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ABSTRACT

This paper contains a brief report of the analysi:iew
requirements raised by Interactive Television dshtgives
a possible solution by defining a model-driven emvinent
for the production and delivery of interactive téston
applications and their content.

Categoriesand Subject Descriptors

J.7 [Computers in other systems]: Process Control,
Publishing.

H3.7 [Information storage and retrievall:
libraries — User issues, Systems issues.

Digital

General terms
Management, Design, Human factors.

Keywords
Interactive Television, Content Management, Appiaa
management, Content publishing, Television producti

1. INTRODUCTION

New interactive television technology is having ajon

impact on industries producing applications andirthe
content. Consumer expectations are extending beyonthased software.

conventional radio and television.

Cross-functional and configurable content, refertedas
smart media, is gracefully but irreversibly sulstitg
traditional formats. Eventually, mechanized andusedjal
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new interactive applications for Digital Terrestria
Television (DTT) has raised new requirements wtacé
relevant in any interactive television scenario.

This paper contains a brief report of the analpdishese

new requirements and then gives a possible solutipn
defining a model-driven environment for the prodeiand

delivery of interactive television applications atideir

content.

The Application and Content Management System (AEMS
is the solution designed by Rai Research Centiieuiin to
cover new requirements of interactive televisioanseios.

2. STATE OF THE ART

Classically, &Content Management Syst¢@MS)[1-4] is a
software application deployed primarily for intetige use

by a potentially large number of contributors. Thenaged
content typically includes computer files, image dmag
audio files, electronic documents and web context.
Content Management System is most often used as an
archive as well. CMS systems are also used to fitesein

a non-proprietary form and to share files easilthigir data
communication infrastructure as most systems useeise
Many Content Management Systems
include a feature for Web content and some of thaue a
feature for a "workflow process" [5].

The idea behind workflow management is to move an
electronic document along a process chain for eithe

manufacturing methods must be replaced by scalableapproval or for adding content. Some Content Manmasge

configurable and agile methods that can suppopeataum
of delivery platforms and adapt the content to oomf to
end user’s required area of interest.

Rai's production experience as well as its deplaymnef
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Systems will easily facilitate this process with adm
notification and automated routing. This is ideally
collaborative creation of documents. A CMS faciétathe
organization, control and publication of a largedpf

documents and other content, such as images and
multimedia resources.
A Web content management systeim a content

management system with additional features to stippo
tasks required to publish web content to web sitésb
content management systems are used for storing,
controlling, versioning and publishing industry-sifie



Terminals Television Mobile PC
S e g?l'vBanw(i:t?ld ) Phone PDA Car TV Workstatior
Channels HDD HDD Center
DVB (T, T2, S SD/HD TV, | SD/HD TV,
S2, O)[11] SD/HD TV PVR PVR N/A N/A N/A TV on PC
. Mobile TV, .
Broadcast | DVB-H[13-14] N/A N/A N/A Mobile TV PVR Mobile TV N/A
Data- N/A PushTV | PushTV N/A N/A N/A Push TV
broadcasting
Streammg TV Network Network Network TV
RealTime N/A N/A . : : : .
; Simulcast | Expensive | Expensive | Expensive | Simulcast
(Mcast-Ucast
P Streaming Vol HD/SD HD/SD HD/SD Network Network Network Web TV
Connectior 9 IPTV IPTV IPTV Expensive | Expensive | Expensive VoD
Download N/A AV pod- AV pod- A/V pod- A/V pod- N/A AV pod-
unicast cast, P2P cast, P2P cast cast cast, P2P
Dl N/A Push TV Push TV N/A N/A N/A Push TV
multicast

Table 1: Servicesmatrix of Channelsvs. Terminals

documentation such as news articles, operatorsuatgn
technical manuals, sales guides and marketing breshA
content management system may support severalrdsatu
like import and creation of documents and multiraedi
material, identification of key users and their teom
management roles and the ability to assign roled an
responsibilities to different content categoriestypes. It
can additionally define content workflow tasks, lirting
the ability to track and manage multiple versioha single
instance of content and the ability to publish¢batent to a
repository for content access support.

We can see thénteractive Televisionas a system with
layered functionalities, from low interactivity (Tdn/off,
volume, changing channels) to moderate interagtivit
(simple movies on demand without player controlsjl a
high interactivity in which, for example, an audienmay
affect the evolution of the program being watch@étie
most obvious example of this would be any kind edily
time voting on the screen, in which audience vareste
decisions that are reflected in how the show coesn In
general a return path to the program provider tsahways
necessary to have an interactive television expegie

Many existing technologies permit the developmeft o
Interactive Television applications; with the labnaf the
IPTV (Internet Protocol Television6,7], Television and
Web share a large set of techniques to allow thed fiser

to have an interactive experience in front of thiewision
set. Quite obviously, every week, a new family of
technologies enters into the world of TV applicatio
development [8].

The most used technologies employed todaySet Top
Box (STB - client user device) oriented applications the

simpleVideo Overlayor Multimedia Home Platform (DVB-
MHP) [9] and MHEG-5 (Multimedia and Hypermedia
Experts Group — Part §)10]. Applications developed with
MHP and MHEG are in most cases delivered directly
through the transmission channel. The choice ofude of
these technologies by the service provider dependthe
middleware and the application layer that is avdélan the
client user device.

MHP is an open middleware system standard desigged
the DVBJ[11] project for interactive digital teleid®. The
MHP enables the reception and execution of intamact
Java-based applications on a TV-set. Interactive TV
applications can be delivered over the broadcastrudl,
together with audio and video streams.

MHEG-5 is an object-based declarative programming
language which can be used to describe a presantati
text, images and video. An MHEG-5 application cetssbf

a number ofsceneswhich the user of the application can
move between. Eaclcenelists the items of text and
graphics to be presented and can contain blocks of
procedural code which are executed in responsedmba
predefined set of events such as keys being pressexts
firing or content being successfully loaded intonmoey.

For IPTV Application developing, many integratel
are the same used for Web applications, HdeML, JSP,
Ajax, Silverlight[12]. In most cases of IPTV Applications
the return channel is mandatory and the applicat®n
exposed like a web site from an application server.

Many channel technologies are today available fof T
application delivery. The Table 1 shows the Servitetrix
which defines an interactive Service as intersedbetween
the Channel on which the Application or Content is



transmitted and the target Terminal on which
application or content is shown to the final user.

At the same time, another distinctive element ferdactive

the -

Scalable distribution
- Monitoring

4. THE RAlI APPROACH

Television is theback channelypology and again many The approach adopted by Rai provides for two différ

return paths could be involved in the developingd anthe
approach of the interaction, like Fixed or Mob#éyays-on
or not.

3. ON-FIELD REQUIREMENTS

The Rai experience on production and deploying of gccess

interactive applications for DTT television hassed new
requirements which are relevant in any interadikevision
scenario.

Many actors are involved in the overall workflow fithe

production, deploying and maintenance of an interac

television application. They can be grouped in ¢hneain
layers: Development Technical and Editorial. A useful

strategy in order to optimize the process is making
competences independent each other though at the sa

time actors shall be working in a cooperative way.
It is necessary to find an environment which eratite
merge these different approaches, taking into atceach

competence of each actor involved in the management

workflow.

Applications shall be grouped in order to followitedal
concepts taking into account the fact that at reestime
each application is different from a physical pahtiew.

This environment shall allow the developers stadf t

translate the complexity and the internal structofethe
application in order to allow other actors to wewsily on
the application, each from a different respongipihoint of
view.

When the application is ready for publication,

information needed to go on line and to correatlofv the
expected editorial behavior has to be availabldoi@eand
during the on line period, the application needsbt®
provided with multimedia contents, therefore thétcethl

staff should be able to setup the application witho

knowing the complexity of the physical version dfet
application itself. At the same time, the technicsff
responsible for publication should be able to aunie the
publication and scheduling parameters without kngvthe
internal structure of the application.

This environment shall allow the publication to feient
target channels/terminals. It will focus its efforto
implementation of the architectural and data modehe
part of media delivery and user terminals takingtan
account the following aspects:

- Automation
- Scheduling
- On Air— On Line Planning

types of main context and it takes into accountliegfon
and content publication functionalities.

4.1 Version Context

The Version Context (Figure 1) allows actors toesand to
to applications application componentsand
aggregation of application(Programg according to a
version logic: from the editorial point of view,@daelement
is inserted in a context of structure made of Ripje
Editorial Entity, Editorial Version and Physical ig&n.

Project Version Context

I

Editorial Entity

I

Editorial Version

I

Phisical Version

Real Object

Figure 1: Version Context scheme

The Project element of the structure allows actors to
manage sets useful for the cataloguing and theeggtjon

of heterogeneous elements which refer to a paaticul
editorial/functional project.

The Editorial Entity is the aggregate which collects and
puts in relation various publishing versions conogg a
same publishing concept; this editorial entity iset
collective identification of all editorial versionst
aggregates. This can be useful to report a setivbreal
versions without specifying a particular one. Aerehce to
an Editorial Entity can be useful during the seeyitanning
when the precise identification of a particular tedal
version is not necessary or is not possible.

The Editorial Versionis a version of an editorial concept
which is specifically characterized by determinate
information of editorial type and content. Typigalihis

concerns the informative, artistic and communi@tiv



dimensions, as well as the attribution of creditd ather
production information. The Editorial Version isetimain
object entity of the ideation, editorial definiticend all
decision processes which determine the conteitteofvork;
the editorial version shall be considered as thecie
landing point of all processes which participate the
building of the editorial shape. The information ig¥h
characterizes an editorial version is independesrh fthe
physical versions which realize it.

The Physical Versions a concrete mode through which a
particular Editorial Version is realized; it is chaterized
according to various dimensions, one for each ef it
possible components (audio & video, static imagdest,
graphics, interactive applications). The structwt a
physical version may be considered as the "multined
view" of a certain editorial version. The multimadiiew is
the main object of the editorial ideation operagiaf an
application.

4.2 Composition Context
The Composition context (Figure 2) keeps in accdhat
composition relations between the various entities.

Composition Context

Program

1.*

Application Deferred Application Multimedia

1

FrontEnd Component Back End Component

Figure 2: Composition Context scheme

The Program at the highest level, represents the total

publishing entity which the final object to be pisbkd is
derived from. Under the composition point of view a
particular program contains at least one applicatmd
possibly one or more multimedia contents; at proglevel
there is also the possibility of making some fiotis links
towards applications which will be actually chosater on
(deferred applications).

Components. The Application represents the pulbieha
atomic object.

The physical version of theront End Componenis the
main entity of the application management systers, the
set of all the files concerning the applicationetref the
application, together with all the other files tla¢ used for
the real physical building of the application ifs&o, the
physical version contains the references to allpthysical
files which constitute the concrete entity.

EachBack End Componertan be used in more than one
application, as well as every application can b&taioed in
more than one program.

It is necessary that the various applications witichpete
to the formation of a program are linked to the gpamn
itself in an ordered way to guarantee the posgibibif
linking to the program the same application sevéras,
every time characterized by various parameters aia;d
each member relation is identifiable in an univoealy
with respect to the others. This identification of
composition relationship is maintained consistenevery
section of the version context: the first relation the
editorial entity section is equivalent to the firstation in
the editorial version section concerning the samuyrct
and so on.

4.3 Délivery of Applicationsand contents

As depicted in Figure 3, the solution foresees ¢haet of
steps will be performed in order to publish an aapion.

Delivery Environment

Product

Program
1 1

Publication Product

1. 1.

Application Configured Application TX parameter

Figure 3: Delivery Environment scheme

The delivery logical flow starts from th&pplicationn one
or more applications could be linked to formPeogram
from which theProductis built by resolving links to all
parameters and static contents. The Product isneatkfas
the object that contains the application and alates
contents and configurations€@nfigured Application In
the logical flow after the Product there is tRablication
Productwhich is built, starting from the Product, defigin

EachApplication in its turn, is composed by a single Front . mission parameters and linking the dynamicerds.

End Component and may hold several

Back End



The solution foresees that content incoming from an The ACMS allows all involved actors to cooperate to
editorial staff is redirect to a uniqueontent Publication publish applications, opportunely set up and fedhwi
Site in order to have a shared location in which canten contents, on théransmission systeraccording to timings
shall be easily discovered and addressable as pattob established by transmissions scheduling system.h Suc
hierarchy. applications are made available on tger devicesand
The Content Publication Sitds independent from any allow to implement complex services which require,
Content Management System used by a stand alongotentially, the use of a return channel betweemnsuand a
editorial staff. Each editorial staff can decide thol to use service centre. The ACMS interacts with th&urn channel

for the content creation and the workflow to use tioe to allow the realization of such interactive seegicit can
content validation. For each Editorial staff is matory to interact with the authoring systemson which the
publish content in the assignéfbntent Publication Site  applications are developeshd with externakources of
Areg each Editorial staff will create their own object contents

hierarchy in the publication site.

The editorial staff should publish on th€ontent
Publication Sitethe physical file or some procedures which
recover content files from proper repositories .(e.g
database) and make themselves available for th
publication. Contents on the publication site sHoble
shared by several user applications.

The ACMS allows users to manage the applicatiorth wi
related contents and their corresponding histoiitegjso
allows the management of products used for various
epublications and the management of their history, i
addition to provide functionality of logging and wdow
management.

Inside the Content Publication &ia uniquely addressable The Figure 4 shows the internal architecture o¥XGMS.
object is calledContent SourceContent Sources are part of

the input for the final publication engine whichable to Scheduling System

manage each Content Source performing, if needed, a ; i
Transformation Actionand it is able to deploy the real [PusticaTionoaTa Transmission
content in a given entry point of a particular apstion [covrsummionaa £ | ¢ System
(Destination. The triplet CS-T-D (Content Source cvs | 2| g g8 | Tnmanon
TransformatiorDestination) is the core of th@ublication Freeed ‘g @ z§

Engine that knows actually deployed applications and =< g | g 2 E'_T &
which is able to deliver content on each of them. e | M5 | & | £ %@"“\
When the Product is built a set of triplets CS-TsDinked =~ L2 ACMS

to each application to be deployed so that theiegumn N PN

and its related content will be automatically masthg CONTENTS  CTIVATION AND CHECKING  REGISTRATION

during on line time. When the application is orelimany NI NS A
actors perform specific tasks to manage dynamitectst { _ Back End System - Return Channel = user device )
the editorial staff makes available contents onGoatent

Publication Site, with regular or variable frequgnc Figure4: ACM S subsystems

according to a particularEditorial Scheduling the

application, with a determinate frequency, makesrdiresh 5.1 TheAMS

of its own dynamic contents, without responsibilitjout ~ The AMSis the subsystem which allows users to manage all
the presence and the accuracy of the contents éheeBs  kinds of application, loading them on the systend an
(Application Schedulinig another scheduler, finally, reads making them available for the configuration andssguent
the source and the destination of every content fthe publication.

application content structure and it moves the eomnitself The AMS makes available the management of appbicati
from the Source to the expected Destination after t and all related components (e.g. Front end and leack
related Transformation Action; these scheduler aians components) ensuring their persistence saving phlyfiies
are made with a smart frequency according to Edltand which contain the code of each application comptsen
Application SchedulingGontent Scheduling Two different components are managed from the AMS:
5. THE ACMS Front End component and the Back End one. Thedinst

o consists of the application part designed to be@eel on
The ACMS (Application and Content Management Systém),o ;ser device: this component is structured eotiry

is the approach based on the previous analysigmissiby trees and can be physically saved, for instancejpagles

Ral _Research erntre n Turlln .t(_) give an _answeraw n containing the whole application tree. The Back end
requirements of interactive television scenarios. component is the part of the application which ransthe



server side aservice The AMS provides the functionalities (same contents which feed different type of apfibice,
that allow the insertion, the management, the etitna and e.g. WEB pages and DTT applications).

the deletion of every single application componest Contents in the CMS are handled according to ags®c
atomic entity; for each application the system pesrthe logic which implements the typical functionalitiesf a
set up of a particular workflow management, depagain Content Management System: feeding, integration and
the membership of such element to a particular kohd assembling, transformation, editing, retrieval and
service (e.g. interactive advertising). exportation; all these functionalities are usefal tthe
The AMS allows users to access the single apptinati following use of contents in publication mode ahdyt are
according to the composition context and the versio controlled by a workflow management system.

context (Figure 5); in addition, it allows users handle

accessory information (metadata) useful to the CMS feedingcan occur by different ways. Contents may
characterization of the various objects in theesystin fact arrive from external flows and they are made abéila
every kind of entity inside the ACMS is charactedzby through external feeds everyone with its own stnectin
the presence of information concerning the use, thethis case the system works bottpinl mode (CMS asks the

identification and the description of a particulaem source for new contents and upload them) amighmode
belonging to such typology. (the external source of contents signals to the QNS
The AMS allows users to manage the single conteities presence of new content items and starts up treadplg).

and their own attributes in creation, modificati@amd Another way to feed the CMS is to use some interfiac

deletions; in order to assure the possibility cftoeing the data insertion: contents are uploaded in the CMSoding

previous contents after modifications or deletions proper GUI that works directly on data structurasthe

(rollback), the system guarantees an internal @eisg for system.

every single entity (Figure 5). Integration/assemblingunctionalities permit the creation
of new content items starting from other contentghb
internal to the CMS and provided by the outsidg.(EMS

makes available the merging of contents providgdaib

COMPOSITION
CONTEXT

,x’:\(o@i external source with contents inserted ad hoc gir@uGUI
RN to achieve the real content to publish); the systeisures

the persistence of such integrated/assembled dsreéher
. : saving the new content or saving the assemblirgsrahd
! the building blocks.
@ ! Transformation functionalitiespermit to obtain new
\—>[[ ENTITY ! contents derived from other present in CMS through
% ! operations of manipulation that go beyond a simple
! assembling and the system must guarantee the tperss
of such contents.
Editing functionalitiesallow users to change the contents
inside the CMS using a dedicated GUI; during treed@®ns
the system ensures versioning, rollback and approva
functionalities.
The retrieval functionalitiesof CMS contents is done
The AMS includes among its functionalities the basically through the use of identification and ailigion
management, for every single application, of dthimation information (e.g. Title and description field), Wwhimore
concerning parameters, contents (structures, tefisi complex identification methods, content based, are
default values and transformation proceedings) Hrel exclusively implemented for particular kinds of temts.
external references. This information will be ushding Through the use oéxport functionalitiesit is possible to
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Figure5: ACMS - Managed context

the configuration and publication phases. make contents available for Preparation and Puldita
subsystems.

52 TheCMS _ -

The CMS is the subsystem which manages the variouslhere are different actors with different respoititis

kinds of contents, ensuring their persistence asilability working on CMS; they contribute to the managemeint o

for the different ways of publication: the CMS sytem contents from their insertion in the system unhkit
permits to make contents persistent for future @eusoth ~ approval and export. The workflow logic dependstoe
on the same type of service (same contents usedog sort of analyzed content and on the final use &steul for



automatic management shared among all applicaitiotie
ACMS.

In the context of the CMS, Editorial Procedures are
defined as a subset of functionalities providedheyCMS,
they are coordinated by an appropriate workflow #rel/
operate on a particular set of data. The buildifigao
editorial procedure on the CMS permits to define an
environment in which content providers work followi
specific steps and interfaces. Generally the systemks
with two different kinds of Editorial Proceduresote
directed to data allow users to insert and to maragtents
not necessarily connected to a particular appboate.g. an
Editorial Procedure which introduces the stock exge
data in the system). Otherwise the application nbeie
Editorial Procedures are built to map the relatetween a
specific application and related contents (e.gEditorial
Procedure for the staff which introduces the grepbif TV
Guide application home page in the system). Thie tgf
Editorial Procedure operates on data structurescityr
connected to the internal data structure of thdiegtjon it
refers to. The CMS makes available the creatior, th
management and the use of generic Editorial Praesdu

5.3 ThePreparation system

The Preparation system is the module of the ACM&Hwvh
manages the Product entity which is created staftiom
data coming from AMS (application and descriptietp
and CMS (contents part) joined together with camfgion
data provided if necessary during the creatiorhefentity
itself. The Product holds all static componentsdiidefor
publication, properly set up and updated.

Inside the Preparation system is possible to create
products starting from appropriate programs, cotingall
expected applications. For particular kinds of paogs
during the preparation phase the publisher hasetidd

changing characteristics parameters and/or contgatd

contents or references to contents). If Produces raot
published yet it is possible to make changes (fatig

particular workflows) without having to define a we
Product; in this case the system guarantees vangi@md
rollbback functionalities. If the product has alrgabeen
published it is not possible under no circumstantes
introduce changes (integrity of the product).

There are many actors with different responsibiti
working on Preparation subsystem, everyone coringu
to the Products management from the creation uhél
publication. The workflow logic may depend on thpe of
product.

5.4 ThePublication System

The Publication System produces the physical object
publish, called Publication Product, which is builarting
from a specific Product. The Publication Systeml$® able

to publish Publication Products under the schedidetrol.
During the publication phase, contents managed by
dynamic feeding mode are connected; in addition the
Publication Product contains information concerning
publication scheduling (e.g. expected/real pukbcatime,

the service to publish on). The new entity is mpéeisistent

in AMS as further entity of the structure: Editdrigntity,
Editorial Version, Physical Version, Product
Publication Product.

Regarding the front end components, the publicatiatem
copies the physical object on broadcast channddihbgi
and bringing up to date the application trees coring the
applications which compose the program. At the stme

the publication system sends to the broadcast ehaaih
transmission information needful both for manage tial
transmission towards user devices and for give them
possible parameters used by application during wxet

and

which are the real components to publish (deferredtime.

applications). Furthermore in this phase the phblis
makes the configuration of such Product availabd¢hb
from functional and transmission point of view: the
subsystem allows users to give values to paramasafsil

to define the behavior and the transmission mddevery
single application involved in a particular program

The effective contents used by the single appboatire
inserted in the Product, extracting them from thdSCor
directly introducing them through a specific GUhist
operation is possible when a static feeding mode wa
chosen, otherwise, if a deferred static or dynafeeding
mode was chosen only references to contents useihdie
components are inserted in the Product. Such Ptraduc
now ready for publication and it is made persisterAMS

as further entity of the structure: Editorial EwtiEditorial
Version, Physical Version and Product.

The Preparation system is able to work on alreadined
Products, originating new products from them simply

The updating of application trees is the mode used
manage the dynamic contents (contents which change
during the execution of the application). The gyste
guarantees two different modes of updating of the
application tree: the complete updating mode whapast
from changes inside the application tree, the cetepiree

is moved towards the broadcast channel, or thectaade
updating mode in which just files which have hachange
are moved.

It is foreseen that the updating strategies aréopeed in
polling mode, in which the publication system massg
changes according to scheduling and in push made, i
which the system brings up to date contents that lba be
updated as soon as changes happen.

In general when a change in a dynamic content tplee
the system has to notice the happened change,tliimd
content from the CMS, execute the transformaticocess



associated to the datum, work out again the apjiicdaree 8.
associated to the application and finally publisa tip to 11]
date application.

6. CONCLUSIONS

The production and the management of new intemctiv
television services raise new requirements not remvéy
actual CMS systems.

(2]

A clear division between competences and actioas th [3]
work together in the production of new interactive
television services is mandatory. The new generatib [4]
production and management systems has to guarantee
coherent views for each element in each context. [5]
In order to optimize the management and the redse o
content elements, a CMS that exposes its own cbnten
elements through a shared and well known interfiace
recommended.

All applications which compose new services canbet
managed directly by a common CMS because they need

(6]

new and not yet implemented features. Thereforeeva n  [7]
type of integrated management system is required
(Application Management System). [8]

The delivered service is made of configured apptca

which refer to related contents. Models and Systersisig

the CMS and the AMS outputs, are required to [9]
automatically integrate applications and contents.

The solution described in this paper give a modelet
environment for the production and delivery of ratgive
television applications and their content and ithe base
for the development of the Application and Content
Management System, the solution designed by Rai
Research Centre in Turin to cover new requiremeifits
interactive television scenarios.
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