial modekiee
targeted presentation format. It includes the pmsitg, visibility, size and style of media compatgeas
described in the visual models introduced in SacB®@. An example o$patialdescription is provided
in Code 42 and can be applied to tMedia description illustrated in Code 37 to create a-iomege
presentation. The syntax of existing standardizashe descriptions can be used to illustrate theesce
properties that are expected iSpatialdescription (see Table 5).

<spati al >

< repl ace ref_id="root" attribute="viewBox">0 0 250 200</ repl ace>

< repl ace ref_id="img_0" attribute="x">45< repl ace>

< repl ace ref_id="img_0" attribute="y">20</ repl ace>

< repl ace ref_id="img_0" attribute="width">160</ repl ace>

< repl ace ref_id="img_0" attribute="height">160</ repl ace>

< repl ace ref_id="img_0" attribute="visibility">visible</ repl ace>
</ spati al >

Code 42: A Spatial description of a one-image galgin SVG.

Table 5: Spatial properties of the SVG, BIFS and SN formats.

SVG

Posi tioning attri butes: transform, X, y, preserveAspectRatio, viewbox,
rotate, text-anchor, translate

Si zi ng attri butes: width, height, scale, skewX, skewY, font-size
Visibility attributes: display, visibility, initialVisibility
<animateTransform> attributes: type, from, to

<animation> attributes: x, y, width, height, preser veRatio,

BIFS

Positioning attributes: translation
Sizing attributes: rotationAngle, scale, scaleOientation, radius
Visibility attributes: transparency, whichChoice

The <PathLayout> element and The <IndexedLineSet2D> attributes: coord,

col orl ndex, col orPerVertex, coordl ndex

<Scalarlnterpolator>, <Coordinatelnterpolator2D>, < Positioninterpolator2D>
attributes: key and keyVal ue

<ScalarAnimator>, <PositionAnimator2D>: fronTo, key, keyType, keySpli ne,
keyVal ue, keyOrientation, weight, keyVal ueType, offset

SMIL

Posi tioni ng attributes: top, bottom, left, right, width, height, fit, z-
index, regPoint, regAlign, mediaAlign, soundAlign
<area> attributes: shape, coords

<animate> attributes: from, to, by, accumulate, add itive, calcMode, values,
path, keySplines

<transition> attributes: type, subtype, fadeColor, horzRepeat, vertRepeat,
borderWidth, borderColor and <param> element (name, value)
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6.2.1.2The Temporal description

The Temporaldescription of th&calable MSTmodel defines the timing of the multimedia preagah

as a whole (e.g. the presence of media componeatgime as described in 3.3.1) but also the tinuhg
each individual elementary media (e.g. animatiandescribed in 3.3.3). ThHieemporaldescription only
exploits the functionalities of the targeted preéaton format. Such a format usually includes the
presence of media components over time, their spnitation and the timing of the presentation as
introduced in Section 3.3. An example offamporaldescription is provided in Code 43 and can be
applied to theMediadescription illustrated in Code 37 to create atinmage slideshow.

<t enpor al >
< insert ref_id="root">
<script id="script_timedUpdade">
function timedSlideshowUpdate() {
activateNextSlide();
setTimeout("timedSlideshowUpdate()", 5000);
}
</script>
</ insert>
< insert ref_id="root"> timedSlideshowUpdate(); </ i nsert>
</t enpor al >

Code 43: A Temporal description of a timed slideshe in SVG.

The update of multimedia documents over time tenéefultimedia service is not covered at this level
since alTemporaldescription only provides the temporal propertéthe presentation for a finite period
of time. The evolution ofScalable MSTidocument in live scenarios is further discussedbéttion
6.5.3.1. The syntax of standardized scene desmmipitan be used to illustrate the scene propehats
are expected in &emporaldescription (see Table 6).

Table 6: Temporal properties of the SVG, BIFS and BlIL languages.

SVG

The <animate>, <set>, <animateMotion>, <animateColo r>, <animateTransform>
elements

The <discard> elements

Attributes to control the timng of the ani mation: begin, dur, end, min,
max, restart, repeatCount, repeatDur, fill

Ti me-rel at ed event s: beginEvent, endEvent, repeatEvent, SVGTimer

BIFS
The <TimeSensor> (cyclelnterval, loop, startTime, s topTime) element
The <TemporalTransform> element (startTime, optimal Duration, active, speed,

scalability, stretchMode, shrinkMode, maxDelay)
The <TemporalGroup> elements (costart, coend, meet)

<MovieTexture> and <AnimationStream> attributes: lo op, speed, startTime,
stopTime, isActive

<Layout> attributes: scrollRate, smoothScroll, loop , scrollVertical
scrollMode

SMIL

The <animate>, <set>, <animateMotion>, <animateColo r> elements

The <seq>, <excl>, <par> elements

The <prefetch> element

Attributes to control the timng of the animation:begin, end, dur,
repeatCount, repeatDur, keyTimes, accelerate, decel erate, speed,

nmedi a attri but es: mediaRepeat, clipBegin, clipEnd, min, max, restart,
restartDefault

Attributes that define aninmation values over tine: dur, startProgress,
endProgress, direction, transin, transOut

Ti me-rel at ed event s: beginEvent, endEvent, repeatEvent, repeat
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6.2.1.3The Interactive description

The Interactive description of theScalableMSTI model adds interactive aspects to the multimedia
document and defines the behavior associated widractions as introduced in Section 3.4. It may
specify control over media components, navigatichemes or user actions. An example of an
Interactivedescription is provided in Code 44 and can beiagb theMedia description illustrated in
Code 37 to create a shadow when moving the mouse av image of the slideshow. The syntax of
standardized scene descriptions can be used #irdita the scene properties that are expected in an
Interactivedescription (see Table 7).

<i nteractive>

< repl ace ref_id="img_0" attribute="onmousemove">
mouseOverimage0(1);

</ repl ace>

< repl ace ref_id="img_0" attribute="onmouseout">
mouseOverimage0(0);

</ repl ace>

< insert ref_id="root">
<script id="script_is_over_img_0">

function mouseOverlmage0 (isOver) {

if (isOver ) { rect0.setAttribute("visibil ity", “visible"); }
else { rect0.setAttribute("visibility", "hi dden"); }
}
</script>

</ insert>
</interactive>

Code 44: An Interactive description of an interactve slideshow in SVG.

Table 7: Interactive properties of the SVG, BIFS ad SMIL languages.

SVG

The <a> element
Graphics and text content elenents attributes: focusable, nav-next, nav-

prev, nav-up, nav-up-right, nav-right, nav-down-rig ht, nav-down, nav-down-

left, nav-left, nav-up-left, focusHighlight

Interactive events: DOMFocusin, DOMFocusOut, DOMActivate, click, mouse down,
mouseup, mouseover, mousemove, mouseout, mousewheel , textinput, keydown,

keyup, scroll

The <handler> and <listener> elements
<text> and <textarea> attribute: editable

BIFS

<Anchor>, <TouchSensor> and <PlaneSensor2D> element s

<InputSensor> elements (KeySensor, StringSensor, Mo use type)

SMIL

<a> and <area> elements (show, target, accesskey, t abindex, fragment, alt)

Medi a attribute: sensitivity
User -rel at ed event s: focusinEvent, focusOutEvent, activateEvent,
inBoundsEvent, outOfBoundsEvent

6.2.2 Styling properties

Styling propertie¥ as defined in Section 3.2.3 are decorative featdhat are applied to media
components (e.g. images, text or polygons) and deégrmine the overall aspect of the presentation
which is usually based on a graphical charter. $balableMSTI model is very lenient about styling
properties because they do not have any conseiencatial, temporal or interactive propertiethef
MSTI model. Two main reasons have driven our chtbogot mandate a specific style description. First
some styling properties can be closely linked ® sbmantics of the presentation once applied.dh th
case, they cannot be easily replaced without réderisg the entire presentation or applied to asoth
document without making sure that both documentge h&imilar semantics. For instance, two key

8 This definition of styling properties does not eolayout properties that can be specified usingc@ding Style Sheet (CSS).
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elementary media (e.g. an image and its captioghtmbe semantically linked in a presentation by
encompassing them in rectangle with a border thateralizes their close relationship. Such a border
style would not be applied to the rectangles oftlamoMedia description unless similar media
relationships were identified. A second reasorn# styling properties are often defined accordmg
particular layout or designed to create a visuoefthat is dynamically triggered through intenaetor
timed events. For instance, the width of a recilndlorder differs depending on its size to mataimén
visual system and the color of a button will beetént if it is pressed or not. We suggest defirafig
styling properties of media components in 8atial description of MSTI document except for those
that are dynamically or interactively assigned #mat can be defined respectively in fhemporalor
Interactive descriptions. An example of static and dynamidirgfyproperties assignment is given in
Code 45 where th8patialandTemporaldescription can be applied to thkediadescription provided in
Code 37. A non-exhaustive list of styling propestie given in Table 8 and gives an overview of the
XML elements/attributes that can be consideredt@mg properties when generatirfg@calableMSTI
documents.

<spati al >
< repl ace ref_id="rect_0" attribute="fill">blue</ repl ace>
< repl ace ref_id="rect_0" attribute="stroke">green</ repl ace>
< repl ace ref_id="rect_0" attribute="stroke-width">4</ repl ace>

</ spati al >

<t enpor al >
< insert ref_id="text 0">
<animate id="animate_text_0_color"
attributeName="fill" from="blue "to="green"
repeatCount="indefinite" begin="0s" dur="2s" fill="freeze"/>
</ insert>
</ t enpor al >

Code 45: Styling properties in Spatial and Temporatiescriptions.

Table 8: Styling properties of the SVG, BIFS and SM. languages.

SVG

The <solidColor>, <linearGradient>, <radialGradient > elements

The <font> and <font-face> elements

fill, fill-rule, fill-opacity, stroke, stroke-width , stroke-linecap, stroke-
linejoin, stroke-miterlimit, stroke-dasharray, stro ke-dashoffset, stroke-
opacity, viewport-fill and viewport-fill-opacity at tributes

BIFS

The <Material2D> element (em ssiveColor, filled, |ineProps, transparency)
<Color>, <LineProperties>, <LinearGradient>, <Radia IGradient> elements

The <FontStyle> elements

<Background2D> attribute: backCol or.

SMIL

<region> attributes: backgroundCol or and showBackgr ound
<root-layout> and <topLayout> attributes: backgr oundCol or

6.2.3 Experiments and results

The decomposition of multimedia scene descriptioms the four components of thiecalable MSTI
model is the first step towards multimedia sceradadulity. This design choice for our scalable mode
was driven by the intrinsic properties of multimeegiresentations. In fact, the user can access media
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components on a static display (spatial propert@sr time (temporal properties) or through int&cmn
(interactive properties). We have also taken intzoant the need to leverage all the specific
functionalities and optimization of targeted scérenats. Although the separation of the scene strac
metadata and logic including media components hed presentation using dedicated spatial, temporal
and interactive model are usual practice, our exymmts showed that the actual division of scene
description formats into separated componentstiglm@ys a straightforward task.

In the following, the results of our experiments giresented. First, the test sequences and the
experimentation process are described in Secti@rB.6. Then, the main difficulties raised by the
decomposition of scene descriptions in the MSTI ehaate discussed focusing on two aspects: the
dependencies between presentation characteristitsttee scene structure (Section 6.2.3.2) and the
separation of spatial, temporal and interactivepprties into distinct but related descriptions (®ec
6.2.3.3).

6.2.3.1Testing environment

The objective of the tests we conducted was to raxpat the feasibility of the complete separatidn o
STI components on a large number of multimediagmgdions. In practice, our experiments have been
conducted on two different types of multimedia ot complex sequences and unitary test sequences
in the MPEG-4 BIFS (ExtendedCore2D profiles mainlf)e SVG (1.2 tiny) and the SMIL (3.0)
standards that we successfully transformed $ualable MSTHocuments.

Scalable MSTHocuments corresponding to unitary tests have aatnmatically extracted from original
documents of the SVG, BIFS and SMIL regression seste using a dedicated Java program. This
program uses the XML schema of the respective kages and the decomposition of STI properties
described in Table 5, Table 6, Table 7 and Tablad¥anced SVG and BIFS presentations have been
prepared manually having in mind the MSTI designleled, we did not optimize our extraction tool to
deal with CSS descriptions and JavaScript codeattgabften used but difficult to analyze automditica
Besides, the implementation of such an MSTI exiwactool quickly becomes cumbersome due to the
issues explained below in Section 6.2.3.2 and oti@® 6.2.3.3. As a consequence, some workarounds
and exceptions depending on scene formats arereegiai generate an MSTI document from an existing
standardized document.

Once generated, the validation of each MSTI doctimwas performed by applying tigpatial Temporal

and Interactive descriptions to their relatededia description in order to create a playable multimed
document. This operation, which consists in gemggaa standard scene description from a MSTI
document, is called th8TI composition and is illustrated in Figure 50. Threea@mposition of the scene
descriptions into the MSTI model is validated i¢ tbriginal presentation was successfully restased,

if the order of STI transformations does not ireegfwith the expected results. Our experiments sdow
that the recreation of the original document frdra MSTI document was possible and lossless as long
as theSTIcomponents were designed to be independent fromather.

For the purpose of our experiments, each STI dasmni was automatically translated into XSL
documents and applied to tMedia description. As explained before, we did not wdbeectly our STI
descriptions using XSLT because we also want timeposition to be applicable on end-user terminals,
where an XSLT engine would not be available. Fstittg purpose, we used XSLT as a convenient way
to implement the composition.

6.2.3.2Separating STI properties

The Scalable MSTImodel relies on a complete separation of multimepliesentations into three
different componentsSpatial TemporalandInteractive(STI) descriptions. However, these components
might be closely related in some cases. For instatihe animation of an elementary media requires a
timer (Tempora) that will drive the movements of the media alegath $patia). Similarly, an
interactive anchor applied to the surface of amelgary medialteractive requires that this media is
correctly positioned in the presentatid®pgtia). The links between STI components can be handled
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through the definition of specific elements thainbine them as is the case of tBeRelation
element in the Madeus model [79] for ‘spatial ariores’. However, this approach is not extensible to
all STI dependencies and standardized present&tiorats sometimes rely on low-level generic tools t
cope with such authoring cases (e.g. absence péecifie animation node in MPEG-4 XMT). In our
model, we do not define such elements.

Media
- s
) Multimedia
Q Spatial Document
S n
_|
@ Temporal 3 e
3
E .‘0“
O Interactive =
| o
=}
AUTHORING PLAYBACK

Figure 50: The STI composition and document generain.

In the MSTI model, all dependent scene propertiessaparated into STI components by referring to
common elementary media or logical structures eMidia description. Hence, STI components do not
depend upon each other but are all linked to timeeddedia description. For instance, an interactive
button may animate slightly by changing its sizeewlthe mouse is over it as illustrated in Codeld6.
that case, the shape of the ‘button’ is part ofMieeliadescription; the position, size and extended aize
this shape is specified in tf8patial description; the duration and a method to trigher animation of
this shape is defined in thBemporaldescription and finally the interactive behavioggered by the
mouse is associated with the ‘button’ in theteractive description as illustrated in Code 47.
Furthermore, complex STI dependencies can also dwdleéd through the definition of shared
presentation elements such as variables, presemsttites or methods. STI descriptions can be lglose
related through references to the same elemertte iMedia description but the STI descriptions never
directly depend on each other.

<svg xmins="http://www.w3.0rg/2000/svg"
id="svg-root" viewBox="0 0 40 40">

<rect id="rect_0" fill="green" x="5" y="5" width=" 30" height="30">

<animate id="animate_rect_0_width_in" attributeNam e="width"
from="30" to="40" dur="0.4s" fill="freeze "
begin="rect_0.mouseover"/>

<animate id="animate_rect_0_height_in" attributeNa me="height"
from="30" to="40" dur="0.4s" fill="freeze "
begin="rect_0.mouseover"/>

<animate id="animate_rect_0_x_in" attributeName="x
from="5" to="0" dur="0.4s" fill="freeze"

Mouse begin="rect_0.mouseover"/>

<animate id="animate_rect_0_y_in" attributeName="y
over from="5" to="0" dur="0.4s" fill="freeze"

begin="rect_0.mouseover"/>

<animate id="animate_rect_0_width_out" attributeNa me="width"
from="40" to="30" dur="0.4s" fill="freeze "
begin="rect_0.mouseout"/>

<animate id="animate_rect_0_height_out" attributeN ame="height"
from="40" to="30" dur="0.4s" fill="freeze "
begin="rect_0.mouseout"/>

<animate id="animate_rect_0_x_out" attributeName=" X"
from="0" to="5" dur="0.4s" fill="freeze"
begin="rect_0.mouseout" />

<animate id="animate_rect_0_y_out" attributeName=" y
from="0" to="5" dur="0.4s" fill="freeze"
begin="rect_0.mouseout"/>

<[rect>

</svg

Code 46: A rectangle being resized when hovered 8VG.
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<svg xmins="http://www.w3.0rg/2000/svg" id="svg-roo
<rect id="rect_0">
<animate id="animate_rect_0_width_in"/>
<animate id="animate_rect_0_height_in"/>
<animate id="animate_rect_0_x_in"/>
<animate id="animate_rect_0_y_in"/>
<animate id="animate_rect_0_width_out"/>
<animate id="animate_rect_0_height_out"/>
<animate id="animate_rect_0_x_out"/>
<animate id="animate_rect_0_y_out"/>
<[rect>
</svg>

<spatial>
<l-- Document decoration -->
<replace ref_id="rect_0" attribute="fill">green</

<l-- Document composition -->
<replace ref_id="svg-root" attribute="viewBox">0

<replace ref_id="rect_0" attribute="x">5</replace
<replace ref_id="rect_0" attribute="y">5</replace
<replace ref_id="rect_0" attribute="width">30</re
<replace ref_id="rect_0" attribute="height">30</r

<replace ref_id="animate_rect_0_width_in" attribu
<replace ref_id="animate_rect_0_width_in" attribu
<replace ref_id="animate_rect_0O_width_in" attribu

</spatial>

<temporal>
<replace ref_id="animate_rect_0_width_in" attribu
<replace ref_id="animate_rect_0_width_in" attribu
<replace ref_id="animate_rect_0_width_in" attribu

">

replace>

0 40 40</replace>

>

>
place>
eplace>

te="attributeName">width</replace>
te="from">30</replace>
te="to">40</replace>

te="dur">0.4s</replace>
te="begin">indefinite</replace>
te="fill">freeze</replace>

</temporal>

<interactive>
<replace ref_id="animate_rect_0O_width_in" attribu
<replace ref_id="animate_rect_0_height_in" attrib
<replace ref_id="animate_rect_0_x_in" attribute="
<replace ref_id="animate_rect_0_y_in" attribute="

te="begin">rect_0.mouseover</replace>
ute="begin">rect_0.mouseover</replace>
begin">rect_0.mouseover</replace>
begin">rect_0.mouseover</replace>

</interactive>

Code 47: MSTI description of a resizing SVG rectanig when hovered.

6.2.3.3Separating Media and STI properties

The Scalable MSTmodel relies on the separation of the scene streicind multimedia components
from the presentation characteristics. Howevers tirict separation might suffer some exceptions
depending on application scenarios. For instancdtimedia documents in some formats such as SMIL
may be structured on a tempdoalsis §éeq/ par elements). In that case, these temporal struchaes to

be defined in theMedia description and only timing parametdrdur) are defined in th&emporal
description as illustrated in Code 47 with #enimate> element. Such limitations are overcome by our
Scalable MSTby defining explicit dependencies as explained.813.3.

Furthermore, some multimedia formats offer gensyiatax in order to improve language learning time
or to enable efficiency coding. As a consequenaeh generic elements can be used in all three STI
components. We chose to allow them in &patial Temporalor Interactivedescription and to place
them in the description they related to on a cdntesis. Typical examples are the multipurpose
<scri pt > elements of SVG which modify STI descriptions, #iout e> element of BIFS which can
link STI events and thbegi n attribute of the SMIL animation elements which eamtain time or
interactive values. Any element that does notnfib ione single STI component due to its usage gbnte
is then placed in thlediadescription.
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In the same way, some multimedia formats defin@mopation properties that are essential to improve
the usability of the content in some specific usage@ronments: th@nage-rendering attribute in
SVG allows the indication of author preferenceswleein quality and speed of rendering; or the
<QuantizationParameter> element in BIFS enables authoring the trade-offvben quality and
bandwidth. These properties are not directly rdla® STI components (and their support is often
optional on receiver’'s side) but may impact on mafle usage conditions f@TI descriptions. In
practice, these scene properties can be defin¢lgeiMedia description or classified according to the
adaptation parameters applied to STI descriptisrdefined in 4.1.

In the MSTI model, the separation of presentatitaracteristics from the document structure can iema
flexible. Indeed, the main objective of tMedia description is not to provide a presentation-atjoos
description of the presentation but to proposerarmgon basis for th&patial Temporalor Interactive
transformations. So, the inclusion of presentattbaracteristics into th&ledia description does not
introduce any compliance issue with @egalable MSTmodel as long as the document feat8patial
Temporalandinteractivedescriptions offering scene properties in thedpeztive domain. For instance,
all style properties can be kept in a CSS filechita to theMedia description if these properties are not
supposed to be modified during an adaptation psocAs further explained in Section 6.3.1, this
flexibility of the Mediacomponent constitutes the basis of the scalalgitiperties of our MSTI model.

6.3 Multimedia scene scalability

Several scalable media codecs have been standhridizecent years to cope with heterogeneous usage
conditions and aim at always providing audio, videad image content in the best possible qualitg Th
term ‘scalable’ and ‘scalability’ should be undewmd as in the SVC standard [104] and ‘refers to the
removal of [video] bit-stream in order to adapiitthe various needs or preferences of end usexglas

as to varying terminal capabilities or network citinds’. In this section, we propose to transpdse t
concept of scalability to the world of multimediaadiments by defining the scalable properties of a
scene, within the so-callé&talable MSTiodel.

Although multimedia scenes do not have the sameepties as video sequences or images, scene
properties can be decomposed into three main S¢stial Temporaland Interactive dimensions as
described in Section 6.2. Additionally, if we calesi a set of versions of a presentation adapted for
different contexts, the&calable MSTImodel further organizes the scene properties oh &patial
Temporalandinteractivedescription of all versions into progressive dgdiims. Each such progressive
description is a scalability layer and is made dbmation updates (see Section 5.3.1.2). This
organization follows custom adaptation parametach sas the display dimensions, the user’s level of
interest, the presentation duration or the reckivaapability to cope with CPU-demanding animations
As a consequence, the adaptation accuracy to #r&s uentext is determined during content genematio
by defining the granularity of each adaptation axis

In the following, the core transformation processwr multimedia scene scalability based on adaptat
updates is introduced in Section 6.3.1. Then, theerpl presentation principles that contribute the
organization ofSpatial Temporaland Interactive descriptions into scalable layers are introduaed i
Section 6.3.2. Finally, the adaptation graph thaictures the adaptation capabilities of multimedia
presentations and drives our adaptation decisikingaengine in defined in Section 6.3.3.

6.3.1 Cascading STl compositions

The division of STI components into scalable layeires an incremental transformation of Media
description of the MSTI model to progressively casp the adapted multimedia document. Therefore,
the STI composition defined in Section 6.2.3 iseagid to allow cascading STI compositions in the
Scalable MSTmodel. Indeed, the STI composition outputs a mdtia document that can be used as
Media input for a new STI composition as long as new 8@scriptions update previous ones. This
flexibility of the STI composition comes from thact that aViedia description of the MSTI model can
be considered a MSTI document since they are begbribed in the same format and contain the same
identifiers referenced by STI components. The al¢enSTI composition of th&calable MSTlis

-127 -



Chapter 6 — The Scalable MSTI model

depicted in Figure 51 and shows how STI compostican be cascaded to generate an adapted
multimedia document with two STI layers.

Media
L) l
Spatial o
= : ‘
@ Temporal E g Q Adapted
i = Multimedia
Interactive =
@ S @ } @ Document
(@)
< e : ®
@ < 34 s
@ g &)=
[ g 3
AUTHORING Chooser| PLAYBACK

Figure 51: Cascading STI compositions.

In our scalable approach, the cascading propertigeoSTI composition process is used to progrelysive
provide spatial, temporal and/or interactive imgments to a base multimedia document. Of course,
one main objective of multimedia scalability isdnly provide the descriptions that are requireanfro
one layer to the next. As a consequenc&patial layer does not intend to completely update the
previousSpatial layer but rather provides an update of the scenpepties that are different from the
previous layer. This approach is efficient comparethe generation of separate presentation atteesa
because differential updates can achieve compatindent representations as shown in our experiments
detailed in Section 5.3.3.

In the Scalable MSTimodel, a multimedia document is the result of easive STI compositions for
each layer on each scalabilayis. In practice, the multimedia document doesneaessarily have to be
reprocessed layer by layer if a progressive doctumardering is not required. Indeed, STI descrigio
can be aggregated prior to the composition prod&ssng our experiments, this optimization has been
performed by generating Extensible Style Sheetd [XBat overwrite Replace> MSTI commands
when applying several layers on the same axisawokimgref id identifiers.

Finally, a scalable multimedia document relies ohage laye (S, To,lg) that determines the minimal
presentation of the multimedia document. This blaser contains spatial, temporal and interactive
properties that define a simple presentation ferrttedia components of the multimedia document. It
may also contain some STI properties required éones enhancement layers as explained in Section
6.2.3.2 and decorative properties introduced iriiGe6.2.

6.3.2 Scalable MSTI layers

In the context of scalability, thBpatial, Temporahnd Interactivecomponents of the MSTI model are
called STI axes. Th&calable MSTImodel is based on order relations that organize &@€s in a
progressive manner. For this reason, each STlisudssociated with an adaptation parameter thee dri
the nature of the spatial, temporal and interactik@perties contained in STI progressive layerse Th
scalability along an axis can be coarse-graindthergrained according to the length of adaptastaps.
Each layer of a scalable multimedia document is@ated with an adaptation parameter value related
its applicable usage environments. Since threaiility axes are defined in ttfgralable MSTmodel, at
most three adaptation axes have to be defined gldotument generation and mapped onto STI
scalability axes.

In the same way, a scalable image encoder caty foeghnize its quality layers according to someaieg

of interests, theScalable MSTImodel allows the organization of the STI layersgaading to any
adaptation parameter that is compatible with tregmssive nature of spatial, temporal or interactiv
scene properties. Of course, the flexibility offkley scene descriptions is much higher than ircese

of natural media such as images. For this reasendavnot mandate any adaptation parameter for the
three scalability axes of the MSTI model. They tenfreely defined during authoring according to
targeted application scenarios.
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The Scalable MSTHocument syntax is defined for tBpatial Temporalandinteractivedescriptions. STI
descriptions are divided intdayer> elements to which a number is associatedug attribute) and
which may provide informative parametefsadaptationParameter> element) to guide the
adaptation decision-making process. Ryer> element is composed ofinsert> , <delete> ,
<replace> and <move> elements that can be used to modify Media description by inserting,
replacing, moving or deleting presentation fragmestintroduced in Section 6.1.2

In the following, typical examples for the orgartina of STI axes are provided for the spatial (&ect
6.3.2.1), temporal (Section 6.3.2.2) and interac{iection 6.3.2.3) scene properties.

6.3.2.1Example of Spatial layers

A typical adaptation parameter which can be maped theSpatialaxis of theScalable MSTimodel is

the targeted screen resolution. Since this paranetei-dimensional, we can restrict targeted spati
dimensions to incremental values as for the geizedhlspatial scalability of SVC [104]. As a
consequence, ‘neither the horizontal nor the vartiesolution can decrease from one layer to thx&.ne
Doing so, a layered description of the spatial props of multimedia documents can address several
screen resolutions. For example, from one layanither §,S,S), the Spatial description can move
objects to better fit the updated screen sizenanease the size of some objects, possibly in dinear

way as illustrated in Figure 52. Additionally, axaeple of scalabl&patial description is provided in
Code 48.

S,: 480 x 270
So: 320 x 240 S1: 400 x 240 Aprés-demain - 25/04/07
Aprés-demain - 25/04/07 Aprés-demain - 25/04/07 Paris
Paris Paris 08HOO
08HOO Temps clair 08HOD Temps clair 14° 13° 13° vemnf?aicb‘?e‘r
13° Vent faible 13° 13° Vent faible
Paris Paris Parls
TAHER Bel aprés-midi 20° 14H00 By apres midi 24° 20° 14H00 Bel aprés-midi
21° Vent fort IC=4/5 21° Vent fort \C=4/5 IC=4/5 2 Vent fort

Figure 52: A spatially scalable scene driven by thecreen resolution.

<spati al >
< |l ayer value="0">
< adapt ati onPar anet er type="primary" value="320" // x display resolution

href="urn:mpeg:mpeg21:2003:01-AdaptationQoSCS-NS :6.5.9.1"/>
< adaptati onPar anet er type="primary" value="240" // y display resolution
href="urn:mpeg:mpeg21:2003:01-AdaptationQoSCS -NS:6.5.9.2"/>
< repl ace ref_id="root" attribute="viewBox">0 0 320 240</ repl ace>
< repl ace ref_id="img_0" attribute="x">45</ repl ace>
< repl ace ref_id="img_0" attribute="y">20</ repl ace>
< repl ace ref_id="img_0" attribute="width">160</ repl ace>
< repl ace ref_id="img_0" attribute="height">160</ repl ace>
< repl ace ref_id="img_0" attribute="visibility">visible</ repl ace>
</ layer>

< |l ayer value="1">
< adapt ati onPar anet er type="primary" value="400"

href=" urn:mpeg:mpeg21:2003:01-AdaptationQoSC S-NS:6.5.9.1"/>
< adaptati onPar anet er type="primary" value="240"
href=" urn:mpeg:mpeg21:2003:01-AdaptationQoSC S-NS:6.5.9.2"/>
< repl ace ref_id="root" attribute="viewBox">0 0 400 240</ repl ace>
< repl ace ref_id="img_0" attribute="x">50</ repl ace>
< repl ace ref_id="img_1" attribute="x">225</ repl ace>
< repl ace ref_id="img_1" attribute="y">20</ repl ace>
< repl ace ref_id="img_1" attribute="width">160</ repl ace>
< repl ace ref_id="img_1" attribute="height">160</ repl ace>
< repl ace ref_id="img_1" attribute="visibility">visible</ repl ace>
</ layer>

</ spati al >

Code 48: A scalable Spatial description.
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A layered description of the spatial propertiesnailtimedia documents can address many screen
resolutions through the use of fine-grained scaldaiscriptions but possibly implies overwriting tigda
parameters from one layer to the next. Performawveduations that have been carried out in Section
5.3.3 show that spatial adaptation through pretentaupdates is very efficient on constrained
multimedia terminals but grows as the number ddrimediate adaptation updates increase. In that case
presentation updates can be combined with one-wasti@ints (Section 4.2.4.2) or linear interpolagio
(Section 4.2.4.1) to achieve fine grain scalabilith a better efficiency.

6.3.2.2Example of Temporal layers

The transformation of th@emporalcomponent of a MSTI document into a scalabilitysazan be
performed by providing progressive timed propertiégsamples of adaptation parameters that can be
mapped onto théemporal axis are the available processing power or batstaye. In that case,
Temporallayers of the scalable multimedia document arermdl in terms of processing requirements.
For instance, the timing of an animation can be musad of differenfTemporallayers that define
incremental levels of smoothness: from a two-sdgi@oach ({) to the continuous rendering of complex
animations (}) as illustrated in Figure 53. Additionally, an exale of scalabl&@emporaldescription is
provided in Code 49.

The layers of th@emporalaxis should be as progressive as possible fromu#imoring point of view.
However, there might be good reasons to completeynge th& emporaldescription from one layer to
the next. Such cases might be triggered by theoaunthneed to deeply modify the temporal properties
of a layer towards an enhanced timed multimedissgtion requiring advanced capabilities for
playback. Thus, this k