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Digital Information

m Increasingly, individuals produce their own content

m Of all information produced in the world

93% Is stored In digital form

HD in stand-alone PCs account for 55% of total
storage shipped each year

m Over 80 billion photographs are taken annually

>400 petabytes
> 80 million times storage required for text

*Peta = 101



Information: Individuals

TEM AMOUNT TERABYTES*
Photos 80 hillion images 410,000
Home Video 1.4 billion tapes 300,000
X-Rays 2 billion images 17,200

Hard disks 200 million installed 13,760

TOTAL 740,960
*Tera = 1012



Information: Published

ITEM AMOUNT TERABYTES
Books 968,735 8
Newspapers 22,643 25
Journals 40,000 2
Magazines 80,000 10
Newsletters 40,000 0.2
7.5E9
Cinema 4,000 16
Music CDs 90,000 6
Data CDs 1,000 3
DVD-video 5,000 22

TOTAL 285



Information: Film

ITEM UNITS

Photography  82E9
Motion Pictures 4,000
X-Rays 2.16E9

ALL FILM TOTAL

*Peta = 100

DIGITAL TOTAL
CONVERSION PETABYTES
5Mb/photo

4Gb/movie 0.016

8Mb/radiograph  17.2

427.216



MPEG family of

standards




" I
MPEG Family of Standards (1)

m MPEG-1(1992): for the and of
moving pictures and audio on storage media.

m MPEG-2 (1995): for , the
response for the broadcasting and

television industries in their transition
from analog to digital formats.
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Summary MPEG-1

s MPEG-1(1988-1993)

-Goal: coding of moving picture with associated
audio at rate up to 1.5Mbps

-Entertainment and storage
-Video storage with VHS quality
-Video CD is full application of MPEG-1
-3 layers in audio coding.
-Audio Layer 3 is the famous MP3
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Summary MPEG-2

m MPEG-2(1990-1995)
- Higher bit rate at 80Mbps
- mainly broadcast
- Application in DVD, HDTYV etc.
- Backward compatibility with MPEG-1



MPEG Compression

MPEG encoding produces 3 types of frames

m |-Frame “Intracoded”

One complete video image
No other images needed to view
Contains the of any type

m P-Frame “Forward Predicted”

Encodes the changes from a previous frame
Previous frame needed to ‘view’

m B-Frame “Bidirectionally Predicted”
Encodes changes from a previous or future frame
Contains the (25% of an “I")

Previous or future frames needed to ‘view’



Frame Dependency
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MPEG Family of Standards (2)

MPEG-4 (1998 v.1, 1999 v.2)
m First real multimedia representation standard
m Encodes content as independent objects

m Enables those objects to be manipulated
iIndividually or collectively on an audio visual scene

m Allows interactivity



Summary MPEG-4

m MPEG-4 embraces several areas:
Coding of visual objects
Coding of audio objects
Scene description and user interaction

m Most important: object coding
m This set the stage for MPEG-7.
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Why MPEG-7?

m Almost all standards up to this point involve either
some form of waveform coding (e.qg. linear
prediction etc) or transform coding (e.g. DCT etc).

m Now, given the input to the filter and the filter
coefficients we can reconstruct the waveform,
albeit with some distortion.

m {Waveform } fee=sened finput, filter coeffs}

m Hence, we have a different (more efficient)
representation of the waveform.



"
Big picture so far.

-




"
Extension in Purpose

m MPEG-]1, -2, and -4
Make content available
m MPEG-7/

Lets you find the content you need

May be co-located with media data
= Same data stream or storage system

m MPEG-21

Describes “big picture” across wide range of
networks and devices



I
MPEG-3, -5, and —6

O existed to enable HDTV
Accomplished with tools of MPEG-2
Work item abandoned
m-1, -2, -4, 27?7
MPEG decided NOT to follow either logical expansion
Chose number 7 instead



MPEG-21

m Comprehensive and flexible framework for the = 'St Century

Quality of Service
Rights Management
E-Commerce

m Efficient multimedia resource use across networks and
devices

m Key concern iIs processor loading in network terminals
m Draft committee stage expected by Dec 2001



MPEG-7 standard
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MPEG-7 SO 15938

Description
generation

Research and
future competition
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A standard for describing features of multimedia content.
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MPEG-7 does NOT ...

m Standardize the extraction of Audiovisual
descriptions/features

m Specify the software programs that can use
the descriptions

m Specify how to measure similarity between
contents



MPEG-7 1SO 15938

=

standardization

Feature MPEG-7 Search
Extraction Description Engine
Feature Extraction: MPEG-7 Scope: Search Engine:
Content analysis (D, DS) Description Schemes (DSs) Searching & filtering
Feature extraction (D, DS) Descriptors (Ds) Classification
Annotation tools (DS) Language (DDL) Manipulation

Authoring (DS) Ref: MPEG-7 Concepts Summarization Indexing



Goals and Objectives

m Provide interoperability among systems and
applications used In generation,
management, distribution and consumption
of audio-visual content descriptions.

m Help users or applications to identify,
retrieve, or filter audiovisual information with
descriptions of streamed or stored media.



Why MPEG-77?
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Link between MPEG-4 and MPEG-7

s MPEG-4 codes contents as objects.

m But an object can be described in many different
ways, just like how we can describe the object
‘apple’ in for example French, English, Russian
etc.

m MPEG-7 defines the ‘universal language’ as to
how these objects are described and the
‘grammar’ as to how ‘sentences’ of these objects
can be made.
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MPEG-7 Context

m Audiovisual information used to be
consumed directly by human beings

m Increasingly created, exchanged, retrieved,
re-used by computational systems

m Representations that allow some degree of
Interpretation of the information’s meaning
can be accessed and processed by
computer




MPEG-7(1998-2001)

Also known as 'Multimedia Content Description Interface’.
An ISO/IEC standard

Strictly speaking, MPEG-7 is not a data compression scheme.
MPEG-7 is mainly a software implementation.

MPEG-7 specifies the rules as to how to describe audiovisual
data content whereas MPEG-1,2 and 4 make content
available.

MPEG-7 is not targeted at specific application. It aims to be
as generic as possible for further extension.



"
Digital Media Value Chain
(MPEG-7 Metadata Management)

m Content value chain:
e°é o Life-cycle:
& Distribute Sell = Increase content asset
< " value through repurposing

Metadata layer:

[Package] [Search] m First-class role of metadata
Store (smart bits) throughout

digital media lifecycle
e = Central role of metadata

management (XML
schemas, catalog records,
....................... ontologies)

[ Metadata s MPEG-7 for content
Plan Momt. Anno‘ra‘re Maintain description

MPEG-21 for packaging,

rights mgmt, transactions

Digital media metadata
access functions:
Create: search, annotate,

94 Create [Ex‘rrccf] [ Collate ] Produce extract )
Sox o = Manage: index, annotate,
e é@o) collate
“a \y s Transact/Distribute:

search, package, adapt

Acquire -)rgcmiz
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MPEG-7 Multimedia Indexing and Searching

Digital Media Respository

EA

MPEG-7 Search Engine
(XML Metadata)

3 A
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Saxch Query
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Descriptions
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m MPEG-7 Indexing & Searching:
Semantics-based (people, places, — -
events, objects, scenes) : —nem | ooks like ...
Content-based (color, texture, — T o
motion, melody, timbre)
Metadata (title, author, dates)

-]
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MPEG-7
Search
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Pervasive
Usage
Environment

MPEG-7
Processing

i
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m MPEG-7 Access & Delivery:
Media personalization
Adaptation & summarization

Usage environment (user
preferences, devices, context)

Sounds like ...
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MPEG-7 Overview

(XML for Multimedia Content Description)

m MPEG-7 Normative elements:
Management i Descriptors and Description Schemes
Filtering -~ DDL for defining Description Schemes

Compression
.~ Coding

-

.

MPEG-1,-2,-4 Pt Extensible for application domains
Transmission Acquisition ] ]
. . i.e., Medical
Retrieval Authoring MPEG-7 imaging
Streaming Editing Standard Remote-
sensing
e images
MPEG-7 Surveillance
Searching Browsing RIS \éideo ,
. : Lo . Application ~ Computer
Indexing i Navigation F:ipomain animations
_ and graphics
’Z‘s Seqment Tree Event Tree
s sz 5w m Rich, highly granular multimedia content
s || o _—— des_crlptlon: _ |
I« Summary Video segments, moving regions, shots, frames, ...
o | - Progamloge Audio-visual features: color, texture, shape, ...
- « Studio Semantics: people, events, objects, scenes, ...
« Overview
Sub-segment 4 « News Presenter
segment 2
*News ltems
Seqment 3 ¥, ._.' @l International
« Clinton Case
Segment 4 m M, < $ *PopeinCuba
= " w‘ional
Segment 5 ¥ X ""l P« Tuins
Segment 6 % * Sports
p * Closing Reference Region Reference Region Reference Region
Segment 7 - - - w
v Motion Motion Motion




Harmonization of Multimedia Metadata Standards
MPEG-7, SMEF, P/Meta, SMPTE, Dublin Core, TV-Anytime, Indecs

m MPEG-7: Moving Picture Experts Group
Infrastructure standard for Multimedia Metadata
Supports interpretation of the information’s meaning
Supports broad range of applications

m SMEF — Standard Media Exchange Framework:

BBC developed data models for information involved in
the Production, Development, Use, and Management of
media assets

m P/Meta — EBU P/Meta Project: MPEG-7

Exchange of program content between high-level
business functions of EBU members: Production,
Delivery/Broadcast, & Archive

m SMPTE — Metadata dictionary & MXF:
Addresses Program Interchange independent of format
m Dublin Core Metadata Initiative:

Interoperable online metadata standards supporting
broad range of purposes and business models.

m TV-Anytime — TV-Anytime Metadata:
Att(actors/descript_ors used e.g. in Electr(_)nic Program
. Guides (EPG), orin \(/jVeb pages to deslirlbe content. a MPEG-7 Harmonized Model:
= Indecs — Indecs Metadata Framewor Harmonized elements with other

An international initiative of rights owners creating standards and existing practices
metadata standards for e-commerce.

Harmonized
Model

Extensible framework

Registration authority for classification
schemes, controlled terms, ontologies
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MPEG-7 Constituent
Components

ISO/IEC 15938-1 MPEG-7 Systems

ISO/IEC 15938-2 MPEG-7 DDL (pescription pefinition Language)
ISO/IEC 15938-3 MPEG-7 Visual

ISO/IEC 15938-4 MPEG-7 Audio

ISO/IEC 15938-5 MPEG-7 MDS (mutimedia bescription Schemes)
ISO/IEC 15938-6 MPEG-7 Reference Software
ISO/IEC 15938-7 MPEG-7 Conformance
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MPEG-7 Systems

m Defines

the terminal architecture and the normative
Interfaces.

how descriptors and description schemes are
stored, accessed and transmitted

tools that are needed to allow synchronization
between content and descriptions



"
Comprehensive AV Descriptions

m Catalog
Title, Creator, Rights
m Semantics

Who, what, when, where of objects and
events

m Structural features of AV content
Color of image, timbre of sound

m Leverage AV data representations
MPEG-1, -2, -4
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Interoperabllity

m Uses XML Schema for content description

Over 100 XML industry Standard Groups
XML Repository at www.xml.org

m Groups with similar Objectives to MPEG-7

Society of Motion Picture and Television Engineers (SMPTE)
[Metadata Dictionary]

European Broadcasting Union (EBU) [p/Meta]

Dublin [core]

Digital Imaging Group (DIG)

TV-Anytime

Ohio Online Computer Center / Research Libraries Group
(OCLC/RLG)

Similar approaches with notable divergence from MPEG-7
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MPEG-7 Standardized Tools

m Enable detailed structural description
Descriptors
Description schemes
_anguage
m Different Granularity
Region, Image, Video Segment, Collection

m Different Areas

Content description, management,
organization, navigation




" J
MPEG-7 Applications

m Support and facilitate
Media portals
Content broadcasting
Ubiquitous multimedia

= Multimedia processing important to end
user

m Multimedia processing important to
providers of service and content



"
MPEG-7 Data Applications (1)

m Play a few notes on a keyboard and retrieve a list of musical
pieces similar to the required tune, or images matching the
notes in a certain way, e.d. in terms of emotions.

m Draw a few lines on a screen and find a set of images
containing similar graphics, logos, ideograms,...

m Define objects, including color patches or textures and retrieve
examples among which you select the interesting objects to
compose your design.



"
MPEG-7 Data Applications (2)

m On a given set of multimedia objects, describe movements
and relations between objects and so search for animations
fulfilling the described temporal and spatial relations.

m Describe actions and get a list of scenarios containing such
actions.

m Using an excerpt of Pavarotti’s voice, obtaining a list of
Pavarotti’s records, video clips where Pavarotti is singing and
photographic material portraying Pavarotti.



"
Some Application Domains
with Applications

m Digital Libraries
Image catalog, musical dictionary, biomedical imaging

m Multimedia editing

Media authoring, personal electronic news service

m Cultural Services

History museums, art galleries

m Multimedia directory services

Yellow pages, tourist geographical information services

m Broadcast media selection

Radio channel, TV channel



The Ds of MPEG-7

m Audio-Visual Descriptor (D)
m Description Schemes (DSs)

m Description Definition Language (DDL)
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Multimedia Description Tools:

Descriptors (D):
m just like ‘data types’: may be atomic or composite
(combination of descriptors)

m Describes low-level audio or visual features such as color,
motion, texture etc as well as audiovisual content such as
location, time etc

= |t is possible to have several Ds for the same feature (e.g.
timecode or color histo)

Description Schemes (DS):
m One or more Ds (and DSs)

m Describes high-level audiovisual (AV) features such as
regions, segments, events etc. DS not only describes
relationships among D’s, but relationships among basic DS’s

as well.
= Describe and model AV content in terms of structure and
semantics



m Descriptors are designed primarily to
describe low-level audio or visual features

Automatic extraction

m Description Schemas are designed for
higher level features (e.g. regions,
segments, objects, etc.)

DSs produce more complex descriptions by

Integrating Ds and DSs and declaring
relationships
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Relation Between the Different
MPEG-7 Elements

: _ not in standard;
defined in standard . defined using DDL



* BN
Relation Between the Different
MPEG-7 Elements (another vie)

Desc ri:ﬁi: nlefiniion =103t
ANZ WZe

Description Schemes
(Synitax & semantic
of fea ture representaiion)




Description Tools:

m Over 100 description tools have been
defined. They can be divided as follows:

N Collections Models User
Content organization [ ] [ ] interaction




m The basic elements, at the lower level, deal with basic data types,
mathematical structures, schema tools, linking and media localization tools,
as well as basic DSs, which are elementary components of more complex
DSs. The Schema tools section specifies elements for creating valid MPEG-
7 schema instance documents and description fragments.

m In addition, this section specifies tools for managing and organizing the
elements and datatypes of the schema. Based on this lower level, content
description and management elements can be defined. These elements
describe the content from several viewpoints. Currently five viewpoints are
defined: creation and production, media, usage, structural aspects, and
conceptual aspects. The first three elements primarily address information
that's related to the management of the content (content management),
whereas the last two are mainly devoted to the description of perceivable
information (content description).



» Creation and Production: Contains meta information that describes the creation and production of the
content; typical features include title, creator, classification, and purpose of the creation. Most of the time
this information is author-generated since it can’'t be extracted from the content.

» Usage: Contains meta information that's related to the usage of the content; typical features involve
rights holders, access rights, publication, and financial information. This information may be subject to
change during the lifetime of the AV content.

= Media: Contains the description of the storage media; typical features include the storage format, the
encoding of the AV content, and elements for the identification of the media. Note: Several instances of
storage media for the same AV content can be described.

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

= Conceptual Aspects: Contains a description of the AV content from the viewpoint of its conceptual
notions.

The five sets of Description Tools are presented here as separate entities, however, 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.
Tools are also defined for navigation and access and there is another set of tools for Content
organization which addresses the organization of content by classification, by the definition of collections
and by modeling. Finally, the last set of tools is User Interaction which describes user’'s preferences for
the consumption of multimedia content and usage history.
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Example:

m One DS In “content description” ‘toolbox’
the Segment DS.
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Another example:
SegmentRelationship DS




m Video, Audio and Audio-Visual Segment
Description Schemes can describe
segments that are not necessarily
connected In space and/or time



MPEG-7 Terminology:

m Audio-visual
without regard to storage, coding,
display, transmission, medium or
technology

m Intended to be sufficiently broad to
encompass graphics, still images, video,
film, music, speech, sounds, text, ...



Data Examples

m MPEG-4 stream

m Video tape

m CD containing music

m Sound or speech

m Picture printed on paper

m Interactive multimedia installation on the
web



MPEG-7 Terminology:

m Distinctive characteristic of data signifying
something to someone

m Cannot be compared without meaningful
feature representation ( ) and its
Instantiation ( )



Feature Examples

m Color of an image

Pitch of a speech segment

Rhythm of an audio segment

m Camera motion In a video

m Style of a video

m Title of a movie

m Actors In a movie
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MPEG-7 Terminology:

m Representation of a

m Defines syntax and semantics of the
representation

m Allows evaluation of corresponding feature
by means of the

m Several may represent a single
feature by addressing different relevant
requirements



" S
MPEG-7 Terminology:

m [nstantiation of a for a given data

set, or subset of that data set

o are combined using a

to form a



Descriptor Example

Color

m Color histogram

m Average of frequency components
= Motion field

m Text of the title



"
Other Multimedia Description
Tools

m MPEG-7 have a general set of multimedia
Description Tools.

m From this general set 2 other sets are
defined:

MPEG-7 Visual: Description tools dealing with
only visual description.

MPEG-7 Audio: Description tools dealing with
only audio description.
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Visual Descriptors

Texture

1. Histogram » Texture Browsing » Contour Shape
» Scalable Color * Homogeneous texture » Region Shape
e Color Structure » Edge Histogram » 2D/3D shape
« GOF/GOP 3D shape

2. Dominant Color

e Camera motion

3. Color Layout

» Motion Trajectory

e Parametric motion

« Motion Activity



Color Descriptors

Color descriptors
1 I [
Dominant Cotor Scalable Color color structure Color Layout :
- HSV space - HMMD space - YCbCr space i
Color Spaces
Group of -YCrCb
frames/pictures - monochrome
histogram {Y only)
- RGB
- HSV
- HMMD




Color Spaces

m Constrained color spaces
Scalable Color Descriptor uses HSV
Color Structure Descriptor uses HMMD

m MPEG-7 color spaces:
Monochrome
RGB
HSV
YCrCb
HMMD



"
Scalable Color Descriptor

m A color histogram in HSV color space
m Encoded by Haar Transform
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Dominant Color Descriptor

m Clustering colors into a small number of
representative colors

m [t can be defined for each object, regions, or the
whole image

m F={{c, p, vi}, s}
= C, : Representative colors
= p, : Their percentages in the region
m v, : Color variances
m S : Spatial coherency



Color Layout Descriptor
m Clustering the image into 64 (8x8) blocks

m Deriving t
(or using

ne average color of each block
DCD)

m Applying

DCT and encoding

m Efficient for
Sketch-based image retrieval

Content

Filtering using image indexing
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Color Structure Descriptor

m Scanning the image by an 8x8 pixel block

m Counting the number of blocks containing each
color

m Generating a color histogram (HMMD)

= Main usages:
Still image retrieval
Natural images retrieval



GoF/GoP Color Descriptor

m Extends Scalable Color Descriptor

m Generates the color histogram for a video
segment or a group of pictures
m Calculation methods:
Average
Median
Intersection



Shape Descriptors

m Region-based Descriptor

m Contour-based Shape Descriptor
m 2D/3D Shape Descriptor

m 3D Shape Descriptor



Shape Descriptors

m Contour shape
m Region shape

Contour-based Region-based
shape descriptor shape descriptor
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Region-based Descriptor

m Expresses pixel distribution within a 2-D object
region
m Employs a complex 2D-Angular Radial
Transformation (ART)
m Advantages:
Describes complex shapes with disconnected regions
Robust to segmentation noise
Small size
Fast extraction and matching



Region-based Descriptor )

X

S,

I

=

A

(a) (b) ()

(d)

(e)

v oeP-e

(9) (h) (i) )
m Applicable to figures (a) — (e)
m Distinguishes (i) from (g) and (h)
m (), (k), and (l) are similar

(k)

()
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Contour-Based Descriptor

m |t Is based on Curvature Scale-Space
representation



" J
Curvature Scale-Space

m Finds curvature zero crossing
points of the shape’s contour
(key points)

m Reduces the number of key dﬂ
points step by step, by applying
Gaussian smoothing 5 0

m The position of key points are of
expressed relative to the length  «|
of the contour curve ] n




urvature Scale Space ()
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Contour-Based Descriptor

m |t Is based on Curvature Scale-Space
representation
m Advantages:
Captures the shape very well
Robust to the noise, scale, and orientation
It Is fast and compact



"
Contour-Based Descriptor (2

m Applicable to (a) /x“”

m Distinguishes 9"""|—"'—
differences in (b)

m Find similarities in (c) * j? %:
9 £ X

W‘i‘\




Comparison
gsem
S E g
93¢ o

m Blue: Similar shapes by Region-Based
m Yellow: Similar shapes by Contour-Based
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2D/3D Shape Descriptor

m A 3D object can be roughly described by
snapshots from different angels

m Describes a 3D object by a number of 2D
shape descriptors

m Similarity Matching: matching multiple pairs
of 2D views



" J
3D Shape Descriptor

m Based on Shape spectrum

m An extension of Shape Index (A local
measure of 3D Shape to 3D meshes)

m Captures information about local convexity

m Computes the histogram of the shape index
over the whole 3D surface



Texture Descriptors

m Texture refers to a visual pattern that has
properties of homogeneity that do not result from
the presence of only a single color or intensity.

m Homogenous Texture Descriptor

m Non-Homogenous Texture Descriptor (Edge
Histogram)



" S
Texture Descriptors: possible
gueries

m An image can be considered as a mosaic of homogeneous textures
so that these texture features associated with the regions can be
used to index the image data.

For instance, a user browsing an aerial image database may want to
identify all parking lots in the image collection. A parking lot with cars
parked at regular intervals is an excellent example of a homogeneous
textured pattern when viewed from a distance, such as in an Air Photo.

Similarly, agricultural areas and vegetation patches are other examples
of homogeneous textures commonly found in aerial and satellite
imagery.

m Examples of queries that could be supported in this context could
iInclude “Retrieve all Land-Satellite images of Santa Barbara which
have less than 20% cloud cover” or “Find a vegetation patch that
looks like this region”.



"
Homogenous Texture Descriptor

m Partitioning the frequency domain into 30 channels
(modeled by a 2D-Gabor function)

5x6 = 30 where 5 is the number of “scales” and 6 is the number
of “directions” used in the multi-resolution decomposition using
Gabor functions.

m Computing the energy and energy deviation for each
channel

m Computing mean and standard variation of frequency
coefficients
m F={foc, fsp, €1,--15 €30, Ay, ..ty Ay}
m An efficient implementation:
Radon transform followed by Fourier transform



" A
2D-Gabor Function

m |t IS a Gaussian
weighted sinusoid

m |tis used to model S
individual channels e /j

m Each channel filters a |
specific type of
texture




" A
Radon Transform

m Transforms images with lines into a domain of possible line

parameters
m Each line will be transformed to a peak point in the resulted

i m ag e Fadontransformation

3
25
2
15
1
0.5
0

-0 -40 -20
Haﬁn:nntransf-:-rmatn:-n

theta

theta

2
1.5
1
05
]

-40 =20
rhu:u




"
Non-Homogenous Texture
Descriptor

m Represents the spatial distribution of five types of
edges

vertical, horizontal, 45°, 135°, and non-directional
m Dividing the image into 16 (4x4) blocks
m Generating a 5-bin histogram for each block
m [t IS scale invariant



A given image is first divided into 16 sub-images 4x4 and
local edge histograms are computed for each sub-image.

To compute the edge histogram, each of the 16 sub-images is
further subdivided into image blocks. The size of each image
block is proportional to the size of the original image and is
assumed to be a multiple of two.

Each image block is then partitioned into four 2x2 blocks of
pixels, and the pixel intensities for these four divisions are

computed by averaging the luminance values of the existing
pixels.

There are 16 sub-images and each has a five-bin histogram,
a total of 16x5=80 bins in the histogram is achieved.



"
Non-Homogenous Texture
Descriptor (2)




Motion Descriptors

m Motion Activity Descriptors

m Camera Motion Descriptors

m Motion Trajectory Descriptors
m Parametric Motion Descriptors



Motion Descriptors

Video Segment

Camera Motion

Warping Parameters

Trajectory

Motion Activity

Parametric Motion




Motion Activity Descriptor

m Captures ‘intensity of action’ or ‘pace of
action’

m Based on standard deviation of motion
vector magnitudes

m Quantized into a 3-bit integer [1, 5]



Camera Motion Descriptor

m Describes the movement of a camera or a
virtual view point

m Supports 7 camera operations

Boom up

Track right

Dolly
backward

Tilt up
Pan right v

Dolly

forward Track left

Boom down

Roll Tilt down



"
Motion Trajectory

m Describes the movement of one representative point of a
specific region

m A set of key-points (X, Vy, z, t)

m A set of interpolation functions describing the path

=t interpelation parameter: & ne interpolaticn parameter:
T wlth = 2t ) it ) (= tp) + Falty) (- 102 () = xito) +vito)-t - to)
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Trajectories extracted from (a) frames 1 to 100 and (b) frames 1 to 200 in the soccer sequence (c)
Final trajectory extracted after refinement from 300 frames



=7xnl verslon="1.0" encoding="ucf-s"7=
= ! --Mpeg-7 Motlon Trajectory Descriptor for "Socoer” sequence--=
<MPEGET mmlns="http:/ fwww.mpeg?.org/2001/MPES-7_&Schema™ xmlns:xsl="http:/ /www.w3 . org/2000/10/XMLEchema-1natanca
<Madl aLocators
=MedlaUrl =soccar.mpg= /Madialri =
</MedlaLocators
<Degoriptliontmit xal:tvpe="IsacriptorCollactionTypa=

zDegcriptor xsi:type="MotlonTraljectoryType” CameraFollows=1=
<CoordRef ref="ID1" gpatialref=riv/-

=PaTams =
<Dimension-2Z< /Dimenslion=
sHumCfEavPolnta> 87</MuncfEavPolinta=

zHayTimaPolntLiat =
=MediakRelIncrTimePolnt mediaTimetUnlt="PT1IHZ5F"
medlaTimeEaaa=". . /MedilaLocator [1] "=2= /Medlakel ITncrTimePolint =

zMedlaRelIncrTimebolnt medlaTimaetnilit="PT1HZSF"

medlaTimeEasse=". ./Medlalocator [1] "=243</Medlakal IncrTimePolnt =
</KEeyTimaPolntLlist=
«FKavWValuasLists
zsEeyvValuar«<X> 91 =/¥=<y> 127 </v=</FavyValua:x

zsFeyValuar«<xs -3680 </X»<y> 110 =/¥=</KeyValue=
=/KeyValueLlat =
zInterpolationfunc=firstirder < /InterpolationFunc:
</ PAYama =
</Dagcriptors

<Deacriptor xal:tyvpe="HMotlonTrajecboryvType” CamsraFollows=1=
</Dagoriptors=
<Desc£iﬁ£or xal:tyvpe="MotionTrajectoryType” CamsraFol lows=1=
< /Dagoriptors=

z/Deacriptiontnit -
=/MPEZ7 =



B
Parametric Motion

m Characterizes the evolution of regions over
time

m Uses 2D geometric transforms

m Example:

Rotation/Scaling:
mD (X)y)=a+bx+cy
=D (x,y) =d-cx + by



Motion Activity

m Need to capture “pace” or Intensity of
activity
“*High Action” chase scenes segments

“Low Action” talking heads segments

m Use Gross Motion Characteristics

avoiding object segmentation, tracking etc.



- S
INTENSITY

m EXxpresses “pace” or Intensity of Action

m Uses scale of very low - low - medium -
high - very high

m Extracted by suitably quantizing variance of
motion vector magnitude



SPATIAL DISTRIBUTION

m Captures the size and number of moving
regions in the shot on a frame by frame
basis

m Enables distinction between shots with one
large region in the middle ( e.g.,talking
heads) and shots with multiple small moving
regions (e.g.,aerial soccer shots)



- S
TEMPORAL DISTRIBUTION

m Expresses fraction of the duration of each

level of activity in the total duration of the
shot

m Straightforward extension of the intensity of
motion activity to the temporal dimension

m A talking head, typically exclusively low
activity, would have zero entries for all
levels except one



- S
DIRECTION

m Expresses dominant direction if definable as
one of a set of eight equally spaced
directions

m Extracted by using averages of angle
(direction) of each motion vector

m Useful where there is strong directional
motion



" J
MPEG-7 Terminology:
Description Scheme

m Specifies structure and semantics of
relationships between its components

m Components may be both and
A contains only basic data types, provided
by the

A does not refer to another



Description Scheme Example

m Movie, temporally structured as scenes and
shots

Including textual at the scene level

Including color, motion and audio
at the shot level




" S
Description Schemes in MPEG-7

m Creation and Production

Title, creator, classification, purpose of creation

m Usage

Rights holders, access rights, publication, financial info

m Media

Storage format, AV content encoding, media identification

m Structural Aspects

Color, texture, shape, motion, audio

m Conceptual Aspects

AV conceptual notions

m Basic Elements

Data types, math structures, schema tools



MPEG-7 Terminology:

m Consists of a and the
set of (Instantiations) that
describe the Data

m The may not be fully
iInstantiated, depending upon completeness
of the set
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MPEG-7 Terminology:

m Language that enables creation of new

and

m Enables extension and modification of

existing
m EXpresses re
composition,

ations, object orientation,

nartial instantiation



" J
DDL Logical Components

m XML Schema structural language
components

m XML Schema structural datatype
components

m MPEG-7 specific extensions

Datatypes for matrices and arrays

Datatypes for time point and duration

Data value propagation (HeaderType)



MPEG-7 Systems

m Specifies functionalities such as preparation

of MPEG-7 Descriptions

Efficient transport/storage

Synchronization of content and description

Development of conformant d

m Mechanism for providing mu

IS considered part of a comp

ecoders

timedia content
ete application

and lies outside the scope of the standard



" B
MPEG-7 Terminal

m Obtains MPEG-7 data from transport

m Extracts elementary streams from delivery layer
Undo transport/storage specific framing/multiplexing
Retain synchronization timing
m Forwards elementary streams of individual access units
to compression layer

m Decodes
Schema streams describing data structure
Full or partial content description streams

m Generates user requested multimedia streams
m Feeds back via delivery layer for transmission/storage



MPEG-7 Terminal

Schema
Decoder

Description
Decoder

Reconstruction

.

BiMY/ Textual
Parsimg

Schema
streams

Defines

-

Description

Streams

w
Muhltimedia Upstream
Sirearms Data

Describe




MPEG-7 DDL

With extensions, XML meets key requirements
m Datatype definition

m D and DS declaration

m Attribute declaration

m Typed reference

m Content model

m Inheritance/subclassing mechanism

m Abstract D and DS

m DS inclusion



"
Description Definition Language
(DDL)

m “...alanguage that allows the creation of new
Description Schemes and, possibly, Descriptors.”

m “It also allows the extension and modification of
existing Description Schemes.”

MPEG-7 Requirement Documents V.13



DDL ©

m |t Is based on XML Schema Language

m Consists of
XML Schema Structural Components
XML Schema Data Types
MPEG-7 Specific Extensions



DDL @)

m A Simplified Example:

<VideoSegment id = "VS1" >
<MediaTime>
<MediaTimePoint> T0:0:0 </MediaTimePoint>
<MediaDuration> PT10M </MediaDuration>
</MediaTime>

<StructuredAnnotation>
This is an example of video segment
</StructuredAnnotation>

<GofGopColorHistogram HistogramTypelnfo = "Average">
<IGofGopColorHistogram>

<SegmentDecomposition Gap = "true" Overlap = "true” DecompositionType = "temporal">
<VideoSegment id = "VS2" > .... </VideoSegment>
<VideoSegment id = "VS3" > .... </VideoSegment>
<VideoSegment id = "VS4" > .... </VideoSegment>
</SegmentDecomposition>
</VideoSegment>



MPEG-7 Visual
m Specifies set of standardized Ds and DSs
m Mainly address features

Color, texture, motion
m Often requires other low-level Ds or support
elements
Structure — grid layout, spatial coordinates
Viewpoint — multiple view
Localization — region locator
Temporal — time series, temporal interpolation



" S
MPEG-7 Visual
Standardized Descriptors
m Color

Color Space, Color Quantization, Dominant Color, Scalable Color
Color Layout,Color Structure, Group of Picture Color

m [exture

Homogeneous Texture, Texture Browsing, Edge histogram

m Shape

Region Shape, Contour Shape, Shape 3D
= Motion

Camera Motion, Motion Trajectory, Parametric Motion, Motion
Activity

m Face Recognition, others



" S
MPEG-7 Audio

m Specifies set of standardized Ds and DSs
m Addresses four classes of audio

Pure music, Pure speech, Pure sound effects, Arbitrary
soundtracks

m May address audio features

Silence, Spoken content, Timbre Sound effects, Melody, etc

m Often requires other low-level Descriptor
categories

Scalable Series — ScalableSeries, SeriesofScalarType, etc

Audio Description Framework — AudioSampledType,
AudioWaveformEnvelopeType



" S
MPEG-7 Audio

m Comprises 5 technologies:

Audio description framework (17 low-level
descriptors)

High-Level Audio Description Tools (Ds & DSSs)
m Instrumental timbre description tools
= Sound recognition tools
m Spoken content description tools
m Melody description tools (facilitate query-by-humming)



" S
MPEG-7 Audio
Standardized Descriptors

m Silence
SilenceType

m Spoken content (from speech recognition)
SpokenContentSpeakerType

m Timbre (perceptual features of instrument
sounds)

InstrumentTimbreType, HarmoniclinstrumentTimbreType,
PercussivelnstrumentTimbreType

m Sound effects
AudioSpectrumBasisType, SoundEffectFeatureType

m Melody Contour
CountourType, MeterType, BeatType

m Description Schemes utilizing these Descriptors are
also defined



" I
MPEG-7 Multimedia Description
Schemes (MDS)

m Specifies high-level framework for generic
descriptions of all kinds of multimedia

m Contrasts with specific descriptions addressed
by Visual and Audio, (parts 3 and 4)

m Levels
Basic elements

Content management & Content description
= Creation and production viewpoint
= Media
= Usage
m Structural Aspects,
m Conceptual Aspects



" S
MDS Hierarchy: Levels and
Relationships

Content organization iﬂf;;:f;g‘;d Models User
interaction
Navigation
Creation and
. . User
. information access
Media Usage preferences
infoermation information Summaries
Content management
Partitions and Usage
Spatio—temporal Content description Semantic decompositions history
structure Alldiﬂ' ﬂnd "-"iSI.IEII structure
features Variations
Datatypes and Basic Link and media Root and top- | Schema Packages
structures elements localization level elements tools




Basic elements

Root, Top-level

elements, Time, Duration,
Packages Medialocators

Language
Annotation (free and cont. voc)
Person, Place

Basic elements

Datatype & Schema Link & media . _
structures tools localization Basic DSs




" A
Basic elements

m Time units and temporal information (ISO 8601)

m Textual annotation

Free
Structured: Who ? What object ? What action ?
Where ? When ? Why ? How ?
Classification schemes and controlled terms
m Form a vocabulary for a particular application or domain



Type hierarchy for top level

elements

Complete

Description
/ (abstract) \ Content

Content
Description
(abstract)
Content
Entity

]

Management
(abstract)

B

Content
Abstraction
(abstract)

]

- User Description
- Media Description

- Creation Description

- Usage Description

- Classification Scheme

Description

Multimedia Content (abstract)

- Image

-Video

- Audio

- Audio—Visual

- Multimedia Content

- Multimedia Collection
- Signal

- Ink Content

- Analytic Edited Video

- Semantic Description
- Model Description

- Summary Description
- View Description

- Variation Description




MPEG-7 Classification Schemes

MPEG-7 Standard MPEG-7 Registration
Schema (Syntax) Authority (Terms)
. STANDARD MPEG-7 MPEG-7 MPEG-7 CS
. MPEG-7 Schema Description Classification Examples:
. Examples: Schemes (DS) Schemes (CS) & + Genre CS
.+ Creation DS &D . - Role CS
. Agent DS escriptors Controlled .
. gen T Format CS
. Semantic DS (D) erms
i ) MPEG-7 CS
. MPEG-7 3rd Party 3 d‘P.ar"ry’ Registration
. Extension MPEG-7 Classification Examples:

! Examples: Extensions Schemes (CS) * Sports CS
+ Broadcast DS (DS & D) & Controlled - News CS
.+ Rhythm DS Terms - TGM-ICS
LoGraphies DS T T e

\4 \4

MPEG-7 Description




MPEG-7 MDS: Free Text Annotation

Example | |
m The following example gives an MPEG-7

description of a car that Is depicted in an
Image:

<Mpeg7>
<Description xsi:type="SemanticDescriptionType'>
<Semantics>
<Label>
<Name> Car </Name>
</Label>
<Definition>
<FreeTextAnnotation>
Four wheel motorized vehicle

</FreeTextAnnotation>
</Definition>
<MediaOccurrence>

<MedialLocator>

<MediaUri> image.jpg </MedialUri>
</MedialLocator>
</MediaOccurrence>
</Semantics>
</Description>
</Mpeg7>




"
Root Element Is the starting
point

m The shall be used as the topmost
element in an MPEG-7 description.

describes multimedia content

using the top-level types. For example, the
description of an image is a complete description.

describes an instance of a D, DS, or
header. A description unit can be used to represent
partial information from a complete description. For
example, the description of a shape or color is a
description unit.



" I
Definition of the Root MPEG-7
Element

<l-- Definition of Mpeg7 Element -->
<element name="Mpeg7''>
<complexType>
<complexContent>
<extension base="'mpeg7:Mpeg7Type'>
<choice>
<element name=""DescriptionuUnit"
type=""mpeg7:Mpeg7BaseType' />
<element name="'Description"
type=""mpeg7:CompleteDescriptionType"
minOccurs=""1" maxOccurs=""unbounded"/>
</choice>
</extension>
</complexContent>
</complexType>
</element>




Example of a Description Unit

—

Description Unit

™

with ambiguous meaning
What video is indexed?

-

\w

<Mpeg7>
<DescriptionMetadata>
Version>1.0</\ersion>

</DescriptionVetadata>

</DescriptionUnit>
</Mpegr>

%

<Privateldentifier>descriptionUnitExample</Privateldentifier>

<Descriptionunit xsi:type="ScalableColorType" numOfCoeff=""16"
numOfBitplanesDiscarded=""0"">
<Coeff>123456789012345 6 </Coeff>




" S
The root element glues together

Element of Root —— Complete

Description
(abstract)
Content
Description
(abstract)

pa

Content
Entity

I

Audio-Visual content:

- Image

- Video

- Audio

- AudioVisual

- MixedContent

- ContentCollection

T~

Content
Abstraction
(abstract)

?

>ontent

Management
(abstract)

?

UserDescription
CreationDescription
UsageDescription

ClassificationDescription

- SemanticDescription
- ModelDescription

- SummaryDescription
- ViewDescription

- VariationDescripthn




"
Complete Description: element of

root

CompleteDescriptionType (abstract): top-level
type for complete descriptions.

<l-- Definition of CompleteDescription Top-level Type -->
<complexType name="'CompleteDescriptionType" abstract="true">
<sequence>
<element name="'DescriptionMetadata"

</sequence>
</complexType>




Content management & description

Format, Coding, Instances,
Identification, Transcoding
Hint, etc.

(Several instances)

Title, Creator, Creation
location & date, Purpose,
Classification, Genre,
Review, Parental guidance,
etc. (Author generated)

Creation &
production

Content management

Content description

Rights holder, Access rights,
Usage Record, Financial aspects,
etc. (Evolution)

Content
Usage

Structural
aspects

Viewpoint of the structure: Segments
« Spatial / temporal structure

* Audio, video low-level Ds

Conceptual
aspects

\

Viewpoint of conceptual notions

. = Events, objects, abstract concepts, and
- . their relation
» Elementary semantic information. :
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ContentEntity: Giving structure

m ContentEntityType: top-level type for
describing multimedia content entities (and
their structure) such as Images, videos,
audio, collections, and so forth.

<l-- Definition of ContentEntity Top-level Type -->
<complexType name="'ContentEntityType''>
<complexContent>
<extension base="'mpeg7:ContentDescriptionType'>
<sequence>
<element name="MultimediaContent"
type="mpeg7:MultimediaContentType""
</sequence>
</extension>
</complexContent>
</complexType>




S
MultimediaContent(Type) may be an:

<I-- Definition of Image Content Entity -->
<complexType name="'ImageType'">
<complexContent>
<extension base="mpeg7:MultimediaContentType'>
<sequence>
<element name="Image" type="mpeg7:StillRegionType'/>
</sequence>
</extension>
</complexContent>
</complexType>

<I-- Definition of Video Content Entity -->
<complexType name="VideoType'>
<complexContent>
<extension base="mpeg7:MultimediaContentType'>
<sequence>
<element name=""Video" type="'mpeg7:VideoSegmentType'/>
</sequence>
</extension>
</complexContent>
</complexType>

<I-- Definition of Audio Content Entity -->
<complexType name="AudioType'>
<complexContent>
<extension base="mpeg7:MultimediaContentType'>
<sequence>
<element name="Audio" type="'mpeg7:AudioSegmentType'/>
</sequence>
</extension>
</complexContent>
</complexType>




" I
MultimediaContent(Type)
Example

<Mpeg/7>
<Description xsi:type=""ContentEntityType'>
<MultimediaContent xsi:type="VideoType">
<Video>
<Creationlnformation>
<Creation>
<Title> Worldcup Soccer </Title>
</Creation>
</Creationinformation>
<MediaTime>
<MediaTimePoint>T00:00:00</MediaTimePoint>
<MediaDuration>PT1M30S</MediaDuration>
</MediaTime>
<VisualDescriptor xsi:type="GoFGoPColorType"
aggregation=""Average''>
<ScalableColor numOfCoeff="16"
numOfBitplanesDiscarded="0"">
<Coeff>123456789012345 6 </Coeff>
</ScalableColor>
</VisualDescriptor>
</Video>
</MultimediaContent>
</Description>
</Mpeg7>




"
MultimediaContent may be mixed, decomposed

<NMpeg7> / Mixed Content
<Description xsi:type="ContentEntityType">
<MultimediaContent xsi:type="MultimediaType">
<Multimedia>
MediaSourceDecomposition gap="'false" overlap="false'">
r <Segment xsi:type="StillRegionType">
.. | <TextAnnotation>
Decomposition of <FreeTextAnnotation> image </FreeTextAnnotation>
Mixed Content </TextAnnotation>
/Segment>
<Segment xsi:type="VideoSegmentType'>
/S <TextAnnotation>
. <FreeTextAnnotation> video </FreeTextAnnotation>
VIdeOSegment </TextAnnotation>
<MediaTime>
has I'.]Ot the <MediaTimePoint>T00:00:00</MediaTimePoint>
Type Video, but <MediaDuration>PTOM15S</MediaDuration>
. </MediaTime>
VideoSegment </Segment>
<Segment xsi:type=""AudioSegmentType'>
<TextAnnotation>
<FreeTextAnnotation> audio </FreeTextAnnotation>
</TextAnnotation>
</Segment>
</Medi1aSourceDecomposition>
</Multimedia>
</MultimediaContent>
</Description>
</Mpeg7>




" I
MultimediaContent Is structure
descriptive

m Describes the structure of the multimedia content

m The structural features include:
Spatial,
Temporal, or
Spatio-temporal segments of the multimedia
content,
Audio-visual features,
Segmentation.

m The root element Is



" B
Segment DS

m Abstract type of audio, video, AV, moving
regions and still regions segments

Has spatio-temporal properties

Video still Moving Audio

Feature Segment Region Region Segment

Time (MDS) X X X

Shape (Visual) X X

Color (Visual) X X X

Texture (Visual) X

Motion (Visual) X X

Camera motion (Visual) X

Audio features (Audio) X X
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m Examples of Segment Decomposition: a) and b)
Segment Decompositions without gap nor overlap; c)
and d) Segment Decompositions with gap or overlap



SegmentType = Segment DS

Segment DS }

(abstract)

tillRegion3D
DS
Moving S MovingRegionSpatial
StillRegion3DSpatial Region DS Decomposition DS
Decomposition DS

MovingRegionTemporal
SpatialMask |__ StillRegion
datatype DS

)

" Decomposition DS

Video VideoText >
Segment DS (- b
9 DS MovingRegionSpatio

TemporalDecomposition DS
StillRegionSpatial ~— —
Decomposition DS , VideoSegmentSpatial } a MovingRegionMedia
i D sition D . .
[ Mosaic DS ] ‘ ecomposition DS SourceDecomposition DS
~ ~ ~—
VideoSegmentTemporal
ImageText Decomposition DS SpatioTemporal
DS \ J Mask datatype
. ~
VideoSegmentSpatio
TemporalDecomposition DS
// N— _
. S —
contains egment VideoSegmentMedia
DecompOSIthn L SourceDecomposition DS

Temporal
Mask datatype



<complexType name="'SegmentType' abstract=""true'>
<complexContent>
<extension base="‘mpeg7:DSType'>
<seguence>

= |
<choice minOccurs="0"">

ESEBQJrT]Eer]t <element name="'Medialnformation"

type="mpeg7:MedialnformationType"/>
'r' EB <element name="MedialnformationRef"
)/F) type=""mpeg7:ReferenceType"/>
<element name="MedialLocator"
type="mpeg7:MedialLocatorType'/>
</choice>

<choice minOccurs="0">
<element name="'Creationlnformation”
type="mpeg7:CreationlnformationType"/>
<element name="'CreationlnformationRef"

ype=""mpeg7:ReferenceType'/>
We shall not oo
repeat other <choice minOccurs="0">
e e <element name="Usagelnformation®
deflnlthnS, type="mpeg7:UsagelnformationType"/>
<element name="UsagelnformationRef"
thUS use REf type=""mpeg7:ReferenceType" />

</choice>
<element name="TextAnnotation" minOccurs="0"
maxOccurs="unbounded" >

</element>
<choice minOccurs=""0" maxOccurs=""unbounded">
<element name="Semantic' type="mpeg7:SemanticType"/>

. +— <element name=""SemanticRef" type="mpeq7:ReferenceType' />
Relation to Ny ype="mpeg yp
Semantics

</sequence>
(Iater) </extension>
</complexContent>

</complexType>




" S _
Segment needs Creation,Usage and

other Info

Creation infor mation:
Creation
Creator
Creation corrdinates
Creation location
Creation date

<CreationInformation>
<Creation>

<Creator>
<Role><Name>Photographer</Name></Role>
<Person> <Name> <GivenName>Seungyup</GivenName> </Name> </Person>

</Creator>

<CreationCoordinates>
<CreationLocation> <Name xml:lang="en">Columbia University</Name>

Photographer: Seungyup
Place: Columbia University

Time: 19 September 1998

</CreationLocation>
<CreationDate> <TimePoint>1998-09-19</TimePoint> </CreationDate>
</CreationCoordinates>
</Creation>

— , </Creationinformation>
Media information: <Medialnformation>
Media profile <MediaProfile master="true">
Media format <MediaFormat> <Content>image</Content>
Media instance <VisualCoding>
<Format colorDomain="color"

704x480 pixels href="urn:mpeg:VisualCodingFormatCS:1">JPG</Format>
True color RGB <Frame height="480" width="704"/>
http://www.alex&ana.jpg </VisualCoding>

</MediaFormat>
<Medialnstance id="mastercopy">
0 — <MedialLocator> <MediaUri> http://www.alex&ana.jpg </MediaUri>
sage unformation: </Medialocator>
Rights </Medialnstance>
</MediaProfile>
Columbia University, ~</Medialnformation>
<Usagelnformation>
<Rights>
<Rightsld organization="Columbia University“> columbia:1919:alex&ana_image
</Rightsld>
</Rights>
</Usagelnformation>

All rights reserved



VideoSegment needs Timing

Information

A) TimePoint and Duration

(9] ty time to t time
»axis A »axis
Duration > :
TimePoint RelTimePoint
et e ee e e e et et et e e et e a e e araenennaaanas (timeBase)

C) RellncrTimePoint and IncrDuration

to t1 to time
1 1 1 1 1 1 1 1 1 1 1 1 1 |
A 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l >aX|S
) ) IncrDuration >
RellncrTimePoint (timeU nit)
e tererenreresesestntersrssssssessnsssssesesansnsnsssesonananes (timeBase, :
— s timeUnit) —
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Relation to MPEG-7 Root

Relation to MultimediaContentType and the MPEG-7 Root:
VideoSegment, StillRegion,etc. is subtype of SegmentType.
Videosegment is an element in VideoType.

VideoType is a subtype MultimediaContentType which is
subtype of CompleteDescriptionType, which is elment of

MPEG-7 ROOT
Media Creation Matching
Structure
Q Relation
\ > CSs
'Y

Segment DS
(abstract)

Segment
< Decomposition
describes DSs

Multimedia
Segments

StillRegion DS

VideoSegment DS

AudioSegment DS




Segment Decomposition

imae/meadia

space/ime/
spaca [ime

bme/media

Spatial (image
decomposition
into regions)
Temporal
(video
decomposition
into
segments)
Spatio-
temporal
(video
decomposition
Into moving
regions)
Media (video
decomposition
into audio and
video tracks)



lllustration of
Segment

Decomposition

Temporal segment
(VideoSegment, AudioSegment)

Spatial segment
(StillRegion)

—+——t— P
Time

Segment composed
of one connected

Segment composed
of one connected

a) component b) component
———— P ‘
Time ‘J
L. | N
Segment composed Segment composed
of three connected of three connected
c) components d) components

Spatio-temporal segment
(Moving region)

———— P
Time

/WY h

a) Connected segment

b) Non-connected segment




SegmentDecompositionType

m Relationship between the segments is translated by the
(abstract needs to be
subtyped again !)

Segment
Decomposmon DS (" MediaSource
SpatialSegment

Decomposition DS
abstract
(abstract) / ~ ( )
~
TemporalSegment SpatioTemporal
- ) ) ™ | Decomposition DS SegmentDecomposition DS
St!IIReg!onSpatlaI I_Decomposmqn_ DS (abstract) (abstract) GdeoSegmentMediaSourceDecomposition DS
\S}.'(Ijl ReSg:onSDtSSpattlgllgzcompos[ttl_on %SS - MovingRegionMediaSourceDecomposition DS
I\/II €0 Igme_:n Spa |_a|De(éomp05|_ on DS AudioSegmentMediaSourceDecomposition DS
Al?c\i/'m\gf eg'lgg pat'is t.oTlggs't'on tion DS AudioVisualSegmentMediaSourceDecomposition DS
Al d!ov!suaIR gr_nens Ff["fl II?Dec compqi! 'OTDS AudioVisualRegionMediaSourceDecomposition DS
10VISUaTRegIon Spatialiecomposition MultimediaSegmentMediaSourceDecomposition DS
InkSegmentSpatial Decomposition DS
N4 _/ .

/@eoSegmentTemporal Decomposition DS \ — —
MovingRegionTemporalDecomposition DS VideoSegmentSpatio Temporal Decomposition DS
AudioSegmentTemporalDecomposition DS MovingRegionSpatioTemporalDecomposition DS
AudioVisualSegmentTemporalDecomposition DS AudioVisualSegmentSpatio Temporal Decomposition DS
AudioVisualRegionTemporalDecomposition DS AudioVisualRegionSpatioTemporal Decomposition DS
InkSegmentTemporalDecomposition DS AnalyticEditedVideoSegmentSpatio TemporalDecomposition DS
EditedVideoEditingTemporalDecomposition DS AnalyticEditedVideoSegmentSpatio Temporal Decomposition DS
ShotEditingTemporalDecomposition DS N -
CompositionShotEditing Temporal Decomposition DS

@aCompositionShotEditingTemporaI Decomposition DS /




Examples for Segments
and their

SegmentDecompositions :
Image/Video/MovingRegion




Image Descriptions (1)

m Content management

metadata;

Media information
Creation & production;

usage

m Visual features:
Visual descriptors

m  Structure:
Regions, spatial decomp.

spatio-temporal relations

OYY,

<Mpegr>
<Description xsi:type=""ContentEntityType'>
<MultimediaContent xsi - type="ImageType">
<Image>
<SpatialDecomposition gap="true"" overlap="false">
<StillRegion id="AlexSR'*>
<VisualDescriptor xsi:type="ScalableColorType"
numOfCoeff=""16""
nurOfBitplanesDiscarded="0"">
Coeff>123456789012345 6 </Coeff>
</VisualDescriptor>
</StillRegion>
<StillRegion id="AnaSR' >
<VisualDescriptor xsi:type="ScalableColorType'" nurOfCoeff=""16"
numOfBitplanesDiscarded=""0"">
Coeff>123456789012345 6 </Coeff>
</NisualDescriptor>
</StillRegion>
</SpatialDecomposition>
</ Image>
<MultimediaCortent>
</Description>
</Mpeg7>

4

Still Region

Still Region

\ SpatialDe compo sition

StllRegion




"
ImageText DS

.

A5
|l —— Definiti - o " stade DE-KUIP ™ !‘
<! Definition of ImageText DS > '.E"':'E EY-TE

U FEREEREREREEHERERERERREREEERERA R ERERERERREIEE En direct du

- . o - o o " Rotterdam /. Jeon-Franggi=:D
B TP " o/ “con Tronss Sl
<complexType name="ImageTextTyps">

Mon= allons as=ister 3 nn mtch fantastigue
- - oy -

<complexContents>
7:8tillRegionType">

<extension base="mpeg
<sedquence>
<glement name="Text" type="mpeqg’:TextualType" mindccurs="0"/>
</ sequence
<attribute name="textType" use="optional">
simpleType>
<restriction base="string">
<enumeration valus="superimposed"”/>
<enumeration value="scene"/>
</restriction>
</simpleType>

</attribute>
<attribute name="fontSize" type="positivelInteger" us=="optional"/>
<attribute name="fontType" type="string" use="optional”/>

</extension>

</complexContents>
</complexType>



"
Image Descriptions with Text

superimposed text

A StillRegion may contain also —~ |z

stade DE-KUIP

CHERIE
JE SUIS LA

TeXt ReglonS Ro ter dam Jean -Francois DEVELEY

<Mpeg7>
<Description xsi:type="ContentEntityType">
<MultimediaContent xsi:type=""ImageType'>
<Image>
<SpatialDecomposition gap="true'" overlap="false'">
<StillRegion xsi:type="ImageTextType" textType="'scene'>
<SpatialLocator>
<I-- more elements here -->
</SpatiallLocator>
<Text xml:lang=""fr"> Cherie, je suis la </Text>
</StillRegion>
<StillRegion xsi:type=""ImageTextType"
textType="superimposed"
fontSize="40" fontType="Arial">
<SpatiallLocator>
<I-- more elements here -->
</SpatiallLocator>
<Text xml:lang=""fr">
En direct du state DE-KUIP Rotterdam Jean-Francois DEVELEY

</Text>
</StillRegion>
<I-- more Still Regions here here -->
</SpatialDecomposition>
</Image>
</MultimediaContent>
</Description>

</Mpeg7>

scene text

superimposed texi
(captions)

Nous allons assister aun match fan tastique ‘{



"
StillIRegionType

<complexType name="StillRegionType">
<complexContent>
<extension base="mpeg7:SegmentType">
<sequence>
<choice minOccurs="0">
‘\\\\\\\\\felement name=""SpatialLocator"
type=""mpeg7:RegionLocatorType" />
<element name="'SpatialMask" type="mpe¢g7:SpatialMaskType'/>
</choice>
<choice minOccurs="0"">
<element name="'MediaTimePoint"
type="mpeg7:mediaTimePointType""/
<element name="MediaRelTimePoint"
type=""mpeg7:MediaRel TimePointType'/>
<element name="MediaRellIncrTimePoint"
type="mpeg7:MediaRel IncrTimePointType"/>

</choice>
<choice minOccurs="0" maxOccurs=""unbounded">
<element name="VisualDescriptor"
type="mpeg7:VisualDType" />
<element name="VisualDescriptionScheme"
type="mpeg7:VisualDSType'/>
<element name="GridLayoutDescriptors"
type="mpeg7 :GridLayoutType"/>

</choice>

<element name="SpatialDecomposition”
type="mpeg7:StillRegionSpatialDecompositionType"
minOccurs="0" maxOccurs=""unbounded"/>
</sequence>
</extension>
</complexContent>
</complexType>




" S
How to describe the spatial properties ?

m Use of a SpatialMask in StillRegionType

<choice minOccurs="0">

(elel I lent): <element name="SpatiallLocator" type="mpeg7:RegionLocatorType"/>

<element name="SpatialMask' type="mpeg7:SpatialMaskType'/>
</choice>
<choice minOccurs="0">
<element name="MediaTimePoint" type="mpeg7:mediaTimePointType' />
<element name="MediaRelTimePoint"
type=""mpeg7:MediaRelTimePointType"/>
<element name="MediaRellIncrTimePoint"
type="mpeg7:MediaRel IncrTimePointType'/>
</choice>

m Example for 2D:

<SpatialMask>
<SubRegion>
<Polygon>
<Coords mpeg7:dim="2 5"> 5 25 10 20 15 15 10 10 5 15 </Coords>
</Polygon>
</SubRegion>
<SubRegion>
<Polygon>
<Coords mpeg7:dim="2 6> 7 24 15 24 20 27 18 25 15 22 7 22 </Coords>
</Polygon>
</SubRegion>
<SubRegion>
<Polygon>
<Coords mpeg7:dim="2 4> 7 30 15 30 15 25 7 25</Coords>
</Polygon>
</SubRegion>
</SpatialMask>




Video Descriptions (1): Example

Example attributes:
- Creationinformation
- Medialnformation

- Usagelnformation
- Semantics

Example attributes:

- TextAnnotation
- MediaTime

- MotionActivity

- VisualDescriptor

VideoSegment
TemporalDecomposition

\

129

VideoSegment

(S

VideoSegment




VideoSegment
for the example

How to specify
the time property
of the Video
Segment ?

<Mpeg7>
<Description xsi:type="ContentEntityType"'>
<MultimediaContent xsi:type="VideoType">
<Video id="RootVS">
<MediaTime>
<MediaTimePoint>T00:00:00</MediaTimePoint>
<MediaDuration>PT1M30S</MediaDuration>
</MediaTime>
<VisualDescriptor xsi:type="GoFGoPColorType"
aggregation=""Average">
<ScalableColor numOfCoeff="16"
numOfBitplanesDiscarded="0">
<Coeff> 123 4567890123456 </Coeff>
</ScalableColor>
</VisualDescriptor>
<TemporalDecomposition gap="false" overlap="false">
<VideoSegment id="ChaseVS">
<TextAnnotation>
<FreeTextAnnotation> Chase </FreeTextAnnotation>
</TextAnnotation>
<MediaTime>
<MediaTimePoint>T00:00:00</MediaTimePoint>
<MediaDuration>PTOM15S</MediaDuration>
</MediaTime>
<VisualDescriptor xsi:type="GoFGoPColorType"
aggregation="Average'>
<ScalableColor numOfCoeff="16"
numOfBitplanesDiscarded="0">
<Coeff> 123 4567890123456 </Coeff>
</ScalableColor>
</VisualDescriptor>
</VideoSegment>
<VideoSegment id="CaptureVS">
<TextAnnotation>
<FreeTextAnnotation> Capture </FreeTextAnnotation>
</TextAnnotation>
<MediaTime>
<MediaTimePoint>T00:00:15</MediaTimePoint>
<MediaDuration>PT1M15S</MediaDuration>
</MediaTime>
<VisualDescriptor xsi:type="GoFGoPColorType"
aggregation="Average'>
<ScalableColor numOfCoeff="16"
numOfBitplanesDiscarded="0">
<Coeff> 123 4567890123456 </Coeff>
</ScalableColor>
</VisualDescriptor>
</VideoSegment>
</TemporalDecomposition>
</Video>
</MultimediaContent>
</Description>
</Mpeg7>




"
How to express the time property of a video ?

The following example describes the time of an event that started on the 3rd October 1987 at 14:13 in
Germany and has a duration of 10 days:

<Time>
<TimePoint>1987-10-03T14:13+01:00</TimePoint>
<Duration>P10D</Duration>

</Time>

The following example describes the time at which a 3™ is taken picture given that one picture is taken
each day:

<Time>

<RellIncrTimePoint timeUnit="P1D"
timeBase="_._/../../Time[1]"">3</RelIncrTimePoint>
</Time>
The following example counts in time units of one Day and refers to the start time of the event as a
timeBase (e.qg. first time point specification in the description). The period of five days after the initial
event is described as follows:

<Time>

<RellIncrTimePoint timeUnit="P1D"
timeBase="_._/../../Time[1]"">0</RelIncrTimePoint>

<IncrDuration timeUnit="P1D">5</IncrDuration>
</Time>
The following example describes the time of event occurring in England, two hours and 20 minutes
after the initial one:

<Time>
<RelTimePoint timeBase="_../../../Time[1]">PT2H20M-01:00Z</RelTimePoint>
</Time>




" S
MediaTimePointType Is the anchor

B YYYY-MM-DD hh:mm:ss:nnn- NNN T
Y: Year, can be a variable number of digits,
M: Month, D:Day,
h: hour, m: minute, s: second,

n. number of fractions, nnn can be any number between 0 and
NNN-1 (NNN and with it nnn can have an arbitrary number of
digits).

N: number of fractions of one second which are counted by nnn.
NNN can have a arbitrary number of digits and is not limited to
three. Also delimiters for the time specification (') and the
number of fractions of one second are used ().

T13:20:01.235 can be expressed as T13:20:01:235F1000



"
MediaDurationType gives length

m A simpleType representing a duration in time using
a lexical representation of days (nD), time duration
and a fraction specification (TnHNMnSnN) including
the specification of the number of fractions of one

second (nF):(-)

[ PT16M20S means ?



" I
The Video World i1s Frame-based.

m Use of the attribute of Type

m Typical examples of 1N which is 1/30 of a second according
to 30F.

m Other example: the exact sampling rate of NTSC of 29.97 Hz
IS also possible with: mediaTimeUnit="PT1001N30000F".

m Last example: For the representation of the exact sampling
rate of 25Hz in the case of the PAL or SECAM video format
the time unit shall be instatiated by
mediaTimeUnit="PT1N25F".

<I-- MediaTime for Segment3(1-10sec) -->
<MediaTime>
<MediaRel IncrTimePoint mediaTimeUnit="PT1N30F"

mediaTimeBase="../../MediaLocator[1]">30</MediaRel IncrTimePoint>
<MedialncrDuration mediaTimeUnit="PT1N30F">270</MedialncrDuration>
</MediaTime>




"
VideoSegmentType

<complexType name="VideoSegmentType'>
<complexContent>
<extension base="mpeg7:SegmentType'>
<sequence>
<choice minOccurs="0">
<element name="MediaTime" type="mpeg7:MediaTimeType"/>
<element name="TemporalMask"
type=""mpeg7:TemporalMaskType"/>
</choice>
<choice minOccurs="0" maxOccurs=""unbounded">
<element name="VisualDescriptor"™ type="mpeg7:VisualDType'/>
<element name="VisualDescriptionScheme"
type=""mpeg7:VisualDSType"/>
<element name="VisualTimeSeriesDescriptor"
type="‘mpeg7:VisualTimeSeriesType'/>
</choice>
<element name="MultipleView" type="mpeg7:MultipleViewType"
minOccurs="0"/>
<element name="Mosaic" type="mpeg7:MosaicType"
minOccurs="0" maxOccurs="unbounded"/>
<choice minOccurs="0" maxOccurs=""unbounded">
<element name="SpatialDecomposition”
type=""mpeg7:VideoSegmentSpatialDecompositionType'/>
<element name="TemporalDecomposition"
type="‘mpeg7:VideoSegmentTemporalDecompositionType"/>
<element name="SpatioTemporalDecomposition"
type=""mpeg7:VideoSegmentSpatioTemporalDecompositionType'/>
<element name="‘MediaSourceDecomposition™
type=""mpeg7:VideoSegmentMediaSourceDecompositionType"/>
</choice>
</sequence>
</extension>
</complexContent>
</complexType>




" S
Moving Region Description

Moving Regions:
Region Feature description (shape, color,
texture)
Spatio-Temporal Locator

Regions Motion Trajectory and Tracking

Helemence Hegion Helereno: Hegun Rebereno: Kegum

bt ) LT Mlodien




" S
Moving Region Description

<Mpeg7>
<Description xsi:type="ContentEntityType'>
<MultimediaContent xsi:type="VideoType'>
<Video i1d="VS1'">
<SpatioTemporalDecomposition>
<MovingRegion id="WomanMR"">
<TextAnnotation>
<FreeTextAnnotation> Woman (moving
region)</FreeTextAnnotation>
</TextAnnotation>
<TemporalDecomposition gap=""true' overlap="false'>
<StillRegion 1d=""WomanKeySR'>
<MedialLocator>
<MediaUri>image.jpg</MediaUri>
</MedialLocator>
<TextAnnotation>
<FreeTextAnnotation> Woman (still region)
</FreeTextAnnotation>
</TextAnnotation>
<VisualDescriptor xsi:type="ScalableColorType"
numOfCoeff=""16"" numOfBitplanesDiscarded=""0">
<Coeff>1234567890123456
</Coeff>
</VisualDescriptor>
</StillRegion>
</TemporalDecomposition>
</MovingRegion>
</SpatioTemporalDecomposition>
</Video>
</MultimediaContent>
</Description>
</Mpeg7>




"
Segment to Semantic

m Through the In SegmentType

<element name=""Semantic" type="mpeg7:SemanticType'/>
<element name="SemanticRef" type="mpeg7:ReferenceType'/>

</choice>

m Remember all other Multimedia Types are
subtypes of the SegmentType

m The Semantic may be included directly or through
the reference mechanism.




Ti
|
ﬁ Segment Tree Semantic DS (Events)

Shotl Shot2 Shot3

Segment 1
Sub-segment 1

 Introduction

[ * Summary
/y » Program logo

/ « Studio

| » Overview

* News Presenter

Sub-segment 2

Sub-segment 3

Sub-segment 4

segment 2
ews ltems

Segment 3 «_International

¢ Clinton Case
Segment 4 * Pope in Cuba

» National
Segment 5 )
’ e Twins
Segment 6 P Sports
| —® - Closing

Segment 7
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Segment to Semantic and much more ...

<?xml version="1.0" encoding="is0-8859-1" ?>

- <Mpeg7 xmlns="urn:mpeg:mpeg7:schema:2001" xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xmlns:mpeg7="urn:mpeg:mpeg7:schema:2001" xsi:schemalLocation="urn:mpeg:mpeg7:schema:2001
Mpeg7-2001.xsd">

- <Description xsi:type="ContentEntityType">

- <MultimediaContent xsi:type="VideoType">

- <Video>

- <Medialnformation>

- <MediaProfile>

-<MediaFormat>

- <Content href="MPEG7ContentCS">

<Name>audiovisual</Name>

</Content>

- <FileFormat href="urn:mpeg:mpeg7:cs:FileFormatCS:2001:3">

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

</FileFormat>

<FileSize>60000000</FileSize>

<BitRate>128000</BitRate>

</MediaFormat>

- <Medialnstance>

CS-Classification




S5R1:

/ * Creation, Usage meta

mformation
* Media description
¢ Textual annotation
* Color lustogram. Texture

SR2:
N * Shape
AR S ¢ Color Histogram
/ & K ¢ Textual annotation

™ 9 ﬂj SRE:

SRé:
* Color Histogram
® Textual annotation

* Shape

: * Textual annotation
SR3:

* Shape SR4:

*® Color Histogram s Shape

* Textual annotation

¢ Color Histogram
¢ Textual annotation

m Children segments inherit parent value (e.g. creation,
usage information and media info)

m If atree (like the above one) is not suitable for
description use SegmentRelation DS

E.g. graph used for soccer match




Conceptual aspects

m Emphasis Is on events, objects, places,
time in narrative worlds: Semantic DS

| Ibstractioe Level ] |  WctDs 4| AgerntObictDS
— Rrexa I3
Segrent DS |
SrantiBase DS |, | Come ept D3
e Batiom {ahstract)
bt ModelD s L/ | Serraritic State DS
e Tools for the
h J | Serrartic Place DS ..
Sereartic Cortainer D 5 — description of
T —|@metic e D3| conceptual aspects

Serrerdi IS

deserihe
L
Anadic-wingal
Corderit e - \
¥ : Harrativs Workd
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Semantic DSs also allow the description of abstractions. Abstraction refers
to the process of taking a description from a specific instance of audio-
visual content and generalizing it to a set of multiple instances of audio-
visual content or to a set of specific descriptions.

Two types of abstraction, called media abstraction and standard
abstraction, are considered.

A media abstraction is a description that has been separated from a specific
instance of audio-visual content, and can describe all instances of audio-
visual content that are sufficiently similar
a news event, which can be applied to the description of multiple programs, that
may have been broadcasted on different channels.
A standard abstraction is the generalization of a media abstraction to
describe a general class of semantic entities or descriptions.
In general, the standard abstraction is obtained by replacing the specific objects

events or other semantic entities by classes. For instance, if "Tom playing piano"
is replaced by "a man playing piano*

Typically, a standard abstraction is intended for reuse, or to be used by reference
in a description.



"
Semantics

<Semantic>

- <Label> <Name>Shake hands</Name> </Label>

- <SemanticBase xsi:type="AgentObjectType" id="AOa">

- <Label href="urn:example:acs">

<Name>Person A</Name> </Label>

</SemanticBase>

- <SemanticBase xsi:type="AgentObjectType" id="AOb">

- <Label href="urn:example:acs">

<Name>Person B</Name> </Label>

</SemanticBase>

- <SemanticBase xsi:type="EventType" id="EV1">

- <Label href="urn:example:acs">

<Name>Shake hands</Name> </Label>

- <Definition>

<FreeTextAnnotation>Clasping of right hands by two people.</FreeTextAnnotation>
</Definition>

<Relation type="urn:mpeg:mpeg7:cs:SemanticRelationCS:2001:agent" target="#A0a" />
<Relation type="urn:mpeg:mpeg7:.cs:SemanticRelationCS:2001:accompanier" target="#A0b" />
</SemanticBase>

</Semantic>

</Video>

</MultimediaContent>

</Description>

</Mpeg7>



<Description xsi:type="SemanticDescriptionType'>
| <Semantics i1d=*mysemantics’”>
<Label>

Semantics

e> Shake hands </Name>
abel>

<Label href="urn:example:acs'>
<Name> Person A </Name>

/ </Label>
</SemanticBase>

as a
Reference

<Label href="urn:example:acs'>
<Name> Person B </Name>
</Label>
</SemanticBase>
<SemanticBase xsi:type="EventType" id="EV1'">
<Label href="urn:example:acs'>
<Name> Shake hands </Name>
</Label>
<Definition>
<FreeTextAnnotation>
Clasping of right hands by two people.
</FreeTextAnnotation>
</Definition>
<Relation
type=""urn:mpeg:mpeg7:cs:SemanticRelationCS:2001:agent"
target="#A0a"/>
<Relation
type=""urn:mpeg:mpeg7:cs:SemanticRelationCS:2001:accompanier’
target="#A0b" />
</SemanticBase>
</Semantics>
</Description>

<SemanticBase xsi:type="AgentObjectType" id="A0a'>

<SemanticBase xsi:type="AgentObjectType" id="AOb">

<Segment Xxsi :type=""VideoSegn
<TextAnnotation>
<FreeTextAnnotation> )
</TextAnnotation>
<MediaTime>
<MediaT imePoint>T00: 0l
<MediaDuration>PTQ
</MediaTime>

entType'™>

video </FreeTextAnnotation>

D:-00</MediaT imePoint>
M15S</MediaDuration>

</Segment>

<SegmentRef idref=""mysemantics’>




Classification Schemes (CS)

MPE&-7 Standard MPE&-T Registration

Schema (Syntax) Authority (Terms)
MPEE-7 Schema MPEG-7 MPEG-7 MPEG-T €S
Examples Description Classification Examgples:
+ Creation DS Schemes (DS) Schemes (C5) & « Gemre C5
+ Agent DS & Descriptors Controlled * Role C5
+ Semantic DS (D) Terms « Format C5
MPES-T , NPES-T C5
Extension 3rd Party 3 d_waﬂ: Registration
Exomples: MPEG-T Classification Examples:
- Broadcast BS Extensions Schemes (C5) - Sports CS
* Rhythm DS & Controlled + Mews C5
. Graphics DS (bS & D) Terms . TEM-I CS

:

MPEG-T Description




" S
CS- Example FileFormatCS

<ClassificationScheme uri=""urn:mpeg:mpeg7:cs:FileFormatCS:2001"

domain="//Medialnformation/MediaProfile/MediaFormat/FileFormat'>
<Term termlD="1"">

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

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

<Name xml:lang=""en">jfi1f</Name>

<Definition xml:lang="en">JPEG file format</Definition>
</Term>
<Term termlD="2">

<Name xml:lang="en">JPEG 2000</Name>

<Definition xml:lang="en">JPEG 2000 file format</Definition>
</Term>
<Term termlD="3">

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

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

<Definition xml:lang="en">MPEG file format</Definition>
</Term>
<Term termlD="4"">

<Name xml:lang=""en"">mp3</Name>

<Definition xml:lang="en">MP3 audio format</Definition>
</Term>
<Term termlD="5"">

<Name xml:lang=""en"">mp4</Name>

<Definition xml:lang="en">MPEG-4 file format</Definition>
</Term>

. other terms ..
</ClassificationScheme>

CS for parental rating, genre, intentions, quality,etc.
New CS must be registrated by the MPEG-7 org.
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Let’s turn to the semantics

Complete
Description
(abstract)
m Semanticis
Content
Content Al = Content
Description Management
(abstract) (abstract)
Cont_ent Conten_t - UserDescription
Entity Abstraction - CreationDescription
(abstract) - UsageDescription
T ? - ClassificationDescription

Audio -Visual content: - SemanticDescription
- Image - ModelDescription
- Video - SummaryDescription
- Audio - ViewDescription
- AudioVisual - VariationDescription
- MixedContent

- ContentCollection




"
ContentAbstractionType

m ContentAbstractionType (abstract): top-level type for
describing abstractions of multimedia content:

m SemanticDescriptionType: top-level type for describing
semantics of multimedia content.

m ModelDescriptionType: top-level type for describing models of
multimedia content.

m SummaryDescriptionType: top-level type for describing
summaries of multimedia content.

m ViewDescriptionType: top-level type for describing views and
view decompositions of audio-visual signals.

m VariationDescriptionType: top-level type for describing
variations of multimedia content.



"
ContentAbstractionType and Semantic

<I-- Definition of ContentAbstraction Top-level Type -->
<complexType name="ContentAbstractionType" abstract="true'">
<complexContent>
<extension base="mpeg7:ContentDescriptionType"/>
</complexContent>
</complexType>

<I-- Definition of SemanticDescription Top-level Ty
<complexType name="'SemanticDescriptionType'>
<complexContent>
<extension base="'mpeg7:ContentAbstractionType"
<choice>
<element name="'Semantics' type="mpeg7:SemanticType'" minOccurs="1"
maxOccurs="unbounded"/>
<element name="'ConceptCollection' type="mpgg7:ConceptCollectionType"
minOccurs="1" maxOccurs="unbounded"/>
</choice>
</extension>
</complexContent>
</complexType>




" J
SemanticsType (1)

m That's all ?

<I-- Definition of Semantic DS -->
<complexType name="SemanticType'>
<complexContent>
<extension base="'mpeg7:SemanticBagType'/>
</complexContent>
</complexType>




SemanticsType (2)

That's It :

[ AbstractionLevel ’

Object DS

<_

"AgentObject DS

Event DS

Collection DS
Semantic
Model DS Relation
CSs
Segment DS

SemanticBase DS
(abstract)

Concept DS

l

SemanticState DS

Narrative World

SemanticBag DS
(abstract)

SemanticPlace DS

&

Multimedia

T

SemanticTime DS

Content captures ' describes

Semantic DS
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<|-- FHHHHHHHHH A R -->
<!-- Definition of Semantic DS (12.3.4) -->
<|-- FHHHHHHHHH A R -->
<!-- Definition of Semantic DS -->
<complexType name="SemanticType">
<complexContent>
<extension base="mpeg7:SemanticBagType"/>
</complexContent>
</complexType>

<|-- HHHHHH R -->
<!I-- Definition of SemanticBag DS (12.3.3) -->
<\-- HHHHH R -->
<!-- Definition of SemanticBag DS -->
<complexType name="SemanticBagType" abstract="true">
<complexContent>
<extension base="mpeg7:SemanticBaseType">
<sequence>
<choice minOccurs="0" maxOccurs="unbounded">

_ <element name="SemanticBase"
type="mpeg7:SemanticBaseType"/>

<element name="SemanticBaseRef"
type="mpeg7:ReferenceType"/>

</choice>

<element name="Graph" type="mpeg7:GraphType" minOccurs="0"
maxOccurs="unbounded"/>

</sequence>
</extension>
</complexContent>
</complexType>
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<|-- HHHHHHHHHHHHHHHHH T -->
<!-- Definition of Object DS (12.3.5) -->
<|-- HHHHHHHHHHHHHHHHHH T -->
<!-- Definition of Object DS -->
<complexType name="ObjectType">
<complexContent>
<extension base="mpeg7:SemanticBaseType">
<choice minOccurs="0" maxOccurs="unbounded">
<element name="0Object" type="mpeg7:0bjectType"/>
<element name="0ObjectRef" type="mpeg7:ReferenceType"/>
</choice>
</extension>
</complexContent>
</complexType>
<\-- HHHHHHHH R -->
<!-- Definition of AgentObject DS (12.3.6) -->
<\-- HHHHHHH R R R AR >
<!-- Definition of AgentObject DS -->
<complexType name="AgentObjectType">
<complexContent>
<extension base="mpeg7.0bjectType">
<choice minOccurs="0">
<element name="Agent" type="mpeg7:AgentType"/>
<element name="AgentRef" type="mpeg7:ReferenceType"/>
</choice>
</extension>
</complexContent>
</complexType>
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Example: Structure and Semantic Tools

m Structure descriptions:
Segment entities: video, audio, multimedia segments,

Attributes: AV descriptors, spatio-temporal
localization, ...

Relationships: temporal, spatial, ...

m Semantic descriptions:

Semantic entities: objects, events, concepts, states,
places, times

Attributes: label, definition, abstraction level, media
occurrences

Relationships: object-event, concept-semantic entity,

Multiple abstraction levels: media and formal

Encoding of rules based on alphabet and rule graphs
In the works
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MPEG-7 Semantic Description

Content Management

Creation information: Still region SR1: Segment-semantic base Concept C1:
Creation Creation information relation: Label
i hasMediaSy mbolOf
Creator Text annotation asMediaSy mbo Property
Creation corrdinates Property

Creation location
Creation date

Photographer: Seungyup
Place: Columbia University

Time: 19 September 1998

Media information:

Media profile
Media format

Media instance

Content Structure

Spatial segment
decompos ition:
No overlap, gap

Still region SR2:
Text annotation
Color structure

Content Semantics

e

Comradeship

Shake hands

Concept-semantic
base rektion:
hasProperty Of

Object-event
relation:
hasAccompanierOf

1
I
|
i
i - Event EV1:
704x480 pixels | Obiect-eveft ;abe' ot
. : emantic time
True color RGB _ Il hasAgentO Alex Ana Semantic place
http://www.alex&ana.jpg I
1
! |
Usage unformation: i Agent object
Rights i AO2:
Still region SR3: - Agent obiect Label
. . Text annotation Directional spatial : Segment-semantic base A%elr! objec Person
Columbia University, Matching hint segment relation: ! relation: Label
All rights reserved Color structure left 1 hasMediaPerceptionOf abe
, Person
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MPEG-7: Content Structure Description

Still region SR1:
Creation information
Text annotation

T
El

Still region SR3:
Text annotation
Matching hint
Color structure

Spatial segment
decompos ition:
No overlap, gap

Still region SR2:
Text annotation
Color structure

<StillRegion id="SR1">
<TextAnnotation>
<FreeTextAnnotation>
Alex shakes hands with Ana
</FreeTextAnnotation>
</TextAnnotation>
<SpatialDecomposition overlap="false" gap="true">

<StillRegion id="SR2">
<TextAnnotation> <FreeTextAnnotation> Alex </FreeTextAnnotation>
</TextAnnotation>
<VisualDescriptor xsi:type="ColorStructureType"> ... </VisualDescriptor>
</StillRegion>

<StillRegion id="SR3">
<TextAnnotation> <FreeTextAnnotation> Ana </FreeTextAnnotation>
</TextAnnotation>

Directional spatial
segment relation:
left

<MatchingHint>
<Hint value="0.455" xpath="../../VisualDescriptor"/>
</MatchingHint>
<Relation xsi:type="DirectionalSpatialSegmentRelationType* name="left*
target="#SR2"/>
<VisualDescriptor xsi:type="ColorStructureType"> ... </VisualDescriptor>
</StillRegion>

</SpatialDecomposition>
</StillRegion>



Example (1) — Available Semantic Types

SemanticRelation:
mediaPerceptionOf

SeranticRelation:
mediaSynol Of

Concept CL:
Label
Property

timeOf

Property

Serrartic
Relation:

Bent EVL:

SerrenticRelation:
acoonanierOf

SeranticRelation:
mediaPerceptionOf

Sermantic
Relation:
agentof

AgentChject
Latel
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MPEG-7: Content Semantics Description

<Semantic>
Concept C1: <Label><Name>Alex shakes hands with Ana </Name></Label>
L abel ' <SemanticBase xsi:type="EventType" id="EV1">
Property <Label><Name>Shake hands</Name></Label>
] Property <Relation xsi:type="ObjectEventRelationType*
%ﬁﬁfgf"e”t name="hasAgentOf*
hasAgentOf _ target="#A01"/>
ga?sgcfg’gt?gmam'c <Relation xsi:type="ObjectEventRelationType*
hasproperty'of name="hasAccompanierOf*
target="#A02"/>
_ <Relation xsi:type="ConceptSemanticBaseRelationType*
Comradeship name="hasPropertyOf" target="#C1"/>
Object-event <SemanticPlace> <Label><Name>Columbia
relation: _ University</Name></Label>
hasAccompanierOf </SemanticPlace>
Shake hands <SemanticTime> <Label><Name>September 9,
1998</Name></Label>
Event EV1: </SemanticTime>
Label </SemanticBase>
Alex Ana Semantic time <SemanticBase xsi:type="AgentObjectType" id="AO1">
Semantic place <Label><Name>Alex</Name></Label>
\ <Agent xsi:type="PersonType">
<Name><GivenName>Alex</GivenName></Name> </Agent>
Agent object </SemanticBase>
AO2: <SemanticBase xsi:type="AgentObjectType" id="A02">
Agent object Label <Label><Name>Ana</Name></Label>
AOL1: Person <Agent xsi:type="PersonType">
Label <Name><GivenName>Ana</GivenName></Name> </Agent>
Person </SemanticBase>

<SemanticBase xsi:type="ConceptType" id="C1">
<Label><Name>Comradeship</Name></Label>
<Property>Associate</Property> <Property>Friend</Property>
</SemanticBase>
</Semantic>
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Example (2) — Abstraction

Media Abstraction Formal Abstraction
AbstractionLevel AbstractionLevel
dimension=0 dimension=1
SemanticRelation: Concept C1: SemanticRelation: Concept C1:
locationOf Label locationOf Label
Property Property
Property Sema_ntic Property Semantic
SemanticPlace SP1: Relation: SemanticPlace SP1: _Relatlon
Label ) propertyOf Label ’ / propertyOf
Place I , Place / L
Comradeship L ' , Comradeship L
[7 Event EV1: I L Event EV1:
New York Label New York Label
£- £
Shake hands Shake hands
9 September 9 September
< <
A A
SemanticRelation: SemanticRelation:
SemanticTime ST1: / Alex Ana accompanierOf SemanticTime ST1: Alex WWoman accompanierOf
Label = S Label = -
Time . Time
, Agent object
Semantic ﬁ%e{'.t object Agent object ’ Semantic ﬁ%eln_t object Algf):al
Se_mantlcReIatlon: Relation: Labél Al?af);a | Se-mantlcReIatlon: Relation: Labél Agent
timeOf agentOf Agent Agent timeOf agentOf Agent AbstractionLevel
dimension=1
a) b)




Object

How to describe a
table I1

<Description xsi:type=""SemanticDescriptionType">
<Semantics>
<Label>
<Name> Description of table </Name>
</Label>
<SemanticBase xsi:type=""ObjectType">
<Label>
<Name> Table </Name>
</Label>
<Definition>
<FreeTextAnnotation>
Piece of furniture consisting of a smooth flat slab
fixed on legs
</FreeTextAnnotation>
</Definition>
<MediaOccurrence>
<MedialLocator>
<MediaUri>image. jpg</MedialUri>
</MedialLocator>
<VisualDescriptor xsi:type="ScalableColorType"
numOfCoeff=""16"
numOfBitplanesDiscarded="0">
<Coeff> 123456789012 345 6 </Coeff>
</VisualDescriptor>
</MediaOccurrence>
<Object id=""tabletop-object'>
<Label>
<Name> Table top </Name>
</Label>
<MediaOccurrence>
<MedialLocator>
<MediaUri>image. jpg</MedialUri>
</MedialLocator>
<Mask xsi:type=""SpatialMaskType'>
<SubRegion>
<Polygon>
<Coords mpeg7:dim="2 5"> 5 25 10 20 15 15
10 5 15
</Coords>
</Polygon>
</SubRegion>
</Mask>
</MediaOccurrence>
</Object>

10




AgentODbject

<Mpeg7>
<Description xsi:type="SemanticDescriptionType'>
<Semantics>

<Label>
<Name> Description of person </Name>
</Label>
<SemanticBase xsi:type="AgentObjectType">
<Label>
<Name> Student </Name>
</Label>

<Definition>
<FreeTextAnnotation> Student named Alexander Green
</FreeTextAnnotation>
</Definition>
<Agent Xxsi:type="PersonType™>
<Name>
<GivenName abbrev="Alex"> Alexander </GivenName>
<FamilyName> Green </FamilyName>
</Name>
</Agent>
</SemanticBase>
</Semantics>
</Description>
</Mpeg7>

An AgentObject is a Person, maybe your dog and cat, too.



<\-- AHHHHHHRHH AR TR AR AR >
<!-- Definition of Event DS (12.3.7) -->
<\-- HHAHHHHHHH T -->
<!-- Definition of Event DS -->
<complexType name="EventType">
<complexContent>
<extension base="mpeg7:SemanticBaseType">
<sequence>
<choice minOccurs="0" maxOccurs="unbounded">
<element name="Event" type="mpeg7:EventType"/>
<element name="EventRef" type="mpeg7:ReferenceType"/>
</choice>

<element name="SemanticPlace" type="mpeg7.SemanticPlaceType*
minOccurs="0" maxOccurs="unbounded"/>

<element name="SemanticTime" type="mpeg7:SemanticTimeType"
minOccurs="0" maxOccurs="unbounded"/>

</sequence>
</extension>
</complexContent>
</complexType>



Event

m Let's
Skake Hands

<Mpeg7>
<Description xsi:type="SemanticDescriptionType'>
<Semantics>
<Label>
<Name> Shake hands </Name>
</Label>

<SemanticBase xsi:type="AgentObjectType" id="AOa"">
<Label href="urn:example:acs'>
<Name> Person A </Name>
</Label>
</SemanticBase>
<SemanticBase xsi:type="AgentObjectType" id="AOb">
<Label href="urn:example:acs'>
<Name> Person B </Name>
</Label>
</SemanticBase>
<SemanticBase xsi:type="EventType" id="EV1'>
<Label href="urn:example:acs'>
<Name> Shake hands </Name>
</Label>
<Definition>
<FreeTextAnnotation>
Clasping of right hands by two people.
</FreeTextAnnotation>

\“~\~\\\\\\\\:ézi;inition>

tion
type=""urn:mpeg:mpeg7:cs:SemanticRelationCS:2001:agent"
target=""#A0a'"'/>

<Relation
type=""urn:mpeg:mpeg7:cs:SemanticRelationCS:2001:accompanier"
target="#A0b"/>
</SemanticBase>
</Semantics>
</Description>
</Mpeg7>
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MPEG-7 MDS: Event DS Example

m The following example gives an MPEG-7 description of the event of handshake
between people:

<Mpeg7>
<Description xsi:type="SemanticDescriptionType'>
<Semantics>
<Label>
<Name> Shake hands </Name>
</Label>

<SemanticBase xsi:type=""AgentObjectType" i1d="A">
<Label href="urn:example:acs">
<Name> Person A </Name>
</Label>

</SemanticBase>

<SemanticBase xsi:type=""AgentObjectType" id="B">
<Label href=""urn:example:acs">

<Name> Person B </Name>

</Label>

</SemanticBase>

<SemanticBase xsi:type="EventType">
<Label><Name> Handshake </Name></Label>
<Definition>

<FreeTextAnnotation> Clasping of right hands by two people </FreeTextAnnotation>

</Definition>
<Relation type="'urn:mpeg:mpeg7:cs:SemanticRelationCS:2001:agent" target="#A"/>
<Relation type="'urn:mpeg:mpeg7:cs:SemanticRelationCS:2001:accompanier* target="#B"/>

</SemanticBase>

</Semantics>
</Description>
</Mpeg7>

By (&
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Semantic Relations are CS

m The

defines semantic relations. The

semantic relations describe semantic information that relates entities
such as the relationship of events in a narrative, or relationship of an
object to multimedia content that depicts the object.

m In the following specification of the SemanticRelation CS, symbol A
refers to the source of the relation and symbol B refers to the target

of the relation.

<ClassificationScheme uri="urn:mpeg:mpeg7:cs:SemanticRelationCS:2001">
<Header xsi:type="DescriptionMetadataType"'>
<Comment>
<FreeTextAnnotation xml:lang="en">
Semantic relations
</FreeTextAnnotation>
</Comment>
</Header>
<Term termlD="key">
<Definition>
A key B if and only if B is a key for accessing A.
</Definition>
</Term>
<Term termlD="keyFor">
<Definition> Inverse relation of key </Definition>

</Term>
<Term termlD="annotates"''>
<Definition>

A annotates B if and only if A is an annotation or
description of B.
</Definition>
</Term>




Concept

Freedom !

<Mpeg7>

<Description xsi:type="SemanticDescriptionType'>

<Semantics>

<Label>
<Name> Concept of freedom </Name>
</Label>
<SemanticBase xsi:type="ConceptType"™ id="freedom">
<Label>
<Name> Freedom </Name>
</Label>

<Property>
<Name> Open </Name>
</Property>
<Property>
<Name> Outspoken </Name>
</Property>
<Property>
<Name> Frank </Name>
</Property>
<MediaOccurrence type="symbol™">
<MedialLocator>
<MediaUri> liberty.gif
</MediaUri>
</MedialLocator>
</MediaOccurrence>
</SemanticBase>
</Semantics>

</Description>

</Mpeg7>




Semantic
State

The sun i1s beautiful

<Mpeg7>
<Description xsi:type="'SemanticDescriptionType'>
<Semantics>

<Label>
<Name> Sunset </Name>

</Label>

<SemanticBase xsi:type="EventType' id="sunset-event'>
<Label>

<Name> Sunset </Name>

</Label>

</SemanticBase>

<SemanticBase xsi:type="'SemanticStateType" id="'sunset-state'>

<Label>
<Name> State of sunset </Name>
</Label>
<AttributeValuePair>
<Attribute>
<Name> Blue </Name>
</Attribute>
<IntegerValue>90</IntegerValue>
</AttributeValuePair>
<AttributeValuePair>
<Attribute>
<Name> Pink </Name>
</Attribute>
<IntegerValue>9</IntegerValue>
</AttributeValuePair>
<AttributeValuePair>
<Attribute>
<Name> Orange </Name>
</Attribute>
<IntegerValue>50</IntegerValue>
</AttributeValuePair>

</SemanticBase>
<Graph>
<I-- Relate event sunset-event and state sunset-state

<Relation
type=""urn:mpeg:mpeg7:cs:SemanticRelationCS:2001:state"
source="#sunset-event'" target="‘#sunset-state'/>
</Graph>
</Semantics>
</Description>
</Mpeg7>

-—>
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SemanticPlace

<Mpeg7>
<Description xsi:type="SemanticDescriptionType">
<Semantics>
<Label>
<Name> Semantic place for Columbia University </Name>
</Label>
<SemanticBase xsi:type="'SemanticPlaceType"™ 1d="columbia-
location'>
<Label>
<Name> Columbia University </Name>
</Label>
<Place>
<Name xml:lang="en">
Columbia University in the City of New York </Name>
<Region> us </Region>
<PostalAddress>
<AddressLine> 600 West 116th Street, New York,
NY</AddressLine>
<Postingldentifier> U-10027 </Postingldentifier>
</PostalAddress>
</Place>
</SemanticBase>
</Semantics>
</Description>
</Mpeg7>




SemanticTime

<Mpeg7>
<Description xsi:type="SemanticDescriptionType">
<Semantics>

<Label>
<Name> Description of last year </Name>
</Label>
<SemanticBase xsi:type="SemanticTimeType'>
<Label>
<Name> Last year </Name>
</Label>

<SemanticTimelnterval>
<TimePoint origin="now">
<Displacement measurementType="length"™ unit="year"
value="1"/>
<Direction measurementType="direction”™ unit="direction"”
value="before"/>
</TimePoint>
</SemanticTimelnterval>
</SemanticBase>
</Semantics>
</Description>
</Mpeg7>

Last year ...
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Partial Complete Semantics Description

Concept C1: <Semantic>
Label <Label><Name>Alex shakes hands with Ana </Name></Label>
Property <SemanticBase xsi:type="EventType" id="EV1">
Property <Label><Name>Shake hands</Name></Label>

Object-event <Relation xsi:type="ObjectEventRelationType*

rﬁlation: f name="hasAgentOf"
asAgento Concept-semantic __ target="#AO1"/> .
base rekhtion: <Relation xsi:type="ObjectEventRelationType*

hasProperty Of name="hasAccompanierOf*
target="#A02"/>

g <Relation xsi:type="ConceptSemanticBaseRelationType*
Comradeship § name="hasPropertyOf" target="#C1"/>

Object-event <SemanticPlace> <Label><Name>Columbia
relation: University</Name></Label>
hasAccom panierOf </SemanticPlace>
<SemanticTime> <Label><Name>September 9,
1998</Name></Label>
</SemanticTime>
Event EV1: </SemanticBase>
Label <SemanticBase xsi:type="AgentObjectType" id="AO1">
Alex Ana Semantic time <Label><Name>Alex</Name></Label>
Semantic place <Agent xsi:type="PersonType">
<Name><GivenName>Alex</GivenName></Name> </Agent>
</SemanticBase>
i <SemanticBase xsi:type="AgentObjectType" id="A02">
Agent object <Label><Name>Ana</Name></Label>
AO2: <Agent xsi:type="PersonType">
Adent obi Label <Name><GivenName>Ana</GivenName></Name> </Agent>
gent object Person A
AO1: </SemanticBase>
Label <SemanticBase xsi:type="ConceptType" id="C1">
Person <Label><Name>Comradeship</Name></Label>
<Property>Associate</Property> <Property>Friend</Property>
</SemanticBase>
</Semantic>

Shake hands




Navigation and access

browsing, navigation, visualization / Access
sonification

Media

Efficient support of: discovery, Navigation &

B

Content management

Content description

Summary

Conceptual
aspects

Structural
aspects

Variation

Substitution of the original content

Basic elements Adaptation to terminal, network, or

Datatype & user preferences

localization

structures Basic DSs




Navigation: hierarchical summary

AV

Data

Hierarchical
Summary
HighlightLevel HighlightLevel
Highlight Highlight Highlight Highlight Highlight Highlight Highlight
Segment Segment Segment Segment Segment Segment Segment

==
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Navigation: hierarchical summary
example




Navigation: seqguential summary

— Frame | e— Frame — Frame | —
Prope Property




Variation

m Universal Multimedia Access: Adapt delivery to
network and terminal characteristics (QoS)

Fidelity 2/ 2R Variation

\

==

AUDIO

[o

@ .

0
|l

VIDEO IMAGE

Modality



The Variation DS describes variations of the AV content, such as

compressed or low-resolution versions, summaries, different languages,

and different modalities, such as audio, video, image, text, and so forth.
One of the targeted functionalities of the Variation DS is to allow a server or
proxy to select the most suitable variation of the AV content for delivery

according to the capabilities of terminal devices, network conditions, or user
preferences. T

he Variations DS describes the different alternative variations. The

variations may refer to newly authored AV content, or correspond to AV
content derived from another source.

A variation fidelity value gives the quality of the variation compared to the
original.

The variation type attribute indicates the type of variation, such as
summary, abstract, extract, modality translation, language translation, color
reduction, spatial reduction, rate reduction, compression, and so forth.
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Content Managment

Creation infor mation:
Creation
Creator
Creation corrdinates
Creation location
Creation date

<CreationIinformation>
<Creation>

<Creator>
<Role><Name>Photographer</Name></Role>
<Person> <Name> <GivenName>Seungyup</GivenName> </Name> </Person>

</Creator>

<CreationCoordinates>
<CreationLocation> <Name xml:lang="en">Columbia University</Name>

</CreationLocation>

<CreationDate> <TimePoint>1998-09-19</TimePoint> </CreationDate>

Photographer: Seungyup
Place: Columbia University

Time: 19 September 1998

</CreationCoordinates>
</Creation>
</Creationinformation>

Media information:
Media profile
Media format
Media instance

<Medialnformation>
<MediaProfile master="true">
<MediaFormat> <Content>image</Content>
<VisualCoding>
<Format colorDomain="color"

href="urn:mpeg:VisualCodingFormatCS:1">JPG</Format>
<Frame height="480" width="704"/>
</VisualCoding>
</MediaFormat>
<Medialnstance id="mastercopy">
<MedialLocator> <MediaUri> http://www.alex&ana.jpg </MediaUri>
</MediaLocator>
0 — </Medialnstance>
sage unformation:

. </MediaProfile>
Rights </Medialnformation>
<Usagelnformation>
<Rights>
<Rightsld organization="Columbia University“> columbia:1919:alex&ana_image
</Rightsld>
</Rights>
</Usagelnformation>

704x480 pixels
True color RGB
http://www.alex&ana.jpg

Columbia University,
All rights reserved



Content organization

Collection &

Content organization v
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Model
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User interaction

Collection &
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Model
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Content management
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Role of Conceptual Model in MPEG-7

Audio-visual domain

MPEG-7
Applications

Top-down

MPEG-7

Principal
Concepts

»
L

Requirements

Design
(Regmnts.)

e

Conceptual
\Y/[eYo [=]

DDL Types &
Elements

MPEG-7 Description Tools

|

|

Description :
Descriptors

Technology Proposal

(Concept.
Model)

g*
L]

Bottom-up

Design
(Tools)



MPEG-7 Conceptual Model

1.
2.

Defines concepts relevant to MPEG-7 (Principal Concepts
List)

Provides definitions of Description Scheme and
Descriptor in terms of conceptual modeling constructs
(Entity, Relationship, Attribute)

Tracks MPEG-7 development by checking concepts
against tools

Distinguishes MPEG-7 tools (DS and D) for DDL
specification (types, elements)

Ongoing: allows mapping from user concepts (user tools)
to MPEG-7 Description tools (DS and D)



Concept Mapping

1. Concepts 2. Conceptual

Model 3. Tools 4. DDL

Audio-visual
Data :

Semantics
Type

Attribute

Meta-
Information
Ancillary

MPEG-7 MPEG-7 MPEG-7

Audio-visual - ..
o Conceptual - Description - DDL
SUTE R CEEspis Model Tools Constructs




Step 1.
ldentification of

Audio-Visual
Concepts



Formation of Multimedia Data from Real

W,

World Scenes

/|

S

()
projection Re

Oc
Real world scene Multimedia data
(objects, events, ...) (regions, segments, ...)

u Content Description: Audio-visual
data, Structure, Features

m Scene Description:

Semantics m Content Management: Processes,
Ancillary, Meta-information




Audio-Visual Principal Concepts

m Scene Description:

Semantics: Action, Character, Conversation, Dialog, Episode, Event, Face, Object, Point of view, Pose,
Scene, Script, Story, ...

m Content Description:

Audio-visual data: Audio, Edition, Film, Graphic, Image, Mix, Mosaic, Music, Program, Promotion, Rush,
Sonification, Sound effect, Speech, Stream, Summary, Symbolic audio, Trademark image, Variation, Version,
Video, View, ...

Structure: Animation, Audio spectrum, Background, Composition Effect, Connectivity, Cut, Duration, Edit,
Embedded text, Frame, Image type, Internal Transition Effect, Key frame, Linguistic structure, Locator,
Region, Segment, Sequence, Shot, Spatial geometry, Spatial relationship, Synchronization, Transition Effect,

Features: Audio features, Color, Deformation, Melody, Motion, Noisiness, Shape, Silence, Sketch, Texture,
Timbre, Visual features, Volume, ...

m  Content Management:
Processes: Acquisition, Coding, Creation, Delivery, Editing, Manipulation, Presentation, Production,
Publication, Segmentation, Storage, Streaming, Transcoding, ...
Ancillary: Bandwidth, Camera, Client, Instrument, Medium, Modality, Person, Recorder, Terminal, Usage,
Usage history, User, User preference, ...
Meta Information: Annotation, Archive, Author, Classification, Context, Contract, Copyright, Date, Financial,

Format, IPMP, Language, Locality, Market, Organization, Owner, Place, Quality, Rating, Rights, Technical
staff , Text, Title, Translation, Unique identifier, ...



Multimedia Concept Properties

Property

Description

Principal Concept

Concept name

Definition

Definition in words

Conceptual Model Construct

{Attribute, Entity, Function, Relationship, Type}

Domain

{Audio, Generic, Video}

Type

{Ancillary, Audio-visual data, Description, Feature, Language, Meta, Model,
Process, Semantics, Structure, Syntax/ Semantics}

MPEG-7 Development

{MDS XM, MDS CE, MDS WD, Visual XM, Visual CE, Visual WD, Audio XM,
Audio CE, Audio WD, Systems WD, DDL WD}

MPEG-7 Construct (D or DS)

{D, DS}

MPEG-7 DDL Construct

{Element, Attribute, Type}

Description

Description of development as D or DS or Systems

Related principal concepts

Related principal concepts

Related secondary concepts and
terms

Related secondary concepts and terms

MPEG-7 Development

{MDS XM, MDS CE, MDS WD, Visual XM, Visual CE, Visual WD, Audio XM,
Audio CE, Audio WD, Systems WD, DDL WD}




MPEG-7 Principal Concepts List

Principal
Concept

Abstraction
level

Acquisition

Action

Aggregation

Definition

The particular level of
detail in which data is
represented

The process of acquiring
audio or visual data from
a source

A semantically
identifiable behavior of
an object or group of
objects, e.g., soccer
player kicking ball

Grouping of items such
as objects, regions or
audio-visual data

Attrib
ute

Functi
on

Attrib
ute

Relati
onshi

p

Ge
neri

Ge
neri

Vis
ual

Ge
neri

Audio

visual
data

Proce
SS

Sema
ntics

Audio

visual
data

Source

MPEG-7
Require
ments

MPEG-7
Applicati
ons

MPEG-7
Descripti
on

Scheme
s (V0.8)

MPEG-7
Descripti
on

Scheme
s (V0.8)

MPEG-7
Develo
pment

MDS
XM

MDS
WD

MDS
CE

MDS

DS

DS

DS

DS

Elem
ent

Elem
ent

Elem
ent

Elem
ent

Description

Multiresolution Pyramid DS (XM):
specifies a hierarchy of views of data.
Summarization DS (WD): is used to
specify a set of summaries to enable rapid
browsing, navigation, visualization and
sonification of AV content. Each summary is
an audio-visual abstract of the content.

CreationMaterial (WD): describes the
devices and instruments used for the
creation of the content (e.g., types of device,
lens, films, instruments, settings, etc.).

Annotation DS (WD): contains the
description tools (Ds and DSs) intended for a
simple and structured description of persons,
objects, events, etc; Semantic
Relationships (XM): predicative semantic
attributes refer to actions (events) or states
among two or more elements. Examples of
action relations are “To throw” and “To hit”.

Cluster DS (WD): describes the arbitrary
grouping of audio-visual data items or
syntactic elements.

Related
principal
concepts

Hierarchy,
scalability

Instrument,
camera,
editing

Motion,
object,
event,
animation

Cluster

Related
concepts
and terms

Shooting,
recording,
source,
filming,
take

Interaction,
action unit,
interaction
unit

Set,
collection,
examples



Step 2.
Building
Conceptual
Model



Conceptual Modeling Constructs

m Entity — a principal object in the audio-visual domain

m Relationship — an association among one or more entities as
follows:

Generalization - specifies an “is-A” relationship that partitions a
class of entities into mutually exclusive subclasses
Aggregation - specifies a “has-A” assembly-component
relationship of entities

Association - relates two or more entities which do not exhibit
existence dependency

m Attribute - descriptive information about an entity or
relationship which can be used for identification or description



Example Audio-Visual Conceptual Model

e Shot association
A duration —_ Y
A <> +represents
aggregation : :
" relationships Key Frame
entities _. P selection type
Image = A
Width < timI:me
height |- Jitributes .. generalization




Step 3.
Mapping CM to
MPEG-7
Description

Tools



Mapping to MPEG-7 Description Tools (DS,

D)

Conceptual Mode

Video Shot .. association
4‘ duration . y
A . +represents
aggregation . .
entities Jared relationships Key Frame

selection type

Image A

- Frame
width

height |

time

o attributes “.. generalization

Conceptual
Model

Entity

Relationship

Attribute

MPEG-7 Tools

Audio-visual domain

None
None

Datatype



Step 4.
Mapping Tools to

MPEG-7 DDL
Cconstructs



DDL Implementation

MPEG-7 Tools

=
Global Local

MPEG-7 DDL Constructs

Global Local
Type Type

Element Element

MPEG-7 Tool

MPEG-7 DDL

DS (< Entity)

Global Type (ID), Local Element (REF)

DS (< Relationship)

Global Type (ID), Local Element

D (< Attribute)

Global Type, Local Element

datatype

Global Type, Local Type, Local Element




Conceptual Model: Ongoing Uses

m Mapping for MPEG-7 database design (i.e., relational),
software design (i.e., Java / C++ classes)

m User organization of MPEG-7 Tools (l.e., Packages) —
user-oriented concepts and description tasks
User Concept: - Vacation (scene)
Scene Concepts: = Place, Time, Event, Persons, Objects
Audio-Visual Concepts: - Image, Video, Audio

MPEG-7 Tools: - Event DS, PersonObject DS, Agent DS,
Image DS, StillRegion DS, Segment Decomposition DS,
ColorLayout D, Homogeneous Texture D, Shape D, ...



Conceptual Modeling for Multimedia Content
Description

Domain analysis
Conceptual modeling

—

Conceptual
Model

Multimedia

Database
Model

Relational or object-

Multimedia
Domain

Multimedia
Conceptual
Model

Multimedia
Application
Model

Java, C++ or other

M-EER model:

Entity

Attribute

Relationships
Aggregation
Generalization
Association

*Structural relationship

*Intensional relationship

*Qrdering

. MPEG-7

Multimedia
Meta-data

Model

XML, XML-Schema

relational DB:
Relation (table)
Attribute

Key (foreign keys)

0O-0O languages:

or MPEG-7 DDL:

Class
Abstraction
Aggregation
Data member
Method

Entity
Element
Attribute
Archetype
Refinement

Modeling: objective of
creating single unified model
(conceptual, logical,
implementation)

Concepts: multimedia
domain analysis

Transformation: of

conceptual model into the

logical models for
Database design

Software classes for
application implementation

Meta-data language for
interoperable annotation



" B
MPEG-7 Reference Software

m Reference implementation of relevant
MPEG-7 Standard
Experimentation software (XM)
m Creation of of D and DSs bitstreams
with normative syntax rather than tool
performance

m Four categories of components

DDL parses and DDL validation parser
Visual Descriptors

Audio Descriptors

Multimedia Description Schemes (MDS)



MPEG-7 Conformance

Guidelines and procedures for testing
Implementations for conformance



MPEG-7

applications
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Possible MPEG-7 Applications

Abstract Representation

S
J SN o l
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~User or data,
. processing

—r T -, System .
Description| Description Definition || "l
Generation Language (DDL) | ;

_ Se&er?h /
)
Descriptors (D) Engir¥e
t .

¢ Description Schemes Filter
< O Agents
(DS) v
MPEGY7
Description
MPEG7

Coded >
Encoder Description Decoder




"
Standard Eigenfaces

The eigenfaces for this database were
approximated using a principal
components analysis on a
representative sample of 128 faces.
Recognition and matching was
subsequently performed using the
first 20 eigenvectors. In addition,
each image was then annotated (by
hand) as to sex, race, approximate
age, facial expression, and other
salient features. Almost every person
has at least two images in the
database; several people have many
Images with varying expressions,
headwear, facial hair, etc.

http://whitechapel.media.mit.edu/vismod/demos/facerec/basic.html



Distance-from-LEy

Distance-from-MNose-Space
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"
Face Recognition

http://whitechapel.media.mit.edu/vismod/demos/facerec/system.htmi

Coder —m-

p| Mulisealc
Heml Scarch
Warp J'-E‘I:E Maskiog od - E-I.EE-'.IZI.SF:H.EE - Reregmilien 1)
Coctrast hora. Projection Syslcm

]
]

[ ]
¥

‘ Detection & Alignment ‘ Recognition & Cpding

The system diagram above shows a fully automatic system for detection, recognition and model-based coding of faces for potential applications such
as video telephony, database image compression, and automatic face recognition. The system consists of a two-stage object detection and alignment
stage, a contrast normalization stage, and a Karhunen-Loeve (eigenspace) based feature extraction stage whose output is used for both recognition
and coding. This leads to a compact representation of the face that can be used for both recognition as well as image compression. Good-quality
facial images are automatically generated using approximately 100-bytes worth of encoded data. The system has been successfully tested on a
database of nearly 2000 facial photographs from the ARPA FERET database with a detection rate of 97%. Recognition rates as high as 99% have

been obtained on a subset of the FERET database consisting of 2 frontal views of 155 individuals.



" BN
Photobook

http://wasi.www.media.mit.edu/people/tpminka/photobook/

m [ ool for performing gueries on image
databases based on image content.

m \Works by comparing features
associated with images, not the images
themselves.

m Features are parameter values of
particular models fitted to each image.



http://hitechapel.media.mit.edu/people/tpminkphotobook/foueyes/seg.html
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wrench,kid,b wrench,kid, 8 wrench, kid,?

wrench,kid,b wrench,kid, 2 wrench,kid, 2 crescentl,2 crescent,kid,B

crescent, kid, B crescent, kid,? crescent,kid,2 hammer, kid,3

hammerl.l hammer.kid.8 hammerz, 2

This is an example of a Photobook search based on shape. The query image is in the upper left; the images
in a small tools database are displayed in raster scan order of similarity
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Content Retrieval using Image
as the Query
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