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Abstract Digital information has reached all types of
expression and, above all, it acquired important proper-
ties: portability, mobility and ubiquity. Moreover, with
multimedia content being produced at a fast pace, the
question of how one can effectively search and process
the growing offer of content is immediately raised. We
address these demands, proposing a modular, flexible
and scalable framework that fully integrates content rep-
resentation and description from early stages of author-
ing. A prototype, supporting the MPEG-4 and MPEG-7
standards, has been implemented to prove the concept
and is being used as a test platform for multimedia con-
tent adaptation.

1 Introduction

Nowadays a scenario where multimedia content is pro-
vided by a server and accessed by a large set of devices
(with different characteristics and access means) is eas-
ily imaginable. The content is itself composed by several
primary elements, or objects, including video, static im-
ages, music, voice, text. Moreover, the content can be
adapted according with network and device characteris-
tics (bandwidth, resolution, capabilities) and the taste
of the user. Some challenges are therefore raised. On one
side, the end user expects mobility and ubiquity. On the
other, the content creators demand content adaptabil-
ity and reuse, as effortless as possible. Any information
gathered during the authoring process can be very valu-
able to tackle these challenges. The most obvious gains
are for the search and retrieval of multimedia content
and content adaptation by providing important clues to
the search and adaptation engines. The MPEG-4 and
MPEG-7 standards play an important role in this sce-
nario [7] [9].

The MPEG-4 standard (ISO/IEC 14496) allows the
composition of interactive multimedia content consist-
ing of both natural and synthetic media, which can be

streamed within environments characterised by a high
degree of variability and flexibility. Until 2001, the re-
search in tools capable of manipulating MPEG-4 was
nearly absent. Two early exceptions were MPEG-4 Tool-
box [3], for the composition of 3D scenes, and MPEG-
Pro [2], supporting 2D authoring of scenes directed by a
timeline. However none of these tools enabled the asso-
ciation of metadata during the content creation process.
The MPEG-7 standard (ISO/IEC 15938) provides tech-
nologies for the description of audiovisual data content
in multimedia environments. Until recently, content de-
scription tools were mainly used for the information re-
trieval domain but efforts have been put to design sys-
tems that integrate multimedia content and content de-
scription. Tran-Thuong et al. [10] propose the use of de-
scription tools in multimedia authoring which provide
access into the media structure for fine-grained com-
position. Bertini et al. [1] have developed a prototype
system for annotation and adaptation of soccer sport
videos, with adaptation based on objects and highlights.
Both show that the integration of content, or media-
data with content description, or metadata proves to
be a valuable addition to multimedia creation and dis-
tribution processes. Nevertheless, both focus on specific
applications which limits their use when flexibility and
adaptability are in order.

Taking into account this background, we present the
specification and implementation of a framework for mul-
timedia authoring, which integrates all information dur-
ing the creation process in a seamless way.

2 System Architecture and Implementation

To provide a flexible integration of media-data with meta-
data, the system architecture proposed is based in a dis-
tributed architecture. System users can access and share
resources in a transparent, open and scalable way. It also
allows its deployment in a wide variety of scenarios and
environments. The system stores the content as multi-
media presentations (MPs) and media objects (MOs).
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Each MP, defined using a scene description format, may
reference MOs, which are stored in their original for-
mat (e.g. JPEG or PNG for images, MP3 for audio and
MPEG-2 for video). Alongside the stored content, ad-
ditional information (metadata) is also stored, that de-
scribes the content and can be useful for re-authoring
and re-purposing of contents.
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Fig. 1 Generic distributed system architecture.

The system has four different entities, as shown in
Figure 1. The Repository module stores the MPs and
MOs, each having a unique identifier within the system,
allowing an univocal identification. An interface to the
user allows to manage MOs, MPs and the associated
metadata. Typical functionalities include importing, ex-
porting, deleting MPs and MOs and editing metadata.
The Authoring Tool is responsible for the creation and
modification of MPs. This manipulation consists in the
composition of dynamic and interactive multimedia con-
tent. MOs stored in one of the repositories can be refer-
enced by the presentation using its identifier. Although
the Authoring Tool is shown in Figure 1 as single en-
tity, it has in fact a many-to-many relation with other
entities. The Multimedia Server is responsible for the
content delivery. If the Multimedia Server is a file-based
server (HTTP, FTP), a file, containing the MP and the
composing objects, is created and sent to the client. On
the other hand, if the server is stream-based, one pos-
sible option is to create an hinted file, containing infor-
mation that aids the server in the streaming process.
Another possibility is a content-aware server that ini-
tially sends only the MPEG-4 scene description. Each
referenced object is then streamed only when requested
by the client application, allowing remote interactivity:
commands sent by the client application to the server
can change some characteristic of the presentation. Fi-
nally, the Client Application, in any device can access,
through any network, one of Multimedia Server and start
receiving a MP. The user can then view and interact with
the presentation.

2.1 Prototype implementation – edVO

Taking the system architecture shown in Figure 1 as a
basis, the edVO prototype was developed. Currently, the

MPEG-4 Systems [4] and MPEG-7 MDS [5] standards
are used for the representation and description of multi-
media content. The prototype consists of three different
modules: edVO.Composer, edVO.Server and edVO.Client.
Only the former two modules will be detailed here.
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Fig. 2 Diagram showing module interaction in the edVO
prototype.

The edVO.Composer is the module responsible for the
creation of multimedia content, using the MPEG-4 de-
scription framework to compose objects in time and in
space. It was based in previous work on user interfaces
for multimedia authoring [3][2]. Figure 3(a) shows the
GUI being used to create a presentation. The user is al-
lowed to browse through the MOs stored in the server
and to compose them in a MPEG-4 multimedia presen-
tation. Composition is performed with the usual actions
of visual manipulation of objects – grab, drag, move,
rotate, etc. Object properties can also be changed in-
dividually with a property editor. Dynamic and inter-
active behaviour is associated with individual objects
using its properties and the MPEG-4’s routing mech-
anism. Scripting of the authoring process is also being
developed. The connection with the server is established
using XML-RPC as the communication protocol. XML-
RPC is a remote procedure calling specification that uses
HTTP as transport protocol, and XML as the encoding
format. XML-RPC is designed to be as simple as possible
allowing at the same time the transmission and process-
ing of complex data structures. The choice for XML-
RPC as structured communication protocol was mainly
due to its lightweight implementation, as opposed to, for
example, CORBA.

The edVO.Server module is responsible for the stor-
age of MPs and MOs and provides the mechanisms to
deliver content to the client. As expected, the entities
defined as Repository and Multimedia Server in Fig-
ure 1 are instantiated by this module. It is partly im-
plemented in Python and uses Zope as the application
engine. Commands and requests from other modules are
sent to the server using XML-RPC or HTML (cf. Fig-
ure 2) and are handled by Python scripts. Each MO is
stored in its original encoding format and has associ-



Integrated Multimedia Authoring and Description Framework 3

(a) Composer

(b) Server

Fig. 3 User Interfaces in edVO. While the composer is a
stand-alone application, the server is a web application.

ated metadata. Media-specific parsers are used to ex-
tract structural metadata when a MO is imported to
the server and can be added as plugins. Variations to a
MO can also be added and are used to support content
adaptation. For example, a MO containing a video can
be alternatively represented by another video with less
resolution or by an image containing just a keyframe. All
these versions are stored alongside the original content
as shown in Figure 4.
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Fig. 4 MO and MP storage in server.

Information about the variations, like quality para-
meters defined by MPEG-7, are stored in the metadata.
Each MP is, on the other hand, stored as textual MPEG-
4 scene description using XMT-A. A subset of MPEG-
7 MDS tools is used for the description of both MOs
and MPs. This subset includes the tools defined by the

MPEG-7 Core Description Profile (CDP) and the Vari-
ation description tools, which are not part of the CDP.

The handling of content description is processed in
several steps. Firstly, the descriptive elements are defined
through a XML schema. A programmatic data model in
Python is then automatically generated that fully com-
plies with the schema. The data model consists of classes
and methods that programmatically handle metadata
files in XML. Figure 5 shows an example of how an XML
schema is coded in the Python data model.

<!-- Mpeg7Type -->

<complexType name="Mpeg7Type" 

abstract="true">
   <sequence>

      <element 

name="DescriptionMetadata" 

type="DescriptionMetadataType" 
minOccurs="0" />

   </sequence>

</complexType>

<!-- Mpeg7 -->

<element name="Mpeg7">

   <complexType>
      <complexContent>

         <extension base="Mpeg7Type">

            <sequence>
               <element name="Description" 

type="CompleteDescriptionType" 

maxOccurs="unbounded" />

            </sequence>
         </extension>

      </complexContent>

   </complexType>
</element>

class Mpeg7(Mpeg7Type):
    def getDescriptionmetadata(self)

    def setDescriptionmetadata(self, 

DescriptionMetadata)

    def delDescriptionmetadata(self)
    def newDescriptionmetadata(self, objtype='')

    def export(self, level, name_='Mpeg7BaseType')

    def exportHTML(self, name_='Mpeg7BaseType')

    def build(self, node_)
class Mpeg7BaseType(ComplexElement):

    def getDescription(self, index)

    def setDescription(self, index, value)
    def insertDescription(self, index, value)

    def removeDescription(self, value)

    def newDescription(self, objtype='')

    def export(self, level, name_='Mpeg7BaseType')
    def exportHTML(self, name_='Mpeg7BaseType')

    def build(self, node_)

<Mpeg7>

    <DescriptionMetadata id="0">

(...)

    <Description xsi:type="ContentEntityType">
(...)

</Mpeg7>

Fig. 5 Relations between XML Schema, Python data model
and XML metadata.

When the metadata is read, each corresponding class
is automatically populated. Modifications using get/set/del
methods can then be performed and stored. These classes
also generate an HTML/JavaScript User Interface (UI)
that allows users to manipulate metadata (exportHTML
method). Figure 3(b) shows this UI in action. The main
advantages of this method are: flexibility and technology-
independence. Any change in the descriptive scheme is
easily integrated in the already working system. Provid-
ing that no backward-incompatible change is performed,
a simple data model rebuild suffices.

Currently, edVO uses mainly semantic information
that is inserted by the authors. But, besides semantic
information, more low-level description of content can
easily be used, providing fine-tune controls to the search
and adaptation engines. This represents an important
difference when compared to the previous works [1] [10].

3 Usage scenario: adaptation

It is known that the burden of content adaptation can be
lightened when additional information is available along-
side the multimedia content [8]. A simple terminal and
network driven adaptation scenario was implemented in
the edVO system proving its flexibility. When a presen-
tation is requested, the edVO system generates dynam-
ically an MP4 file ready to be delivered that complies
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to the restrictions set by the current context of usage
– network restrictions, device capabilities. The resulting
MP4 file is based on the presentation scene description
and the referenced media objects as depicted in Figure 6.
Currently, the system only follows three options regard-
ing each object: preserve the object as is, choose one of
the variations associated with the object or remove the
object and its references in the presentation. Other pos-
sible operations include transcoding or transmoding the
media object content, using specific modules, and can be
added as plugins to the system.
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Fig. 6 Content adaptation process.

The adaptation is performed by an adaptation en-
gine. To accomplish its task some rules need to be as-
sociated with the presentation, namely how objects are
selected to be replaced by an alternate variation or re-
moved – adaptation rules. Hence, the adaptation engine
takes into account three sources of information to fulfill
a request as shown in Figure 7 – the presentation scene
description, including the media objects referenced by
it, the constraints determined by the context and a set
of adaptation rules.
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Fig. 7 Adaptation engine.

The first source of information is provided by the
client and the second is stored in the edVO system. The
adaptation rules, the third source, can be defined by
a set of adaptation descriptors associated to each pre-
sentation. However, the MPEG-7 standard does not de-
fine such adaptation descriptors. On the other hand, the
MPEG-21 standard proposes a set of descriptors regard-
ing Digital Item Adaptation (DIA) [6] that can be used
for that purpose, with some modifications. However, only

user preferences are considered. For that reason, adap-
tation rules defined by authors can be tested using an
additional simple non-standard descriptive scheme that
allows authors to define, for example, modality conver-
sion restrictions and presentation priorities. Regarging
the context-related constraints, the system uses some
of the standard descriptors proposed by MPEG-21 DIA
– namely, Terminal capabilities and Network character-
istics. Other adaptation scenarions can also be imple-
mented, adding the appropriate descriptors.

4 Conclusions

In the proposed authoring system Both representation
and description information are collected and aggregated
during the creation process and provided to the distribu-
tion and consumption chains. The association of descrip-
tion with multimedia authoring will allow in the future
the emergence of a semantic system. Semantic author-
ing allows content to be adapted, regarding available re-
sources (specially important in heterogeneous systems
with different network topologies and terminal charac-
teristics). This work is a further step toward this goal.
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