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1.1

Introduction

In the digital age the idea of universal multimedia access (UMA) is paramount. The
knowledge society demands that everybody should have access to every kind of media
anytime, anywhere independent of the technical device he/she uses. This evolution is also
pushed by the hardware producers for entertainment devices. In the last years, more and
more different kinds of portable devices were developed that embrace the idea of UMA, e.g.
Netbooks, Smartphones or the IPhone. The market for these devices is constantly growing:
manufacturers actually had problems to accommodate the demand of popular devices like
e.g., the IPhone or the Eee PC. Since every device is used in different environmental settings
and has different technical limitations, personalization aspects regarding individual content
adaptation are essential. In this Chapter we will in detail describe the current personalization
features of MPEG-7/21, apply them on real world scenarios, and investigate novel techniques
to extend the personalization capabilities.
Beside the number of multimedia devices also the number of available audiovisual media
continues to increase rapidly. Due to faster Internet connections users have (mobile) access
to a plethora of different multimedia content. To make the actual resources searchable and
accessable basic features like e.g. title or filetype, together with a textual content description
(metadata) of each resource are necessary. MPEG-21 includes all aspects regarding access
and transmission of multimedia resources and thus offers excellent prospects for sufficiently
describing multimedia resources for supporting personalized media access.
During the last years, with the idea of Universal Multimedia Experience (UME) a more
user-centric perspective occured. The aim is to increase the Quality of Service (QoS) and
The Handbook of MPEG Applications: Standards in Practice Editors: Marios C. Angelides, Harry Agius
c 2010 John Wiley & Sons, Ltd

2

MPEG-7/21: Structured Metadata for Handling and Personalizing Multimedia Content

thus the overall user experience by better controlling actions across the network layers (e.g.
see [1]). Especially if we consider a wireless network scenario where a direct reaction on
changing network conditions (e.g., bandwidth or packet loss) is necessary. Therefore, a
model is needed to measure the QoS by exploiting metrics from different layers. In [2] a
public survey has been distributed where each person watched at least 10 movies and rated
the quality of each videostream. From this evaluation a QoS model has been derived. This
model includes four direct impact factors: packet loss, bandwidth, frame rate and delay.
Please note that delay is only requiered if the user directly interacts with the videostream,
like e.g. in a video conference. In classic streaming scenarios the dealy can be regulated by
varying the buffersize on the client device. MPEG-21 DIA is used to describe the functional
dependencies between the different layers. Beside QoS constraints another important aspect
considering user experience is security. [3] describes an approach where MPEG-21 is used
to guarantee the tight management of QoS and security in an IPTV scenario. The MPEG21 Usage Environment description has been enhanced with security parameters to enable an
adequate description. But still, QoS is difficult to maintain especially in mobile scenarios
with often changing network conditions.
Beside description for usage environment conditions, MPEG-21 also offers physical
descriptions of the actual stream data within the generic Bitstream Syntax Description tool
(gBSD). This tool can be used to describe multimedia streams independant of their actual
coding format. An adaptation of scalable content is decomposed in two steps: The first step
includes the adaptation of the metadata document. The gBSD that describes the bitstream is
adapted by removing the appropriate parts from the description. There are several ways to
accomplish such a metadata adaptation, e.g. using XSLT. The second step is the adaptation of
the actual bitstream according to transformed gBSD. In a streaming scenario this adaptation
is not performed on the whole bitstream at once, but on smaller units like single packets
or pictures. This kind of adaptations can be done without a decoding or re-encoding phase
by a simple removal of the corresponding video layers. Moreover, in addition to purely
technical information about the multimedia content or the user’s client device, information
about content preferences, for example, regarding movie genres, actors or creators, are useful
to make individual recommendations. Such preferences therefore offer the chance for better
customer-centered services.
Due to its extensive description possibilities MPEG-21 is not only focussed on one specific
domain. Multimedia content is omnipresent in almost every part of our daily life.

1.1.1

Application Scenarios

In the area of medicine the offer of powerful mobile devices has posed the basis for
integrating them into health care application workflows. There are many useful scenarios
where intelligent information can support doctors and their assistants at their work, e.g.
education, assistance of medical personnel during emergency intervention or immidiate
access to patient data. The content types in medical applications are typically of several
kinds, ranging from documents, audio and video files to even more complex data types
like slide shows with synchronized audio and interactive guided workflows. MPEG-21 can
help to inject certain intelligence into this content types by offering a semantic model
[4]. The medical domain has some strict requirements for applications, like e.g. the data
has to be accessable from different devices, mobiles as well as stationary desktop PCs.
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The synchronization between these devices must happen automatically without any user
interaction. Furthermore, access to certain content requires a reliable authorization method,
especially if patient data is concerned. Moreover, even personalization aspects are useful to
make the applications more user friendly.
Another application scenario occuring during the last years is the area of Internet TV (e.g.
see [5], or [6]. Here, metadata descriptions are useful to build interactive user interfaces,
e.g. known from DVD movies where images, texts, audio tracks and audiovisual sequences
are combined. Thus, the user is able to directly interact with the streamed video content.
The collected metadata about the user interactions and the watched movies can be stored and
used to make further recommendations. Furhermore, metadata is also necessary for copyright
management, for example to restrict content usage to a particular user or user group. Another
important aspect are QoS requirements especially when considering streaming of a live event
where a minimum delay is desirable.
Closely related applications can be found in the area of Video-on-Demand (VoD) providers
(e.g. see [7]). The difference to Internet TV is that VoD architectures allow each client to
receive a seperate adapted bitstream whereas in Internet TV usually multicast streaming
is used. VoD providers usually provide a huge amount of different movies from all
imaginable genres. However, today many providers still do not really offer device specific
personalization. Instead, they provide two to three different possible video formats, ranging
from low quality to high quality. But from the users point of view a device specific adaptation
is still desirable. Imagine a user who wants to watch a video stream on his/her IPhone. The
provider might offer some different video formats, but let us assume non of them suits the
IPhone’s display resolution. If the user chooses a stream in higher quality, the video resolution
will surpass the actual display resolution. Thus, although the user cannot enjoy the advantages
of the high quality video stream, he/she has to pay for additional bandwidth consumption,
because more data has to be transfered. On the other hand, if the user chooses a lower quality
stream, the video play-back looks grainy. From the users point of view, it would be great to
get a personalized stream adapted to the special needs of his/her technical device. But for
content providers there is always a trade-off between storage and online adaptation costs.
All different domains have in common that they need to solve the problem of the vast
variety of different client devices and the increasing amount of available multimedia content.
To face this problem, MPEG-21 allocates appropriate description schemes in Part 7 - Digital
Item Adaptation (DIA) of the framework, enabling the creation of suitable personalization
workflows.

1.2

The Digital Item Adaptation Framework for Personalization

Part 7 of the MPEG-21 multimedia framework (Digital Item Adaptation(DIA) is responsible
for assisting the user with the adaptation of multimedia content. The DIA-Tools cover all
necessary aspects concerning adaptation support, like information about the content, the user
and the environment. In the following we will shortly introduce the key aspects of the Usage
Environment tool.
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1.2.1

Usage Environment

The Usage Environment offers several opportunities to define user specific information and
is essential when considering personalization aspects. It includes two different information
types: on one hand there are three description schemes containing static context information,
the Terminal Capabilities, Network Characteristics and profile information about the Natural
Environment. On the other hand user specific preferences can be specified in the User
Characteristics scheme that also includes the Usage Preference part from MPEG-7.
User Characteristics
The User Characteristics tools offer possibilities to capture preferences of the user. In
contrast to the other description schemes these tools are bound only to the user, as opposed to
multimedia content or specific terminals. Beside typical user-specific context preferences,
like favorite locations for media consumptions or accessibility characteristics, the major
focus of this part lies on the content preferences, described in the User Preferences scheme.
This scheme includes a set of Filtering and Search Preferences which capture individual
user wishes regarding the retrieval and selection of desired multimedia content. Of course,
preference hierarchies are allowed by nesting several Filtering and Search Preference
elements. The following enumeration shows the most important elements:
• Attributes, such as language, production format or country of origin can be stored in
the Classification Preference element.
• The Creation Preference elements include information regarding the preferred creation
of content, such as title, creator or creation date.
• In addition, preferred repositories where multimedia content should be retrieved from
(e.g. media servers) can be defined within the Source Preference scheme.
• Finally, the Browsing Preferences schemes specify users wishes regarding multimedia
content navigation and browsing.
Since each user generally has more than one preference, a weighting factor, called Preference
Value, can be specified to express the relative importance of each preference. The preference
value is a simple numerical value ranging from -100 to 100. The value indicates the degree
of users preference or non-preference. The zero value indicates that the user is neutral in
terms of preference. A default (positive) value of 10 corresponds to a nominal preference. By
choosing a negative weighting the user can express negative preferences, i.e. dislikes.
Figure 1.1 shows the typical interaction scenario of a content adaptation engine with a
media database and the end user, respectively his/her client device. The adaptation and
delivery process needs two basic components: one for selecting content and deciding how
it should be adapted, the other one for performing the actual adaptation. The adaptation
decision engine analyzes the user’s preference statements and searches the metadata
descriptions at the content provider for matching multimedia files. User preferences include
the actual query, general content preferences and information about the technical capabilities
of the client device. Besides general details like title, actors or creator, the metadata files
of the videos also often contain so-called Transcoding Hints. These hints are provided by
the authors of the multimedia content and form lower bounds for the quality of multimedia
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Figure 1.1 Content Adaptation Scenario

material, like for example the minimum possible resolution. If the technical capabilities of
the user device and the transcoding hints do not overlap, a sensible media adaptation without
changing the modality is not possible (see 1.2). Please note that in such a case it still may be
viable to apply the InfoPyramid approach (see [8]) to offer multimedia content in alternative
modalities and/or fidelities.
hard
constraint

soft
constraint

hard
constraint

Transcoding Hints
Device Capabilities

low

Example: media resolution

high

Figure 1.2 Transcoding Hints versus Technical Capabilities

After selecting the desired content and determining an optimal adaptation workflow, the
decision is handed on to the adaptation engine. The adaptation engine retrieves the requested
media resources from the content database, adapts it according to the adaptation decision and
eventually delivers the adapted file to the end user.

1.3

Use Case Scenario

As a running example for illustrating different personalization technics in this chapter we will
assume a Video-on-Demand service provider, who offers multiple kinds of video content
in high definition quality. Of course the provider’s business model is to serve costumers
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according to their needs. Therefore, the video content has to be offered in a personalized
fashion.
Imagine a user named Nina. Nina has an IPhone and wants to watch a ’King of Queens’
episode while sitting on a park bench in Central Park on a sunny summer day. Since the
IPhone has a display resolution of 480-by-320-pixel, she cannot benefit from the high
definition quality of the provider’s video content. Moreover, streaming high definition content
to a mobile device is not sensible due to bandwidth consumption. When registering with
her VoD provider Nina might configure a profile including information about her content
preferences. Let us say she reveals details about her favorite actors (which are ’Kevin James’,
’Brad Pitt’ and ’George Clooney’) and her favorite genre ’Comedy’. Her preferred language
is English, but she also understands German. All these preferences can be stored within a
MPEG-21 metadata file using the value-based preference model. The following code snippet
shows the corresponding section from her profile.

<UserPreference>
<UserIdentifier userName="Nina"/>
<UsagePreference>
<FilteringAndSearchPreferences>
<ClassificationPreference>
<Genre>Comedy</Genre>
<Language preferenceValue="68">english</Language>
<Language preferenceValue="55">german</Language>
</ClassificationPreference>
<CreationPreference>
<Actor preferenceValue="63">James</Actor>
<Actor preferenceValue="50">Clooney</Actor>
<Actor preferenceValue="27">Pitt</Actor>
</CreationPreference>
</FilteringAndSearchPreference>
</UsagePreference>
</UserPreference>

But for an optimal adaptation process information about Nina’s client device are required,
too. Again they can be stored in a MPEG-21 metadata file within the Terminal Capabilities
section. Nina’s IPhone supports the following video formats: H.264, MPEG-4 and mov.
Furthermore, details about Nina’s physical surroundings are specified in the Natural
Environment description scheme: ’outside’ and ’sunny day’.
During the login process the MPEG-21 file plus the actual query for the ’King of Queens’
episode are transmitted to the VoD service provider. The adaptation decision engine analyzes
Nina’s specifications, builds a personalized adaptation workflow suiting her preferences and
hands it on to the adaptation engine which is in turn responsible for the actual adaptation of
the video content (see 1.1). Figure 1.3 visualizes the necessary adaptation steps. First the
video content has to be scaled down to the IPhone’s display resolution. Afterwards it is
transcoded to a compatible format. Finally, since it is a sunny day, the video’s brightness
value is suitably adjusted.
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Figure 1.3 Use Case: Nina’s Adaptation Workflow

1.3.1

A Deeper Look at the MPEG-7/21 Preference Model

To perform a content selection an adaptation decision engine matches the resource
descriptions from a provider’s metadata directory with the user-provided information. If no
resource exactly matches the user’s query or an adaptation is not possible due to constraint
violations, the user preferences have to be examined in more detail.
For Nina’s query the workflow finding process might look as follows:
(i) Nina starts the VoD application on her IPhone.
(ii) Nina’s query, her content profile and the IPhone’s technical capabilities are transmitted
to the service provider.
(iii) The decision engine gets the request:
(a) If the ’King of Queens’ episode is available and all constraints are satisfied:
deliver the content.
(b) If the ’King of Queens’ episode is available, but some constraints are violated:
find a suitable adaptation workflow.
(c) If the ’King of Queens’ episode is not available or some constraints can not
be fulfilled: choose the highest ranking preference(s) to adapt to other formats,
resolutions, etc. or to choose new content.
Let us assume the desired ’King of Queens’ episode is not available. As a consequence
the adaptation decision engine has to analyze all information stated in the user preferences
to offer alternative video content. To decide between preferences all the preference values
within each attribute are compared separately: the higher the value, the more important the
respective preference. Since, the MPEG-7/21 standard just defines the syntax and semantics
of the user preference description scheme, but not the extraction method of the preference
value, cf. [9], this is handled by the service provider’s application. But can semantically
incomparable attributes (like preferences on actors and language settings) be compared in a
quantitative way? It hardly makes sense to state something like: ’I prefer movies with ’Kevin
James’ to movies in ’German’. Furthermore, all users must assign their preference values
manually. However, from the users point of view it is entirely unintuitive, what an individual
preference value (like 63 or 55) actually means.
In our use case example above we have two preferences on different attributes: language
and actors, but the attributes are basically incomparable. Thus, some combinations for media
objects might also become incomparable (i.e. it actually might not be possible to rank them
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in a total order). For instance consider an English ’George Clooney’ movie and a German
movie with ’Kevin James’. Intuitively the two could be considered incomparable, because
one is better with respect to the language preference, whereas the other better fulfills the
actor preference.
In any case, a simple matching of preference values will rarely lead to an effective
trade-off management. This is because preferences generally distinguish between hard and
soft constraints. Hard constraints have to be adhered to, no matter how (un-)important the
respective preference is. Consider for example Transcoding Hints, where the original author
of multimedia material can define how the properties of the content can be changed without
compromising the contents semantics. For instance, an author might state that the resolution
of a movie can only be reduced up to 50% of the original resolution. A further reduction
simply does not make sense, since to many details would be missed. This constraint remains
valid, even if the content is exactly what a user requested using content preferences with
high preference values. On the other hand, a user might express a preference for a preferred
or best possible resolution for his/her device. Such a preference can be considered as a soft
constraint which can always be relaxed, if necessary.
As a conclusion from our use case scenario we can state that using MPEG-21’s simple
value-based preference scheme no adaptation engine can handle more complex trade-offs.
Moreover, there is no way to that a high ranked, but violated preference is compensated
for by satisfying a set of lower ranked preferences. Therefore, in the following section we
will present current proposals of extensions of the MPEG-7/21 preference management, and
discuss there specific advantages.

1.4

Extensions of MPEG-7/21 Preference Management

MPEG-7/21 annotations are based on XML schema definitions. The question is how to
handle preference information with respect to media in a semantically meaningful way
beyond using simple numerical preference values. Generally speaking, today there are three
major research directions aiming to extend MPEG-7/21 preference management. The first
approach focuses on capturing information about media within a specialized ontology.
This ontology can be used to classify multimedia content, as well as relax constraints and
moreover allows for easy integration into other domains. The second approach considers
metadata description as simple attributes in an XML database model. To enable personalized
retrieval, specialized XML query languages, like X-Path or XQuery, can be extended. The last
approach directly targets the MPEG-7/21 preference model by extending its expressiveness,
e.g. with partial-order preference structures and the Pareto semantics. In the following
subsections we will discuss each of these three approaches.

1.4.1

Using Semantic Web Languages and Ontologies for Media Retrieval

For evaluating complex preference trade-offs it is necessary to derive a common
understanding of semantic relationships between different MPEG-21 description schemes.
By building an MPEG-7/21 ontology several such schemes can be integrated and also a
taxonomical, i.e. hierarchically ordered, understanding of the concepts contained in a media
description can be gained. It is this taxonomy which allows node-based preference relaxations
in case a user-defined soft constraint cannot be fulfilled (see [10]). If there is no leaf node
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exactly matching the user’s preference, the semantically closest concept can be found in the
corresponding parent class, thus slightly generalizing the preference constraint. Please note
that the device and service descriptions in user environments are not bind to a special format.
Beside MPEG-7/21 also other XML-based standards, like e.g. UPnP (see [11]), can be used,
leading to a mapping process to the respective MPEG-7/21 ontology. A general overview of
the area of semantic multimedia is given in [12].
Let us reconsider our use case scenario and assume that Nina is looking for a movie
starring the actor ’George Clooney’. Unfortunately, the service provider is not able to deliver
a matching movie and Nina’s preference is relaxed by stepping up one level in the ontological
order (see figure 1.4 for a hierarchical view of the user preferences part of the domain
ontology). Instead of a movie with the actor ’George Clooney’ movies with ’George Clooney’
as director or producer are available and the user can be offered a choice between them.

Genre
ClassificationPreference
Domain
Language

UserIdentifier
Actor

owl:thing

FilteringAndSearchPreferences
Domain

UserPreferenceDomain

CreationPreference
Domain

UsagePreference
Domain

Producer

Director

Media
Format
SourcePreference
Domain

VisualCoding

Figure 1.4 Example: Preference Ontology

Since multimedia content is ubiquitous in almost every domain, a MPEG-7/21 ontology
would also foster the common semantic understanding and the integration of metadata
standards from different communities. Each community has domain-specific requirements
and, therefore, own metadata standards to enable simple resource discovery, e.g. GEM 1 in
the educational domain or CIDOC 2 in the area of museums.
In general, ontologies add a layer of semantics that provides a common and formal
understanding of domain concepts on top of the syntax modeling provided by existing
schema languages, like XML. The ontology defines commonly-agreed vocabulary for all
participating nodes in the delivery workflow and can be used to infer any knowledge
1 The

Gateway to Educational Materials: http://www.thegateway.org
Committee for Documentation, provides the museum community with advice on good practice
and developments in museum documentation: http://cidoc.mediahost.org
2 International
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supporting suitable adaptation steps. Nevertheless, since within the MPEG-7 XML schemes
1182 elements, 417 attributes and 377 complex types are defined, such a standard is difficult
to manage. Please note that in the original schemes the largest part of the semantics remains
implicit. The same semantics can be expressed using different syntactic variations. But
this syntax variability causes serious interoperability issues for multimedia processing and
exchange. Since Semantic Web languages today still lack the structural advantages of the
XML-based approach, a combination of the existing standards within a common ontology
framework indeed seems to be a promising path for multimedia annotations. Semantic Web
languages like RDF or OWL promise to make the implicit knowledge of the multimedia
content description explicit. Reasoning over the content descriptions would derive new
knowledge that is not explicitly present in the individual descriptions.
Following this approach MPEG-7 ontologies represented in OWL have already been
investigated trying to cover the entire standard (see e.g., [13], [14], [15], [16]). Building
expressive OWL representations still is mostly a manual process. In particular, there are
no fixed rules guiding a manual transformation from XML schemes into OWL ontologies.
A manual conversion thus has to analyze all elements and their attributes, evaluate their
semantics, and find translations into suitable OWL constructs. However, given the plethora of
different description schemes a manual creation of ontological relationships is not a sensible
option, but relationships should be derived automatically from the XML schema.
Automatic Transformation of XML Document Structures
A first approach to do this is by means of simple XSLT transformations, for instance
following the rules in [13]. Building on a manual core subset of MPEG-7 to RDF schema
mappings the idea is to recognize patterns that allow for generating compatible RDF
schema definitions for the remaining set of MPEG-7 descriptions automatically. The first
step is to generate a DOM (Document Object Model) of the MPEG-7 XML schema to
determine the class and properties hierarchies. Now, the basic multimedia entities and
their hierarchies from the basic Multimedia Description Schemes (MDS) are identified.
Within MPEG-7 the multimedia content is classified into five types: Image, Video, Audio,
Audiovisual and Multimedia. Each of these types has special properties and thus has its
own segment subclasses. The temporal decomposition of a VideoSegment into either smaller
VideoSegments or StillRegions must be constrained. However, within the RDF schema this is
not possible due to the inability to specify multiple range constraints on a single property (see
[17] or [13]). To express this in the RDF schema it is necessary to define a new superclass
which merges the range classes into a single common class. An alternative to overcome this
limitation is to use DAML-OIL extensions to the RDF schema. This extensions can include
multiple range constraints, boolean combination of classes and class-specific constraints on
properties.
Providing domain-specific knowledge using a machine-processable RDF schema thus
enables to integrate knowledge from different domains, respectively metadata-repositories
into a single encompassing ontology expressed using DAML+OIL. A version of such an
ontology, the so-called MetaNet ontology was developed using the ABC vocabulary [18].
The semantic knowledge provided by MetaNet is linked to metadata descriptions from
different domains using XSLT (see figure 1.5). For each domain-specific namespace, which
expresses the domain’s metadata model and vocabulary, both, an XML- and an RDF
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schema are used. The application profiles combine, restrict, extend and redefine elements
from multiple existing namespaces and can also include RDF schema definitions of
new classes or properties. An remaining open issue is the development of tools capable
of automatically processing MPEG-7 schema descriptions and converting them to their
respective DAML+OIL ontology.
Still, a general problem of converting the XML tree structure automatically is that the
obtained ontology only describes the relationship between types of the tree elements and not
their implicit semantics. Therefore, although this simple approach already expresses XMLbased relationships in OWL, it does not add meaningful semantic expressiveness.

MetaNet
DAML+OIL

Semantic
Definitions
Encodings

Application
Profiles

Dublin Core
namespace

MPEG-7
namespace

INDECS
namespace

CIDOC
namespace

RDF Schema

RDF Schema

RDF Schema

RDF Schema

XML Schema

XML Schema

XML Schema

XML Schema

XML
Schema
RDF
Schema

XML
Schema
XML Schema

MPEG-21

Mappings between
application profiles

RDF
Schema

TV Anytime

XSLT

Figure 1.5 MetaNet Architecture [13]

Creation of Upper Ontologies
A second approach is based on the definition of an OWL upper ontology which fully captures
the MPEG-7 description schemes (see e.g., [15]). Upper ontologies describe very general
concepts that are identical across different domains. Therefore, they guarantee semantic
interoperability at least for a restricted set of important concepts. An example of an upper
ontology for the area of multimedia is the so-called DS-MIRF ontology [15]. This ontology
builds a basis for interoperability between OWL and MPEG-7 and has been conceptualized
manually.
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MPEG-7 includes many different datatypes within its description schemes. A major
challenge is the adequate integration of strictly typed nodes from MPEG-7 description
schemes into semantic languages like OWL. Basically all such types can be defined in an
XML schema and integrated using the rdfs:Datatype construct. For example feature vectors
needed for specific MPEG-7 constructs can be expressed by basic datatypes restricted to the
respective value range.
All simple datatypes from the MPEG-7 description schemes are stored in one XML
schema file which is represented by the &datatypes XML entity. In addition, for each simple
datatype appearing in the ontology definition files an rdfs:Datatype construct is defined. The
mapping between the original MPEG-7 names and the rdf:IDs is represented in an OWL
mapping ontology. The semantics of XML schema elements that cannot be mapped to OWL
entities, like the sequence element order or the attribute’s default values, are also captured
within the mapping ontology. Therefore, using this mapping ontology it is also possible to
return an original MPEG-7 description from RDF metadata content.
MPEG-7 complex types are mapped to OWL classes grouping entities with respect to
the properties they share. Thus, for every complex type defined in MPEG-7, an OWL
class using the owl:Class construct can be defined. The name of the complex type is
stored within the corresponding rdf:ID. The following example shows the definition of
the FilteringAndSearchPreferenceType as an OWL class and as an MPEG-7 complex type
definition [15].

<complexType name="FilteringAndSearchPreferencesType">
<complexContent>
<extension base="mpeg7:DSType">
<sequence>
<element name="ActorPreferences"
type="ActorPreferencesType" minOccurs="0"
maxOccurs="unbounded"/>
</sequence>
<attribute name="protected" type="userChoiceType"
use="optional"/>
</extension>
</complexContent>
</complexType>

<owl:Class rdf:ID="FilteringAndSearchPreferencesType">
<rdfs:subClassOf rdf:resource="#DSType"/>
</owl:Class>
<owl:ObjectProperty rdf:ID="ActorPreferences">
<rdfs:domain rdf:resource="#FilteringAndSearchPreferencesType"/>
<rdfs:range rdf:resource="#ActorPreferencesType"/>
</owl:ObjectProperty>
<owl:DatatypeProperty rdf:ID="protected">
<rdfs:domain rdf:resource="#FilteringAndSearchPreferencesType"/>
<rdfs:range rdf:resource="&datatypes;userChoiceType"/>
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<rdf:type rdf:resource="&owl;FunctionalProperty"/>
</owl:DatatypeProperty>

This upper ontology includes simple- and complex datatypes as well as their relationships.
Now all datatypes used within specific applications can be mapped to these general concepts.
Thus, an upper ontology enables an easy integration of knowledge from different domains
using domain-specific ontologies (lower ontologies).
Building Specialized Topic-Centered Ontologies
Since ontology approaches covering the whole standard are still difficult to generate there
are also approaches that focus on building smaller ontologies for special parts of MPEG7/21. A systematic approach for designing such a topic-centered ontology based on MPEG-7
descriptions and domain-specific vocabularies is presented in [19]. First, a set of suitable
description schemes for the considered media types, e.g. soccer videos, are selected. These
description schemes are usually used to model structure and low-level aspects. For instance,
for soccer videos the focus would lie on structural aspects, like spatial, temporal or spatiotemporal concepts, and also on certain low-level features, like shape or texture. All high-level
semantics are captured using domain-specific ontologies instead of using the semantic part
of MPEG-7. This is because all required semantic relationships between the domain-specific
concepts are usually already available in custom-made ontologies widely used within the
community. Therefore, it is not necessary to remodel these concepts in MPEG-7 and risk
interoperability issues.
An example scenario is described in [19], where an ontology for soccer games is designed
representing high-level semantics. First of all a sports event ontology is developed that
uses concepts and properties introduced in SmartSUMO, which is a combination of the
DOLCE foundational ontology [20] and the SUMO upper ontology [21]. By using this
combined ontology, properties like e.g. person names or birthdates need not to be remodeled.
Beside the sports event ontology, a multimedia ontology is created based on MPEG-7.
Finally, both ontologies are integrated. Since the semantic descriptors from multimedia
documents are inferred manually, again the major challenge is to automate this process
considering approaches from various research areas like machine learning or audio- and
image processing.

1.4.2

XML Databases and Query Languages for Semantic Multimedia
Retrieval

A crucial task for multimedia applications is basic content retrieval. And indeed, many groups
are working on MPEG-7-based multimedia retrieval and filtering (see e.g., [22], [23], or
[24]). Actually for this purpose MPEG-7 offers the Semantic Description Scheme for building
retrieval and filtering approaches using semantic metadata ([25], [26]). However, none of
them provides a uniform and transparent MPEG-7 retrieval and filtering framework. Since
MPEG-7 metadata descriptions are based on XML schema definitions using MPEG-7 DDL,
it is a straightforward idea to employ XML database solutions for retrieval tasks.
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XML Database Solutions
There are many different XML database approaches on the market with different maturity
and capabilities. This includes native XML database solutions, as well as XML extensions
for traditional database systems, and commercial products, as well as open source approaches
or research prototypes. To be able to decide whether existing database solutions are useful
for MPEG-7/21 metadata retrieval an overview of existing approaches is needed. Therefore,
it is necessary to analyze requirements that should be fulfilled by an XML database
allowing for satisfying MPEG-7/21 support. The requirements comprise the representation of
MPEG-7/21 descriptions, the access to media descriptions, the ability to process description
schemes, extensibility, and classic database management functionalities like transactions and
concurrency control.
Currently available database approaches can be distinguished into native XML database
solutions and XML database extensions (for a complete survey see [27]). A native XML
database solution is expected to allow for the modeling of data only by means of XML
documents. Therefore, it is not really necessary that a native solution has been specifically
developed for XML data management, but as long as the data model of the underlying system
is entirely hidden, it might also be based on conventional database technology. On the other
hand, approaches from the XML database extensions group only has to offer applications the
modeling primitives of the data model of the extended DBMS.
Native Database Solutions: recently a variety of native XML database approaches
appeared on the market. Several vendors developed entire DBMSs, specialized on the
management of XML metadata, because conventional DBMSs are not able to efficiently
handle XML documents due to their hierarchical and semistructured nature. A famous
approach, of an XML database management system completely designed for XML is
Software AG’s Tamino. In contrast to solutions of other DBMS vendors, Tamino is not
just another layer on top of a database system designed to support the relational or an
object-oriented data model [28]. Another solution, Infonyte-DB, constitutes a lightweight
in-process storage solution for XML documents, but does not provide a database server with
all functionality needed for transaction management and concurrency control. Furthermore,
even vendors of object-oriented database systems extended their existing approaches to native
XML database solutions. A representative of this area is eXcelon XIS 3 , which internally uses
the object-oriented DBMS ObjectStore.
Beside these commercial approaches also open-source solutions are available. The Apache
XML Project implemented a native system called Xindice 4 . Another approach called eXist 5
is built on top of a relational database system, like MySQL or PostgreSQL, which internally
serves as the persistent storage backend. Of course, there are also considerable research
approaches, like the Lore 6 prototype. Here, the idea is to exploit Lore’s ability to represent
irregular graph structures including hierarchies.
Database Extensions: In the area of conventional database systems for XML document
storage one can distinguish three different kinds of approaches. In the first an XML document
is stored in its textual format in a character large object (CLOB). Today, almost all relational
DBMSs support the unstructured storage of XML documents. They have been extended with
3 http://xml.coverpages.org/ExcelonXIS-Lite.html
4 http://xml.apache.org/xindice
5 http://www.exist-db.org
6 http://infolab.stanford.edu/lore/home/index.html
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CLOB-based datatypes and offer more or less sophisticated functions for querying XML
repositories using SQL. Prominent examples from this area are Oracle XML DB, IBM DB2
XML Extender and Mircosoft SQLXML.
Other approaches offer the possibility of a structured storage of XML documents by
developing a fine-grained metamodel. This metamodel is able to represent the node trees
of XML documents and is built by employing the modeling primitives of the underlying
conventional DBMS. Thus, the structure and the content can be used by DBMS specific
querying facilities. Many research prototypes for the storage of structured XML data have
been developed (mostly for relational DBMSs). Examples are XML Cartridge [29] or Monet
XML [30].
Finally, a third area of approaches use mappings of XML documents to database
schemes specifically designed for that content. There are many tools and formalisms for the
specification of the mapping between XML formats and database schemes, but the design
of a database schema and the specification of an appropriate mapping of XML content
are elaborate manual tasks. Since MPEG-7 allows the extension of the set of predefined
description schemes the effort necessary to cope with a media description following a
previously unknown description scheme would be prohibitive. Current research activities
focus on an automatic derivation of relational database schema definitions for XML metadata
and the automatic mapping between them. Nevertheless, since they are based on Document
Type Definitions (DTDs) instead of the far more complex MPEG-7 DDL they are not readily
applicable for managing MPEG-7 description schemes.
A detailed analyze of all above mentioned approaches (see [27] for more details) has
shown that almost all examined solutions store and treat simple element content and the
content of attribute values of MPEG-7 descriptions largely as text, regardless of the actual
content type. This is inappropriate because in MPEG-7 many description schemes consists of
non textual data like numbers, vectors and matrices. It is desirable that applications can access
and process these schemes according to their real type and not as text. The problem of the
inspected solutions is that they do not sufficiently make use of schema and type information
offered within MPEG-7 descriptions. The majority of this approaches totally ignore schema
definitions for the storage of XML documents, respectively use them for validating XML
documents only. None of them fully supports MPEG-7 DDL.
In addition to the limited support of non textual data, there is another aspect that
constrain the applicability of existing database solutions for the management of MPEG-7
multimedia descriptions. The value indexing support offered by these systems is generally
not sufficient. They only offer one-dimensional, B-Tree based index structures for indexing of
the basic elements of XML documents. For implementing efficient multimedia applications
on large collections of MPEG-7 descriptions, a system that supports multidimensional index
structures, such as R-Trees, for the indexing of document content is needed.
Finally, we can state that the analysis of current approaches exposes significant deficiencies
seriously affecting their eligibility for the management of MPEG-7 metadata descriptions.
Neither native XML databases nor XML database extensions provide full support for
managing MPEG-7 descriptions with respect of their requirements.
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Semantic Query Languages
The main aspect regarding MPEG-7 database retrieval is the definition of a suitable
query language. The obvious approach trying to accomplish a system for MPEG-7 based
multimedia content retrieval is to use standard database query languages like XQuery or
XPath (see [31]). One limitation when using XQuery is that it is not possible to fully exploit
the special features of the MPEG-7 description elements. For example, it is not possible to
directly extract the entity with the highest preference value. To decide which entry is the most
preferred, it is necessary to analyze all available entities of the corresponding categories.
The reason is that the MPEG-7 semantic model and the domain knowledge integrated in
the semantic MPEG-7 descriptions are expressed in an integrated way. To overcome these
limitations, the MPEG standardization committee decided to work on a query format based
on MPEG-7, called MP7QF. The aim of this framework is to provide a standardized interface
to databases containing MPEG-7 metadata content.
For the special requirements of personalized multimedia retrieval it is also necessary to
develop a compatible Filtering and Search Preferences model.
In [32], [33] an ontology-based methodology to open up the MPEG-7/21 usage
environment for enriching user preferences by more complex semantics as expressed by
domain ontologies is provided. The approach supports the complete functionality offered
by the MPEG-7 semantic description scheme for multimedia content descriptions and
respects all the MPEG-7/21 conventions. It is based on OWL and has been prototypically
implemented in the DS-MIRF framework. The query language for MPEG-7 descriptions
(called MP7QL [34]) differentiates between three query types:
• The WeighedMPEG7QueryType represents queries with explicit preference values
ranging from -100 to 100.
• The BooleanMPEG7QueryType represents queries with explicit boolean operators.
• The BooleanWeighedMPEG7QueryType represents queries with explicit preference
values and boolean operators.
For each of these query categories an abstract type defined in XML is provided allowing
to express constraints on every aspect of a multimedia object described with MPEG-7. The
following example shows the usage of the BooleanMPEG7QueryType based on our use case
scenario.
Use case (cont.): Assume our user Nina states the following query: ’I want all multimedia
objects, where Kevin James plays a fireman’. This query can be expressed in the frameworks
formal syntax as follows:

BQS1 = (EventType AND (exemplifies, Fireman) AND (agent, $james)
AND (($james, AgentObjectType)
AND (exemplifies, ActorObject, $james)
AND (Agent(Name(FamilyName ’James’))))

The abstract semantic entity ’ActorObject’ represents the class of all actors. The entity
’Fireman’ refers to the class of all actors who played the part of a fireman in some movie.
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Furthermore, the actor ’Kevin James’ is bound to the $james variable. The same query in
XML reads:
<Mpeg7Query xsi:type="BooleanMpeg7QueryType">
<QuerySpecification ANDOROperator="AND"
xsi:type="BooleanContextQuerySpecificationType">
<SemanticPreferences ANDOROperator="AND">
<SemanticBase xsi:type="BooleanEventType" ANDOROperator="AND"
NOTOperator="false">
<Relation ANDOROperator="AND"
type="urn:mpeg:mpeg7:cs:SemanticRelationCS:2001:exemplifies"
target="actorRoles#Fireman"/>
<Relation ANDOROperator="AND"
type="urn:mpeg:mpeg7:cs:SemanticRelationCS:2001:agent"
target="$james"/>
</SemanticBase>
<SemanticBase ANDOROperator="AND" xsi:type=
"BooleanAgentObjectType" id="$james" NOTOperator="false">
<Relation ANDOROperator="AND" target=" actoragents#ActorObject"
type="urn:mpeg:mpeg7:cs:SemanticRelationCS:2001:exemplifies"/>
<Agent xsi:type="BooleanPersonType">
<Name>
<FamilyName>James</FamilyName>
</Name>
</Agent>
</SemanticBase>
</SemanticPreferences>
</QuerySpecification>
</Mpeg7Query>

Moreover, for building an effective query language the Filtering and Search description
schemes originally offered by the standard still lack expressiveness. In [33] a complete model
is proposed allowing to express preferences on every aspect of the MPEG-7 multimedia
object descriptions.

1.4.3

Exploiting More Expressive Preference Models

The existence of multiple and often conflicting user preferences demands an efficient
framework to resolve conflicts in a fair and meaningful way. The need of an effective trade-off
management with complex user preferences has already been discussed in other communities
like e.g., in databases and information systems. Here, recent work in [35] and [36] considers
preferences in a qualitative way as partial orders of preferred values that can be relaxed
should the need arise. To combine multiple preferences and derive a fair compromise usually
the concept of Pareto optimality is used.
The Pareto set (also known as efficient frontier) consists of all non-dominated objects,
i.e. for each object no other object in the set has better or at least equal attribute values
with respect to all attributes. Analyzing Nina’s language preferences for English, and actor
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preferences for ’Kevin James’, an English ’George Clooney’ movie and a German ’Kevin
James’ movie are incomparable, because one is better with respect to the language preference,
whereas the other is better with respect to the actor preference. However, both options
dominate a German ’Brad Pitt’ movie, which accordingly would not be part of the Pareto
set. The use of the Pareto semantics is also advocated in [37], [38] providing decision taking
frameworks where hard- and soft-constraints are represented as variables as input for the
optimization problem.
If all preferences on different attributes are considered to be of equal importance, the suboptimal solutions can be automatically removed. Then, the adaptation decision engine can
build a suitable adaptation workflow considering the remaining pool of possible solutions.
Of course, if no fair relaxation scheme is desired, also more discriminating combination
methods (e.g. the ordering on the attributes in preference values in MPEG-7/21) can be used
on qualitative partial order preferences.
Use Case (cont.): Let us consider our user Nina who wants to get a video streamed to her
IPhone. Due to complexity reasons only two preferences are analyzed here: one about her
preferred actors, stated in the User Preferences, and the other about preferred codecs available
on her IPhone, defined in the Terminal Capabilities. Instead of describing the preferences
using numerical values they are visualized as preference graphs (see Figure 1.6).
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Figure 1.6 Example: Preference Graphs
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Please note that due to the qualitative nature of the preferences some combinations are
incomparable. The best possible choice is a ’Kevin James’ movie in mpeg4 format. If it is
not available or adaptable, the adaptation decision engine can explore several other options
that are all equally preferable according to Nina’s preferences. In figure 1.7 this are all options
on the second layer, like a ’Kevin James’ movie in H.264 format or a ’Brad Pitt’ movie in
MPEG-4 format. These Pareto preferences are expressed in XML following the respective
preference algebra. Interested readers may take a look at [36] for details on the evaluation of
complex constraints.
<UserPreference>
<UserIdentifier userName="Nina"/>
<UsagePreference>
<Preference>
<Pareto>
<EXP att="actor">
<EXPSet>
<Value val1="James" val2="Clooney">
<Value val1="James" val2="Pitt">
<Value val1="Clooney" val2="Damon">
<Value val1="Pitt" val2="Damon">
<Value val1="Pitt" val2="Stiller">
</EXPSet>
</EXP>
<EXP att="codec">
<EXPSet>
<Value val1="mpeg4" val2="mov">
<Value val1="mpeg4" val2="h264">
<Value val1="h264" val2="divx">
</EXPSet>
</EXP>
</Pareto>
</Preference>
</UsagePreference>
</UserPreference>

As we have seen, the more preferences are specified the more complex the mesh of the
Pareto product order gets. Thus, for an efficient evaluation of complex preferences specially
adapted algorithms are needed. In the field of databases concepts for retrieving Pareto optimal
sets arose with the so-called skyline queries, see e.g. [39] or [40]. In skyline queries all
attributes are considered to be independent and equally important. Hence, for the combination
of individual attribute scores no weighting function can be used, like it is usually done in topk retrieval. Instead, all possibly optimal objects, based on the notion of Pareto optimality,
are returned to the user. Within skyline frameworks users are also offered the possibility to
declare several hard constraints on attributes. This is usually facilitated as a simple selection
condition for filtering [39]. For the domain of adaptation frameworks hard constraints have to
be further distinguished. Some hard constraints can still be met by adapting the content (like
a codec or resolution constraint) whereas others, mostly user preferences like preferences on
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actors or genres, can never be satisfied by content adaptation. We call hard constraints of the
first type adaptation-sensitive hard constraints, whereas we refer to the second type as strict
hard constraints.
Moreover, in traditional skyline scenarios each dimension has a total order. In contrast,
in the adaptation domain all preferences are based on partial orders. Therefore, standard
skyline query evaluation is not readily applicable. Actually it is possible to render a total
order from partial order preferences, but we have to accept some inaccuracies by object
incomparability. As a simple transformation rule one can consider e.g., the ’level’ of each
object in the preference graph. The ’level’ is defined as the longest path to any maximum
value in the graph.
Use Case (cont.): Imagine our user Nina wants to watch a movie on her IPhone and states
the preferences shown in figure 1.6. If we transform the actor preference into a total order,
’James’ is the most important value (level 1), followed by ’Clooney’ and ’Pitt’ (both on level
2) and finally ’Damon’ and ’Stiller’ as least preferred actors on level 3. However, in the
resulting total order of the actor preference, we can state that ’Clooney’ is preferred over
’Stiller’ whereas these actors are incomparable in the original partial order preference.
From this total order induced by the tree levels it is simple to derive a numerical assignment
of score values for objects by using an adequate utility function, translating the level
information into simple scores. The score value is usually normalized to a numerical value
between 0 (least preferred) and 1 (best object), see e.g., [38].
Now assume Nina’s content provider only offers the following five videos: a ’Ben Stiller’
movie in DivX format, a ’Matt Damon’ movie in H264 format, a ’Brad Pitt’ movie in mov
format, a ’George Clooney’ movie in MPEG-4 format and a ’Kevin James’ movie in H264
format. The resulting tuples are visualized in figure 1.8.
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Clooney or
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Figure 1.8 Example: Skyline Objects for Nina’s Preferences

The black point in the upper right corner of the diagram would be the optimal solution. The
skyline contains only two objects: the ’Kevin James’ movie in H264 format and the ’George
Clooney’ movie in MPEG-4 format, since they dominate all other available movies in the
database (visualized withs the dotted lines). The adaptation decision engine does not need to
consider any other movie from the database (light shaded) since they are definitely dominated
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by the two skyline objects (dark shaded). For example a ’Ben Stiller’ movie in DivX format
will never be taken into account since it is always dominated by a ’George Clooney’ movie in
MPEG-4 format with respect to both dimensions. Considering the resulting skyline objects,
we recognize that the optimal solution (dark point) is not included. One object has the
highest possible value in the actors preference, the other one in the codec preference. The
adaptation engine needs to check whether an adequate adaptation is available. Since the
actors preference is marked as a strict hard constraint, the adaptation engine knows that
it is not possible to convert a ’George Clooney’ movie in MPEG-4 format to a ’Kevin
James’ movie in MPEG-4 format (even though it would be really funny to replace ’George
Clooney’ with ’Kevin James’). On the other hand, the codec preference is an adaptationsensitive hard constraint and, therefore, it is indeed possible to adapt a James/H264 movie to
a James/MPEG-4 movie if a suitable transcoder is available.
Let us summarize the different delivery possibilities:
• Retrieve a James/H264 movie and deliver the adapted James/MPEG-4 version.
• Deliver a James/H264 movie.
• Deliver a Clooney/MPEG-4 movie.
• Retrieve a Pitt/mov movie, transcode it to Pitt/MPEG-4 and deliver the adapted movie.
• Deliver a Pitt/mov movie.
• etc.
Now we have to take a closer look of how to compute a ranking for the best adaptation
decision based on the movies available in the database. The objects must be ranked under
consideration of their levels in the Pareto tree. An efficient ranking scheme for deriving the
final preference order is given in [10] and [38].

1.5

Example Application

Let us reconsider our use case scenario by designing a system for the VoD provider
considering all advantages of the different preference extensions. The service provider
has a database containing all movies and a XML database with their respective metadata
descriptions in MPEG-7/21 format. For accessing the content an interactive user interface is
offered where users can state their preferences, e.g. for actors or movie genres. Furthermore,
a query field is available where users can formulate queries like, e.g. ’I want all movies
were Kevin Costner plays a postman.’ The preferences are internally handled as partial
order preferences described in an enhanced MPEG-21 format (see section 4.3). The query is
expressed using semantically enriched query languages, like e.g. MP7QL (see section 4.2).
Finally, the user preferences, terminal capabilities and the query are transmitted to the service
provider and analyzed by its personalized adaptation decision engine (see Figure 1.9).
This engine is responsible for finding the most approproiate multimedia content according
to the user query and provide a suitable adaptation workflow. This workflow template is
handed on to the adaptation engine that is responsible for finding adequate adaptation
services. The actual adapation of the multimedia content is done on-the-fly while streaming
the content through the network to the end-user. In case the desired movie is not available,
the service provider’s decision engine evaluates the user’s preferences to find alternative
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Figure 1.9 Example Application

multimedia content. Thus, it analyzes the combined preference graph (see figure 1.7) and
retrieves the best matching multimedia content querying its metadata description database
using e.g. MP7QL. If the service provider could not find a matching movie at all it uses an
MPEG-21 ontology to easily integrate content from third party providers, respectively from
other domains. Every community has its own domain specific knowledge and often its own
metadata standards. An upper ontology eases the integration of domain knowledge and allows
for overall multimedia content retrieval. On the other hand, such an ontology allows users to
use their specified preferences from other VoD providers. After transmitting the preferences
to the service provider they are mapped to the respective nodes in the ontology. Thus, the
service provider can offer a plenty of possibilities for multimedia retrieval delivering highly
personalized content.

1.6

Summary

The MPEG-7/21 metadata standard was created to semantically annotate multimedia data in
a standardized way. The basic unit of interaction in later applications is called a digital item
encapsulating multimedia content. But since the search for content and the actual handling
of digital items usually heavily relies on the application context, an essential feature of the
standard is in the area of personalization. For this MPEG-7/21 offers a variety of possibilities
to describe user preferences, terminal capabilities and transcoding hints within its Digital
Item Adaptation part.
However, for many multimedia applications the standard itself is not enough. Researchers
are working on enriching the semantic power of the basic standard by building ontologies.
Since every community has domain-specific requirements and, therefore, own metadata
standards, it is necessary to get a common understanding of the semantic relationship between
metadata standards from different domains. This integration of domain-specific knowledge
in MPEG-7/21 is an ongoing research area for both representing the entire standard and
modeling specific usage scenarios.
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Since MPEG-7/21 is based on XML, XML databases can be used for retrieval tasks. But,
languages like XQuery that have been proposed for XML document retrieval are not yet able
to support MPEG-7/21 queries. For instance, no support for specific query types typically
used in multimedia content retrieval is provided. Research in this area thus focuses on
finding appropriate query languages for multimedia descriptions. The MPEG standardization
committee already decided to provide a MPEG-7 query format (MP7QF) which defines input
parameters for describing search criteria and a set of output parameters describing the result
sets. However, also query languages offering more semantic expressiveness are currently
developed.
Moreover, the current preference model in the MPEG-7/21 standard is limited to the simple
matching of numerical values representing the importance of each constraint. To enable more
complex queries on multimedia content also more sophisticated preference models can be
utilized. We have given the example of a model building on partial order preferences and
evaluating complex preference constraints using Pareto semantics, as currently explored by
the database community. These efforts promise to handle trade-offs in a semantically more
meaningful way.
Future research challenges embrace the idea of combining the Semantic and the Social
Web – Web 3.0. Today, the World Wide Web is made by all kinds of social communities. Each
of them produce metadata content, e.g. in terms of tags. The idea is to integrate community
generated metadata with other metadata standards. It will be necessary to develop appropriate
weighting schemes, respectively quality measures, to mark how trustful the metadata content
is. Furthermore, the user needs the ability to choose which kind of metadata content is
most reliable for his/her aims. Thus, the weighting is user specific and result ranking is
dependent on the chosen metadata domain. One major challenge coming with this idea
is the identification of relationships between resources in the Web. How to crawl usergenerated content and identify discussions about particular videos, e.g. in blogs? How to
extract and structure this information? To summarize these ideas, it will be necessary to
develop structured, weighted, semantically rich metadata descriptions that are automatically
processable by machines.
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