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TV-Anytime will allow consumers to watch programmes in the way they
want and when they want. Consumers will be able to access content from
a variety of sources, including traditional broadcast and new on-line
interactive services — for presentation at any time of the day. New tools
(including hard-disk storage, set-top boxes, and high-speed Internet access)
will allow us to achieve that goal, i.e. to search, select, access, personalize,
capture, and manage a wide and diverse range of attractive content.

This article describes the current work to define a metadata solution,
within the metadata technical framework approved by the TV-Anytime
Forum. The article is based on the preliminary TV-Anytime specification,
which was approved for publication on 28 September 2000 at Marina del
Rey, California.

NOTE: the different TV-Anytime documents referenced in this article can be
retrieved from the TV-Anytime website: http://www.tv-anytime.org.

Introduction

With more than 110 signatories, TV-Anytime aims to specify an end-to-end system
which will allow the consumer to select and acquire the content of interest — for con-
sumption at his’/her own time of preference.

Content / service providers will need to transform this perceived threat into new opportu-
nities, by embracing new business modelsin order to attract and sustain consumers. TV-
Anytime will provide opportunities — both for traditional and innovative service provid-
ers—to increase revenue by expanding their consumer base, and to offer awider range of
content to consumers who will benefit from an extended framework for new transac-
tional services.
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Products demonstrated at IBC in September 2000 showed that TV-Anytime must react
rapidly in order to prevent gateways to the home and local digital storage from penetrat-
ing the market using proprietary solutions. TV-Anytime will propose complementary
open solutions for a horizontal consumer market, by exploiting the development of plat-
forms using open APIs.

TV-Anytime has defined a framework based around a data model and a common meta-
data representation format. Thiswill allow us to seek metadata tools from other groups
(e.g. MPEG-7, the SMPTE, EBU P/IMETA [1] and W3C) in addition to those being
defined within the Consortium.

TV-Anytime in a nutshell

TV-Anytime will enable applicationsto exploit local persistent storage in consumer elec-
tronics platforms. The TV-Anytime solution will allow us to browse, select and acquire
content independently of the means of content delivery, including enhanced / interactive
TV (e.g. ATSC, DVB, DBS and others) and the Internet. The TV-Anytime Forum is
developing specifications for open interoperable and integrated secure systems, from
content creators/providers, through service providers, to the consumers.

The main functions of asimple system, as described by the TV-Anytime business scenar-
10S, can be represented as shown in Fig. 1.

The TV-Anytime system has identified three main sub-systems to be specified:

= Metadata (generated by a content or service provider, or by a third party in the
delivery chain) to search, select and navigate (within appropriately segmented
content), either manually or automatically (e.g. using intelligent agents);

= Content Referencing to identify, locate and acquire content (al so often referred to
asthe “fulfilment mechanisms’);

= Rights Management and Protection to ensure that the rights of content owners
and consumers are protected.

Two additional groups complement the structure of the TV-Anytime Forum by setting
out (i) to identify the relevant business scenarios and (ii) to assemble an end-to-end sys-
tem.

Technical solutions are expected to cover — to the widest possible extent — the require-
ments identified for each technology. Document TVAO37R3 [2][3] contains the meta-
datarequirements. A link isalso established in document TVAO36R6 [2][3] between the
business scenarios, aseries of TV-Anytime market introduction profiles and the enabling
technology.
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Figure 1
A representation of TV-Anytime content and metadata flows.

Fig. 1isonly one possible representation of the metadata and content flows. However, it
IS recognized that consumer storage might not be located in the home but in a remote
server, which would correspond to a different representation of these flows.

Towards a metadata solution for TV-Anytime

Using the TV-Anytime metadata system, the consumer is presented with descriptive
information during the search, selection, navigation and management phases of content
consumption. The attractors are the information that the user or the user agent will use
to decide whether or not to acquire a particular piece of content. The system shall be
able to make use of user profiles, preferences, bookmarks; e.g., by using intelligent
agents to further assist the user in this task.

Content referencing is a logical process from the output of the selection process to the
acquisition of the desired content item. The content referencing mechanisms will ensure
that the request isfulfilled through the association of one or more locators (time, physical
and logical location) to the actual content identifier. This process will also rely on a
common set of basic metadata, associated with the identifiers and locators.
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Access to content and metadata will be defined by instance-specific “tacit” or “contrac-
tual” usage rules. Content rights management will be essential in protecting content
rights. It is expected that these mechanisms will make use of metadata, but to what
extent remains to be defined — in particular the control metadata. TV-Anytime will also
need to be secure, in order to safeguard metadata such as descriptive, rights management
or private information.

The need for an extended metadata framework

Metadatais not new. Giving the generic name of “metadata’ to the information attached
to content is a first step towards the definition of a framework. This information
includes descriptive information to help viewers to identify content in a human-accessi-
ble manner.

But the conversion of “notes’ — available in a variety of formats (e.g. hand-written,
typed, word-processed, voice-recorded) — into “metadata’ is not sufficient to justify the
development of a metadata framework. The next step in this new digital environment is
the use of a common support. Sharing a common format allows the development of a
variety of solutions using this information to generate new revenues — business-to-busi-
ness (B2B) transactions.

The maturity of digital techniques now allows us to think in terms of open platformsin a
horizontal market. This will create new opportunities for business-to-consumer (B2C)
services. It will require seamless interoperability in a multi-service-provider environ-
ment. The solution shall be flexible and extensible, using common representation for-
mats and allowing automatic processing, e.g. using intelligent agents.

A common representation format supporting the interoperable exchange of metadata will
benefit from a common data structure based on a common data model, a common defini-
tion language (tags, syntax) and a common (still extensible) reference for the semantics
and data types.

Such atechnical solution needs to be complemented by operational guidelines and pro-
cedures — such as metadata (and associated applications) life-cycles, common security
measures and common rules for compliance and interoperability testing.

All these elements form an overall framework that does not need to be bound to a spe-
cific application domain. This will allow an enlargement of the potential development
community that can generate metadata content and applications.
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A good candidate for an overall metadata framework:
the XML family

For the sake of interoperability, TV-Anytime has adopted a common representation for-
mat for the exchange of metadata. Interoperability means that a metadata provider using
this representation format will be ensured that this information is appropriately inter-
preted, processed and rendered on different platform implementations. Interoperability
also means that different original representation formats can be used — provided that bi-
directional transformation into the common format is possible. This TV-Anytime com-
mon description definition language is the XML schema. The important features of
XML are described in Panel 1 on the next page.

XML schema has al so been selected and superset by MPEG-7. The SMPTE is consider-
ing the use of DTDsto alow the bi-directional transformation of SMPTE KLV-encoded
metadata into XML. Recognising the importance of XML for exchange, some individ-
ual members of EBU PIMETA are also working on an XML representation of their meta-
data. Although this is currently out of scope for the Project, its terms of reference are
being revised and will bring it into scope. Fig. 2 shows the relationship between early
adopters of XML as acommon representation format for metadata.

XML is aso used outside a metadata framework, in particular for presentation engines
which manipulate declarative content (ARIB, ATSC DASE, DVB MHP). It will be
important to study the degree of compatibility of the parsers developed for presentation
engines and metadata.

EBU / i \
P/META

Core
/ Common framework

. based on W3C's g

XML family x

Figure 2
Relationship between the early adopters of XML as a common representation
format for metadata.
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Dictionaries are used as a common reference for defining the semantics of new XML
schema elements (complex types), attributes (simple types) and associated values (e.g. in
the form of an enumeration list of controlled terms).

The use of a common representation format allows us to define common libraries as a
means of saving bandwidth and maximizing the use and sharing of common resources.

Panel 1
Some important features of XML

XML was designed to describe datain physical and logical structured documents, for inter-
change on the Web. It is rapidly penetrating the enhanced broadcast and interactive TV
domains.

A particularly important feature of XML is the separation of data from the application. It
allows us to manage data separately in files or databases. As an example, an HTML docu-
ment currently contains embedded data. XML can be used to import data into an HTML
document. It can also separate the function of presentation, by using an XSL style sheet.

XML schema adds the notion of data types that was not available in the document type defi-
nitions (DTDs).

XML schemas are easily extensible, e.g. through the definition of custom semantics and data
types.

XML schema also supports the definition of namespaces. This is important in relation to
compliance and interoperability. It is also generally admitted that TV-Anytime will make
use of a combination of descriptionsissued under different namespaces.

XML isaso agateway to afamily of toolsincluding:

= The parser. A parser analyzes an XML document. It can check whether this document
iswell formed according to the XML syntax. It can also validate an XML description by
controlling the document structure, semantics and data types. The parser declares an
XML document as a valid XML description (XML schema instance) if all these condi-
tions are met. Validation is highly recommended on either the server or client side, or
both.

= XSL (Extensible Stylesheet) to represent metadata as declarative content.

= XSLT (XSL Transformation) to transform an XML document into another XML docu-
ment.

= SQL (Search and Query Language) to search XML content in a database.

=> DOM API to access, retrieve and manipulate metadata from an XML document as an
interface to presentation and/or procedural applications. With XML DOM, a program-
mer can create an XML document, navigate its structure and add, modify or delete its
elements.

Further information on XML is available from the W3C website; http://www.w3.org.
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Finally, the use of XML as acommon representation format will allow usto benefit from
awide authoring community.

TV-Anytime: a preliminary metadata specification since
28 September 2000

Requirements and business scenarios

A series of requirements (TVAO037R3) has been defined to cover the TV-Anytime busi-
ness scenarios (TV035R6). Asaresult, the TV-Anytime metadata system shall alow the
development of competitive or complementary applications and services which support,
for example, the following features:

1)
2)

3)

4)

5)

6)

7)

8)

9)

The metadata system shall allow usto search and select content for enhanced broad-
cast (local interactivity), interactive TV (with areturn path) and Internet access.

The metadata system shall support a flexible and adaptable parental guidance sys-
tem.

The metadata system shall support the description of consumer preferences and pro-
files. It shall also support the exchange of such information across platforms. Multi-
ple users shall be supported. Consumer profile metadata can be used by the system
to automatically suggest content.

The metadata system shall support the management of multi-lingual metadata. It
should provide a solution to deal with multi-lingual data and metadata keys.

The metadata system shall allow the definition of metadata that enables the ability to
navigate and access different views, versions or editions of a particular piece of con-
tent. The presentation of summaries shall be supported.

The metadata system shall include the appropriate system elements (e.g. indexes) to
support non-linear viewing, such as segment jumping (if authorized), and trick
modes such as pause and fast-forward viewing.

The metadata system shall support the identification and differentiation of multiple
Instances of the same content.

The metadata system shall support the storage of different related content, delivered
through different delivery media at different times (clustering, synchronization), e.g.
atelevision series.

The metadata system shall support arich variety of electronic commerce models and
transactional services (pay-per-view, view-once, rights to re-publish, free vs. paid
television, etc.).

10) It should be possible for the end-user to enter personal metadata such as annotations,

in addition to metadata provided with the content, which may or may not be used to
navigate.
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11) Metadata descriptions shall support links to other programmes. It shall alow the
insertion of links to another media, e.g. awebsite.

12) The metadata system shall support the collection of viewing history information.

13) The metadata system shall be compatible with the local storage management systems
for content and metadata. The metadata system shall support content management
features (lifetime, life-cycle, expiration, etc.).

14) Updating mechanisms will have to be specified, possibly specifically for each deliv-
ery media

15) Synchronization between content and metadata shall be maintained when required.

16) It shall be possible to protect
part or al of the metadata Loeation
information in order to main- | . resolution User
tain its integrity, to grant or s / w interaction

refuse access to the informa- Seidoend | e . v @
tion (eg about l’lghtS) Also, navigation |4 \3 N

. Consumer
to grant or refuse permission b
to its alteration. \ :

17) The metadata system shall bl

allow the protection of per-
sonal data and privacy by Lo =

providing restricted access o
Content service |4-® Local storage

according to contractual, tacit provision management
or implicit agreement, or spe- L
cificauthorization. Metadata

Content

Content
presentation

The metadata specification shall
eventually cover all the metadata Figure 3
flows represented in Fig. 3. Content and metadata flows in TV-Anytime.

The use of removable media (e.g. smart cards) to exchange user preference and service
provider information metadata is not represented but is taken into account in the scenarios.

The technical specification (TVA049)

The preliminary TV-Anytime specification for metadata was adopted on 28 September
2000, at the end of the Marina-del-Rey meeting in California. It addresses both broad-
cast and Internet delivery. The preliminary specification can be downloaded from the
TV-Anytime ftp [3] — document TVA049.

The TV-Anytime metadata solution is a data model described using UML, a modelling
language which is independent of any representation format. It is complemented by a
representation format (XML and XML-Schema) used to edit the preliminary UML mod-
ellized tools of TV-Anytime.
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A TV-Anytime system is articulated around the Content Referencing Identifier (CRID).
A CRID relatesto a specific content / programme instance, or to other CRIDs themselves
referring to other different instances. TV-Anytime is considering the use of a global
identifier scheme (associated to the CRID) to help in resolving ambiguities such as when
pointing at the same piece of content.

The CRID isalso the link between a content instance and its associated metadata.

Fig. 4 shows the different clusters of metadata:
= programme description;

= instance description;

Annotation

User preferences

Application layer for search and selection

Figure 4

Recording
preferences

. . Programme .
Location instance CRID User history
Usage rules
Content
description
Delivery
parameters AN /N
Original AV _Program_me Summary Critic review
format information
Additional
event-specific
information

User profiles

UML representation of the relationship between CRID and metadata.
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= other CRID-related metadata;

= consumer metadata.

Severa description schema proposals covering the following metadata aspects were
received as responses to the Call for Contributions, TVA014R3, published on 17 Decem-
ber 1999. Several of these tools have been adopted or identified for integration into the
TV-Anytime specification as follows:

= Content description metadata: Group Description DS, Program Description DS,
Parental Guidance DS, Summary DS, Media Review DS, Frame Signature DS (to
be defined)

= Instance description metadata: Internet Instance Description DS, Broadcast
Instance Description DS, Service Instance Description DS, Channel Domain
Instance Description DS, Channel Instance Description DS, Usage Rules DS (to
be defined, related to copy protection, rights management and transactions), Tar-
geting DS (to be defined), Media Format DS (see MPEG-7), Financial Informa-
tion DS (to be defined).

= Other CRID-related metadata: Annotation DS (to be defined), Bookmark DS
(to be defined)

= Consumer metadata: User Preferences DS, Recording Preferences DS, Environ-
ment Characteristics DS (to be defined)

Special attention must be paid to segmentation due to the high potential it carries in
terms of new applications, services and associated metadata. The first TVA metadata
specification has highlighted the issues but most solutions remain to be developed. The
review of the business scenarios has led to the identification of two types of content:

= Content which has been edited to allow, for example, segment navigation, inser-
tion, replacement or skipping. Segments are therefore well identified and can be
associated metadata. CRID-like mechanisms can be used to |ocate these segments
within apiece of content. However, different pieces of content can also be seen as
different segments of a group.

= If content has not been physically segmented when edited, it becomes more diffi-
cult to identify segments. But this is still possible using, for example, relative
time references even if these techniques are not easy to implement. However,
frame-accurate timing is also useful for other specific applications such as near
video on demand.

There are many system aspects associated with segmentation. These can be categorized
in two main groups depending on whether there is a need for real-time synchronization,
or not. In each case, different solutions will be required to attach and deliver metadata
information associated with each segment.
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An overview of the TV-Anytime metadata system

Fig. 5 presents an overview of the end-to-end system for TV-Anytime metadata creation,
delivery and processing from a server to aclient.

TV-Anytime is currently focusing on its data model and the definition of a preliminary
set of tools:

= Asadready mentioned, TV-Anytime has opted for an XML framework. Descrip-
tion tools are UML modellized and represented, using the XML-Schema syntax,
and structured. XML-Schema allows the extending of a data structure and associ-
ated semantics on purpose. If bandwidth and platform resource were infinite, one

Semantics for schemas (elements, attributes, nodes, etc.)
and descriptions (controlled terms for attribute/leaves values)

3 XML schemas, library of TVA tools
Other 3
representation 3
formats 3
! XML document/TVA descriptions
,,,,,,,,,,,,,,,,,,,,,,,, v
Encoding Al Ly
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,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Translation to XML XML decoding i
Others : o
XML document
Parsing, validation (use of reference schemas and/or dictionary)
Validated XML TVA descriptions
v
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Figure 5
An overview of a TV-Anytime metadata system.
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could imagine that each schema and its associated semantics being systematically
re-defined and delivered with an application. However, if a common representa-
tion format guarantees interoperability, it is useful to have a common library of
schemas to maximize the use of the network and client resources. A dictionary
can also be used to establish areference for semantics including controlled terms
(enumeration lists) to be used as values when instantiating schemas into descrip-
tions.

= It is not necessary to systematically use XML and XML-Schema. Other formats
can be used which can be translated into XML on the client platform in order to
benefit from the XML application environment. One example is the use of
SMPTE metadata that can be KLV encoded and delivered to the box where KLV-
XML translation would occur (work in progress within the SMPTE). The adterna-
tive consists of using a different representation format for specific applications.

= An XML descriptionis, above all, an XML document. An XML document is ana-
lyzed by aparser. The parser can control whether the description is awell-formed
XML document according to the XML syntax. It can also check whether the
description is valid according to the XML-Schema structure and semantics. Such
a validation can take place on the server or the client side. A basic parser repre-
sents 50 Kbytes while a validating parser requires around 300 Kbytes. Both are
compatible with current footprints of multimedia home platforms and home com-
puters. However, aresident schemal library and dictionary will probably consume
more memory space. TV-Anytime will probably need to address these aspects
including the definition of a parser normative behaviour.

= Compliance and interoperability will also need to be addressed. It is even more
important that the TV-Anytime solution for metadata will make use of tools devel-
oped under different “namespaces’ including not only TV-Anytime itself but also
part or al of MPEG-7, the SMPTE, EBU P/IMETA and possibly others not yet
identified.

= Another important aspect is the metadata life-cycle. The expertise gathered in
describing application life-cycles when using a common open APl environment
will be useful. The problem is basically the same and consists of defining rules
for sharing common platform resources in a multi-application multi-compliant
implementation environment. The life-cycle of a set of metadata will be closely
related to the life-cycle of the associated content and applications. Mechanismsto
efficiently update schemas and descriptions are already under consideration.

=  Security too deserves particular attention. It is foreseen that many data elements
will need to be protected against access and modification. Consumer private
information is one example of metadata that will need to be safeguarded.

It is currently not the TV-Anytime intention to specify all possible metadata transport
mechanisms. It is believed that this should be the responsibility of, for example, ARIB,
ATSC and DVB. However, the study of segmentation and updating mechanisms may
lead to recommendations towards specific solutions, or adaptations of existing delivery
Systems.
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TV-Anytime is also not directly concerned with the API. However, the choice of the TV-
Anytime XML parser will have an impact on other XML environments such as ATSC
DASE, ARIB BML, DVB MHP-ML and W3C. TV-Anytime will probably at least have
to define the application requirements for declarative metadata (to be directly presented
to the user using, for example, XSL) and procedura metadata (to be processed, for
example, using intelligent agents — e.g. DOM access and Java procedures).

Still a lot of work on the Agenda

The Marina Del Rey meeting has been decisive. The definition of a data model and an
overal TV-Anytime metadata framework represents a key milestone in the definition of
an evolutionary TV-Anytime specification.

The TV-Anytime metadata AHG can now concentrate on the business scenarios and, in
collaboration with MPEG-7, EBU PIMETA, the SMPTE and others, look for the defini-
tion of the tools currently missing.

Seaml ess interoperability with the solutions for content referencing will be ensured.

The role of metadata in copy protection and rights management will be further investi-
gated.

It will also be time to engage communication towards other groups (e.g. ARIB, ATSC,
DV B, W3C) who might import/adapt the TV-Anytime solutions.
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