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Introduction

The MPEG-7 standard also known as "Multimedia Content Description Interface" aims at providing standardized core technologies allowing description of multimedia content in multimedia environments. This is a challenging task given by a broad spectrum of requirements and targeted multimedia applications, and a broad number of audio-visual features of importance in such context. In order to achieve this broad goal, MPEG-7 standardizes:

· Datatypes that are description elements not specific to the multimedia domain that corresponds to reusable basic types or structures employed by multiple Descriptors and Description Schemes. 

· Descriptors (D) to represent Features. Descriptors define the syntax and the semantics of each feature representation. A Feature is a distinctive characteristic of the data, which signifies something to somebody. It is possible to have several descriptors representing a single feature, i.e. to address different relevant requirements. A Descriptor does not participate in many-to-one relationships with other description elements.

· Description Schemes (DS) to specify the structure and semantics of the relationships between their components, which may be both Ds and DSs. A Description Scheme shall have descriptive information and may participate in many-to-one relationships with other description elements.

· A Description Definition Language (DDL) to allow the creation of new DSs and, possibly, Ds and to allows the extension and modification of existing DSs.

· Systems tools to support multiplexing of descriptions or description and content, synchronization issues, transmission mechanisms, file format, etc.

The standard is subdivided into seven parts: 

1. Systems: Architecture of the standard, tools that are needed to prepare MPEG-7 Descriptions for efficient transport and storage, and to allow synchronization between content and descriptions. Also tools related to managing and protecting intellectual property. 

2. Description Definition Language: Language for specifying DSs and Ds and for defining new DSs and Ds.

3. Visual: Visual description tools (Ds and DSs).

4. Audio: Audio description tools (Ds and DSs).

5. Multimedia Description Schemes: Description tools (Ds and DSs) that are generic, i.e. neither purely visual nor purely audio. 

6. Reference Software: Software implementation of relevant parts of the MPEG-7 Standard.

7. Conformance: Guidelines and procedures for testing conformance of MPEG-7 implementations.

This document contains the elements of the Multimedia Description Schemes (MDS) part of the standard that are currently under consideration (part 5). This document defines the MDS eXperimentation Model (XM). It addresses both normative and non-normative aspects. Once an element is included in the MDS Final Committee Draft, its normative elements and some non-normative examples are moved from the MDS XM document to the MDS FCD document and only the non-normative elements associated with the D or DS remain in this document. 

· MDS XM document Version 7.0

[N3964]
(Singapore, March, 2001) 
(this document)

· MDS FCD document:



[N3966]
(Singapore, March, 2001)

The syntax of the descriptors and DSs is defined using the DDL FCD:

· DDL FCD document:



[N4002]
(Singapore, March, 2001)

1 Scope
1.1 Organization of the document

This document describes the MDS description tools under consideration in part 5 of the MPEG-7 standard (15938-5). In the sequel, each description tool is described by the following subclauses:

· Syntax: Normative DDL specification of the Ds or DSs. 

· Binary Syntax: Normative binary representation of the Ds or DSs in case a specific binary representation has been designed. If no specific binary representation has been designed, the generic algorithm defined in the first part of the standard (ISO/IEC 15938-1) is assumed to be used.

· Semantic: Normative definition of the semantics of all the components of the corresponding D or DS.

· Informative examples: Optionally, an informative subclause giving examples of description. 

1.2 Overview of Multimedia Description Schemes 

The description tools, Ds and DSs, described in this document are mainly structured on the basis of the functionality they provide. An overview of the structure is described in Figure 1. 
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Figure 1: Overview of the MDSs 

At the lower level of Figure 1, basic elements can be found. They deal with schema tools (root element, top-level element and packages), basic datatypes, mathematical structures, linking and media localization tools as well as basic DSs, which are found as elementary components of more complex DSs. These description tools are defined in clauses 4 (Schema Tools), 5 (Basic datatypes), 6 (Link to the media and Localization), and 11 (Basic elements).

Based on this lower level, content description & management elements can be defined. These description tools describe the content of a single multimedia document from several viewpoints. Currently five viewpoints are defined: Creation & Production, Media, Usage, Structural aspects and Semantic aspects. The first three description tools address primarily information related to the management of the content (content management) whereas the two last ones are mainly devoted to the description of perceivable information (content description). The following table defines more precisely the functionality of each set of description tools:

	Set of description tools
	Functionality

	Media (Clause 8)
	Description of the storage media: typical features include the storage format, the encoding of the multimedia content, the identification of the media. Note that several instances of storage media for the same multimedia content can be described.

	Creation & Production (Clause 9)
	Meta information describing the creation and production of the content: typical features include title, creator, classification, purpose of the creation, etc. This information is most of the time author generated since it cannot be extracted from the content.

	Usage (Clause 10)
	Meta information related to the usage of the content: typical features involve rights holders, access right, publication, and financial information. This information may very likely be subject to change during the lifetime of the multimedia content. 

	Structural aspects (Clause 11)
	Description of the multimedia content from the viewpoint of its structure: the description is structured around segments that represent physical spatial, temporal or spatio-temporal components of the multimedia content. Each segment may be described by signal-based features (color, texture, shape, motion, and audio features) and some elementary semantic information.

	Semantic aspects (Clause 12)
	Description of the multimedia content from the viewpoint of its semantic and conceptual notions. It relies on the notions of objects, events, abstract notions and their relationship. 


Table 1: List of Tools for Content Description and Management

These five sets of description tools are presented here as separate entities. As will be seen in the sequel, they are interrelated and may be partially included in each other. For example, Media, Usage or Creation & Production elements can be attached to individual segments involved in the structural description of the content. Depending on the application, some areas of the content description will have to be emphasized and other may be minimized or discarded.

Beside the direct description of the content provided by the five sets of description tools described in the previous table, tools are also defined for navigation and access (clause 13).  Browsing is supported by the summary description tools and information about possible variations of the content is also given. Variations of the multimedia content can replace the original, if necessary, to adapt different multimedia presentations to the capabilities of the client terminals, network conditions or user preferences. 

Another set of tools (Content organization, clause 14) addresses the organization of the content by classification, by the definition of collections of multimedia documents and by modeling. Finally, the last set of tools specified in User Interaction (clause15) describes user's preferences pertaining to consumption of multimedia material. 

2 Normative references

The following ITU-T Recommendations and International Standards contain provisions, which, through reference in this text, constitute provisions of ISO/IEC 15938. At the time of publication, the editions indicated were valid. All Recommendations and Standards are subject to revision, and parties to agreements based on ISO/IEC 15938 are encouraged to investigate the possibility of applying the most recent editions of the standards indicated below. Members of ISO and IEC maintain registers of currently valid International Standards. The Telecommunication Standardization Bureau maintains a list of currently valid ITU-T Recommendations.

· ISO 8601: Data elements and interchange formats -- Information interchange -- Representation of dates and times.

· ISO 639: Code for the representation of names of languages.

· ISO 3166-1: Codes for the representation of names of countries and their subdivisions -- Part 1: Country codes

· ISO 3166-2: Codes for the representation of names of countries and their subdivisions -- Part 2: Country subdivision code.

Note (informative): The current list of valid ISO3166-1 country and ISO3166-2 region codes is maintained by the official maintenance authority  Deutsches Institut für Normung. Information on the current list of valid region and country codes can be found at http://www.din.de/gremien/nas/nabd/iso3166ma/index.html.
· ISO 4217: Codes for the representation of currencies and funds.

Note (informative): The current list of valid ISO4217 currency code is maintained by the official maintenance authority British Standards Institution (http://www.bsi-global.com/iso4217currency).

· XML: Extensible Markup Language, W3C Recommendation 6 October 2000, http://www.w3.org/TR/2000/REC-xml-20001006
· XML Schema: W3C Candidate Recommendation 24 October 2000, 

· Primer:

http://www.w3.org/TR/2000/CR-xmlschema-0-20001024/
· Structures:
http://www.w3.org/TR/2000/CR-xmlschema-1-20001024/ 

· Datatypes:
http://www.w3.org/TR/2000/CR-xmlschema-2-20001024/
· xPath: XML Path Language, W3C Recommendation 16 November 1999, http://www.w3.org/TR/1999/REC-xpath-19991116
· RFC2045 Multipurpose Internet Mail Extensions (MIME) Part One: Format of Internet Message Bodies.

· RFC 2046 Multipurpose Internet Mail Extensions (MIME) Part Two: Media Types.

· RFC 2048 Multipurpose Internet Mail Extensions (MIME) Part Four: Registration Procedures.

· MIMETYPES. The current list of registered mimetypes, as defined in RFC2046, RFC2048, is maintained by IANA (Internet Assigned Numbers Authority). It is available from ftp://ftp.isi.edu/in-notes/iana/assignments/media-types/media-types/
· CHARSETS. The current list of registered character set codes, as defined in RFC2045 and RFC2048 is maintained by IANA (Internet Assigned Numbers Authority). It is available from ftp://ftp.isi.edu/in-notes/iana/assignments/character-sets.

3 Terms, definitions, symbols, abbreviated terms

3.1 Conventions

3.1.1 Datatypes, Descriptors and Description Schemes

This part of ISO/IEC 15938 specifies datatypes, Descriptors and Description Schemes. 

· Datatype - a description elements that is not specific to the multimedia domain and that corresponds to a reusable basic type or structure employed by multiple Descriptors and Description Schemes. 

· Descriptor (D) - a description element that represents an multimedia feature, or an attribute or group of attributes of a multimedia entity. A Descriptor does not participate in many-to-one relationships with other description elements

· Description Scheme (DS) - a description element that represents entities or relationships in the multimedia domain. A Description Scheme has descriptive information and may participate in many-to-one relationships with other description elements.

3.1.2 Naming convention

In order to specify datatypes, Descriptors and Description Schemes, this part of ISO/IEC 15938 uses constructs provided by the language specified in ISO/IEC 15938-2, such as "element", "attribute", "simpleType" and "complexType". The names associated to these constructs are created on the basis of the following conventions:

· If the name is composed of various word, the first letter of each word is capitalized. The rule for the capitalization of the first word depends on the type of construct and is described below.

· Element naming: the first letter of the first word is capitalized (e.g. TimePoint element of TimeType).

· Attribute naming: the first letter of the first word is not capitalized (e.g. timeUnit attribute of IncrDurationType).

· complexType naming: the first letter of the first word is capitalized, the suffix "Type" is used at the end of the name (e.g. PersonType).

· simpleType naming: the first letter of the first word is not capitalized, the suffix "Type" may be used at the end of the name (e.g. timePointType).

Note that the "Type" suffix is not used when referencing a complexType or simpleType in the definition of a datatype, Descriptor or Description Scheme. For instance, the text refers to the "Time datatype" (instead of "TimeType datatype"), to the "MediaLocator D" (instead of "MediaLocatorType D") and to the "Person DS" (instead of PersonType DS).

3.1.3 Documentation convention

The syntax of each datatype, Descriptor and Description Scheme is specified using the constructs provided by ISO/IEC 15938-2, and is shown in this document using a specific font and background: 

<complexType name="ExampleType">


<sequence>



<element name="Element1" type="string"/>


</sequence>


<attribute name="attribute1" type="string" use="default" value="attrvalue1"/>

</complexType>

The semantics of each datatype, Descriptor and Description Scheme is specified using a table format, where each row contains the name and a definition of a type, element or attribute:

	Name
	Definition

	ExampleType
	Specifies an ...

	element1
	Describes the …

	attribute1
	Describes the …


Non-normative examples are included in separate subclauses, and are shown in this document using a separate font and background:

<Example attribute1="example attribute value">


<Element1>example element content</Element1>

</Example>

Moreover, the schema defined in this document follows a type-centric approach. As a result, almost no elements (in the XML schema sense) are defined. Most of the description tools are specified only by defining a complexType or a simpleType. In order to create a description, it has to be assumed that an element of a given type (complexType or simpleType) has been declared somewhere in the schema, for example as a member of another complexType or simpleType. 

The examples in the informative subclauses assume that the following declaration has been made:

<element name="Example" type="mpeg7:ExampleType">

Therefore, the example shown above is a valid description.

3.2 Wrapper of the schema

The Syntax defined in this document assumes the following Schema Wrapper. 

<schema xmlns="http://www.w3.org/2000/10/XMLSchema"

xmlns:mpeg7="http://www.mpeg7.org/2001/MPEG-7_Schema"

targetNamespace="http://www.mpeg7.org/2001/MPEG-7_Schema"

  
elementFormDefault="qualified"

  
attributeFormDefault="unqualified">

<!--    MDS FCD (doc N3966) -->   

3.3 Abbreviations

For the purposes of this International Standard, the terms and definitions given in the following apply:

APS:

Advanced Photo System

AV:


Audio-visual

CIF: 

Common Intermediate Format

CS:


Classification Scheme

D:


Descriptor

Ds:


Descriptors

DCT: 

Discrete Cosine Transform

DDL: 

Description Definition Language

DS: 


Description Scheme

DSs:

Description Schemes

IANA: 

Internet Assigned Numbers Authority

IPMP:

Intellectual Property Management Protocol 

JPEG: 

Joint Photographic Experts Group

MDS: 

Multimedia Description Scheme

MPEG: 

Moving Picture Experts Group

MPEG-7:
ISO/IEC 15938

MP3: 

MPEG1/2 layer 3 (audio coding)

QCIF: 

Quarter Common Intermediate Format

SMPTE: 
Society of Motion Picture and Television Engineers

TZ:


Time Zone

TZD: 

Time Zone Difference

URI: 

Uniform Resource Identifier (IETF Standard is RFC 2396)

URL: 

Uniform Resource Locator (IETF Standard is RFC 2396)

XM:


eXperimentation Model

XML: 

Extensible Markup Language

3.4 Basic terminology

Audio-visual: 
Refers to content consisting of both audio and video.

Feature: 
Property of multimedia content that signifies something to a human observer, such as "color" or “texture”.

Multimedia:
Refers to content comprising one or modalities or content types, such as images, audio, video, 3D models, electronic ink, and so forth.

4 Schema tools

This clause specifies the organization of the base type hierarchy of Descriptors and Description Schemes, and specifies the MPEG-7 root and top-level elements that shall be used for forming descriptions that are valid according to ISO/IEC 15938-5. Two types of schema valid descriptions are distinguished: complete, stand-alone description documents, and instances that carry partial or incremental information for an application, which are called description units. This clause also specifies the different task-oriented top-level types, which are used in conjunction with the MPEG-7 root element to form different types of complete descriptions. The clause also specifies different multimedia content entity description tools that shall be used in conjunction with the specific top-level type for content description to form complete descriptions of different types of multimedia content, such as images, video, audio, mixed multimedia, collections, and so forth. Finally, this clause specifies a Package tool that shall be used to describe an organization or packaging of the Descriptors and Description Schemes for an application as well as a Description Metadata tool that shall be used to describe metadata about the description itself.
The tools specified in this clause include:

	Tool
	Functionality

	Base Types
	Forms the base type hierarchy for description tools – Descriptors, Description Schemes, and Header.

	Root Element
	Describes the initial wrapper or root element of schema valid instance documents and description units. 

	Top-level Types
	Form the content models of top-level elements that follow the root element for descriptions.

	Multimedia Content Entities
	Describes different types of multimedia content such as images, video, audio, mixed multimedia, collections, and so forth.

	
	

	Packages
	Describes an organization or packaging of the Descriptors and Description Schemes for an application.

	Description Metadata
	Describes metadata about descriptions.


Table 2: List of Schema Tools

4.1 Base types

4.1.1 Mpeg7RootType

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
4.2 Root element

4.2.1 Mpeg7  Root Element

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
4.3  Top-level types

4.3.1 BasicDescription

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
4.3.2 ContentDescription

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
4.3.3 ContentManagement 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
4.4 Multimedia content entities

4.4.1 MultimediaContent DS

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
4.5 Packages

4.5.1 Package DS

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
4.6 Description Metadata

4.6.1 DescriptionMetadata DS

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
5 Basic datatypes

This clause specifies a set of basic datatypes that are used to build the ISO/IEC 15938 description tools. While XML Schema already includes a large library of built-in datatypes, the description of multimedia content requires some additional datatypes, which are defined in this clause:

	Tool
	Functionality

	Integer & Real datatypes
	Tools for representing constrained integer and real values. A set of unsigned integer datatypes "unsignedXX" (where XX is the number of bit in the representation) is defined for represent values from 1 to 32 bits in length. In addition, several different constrained ranges for real datatypes are specified: minusOneToOne, zeroToOne, and so on.

	Vector and Matrix datatypes
	Tools for representing arbitrary sized vectors and matrices of integer or real values. For vectors, the IntegerVector, FloatVector, and DoubleVector datatypes represent vectors of integer, float, and double values respectively. For matrices, the IntegerMatrix, FloatMatrix, and DoubleMatrix datatypes represent matrices of integer, float, and double values respectively.

	Probability Vectors & Matrix datatypes
	Tools for representing probability distributions using vectors (ProbabilityVector) and matrices (ProbabilityMatrix). 

	String Datatypes
	These types define codes for identifying content type (mimeType), countries (countryCode), regions (regionCode), currencies (currencyCode), and character sets (characterSetCode). 


Table 3: List of Basic Datatype

5.1 Integer datatypes

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
5.2 Real datatypes

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
5.3 Vectors and matrices

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
5.4 Probability datatypes 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
5.5 String datatypes 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
6 Link to the media and localization

This clause specifies a set of basic datatypes that are used for referencing within descriptions and linking of descriptions to multimedia content. While XML Schema already includes a large library of built-in datatypes, the linking to multimedia data requires some additional datatypes, which are defined in this clause:

	Tool
	Functionality

	Reference datatype
	Tool for representing references to parts of a description. The ReferenceType is defined as a referencing mechanism based on uriReference, IDREF or xPathType datatypes. 

	Unique Identifier datatypes
	Tool for representing unique identifiers of content.

	Time datatypes
	Tools for representing time specifications. Two formats are distinguished: the TimeType for time and date specifications according to the real world time and MediaTimeType for time and date specifications as they are used within media.

	Media Localization Descriptors
	Tools for representing links to multimedia data. 


Table 4: List of Linking Tools

6.1 References to Ds and DSs

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
6.2 Unique Identifier

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
6.3 Time description tools

6.4 Media Locators

6.4.1 MediaLocator Datatype 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction). 
6.4.2 InlineMedia Datatype 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
6.4.3 TemporalSegmentLocator Datatype 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
6.4.4 ImageLocator Datatype 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
6.4.5 AudioVisualSegmentLocator Datatype 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
7 Basic Tools

This clause defines the basic tools. These tools are used to build other description tools, both in this part of the standard and in other parts. The tools defined in this clause are as follows. 

	Tool
	Functionality

	Language Identification
	Tools for identifying the language of a textual description or of the multimedia content itself. This standard uses the XML defined xml:lang attribute to identify the language used to write a textual description. 

	Text Annotation
	Tools for representing unstructured and structured textual annotations. Unstructured annotations (i.e. with free text) are represented using the FreeTextAnnotation datatype. Annotations that are structured in terms of answering the questions "Who? What? Where? How? Why?" are represented using the StructuredAnnotation datatype. Annotations structured as a set of keywords are representation using the KeywordAnnotation datatype. Finally, annotations structured by syntactic dependency relations—for example, the relation between a verb phrase and the subject—are represented using the DependencyStructure datatype.

	Classification Schemes and Terms 
	Tools for classifying using language-independent terms and for specifying classification schemes, which define a set of controlled terms and organize terms with a set of relations based on the meaning of the terms. 

The ClassificationScheme DS describes a scheme for classifying a subject area with a set of terms organized into a hierarchy. A term in a classification scheme is referenced in a description with the TermUse or ControlledTermUse datatypes.

Graphical classical schemes are schemes for classifying where the terms are graphs. Such schemes can be used as structural templates, validation of graph-based descriptions, or for graph productions.  

	Agents
	Tools for describing things that act as "agents", including persons, groups of persons, and organizations. The Person DS represents a person, the PersonGroup DS a group of persons, and the Organization DS an organization of people. 

	Places
	Tools for describing geographical locations. The Place DS is used to describe real and fictional places. 

	Graphs
	Tools for representing relations and graph structures. The Relation DS is a tool for representing named relations between description tools. The Graph DS organizes relations amongst a set of description tools into a graph structure. 

	Ordering
	The OrderingKey DS describes criteria for ordering descriptions.

	Affective Description
	The Affective DS describes an audience's affective response to multimedia content.

	Phonetic Description
	The PhoneticTranscriptionLexicon DS describes the pronunciations of a set of words.


Table 5: List of Basic Tools

7.1 Language Identification

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
7.2 Textual Annotation

7.2.1 Textual Datatype

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
7.2.2 TextAnnotation Datatype

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
7.2.3 FreeTextAnnotation Datatype

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
7.2.4 StructuredAnnotation Datatype

Editor’s Note: The version of the StructuredAnnotation defined here is an enriched version of the StructureAnnotation D in the MDS CD. In particular, it adds the ability to indicate the relations amongst the various W-elements. 

The StructuredAnnotation datatype is a structured textual description of events, living beings (people and animals), objects, places, actions, purposes, times, attributes, manners, and the syntactic relations among these.

Ambiguity of the natural language representation is one of the inherent drawbacks of free text annotation. However, the StructuredAnnotation DS provides a structured format that, when used in conjunction with classification schemes, provides a simple but expressive and powerful annotation tool. Nonetheless, free text can always be used in any of the fields. Syntactic relations such as subject, direct object, indirect object, and verb modifiers can be described between actions, and objects, people and so on. Modifiers for living beings (people and animals) and objects can be places, actions, and times.

7.2.4.1 StructuredAnnotation Datatype Syntax

<!-- #####################################################      -->

<!-- Definition of StructuredAnnotation D                       -->

<!-- #####################################################      -->

<complexType name="StructuredAnnotationType">


<sequence>



<element name="Who" type="mpeg7:ModifiedTermType" 




minOccurs="0" maxOccurs="unbounded"/>



<element name="WhatObject" type="mpeg7:ModifiedTermType" 




minOccurs="0" maxOccurs="unbounded"/>



<element name="WhatAction" type="mpeg7:ModifiedTermType" 




minOccurs="0" maxOccurs="unbounded">




<complexType>





<complexContent>






<extension base="mpeg7:ModifiedTermType">







<attribute name="subject" type="NCName" 








use="optional"/>







<attribute name="directObject" type="NCName"








use="optional"/>







<attribute name="indirectObject" 








type="NCName" use="optional"/>






</extension>





</complexContent>




</complexType>



</element>



<element name="Where" type="mpeg7:ModifiedTermType" 




 minOccurs="0" maxOccurs="unbounded"/>



<element name="When" type="mpeg7:ModifiedTermType"




 minOccurs="0" maxOccurs="unbounded"/>



<element name="Why" type="mpeg7:ModifiedTermType" 




 minOccurs="0" maxOccurs="unbounded"/>



<element name="How" type="mpeg7:ModifiedTermType" 




 minOccurs="0" maxOccurs="unbounded"/>


</sequence>


<attribute ref="xml:lang"/>

</complexType>

<complexType name="ModifiedTermType">


<complexContent>



<extension base="mpeg7:TermUseType">




<sequence>





<element name="Modifier" type="string"






minOccurs="1" maxOccurs="unbounded"/>




</sequence>




<attribute name="localId" type="NCName" use="optional"/>



</extension>


</complexContent>

</complexType>

Editor's Note: When an element (named "xxxx" below) uses the StructuredAnnotation datatype as follows:

<element name="xxxx" type="StucturedAnnotationType">

The  following key declarations must be included in the element declaration:



<key name="TextualAnnotationKey">




<selector xpath="*"/>




<field xpath="@localId"/>



</key>



<keyref name="ModifierKeyRef" refer="mpeg7:TextualAnnotationKey">




<selector xpath="*"/>




<field xpath="@modifier"/>



</keyref>



<keyref name="SubjectKeyRef" refer="mpeg7:TextualAnnotationKey">




<selector xpath="*"/>




<field xpath="@subject"/>



</keyref>



<keyref name="DirectObjectKeyRef" refer="mpeg7:TextualAnnotationKey">




<selector xpath="*"/>




<field xpath="@directObject"/>



</keyref>



<keyref name="IndirectObjectKeyRef" refer="mpeg7:TextualAnnotationKey">




<selector xpath="*"/>




<field xpath="@indirectObject"/>



</keyref>

7.2.4.2 StructuredAnnotation Datatype Semantics

Semantics for the StructuredAnnotationType:

	Name
	Definition

	StructuredAnnotationType
	Textual free annotation and description of people, animals, objects, actions, places, time, purpose, manners, and/or syntactic relations among these.

	Who
	Describes animate beings (people and animals) or legal persons (organizations and companies) using either text or a term from a classification scheme. Animate beings (e.g.. "man") may have modifiers or attributes (e.g.., "tall") that can be specified by referencing the corresponding modifier attribute.

	WhatObject
	Describes inanimate objects using either free text or a term from a classification scheme. Inanimate objects (e.g.. "book") may have manner modifiers and attributes (e.g.., "blue") that can be specified by referencing the corresponding textual description of manner using the modifier attribute.

	WhatAction
	Describes actions using either free text or a term from a classification scheme. In the action "Jack gave Mary the book", the subject (e.g.. "Jack"), the direct object (e.g.., "book"), and the indirect object (e.g.., "Mary") of actions (e.g.., "give") can be specified by referencing the corresponding Who and WhatObject descriptions of using the subject, direct object, and indirect object attributes, respectively. Place, time, purpose, and manner modifiers of actions can be represented by referencing the corresponding part of the StruturedAnnotation datatype using the modifier attribute.

	Where
	Describes a place using either free text or a term from a classification scheme. Places (e.g.. "on Mountain") may have manner modifiers (e.g.., "wide") that can be specified by referencing the corresponding textual description of manner using the modifier attribute.

	When
	Describes a time using either free text or a term from a classification scheme. Times (e.g.. "morning") may have manner modifiers (e.g.., "early") that can be represented by referencing the corresponding textual description of manner using the modifier attribute.

	Why
	Describes a purpose or reason using either free text or a term from a classification scheme. Purposes (e.g.. "prize") may have manner modifiers (e.g.., "big") that can be represented by referencing the corresponding textual description of manner using the modifier attribute.

	How
	Describes a manner using either free text or a term from a classification scheme. Manners (e.g.. "fast") may themselves have manner modifiers (e.g.., "extremely") that can be represented by referencing the corresponding textual description of manner using the modifier attribute.


Semantics for the ModifiedTermType:

	Name
	Definition

	ModifiedTermType
	Term with identifier and modifiers

	Modifier
	References another term within an instance of the StructuredAnnotation datatype that are modifiers of this term.

	localId
	Uniquely identifies this element within the structured annotation.


7.2.5 TextualAnnotation Datatype Examples (informative)

The following example shows an annotation of a video sequence depicting the event "Tanaka throws a small ball to Yamada and Yamada catches the ball with his left hand," 

<TextAnnotation id="Ann1">


<FreeTextAnnotation xml:lang="en">



Tanaka throws a small ball to Yamada.



Yamada catches the ball with his left hand.


</FreeTextAnnotation>


<StructuredAnnotation>



<Who>




<ControlledTerm 





href="urn: JapanesePersonDic:TANAKA100"> 





<Name xml:lang="en">Tanaka</Name>




</ControlledTerm>



</Who>



<Who>




<Name xml:lang="en">Yamada</Name>



</Who>




<WhatObject>




<Name xml:lang="en">



 

A small ball 




</Name>



</WhatObject>



<WhatAction>




<Name xml:lang="en">





 Tanaka throws a small ball to Yamada. 




</Name>



</WhatAction>



<WhatAction>




<Name xml:lang="en"> 





Yamada catches the ball with his left hand.




</Name>



</WhatAction>


</StructuredAnnotation>

</TextAnnotation>

In this example the event is described by two different kind of annotation:

Free Text. This is an English description of what is happening in the scene. 

Structured Annotation. The person throwing the ball, "Yamada" , is identified as the "Who" and the ball he is throwing as the "WhatObject" in the annotation. Notice also that Yamada is identified using a controlled term from the "JapanesePersonDic" classification scheme.
The following examples demonstrate the specification of syntactic relations among textual descriptions in a structured annotation.

The following example shows how the phrase "puts on the mill" can be described using the StructuredAnnoation datatype:

<!--  Description of "Puts on the mill"  -->

<StructuredAnnotation id="S003">


<WhatAction modifier="where1"> <Name> 



puts


</Name></WhatAction>


<Where localId="where1"> <Name> 



on the mill 


</Name></Where>

</StructuredAnnotation>

Notice that in this example the modifier for action "put" is linked to its modifying manner "on the mill" using the modifier. 

Editor’s Note: The next example and those that follows are a bit specific to rugby – most don’t make sense to those not familiar with the game and its commentary style. 

In the next example, "Madigan sleeps with the window open" is represented as follows:

<StructuredAnnotation id="S050">


<Who localId="who1"> <Name>



Madigan


</Name></Who>


<WhatAction subject="who1"> <Name>



sleeps


</Name> <Modifier>how1</Modifier> </WhatAction>


<How localId="how1"> <Name>



with the window open


</Name></How>

</StructuredAnnotation>

<!--  Description of "Mark disputed"  -->

<StructuredAnnotation id="S055">


<WhatAction> <Name> 



Mark


</Name> <Modifier>how1</Modifier>  </WhatAction>


<How localId="how1"> <Name>



disputed


</Name></How>

</StructuredAnnotation>

<!--  Description of "Madigan kicks to the ball"  -->

<StructuredAnnotation id="S030">


<Who localId="who1"> <Name>



Madigan


</Name></who>


<WhatObject localId="what1"> <Name> 



the ball


</Name></WhatObject>


<WhatAction subject="who1" directObject="what1"> <Name>



Kicks


</Name></WhatAction>

</StructuredAnnotation>

A description of "Tall Madigan kicks the ball to Collins out wide. Madigan runs":

<!--  Description of -->

<StructuredAnnotation id="S029">


<Who localId="who1"> <Name>



Madigan


</Name> <Modifier> how1 </Modifier> </Who>


<Who localId="who2"> <Name> 



Collins


</Name></Who>


<WhatObject localId="what1"> <Name> 



the ball


</Name></WhatObject>


<WhatAction subject="who1" indirectObject="who2" 





directObject="what1"> <Name>



Kicks


</Name> <Modifier> how2 </Modifier> </WhatAction>


<WhatAction subject="who"> <Name>



Runs


</Name></WhatAction>


<How localId="how1"> <Name>



tall


</Name></How>


<How localId="how2"> <Name>



out wide


</Name></How>

</StructuredAnnotation>

7.2.6 DependencyStructure D

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
7.2.6.1 Dependency Structure D Extraction (informative)

Using a natural language parser (NL parser), it is possible to generate the dependency structure for manually generated free text annotations. For example, one can automatically extract the following information:

Dependency structures

Syntactic role of phrases in the annotation-sentences (relationship with governor is represented by the particle attribute and the operator attribute). 

In general, natural language syntactic analysis involves some ambiguity, i.e., a unique solution cannot always be given. The constrained annotations generated by professionals have a relatively simple structure and high accuracy can generally be obtained. On the other hand, amateur annotations, which tend to include many modifiers that make sentences long, results in relatively low analysis accuracy.

Human correction for erroneous results of the syntactic analysis is usually needed. Most of the errors come from the syntactic ambiguity about which phrase modifies which term. Correcting this type of error needs semantic analysis of the sentences. But the error can be fixed by simply changing a governor term (i.e., head) of a modifier phrase (i.e., dependent), which is not very complicated for humans. The syntactic analysis by the NL parser is helpful for instantiation of the Dependency Structure not only from the professional style annotations but also from the amateur style ones that include syntactic ambiguity.

One can retrieve audio or video segments using natural language as an interface by describing video segment with the DependencyStructure datatype. To do this a video segment index is prepared according to the following procedure.

For each segment, the syntactic tree representing an instance of the Dependency Structure is converted to a tree structure for index use. In the tree structure, a noun that is a head of a "sentence" or a head of a phrase that depends on a predicate of a "sentence" as a subject is taken to be the root node. If no such term exists, a dummy node is added. 
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All tree structures for the segment index included in the database are merged to form a database index tree. 
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Each node in the index tree stores a pointer to the segment in question. Therefore, to perform a search using this index tree, a natural language search query is first converted to a tree structure. This tree is then matched with the index trees to find the desired segment. 

Matching may be achieved by partial tree matching and, in the case of inter-node matching, similarity-based retrieval can be performed by using a thesaurus or the like. The reason for configuring an index tree centered about the subject/theme is that candidate can be narrowed down from the start through the use of subjects/themes, which provide the most information in keyword-centered annotations. 

An example system is configured as follows.
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Traditionally, keywords are used when retrieving based on language. However, using the Dependency Structure has the following advantages.

It supports retrieval that specify inter-element relationships such as "A gives B to C" which cannot be expressed solely by Boolean operators (AND/OR) as employed in ordinary keyword retrieval.

It supports flexible retrieval by allowing the use of "wild cards" such as in the expression "C eats something." 

It requires no special query language (retrieval can be performed with natural language sentences).
7.3 Classification Schemes and Controlled Terms

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
7.4 Description of Agents

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
7.5 Description of Places

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
7.6 Graphs

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).

7.7 Ordering Tools
The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).

7.8 Affective Description
The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).

7.8.1 Affective DS Use (Informative)
7.8.1.1 Affective DS Use (Informative)
7.8.1.1.1 Affective DS Extraction

The Affective DS does not impose any extraction method of the score. In other words, the Affective DS can be used to describe any kind of audience’s affective information on multimedia content as long as it is represented as a set of scores of relative intensity. For readers’ convenience, however, a couple of extraction methods are introduced in this subclause.

7.8.1.1.1.1 Semantic Score Method

The Semantic Score Method [Takahashi00-1] is a well-defined subjective evaluation of video based on Freytag’s theory [Freitag98, Laurel93]. This method can be used to extract the story shape of video content.

7.8.1.1.1.1.1 Freytag’s Triangle

Gustav Freytag, a German critic and playwright, suggested in 1863 that the action of a play could be represented graphically when the pattern of emotional tension created in its audience was evaluated. Since tension typically rises during the course of a play until the climax of the action and falls thereafter, he modeled this pattern in a triangle form, referred to as “Freytag’s Triangle” shown in Figure 2. In this figure, the left side of the triangle indicates the rising action that leads up to a climax or turning point while the right side of the triangle is the falling action that happens from the climax to the conclusion. The horizontal axis of the graph is time; the vertical axis is complication. According to Brenda Laurel [Laurel93], the complication axis of the Freytag’s triangle represents the informational attributes of each dramatic incident. An incident that raises questions is part of the rising action, which increases complication, while one that answers questions is part of falling action, resulting in decreasing the complication, i.e., resolution.
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Figure 2: Freytag’s triangle [Laurel93]
In reality, however, things are more complicated than in Freytag’s idealized model. One dramatic incident may raise some questions and answer others simultaneously. Hence, the degree of complication is introduced to specify the net increase of complication caused by an incident. The degree of complication is represented by a positive value when complication caused by an incident’s raising questions overwhelms resolution by answering questions and a negative value vice versa. The cumulative complication for an incident is defined as the cumulative sum of the degree of complication for all incidents preceding this incident, representing the net intensity of complication for this incident. Note that because of a fractal-like property of a play where whole story is composed of several sub-stories that can be further divided into various dramatic incidents, the shape of a practical play is characterized in more irregular and jagged form than shown in Figure 2.
In order to help readers’ understanding, an example from [Laurel93] is reproduced. Assume the following background situation: a group of strangers have been invited by an anonymous person to spend the weekend in a remote mansion.  During the night, one member of the group (Brown) has disappeared. Some of the remaining characters are gathered in the drawing room expressing concern and alarm. The butler (James) enters and announces that Brown has been found. The following are conversations made among those people.
James: I’m afraid I have some rather shocking news.

Smith: Spit it out, man.

Nancy: Yes, can’t you see my nerves are absolutely shot? If you have any information at all, you must give it to us at once.

James: It’s about Mr. Brown.

Smith: Well?

James: We’ve just found him on the beach.

Smith: Thank heavens. Then he’s all right.

James: I’m afraid not, sir.

Smith: What’s that?

James: Actually, he’s quite dead, sir.

Nancy: Good God! What happened?

James: He appears to have drowned.

Smith: That’s absurd, man. Brown was a first-class swimmer.

The informational components raised in the above dialog are summarized as:

James has shocking news.

The news concerns Brown.

Brown has been found.

Brown is dead.

Brown has drowned.

Brown was a good swimmer.
Then, each component is evaluated based on the degree of complication (between 0 and +/-1). Possible scoring result is shown in Table 1.

	Informational Component
	Degree of Complication
	Cumulative Complication

	a. James has shocking news.
	+0.4
	0.4

	b. The news concerns Brown.
	+0.5
	0.9

	c. Brown has been found.
	-0.7
	0.2

	d. Brown is dead.
	+0.9
	1.1

	e. Brown has drowned.
	-0.4
	0.7

	f. Brown was a good swimmer.
	+0.8
	1.5


Table 1: Complication/Resolution based evaluation

In this table, the component c and e are evaluated as negative complication (resolution). The former provides an answer to the puzzle that “Brown had disappeared”, while the latter gives an answer to the question that “how Brown died” raised in the component d. The third column in the table denotes the cumulative sum of the degree of complication from the component a.  Assume that each component in the table is a dramatic incident occurring sequentially. Then, since the degree of complication evaluated at each incident indicates the increase of complication at each incident, the cumulative complication in the table reflects the net complication at each moment resulting from preceding incidents since the initial one. The cumulative complication is then used to visualize the story shape for the dialog as shown in Figure 3.
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Figure 3: The story shape for the dialog example

7.8.1.1.1.1.2 Semantic Score Method

Based on the Freytag’s play analysis, a subjective evaluation method for storied video, called “Semantic Score Method”, is proposed [Takahashi00-1]. According to Brenda Laurel [Laurel93], an implicit assumption was made in the Freytag analysis that there is a direct relationship between what we know about the dramatic incident and how we feel about it. The method, however, mainly focuses on the former aspect, i.e., the method is developed as an analytical tool for a subjective video evaluation. In short, the evaluators are asked to give a positive (negative) value to each pre-determined scene according to the degree of complication (resolution) they perceived. The evaluators are expected to interpret what happens in the scene and analyze dramatic incidents involved in the scene in order to characterize the scene with a single value (called Semantic Score) from the complication/resolution viewpoint.
In order to obtain reliable data from general audiences, it is useful to provide the following items as supporting tools of the method [Takahashi01]:

Instruction video and booklet

Test material (target movie)

Specially designed score sheet

The instruction video and booklet are used to explain the purpose of the evaluation, the evaluation procedure and the evaluation criterion (the complication and the resolution). The instruction video can also include a concrete evaluation example: A demonstration of the scene scoring using a short storied video provides evaluators with a common yardstick with which how a certain scene is to be scored.  The score is typically assigned within a range between –5 and 5 by steps of one. If necessary, however, it should be allowed to score a scene with a fractional value or beyond the range as well. 

The test material is a movie whose story shape is to be characterized. Since evaluators are asked to score scenes one by one, the video should be modified from its original form. For example, by marking the end of each scene with the final frame as a still (the scene number superimposed) for a few seconds, evaluators can recognize each scene easily, resulting in smooth evaluation of the scenes.

One of the issues in the method is the scene definition. A scene is typically defined as a video segment that has minimum semantics as a story component with monotonic complication or resolution. The boundary between scenes is identified when a situation is drastically changed. Here, the situation includes time, place, character, context (e.g. in dialog), particular dramatic incident, and so on. This implies that one scene may be composed of several shots or that a long shot may be divided into several scenes. For example, when a long video shot has both the question raising and answering sequentially, the shot should be divided into two concatenated scenes. Based on the scene definition, one movie is typically divided into 100 - 250 scenes, resulting in each scene lasting 30 – 60 seconds. The scene length depends on its genre: an action type movie tends to have shorter scenes while the one regarded as a love story tends to have longer scenes than other genres.

In addition, a specially designed score sheet is useful to record the scores the evaluators assigns. Figure 4 shows a part of an example of the score sheet. In this sheet, each row corresponds to a scene, which is composed of the scene number, a short scene description, duration of the scene, and a cell to be filled with the complication value. Supplemental information is provided for the sake of evaluators’ convenience, i.e., evaluators can easily recognize where they are evaluating at any moment. In addition, several consecutive scenes are grouped to form an episode, the second level story component that can be identified without ambiguity. In this score sheet, the boundary of the episode is represented with a thick solid line. Although the yardstick evaluators keep in mind may vary during the evaluation, a request to keep the consistency of scoring within whole video is often hard to achieve. It is therefore practical to ask evaluators to at least keep the consistency within the episode.
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■「The Mask of Zorro」�

Ａｇｅ（　　　）Ｓｅｘ（　Ｍ / F　）Name（　　　 　　　　　）Ever watched this title? (Y / N)�

Comment Example　　　Cannot judge Complication/Resolution : ?�

Should be divided into sub scenes : /

Should be merged into one scene : +

Episode

Scene

Description

Duration

Score

Comment

1

Historical Background

63

2

Somebody is watching through holes

12

3

They are two boys

10

4

People are gathering

22

5

Boys are waiting for Zorro

30

6

Boys are running out

17

7

A man looking down to people

19

8

Men riding horses are coming

29

9

Rafael and Lewis are discussing political issues

55

1

10

Rafael orders to drive boys away

11

11

Black man takes boys

7

12

The man is Zorro

19

13

Execution begins

43

14

Zorro appears and stops the execution

4

15

Zorro scatters enemies

48

16

Hidden soldiers are aiming at Zorro

12

17

Boys defeats the soldiers

32

18

Zorro thanks boys and gives them a pendant

21

19

Zorro goes to Rafael's place

34

20

Zorro carves a "Z" at Rafael's neck

23

21

Zorro leaves with Tornado

35

22

Boys are watching the pendant

25

23

Zorro reaches his home

49

24

Old woman and a baby there

55

25

A woman notice Zorro's coming back

13

26

Zorro tells a story to his daughter

17

27

Embarrassed to find his wife behind him

77

28

Esperanza is concerned about Diego's injury

36

29

Rafael arrives at his home with his soldiers

39

2

30

Rafael discovers that Zorro is Diego

24


Figure 4: Score Sheet for the Semantic Score Method (originally in Japanese)

7.8.1.1.1.1.3 Evaluation Procedure on Semantic Score Method

Using the supporting tools introduced above, typical evaluation procedure based on the Semantic Score Method can be described as follows:

Instruct evaluators using the instruction video and booklet

Ask evaluators to watch the designated title in a normal fashion.

Ask evaluators to re-watch the test material and to evaluate it using the score sheet.

Ask evaluators to answer some questionnaires and interview.

It should be noted that it is useful to ask evaluators to watch the assigned title before actual evaluation (Step 2). The reason for this is to let evaluators know the content in advance so that evaluators can evaluate the title calmly. What the method aimed at is not an identification of exciting part of a video where evaluators might lose themselves but to characterize how a story develops. Thus, excitation caused by unexpected development of a story and/or audiovisual effects should be carefully controlled. In other words, if evaluators were really excited with watching the title, they might even forget the evaluation itself.

Figure 5 shows a typical example of the story shape for four evaluators based on the Semantic Score Method. The story shape, called “Semantic Graph” in this method, can be obtained by integrating the complication/resolution value (given by evaluators) with respect to the story timeline.
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Figure 5: Semantic Graph of “THE MASK OF ZORRO” 

In Figure 5, the vertical axis denotes the accumulated complication while the horizontal axis is the scene number (instead of time stamp of the whole movie). All data are normalized with respect to their maximum peak value so that direct comparison among them is available. It is also noted that a whole story is divided into four regions based on a conventional Japanese story model known as Ki-Sho-Ten-Ketsu, where Ki, Sho, Ten and Ketsu correspond to Introduction, Development, Turn, and Conclusion, respectively.

The thick line in the graph of Figure 5 is obtained by combining the four Semantic Graphs. Note that a simple averaging operation does not work well in this analysis because there are cases where a scene is scored with both high positive and negative values. Although the case clearly suggests that evaluators recognize something in the scene, a simple averaging operation may diminish the information. For the thick line in Figure 5, a special averaging is used [Takahashi01], where the magnitude and the sign of the combined score are determined by averaging the absolute value of the original scores and by taking the majority decision of them, respectively. With this averaging technique, the dulling of the graph shape can be successfully avoided.

7.8.1.1.1.2 Physiological Measurements and Analysis

Other possible methods to extract the score for the Affective DS instantiation include the physiological measurements and analysis.

Recent developments of sensor technology and brain science have shown the potential to reveal human emotional and/or mental states through physiological measurement and analysis. This suggests that the physiological approach can be a promising tool for multimedia content evaluation, which provides valuable information that is hard to detect through other approaches. Specifically, the measurement and analysis of physiological responses from audience watching multimedia content will characterize the content from the viewpoint on how audience feels interested and/or excited. Furthermore, since some response may reflect specific emotions such as happiness, anger, sadness, and so on, it can also describe how the audience’s emotion changes during his/her watching the content.

Comparing the evaluation method described in the last subclause, the physiological approach has the following advantages:

Can evaluate a content in real-time,

Can evaluate a content in automatic way with an appropriate apparatus,

Can obtain information of high-resolution in time for a content such as video and audio.

Furthermore, it is possible to obtain a response that is not consciously influenced by the audience.

In the following, a couple of trials on the movie evaluation using the physiological measurements and analysis are introduced.

Figure 6 shows time dependent Electromyogram (EMG) signals obtained from three audiences for a certain scene in “THE MASK OF ZORRO”. The EMG signal is the electrical signal of muscles recorded by an electromyograph. In this measurement, electrodes are placed on the forehead of audiences, and the voltage difference between the electrodes is continuously recorded. Hence, when a muscle gives a particular movement, then the movement is indirectly detected as a change of the electric signal.

As is seen in Figure 6, there is a spike in the EMG signals and, more notably the spikes in the EMG activities from three audiences coincide. In fact, this is the moment when all audiences smile at the bang sound in the movie.  In order to explain what happens in the scene, two images are extracted before and after the bang sound and shown under the graph. At the image before the bang sound, Zorro attempted to jump off a wall onto his waiting horse (see left image).  But just before he lands, the horse moves forward and Zorro ends up on the ground. The bang sound occurs at this moment. Since he was supposed to mount the horse successfully, he is embarrassed after the bang sound (see right image). Audiences also expected that Zorro could mount the horse smoothly, the unexpected happening leads them to smile.
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Figure 6: Spikes in Electromyogram (EMG) caused by smiling in “THE MASK OF ZORRO”

As is demonstrated, the EMG measurement can be used to detect smiles of audiences. Strictly speaking, what is detected is a particular muscle movement at the forehead, and it could happen not only for smile but also for other emotions. Therefore, electromyography is a promising tool to capture some emotions of human being through his/her muscle activity.

Another example shown in Figure 7 concerns the highlight scene detection through the analysis of non-blinking periods. Video image of audience’s eye is captured and analyzed using image-processing technology to extract the eye-blinking points in time. Then non-blinking periods are measured as a time difference between two eye-blinking points. Figure 7 shows non-blinking periods along the entire movie. In the graph of Figure 7, the horizontal axis denotes time over whole the movie while the vertical axis is non-blinking period in second. This graph is created as follows: when a non-blinking period is given, then a regular square whose height (the vertical coordinate) is the same as the period is aligned on the horizontal period. Hence, the length of non-blinking periods can be easily seen from the graph.

According to the graph, it is observed that there are several long periods of non-blinking. The notable point again is that these long non-blinking periods correspond well to the highlight scenes in the movie. Here, the highlight scene is defined as the one audience pays special attention to. In order to show what happened at each highlight scene, an image is extracted from each highlight scene and shown around the graph with an arrow pointing to the corresponding non-blinking period. Simple text annotation was also attached to each frame to describe the scene. 
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Figure 7: Highlight scenes detected by non-blinking periods in “THE MASK OF ZORRO”1
Figure 7 clearly indicates that the detection of non-blinking period can be a tool to identify the highlight scene in a movie. This is qualitatively explained by the fact that, as a natural property of human being, we tend to open our eyes wide without blinking when we watch something that attracts our attention.

7.8.1.1.2 Affective DS Applications 

The description using the Affective DS provides high-level information on audience's interpretation as well as perception on multimedia content and therefore can be used in various ways. One of the examples is given as a preprocessing for video summary: In the case of story shape for example, one can obtain a video summary that reflects the story development. Furthermore, the highlight video summary can be obtained by selectively concatenating high score video segment notably when the Type element takes a value of, e.g., "excited". The description can also be used as fundamental data in high-level multimedia content analysis. For example, since the patterns of the story shape strongly depends on the genre of audiovisual content, it may be used to classify the content into its genre [Takahashi00-2].
In the following, the use of the story shape to analyze a trailer creation [Takahashi00-3] is demonstrated.

A trailer is a short movie clip consisting of small pieces of video segment mainly taken from an original movie. It is used to advertise a new movie and therefore a trailer often includes a video segment, telop, narration, and so on, that does not appear in the original move in order to enhance its effectiveness. Strictly speaking, a trailer is not a so-called video summary: it is rare that we can grasp the outline of a movie by just watching its trailer, but should be attractive enough to make many people feel like to watch the movie. Although the trailer creation itself is a highly refined artistic work, it is interesting to investigate how a skilled and talented creator creates an attractive trailer from the viewpoint of video segment selection.

Using the story shape description based on the Semantic Score Method obtained from various movies together with their originally created trailers, the analysis reveals a strategy on which scenes are to be chosen for an attractive trailer. Borrowing the conventional Japanese story model, the scene selection strategy is summarized as follows:

Introduction (Ki):

Choose both complication and resolution scenes whose absolute Semantic Score are higher than a given threshold,

Choose scenes at local peaks in the Semantic Graph (story shape) and the following scene,

Development (Sho):

Choose complication scenes whose Semantic Score are higher than a given threshold,

Choose scenes at local peaks in the Semantic Graph,


Turn (Ten):

Same as those in the Development,


Conclusion (Ketsu):

No scene should be chosen.

In order to simulate a practical trailer creation, further strategy is needed because the scenes used in the Semantic Score Method typically last for thirty to sixty seconds and thus simply concatenating selected scenes gives a long video clip which is too long to be a trailer. A study [Takahashi00-3] reveals the strategy on how to identify a shot within the selected scene. According to the strategy, the following criteria should be taken into consideration:

Upper body image of main actor/actress

Whole body image of main actor/actress

Visual effect  (CG, telop, dissolve, etc.)

Sound effect (climax of BGM, explosion, scream, etc.)

Speech

High activity (of visual object and/or camera work)

Shot length (slow motion more than several seconds)

Camera zoom-in/out

By assigning an appropriate weighting value to each shot within a scene according to the criteria listed above, a shot candidate for a trailer can be determined at each scene.

According to the evaluation of the simulated trailer created based on the strategy introduced above, the resulting trailer can gain more than 60 points compared with an original trailer having 100 points as a basis.  Note that the simulated trailer is created only using video segments in the original movie, i.e., none of extra technique such as taking special video segments and/or advertising narration that is not included in the original movie is taken into account. Hence, this result clearly indicates that the strategy introduced above actually reflects a certain essence of an attractive trailer creation. Although it is obvious that a trailer created in such way cannot overwhelm the one created by a skilled and talented creator, it is expected that this sort of approach will bring some reference materials that stimulate his/her creativity.
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7.9 Phonetic Description

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).

7.10 Linguistic Description

This subclause defines tools for describing the semantic structure of linguistic data associated with multimedia content, such as scenarios and transcriptions.

7.10.1 Linguistic DS

The Linguistic DS describes the semantic structure of the linguistic data associated with multimedia content, such as scenarios and transcriptions. Since such data have the same range of structures as linguistic data in general, the Linguistic DS provides a set of general tools for describing the semantic structure of any kind of linguistic data. 
More precisely speaking, the Linguistic DS is to deal with linguistic data that the annotator cannot modify (for the sake of descriptive ease), whether or not such data are part of multimedia content. Scenarios and transcriptions are such data, because their modifications are not right scenarios and transcriptions any more. In contrast, annotation texts can be arbitrarily rewritten so that they can be easily described using Textual Annotation tools.
7.10.1.1 Concepts and Model

The Linguistic DS represents the semantic structure of linguistic data using textual mark-up. That is, the description of the semantic structure of the linguistic data is encoded by mixing MPEG-7 description directly into the text (of the linguistic data). Furthermore, the Linguistic DS supports partial description of the linguistic structure of the language data, describing only as much or as little of the linguistic structure of the language data as is needed. 

The model used in the Linguistic DS is based on the abstract notion of a linguistic entity. XML elements licensed by the Linguistic DS describe linguistic entities; the Linguistic DS has been designed to reflect the semantic structures of linguistic data in the XML syntax, for the sake of concise description of those semantic structures. Linguistic entities form a hierarchy. At the lowest level are syntactic constituents occurring within a sentence. At the higher levels are increasingly large units of linguistic structures, such as sentences, paragraphs, other document divisions and entire documents. 

Linguistic entities are combined together, to form larger linguistic entities in a recursive process called synthesis. Dependency is the most common way to synthesize linguistic entities. The second most common type of synthesis is coordination. 

A syntactic constituent is a continuous linguistic entity inside a sentence that represents a semantic entity. For instance, in "Tom and Mary live in a small house", "Tom", "Tom and Mary", "in a small house", "a small house", "small house", "house", and so forth are syntactic constituents because each of them represents a semantic entity; "Tom and Mary" represents a group of two people, "small house" represents the notion of a small house, and so on. On the other hand, "Tom and", "Mary live", "in a", "a small", and so forth are not syntactic constituents because each of them fails to represent a semantic unit.

Some linguistic accounts of agglutinative languages such as Japanese and Korean regard maximal morphological clusters (such as so-called bunsetu in Japanese) as syntactic constituents. However, the Linguistic DS does not regard them as such if they do not represent semantic entities. So not "kuni-kara" (country from) but "tooi kuni" (distant country) is a syntactic constituent in the following Japanese expression:


tooi kuni kara

              distant country from


`from distant countries’
A syntactic constituent X depends on another syntactic constituent Y when the combination of X and Y represents a semantic unit that is equal to, a specialization of, or an instance of what Y represents. In "a small house", for instance, "a" depends on "small house" because "a small house" represents an instance of the concept of "small houses". In "every man loves a woman", "every man" and "a woman" depend on "loves", because the sentence represents a state of affairs that is a specialization of the concept of loving. "Tom" depends on "for" in "for Tom" because "for Tom" represents a relationship with Tom that is a specialization (or an instance) of the general notion represented by "for".

Dependency is a way of synthesizing linguistic entities (typically syntactic constituents), in the sense that if a linguistic entity X depends on another linguisitic entity Y that is next to it, then their concatenation Z is also a linguisitic entity. Y is called the governor of X and the head of Z. In the case of "drive me crazy", for instance, "drive me" is the governor of "crazy" and the head of "drive me crazy". "Drive" is also a head of "drive me crazy". A phrase is a syntactic constituent that is not a head.

Coordination is a second major way of combining linguistic entities. "Tom and Mary", "Tom or May", "not only Tom but also Mary", "Tom loves Mary and Bill loves Sue", and so forth are coordinate structures. Less straightforward coordinate structures include:

"Tom loves Mary and Bill, Sue".

"I gave this to Tom and that to Mary".

in which the second conjuncts ("Bill, Sue" and "that to Mary") lack their heads ("loves" and "gave", respectively). Such structures are called gapped structures. 

Coordination may be regarded as a special case of dependency, in which case the coordinate conjunction is the head of the whole coordinate structure. For instance, "and" is the head of "Tom and Mary" and "or" is the head of "dead or alive".

7.10.1.1.1 Relation to the Dependency Structure Datatype 

The Linguistic DS is an upwards compatible extension of the DependencyStructure datatype in that every instance of the DependencyStructure datatype is an instance of the Linguistic DS. More precisely, the Linguistic extends the DependencyStructure in the following three respects:

The Linguistic DS addresses linguistic entities larger than sentences, such as paragraphs and divisions. This is needed for describing the structure of an entire document such as a scenario. Although the DependencyStructure datatype addresses dependencies inside sentences (i.e., among syntactic constituents) and the notion of such dependency is common between DependencyStructure datatype and the Linguistic DS, the Linguistic DS also addresses dependencies outside of sentences: i.e., among linguistic entities such as sentences, bunches of sentences, paragraphs, sections, chapters, and so on. When a sentence may represent the cause or reason of the event represented by another sentence, for instance, the former sentence is regarded as depending on the latter and having cause as its value for the operator attribute.

The Linguistic DS addresses extraposition, which is dependency on a constituent embedded within the phrase. For instance, an extraposition occurs in "Tom, I do not like". Here "Tom" depends on "like", which is embedded in phrase "I do not like". This is described by attaching a depend attribute to "Tom". The depend attribute may be used to describe dependencies outside of sentences as well, which sometimes simplifies the description by omitting several elements.

The Linguistic DS allows partial descriptions owing to the mixed content model and the synthesis attribute. The mixed content model simplifies the description by omitting tags. Elements may have mixed contents in partial descriptions, whereas they should have element-only or text-only contents in full descriptions. Every syntactic constituent must be an element in a full description.

7.10.1.2 Linguistic DS Syntax

<!-- #####################################################
-->

<!-- Definition of Linguistic DS




           -->

<!-- #####################################################
-->

<complexType name="LinguisticEntityType" abstract="true" mixed="true">


<complexContent>



<extension base="mpeg7:DSType">




<sequence>






<element name="MediaLocator" type="mpeg7:MediaLocatorType"






minOccurs="0"/>




</sequence>




<attribute ref="xml:lang"/>




<attribute name="type" type="NMTOKENS" use="optional"/>




<attribute name="depend" type="IDREF" use="optional"/>




<attribute name="equal" type="IDREF" use="optional"/>




<attribute name="operator" type="mpeg7:operatorType"/>



</extension>


</complexContent>

</complexType>

<!-- #####################################################
-->

<!-- Definition of Document DS





  
-->

<!-- #####################################################
-->

<complexType name="LinguisticDocumentType">


<complexContent>



<extension base="mpeg7:LinguisticEntityType">




<choice minOccurs="1" maxOccurs="unbounded">





<element name="Heading" type="mpeg7:SentencesType"/>





<element name="Division" type="mpeg7:DocumentType"/>





<element name="Paragraph" type="mpeg7:SentencesType"/>





<element name="Sentences" type="mpeg7:SentencesType"/>





<element name="Sentence" type="mpeg7:SyntacticConstituentType"/>





<element name="Quotation" type="mpeg7:DocumentType"/>




</choice>




<attribute name="synthesis" type="mpeg7:synthesisType"





use="default" value="collective"/>



</extension>


</complexContent>


</complexType>

<!-- #####################################################
-->

<!-- Definition of Sentences DS          




-->

<!-- #####################################################
-->

<complexType name="SentencesType">


<complexContent>



<extension base="mpeg7:LinguisticEntityType">




<choice minOccurs="1" maxOccurs="unbounded">





<element name="Sentence" type="mpeg7:SyntacticConstituentType"/>





<element name="Quotation" type="mpeg7:DocumentType"/>




</choice>




<attribute name="synthesis" type="mpeg7:synthesisType"





use="default" value="collective"/>



</extension>


</complexContent>

</complexType>

<!-- #####################################################
-->

<!-- Definition of Syntactic Consituent DS



-->

<!-- #####################################################
-->

<complexType name="SyntacticConstituentType">


<complexContent>



<extension base="mpeg7:LinguisticEntityType">




<choice minOccurs="0" maxOccurs="unbounded">





<element name="Head" type="mpeg7:SyntacticConstituentType"/>





<element name="Phrase" type="mpeg7:SyntacticConstituentType"
/>





<element name="Quotation" type="mpeg7:DocumentType"/>




</choice>




<attribute name="term"





type="mpeg7:controlledTermIdentifierType" use="optional"/>




<attribute name="scheme"





type="mpeg7:classificationSchemeIdentifierType" use="optional"/>




<attribute name="schemeLocation"





type="mpeg7:classificationSchemeLocatorType" use="optional"/>




<attribute name="baseForm" type="string" use="optional"/>




<attribute name="pronunciation" type="string" use="optional"/>

     

<attribute name="fill" type="string" use="optional"/>




<attribute name="synthesis" 





type="mpeg7:synthesisType" use="default" value="dependency"/>




<attribute name="particle" type="string" use="optional"/>



</extension>


</complexContent>

</complexType>

<!-- #####################################################
-->

<!-- Definition of synthesis datatype 




-->

<!-- #####################################################
-->

<simpleType name="synthesisType">


<restriction base="string">



<enumeration value="unspecified"/>



<enumeration value="none"/>



<enumeration value="dependency"/>



<enumeration value="forhward"/>



<enumeration value="backward"/>



<enumeration value="coordination"/>



<enumeration value="collective"/>



<enumeration value="distributive"/>



<enumeration value="apposition"/>



<enumeration value="repair"/>



<enumeration value="error"/>



<enumeration value="idiosyncratic"/>


</restriction>

</simpleType>

7.10.1.3 Linguistic DS Semantics

Semantics for the LinguisticEntityType:

	Name
	Definition

	LinguisticEntityType
	An abstract DS for the various types of linguistic entities.

Instances of this DS mix together the description and the text representation of the linguistic data being described. In other words, this DS describes the data by "marking up" the text with a set of XML tags. 

	MediaLocator
	Locates the portion of speech data, visual text data, or text (such as ASCII) data corresponds to the current linguistic entity. 

Instead of containing the linguistic data as text directly within the LinguisticEntity DS, an instance of the LinguisticEntity DS may choose only to locate the linguistic data using a MediaLocator. For example, an external speech-data file transcribed as the text embedded in the current LinguisticEntity element, or this can be used to locate an external text file containing the transcript of an multimedia program. 

Editor's Note: Does this imply that a "TextLocator" is needed?  

	xml:lang
	Indicates the language of the data being described. 

	type
	Indicates the type of the linguistic entity such as document part (chapter, section, embedded poem, letter, etc.), part of speech of a syntactic constituent, etc. 

For example,

<Head type="noun">salt</Head>

Editor's Note: do we need an enumeration list or a Classification Scheme for this attribute?

	depend
	References the semantic governor (head of larger constituent). This encodes the linguistic entity that is dependent on the extraposed linguistic entity.

In the following example, Tom depends on hates, which is the head of embedded clause Mary hates.

<Sentence synthesis="backward">

<Phrase depend="H" operator="patient">

Tom

</Phrase>,

  <Phrase>I</Phrase>

  think that

  <Phrase>

    <Phrase>Mary</Phrase>

    <Head id="H">hates</Head>

  </Phrase>.

</Sentence>

Sentences and larger linguistic entities may have a value for depend too because they can be related through operators such as cause and elaboration.

	equal
	Indicates an element referring to the same thing (i.e. coreferent) as this linguistic entity. The coreferent may be an instance of the LinguisticEntity DS, the Segment DS, or the Semantic DS. 

	operator
	Indicates the meaning of the function word (preposition, conjunction, article, and so on) which is the head of the current element. Most of the time, it is the relationship of the element with the governor, which is the linguistic entity that this linguistic entity is dependent on.

Here are two examples:

<Sentence>

<Phrase operator="agent">Tom</Phrase>

<Head>loves</Head>

<Phrase operator="patient">Sue</Phrase>.

</sentence>

<Sentences synthesis="forward">

<Sentence operator="cause">

Tom hit Mary.

</Sentence>

<Sentence>She cried.</Sentence>

</Sentences>

When the function word is a coordinate conjunction, its meaning is the relationship between the conjuncts, as in the following example. Note that the coordinate conjunction is the head of the coordinate structure.

When the function word is a coordinate conjunction, its meaning is the relationship between the conjuncts, as in the following example. Note that the coordinate conjunction is the head of the coordinate structure.

<Sentence>

<Phrase>

<Phrase>Tom</Phrase>

<Head operator="and">and</Head>

<Phrase>Mary</Phrase>

</Phrase>

got married. 
</Sentence>


Semantics of LinguisticDocumentType:

	Name
	Definition

	linguisticDocumentType
	DS describing an entire linguistic document, such as a scenario or transcript. The structure of a linguistic document is represented by a recursive hierarchy of entities: each linguistic entity in the document (section, paragraph, etc) can be broken down further into its component linguistic entities (other sections, sentences, syntactic constituents, etc.).

	Heading
	Describes one heading for a document or a division.

	Division
	Describes one textual division within a document, such as a chapter, a section, an embedded poem, etc.

	Paragraph
	Describes one paragraph within the document. 

	Sentences 
	Describes a series of sentences occurring within this document.

	Sentence
	Describes a phrase that is a complete proposition, question, request, etc., and does not participate in any syntactic dependency. Usually contains a period or a question mark at the end.

	Quotation
	Describes a direct narrative or citation. Namely, an utterance by someone other than the addressor of the surrounding content. 

	synthesis
	Indicates the type of synthesis among the child entities and text contained within this entity.


Semantics of SentencesType:

	Name
	Definition

	SentencesType
	DS representing a sequence of sentences. 

	Sentence
	Describes a phrase that addresses a proposition, a question, a request, etc., and does not participate in any syntactic dependency. Usually contains a period or a question mark at the end.

	Quotation
	Describes a direct narrative or citation. 

	synthesis
	Indicates the type of synthesis among the child entities and text contained within this entity.


Semantics of SyntacticConstituentType:

	Name
	Definition

	SyntacticConstituentType
	DS representing a single syntactic constituent. Namely, a syntactic entity that represents a semantic entity. In a big apple, for instance, big apple is a syntactic constituent but a big is not.

	Head
	Describes a syntactic constituent that may, but need not, be the head (semantic representative) of a larger constituent. 

The following example accommodates two interpretations: planes which are quickly flying and to fly planes quickly: 

<Phrase>

<Head>

<Phrase>quickly<Phrase>

flying

</Head>

planes

</Phrase>

	Phrase
	Describes a syntactic constituent that is not the head of any larger constituent.

	Quotation
	Describes a direct narrative or citation.

For example, the following describes the sentence "'I quit,' said Sue."

<Sentence>

<Quotation>I quit</Quotation>,

<Head>said</Head>

<Phrase operator="agent">Sue</Phrase>.

</Sentence>

	term
	Identifies a term in a classification scheme that represents the semantics of this syntactic constituent. 

	scheme
	Identifies the classification scheme from which term is taken.

	schemeLocator
	Indicates a location where the classification definition for term can be located. 

	
	

	baseForm
	Indicates the base or uninflected form of the syntactic constituent. 

For example,

<Head baseForm="grow">grew</Head>

<Head baseForm="dogs">dog</Head>

	pronunciation
	Indicates the pronunciation of the syntactic constituent; for example using the International Phonetic Alphabet (IPA). 

	fill
	Indicates the text string that "fills" the role of the omitted head in a syntactic constituent.

For example, 

<Sentence>

<Phrase>Tom loves Mary</Phrase>

and

<Phrase fill="loves">



Bill, Sue

</Phrase>

</sentence>

	synthesis
	Indicates the type of synthesis among the child entities and text contained within this element.

	particle
	Function word (or string of words) representing the operator.

For example, the particle of on the beach is on, which represents location. The particle of in order to escape is in order to, which represents purpose.


Semantics of synthesisType:

	Name
	Definition

	synthesisType
	Datatype representing the type of synthesis (combination) used to combine a set of linguistic entities. 

	unspecified
	Some unspecified kind of synthesis. 

	none
	No semantic relation among child entities and texts.

	dependency
	The synthesis is dependency. Each child element except one depends on a Head child in a full description. (Note that elements in the full description may appear as non-element texts in corresponding partial description.) The default value for synthesis in the SyntacticConstituent DS.

The interpretation of the example below may be to fly planes ("planes" depends on "flying") or planes which are flying ("flying" depends on "planes"), because the default value for synthesis is dependency for Phrase elements. Note that the head is not specified, and is therefore left open here:

<Phrase>flying planes</Phrase>

When the head is specified uniquely and explicitly, the dependency relationships among the children are uniquely determined (where both the and good depends on idea):

<Phrase>

   <Phrase>the</Phrase>

   <Phrase>good</Phrase>

   <Head>idea</Head>

</Phrase>

	forward
	The synthesis is a forward dependency chain. Each child except one depends on the closest sibling non-Phrase element in a full description. The dependency should be forward (i.e. the governor should be to the right) if possible (there is a non-Phrase sibling element to the right in a full description). The dependency relationships among the child elements are uniquely determined in an element-only content.

In the following example, "quickly" depends on "flying" and "flying" depends on "planes".

<Phrase synthesis="forward">   

    <Head>very</Head>

    <Head>quickly</Head>

    <Head>flying</Head>

    <Head>planes</Head>

</Phrase>

Note that using forward simplifies the description. For instance, the above description is much simpler than the following, though they are equivalent.

<Phrase>

  <Phrase>

    <Phrase>


<Phrase>very</Phrase>



<Head>quickly</Phrase>

    </Phrase>

    <Head>flying</Head>

  </Phrase>

  <Head>planes</Head>

</Phrase>

	backward
	The synthesis is a backward dependency chain. Each child except one depends on the nearest sibling non-Phrase element in a full description. Contrary to forward, the dependency should be backward if possible. As with forward, the dependency relationships among the child elements are uniquely determined in an elment-only content.

In the following example, "eat" depends on "to" and "to" depends on "want", because "to" is the nearest potential head before "eat", and "want" is the nearest potential head before "to".

<Head synthesis="backward">

    <Head>want</Head>

    <Head>to</Head>

    <Head>eat</Head>

</Head>

As with the use of forward, backward simplifies the description:

<Head>

    <Head>want</Head>

    <Phrase>

        <Head>to</Head>

        <Phrase>

            <Head>eat</Head>

        </Phrase>

     </Phrase>

</Head>

	coordination
	Coordination. Used to refrain from indicating the type of coordination (collective or distributive). Each child element must be either a coordinate conjunction or a coordinant.

	collective
	The synthesis is collective coordination. The semantic entity represented by the coordinate structure plays a direct role in the semantic interpretation of the surrounding context. Each child element must be either a coordinate conjunction or a coordinant. The default value of synthesis for linguistic elements larger than sentences.

The following example means that Tom and Mary jointly bought a book (collective reading), not that Tom bought a book and Mary bought another (distributive reading). That is, the semantic entity represented by the coordinate structure is the group of two people and this group is the agent of the buying event.

<Sentence>

  <Phrase synthesis="collective">

    Tom and Mary

  </Phrase>

  bought a book.

</Sentence>

A coordination spanning a whole sentence is regarded as collective:

<Sentence synthesis="collective">

<Phrase>Tom loves mary</Phrase>

and

<Phrase fill="loves">Bill, Sue</Phrase>

</sentence>

	distributive
	The synthesis type is distributive coordination, in which the coordinate structure distributes over some neighboring part in the sentence's syntactic structure. In this case, it is not the semantic entity (a set) represented by the coordinate structure but the members of this set that play direct roles in the semantic interpretation of the surrounding context. Each child element must be either a coordinate conjunction or a coordinant.

The following example means that Tom bought a book and Mary bought another, where "Tom and Mary" distributes over "bought a book". That is, it is not the group of the two people but its members who are the agents of the two buying events.

<Sentence>

  <Phrase synthesis="distributive">

    Tom and Mary

  </Phrase>

  bought a book.

</Sentence>

	apposition
	The synthesis is a sequence of linguistic entities (syntactic constituents or larger linguistic entities) with the same meaning. When two linguistic entities form an apposition structure, the latter is a paraphrase, elaboration, etc. of the former.

<Sentence>

    <Phrase>I</Phrase>

    <Head synthesis="apposition">

        <Head>

            introduced Mary to Sue,

        </Head>

        that is,

        <Head fill="introduced">

            my girlfriend to my wife

        </Head>

    </Head>

</Sentence>

	repair
	The synthesis is a sequence of multiple linguistic entities where the last entity repairs the preceding erroneous ones.

<Sentence>

  I

  <Head synthesis="repair">

    <Head>

      gave Mary to the dog,

    </Head>

    oh, I’m sorry,

    <Head fill="gave">

      the dog to Mary

    </Head>

  </Head>.

</Sentence>

	error
	The synthesis type is an error, which is the same as repair, except that all the child linguistic entities, including the last one, are erroneous.

	idiosyncratic
	The synthesis type is an idiosyncratic construction. For example, an idiomatic expression as shown below:

<Phrase synthesis="idiosyncratic">

  four over seven

</Phrase>

<Phrase synthesis="idiosyncratic">

  France versus Germany

</Phrase>


7.10.1.4 Linguistic DS Example

The Linguistic DS allows partial description of linguistic structure. The following shows a description of the sentence "You might want to suppose that flying planes may be dangerous." 

<Sentence>

    You might want to suppose that

    <Phrase><Phrase>flying</Phrase> planes</Phrase>

    may be dangerous.

</Sentence>

This example specifies that flying depends on planes. The relations among the child entity and pieces of child texts are left undescribed; here it is just assumed that some dependencies hold among them, without committing to any further interpretation. 

On the other hand, the following description describes the syntactic structure for the same sentence in more detail. The DependencyStructure Datatype forces a little more detailed description than this:

<Sentence>


<Phrase>You</Phrase>


<Head>might</Head>


<Phrase>



<Head>want</Head>



<Phrase>




<Head>to</Head>




<Phrase>





<Head>suppose</Head>





<Phrase>






<Head>that</Head>






<Phrase>







<Phrase>








<Phrase><Head>flying</Head></Phrase>








<Head>planes</Head>







</Phrase>







<Head>may be dangerous</Head>






</Phrase>





</Phrase>




</Phrase>



</Phrase>


</Phrase>.

</Sentence>

In this connection, the synthesis attribute addresses accurate characterizations of the type of combination among the child elements and texts, and thus simplifies the description. 

The following series of examples illustrate a minimal (in terms of the number of tags) tagging that uniquely determines the syntactic structures and coreferences. The examples assume that words may be heads. 

The first example describes the sentence "This is Akashi Channel Bridge, which connects Kobe City and Awaji Island of Hyogo Prefecture", which contains a relative clause:

<Paragraph>


<Sentence synthesis="backward">



<Phrase id="THIS">This</Phrase>



is



<Head id="ACB" synthesis="forward">Akashi Channel Bridge</Head>,



<Phrase synthesis="backward">




<Phrase equal="ACB">which</Phrase>




connects




<Head>





<Phrase synthesis="forward">Kobe City</Phrase>





and

       


<Phrase synthesis="forward">Awaji Island</Phrase>

     

</Head>




of




<Phrase synthesis="forward">Hyogo Prefecture</Phrase>



</Phrase>.


</Sentence> 

</Paragraph>

The following example describes the sentences "Look. It's so big. It's the world's longest suspension bridge, whose length is about 4,000 metres," which contain an ellipsis, which is the object of `look' and is coreferent with `this' in the previous sentence.

<Sentences>


<Sentence>

    
Look.



<Phrase equal="THIS" operator="object"/>


</Sentence>


<Sentence>



<Phrase equal="THIS">It</Phrase>'s



<Phrase synthesis="forward">so big</Phrase>.


</Sentence>


<Sentence synthesis="backward">



<Phrase equal="ACB">It</Phrase>'s



<Head id="WLSB" synthesis="forward">




the




<Phrase synthesis="forward">world's longest</Phrase>





<Phrase>suspension</Phrase>

    

bridge



</Head>,



<Phrase synthesis="backward">




<Phrase>





<Phrase equal="WLSB">whose</Phrase>





length




</Phrase>




is about




<Phrase synthesis="forward">4,000 meters</Phrase>



</Phrase>.


</Sentence>  

</Sentences>

The last example shows the description of a cleft sentence "It's two wires which support the weight of the bridge, which is as much as 150,000 tons."

<Sentence>


<Phrase id="IT">It</Phrase>'s


<Phrase synthesis="forward">two wires</Phrase>


<Phrase synthesis="backward" depend="IT">



<Phrase equal="IT">which</Phrase>



support



<Phrase id="W">




<Phrase>the</Phrase>




weight




<Phrase>





of





<Phrase equal="ACB" synthesis="forward">






the bridge





</Phrase>




</Phrase>,

        
<Phrase synthesis="backward">





<Phrase equal="W">which</Phrase>





is as much as





<Phrase synthesis="forward">150,000 tons</Phrase>




</Phrase>



</Phrase>


</Phrase>.

</Sentence>

8 Media description tools

This clause specifies the description tools for describing the media features of the coded multimedia data. The multimedia data described by descriptions can be available in different modalities, formats, coding versions, and there can be multiple instances. The description tools defined in this clause can handle all of these different aspects.

The description tools specified in this clause are:

	Tool
	Functionality

	Media Information Tools
	These tools describe the media-specific information of the multimedia data. The MediaInformation DS is centered around an identifier for the content entity and a set of coding parameters grouped into profiles. The MediaIdentification DS allows the description of the content entity. The different MediaProfile DS instances allow the description of the different sets of coding parameters values available for different coding profiles.


Table 6: Media Information Tools

8.1.1 MediaInformation DS 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
8.1.2 MediaIdentification D 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
8.1.3 MediaProfile DS 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
8.1.4 MediaFormat D 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
8.1.5 MediaTranscodingHints D

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
8.1.6 Media Quality D

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
8.1.7 MediaInstance DS 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
9 Creation and production description tools

This clause specifies the description tools for describing author-generated information about the generation/production process of the multimedia content. This information is related to the AVmultimedia content but it is not explicitly depicted in the actual multimedia content and, usually, cannot be extracted from the multimedia content itself.

The tools specified in this clause are:

	Tool
	Function

	Creation and Production Tools
	These tools describe the information about the creation and production of the multimedia content. The CreationInformation DS is composed of one Creation DS, zero or one Classification DS, and zero or more RelatedMaterial DSs. The Creation DS contains description tools for author generated information about the creation process. The Classification DS contains the description tools for classifying the multimedia content using classification schemes and also subjective reviews. The RelatedMaterial DS contains the description tools that allow the description of additional material that is related to the multimedia content.


Table 7: Creation and Production Tools

9.1 CreationInformation tools

9.1.1 CreationInformation DS 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
9.1.2 Creation DS 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
9.1.3 Classification DS 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
9.1.4 RelatedMaterial DS 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
10 Usage description tools

This clause specifies the description tools describing information about the usage of the multimedia content. The tools specified in this clause are:

	Tool
	Functionality

	Usage Tools
	These tools describe the information about the usage of the multimedia content. The UsageInformation DS include a Rights D, zero or one FinancialResults DS, and several Availability DSs and associated UsageRecord DS. 

The Rights D contains references to rights holders in order to obtain rights information. The Financial D contains the description of costs and incomes generated by the multimedia content. The Availability DS describes the details about the availability of the multimedia content for usage. The UsageRecord DS describes the details pertaining to the usage of the multimedia content.

It is important to note that the UsageInformation DS description will incorporated new descriptions each time the multimedia content is used (e.g, UsageRecord DS, Income in Financial D), or when there are new ways to access to the multimedia content (Availability DS).


Table 8: Usage Information Tools

10.1 UsageInformation tools

10.1.1 UsageInformation DS 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
10.1.2 Rights D 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
10.1.3 Financial D 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
10.1.4 Availability DS 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
10.1.5 UsageRecord DS

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
11 Structure of the content

This clause specifies tools for describing the structure of multimedia content in time and space. These tools can be used to describe temporal segments of audio, video, and electronic ink content; spatial regions of images; temporally moving regions of video; spatio-temporal segments of multimedia and multimedia content; segment resulting from video editing work' and panoramic compositions of video. The tools can also be used to describe segment attributes, structural decompositions, and structural relations.

The tools specified in this clause include the following:

	Tool
	Functionality

	Segment entity description tools
	These tools describe spatio-temporal segments of multimedia content.

	Segment attribute description tools
	These tools describe attributes of segments related to spatio-temporal, media, graph, and ordered group masks; importance for matching and point of view; creation and media of electronic ink content; and hand writing recognition.

	Segment decomposition tools
	These tools describe structural decompositions of segments of multimedia content.

	Segment relation description tools
	These tools describe structural relations among segments such as temporal, spatial, spatio-temporal, and other relations.


Table 9: Tools for the description of the structural aspects of the content.

11.1 Segment Entity Description Tools

11.1.1 Segment DS 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
11.1.2 StillRegion DS

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
In the following, a non-normative extraction method is described. 

11.1.2.1 StillRegion DS Extraction (Informative)

Still regions cab be the result of a spatial segmentation or a spatial decomposition methods. This may be done automatically or by hand, based on semantics criteria or not. Several techniques are reported in [1], [16]. Note that this kind of analysis tools have been extensively studied in the framework of the MPEG-4 standard. Some examples are described in [13], [16], [22]. This subclause describes one example proposed in [22].

The extraction of individual spatial or temporal regions and their organization within a tree structure can be viewed as a hierarchical segmentation problem also known as a partition tree creation. The strategy presented here involves three steps illustrated in Figure 8: the first step is a conventional segmentation. Its goal is to produce an initial partition with a rather high level of details. Depending on the nature of the segment tree, this initial segmentation can be a shot detection algorithm (for VideoSegment DS) or a spatial segmentation following a color homogeneity criterion (for StillRegion DS). The second step is the creation of a Binary Partition Tree. Combining the segments (VideoSegment or StillRegion DSs) created in the first step, the Binary Partition Tree defines the set of segments to be indexed and encodes their similarity with the help of a binary tree. Finally, the third step restructures the binary tree into an arbitrary tree. Although the approach can be used for many types of segments, the following description assumes still regions.
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Figure 8: Outline of segment tree creation.

The first step is rather classical (see [1] and the reference herein for example). The second step of the Segment tree creation is the computation of a Binary Partition Tree. Each node of the tree represents connected components in space (regions). The leaves of the tree represent the regions defined by the initial segmentation step. The remaining nodes represent segments that are obtained by merging segments represented by the children. This representation should be considered as a compromise between representation accuracy and processing efficiency. Indeed, all possible merging of initial segments are not represented in the tree. Only the most "useful'' merging steps are represented. However, the main advantage of the binary tree representation is that efficient techniques are available for its creation and it conveys enough information about segment similarity to construct the final tree. The Binary Partition Tree should be created in such a way that the most "useful'' segments are represented. This issue can be application dependent. However, a possible solution, suitable for a large number of cases, is to create the tree by keeping track of the merging steps performed by a segmentation algorithm based on merging. This information is called the merging sequence. The process is illustrated in Figure 9. The original partition involves four regions. The regions are indicated by a letter and the number indicates the mean gray level value. The algorithm merges the four regions in three steps.
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Figure 9: Example of Binary Partition Tree creation with a region merging algorithm.

To create the Binary Partition Tree, the merging algorithm may use several homogeneity criteria based on low-level features. For example, if the image belongs to a sequence of images, motion information can be used to generate the tree: in a first stage, regions are merged using a color homogeneity criterion, whereas a motion homogeneity criterion is used in the second stage. Figure 10 presents an example of a Binary Partition Tree created with color and motion criteria for the Foreman sequence. The nodes appearing in the lower part of the tree as white circles correspond to the color criterion, whereas the dark squares correspond to the motion criterion. As can be seen, the process starts with a color criterion and then, when a given Peak Signal to Noise Ratio (PSNR) is reached, it changes to the motion criterion. Regions that are homogeneous in motion as the face and helmet are represented by a single node (B) in the tree. 
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Figure 10: Examples of creation of the Binary Partition Tree with color and motion homogeneity criteria.

Furthermore, additional information about previous processing or detection algorithms can also be used to generate the tree in a more robust way. For instance, an object mask can be used to impose constraints on the merging algorithm in such a way that the object itself is represented as a single node in the tree. Typical examples of such algorithms are face, skin, character or foreground object detection. An example is illustrated in Figure 11. Assume for example that the original Children sequence has been analyzed so that masks of the two foreground objects are available. If the merging algorithm is constrained to merge regions within each mask before dealing with remaining regions, the region of support of each mask will be represented as a single node in the resulting tree. In Figure 11 the nodes corresponding to the background and the two foreground objects are represented by squares. The three sub-trees further decompose each object into elementary regions. 
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Figure 11: Example of partition tree creation with restriction imposed with object masks.

The purpose of the third and last step of the algorithm is to restructure the Binary Partition Tree into an arbitrary tree that shall reflect more clearly the image structure. To this end, nodes that have been created by the binary merging process but do not convey any relevant information should be removed. The criterion used to decide if a node must appear in the final tree can be based on the variation of segments homogeneity. A segment is kept in the final tree if the homogeneity variation between itself and its parent is low. Furthermore, techniques pruning the tree can be used since not all regions may have to be described. Finally, a specific GUI can also be designed to manually modify the tree to keep the useful sets of segments. An example of simplified and restructured tree is shown in Figure 12.
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Figure 12: Example of restructured tree.

11.1.3 ImageText DS

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
11.1.4 Mosaic DS

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
In the following, a non-normative extraction method is described. 

11.1.4.1 Mosaic DS Extraction (Informative)

It is very important to be able to construct good mosaics even from video shots that are not pre-segmented, videos with lots of free moving objects and videos where motion is large and subsequent frames therefore are largely disaligned. Thus a very stable and robust algorithm is important for handling these situations. The algorithm described below is described in detail in [25]. Below a brief description is given. 

As input to a mosaic algorithm is a set of video frames and as the final output there is the resulting mosaic image of these frames. Generally, the mosaicing procedure can be divided into two main parts. First the set of frames have to be aligned with each other, and then follows the construction of the mosaic where the data is merged into one single image.

The merging can be done with several criteria, for instance averaging of the frame data or pasting with the latest frame. But before the merging can be done, alignment of the frames has to be performed, and the method of alignment is critical for the quality and robustness of the algorithm.

The aim when developing a mosaic construction method has been to make an algorithm that is robust and reliable, well prepared to deal with unsegmented video containing free-moving objects and large frame disalignment. In order to achieve this, the algorithm is based on minimization of an error measure for the alignment of the frames.

This alignment process between frames is described in detail in the Visual XM in the context of the Parametric Motion Descriptor. When all frames have been aligned, the mosaic can be constructed by merging the data from all frames into the same reference system. Generally in the entire algorithm, if masks are present, only data that are not masked out is used in the calculations.

11.1.5 StillRegion3D DS

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
11.1.6 VideoSegment DS 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
In the following, a non-normative extraction method is described. 

11.1.6.1 VideoSegment DS Extraction (Informative)

Video segments can be the result of a temporal segmentation methods. This may be done automatically or by hand, based on semantics or other criteria. An overview of temporal segmentation can be found in [1], [11] and [22]. This subclause describes an automatic method for detecting scene changes [20] in MPEG-2 streams, which results in the temporal segmentation of video sequences into scenes.

This scene change detection algorithm is formed based on the statistical characteristics of the DCT DC coefficient values and motion vectors in the MPEG-2 bitstream. First, the algorithm detects candidate scene change on I, P, and B-frames separately, and dissolved editing effects. Then, a final decision is made to select the true scene changes. The overall scene change detection algorithm has five stages: minimal decoding, parsing, statistical detection, and decision stages; these five stages are described below. Figure 13 shows the block diagram of each stage.
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Figure 13: The Block diagram of the scene change detection algorithm.

· Minimal Decoding Stage: The MPEG bitstream is partially decoded to obtain motion vectors and the DCT DCs.

· Parsing Stage: The motion vectors in B, and P frames are counted; the DCT DC coefficients in P frames are reconstructed.

· Statistical Stage:

1. Compute R p, the ratio of intra coded blocks and forward motion vectors in P-frames.

2. Compute R b, the ratio of backward and forward motion vectors in B-frames.

3. Compute R f, the ratio of forward and backward motion vectors in B-frames.

4. Compute the variance of DCT DC coefficients of the luminance in I and P frames.

· Detection Stage: 

1. Detect R p peaks in P frames and mark them as candidate scene change frames.

2. Detect R b peaks in B frames and mark them as candidate scene change frames.

3. Detect R f peaks in B frames. Detect all |((2|, absolute value of the frame intensity variance difference, in I, P frames. Mark I-frames as candidate scene change frames if they have |((2| peaks and if the immediate B-frames have R f peaks.

4. Detect the parabolic variance curve for dissolve effects.

· Decision Stage: 

1. All candidate frames that fall in the dissolve region are unmarked.

2. Search through all marked frames from the lowest frame number

if (current marked frame number - last scene change number) > T rejection, 

then current marked frame is a true scene change

else unmark current frame

(where T rejection is the rejection threshold, default one GOP.)
The criterion in step 2 of the Decision Stage is used to eliminate situations when a scene change happens on a B frame, then the immediately subsequent P-frame and/or I-frame (of display order) will likely be marked as candidate scene change as well. But since they don’t satisfy the criterion of "the minimum distance between two scene changes has to be greater than T rejection", these candidate frames will be unmarked. Situations where multiple scene changes occur on one GOP are very rare.

For P frames, the marked frame decision can be obtained both from step 1 (R p peaks) and step 3 (|((2| peaks) in the Detection Stage. The outcome from step 1 is usually more reliable. The outcome from step 3 can be used as reference if they are conflicting with the outcome of step 1.
The following subclauses describe a technique for detecting the peak ratios R b , R p and R f, and a method to detect dissolves.
11.1.6.1.1 Adaptive Local Window Threshold Setting Technique for Detecting Peak Ratios
Different scenes have very different motion vector ratios. But within the same scene, they tend to be similar. Setting several levels of global thresholds will not only complicate the process but will also cause false alarms and false dismissals. A local adaptive threshold technique is used to overcome this problem.

The peak ratios R b , R p and R f are detected separately. All ratios are first clipped to a constant upper limit, usually 10 to 20. Then ratio samples are segmented into time windows. Each window is 2 to 4 times the Group of Picture (GOP)’s size. For typical movie sequences, scene change distances are mostly greater than 24 frames, so a window size of 2 GOP is sufficient. If the GOP is 12 frames, and window size is 2 frames, there will be 6 ratio samples for P-frames and 12 samples for B-frame. These samples are enough to detect the peaks.
Within the window, a histogram of the samples with a bin size of 256 is calculated. If the peak-to-average ratio is greater than the threshold, Td , then the peak frame is declared as a candidate scene change. The peak values are not included in calculating the average. A typical Td value is 3 for R b , R p and R f . Figure 14b. shows the histogram of a local window corresponding to P-frames (from frames 24 to 47) in Figure 14a. where there is a peak at frame 29. For B-frames, if a scene change happens at a B-frame (frame 10, in Figure 14a.), then the ratio of the immediately subsequent B frame (frame 11) will be also high. Both of them will be considered as peaks and will not be considered into the average, only the first B-frame will be marked as a candidate scene change.
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Figure 14: Motion Vector Ratio In B and P Frames.

11.1.6.1.2 Detection of Dissolves

Dissolve is the most frequently used editing effect to connect two scenes together. A dissolve zone is created by linearly mixing two scenes sequences: one gradually decreasing in intensity and another gradually increasing. Dissolves can be detected by taking the pixel domain intensity variance of each frame and then detecting a parabolic curve. Given an MPEG-2 bitstream, the variance of the DCT DC coefficients in I and P frames is calculated instead of the spatial domain variance. Experiments have shown that this approximation is accurate enough to detect dissolves.

11.1.6.1.2.1 Calculation of DCT DC Coefficient Values
The I-frames in MPEG are all intra coded, so the DCT DC coefficient values can be obtained directly (without temporal prediction). The P-frames consist of backward motion compensated (MC) macroblocks and the intra coded macroblocks. An MC macroblock has a motion vector and a DCT coded MC prediction error. Each macroblock consists of 4 luminance blocks (8x8 pixels each) and some chrominance blocks (2, 6 or 8 depending on the chrominance subsampling format). To ensure maximum performance, only the DCT DC coefficients of the luminance macroblock are used for dissolve detection. The DCT DC coefficient values of B pictures could also be reconstructed applying the same technique.

To get the DCT DC coefficient values for a P frame, inverse motion compensation is applied on the luminance blocks and the DCT DC coefficient value of the prediction error is added to the DCT DC coefficient prediction. Assume that the variance within each block is small enough, then b, the DCT DC coefficient of a MC block in a P frame can be approximated by taking the area-weighted average of the four blocks in the previous frame pointed by the motion vector.

b = [b 0 *(8-x)*(8-y) + b 1 *x*(8-y) + b 2 *(8-x)*y + b 3 *x*y]/64 + b error_DCT_DC
where x, y are the horizontal and vertical motion vector modulo block size 8; b 0 , b 1 , b 2 and b 3 are the DCT DC coefficients of the four neighboring blocks pointed by the motion vector; b error_DCT_DC is the DCT DC coefficient of the motion compensation error of the block to be reconstructed (see Figure 15).
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Figure 15: Inverse Motion Compensation of DCT DC coefficient.

11.1.6.1.2.2 Dissolve Detection

Two criteria are used for dissolved detection --first, the depth of the variance valley must be large enough and second, the MediaDuration of the candidate dissolve region must be long enough (otherwise it is more likely an abrupt scene change). A typical dissolve would last from 30 to 60 frames. The specific procedure is as following.

All the positive-peaks, p + are detected by using the local window method on ((2, the frame variance difference; all the negative-peaks p - are found by detecting the minimum value between two positive-peaks; the peak-to-peak difference (p = current peak - previous peak, is calculated and thresholded using the pro-posed local window method; finally potential matches with MediaDuration length (positive peak to current negative peak) long enough ( > T f frames, e.g. 1/3 of the minimum allowed dissolve MediaDuration) are declared as candidate dissolves.

The starting point of the candidate dissolve is the previous positive peak. If the next positive peak is at least T f frames from the current negative peak, then a dissolve is declared and the ending point is set to the next positive peak. Frames whose peak-to-peak distance meets the magnitude threshold, but fail to meet the MediaDuration threshold are usually the direct scene changes. Similarly, if the frame MediaDuration from the current negative peak to the next positive peak fails to meet T f , the candidate dissolve will be unmarked also.

11.1.7 MovingRegion DS 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
In the following, a non-normative extraction method and a non-normative usage method are described. 

11.1.7.1 MovingRegion DS Extraction (Informative)

Moving regions can be the result of spatio-temporal segmentation methods. This may be done automatically or by hand, based on semantics or other criteria. . An overview of spatio-temporal segmentation can be found in [1]. This subclause describes the semi-automatic method used in the AMOS system [27] to segment and track semantic objects in video sequences.

AMOS is a system that combines low level automatic region segmentation with an active method for defining and tracking high-level semantic video objects. A semantic object is represented as a set of underlying homogeneous regions. The system considers two stages (see Figure 16): an initial object segmentation stage where user input in the starting frame is used to create a semantic object, and an object tracking stage where underlying regions of the semantic object are automatically tracked and grouped through successive frames.
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Figure 16: General Structure of AMOS. 

11.1.7.1.1 Initial Semantic Object Segmentation

Semantic object segmentation at the starting frame consists of several major processes as shown in Figure 17. First, users identify a semantic object by using tracing interfaces (e.g. mouse). The input is a polygon whose vertices and edges are roughly along the desired object boundary. To tolerate user-input error, a snake algorithm [12] may be used to align the user-specified polygon to the actual object boundary. The snake algorithm is based on minimizing a specific energy function associated with edge pixels. Users may also choose to skip the snake module if a relatively accurate outline is already provided.

After the object definition, users can start the tracking process by specifying a set of thresholds. These thresholds include a color merging threshold, weights on three color channels (i.e. L*u*v*), a motion merging threshold and a tracking buffer size (see following subclauses for their usage). These thresholds can be chosen based on the characteristic of a given video shot and experimental results. For example, for a video shot where foreground objects and background regions have similar luminance, users may choose a lower weight on the luminance channel. Users can start the tracking process for a few frames with the default thresholds, which are automatically generated by the system, and then adjust the thresholds based on the segmentation and tracking results. This system also allows a user to stop the tracking process at any frame, modify the object boundary that is being tracked and then restart the tracking process from the modified frame.
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Figure 17: Object segmentation at starting frame.

Given the initial object boundary from users (or the snake module), a slightly extended (~15 pixels) bounding box surrounding the arbitrarily shaped object is computed. Within the bounding box, three feature maps, edge map, color map, and motion field, are created from the original images. Color map is the major feature map in the following segmentation module. It is generated by first converting the original image into the CIE L*u*v* color space and then quantizing pixels to a limited number of colors (e.g. 32 or 16 bins) using a clustering based (e.g. K-Means) method. The edge map is a binary mask where edge pixels are set to 1 and non-edge-pixels are set to 0. It is generated by applying the Canny edge detection algorithm. The motion field is generated by a hierarchical block matching algorithm [1]. A 3-level hierarchy is used as suggested in [1].

The spatial intra-frame segmentation module is based on an automatic region segmentation algorithm using color and edge information [28],[29]. As stated in [28],[29], color-based region segmentation can be greatly improved by fusion with edge information. Color based region merging works well on quantized and smoothed images. On the contrary, edge detection captures high-frequency details in an image. In AMOS, to further improve the accuracy, a motion-based segmentation process using the optical flow is applied to segmented color regions to check the uniformity of the motion distribution. Although the complete process utilizing color, edge, and motion is not trivial, the computational complexity is greatly reduced by applying the above region segmentation process only inside the bounding box of the snake object instead of the whole frame.

The region aggregation module takes homogeneous regions from the segmentation and the initial object boundary from the snake (or user input directly). Aggregation at the starting frame is relatively simple compared with that for the subsequent frames, as all regions are newly generated (not tracked) and the initial outline is usually not far from the real object boundary. A region is classified as foreground if more than a certain percentage (e.g. 90%) of the region is included in the initial object. On the other hand, if less than a certain percentage (e.g. 30%) of a region is covered, it is considered as background. Regions between the low and high thresholds are split into foreground and background regions according to the intersection with the initial object mask.

Finally, Affine motion parameters of all regions, including both foreground and background, are estimated by a multivariate linear regression process over the dense optical flow inside each region. In our system, a 2-D Affine model with 6 parameters is used. These Affine models will be used to help track the regions and object in the future frames, as will be discussed in the next subclause.

11.1.7.1.2 Semantic Object Tracking

Given the object with homogeneous regions constructed at the starting frame, tracking in the successive frames is achieved by motion projection and an inter-frame segmentation process. The main objectives of the tracking process are to avoid losing foreground regions and to avoid including false background regions. It contains the following steps (see Figure 18).
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Figure 18: Automatic semantic object tracking.

First, segmented regions from the previous frame, including both foreground and background, are projected onto the current frame (virtually) using their individual Affine motion models. Projected regions keep their labels and original classifications. For video shots with static or homogeneous background (i.e. only one moving object), users can choose not to project the background regions to save time.

Generation of the three feature maps (color, edge and motion) utilizes the same methods as described in the previous subclause. The only difference is that in the quantization step, the existing color palette computed at the starting frame is directly used to quantize the current frame. Using a consistent quantization palette enhances the color consistency of segmented regions between successive frames, and thus improves the performance of region based tracking. As object tracking is limited to single video shots, in which there is no abrupt scene change, using one color palette is generally valid. Certainly, a new quantization palette can be generated automatically when a large quantization error is found.

In the tracking module (i.e. inter-frame segmentation), regions are classified into foreground, background and new regions. Foreground or background regions tracked from the previous frame are allowed to be merged with regions of the same class, but merging across different classes is forbidden. New regions can be merged with each other or merged with foreground/background regions. When a new region is merged with a tracked region, the merging result inherits its label and classification from the tracked region. In motion segmentation, split regions remain in their original classes. After this inter-frame tracking process, a list of regions temporarily tagged as either foreground, background, or new is obtained. They are then passed to an iterative region aggregation process.

The region aggregation module takes two inputs: the homogeneous region and the estimated object boundary. The object boundary is estimated from projected foreground regions. Foreground regions from the previous frame are projected independently and the combination of projected regions forms the mask of the estimated object. The mask is refined with a morphological closing operation (i.e. dilation followed by erosion) with a size of several pixels in order to close tiny holes and smooth boundaries. To tolerate motion estimation error that may cause the loss of foreground regions around object boundary, the mask is further dilated with the tracking buffer size, which is specified by users at the beginning of the tracking.

The region aggregation module implements a region grouping and boundary alignment algorithm based on the estimated object boundary as well as the edge and motion features of the region. Background regions are first excluded from the semantic object. For every foreground or new region, intersection ratio of the region with the object mask is computed. Then if:

1) the region is foreground
If it is covered by the object mask by more than 80%, it belongs to the semantic object. Otherwise, the region is intersected with the object mask and split :

a) split regions inside the object mask are kept as foreground

b) split regions outside the object mask are tagged as new

2) the region is new
If it is covered by the object mask by less than 30%, keep it as new; else if the region is covered by the object mask by more than 80%, classify it as foreground. 

Otherwise:

a) Compute the numbers of edge pixels (using the edge map) between this region and the current background and foreground regions. Compute the differences between the mean motion vector of this region with those of its neighboring regions and find the neighbor with the most similar motion.

b) If the region is separated from background regions by more edge pixels than foreground regions (or if this region is not connected to any background regions) and its closest motion neighbor is a foreground region, intersect it with the object mask and split :

- split regions inside the object mask are classified as foreground

- split regions outside the object mask are tagged as new

c) Otherwise, keep the region as new.

Compared with the aggregation process in the previous subclause, a relatively lower ratio (80%) is used to include a foreground or new region. This is to handle motion projection errors. As it is possible to have multiple layers of new regions emerging between the foreground and the background, the above aggregation and boundary alignment process is iterated multiple times. This step is useful in correcting errors caused by rapid motions. At the end of the last iteration, all remaining new regions are classified into background regions. Finally, Affine models of all regions, including both foreground and background, are estimated. As described before, these Affine models are used to project regions onto the future frame in the motion projection module.

11.1.7.2 MovingRegion DS Usage (Informative)

Moving region descriptions can be used for retrieval, browsing, and visualization applications. This subclause describes a query model for similarity searching of video objects based on localized visual features of the objects and the objects’ regions, and spatio-temporal relations among the objects’ regions [30]. In moving region descriptions, the video objects will correspond to the first level of moving regions (InterviewerMR in MovingRegion DS on Informative Examples subclause of the MovingRegion DS of the MDS CD); the objects’ regions to the second level of moving regions (MR1 and MR2 MovingRegion DS on the Informative Examples of the MovingRegion DS of the MDS CD); the visual features to visual descriptors; and the spatio-temporal relations to segment relations in segment graphs.

Each video object has a unique ObjectID. Similarly each region also has a unique RegionID. Several visual descriptors (e.g. GoFColor) are associated with ObjectID and RegionID. In addition, ObjectID is associated with spatio-temporal descriptors as described on the Extraction subclause of the MovingRegion DS. These ID’s are used as indexes in the description of the object matching and retrieval processes described below.

Given a query object with N regions, the searching approach in [30] consists of two stages:

(1) Region Search: to find a candidate region list for each query region based on visual features and spatio-temporal relations

(2) Joint & Validation: to join these candidate region lists to produce the best matched video objects by combining visual and structure similarity metrics and to compute the final global distance measure.

The video object query model is shown in Figure 19.
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Figure 19: The video object query model. 
The detailed procedure follows:

1) For every query region, find a candidate region list based on the weighted sum (according to the weights given by users) of distance measures of different visual features (e.g., shape or trajectory). All individual feature distances are normalized to [0,1]. Only regions with distances smaller than a threshold are added to a candidate list. Here the threshold is a pre-set value used to empirically control the number or percentage of objects that the query system will return. For example, a threshold 0.3 indicates that users want to retrieve around 30 percent of video objects in the database (assuming the descriptors of the video objects in the database have normal distribution in feature spaces). The threshold can be set to a large value to ensure completeness, or a small value to improve speed.

2) Sort regions in each candidate region list by their ObjectID’s.

3) Perform join (outer join) of the region lists on ObjectID to create a candidate object list. Each candidate object, in turn, contains a list of regions. A "NULL" region is used when: (1) a region list does not contain regions with the ObjectID of a being-joined object and (2) a region appears (i.e. matched) more than once in a being-joined object.

4) Compute the distance between the query object and each object in the candidate object list as follows:
D = w 0  FD (q i, r i) + w 1 SD (sog q, sog o) + 

w 2 SD (topo q, topo o) +w 3 SD (temp q, temp o)
where q i is the ith query region. r i is the ith region in a candidate object. FD(.) is the feature distance between a region and its corresponding query region. If r i is NULL, maximum distance (i.e., 1) is assigned. sog q (spatial orientation), topo q (topological relation) and temp q (temporal relation) are structure features of the query object sog o, topo o, and temp o are retrieved from database based on ObjectID, RegionID and temporal positions. When there is a NULL region (due to the above join process), the corresponding dimension of the retrieved descriptorwill have a NULL value. SD(.) is the L1-distance and a penalty of maximum difference is assigned to any dimension with a NULL value.

5) Sort the candidate object list according to the above distance measure D and return the result.

11.1.8 VideoText DS 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
In the following, a non-normative extraction method and a non-normative usage method are described. 

11.1.8.1 VideoText DS Extraction (Informative)

Extraction of videotext in a frame is the result of image analysis involving text character segmentation and location. This may be done automatically or by hand, based on semantics or other criteria. This subclause discusses how videotext can be extracted automatically from digital videos. Text can appear in a video anywhere in the frame and in different contexts. The algorithms presented here are designed to extract superimposed text and scene text, which possesses typical (superimposed) text attributes. No prior knowledge about frame resolution, text location, font styles, and text appearance modes such as normal and inverse video are assumed. Some common characteristics of text are exploited in the algorithms including monochromaticity of individual characters, size restrictions (characters cannot be too small to be read by humans or too big to occupy a large portion of the frame), and horizontal alignment of text (preferred for ease of reading). 
Approaches to extracting text from videos can be broadly classified into three categories: (i) methods that use region analysis, (ii) methods that perform edge analysis, and (iii) methods that use texture information. The following subclause describes a region-based algorithm [23], which is followed by a subclause containing an edge-based algorithm [2].

11.1.8.1.1 Videotext Extraction Using Region Analysis

The region analysis algorithm [23] for videotext extraction works by extracting and analyzing regions in a video frame. The goals of this system are (i) isolating regions that may contain text characters, (ii) separating each character region from its surroundings and (iii) verifying the presence of text by consistency analysis across multiple text blocks.

11.1.8.1.1.1 Candidate Text Region Extraction

The first step in the region analysis system is to remove non-text background from an input gray scale image generated by scanning a paper document, or from downloading a Web image, or by decompressing an encoded (for example, in MPEG-1, 2) video stream. The generalized region labeling (GRL) algorithm [24] is used to extract homogenous regions from this image. The GRL algorithm labels pixels in an image based on a given criterion (e.g., gray scale homogeneity) using contour traversal, thus partitioning the image into multiple regions, then groups pixels belonging to a region by determining its interior and boundaries, and extracts region features such as its MBR (minimum bounding rectangle), area, etc. The criterion used to group pixels into regions is that the gray level difference between any pair of pixels within the region cannot exceed ±10.

The GRL algorithm thus, segments the image into nonoverlapping homogenous regions. It also results in complete region information such as its label, outer and inner boundaries, number of holes within the regions, area, average gray level, gray level variance, centroid and the MBR. Next, non-text background regions among the detected regions are removed based on their size. A region is removed if the width and height of its MBR are greater than 24 and 32, respectively (can be adaptively modified depending on the image size). By employing a spatial proportion constraint, rather than area constraint, large homogeneous regions which are unlikely to be text are removed. Within the remaining candidate regions, candidate regions may be fragmented into multiple regions because of varying contrast in the regions surrounding the candidate regions. To group multiple touching regions into a single coherent region, a binary image from the labeled region image where all the regions which do not satisfy the size constraint are marked "0" and the remaining regions are marked "1" is generated. This binary image is processed using the GRL algorithm to obtain new connected regions. With the creation of a binary image, followed by a relabeling step, many small connected fragments of a candidate text region are merged together.

11.1.8.1.1.2 Text Region Refinement

Here the basic idea is to apply appropriate criteria to extract character segments within the candidate regions. Within a region, characters with holes can be present embedded in a complex background and since OCR systems require text to be printed against a clean background for processing, the second stage attempts to remove the background within the regions while preserving the candidate character outline. Since character outlines in these regions can be degraded and merged with the background, an iterative local thresholding operation is performed in each candidate region to separate the region from its surroundings and from other extraneous background contained within its interior. Once thresholds are determined automatically for all candidate regions, positive and negative images are computed. The positive image contains region pixels whose gray levels are above their respective local thresholds and the negative image contains region pixels whose gray levels fall below their respective thresholds. Observe that the negative image will contain candidate text regions if that text appears in inverse video mode. All the remaining processing steps are performed on both positive and negative images and their results are combined. Thus the region analysis system can handle normal and inverse video appearances of text.

The character region boundaries are further sharpened and separated by performing a region boundary analysis. This is necessary especially when characters within a text string appear connected with each other and they need to be separated for accurate text identification. This is achieved by examining the gray level contrast between the character region boundaries and the regions themselves. For each candidate region R, a threshold T is computed:
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where Icbk is the gray level of the pixel k on the circumscribing boundaries of the region and Iil is the gray level of the pixel l belonging to R (including interior and region boundary), Ncb is the number of pixels on the circumscribing boundaries of the region, and Ni is the number of pixels in the region. A pixel is defined to be on the circumscribing boundary of a region if it does not belong to the region but at least one of its four neighbors (using 4-connectivity) does. Those pixels in R whose gray level is less than T are marked as belonging to the background and discarded, while the others are retained in the region. Note that this condition is reversed for the negative image. This step is repeated until the value of T does not change over two consecutive iterations.

11.1.8.1.1.3 Text Characteristics Verification

The few candidate character regions are now tested for exhibiting typical text font characteristics. A candidate region is removed if its area is less than 12 or its height is less than 4 pixels because small fonts are difficult to be recognized by OCR systems. It is also removed if the ratio of the area of its MBR to the region area (fill factor) is greater than 4. Finally it may be removed if the gray level contrast with the background is low, i.e., if 
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where Icbk is the gray level of the pixel k on the circumscribing boundaries of the region and Ibl is the gray level of the pixel l on the boundaries of the region. Since region boundary information is easily available owing to our GRL algorithm, this new boundary-based test can be easily performed to handle the removal of noisy non-text regions. Note also that the parameters used were determined with a study of a large number of SIF-resolution videos and were kept stable during our experimentation.

11.1.8.1.1.4 Text Consistency Analysis

Consistency between neighboring text regions is verified to eliminate false positive regions. The system attempts to ensure that the adjacent regions in a line exhibit the characteristics of a text string, thus locally verifying the global structure of the line. This text consistency test includes:

1. position analysis that checks inter-region spacing. The width between the centroids of the MBRs of a pair of neighboring regions that are retained is less than 50 pixels; 

2. horizontal alignment analysis of regions. The vertical centers of neighboring MBRs is within 6 pixels of one another; 

3.  vertical proportions analysis of adjacent regions. The height of the larger of the two regions is less than twice the height of the smaller region.

Given a candidate text string, a final series of tests involving their MBRs are also performed. The MBRs of the regions (characters) are first verified to be present along a line within a given tolerance of 2 pixels. Observe that characters present along a diagonal line can be therefore easily identified as a string in the region analysis system. The inter-region distance in the string is verified to be less than 16 pixel. The MBRs of adjacent regions are ensured not to overlap by more than 2 pixels. If all three conditions are satisfied, the candidate word region is retained as a text string. The final output is a clean binary image containing only the detected text characters (appearing as black on white background) that can be directly used as input to an OCR system in order to be recognized.

11.1.8.1.1.5 Interframe Analysis For Text Refinement

Optionally, if consecutive frames in videos are being processed together in a batch job, then text regions determined from say, five consecutive frames can be analyzed together to add missing characters in frames and to delete incorrect regions posing as text. This interframe analysis used by the region analysis system to handle videos exploits the temporal persistence of videotext, and it involves examination of the similarity of text regions in terms of their positions, intensities and shape features and aids in omitting false positive regions.

11.1.8.1.2 Text Detection Based on Edge Characterization

The edge characterization algorithm [2] for text detection exploits the text properties namely, the height, width and area on the connected components (CC) of the edges detected in frames. Furthermore, horizontal alignment is used to merge multiple CC's into a single line of text. The purpose is to output a thresholded image of the detected text lines with text as foreground in black on a white background. This can be the input to an OCR to recognize the text characters.
Text extraction is performed on individual video frames. The steps involved in text extraction are given below. The origin (0,0) of the frame is the top-left corner. Any pixel is referenced by (x, y) location where x, is the position in columns and y, in rows.

11.1.8.1.2.1 Channel Separation

The red frame of the RGB color space is used to make it easy to differentiate the colors white, yellow and black, which dominate videotext. By using the red frame, sharp high-contrast edges for these frequent text colors are obtained. However, other color spaces such as HSB or YUV could be used.

11.1.8.1.2.2 Image Enhancement

The frame’s edges are enhanced using a 3 ( 3-mask. Noise is further removed using a median filter.

11.1.8.1.2.3 Edge Detection

On the enhanced image, edge detection is performed using the following 3 ( 3 filter.
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Excluding the image borders, edges are found when the output is smaller than EdgeThreshold. Currently, the threshold is fixed; however, a variable threshold could be used. The fixed threshold results in a lot of salt and pepper noise; also, the edges around the text may be broken and not connected. Hence, further processing is needed.

11.1.8.1.2.4 Edge Filtering

A preliminary edge filtering is performed to remove areas that possibly do not contain text or, even if they do, they cannot be reliably detected. Edge filtering can be performed at different levels. One is at a frame level and the other is at a sub-frame level. On the frame level, if more than a reasonable portion of the frame contains edge pixels, probably due to the number of scene objects, the frame is disregarded and the next one is taken. This can lead to the loss of text in some clean areas and result in false negatives. To overcome this problem, edge filtering is performed at a sub-frame level. To find text in an "over croCDed" frame, six counters are maintained with the count of the subdivided frame. Three counters are used for three vertical portions of the frame (one third of the area of the frame). Similarly, three counters are used for three horizontal stripes. Text lines found in high-density edge areas (stripes) are rejected in a subsequent step. This filtering could be done using smaller areas, to retain areas that are clean and contain text in a region smaller than one-third of an image.

11.1.8.1.2.5 Character Detection

Next a Connected Component (CC) analysis is performed on leftover edges. Text characters are assumed to give rise to connected components or a part thereof. All the edge pixels that are located within a certain distance from each other (an eight-pixel neighborhood is used) are merged in CCs. Each of the CCs is tested for size, height, width and area criteria before passing to the next stage.

11.1.8.1.2.6 Text Box Detection

The connected components that pass the criteria in the previous step are sorted in ascending order based on the location of the bottom left pixel. The sorting is done in raster scan. This list is traversed and the CCs are merged together to form boxes of text. The first connected component, CC1 is assigned to the first box. Each subsequent CCi is tested to see if the bottom most pixel lies within a preset acceptable "row" threshold from the bottom most pixel of the current text box. If the CCi lies within a few rows (in this case 2 rows) of the current box, there is a good chance that they belong to the same line of text. The row difference threshold currently used, is a fixed one, but a variable one could also be used. It could be made a fraction of the height of the current text box. In order to avoid merging CCs that are too far away in the image, a second test is performed to see if the column distance between CCi and the text boxes is less than a column threshold. This threshold is variable and is a multiple of the width of CCi. CCi is merged to the current text box if the above is true. If CCi does not merge into the current text box, then a new text box is started with CCi as its first component and the traversing is continued.

The above process could result in multiple text boxes for a single line of text in the image. Now for each of the text boxes formed by the character merging, a second level of merging is performed. This is to merge the text boxes that might have been mistakenly taken as separate lines of text, either due to strict CC merging criteria or due to poor edge detection process resulting in multiple CCs for the same character.
Each box is compared to the text boxes following it for a set of conditions. If two boxes are merged, the second box is deleted from the list of text boxes and merged into the first box. The multiple test conditions for two text boxes are: 

1. The bottom of one box is within the row difference threshold of the other. Also the distance between the two boxes in the horizontal direction is less than a variable threshold depending on the average width of characters in the first box. 
2. The center of either of the boxes lies within the area of the other text box
3. The text boxes overlap. 
If any of the above conditions is satisfied, the two text boxes are merged until all text boxes are tested against each other.
11.1.8.1.2.7 Text Line Detection and Enhancement

The leftover boxes are accepted as text lines if they conform to the constraints of area, width and height. For each of the boxes, the corresponding original sub-image is thresholded to obtain the text as foreground in black and everything else in white. This is required so that the binary image can be inputted to an OCR. The average grayscale value of the pixels in the box is calculated. The average grayscale, AvgBG, value of a region (5 pixels in our case) around the box is calculated. Within the box, anything above the average is marked as white and anything below it is marked as black. The grayscale average for the pixels being marked as white, Avg1, is calculated along the average of the black pixels, Avg2. Once, the box is converted to a black and white image (binary image), the average of the "white region"(Avg1) and the average of the "black region"(Avg2) are compared to the AvgBG (as shown in Figure 20). The region that has its average closer to the AvgBG is assigned to be the background and the other region is assigned to be the foreground. In other words, if the "black region" has its average closer to the other average, it is converted to white and vice versa. This assures that the text is always in black.
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Figure 20: Separation of text foreground from background.

11.1.8.2  VideoText DS Usage (Informative)

The applications described here highlight video browsing scenarios in which interesting events (i.e., the presence of videotext as an indicator of information pertaining to persons, locations, product advertisements, sports scores, etc) in the video are detected automatically and the video content is browsed based on these events, and video classification scenarios.

The application with an event-based video browsing capability shows that frames containing videotext can be automatically determined from a digital video stream. The stream can be marked as those segments containing videotext and those who do not by automatically determining the contiguous groups of time intervals of frames that contain text and which do not. Consequently, the video can be browsed in a nonlinear and random-access fashion based on the occurrence of a specific event. The event in this case is the presence or absence of videotext. A graphical summary of the video shows where videotext annotation is present along the video timeline.

With an application demonstrating video classification, the use of videotext in conjunction with other video features (annotations) for classification can be shown. Videotext annotation in news programs along with the detection of talking heads results in automatically labeled anchor shots.

11.1.9 InkSegment DS

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
11.1.10 AudioSegment DS 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
11.1.11 AudioVisualSegment DS 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
11.1.12 AudioVisualRegion DS

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
11.1.13 MultimediaSegment DS

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
11.1.14 Edited Video Segment Description Tools

This subclause specifies tools for describing video editing work. The following table summarizes the tools specified in this subclause and shows the organization of the tools for describing video editing work.

	Tool
	Functionality

	EditedVideoSegment DS
	This tool describes a video segment that results from an editing work. This tool extends from the VideoSegment DS.

	AnalyticEditedVideoSegment DS
	This tool is an abstract type that describes an edited video segment from an analytic point of view, which means that the description is made a posteriori automatically or manually based on the final video content. This tool extends from the MovingRegion DS.

	AnalyticClip DS
	This tool describes an intermediate edited video segment of a video content generated and assembled during the video editing process from the analytic view point.

Three types of analytic clips are distinguished - shots, composition shots, and intra-composition shots, which are defined as follows:

· A shot is a sequence of video frames delimited by transitions that affect the whole video frame – i.e., global transitions.
· A composition shot is a sequence of video frames within a shot delimited by transitions caused by local editing areas, known as rushes, appearing or disappearing in the video frame – i.e., composition transitions -, and/or global transitions.
· An intra-composition shot is a sequence of video frames within a composite shot delimited by global transitions in local editing areas – i.e., internal transitions-, composition transitions, and/or global transitions.

	AnalyticTransition DS
	This tool describes a transition between two analytic clips.

Three types of analytic clips are distinguished - global transitions, composition transitions, and internal transitions -, which are defined as follows:

· A global transition is an editing transition that affects the whole video frame generating shots.
· A composition transition is caused by adding or removing local editing areas from the video frame generating composition shots.
· An internal transition is a global transition that only affects a sub-region of the frame corresponding to an editing area generating intra-composition shots.

	SyntheticEditedVideoSegment DS
	This tool is an abstract type that describes an edited video segment from a synthetic point of view, which means that the description is made during the video editing or composition process. This tool extends from the EditedVideoSegment DS.

	SyntheticClip DS
	This tool describes intermediate edited video segment of a video content generated and assembled during the video editing process from the synthetic view point. This tool extends from the SyntheticEditedVideoSegment DS.

	SyntheticEffect DS
	This tool describes the combinations and transformations of one or several input segments during an editing synthetic effect. This tool extends from the SyntheticEditedVideoSegment DS.


11.1.14.1 EditedVideoSegment DS

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
11.1.14.2 AnalyticEditedVideoSegment DS

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
11.1.14.3 AnalyticClip DS

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
11.1.14.4 AnalyticTransition DS

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
11.1.14.5 SyntheticEditedVideoSegment DS

The SyntheticEditedVideoSegment DS extends from the EditedVideoSegment DS. The SyntheticEditedVideoSegment DS is an abstract type that describes an edited video segment from a synthetic point of view, which means that the description is made automatically or manually during the video editing or composition process. For example, an analytic edited video segment can be an editing effect involving several video segments.

11.1.14.5.1 SyntheticEditedVideoSegment Syntax

<complexType name=”SyntheticEditedVideoSegmentType” abstract=”true”>


<complexContent>



<extension base=”mpeg7:EditedVideoSegmentType”/>


</complexContent>

</complexType>

11.1.14.5.2 SyntheticEditedVideoSegment DS semantics

Semantics of the SyntheticEditedVideoSegmentType:

	Name
	Definition

	SyntheticEditedVideoSegmentType
	This type is an abstract type that describes an edited video segment from a synthetic point of view, which means that the description is made during the video editing or composition process.


11.1.14.6 SyntheticClip DS

The SyntheticClip DS extends from the SyntheticEditedVideoSegment DS. The SyntheticClip DS describes an intermediate edited video segment of a video content generated and assembled during the video editing process from the synthetic view point. The SyntheticClip DS describes alternative views of the input video content in addition to the other properties of the SyntheticEditedVideoSegment DS.
11.1.14.6.1 SyntheticClip DS Syntax

<complexType name=”SyntheticClipType”>


<complexContent>



<extension base=”mpeg7:SyntheticEditedVideoSegmentType”>




<sequence>





<element name="AlternativeView" type="mpeg7:VariationSetType”







minOccurs=”0”/>




</sequence>



</extension>


</complexContent>

</complexType>

11.1.14.6.2 SyntheticClip DS Semantics

Semantics of the SyntheticClipType:

	Name
	Definition

	SyntheticClipType
	Describes an intermediate edited video segment of a video content generated and assembled during the video editing process from the synthetic view point.

Editor’s Note: Is this DS exclusive for video content. If not, why is it a video segment? A more concrete definition is needed.

	AlternativeView
	Describes a set of alternative variations of input video content to the synthetic edited video segment (optional). These are the variations of the video content that are the input of the synthetic edited video segment during the editing work. The duration of all the variations of video content must equal the duration of the synthetic edited video segment.


11.1.14.7 SyntheticEffect DS

The SyntheticEffect DS extends from the SyntheticEditedVideoSegment DS. The SyntheticEffect DS describes the combinations and transformations of one or several input segments during an editing synthetic effect. The AnalyticClip DS describes the cut point, effect type, input segments, effect parameters, rendered video content, and rate modification, in addition to the other properties of the AnalyticEditedVideoSegment DS.
11.1.14.7.1 SyntheticEffect DS Syntax

<complexType name=”SyntheticEffectType”>


<complexContent>



<extension base=”mpeg7:SyntheticEditedVideoSegmentType”>




<sequence>





<element name="Type" type="mpeg7:TermType"/>





<element name="CutPoint" type="mpeg7:MediaTimeType"







minOccurs="0"/>




<element name="InputSegments"







type="mpeg7:SyntheticEffectMediaSourceDecompositionType"







minOccurs=”0”/>





<element name="InputSegmentName" type="mpeg7:TermType"







minOccurs="0" maxOccurs="unbounded"/>





<element name="Parameter" minOccurs="0" maxOccurs="unbounded">






<complexType>







<sequence>








<element name="Name" type="mpeg7:TermType"/>








<choice>









<element name="ConstantValue" type="double"/>









<element name="VaryingValue"











type="mpeg7:TemporalInterpolationType"/>









<sequence>










<element name="ParameterType"












type="mpeg7:TermType"/>










<element name="ParameterValue" type="string"/>









</sequence>








</choice>







</sequence>






</complexType>





</element>





<element name="Rendered"







type="mpeg7:SyntheticEditedVideoSegmentType"







minOccurs="0"/>





<element name="AlternativeEffectRef"







type="mpeg7:ReferenceType" minOccurs="0"/>




</sequence>




<attribute name="isTimeWarp" type="boolean"







use="default" value="false"/>




<attribute name="holdInput" type="boolean"







use="default" value="false"/>




<attribute name="parametersNum" type="integer" use="required"/>




<attribute name="inputsNum" type="positiveInteger" use="required"/>




<attribute name="isTransition" type="boolean" use="required"/>



</extension>


</complexContent>

</complexType>

11.1.14.7.2 SyntheticEffect DS Semantics

Semantics of the SyntheticEffectType:

	Name
	Definition

	SyntheticEffectType
	Describes how one or several input segments (audio, video, text, and 3D animations) are combined or transformed in an editing synthetic effect.

Editor’s Note: If Effect applies to any media, why is it derived from EditedVideoSegment DS? Because the result of the effect is always a video segment? Maybe there should be an EditedSegment DS from which this DS is derived.

	Type
	Describes the type of synthetic effect.

Editor’s Note: If this element is required, examples of possible types should be included in the definition If possible, the proponents are asked to provide an informative classification scheme with the typical synthetic effect types.

	CutPoint
	Describes the point in time in which the effect takes place when the effect is a transition (optional). The previous and the following SyntheticClip DS description in the parent SyntheticClip DS description are the clip participating in the transition. The element CutPoint can only provided if the value of the attribute isTransition is “true”.

	InputSegments
	Describes the input segments of the synthetic effect (optional).

Editor’s Note: The editor made this element optional because transition effects do not seem to need input segments. 

	InputSegmentName
	Describes a name of the input segments (optional).

Editor’s Note: Is this the name of one input segment or of the group? If it is the group of input segments, maybe it should go into the SyntheticVideoSegmentDecomposition DS.

	Parameter
	Describes a parameter of the synthetic effect (optional).

	Name
	Indicates the name of the parameter.

Editor’s Note: The proponents are encouraged to provide a classification scheme for parameter names and types.

	ConstantValue
	Indicates the constant value of the parameter.

	VaryingValue
	Indicates the varying value of the parameter.

	ParameterType
	Indicates the type of the parameter.

	ParameterValue
	Indicates the value of the parameter.

	Rendered
	Describes the rendered version of the effect (optional). This information is useful for synthesis applications to avoid effect generation in real time. If the effect description is an element of a video segment description, the rendered version is the video segment. If several rendered versions are needed, the defined rendered element must be kept.

Editor’s Note: Should this element not be of type ReferenceType or MediaLocatorType? At least, it could be choice between ReferenceType and SEVS DS. Furthermore, you can just use the MediaLocator or MediaInformation inherited from Segment DS to describe that information. Then, SyntheticEffect DS should be defined as describing the segment rendered by the effect together with the effect process.

Editor’s Note:  The last two sentences need clarification.

	AlternativeEffectRef
	References an alternative synthetic effect that can be used to replace the current synthetic effect when the application cannot generate it (optional).

Editor’s Note: How about having maxOccurs=”unbounded” for this effect?

	isTimeWarp
	Indicates whether the duration of the synthetic effect is not the duration of the input segments. The input source may be frozen or accelerated. The duration of the effect is described by the element MediaTime inherited from the VideoSegment DS. The attribute value is “false” by default.

Editor’s Note: Which MediaTime element the one in VideoSegment DS?

	holdInput
	Indicates whether the effect consists in the generation of a sequence from a still image. The attribute value is “false” by default.

Editor’s Note: The functionality of this attribute overlaps with isTimeWarp.

	parametersNum
	Indicates the number of parameters required to build the effect.

	inputsNum
	Indicates the number of input segments required to build the effect. If the number of inputs is one, the effect can be a filter (eg. Intensity modification) or an effect of hold up or freeze. Effects with several inputs are used in transitions or to describe compositing processes.

Editor’s Note: How are these parameters used? Can they not be obtained from counting the number of input segments and parameters in the description? If so, they can be removed.

	isTransition
	Indicates whether the effect represents a transition between two synthetic clips. If the attribute value is “true”, the SyntheticClip DS description cannot contain the element InputSegments. If the attribute value is “false”, the number of input segments should be non-zero.

Editor’s Note: Is this really needed? Was this not the result of merging the analytic and the synthetic video DSs?


11.2 Segment Attribute Description Tools

11.2.1 SpatialMask D

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
11.2.2 TemporalMask DS 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
11.2.3 SpatioTemporalMask DS

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
11.2.4 MatchingHint D
The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
In the following, a non-normative extraction method is described.
11.2.4.1 MatchingHint D Extraction (Informative)
There is no limitation in the extraction methods for the MatchingHint D. But the automatic extraction method by relevance feedback can work well on extracting the values of the DS. Relevance feedback is a feedback from a user regarding what is relevant and/or irrelevant results from a given retrieval output. In this subclause, the automatic extraction method for MatchingHints is described.

The MatchingHints can be automatically extracted using the learning algorithm based on the clustering information where similar data are grouped together. This clustering information can be given by a service provider or can be built-up by user’s relevance feedback. By using the extracted MatchingHints, the retrieval system can retrieve similar data even which is not used in the MatchignHint training. The descriptor that classifies the data in the same cluster better has the higher hint value and the descriptor which misclassifies the data in different clusters into the same cluster has the lower hint value. The hint value can be learned continuously if there are more feedbacks. To prevent wrong learning from the wrong feedback, the reliability factor describing how reliable the hint values are is used. In other words, the reliability describes how stable the current hint values are. The reliability becomes high when there are frequent feedbacks from the known experts. The higher the reliability is, the less a feedback affects the current hint value. 

The equation of the learning MatchingHint D value follows as:
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The system calculates matching hints with the feedback, and updates and stores matching hints of an image (or a part of a video). Updating matching hints (Wnew) are based on the matching hints (Wt) currently stored in the image (or the part of a video) and the matching hints (Wc) derived from feedback, as shown in the above equation. In the equation, updated matching hint (Wnew) is affected by Wt and Wc in proportion to the current reliability and the effect value. In other words, the updated matching hint (Wnew) is more affected by Wt when the reliability is higher, and more affected by Wc when the effect value is higher. The effect value, ec is high when the user giving feedback is the expert authorized, but generally, it is fixed as a constant.

The matching hints Wc can be calculated by the following equation from the feedback. If feedback is a relevant image, then a matching hint of a descriptor becomes higher when the similarity calculated using this descriptor is high. On the contrary, in the case of an irrelevant image, a matching hint of a descriptor becomes higher when the distance calculated using this descriptor is high. 
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Reliability is updated by the following equation. The reliability becomes high when there is frequent feedback and continuous increase of performance by learning

Rnew=f(Rold+e((IncreaseTerm+a))

IncreaseTerm=(Precision(t)-Precision(t-1))

Rnew : new updated reliability

Rold : current reliability


e :effect coefficient

a : constant value

Precision(t) : the precision calculated from feedback at the time t


Precision(t-1) : the precision calculated from feedback at the time t-1


f(): normalizing function

11.2.5 PointOfView D 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
In the following, a non-normative usage method is described. 

11.2.5.1 PointOfView D Usage (Informative)

The PointOfView D is a tool that allows generating a scalable summary dynamically. A scalable summary consists of the segments that have user’s preferred viewpoints. To achieve scalability of summary, the relative importance value and corresponding viewpoint is attached to each segment, and the segment filtering engine of the PointOfView D descriptions selects segments in order of high importance value for each viewpoint until the total time of summary becomes user’s demanding time period. The PointOfView D consists of the relative importance of segments and a specific viewpoint that is the axis of the relative importance.

The PointOfView D can be used to summarize multimedia content dynamically from the combination of the viewpoint(s) and the duration which user or agent or system required. The functionality of segment filtering, which can be enabled by PointOfView D, can be used as a preprocessor for the Summarization DS to make summary descriptions. The PointOfView D can also be used for scalable multimedia distribution by generating different multimedia presentations that consist of the filtered (preferred) segments, which can be adapted to the different capabilities of the client terminals, network conditions or user preferences, and so on.

A generic usage model is depicted in Figure 21 below, where a segment filter takes media description including PointOfView descriptions embedded in (or associated with) Segments as input and user preferences and generates a filtered output containing media or summary description that consists of preferred segments that fit personal preference.
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Figure 21: A generic usage model for PointOfView D descriptions.

11.2.6 InkMediaInfo DS

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
11.2.7 HandWritingRecogInfo DS

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
11.2.8 HandWritingRecogResult DS

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
11.3 Segment Decomposition Description Tools
11.3.1 Basic segment decomposition tools

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
11.3.2 Still region decomposition tools

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).

11.3.3 3D still region decomposition tools

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).

11.3.4 Video segment decomposition tools

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).

11.3.5 Moving region decomposition tools

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).

11.3.6 Ink segment decomposition tools

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).

11.3.7 Audio segment decomposition tools

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).

11.3.8 Audio-visual segment decomposition tools

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).

11.3.9 Audio-visual region decomposition tools

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).

11.3.10 Multimedia segment decomposition tools

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).

11.3.11 Analytic edited video segment decomposition tools

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).

11.3.12 Synthetic effect decomposition tools

The synthetic effect decomposition tools extend from the basic segment decomposition tools. The synthetic effect decomposition tools describe the video editing decomposition of a synthetic effect into one or more sub-segments in media source.

11.3.12.1 Synthetic effect decomposition tools syntax
<complexType name="SyntheticEffectMediaSourceDecompositionType">


<complexContent>



<extension base="mpeg7:MediaSourceSegmentDecomposition">

Editor’s Note: The types of segments in which the synthetic edited video segment decomposes are missing. Is this decomposition just an extension of the media source decomposition of video segments? Can it only generate SyntheticClip DSs?



<attribute name="allSegmentsInParallel" type="boolean"






use="default" value="false"/>



</extension>


</complexContent>

</complexType>

11.3.12.2 Synthetic effect decomposition tools semantics
Semantics of the SyntheticEffectMediaSourceDecompositionType:

	Name
	Definition

	SyntheticEffectMediaSourceDecompositionType
	Describes a media source decomposition of a synthetic effect.

	allSegmentsInParallel
	Indicates whether all sub-segments in the decomposition occur in parallel.


Editor’s note: The semantics should be improved in general. Is this only for SyntheticEffect DS or also for SyntheticClip DS?

11.4 Segment Relation Description Tools

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
In the following, a non-normative extraction method is described. 

11.4.1 Segment Relation Description Tools Extraction (Informative)

The extraction of relations among segment can be done automatically or by hand based on different criteria (e.g. semantic and temporal information). This subclause describes the spatio-temporal structure (relation) features extracted for segmented video objects’ regions in the AMOS system and latter used for retrieval (see subclauses 11.1.7.1 and 11.1.7.2) [30]. In this subclause, spatio-temporal structure of an object is understood as the spatio-temporal relations among its composing regions.

In AMOS, given a set of regions of a semantic video object, the structure descriptors are derived from their spatial and temporal positions and boundaries. These features are pre-computed and properly stored to allow quick access and examination in the similarity matching process. AMOS uses two spatial and one temporal structure features (Figure 22).
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Figure 22: Examples of spatio-temporal relation graphs. 
There are several different ways to compare spatial structure, such as 2D-Strings [7] and spatio-temporal logics [5]. AMOS uses a relatively fast and simple method, the spatial-orientation graph, to represent spatial relations as edges in a weighted graph [10]. This graph can be easily constructed by computing the orientation of each edge between the centroids of a pair of query regions, and stored as a n*(n-1)/2-dimension descriptor, where n is the number of query regions (Figure 22.a). The spatial-orientation graph cannot handle the "contain" relation. AMOS complements it with a topological graph (Figure 22.b), which defines the contain relation between each pair of regions with three possible values: contains (1), is-contained (-1) or not containing each other (0).

In a similarly way, the temporal graph (Figure 22.c) defines whether one region starts before (1), after (-1) or at the same time (0) with another region. Note that, for simplicity, the temporal order according to the first appearing time (or starting time) of each region is only defined. By taking the ending time, a more complicated temporal relation graph can also be generated.
12 Semantics of the content

This clause specifies tools for describing the semantics of multimedia content. These tools can be used to describe narrative worlds depicted in, or related to, multimedia content by describing objects, events, concepts, states, places, and times in those narrative worlds. These tools can also be used to describe semantic attributes and semantic relations.

The tools specified in this clause include the following:

	Tool
	Functionality

	Semantic Entity Tools
	These tools describe narrative worlds or semantic entities in the narrative world such as objects, events, concepts, states, places, and times.

	Semantic Attribute Tools
	These tools describe attributes of semantic entities related to abstraction levels and semantic measurements in time and space.

	Semantic Relation Tools
	These tools describe relations among semantic entities, among semantic relations and semantic entities, among segments and semantic entities, and among analytic models and semantic entities.


Table 10: List of tools for the description of the semantic aspects of the content

12.1 Semantic Entity Description Tools

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
12.2 Semantic Attribute Description Tools
The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
12.3 Semantic Relation Description Tools

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
13 Content navigation and access

This clause contains non-normative text for the following tools related to navigation of and access to AV content. 

	Tool
	Functionality

	Summarization
	Tools for describing multimedia summaries and abstracts for efficient browsing and navigation of multimedia content (e.g. based on key-videoclips, key-frames etc). See subclause 13.1. 

	Partitions, Views and View Decompositions
	Tools for describing views, partitions and decompositions of image, video, audio signals in space, time and frequency (e.g. low-resolution views or sub-regions of images). See subclause 13.2. 

	Variations
	Tools for describing the associations or relationships between different variations of multimedia programs (e.g. summaries, revisions, conversions, etc). See subclause 13.3. 


13.1 Summarization 

This subclause contains non-normative text for tools that facilitate discovery, browsing, navigation, visualization and sonification of multimedia content. The Summarization DS enables fast and effective browsing and navigation of multimedia content by providing access to a set of multimedia summaries or abstracts. Each multimedia summary or abstract is used to convey the essential information about the original (source) multimedia content. For example, a multimedia summary may contain key-clips and key-frames of the multimedia content. 

The following tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
	Tools
	Functionality

	HierarchicalSummary
	This tool is used to specify summaries of time-varying AV data that support sequential and hierarchical navigation. These summaries are composed of audio-, video-, or AV segments, as well as their key-frames and key-sounds. For example, a highlight summary of television content can be composed using the HierarchicalSummary description schemes. 

	SequentialSummary
	This tool is used to specify summaries of time-varying AV data that support non-linear sequential navigation. These summaries are composed of images or video-frames and audio-clips, which can be synchronized and presented to the user at varying speeds. For example, a variable-speed fast-forward of video, or an audio-slideshow can be composed using the SequentialSummary description scheme. 


13.1.1 HierarchicalSummary DS

13.1.1.1 HierarchicalSummary DS Extraction (informative)

In general, HierarchicalSummary descriptions can be constructed manually or automatically. To construct a HierarchicalSummary description, key audio- or video-clips and key-frames are extracted, selected and composed into a summary. In addition, textual annotation may be added to the HierarchicalSummary description.  

Key-frames 

In the following, an algorithm is described for automatic hierarchical key-frame extraction. Note that parts of this algorithm may also be used to create other types of summary descriptions. This algorithm uses measures of scene action to detect shot boundaries and to determine the number and position of key-frames allocated to each shot, as follows. Each video frame si within shot s is represented by its color histogram vector 
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Shot boundaries are determined by thresholding the action measure 
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). Once a boundary is detected, a new threshold is determined in the same manner using the first 
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Define a cumulative action measure for the first 
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 frames in a shot as 
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. Given a total number of 
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 key-frames to be allocated to the entire video, allocate each shot a number of key-frames, 
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, proportional to the total cumulative action in that shot. 

For each shot, approximate the area under the cumulative action curve with 
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 rectangles with variable width, where the density of the rectangles increases with the slope of this curve. Along the temporal axis, the rectangles partition a shot into contiguous shot segments separated by breakpoints. The frame that is situated at the midpoint of a shot segment is defined as the key-frame representing that shot. The following iterative algorithm determines the breakpoints 
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Let the time instance of the first break-point be 
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Let the location of the first key-frame be 
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IF 
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Optimize the time instances of key-frames starting from the second key-frame positioned at 
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 that produces the largest value of the action measure with respect to the previous key-frame 
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. This criterion can be referred to as the "largest successive difference" criterion. 

A hierarchical key-frame summary is generated by clustering the key-frames extracted by the algorithm described above. Clustering is performed using the histogram vectors of key-frames. The clustering algorithm considers pairs of clusters of key-frames, where key-frames belonging to the same cluster are consecutive in time. Let 
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 be the number of key-frames in the most detailed summary of a particular shot. The next coarser level has 
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 is an arbitrary but predetermined compaction ratio. Start with an equally spaced partitioning of the key-frame histograms where each of the resulting partitions contains histogram vectors of 
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 consecutive key-frames (see Figure 23). Then, starting with the first partition, adjust each partition boundary between two adjacent partitions so as to minimize the l2 norm for the two adjacent partitions on either side of the partition boundary, as follows. 

Assign the centroid histogram vector as the representative vector for each partition;

If 
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 such that the total sum of squared distances of vectors in each cluster to the corresponding representative vector is minimized (see Figure 23).
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 from the set of representative vectors. 

Continue with the next pair of partitions, until all partition boundaries are processed.

Apply steps 1-4 for 10 iterations (or until the decrease in total distortion is insignificant). After stopping, the frame in the first cluster whose histogram vector is closest to the representative vector is selected as the first key-frame. Key-frames for subsequent clusters are determined according to the "largest successive difference" criterion expressed in terms of the action measure. Coarser level summaries can be obtained by recursive application of the above procedure.
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                    (a)                                                       (b)                                                      (c)

Figure 23: Pairwise clustering for hierarchical key-frames summarization. In this example, the compaction ratio is 3. First T1 is adjusted in (a) considering only the two consecutive partitions at either side of T1. Then T2 and T3 are adjusted as depicted in (b) and (c), respectively. 
Fidelity
The following algorithm describes computation of fidelity values associated with key-frames in a hierarchical key-frame summary. Assume that a feature descriptor such as a color histogram is available for each key-frame. Define a distance metric on the color histograms such as the l1 norm. Consider a hierarchical summary with key-frames as shown in Figure 24.  The key-frame in each node is identified by A, B, etc., while fidelity values are denoted by e1, e2, etc. Consider, for example, the fidelity value e1, which indicates how well the key-frames in the subtree with root at node B is represented by the key-frame at node A. The fidelity value e1 can be obtained as follows. 

Compute the maximum distance between the histogram of A and those of its children B, E, F and G; 

Take the reciprocal of this maximum distance.

After all fidelity values in the hierarchy are computed, normalize them so that the fidelity values lie between 0.0 and 1.0. 
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Figure 24:  An example of a key-frame hierarchy.

13.1.1.2 HierarchicalSummary DS Use (informative)

In general, HierarchicalSummary descriptions can be used for navigation and browsing (e.g. visual table of contents or visual index of events), for viewing summarized content (e.g. visual highlights), and for scalable content viewing (e.g. adaptive to client or terminal capabilities and user preferences). 

In the following, a method is described for utilizing the fidelity attribute of a HierarchicalSummary description. The notion of fidelity allows a variety of practically useful functionalities such as fidelity-based summary, scalable hierarchical summary and quick search. For example, if a user specifies a preferred number of key-frames to preview the whole video, then the system utilizes the fidelity attributes in the summary to select a given number of key-frames which best represent the original video in a sense defined by the encoder used to automatically generate the key-frame hierarchy. A set of key-frames are then sent to the terminal device for display. 

Consider a key-frame hierarchy in Figure 24.  In this example, key-frame B has three fidelity values e4, e5 and e6 associated with each of its three subtrees. The value e4 indicates the degree of representativeness of key-frame B over its subtree rooted at E. Thus, key-frame B represents its children contained in the subtree rooted at E with fidelity e4. As one goes down to finer levels, the fidelity values generally become larger, indicating that a key-frame at a finer level represents its subtree better than those at coarse levels. The following algorithm automatically selects a given number of key-frames from a key-frame hierarchy, based on the fidelity values. Denote the desired number of key-frames to be selected by N. Denote the set of key-frames with maximum fidelity by K. 

initialize K to the empty set;

add the root node to K;

WHILE ( card(K) < N ) {

       consider nodes  with a parent node such that (K and (K;

        let  be the node among these nodes with lowest fidelity value;

        add  to K;

}

The algorithm above yields the set K that contains the N key frames selected. For example, Figure 24, assume that N=2. If e3 is the minimum among e1, e2 and e3, the key frames A and D are selected. This decomposes the original tree in Figure 24 into the two subtrees shown in Figure 25.
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Figure 25: An example of the key-frame selection algorithm based on fidelity values.

13.1.2 SequentialSummary DS

13.1.2.1 SequentialSummary DS Extraction (informative)

In general, SequentialSummary descriptions can be constructed manually or automatically. To construct a SequentialSummary description, key-frames and sound-clips are extracted, selected and composed into a summary. In addition, textual annotation may be added to the SequentialSummary description.  

Key-frames

In the following, an algorithm is described for automatic key-frame extraction. Note that parts of this algorithm may also be used to create other types of summary descriptions. This algorithm consists of the following steps, illustrated in Figure 26 (see also [3] and [21]). 

Feature points are extracted from each frame and then Kalman filtering is used to track the feature points in the next frame. Feature points correspond to points which contain a significant amount of texture, such as corner points. Such points are good candidates for tracking. The algorithm used for the feature points extraction step has been developed by Kanade et al. The KLT software library, which is publicly available at http://vision.stanford.edu/~birch/klt/index.html, can be used to implement the feature points extraction step. Other feature point extraction algorithms can be used also. Since many feature points have to be tracked, a data association filter is required. The nearest neighbor filter is used within this algorithm. In order to validate the association, a texture descriptor, characterizing the neighborhood of the feature point, is used. A track at time k is defined as a sequence of feature points up to time k which have been associated with the same target. See Figure 27 for an illustration. 

Shot boundaries are detected using an activity measure based on the rate of change in tracks. This activity measure depends on the number of terminated or initiated tracks, and is defined as the maximum between terminated and initiated tracks calculated as a percentage. The percentage of initiated tracks is the number of new tracks divided by the total number of tracks in the current frame, while the percentage of terminated tracks is the number of removed tracks divided by the total number of tracks in the previous frame. 

For shot boundary detection, a video sequence is modeled as a set of successive stationary and nonstationary states of the activity measure. Significant events correspond to the stationary states, which are characterized by a constant or slowly time-varying activity change. On the other hand, shot boundaries correspond to an abrupt change (cut) or fast change (dissolve). Accordingly, the temporal segmentation algorithm should fulfill the following requirements: a) detection of abrupt changes or fast changes; b) detection of stationary segments. 

For this purpose, a recursive temporal segmentation algorithm is used, which models the data as a succession of states represented as a Gaussian process. A change in the state corresponds to a change in the parameters of the process (mean ( and variance (2). The following equations are used in order to update the process parameters: 
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 is the current activity change and 
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 is a coefficient acting as an attenuation factor. If 
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 then a new Gaussian process is initialized, with mean equal to the current activity change and standard deviation set as a large value. Figure 28 shows the activity change and its representation as a model of succession of Gaussian processes. Short impulses correspond to short processes with high activity change (shot boundaries), while longer segments correspond to Gaussian processes representing significant events. 

A representative key-frame is extracted from the stationary or weakly non-stationary states (flat or oblique parts of the activity measure). The frame in the middle of the flat or oblique part is selected as a key-frame. Such a choice would allow representing the state in a compact way. For instance, in the case of a state that is part of a zooming camera operation, the frame in the middle of this state is a good compromise between the wide and focused view. 

A significant state corresponds to a state with a long duration or a high activity change value. The introduction of a significance value, computed as the product of the activity change value (activity change mean) and the duration of the corresponding state, allows us to have a scalable summary. The significance value, which is assigned to each key frame, could be interpreted as the surface of the rectangle built by the duration of the state and the activity change mean.

Once the key frames have been ordered according to their significance value, the number of key frames can be adapted according to the user’s preferences or the client device capabilities.
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Figure 26: Shot boundary detection and key-frame selection. 
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Figure 27: Example tracking result (frame numbers 620, 621, 625). Note that many feature points disappear during the dissolve, while new feature points appear. 
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Figure 28: Activity change (top). Segmented signal (bottom). 

Frame-activity
In the following, a method is described for computing frame-activity values. Frame activity values are easily calculated from MPEG video streams because P-frames include information of motion vectors in macroblocks, from which frame-change-values can be computed, as follows.

Extract motion vectors from the inter coded macroblocks in a P-frame and sum up their absolute values.

Normalize the values with respect to the image size, by dividing the sum by the number of macroblocks in the frame.

Normalize the values based with respect to the time interval, by dividing the result of Step 2 by the duration between the P-frame and its reference picture.

The following are two special cases: the first is the case of intra coded macroblocks, and the second is the case of field predicted macroblocks. If a macroblock is intra coded, it is ignored. For the field-predicted macroblocks, multiply the absolute values of the motion vectors by 1/2 (because there are two motion vectors in the macroblock).

Note that a frame-change-value cannot be calculated from I- and B-frames. In order to calculate a frame-change-value for each frame, a linear approximation is used to interpolate missing values temporally. This procedure can be performed in a viewer application to decrease the size of the description. On the other hand, it is possible to calculate frame-change-values for all frames and include them in the description. In this case, viewer applications need no interpolation operation.

If the source video is not coded in MPEG-format, e.g. block-based template matching can be used to extract motion vectors. Another method for calculating frame-change-values is by applying pixel-wise subtraction of color values between one frame and the next frame. Using this method, almost the same effect can be obtained to implement smart quick view.

Thumbnails
Note that the video skim or smart quick view may consist of thumbnail-sizes images, to save data size. Thumbnails can be extracted from I-frames in an MPEG bitstream, by decoding only the DC DCT-coefficients of macroblocks. The size of the extracted images is 1/64th of the original. Each frame can be coded individually (such as a sequence of bitmaps, JPEG-images, etc.) or packed into one composite file (such as a Motion-JPEG file, QuickTime movie-file, etc.). When the thumbnails are saved in separate files, each ImageLocator element will contain a URL. On the other hand, when the thumbnails are packed into a single file, the location of the file is described by a URL in the VideoSummaryLocator element and each ImageLocator element contains only frame-numbers or time-stamps.

Thumbnail-sized images can also be obtained by selecting and decoding (if necessary) frames at some regular interval in a video stream, and down-sampling them into small size images. Note that smart quick view may require high-speed playback (without audio), in which case ready-made thumbnail-sized images are useful. However, in the case that frames from the original video stream are used, ready-made thumbnails are not required.

Regions-of-interest
In some applications, it is useful to indicate regions-of-interest in video images with varying sizes and from varying locations. For instance, the video content may contain frames with text or faces, which should be visualized at a higher resolution to highlight such areas or to improve readability of the video text, while other video data may be visualized at a lower resolution. In this case, the Region element may be used to specify such regions-of-interest in the original video frames. Also, the images in the video skim can be clipped from the corresponding original frames and stored separately as still images, which can be referred to using the ImageLocator element in the FrameProperty DS. The selection of such regions can be done manually, and should generally be adapted to the content. For instance, region-of-interests can be image regions with text, such as the score in a sports game, or regions with faces of persons that the user may be interested in. Note that there may be multiple regions-of-interest corresponding to the same video frame; this can be specified using multiple FrameProperty elements referring to the same frame (using the MediaTime element).

Audio-clips
In order to extract audio summary clips such as the main theme of popular song, the spectral characteristics of audio streams are analyzed. Analysis of time samples in the frequency domain is accompanied by time to frequency mapping, and many algorithms for this mapping exist. One of the flexible methods is that the input PCM samples are converted into subband samples by a filterbank, which is, for example, the method used in MPEG-1/-2 audio compression (Layers I and II). In case that the input audio format is MPEG audio, time to frequency mapping is not necessary, and the audio summary extraction algorithm described here can be directly applied to the subband data of the MPEG audio stream.

The audio clips corresponding to the main themes or clips including title phrases of popular songs can be regarded as audio summary clips. In general, these clips are emphasized and include relatively high level of music and/or vocal. This results in large subband energies for both music and vocal bands, or either. Consequently, a certain audio clip, which includes the maximum of sum of subband energy for music band and that for vocal band, can be extracted as the audio summary clip.

Then, the following steps are adopted in order to extract the audio summary.

Convert time samples into subband samples using the filterbank.

After the subband filtering, calculate the subband energy of each subband which is summed up for each second.

Calculate the summed subband energy for music band 
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Determine the start time of audio summary clip Tsummary according to the following criterion.
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In this expression, 
[image: image94.wmf]T

base

SE

 denotes subband energy of base subband (subband zero), which greatly relates to both music and vocal. 
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denote weighting factors for subband energies of music, vocal, and base respectively.

Once the start time of audio summary Tsummary is determined, assign the fixed time duration (according to the given duration constraint) or the time duration determined by another criterion, to each clip in order to compose audio summaries.
Composition of summaries with key-frames, audio-clips and textual annotation
To compose "slide-show" or "moving storyboard" summaries with key-frames, audio-clips and textual annotation, the following algorithms may be used. 

Shot boundary and key-frame detection. Shot boundary detection is applied to the original video track, and the duration of every shot is recorded. Extract one key-frame per shot and use a FrameProperty element to describe each key-frame. Use the SyncTime element of each FrameProperty element to specify that the duration (intended display time) of the key-frame is that of the corresponding shot. 

Time scale modification. A time scale modification algorithm can be used to speed up or slow down the audio by a factor, say N, preserving pitch and timbre. Hence the duration of the modified audio is N*d0, where d0 = duration of original audio. Modify the display time of each key-frame accordingly. 

Speech recognition and information retrieval. Speech recognition can be used to detect terms. Key terms can be matched to a speech transcript for automatic labeling of the summary with key topics. Use TextProperty elements to specify and synchronize this textual annotation with the key-frames and audio-clips. 
13.1.2.2 SequentialSummary DS Use (informative)

In general, SequentialSummary descriptions can be used for rendering audio skims, video skims, or audio-visual slideshows. 

In the following, a method is described for utilizing the FrameActivity element of FrameProperty elements in a SequentialSummary description. The SequentialSummary DS can be used to specify a video skim, similar to a fast forward video playback. The SequentialSummary DS also allows video playback with variable speed, also called "smart quick view". In conventional fast forward mode, video is played back at constant speed, independent of the amount of activity in the scene or scene motion, which can make it difficult to understand the video content. In smart quick view mode, video playback speed is adjusted so as to stabilize the amount of scene change. This requires computation of the amount of scene change for frames of the video. In this case, one of the frame-properties consists of the "frame-change-value", which is a measure of change from one frame to the next. Consequently, a viewer can dynamically adjust the playback frame rate. That is, playback speed is decreased if the frame-change-value is high and increased if it is low.
The following notation is used to describe normal quick view and smart quick view. 

Frame rate of the original video: 




R frames/sec

Frame number of original video:




i (0, 1, 2, …, K)

Frame-change-value for frame i:




f(i)

Playback speed factor with respect to the original video frame rate: 
m
Display frame rate (playback frame rate): 



r frames/sec

Display cycle number: 





j (0, 1, 2, …, N)
In the case of normal quick view, for each display cycle j (j=0,1,2,…,N), the frame number in the original video i is given by: (m*R/r)*j. The total number of displayed frames N is calculated by K/(m*R/r). Frame i can be extracted from the original video or a thumbnail-sized image may be used. In the case where a viewer application can only use I-frames of the original video, the I-frame nearest to the computed frame i can be used for display. 

In the case of smart quick view, the frame-change-values are used to adjust playback speed automatically. Assume that frame-change-values f(i) are available for each frame i of the original video. If f(i) is not available for each frame, linear interpolation should be applied to compute the missing values. The frame-change-values f(i) are normalized such that their summation equals 1. Denote the normalized values by w(i), ( i=0,…, K-1). In order to stabilize playback in smart quick view mode and achieve the display frame rate r on average at the same time, the frame i to be displayed is controlled by the viewer based on w(i). Figure 29 shows a plot of the normalized frame-change-values w(i). The temporal axis can be partitioned into N segments, such that the sum of the frame-change-values w(i) inside each segment (approximately the area under the curve) equals 1/N. The boundaries between these segments are used as decision points to calculate the frame number i of the original video to be displayed, as follows. For display cycle j (the display frame rate is r), find the first i for which 
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Figure 29: Illustration of smart quick view.


Another functionality of the SequentialSummary DS is to visualize a video containing various regions-of-interest. Such regions-of-interest may be zoomed into or highlighted by the viewer application. Or, such regions-of-interest may be used to synthesize images composed of thumbnails with different resolutions. In the latter case, the thumbnail images are given by a sequence of still images with arbitrary size. The size of the thumbnail image and its location in the original frame is chosen according to the video content. Note that more than one thumbnail image can correspond to the same original video frame. Thumbnail images corresponding to different regions in the same frame are layered to synthesize a single frame for visualization (see Figure 30).
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Figure 30: Synthesizing frames in a video skim from multiple regions-of-interest.

13.2 Views, partitions and decompositions

This subclause contains non-normative text for tools for describing views and view decompositions of image, video, and audio signals in space, time and frequency. In general, Views describe different partitions of image, video and audio signals in space and frequency, such as spatial regions of images, temporal-frequency subbands of audio, and 3-D wavelet subbands of video. View Decompositions describe different tree- and graph-structured decompositions of the image, audio and video signals by providing different organizations of the Views. The View Decompositions describe both the node elements of the structured decompositions, which correspond to the Views, and the transition elements, which correspond to the analysis (decomposition) and synthesis (composition) dependencies among the Views.

The following tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
	Tools
	Functionality

	Partition
	These tools describe a space and/or frequency partition that corresponds to a continuous multi-dimensional rectangular region in the space and/or frequency plane.

	Filter
	These tools describe filters and filtering operations applied to image, video and audio signals.

	View
	These tools describe partitioned views of image, video or audio signals.

	ViewDecomposition
	These tools describe sets or structured decompositions of views of image, video or audio signals.


13.2.1 View Partitions

13.2.1.1 View DS  

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
13.2.1.1.1 View DS Use (Informative)

Space and frequency views can be used in applications that involve the access and navigation of large images and video at multiple resolutions. For example, browsing applications of large aerial images and maps involve the interactive zooming-in, zooming-out and panning around the 2-D image data. Typically, each operation requires the extraction, delivery and/or synthesis, and display of a space and frequency view of the large image. A similar framework applies to the progressive delivery of video at multiple spatial and temporal resolutions.

13.2.1.2 SpaceView DS 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
13.2.1.2.1 SpaceView DS Examples (Informative)

Examples of Space Views include regions of still images, temporal segments of video and temporal segments of audio. Figure 31.a) shows a large aerial image of which only a small subset depicting a rocky area is of interest to the user, see Figure 31.b). The Space View DS is used to describe this spatial view of the large 2-D image.
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                     (a)                                                                             (b)

Figure 31: Aerial image (a) source: Aerial image LB_120.tif, and (b) a part of image a) based on a spatial view DS.

13.2.1.3 FrequencyView DS 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
13.2.1.3.1 FrequencyView DS Examples (Informative)

In general, examples of Frequency Views include spatial-frequency subbands of still images, 3-D wavelet subbands of video and temporal-frequency subbands of audio. The sample below illustrates a frequency view of an aerial image, which corresponds to a spatial-frequency subband of the image.
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Figure 32: Frequency View of an Aerial image – spatial-frequency subband.

13.2.1.4 SpaceFrequencyView DS 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
13.2.1.4.1 SpaceFrequencyView DS Examples (Informative)

Examples of Space Frequency Views include spatial-frequency subbands of regions of still images, 3-D wavelet subbands of temporal segments of video and temporal-frequency subbands of temporal segments of audio. An example of a Space Frequency View is given in Figure 33. The data of an aerial image is shown in some spatial region with all frequency components, in others only the lowband components are transmitted to provide some context information.
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Figure 33: Example SpaceFrequency view of Figure 31 using a high resolution for the region of interest and a reduced resolution for the context

13.2.1.5 ResolutionView DS 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
13.2.1.5.1 ResolutionView DS Extraction (Informative)

A Resolution View can be extracted from an image, video, or audio signal by sub-setting the data and by using a low-pass filter that in the Fourier domain corresponds to a low-frequency partition of the sub-set in the frequency plane.

13.2.1.5.2 ResolutionView DS Examples (Informative)

Examples of Space Resolution Views include subsampled spatial-frequency subbands of regions of still images, 3-D wavelet subbands of temporal segments of video and temporal-frequency subbands of temporal segments of audio. Often it is only necessary to access an overview or low-resolution version of a large image. In this case, it is sufficient to look at the representation of an image generated by the low frequency components of the image. For this purpose the view can be described by a ResolutionView DS or, more generally by a FrequencyView DS. The ResolutionView DS describes the reduction of the image using low pass filtering. For example, Figure 34shows a low-resolution view of a large aerial image.
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Figure 34: Example view of image with reduced resolution

13.2.1.6 SpaceResolutionView DS 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
13.2.1.6.1 SpaceResolutionView DS Examples (Informative)

Figure 35.a) shows a large aerial image of which only a small subset depicting a rocky area is of interest to the user, see Figure 35.b). The SpaceResolution View DS is used to describe this view of the large 2-D image.
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                          (a)                                                             (b)

Figure 35: Aerial image (a) source: Aerial image LB_120.tif, and (b) a part of image a) based on a spatial view DS.

13.2.1.6.2 SpaceResolutionView DS Use (Informative)

Space Resolution views can be used in applications that involve the access and navigation of sub-sets of large images and video at multiple resolutions.

13.2.1.7 Filter datatype

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
13.2.1.8 Filtering Datatype

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
13.2.2 View Decompositions

13.2.2.1 ViewSet DS 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
13.2.2.1.1 ViewSet Examples DS (Informative)

Examples of View Sets include a set of spatial-frequency subbands of an image and a set of layers of scalable video data.
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Figure 36: Example View Set with a set of Frequency Views that are image subbands. This View Set is complete and nonredundant.

13.2.2.2 SpaceTree DS 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
13.2.2.3 FrequencyTree DS  

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
13.2.2.4 SpaceFrequencyGraph DS 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
13.2.2.4.1 SpaceFrequencyGraph DS Examples (Informative)

Examples of Space Frequency Graphs include graph structures that combine wavelet-packet and spatial-tree decompositions of image, video and audio data. The Space and Frequency Graph decomposes images or audio signals in space (time) and frequency. The decomposition of images using the Space and Frequency Graph illustrated above enables efficient multi-resolution access and progressive retrieval of the image data.
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Figure 37: shows an example Space and Frequency Graph decomposition of an image. The Space and Frequency Graph structure includes node elements that correspond to the different space and frequency views of the image, which consist of views in space (spatial segments), frequency (wavelet subbands), and space and frequency (wavelet subbands of spatial segments). The Space and Frequency Graph structure includes also transition elements that indicate the analysis and synthesis dependencies among the views. For example, in the figure, the "S" transitions indicate spatial decomposition while the "F" transitions indicate frequency or subband decomposition.

13.2.2.5 VideoViewGraph DS 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
13.2.2.5.1 VideoViewGraph DS Examples (Informative)

An example of a Video View Graph includes the set of views generated using a 3-D wavelet decomposition of video.
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Figure 38: Example of Video View Graph. (a)  Basic spatial- and temporal-frequency decomposition building block, (b) Example video view graph of depth three in spatial- and temporal-frequency.

13.2.2.6 MultiResolutionPyramid DS 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
13.3 Variations of the content

13.3.1 VariationSet DS 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
13.3.1.1.1 VariationSet DS Examples (Informative)

The Variation DS represents the associations or relationships between different variations of multimedia programs. The Variation DS serves important content management functionalities by tracking the variations of multimedia content that result from various types of multimedia processing such as summarization, translation, reduction, revision and so forth. As illustrated in Figure 39, the Variation DS also serves an important role in applications such as Universal Multimedia Access by allowing the selection among the different variations of the multimedia programs in order to select the most appropriate one in adapting to the specific capabilities of the terminal devices, network conditions or user preferences.

[image: image112.emf]MULTIMEDIA

VIDEO IMAGE TEXT AUDIO

MODALITY

FIDELITY

CONTENT ADAPTATION

CONTENT

MPEG-7 MPEG-7 MPEG-7

Transcoding Variations A / V Content


Figure 39: Illustration of an example application of Universal Multimedia Access (UMA) in which the appropriate variations of the multimedia programs are selected according to the capabilities of the terminal devices. The MPEG-7 transcoding hints may be used in addition to further adapt the programs to the devices.

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
In the following, a non-normative extraction method and a use scenario are described. 

13.3.1.2 VariationSet DS Extraction (informative)

In some cases the variations are derived from the original multimedia content by processing. For example, in the cases of the variation type of "summary", the variation may be computed from the source multimedia program. The variation fidelity attribute gives the quality of the variation for replacing the original for purposes of delivery under different network condition, user or publisher preferences, or capabilities of the client devices.

One procedure for computing the fidelity is based on the media attributes of the variation and source multimedia content, as follows: consider A = original data, and B = variation of data, then 
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A second procedure for computing fidelity when the variation of a video uses only images, such as for a storyboard is based on the number of key-frames from video used in the summary of the video.
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13.3.1.3 VariationSet DS Use (informative)

The Variation DS can be used applications such as Universal Multimedia Access (UMA). In UMA, the variations of a source multimedia program can replace the source, if necessary, to adapt to the capabilities of the client terminals, network conditions or user preferences. Figure 40 illustrates an example use of the Variation DS in which two different variations of an multimedia program are selected under different terminal device and network conditions. Figure 41 shows how the selection of different combinations of variations of programs within a multimedia presentation can be made together to trade-off the total content value and data size.
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Figure 40: Shows a selection screen (left) which allows the user to specify the terminal device and network characteristics in terms of screen size, screen color, supported frame rate, bandwidth and supported modalities (image, video, audio). Center and right show the selection of Variations of a video news program under different terminal and network conditions. The high-rate color variation program is selected for high-end terminals (center). The low-resolution grayscale variation program is selected for low-end terminals (right).
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Figure 41: Shows the trade-off in content value (summed fidelity) vs. data size when different combinations of variations of programs are selected within a multimedia presentation

14 Organization of the content

This clause specifies tools for describing the organization and modeling of multimedia content. The tools are used for describing collections and models as follows:

	Tools
	Functionality

	Collection
	These tools describe unordered sets of multimedia content, segments, descriptors, concepts, or mixed sets of the above.

	Model
	These tools describe parameterized models of multimedia content, descriptors or collections (abstract).

	ProbabilityModel
	These tools describe the association of statistics or probabilities with the attributes of multimedia content, descriptors or collections.

	AnalyticModel
	These tools describe the association of labels or semantics with multimedia content or collections.

	Cluster Model
	These tools describe the association of labels or semantics, and statistics or probabilities with multimedia content collections.

	Classification Model
	These tools describe information about known collections of multimedia content in terms of labels, semantics and models that can be used to classify unknown multimedia content.


Table 11: List of content organization tools.

14.1.1 Collection DS 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
14.1.2 ContentCollection DS 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
14.1.3 SegmentCollection DS 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
14.1.4 DescriptorCollection DS

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
14.1.5 ConceptCollection DS

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
14.1.6 Mixed Collections

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
14.1.7 StructuredCollection DS

Based on an image collection description, an image collection browsing and searching application could be developed providing the following functionality:
Browse the images in the collection
Browse the classes in the collection
Browse the images belonging to a class
Browse the classes assigned to each image
Retrieve classes to a query one in terms of mean color histogram
In the class browsing system, the user could view the classes as a simple flat list even though these include classes from two independent classifications of the images in the collection. Another way to show the classes to users would be in a hierarchical fashion. For each class, a semantic label could be displayed together with the representative icon of the class. Users could view the images that belong to each class by clicking with the mouse on the name or the representative icon of the class.
In the image browsing system, users could view the classes to which an image belongs by clicking with the mouse on the icon of the image. Again, by selecting a class, users could browse the images that belong to that class.
When browsing though the collection classes, a text "ch" right below the class representative icon could start a class query based on mean color histogram. Similar classes to the selected one based on the mean color histogram would be returned. Euclidean distance or any other similarity matching functions could be used to compare the mean color histograms of two classes (see Visual XM document).
14.2 Models

14.2.1 Model DS 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
14.3 Probability models

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
14.3.1 ProbabilityDistribution DS

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
14.3.2 DiscreteDistribution DS

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
14.3.3 ContinuousDistribution DS

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
14.3.4 FiniteStateModel DS

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
14.3.4.1 FiniteStateModel DS use

State-transition models can be extracted from the events along the temporal dimension of a video sequence. For example, a temporal sequence of scenes in video can be characterized by a state-transition model that describes the probabilities of transitions between scenes.

The state-transition models can be matched using the following matching metrics to determine the similarity of the underlying multimedia content being modeled:
Euclidean distance: calculates the sum of squared differences between transition probabilities. 
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Quadratic distance: calculates the sum of weighted quadratic distance between transition probabilities.
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Weighted transition frequency: calculates the weighted sum of ratios of transition probabilities.
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Euclidean distance of aggregated state transitions: calculates the sum of the squared differences of aggregated transitions. 
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14.4 Analytic model

14.4.1 CollectionModel DS 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
14.4.2 DescriptorModel DS 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
14.4.3 ProbabilityModelClass DS 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
14.5 Cluster models

14.5.1 ClusterModel DS 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
14.6 Classification models

14.6.1 ClassificationModel DS 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
14.6.2 ClusterClassificationModel DS 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
14.6.3 ProbabilityClassificationModel DS 

The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
15 User Interaction

This clause contains non-normative text for the following tools related to user interaction with AV content. 

	Tool
	Functionality

	User Preferences
	Tools for describing user preferences pertaining to multimedia content, enabling effective user interaction and personalization of content access and consumption. See clause 15.1. 



	Usage History
	Tools for describing usage history of users of multimedia content, enabling effective user interaction and personalization of content access and consumption. See clause 15.2.




15.1 User Preferences

The UserPreferences tool is used to describe user's preferences pertaining to consumption of multimedia content. User preference descriptions can be correlated with content descriptions to find and consume desired content. Correspondence between user preferences and content descriptions facilitates accurate and efficient personalization of content access and content consumption. 
The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
15.1.1 UserPreferences DS

15.1.1.1 UserPreferences DS Extraction (Informative)

In general, UserPreferences descriptions can be constructed manually or automatically. A UserPreferences description may be entered manually by the multimedia content user. Alternatively, a UserPreferences description may be constructed automatically based on the user's content usage history. 

15.1.1.2 UserPreferences DS Use (Informative)

In general, the descriptions of the user's preferences can be used to automatically find preferred multimedia content and to present preferred views of the content to the user.

In the following, a method is described for automatic filtering of multimedia content using content descriptions and user preference descriptions. Each individual component of the FilteringAndSearchPreferences DS in the UserPreferences DS corresponds to a test or matching operation against components of descriptions of multimedia content. Examples of individual components are the Role, GivenName, FamilyName, DatePeriod elements and the Genre elements in the partial user preference description shown below. 

<UserPreferences>


<UsagePreferences>



<FilteringAndSearchPreferences>




<CreationPreferences>





<Creator>






<Role><Name>Actor</Name></Role>






<Agent xsi:type="PersonType">







<Name>








<GivenName>Harrison</GivenName>








<FamilyName>Ford</FamilyName>







</Name>






</Agent>





</Creator>





<DatePeriod>






<TimePoint>1995-01-01</TimePoint>






<Duration>P1825D</Duration>





</DatePeriod>




</CreationPreferences>




<ClassificationPreferences>





<Genre><Name>News</Name></Genre>





<Genre><Name>Sports</Name></Genre>





<Genre><Name>Documentary</Name></Genre>




</ClassificationPreferences>



</FilteringAndSearchPreferences>


</UsagePreferences>

</UserPreferences>
For example, the name values of each Genre element in this user preference description can be matched against the name values of the Genre element in the following partial content description. Likewise, the date values of the DatePeriod element can be matched against the date value of the Release element of the content description below. 

<MultiMediaContent>


<AudioVisual>



<CreationInformation>




<Creation>





<Title xml:lang="en">Afternoon news</Title>




</Creation>




<Classification>





<Genre><Name xml:lang="en">News</Name></Genre>





<Release date="1998-06-16T21:30+01:00">






<Country>es</Country>





</Release>




</Classification>



</CreationInformation>


</AudioVisual>

</MultiMediaContent>

The method for testing individual components is may involve (sub)string matching, boolean value matching, numerical value range tests, counting and other operations. Furthermore, each test may result in an exact or a partial match. For example, textual Genre name values are tested using case-insensitive string matching. Matching date values, on the other hand, requires numerical comparison operations. 

After individual preference components are tested, the results of these tests must be combined into a single test result that reflects the user’s overall preferences. The individual test results can be combined according to the hierarchy of the UserPreferences description. Each parent test becomes a combination of its children tests, and this continues up the hierarchy, yielding one composite test result. The combination of children tests within a single parent may depend on the types of the elements being tested. For example, the partial user preferences description above specifies a preference for content with an actor having first name "Harrison" and having last name "Ford". Therefore, in this case, an intersection operator can be used to combine the individual test results. As another example, the user preferences description above specifies preferences for multiple genres: "News", "Sports" and "Documentaries". Different multimedia programs, each with a different genre, may each satisfy the individual tests against these genre preferences. Therefore, in this case, a union operator can be used to combine the individual test results. 

The combination of the user's preferences and the overall matching result against multimedia content descriptions can be used to rank-order the corresponding multimedia content items and/or to automatically filter the content items. 

15.2 Usage History

The usage history description schemes are used to describe a history of the actions that consumers of multimedia content have carried out over a specified period of time. Usage history descriptions can be exchanged between consumers, their agents, content providers, and devices. User agents and content providers may, for example, use these descriptions of a user's usage history to determine the user's preferences with regard to multimedia content. 
The tools of this subclause are specified in the MDS FCD [N3966] (see Introduction).
15.2.1 UsageHistory DS

15.2.1.1 UsageHistory DS Extraction (Informative)

In general, UsageHistory descriptions can be constructed automatically, based on the actions that users of multimedia content have carried out over specified periods of time. Such a UsageHistory description can be constructed by simply logging the interaction of a user with a multimedia system and the actions of the user with respect to the multimedia content. 

For example, an interactive TV device may keep track of the TV programs that a user watches, and what actions (such as viewing, pausing, rewinding) the user performs at what time. An example of a chronologically ordered log of user actions is illustrated in Table 12. Each program in this log is assigned a unique ProgramIdentifier to enable unambiguous referencing. This identifier, and other information about the program, such as the program title, can be obtained from electronic program guides and/or other sources of content description. 

Table 12: Chronologically ordered list of user actions for 10/09/00.

	Start Time
	Duration
	Action
	Program Title
	Program Identifier

	18:45:55
	0:19:07
	View
	Monday Night Football
	02-mnf-100900

	18:48:01
	N/A
	ClickThrough
	Monday Night Football
	02-mnf-100900

	19:05:10
	0:02:44
	Pause
	Monday Night Football
	02-mnf-100900

	19:07:54
	0:02:18
	View
	Monday Night Football
	02-mnf-100900

	19:10:12
	0:00:08
	FFWD
	Monday Night Football
	02-mnf-100900

	19:10:20
	0:09:49
	View
	Monday Night Football
	02-mnf-100900

	19:20:09
	0:00:09
	Rewind
	Monday Night Football
	02-mnf-100900

	19:32:23
	0:27:39
	View
	Drew Carey Show
	03-dcs-000084

	19:55:13
	0:05:44
	Mute
	 Drew Carey Show 
	03-dcs-000084

	20:01:10
	0:11:04
	View
	King of Queens
	03-tkoq-000046

	20:12:28
	0:04:56
	View
	Antiques Roadshow
	08-ar-000123

	20:17:30
	0:08:28
	View
	King of Queens
	03-tkoq-000046

	20:27:02
	0:25:49
	View
	Antiques Roadshow
	08-ar-000123

	20:53:02
	0:05:15
	View
	Tucker
	03-tkr-000002

	21:00:33
	0:27:27
	View
	Everybody Loves Raymond
	03-elr-000074

	21:12:35
	0:03:51
	Mute
	Everybody Loves Raymond
	03-elr-000074

	21:30:10
	0:25:14
	View
	Becker
	03-bec-000062

	21:55:00
	1:10:00
	Record
	Family Law
	04-flw-000048

	21:55:44
	N/A
	Off
	N/A
	

	23:04:10
	N/A
	On
	N/A
	

	23:04:27
	0:18:14
	View
	Channel 2 News
	01-katu-100900:2300

	23:24:01
	0:08:15
	View
	KOIN 6 News at 11
	01-koin-100900:2300

	23:34:20
	0:25:40
	View
	Late Show
	06-lsdl-002321


15.2.1.2 UsageHistory DS Use (Informative)

In general, UsageHistory descriptions may be used directly for personalized searching, filtering and browsing, or may be mapped to a description of the user's preferences. 
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17  Annex A – Summary of Editor’s Notes

12Editor’s Note: The version of the StructuredAnnotation defined here is an enriched version of the StructureAnnotation D in the MDS CD. In particular, it adds the ability to indicate the relations amongst the various W-elements.


13Editor's Note: When an element (named "xxxx" below) uses the StructuredAnnotation datatype as follows:


16Editor’s Note: The next example and those that follows are a bit specific to rugby – most don’t make sense to those not familiar with the game and its commentary style.


33Editor's Note: Does this imply that a "TextLocator" is needed?


34Editor's Note: do we need an enumeration list or a Classification Scheme for this attribute?


64Editor’s Note: Is this DS exclusive for video content. If not, why is it a video segment? A more concrete definition is needed.


66Editor’s Note: If Effect applies to any media, why is it derived from EditedVideoSegment DS? Because the result of the effect is always a video segment? Maybe there should be an EditedSegment DS from which this DS is derived.


66Editor’s Note: If this element is required, examples of possible types should be included in the definition If possible, the proponents are asked to provide an informative classification scheme with the typical synthetic effect types.


66Editor’s Note: The editor made this element optional because transition effects do not seem to need input segments.


66Editor’s Note: Is this the name of one input segment or of the group? If it is the group of input segments, maybe it should go into the SyntheticVideoSegmentDecomposition DS.


66Editor’s Note: The proponents are encouraged to provide a classification scheme for parameter names and types.


66Editor’s Note: Should this element not be of type ReferenceType or MediaLocatorType? At least, it could be choice between ReferenceType and SEVS DS. Furthermore, you can just use the MediaLocator or MediaInformation inherited from Segment DS to describe that information. Then, SyntheticEffect DS should be defined as describing the segment rendered by the effect together with the effect process.


66Editor’s Note:  The last two sentences need clarification.


66Editor’s Note: How about having maxOccurs=”unbounded” for this effect?


67Editor’s Note: Which MediaTime element the one in VideoSegment DS?


67Editor’s Note: The functionality of this attribute overlaps with isTimeWarp.


67Editor’s Note: How are these parameters used? Can they not be obtained from counting the number of input segments and parameters in the description? If so, they can be removed.


67Editor’s Note: Is this really needed? Was this not the result of merging the analytic and the synthetic video DSs?


71Editor’s Note: The types of segments in which the synthetic edited video segment decomposes are missing. Is this decomposition just an extension of the media source decomposition of video segments? Can it only generate SyntheticClip DSs?


71Editor’s note: The semantics should be improved in general. Is this only for SyntheticEffect DS or also for SyntheticClip DS?




Figure 5: Flowchart of "smart quick view"
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