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Abstract—MPEG-7 Multimedia Description Schemes (MDSs)
are metadata structures for describing and annotating audio-vi-
sual (AV) content. The Description Schemes (DSs) provide a stan-
dardized way of describing in XML the important concepts related
to AV content description and content management in order to fa-
cilitate searching, indexing, filtering, and access. The DSs are de-
fined using the MPEG-7 Description Definition Language, which is
based on the XML Schema Language, and are instantiated as doc-
uments or streams. The resulting descriptions can be expressed in
a textual form (i.e., human readable XML for editing, searching,
filtering) or compressed binary form (i.e., for storage or transmis-
sion). In this paper, we provide an overview of the MPEG-7 MDSs
and describe their targeted functionality and use in multimedia ap-
plications.

Index Terms—Browsing, content-based retrieval, digital li-
braries, indexing, metadata, MPEG-7, multimedia databases,
multimedia description schemes (MDS), retrieval, search, XML.

I. INTRODUCTION

T HE goal of the MPEG-7 standard [1], [8] is to allow in-
teroperable searching, indexing, filtering, and access of

audio-visual (AV) content by enabling interoperability among
devices and applications that deal with AV content description.
MPEG-7 describes specific features of AV content, as well as in-
formation related to AV content management. MPEG-7 descrip-
tions take two possible forms: 1) a textual XML form suitable
for editing, searching, and filtering, and 2) a binary form suitable
for storage, transmission, and streaming delivery. Overall, the
standard specifies four types of normative elements: Descrip-
tors, Description Schemes (DSs), a Description Definition Lan-
guage (DDL), and coding schemes.

The MPEG-7 Descriptors are designed primarily to describe
low-level audio or visual features such as color, texture, motion,
audio energy, etc., as well as attributes of AV content such as
location, time, quality, etc. It is expected that most Descriptors
for low-level features shall be extracted automatically in appli-
cations. On the other hand, the MPEG-7 DSs are designed pri-
marily to describe higher level AV features such as regions, seg-
ments, objects, events, and other immutable metadata related to
creation and production, usage, and so forth. The DSs produce
more complex descriptions by integrating together multiple De-
scriptors and DSs, and by declaring relationships among the de-
scription components. In MPEG-7, the DSs are categorized as
pertaining to the multimedia, audio, or visual domain. Typically,
the MDSs describe content consisting of a combination of audio,
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visual data, and possibly textual data, whereas the audio or vi-
sual DSs refer specifically to features unique to the audio or
visual domain, respectively. In some cases, automatic tools can
be used for instantiating the DSs, but in many cases instantiating
DSs requires human assisted extraction or authoring tools.

The MPEG-7 DDL is a language for specifying the syntax
of the DSs and Descriptors. The DDL also allows the MPEG-7
standardized DSs and Descriptors to be extended for specialized
applications. The DDL is based on the W3C XML Schema Lan-
guage [9]. An MPEG-7 description is produced for a particular
piece of AV content by instantiating the MPEG-7 DSs or De-
scriptors as defined by the DDL. The MPEG-7 coding schemes
produce a binary form of description that is compact, easy to
stream, and resilient to errors during transmission.

The objective of this paper is to provide an overview of the
MPEG-7 MDSs. Fig. 1 provides an overview of the organiza-
tion of the MDSs into different functional areas: basic elements,
contentmanagement, contentdescription,navigationandaccess,
content organization, anduser Interaction. The MPEG-7DSscan
be considered as a library of description tools and in practice, an
application selects an appropriate subset of relevant DSs. This
paperdiscusseseachof thedifferent functionalareasofMDSs.At
present, more detailed information can be found in theMPEG-7
Experimentation Model (XM)[6] andMPEG-7 Committee Draft
(CD) [7] documents developed by the MPEG MDS Group. In
addition, many of the relevant concepts of the multimedia do-
main are defined in the MPEG-7 conceptual model, which is in-
cluded as an annex of theMPEG-7 Requirementsdocument [8].
The paper is organized as follows. Section II describes the Basic
Elements of the MDSs. Section III describes the DSs for content
management, and Section IV describes the DSs for content de-
scription. Section V describes the DSs for navigation and access
and Section VI describes the DSs for content organization. Fi-
nally, Section VII describes the DSs for user interaction.

II. BASIC ELEMENTS

MPEG-7 provides a number of Schema Tools that assist in
the formation, packaging, and annotation of MPEG-7 descrip-
tions. An MPEG-7 description begins with a root element that
signifies whether the description is complete or partial. A com-
plete description provides a complete and standalone descrip-
tion of AV content for an application. On the other hand, a de-
scription unit carries only partial or incremental information that
possibly adds to an existing description. In the case of a com-
plete description, an MPEG-7 top-level element follows the root
element. The top-level element orients the description around
a specific description task, such as the description of a partic-
ular type of AV content, for instance an image, video, audio, or
multimedia, or a particular function related to content manage-
ment, such as creation, usage, summarization, and so forth. The
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Fig. 1. Overview of the MPEG-7 MDSs.

top-level types collect together the appropriate tools for carrying
out the specific description task. In the case of description units,
the root element can be followed by an arbitrary instance of an
MPEG-7 DS or Descriptor. Unlike a complete description which
usually contains a “semantically complete” MPEG-7 descrip-
tion, a description unit can be used to send a partial description
as required by an application—such as a description of a place,
a shape and texture descriptor and so on. ThePackageDS de-
scribes a user-defined organization of MPEG-7 DSs and Ds into
a package, which allows the organized selection of MPEG-7
tools to be communicated to a search engine or user. Further-
more, theDescriptionMetadataDS describes metadata about
the description, such as creation time, extraction instrument,
version, confidence, and so forth.

A number of basic elements are used throughout the
MDS specification as fundamental constructs in defining the
MPEG-7 DSs. The basic data types provide a set of extended
data types and mathematical structures, such as vectors and
matrices, which are needed by the DSs for describing AV
content. The basic elements include also constructs for linking
media files, localizing pieces of content, and describing time,
places, persons, individuals, groups, organizations, and other
textual annotation. We briefly discuss the MPEG-7 approaches
for describing time and textual annotations.

Temporal Information:The DSs for describing time are
based on the ISO 8601 standard, which has also been adopted
by the XML Schema Language. TheTimeDS andMediaTime
DS describe time information in the real world and in media
streams, respectively. Both follow the same strategy described
in Fig. 2. Fig. 2(a) illustrates the simplest way to describe a
temporal instant and a temporal interval. A time instant
can be described by a lexical representation using the Time
Point. An interval can be described by its starting
point (using the Time Point) and a Duration, . An
alternative way to describe a time instant is shown in Fig. 2(b).
It relies on Relative Time Point. The instantis described by

a temporal offset with respect to a reference, called Time
Base. Note that the goal of the Relative Time Point is to define
a temporal instant , and not an interval as the Duration in
Fig. 2(a). Finally, Fig. 2(c) illustrates the specification of time
using a predefined interval called Time Unit and counting the
number of intervals. This specification is particularly efficient
for periodic or sampled temporal signals. Since the strategy
consists of counting Time Units, the specification of a time
instant has to be done relative to a Time Base (or temporal
origin). In Fig. 2(c), is defined with a Relative Incremental
Time Point by counting 8 Time Units (starting from). An
interval can also be defined by counting Time Units. In
Fig. 2(c), Incremental Duration is used to count 13 Time Units
to define the interval .

Textual Annotation:Text annotation is an important com-
ponent of many DSs. MPEG-7 provides a number of different
basic constructs for textual annotation. The most flexible
text annotation construct is the data type for free text. Free
text allows the formation of an arbitrary string of text, which
optionally includes information about the language of the text.
However, MPEG-7 provides also a tool for more structured
textual annotation by including specific fields corresponding
to the questions “Who? What object? What action? Where?
When? Why? and How?”. Moreover, more complex textual
annotations can also be defined by describing explicitly the
syntactic dependency between the grammatical elements
forming sentences (e.g., the relation between a verb and a sub-
ject, etc.). This latter type of textual annotation is particularly
useful for applications where the annotation will be processed
automatically. Lastly, MPEG-7 provides constructs for clas-
sification schemes and controlled terms. The classification
schemes provide a language independent set of terms that form
a vocabulary for a particular application or domain. Controlled
terms are used in descriptions to make reference to the entries
in the classification schemes. Allowing controlled terms to be
described by classification schemes offers advantages over the
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Fig. 2. Overview of the Time DSs.

standardization of fixed vocabularies for different applications
and domains, since it is likely that the vocabularies for multi-
media applications will evolve over time.

III. CONTENT MANAGEMENT

MPEG-7 provides DSs for AV content management. These
tools describe the following information: 1) creation and pro-
duction; 2) media coding, storage, and file formats; and 3) con-
tent usage. More details about the MPEG-7 tools for content
management are described as follows.1

• TheCreation Informationdescribes the creation and clas-
sification of the AV content and of other related materials.
The creation information provides a title (which may itself
be textual or another piece of AV content), textual annota-
tion, and information such as creators, creation locations,
and dates. The classification information describes how
the AV material is classified into categories such as genre,
subject, purpose, language, and so forth. It provides also
review and guidance information such as age classifica-
tion, parental guidance, and subjective review. Finally, the
related material information describes whether there exists
other AV materials that are related to the content being de-
scribed.

• TheMedia Informationdescribes the storage media such
as the format, compression, and coding of the AV content.
The media information DS identifies the master media,
which is the original source from which different instances
of the AV content are produced. The instances of the AV
content are referred to as media profiles, which are ver-
sions of the master obtained perhaps by using different
encodings, or storage and delivery formats. Each media
profile is described individually in terms of the encoding
parameters, storage media information, and location.

1Many of the components of the content management DSs are optional. The
instantiation of the optional components is often decided in view of the specific
multimedia application.

• The Usage Informationdescribes the usage information
related to the AV content, such as usage rights, usage
record, and financial information. The rights information
is not explicitly included in the MPEG-7 description; in-
stead, links are provided to the rights holders and other
information related to rights management and protection.
The rights DS provides these references in the form of
unique identifiers that are under management by external
authorities. The underlying strategy is to enable MPEG-7
descriptions to provide access to current rights owner in-
formation without dealing with information and negotia-
tion directly. The usage record DS and availability DSs
provide information related to the use of the content such
as broadcasting, on demand delivery, CD sales, and so
forth. Finally, the financial DS provides information re-
lated to the cost of production and the income resulting
from content use. The usage information is typically dy-
namic in that it is subject to change during the lifetime of
the AV content.

IV. CONTENT DESCRIPTION

MPEG-7 provides DSs for description of the structure and se-
mantics of AV content. The structural tools describe the struc-
ture of the AV content in terms of video segments, frames, still
and moving regions, and audio segments. The semantic tools de-
scribe the objects, events, and notions from the real world that
are captured by the AV content.

A. Description of the Structural Aspects of Content

The SegmentDS describes the result of a spatial, temporal,
or spatio-temporal partitioning of the AV content. TheSegment
DS can describe a recursive or hierarchical decomposition of the
AV content into segments that form a segment tree. TheSegmen-
tRelationDS describes additional spatio-temporal relationships
among segments.
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Fig. 3. Examples of segments. (a), (b) Segments composed of one connected component. (c), (d) Segments composed of three connected components.

TheSegmentDS forms the base abstract type of the different
specialized segment types: audio segments, video segments, AV
segments, moving regions, and still regions. As a result, a seg-
ment may have spatial and/or temporal properties. For example,
the AudioSegmentDS can describe a temporal audio segment
corresponding to a temporal period of an audio sequence. The
VideoSegmentDS can describe a set of frames of a video se-
quence. TheAudioVisualSegmentDS can describe a combina-
tion of audio and visual information such as a video with syn-
chronized audio. TheStillRegionDS can describe a spatial seg-
ment or region of an image or a frame in a video. Finally, the
MovingRegion DScan describe a spatio-temporal segment or
moving region of a video sequence.

There exists also a set of specialized segments for specific
type of AV content. For example, theMosaic DSis a specialized
type ofStillRegion. It describes a mosaic or panoramic view of
a video segment constructed by aligning together and warping
the frames of aVideoSegmentupon each other using a common
spatial reference system. TheVideoTextand theInkSegmentDSs
are two subclasses of theMovingRegionDS. The VideoText DS
describes a region of video content corresponding to text or cap-
tions. This includes superimposed text as well as text appearing
in scene as well as. The InkSegment DS describes a segment of
an electronic ink document created by a pen-based system or an
electronic whiteboard.

Since theSegmentDS is abstract, it cannot be instantiated on
its own. However, theSegmentDS contains elements and at-
tributes that are common to the different segment types. Among
the common properties of segments is information related to
creation, usage, media location, and text annotation.

TheSegmentDS can be used to describe segments that are not
necessarily connected, but composed of several nonconnected
components. Connectivity refers here to both spatial and tem-
poral domains. A temporal segment (Video Segment, Audio Seg-
mentandAudioVisual Segment) is said to be temporally con-

nected if it is a sequence of continuous video frames or audio
samples. A spatial segment (Still Region) is said spatially con-
nected if it is a group of connected pixels. A spatio-temporal
segment (Moving Region) is said spatially and temporally con-
nected if the temporal segment where it is instantiated is tempo-
rally connected and if each one of its temporal instantiations in
frames is spatially connected (Note that this is not the classical
connectivity in a 3-D space).

Fig. 3 illustrates several examples of temporal or spatial seg-
ments and their connectivity. Fig. 3(a) and (b) illustrate a tem-
poral and a spatial segment composed of a single connected
component. Fig. 3(c) and (d) illustrate a temporal and a spa-
tial segment composed of three connected components. Fig. 4
shows examples of connected and nonconnected moving re-
gions. In this last case, the segment is not connected because
it is not instantiated in all frames and, furthermore, it involves
several spatial connected components in some of the frames.

Note that, in all cases, the Descriptors and DSs attached to the
segment are global to the union of the connected components
building the segment. At this level, it is not possible to describe
individually the connected components of the segment. If con-
nected components have to be described individually, then the
segment has to be decomposed into various sub-segments cor-
responding to its individual connected components.

TheSegmentDS is recursive, i.e., it may be subdivided into
sub-segments, and thus may form a hierarchy (tree). The re-
sulting segment tree is used to describe the media source, the
temporal and/or spatial structure of the AV content. For ex-
ample, a video program may be temporally segmented into var-
ious levels of scenes, shots, and micro-segments; a table of con-
tents may thus be generated based on this structure. Similar
strategies can be used for spatial and spatio-temporal segments.

A segment may also be decomposed into various media
sources such as various audio tracks or viewpoints from several
cameras. The hierarchical decomposition is useful to design
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Fig. 4. Examples of (a) connected and (b) nonconnected moving region.

Fig. 5. Examples of segment decomposition. (a), (b) Segment Decompositions without gap nor overlap. (c), (d) Segment decompositions with gap or overlap.

efficient search strategies (global search to local search). It
also allows the description to be scalable: a segment may be
described by its direct set of Descriptors and DSs, but it may
also be described by the union of the Descriptors and DSs
that are related to its sub-segments. Note that a segment may
be subdivided into sub-segments of different types, e.g., a
video segment may be decomposed in moving regions that are
themselves decomposed in still regions.

As it is done in a spatio-temporal space, the decomposition
is described by a set of attributes defining the type of sub-di-
vision: temporal, spatial or spatio-temporal. Moreover, the spa-
tial and temporal subdivisions may leave gaps and overlaps be-
tween the sub-segments. Several examples of decompositions
are described for temporal segments in Fig. 5. Fig. 5(a) and
(b) describe two examples of decompositions without gaps nor
overlaps (partition in the mathematical sense). In both cases the
union of the children corresponds exactly to the temporal ex-
tension of the parent, even if the parent is itself non connected
[see the example of Fig. 5(b)]. Fig. 5(c) shows an example of

TABLE I
SPECIFICFEATURES FORSEGMENTDESCRIPTION

decomposition with gaps but no overlaps. Finally, Fig. 5(d) il-
lustrates a more complex case where the parent is composed
of two connected components and its decomposition creates
three children: the first one is itself composed of two connected
components, whereas the two remaining children are composed
of a single connected component. The decomposition allows
gap and overlap. Note that, in any case, the decomposition im-
plies that the union of the spatio-temporal space defined by the
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Fig. 6. Examples of image description with still regions.

children segments is included in the spatio-temporal space de-
fined by their ancestor segment (children are contained in their
ancestors).

As described above, any segment may be described by cre-
ation information, usage information, media information, and
textual annotation. However, specific features depending on the
segment type are also allowed. These specific features are re-
ported in Table I. Most of the Descriptors corresponding to these
features can be extracted automatically from the original con-
tent. For this purpose, a large number of tools have been re-
ported in the literature (see this issue as well as [2]–[5], and ref-
erence herein). The instantiation of the decomposition involved
in theSegmentDS can be viewed as a hierarchical segmentation
problem where elementary entities (region, video segment, and
so forth) have to be defined and structured by inclusion relation-
ship within a tree.

An example of image description is illustrated in Fig. 6. The
original image is described as a Still RegionSR1, which is de-
scribed by creation (title, creator), usage information (copy-
right), and media information (file format), as well as a tex-
tual annotation (summarizing the image content), a color his-
togram, and a texture descriptor. This initial region can be fur-
ther decomposed into individual regions. For each decomposi-
tion step, we indicate if Gaps and Overlaps are allowed. The
segment tree is composed of eight still regions (note that SR8
is a single segment made of two connected components). For
each region, Fig. 6 shows the type of feature that is instantiated.
Note that it is not necessary to repeat in the tree hierarchy the
creation, usage information, and media information, since the
children segments are assumed to inherit their parent value (un-
less re-instantiated).

The description of the content structure is not constrained to
rely on trees. Although, hierarchical structures such as trees are
adequate for efficient access, retrieval and scalable description,
they imply constraints that may make them inappropriate for

Fig. 7. Example of video segments and regions for the Segment Relationship
Graph of Fig. 8.

certain applications. In such cases, theSegmentRelationDS has
to be used. The graph structure is defined very simply by a set of
nodes, each corresponding to a segment, and a set of edges, each
corresponding to a relationship between two nodes. To illustrate
the use of graphs, consider the example shown in Fig. 7.
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Fig. 8. Example of Segment Relationship Graph.

This example shows an excerpt from a soccer match. Two
video segments, one Still Region and three Moving Regions, are
considered. A possible graph describing the structure of the con-
tent is shown in Fig. 8. The video segmentDribble & Kick in-
volves theball, thegoalkeeper, and theplayer. Theball remains
close totheplayerwho ismoving towardthegoalkeeper. The
player appears on theright of the goalkeeper. Thegoal score
video segment involves the same moving regions plus the still
region calledgoal. In this part of the sequence, theplayer is on
the left of the goalkeeperand theball moves toward thegoal.
This very simple example illustrates the flexibility of this kind
of representation. Note that this description is mainly structural
because the relations specified in the graph edges are purely
physical and the nodes represent segments (still and moving re-
gions in this example). The only explicit semantic information
is available from the textual annotation (where keywords such
as ball, player, or goalkeeper can be specified).

B. Description of the Conceptual Aspects of Content

For some applications, the viewpoint described in the pre-
vious section is not appropriate because it highlights the struc-
tural aspects of the content. For applications where the structure
is of no real use, but where the user is mainly interested in the
semantic of the content, an alternative approach is provided by
theSemanticDS. In this approach, the emphasis is not on seg-

ments but onevents, objects, places, timein narrative worlds,
andabstraction.

The narrative world refers to the context for a semantic de-
scription, that is, it is the “reality” in which the description
makes sense. This notion covers the world depicted in the spe-
cific instances of AV content, as well as more abstract descrip-
tions representing the possible worlds described in the possible
media occurrences. A description may involve multiple narra-
tive worlds depicted in multiple instances of AV content.

As shown in Fig. 9, the SemanticBase DS describes narrative
worlds and semantic entities in a narrative world. In addition,
a number of specialized DSs are derived from the generic Se-
manticBase DS, which describe specific types of semantic en-
tities, such as narrative worlds, objects, agent objects, events,
places, and time, as follows. The Semantic DS describes nar-
rative worlds that are depicted by or related to the AV content.
It may also be used to describe a template for AV content. In
practice, the Semantic DS is intended to encapsulate the descrip-
tion of a narrative world. The Object DS describes a perceivable
or abstract object. A perceivable object is an entity that exists,
i.e., has temporal and spatial extent, in a narrative world (e.g.,
“Tom’s piano”). An abstract object is the result of applying ab-
straction to a perceivable object (e.g., “any piano”). Essentially,
this generates an object template. The AgentObject DS extends
from the Object DS. It describes a person, an organization, a
group of people, or personalized objects (e.g., “a talking cup
in an animated movie”). The Event DS describes a perceivable
or abstract event. A perceivable event is a dynamic relation in-
volving one or more objects occurring in a region in time and
space of a narrative world (e.g., “Tom playing the piano”). An
abstract event is the result of applying abstraction to a perceiv-
able event (e.g., “anyone playing the piano”). Here also, this
generates a template of the event. Finally, SemanticPlace and
SemanticTime DSs describe, respectively, a place and a time in
a narrative world.

As in the case of the Segment DS, the conceptual aspect of
description can be organized in a tree or in a graph. The graph
structure is defined by a set of nodes, representing semantic no-
tions, and a set of edges specifying the relationship between the
nodes. Edges are described by the Semantic Relation DSs.

Beside the semantic description of individual instances in AV
content, MPEG-7 Semantic DSs also allow the description of
abstractions. Abstraction refers to the process of taking a de-
scription from a specific instance of AV content and general-
izing it to a set of multiple instances of AV content or to a set
of specific descriptions. Two types of abstraction, calledmedia
abstractionandstandard abstraction, are considered.

A media abstraction is a description that has been separated
from a specific instance of AV content, and can describe all in-
stances of AV content that are sufficiently similar (similarity de-
pends on the application and on the detail of the description). A
typical example is that of a news event which can be applied to
the description of multiple programs that may have been broad-
casted on different channels.

A standard abstraction is the generalization of a media ab-
straction to describe a general class of semantic entities or de-
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Fig. 9. Tools for the description of conceptual aspects.

Fig. 10. Example of conceptual aspects description.

scriptions. In general, the standard abstraction is obtained by
replacing the specific objects, events or other semantic entities
by classes. For instance, if “Tom playing piano” is replaced by
“a man playing piano,” the description is now a standard ab-
straction. Standard abstractions can also be recursive, that is one
can define abstraction of abstractions. Typically, a standard ab-
straction is intended for reuse, or to be used by reference in a
description.

A simple example of conceptual aspects description is
illustrated in Fig. 10. The narrative world involves Tom Daniels
playing the Piano and his tutor. The event is characterized by
a semantic time description: “7–8 PM on the 14th of October
1998,” and a semantic place: “Carnegie Hall.” The description
involves one event, to play, and four objects: piano, Tom
Daniels, his tutor, and the abstract notion of musicians. The last
three objects belong to the class of Agent.
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V. NAVIGATION AND ACCESS

MPEG-7 facilitates navigation and access of AV content
by describing summaries, views and partitions, and variations.
The SummaryDS describes semantically meaningful sum-
maries and abstracts of AV content in order to enable efficient
browsing and navigation. TheSpace and Frequency ViewDS
describes structural views of the AV signals in the space or fre-
quency domain in order to enable multiresolution access and
progressive retrieval. TheVariation DS describes relationships
between different variations of AV programs in order to enable
adaptive selection under different terminal, delivery, and user
preference conditions. These tools are described in more detail
as follows.

A. Summaries

The SummarizationDS describes different compact sum-
maries of the AV content that facilitate discovery, browsing,
and navigation of the AV content. The summary descriptions
allow the AV content to be navigated in either a hierarchical
or sequential fashion. The hierarchical summary organizes the
content into successive levels of detail. The sequential summary
composes sequences of images, possibly synchronized with
audio, to describe a slide-show or AV skim.

1) Summarization DS: the MPEG-7 summaries enable fast
and effective browsing and navigation by abstracting out
the salient information from the AV content. TheSumma-
rization DS contains links to the AV content, at the level
of segments and frames. Given an MPEG-7 summariza-
tion description, a terminal device, such as a digital tele-
vision set-top box, accesses the AV material composing
the summary and renders the result for subsequent inter-
action with the user. TheSummarizationDS can describe
multiple summaries of the same AV content, such as to
provide different levels of detail or highlight specific fea-
tures, objects, events, or semantics. By including links to
the AV content in the summaries, it is possible to gen-
erate and store multiple summaries without storing mul-
tiple versions of the summary AV content

2) HierarchicalSummary DS: The HierarchicalSummary
DS describes the organization of summaries into multiple
levels in order to describe different levels of temporal
detail. The HierarchicalSummaryDS is constructed
around the generic notion of temporal segments of AV
content, described byHighlightSegmentDSs. EachHigh-
lightSegmentcontains locators to the AV content that
provide access to the associated key-videoclips, key-au-
dioclips, key-frames and key-sounds. Each may also
contain textual annotations that describe the key-themes.
These AV segments are grouped into summaries, or high-
lights, using theHighlightSummaryDS. For example,
in Fig. 11, theHierarchicalSummarycontains two sum-
maries, where the first summary consists of four highlight
segments and the second summary consists of three high-
light segments. The summaries could correspond to two
different themes and could provide alternative views on
the original AV content. TheHighlightSummaryDS is
recursive in nature, enabling summaries to contain other

Fig. 11. Illustration of HierarchicalSummary DS containing two summaries.

summaries. This capability can be used to build a variety
of hierarchical summaries, i.e., to describe content at
different granularities. Additionally, multiple summaries
may be grouped together using theHierarchicalSummary
DS.

Fig. 12 shows an example of a hierarchical summary
of a soccer video. TheHierarchicalSummarydescription
gives three levels of detail. In this example, the video of
the soccer game is summarized into a single frame at the
root. The next level of the hierarchy provides three frames
that summarize different segments of the video. Finally,
the bottom level provides additional frames, depicting in
more detail the scenes depicted in the segments.

3) SequentialSummaryDS: theSequentialSummaryDS de-
scribes a summary consisting of a sequence of images or
video frames, which is possibly synchronized with audio.
TheSequentialSummarymay also contain a sequence of
audio clips. The AV content that makes up theSequential-
Summarymay be stored separately from the original AV
content to allow fast navigation and access. Alternatively,
theSequentialSummarymay link directly to the original
AV content in order to reduce storage.

B. Partitions and Decompositions

The View DSdescribes a structural view, partition, or de-
composition of an audio or visual signal in space, time, and
frequency. In general, the views of the signals correspond to
low-resolution views, or spatial or temporal segments, or fre-
quency subbands. TheSpace and Frequency ViewDS describes
a view in terms of its corresponding partition in the space or
frequency plane. In addition, theDecompositionDS describes a
tree- or graph-based decomposition of an audio or visual signal
or organization of views. In the tree- or graph-based decompo-
sitions, a node corresponds to a view, and a transition corre-
sponds to an analysis and synthesis signal processing depen-
dency among the connected views.

1) View DS: theViewDS describes a space or frequency view
of an audio or visual signal. TheSpaceViewDS describes
a spatial view of an audio or visual signal, for example,
a spatial segment of an image. TheFrequencyViewDS
describes a view of an audio or visual signal within a par-
ticular frequency band, for example, a wavelet subband of
an audio signal. TheSpaceFrequencyViewDS describes
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Fig. 12. Example of a hierarchical summary of a video of a soccer game providing a multiple level key-frame hierarchy. The hierarchical summary denotes the
fidelity (i.e., f ; f ) of each key-frame with respect to the video segment referred to by the key-frames at the next lower level.

a multi-dimensional view of an audio or visual signal
simultaneously in space and frequency, for example, a
wavelet subband of a spatial segment of an image. The
ResolutionViewDS describes a low-resolution view of an
audio or visual signal, such as a thumbnail view of an
image. Conceptually, a resolution view is a special case
of a frequency view that corresponds to a low-frequency
subband of the signal. ASpaceResolutionViewDS de-
scribes a view simultaneously in space and resolution of
an audio or visual signal, for example, a low-resolution
view of a spatial segment of an image.

2) View Decompositions: the ViewDecomposition DS
describes a space and frequency decomposition or or-
ganization of views of an audio or visual signal. The
ViewSetDS describes a set of views, which can have
different properties of completeness and redundancy. For
example, the set of wavelet subbands of an audio signal
forms a complete and nonredundant set of views. The
SpaceTreeDS describes a spatial-tree decomposition of
an audio or visual signal, for example, a spatial quad-tree
image decomposition. TheFrequencyTreeDS describes
a frequency-tree decomposition of an audio or visual
signal, e.g., a wavelet packet-tree image decomposition.
The SpaceFrequencyGraphDS describes a decomposi-
tion of an audio or visual signal simultaneously in space
and frequency in which the views are organized using
a space and frequency graph. TheVideoViewGraphDS
describes a specific type of decomposition of a video
signal in both spatial- and temporal-frequency that
corresponds to a 3-D subband decomposition. Finally,
a MultiResolutionPyramidDS describes a hierarchy of
multi-resolution views of an audio or visual signal, such
as an image pyramid.

Fig. 13 shows an example Space and Frequency Graph
decomposition of an image. The Space and Frequency Graph
structure contains nodes that correspond to the different
space and frequency views of the image. The views corre-
spond to partitions of the 2-D image signal in space (spatial
segments), frequency (wavelet subbands), and space and
frequency (wavelet subbands of spatial segments). The space

Fig. 13. The Space and Frequency Graph describes the decomposition of an
audio or visual signal in space (time) and frequency.

and frequency graph contains also transitions that correspond
to the analysis and synthesis dependencies among the views.
For example, in Fig. 13, each “” transition indicates spatial
decomposition while each “” transition indicates frequency
or subband decomposition.

C. Variations of the Content

TheVariationDS describes variations of the AV content, such
as compressed or low-resolution versions, summaries, different
languages, and different modalities, such as audio, video, image,
text, and so forth. One of the targeted functionalities of theVari-
ationDS is to allow a server or proxy to select the most suitable
variation of the AV content for delivery according to the capa-
bilities of terminal devices, network conditions, or user pref-
erences. TheVariationsDS describes the different alternative
variations. The variations may refer to newly authored AV con-
tent, or correspond to AV content derived from another source.
A variation fidelity value gives the quality of the variation com-
pared to the original. The variation type attribute indicates the
type of variation, such as summary, abstract, extract, modality
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Fig. 14. Illustration of variations of a source AV program.

translation, language translation, color reduction, spatial reduc-
tion, rate reduction, compression, and so forth.

Fig. 14 illustrates a set of variations of an AV program. The
example shows the source video program in the lower left corner
(A) and eight variation programs. The variations have different
modalities: two variations are video programs (E, H), three are
images (B, F, I), two are text (C, G), and one is audio (D). Each
of the variation programs has a specified fidelity value that in-
dicates the fidelity of the variation program with respect to the
source program.

VI. CONTENT ORGANIZATION

The CollectionDS describes collections of AV content, de-
scriptor instances, concepts, or mixed content. The collections
can be used for tasks such as describing an album of songs, a
group of objects, or a cluster of color feature descriptors. The
ModelDS describes parameterized models of AV content or a
collection. The models can be expressed in terms of statistics or
probabilities associated with the attributes of collections of AV
content, or can be expressed through examples or exemplars of
the AV content classes.

A. Collections

TheCollectionDS describes a collection related to AV con-
tent. TheCollectionDS includes tools for describing collections
of AV material, collections of AV content descriptions, collec-
tions of semantic concepts, mixed collections of content, de-
scriptions, and concepts, and collection structures in terms of the
relationships among collections. Fig. 15 shows one organiza-
tion of collections within a collection structure. In this example,
each collection consists of a set of images with common proper-
ties, for example, each depicting similar events in a soccer game.
Within each collection, the relationships among the images can
be described, such as the degree of similarity of the images in
the cluster. Across the collections, additional relationships can
be described, such as the degree of similarity of the collections.

B. Models

The Model DS describes parameterized models of AV
content, descriptors, or collections. TheProbabilityModel

Fig. 15. The Collection Structure DS describes collections of AV content and
the relationships (i.e.,R ;R ;R ) within and across the collections.

DS describes different statistical functions and probabilistic
structures, which can be used to describe samples of AV content
and classes of Descriptors using statistical approximation. The
AnalyticModelDS describes a collection of examples of AV
content or clusters of Descriptors that are used to provide a
model for a particular semantic class. For example, a collection
of art images labeled with tag indicating that the paintings are
examples of the Impressionist period forms an analytic model.
TheAnalyticModelDS also optionally describes the confidence
in which the semantic labels are assigned. TheClassifier DS
describes different types of classifiers that are used to assign
the semantic labels to AV content or collections.

VII. U SERINTERACTION

TheUserInteractionDS describes preferences of users per-
taining to the consumption of the AV content, as well as usage
history. The MPEG-7 AV content descriptions can be matched
to the preference descriptions in order to select and personalize
AV content for more efficient and effective access, presenta-
tion and consumption. TheUserPreferenceDS describes pref-
erences for different types of content and modes of browsing,
including context dependency in terms of time and place. The
UserPreferenceDS describes also the weighting of the relative
importance of different preferences, the privacy characteristics
of the preferences and whether preferences are subject to update,
such as by an agent that automatically learns through interaction
with the user. TheUsageHistoryDS describes the history of ac-
tions carried out by a user of a multimedia system. The usage
history descriptions can be exchanged between consumers, their
agents, content providers, and devices, and may in turn be used
to determine the user’s preferences with regard to AV content.
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VIII. C ONCLUSION

In this paper, we presented an overview of the MDSs being
developed by MPEG as part of the MPEG-7 standard. The
MDSs are metadata structures for describing and annotating
AV content and provide a way to describe in XML the im-
portant concepts related to AV content. The objective is to
allow interoperable searching, indexing, filtering and access
by enabling interoperability among devices that deal with AV
content description.

We presented the organization of the MPEG-7 MDSs into
different areas of basic elements, schema tools, content descrip-
tion, content management, content organization, navigation
and access, and user interaction. In the process of developing
the MPEG-7 MDSs, efforts have been made to harmonize with
other multimedia metadata standards and existing practices.
Beyond the standardized set of MPEG-7 MDSs, the MPEG-7
DDL also allows the extension of the MPEG-7 standard to
accommodate specific AV content domains and applications.
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