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Introduction

Terminology
Advantages of Multimodal/Multimedia Interfaces
Contents of the Tutorial

2
ESSLLI 04, André

What is Multimedia?

Search with Google: 41,1 Mio hits

1995 „ Word of the Year“ in Germany

Interesting Word Creations: 
» Multimedia-Kitchen, Multimedia-Hotel, …

Literal Meaning:
» Multus = „much, multiple, …“
» Medium = „Device for conveying information“

Problem: Different Use of Terminology in Different 
Disciplines

2
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3
ESSLLI 04, André

Medium versus Modus or Modaliy
[Maybury 1999]

Medium: 
» Carrier of information (e.g. paper or CD-ROM)
» Different kinds of physical devices (e.g. screens, 

loudspeakers, microphones and printers)
» Information types (e.g. graphics, text and video)

Modus or Modality: Cognition aspect
» Perceptible entity (e.g. visual, auditory, haptic or 

olfactory media) 
» Interaction style (e.g. natural language dialogue)

Code
» Particular means of encoding (e.g. sign languages or 

pictorial languages)

Source: Maybury 1999
ESSLLI 04, André

Medium, Mode or Code

Input 
Processing

Rendering
of Output

MEDIUM

System

Storage

CD-ROM
Disc

GestureSpeech Graphics

CODE

MODE

Tactile

Visual

Auditory

Olfakto-
ry

Gustato-
ry

User(s)

Copyright © 2000  The MITRE Corporation. 
All rights reserved.
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Display Dimensions

Discrete/time-independent media
» Text
» Graphics

Time-dependent/continuous media
» Audio
» Animations
» Video

6
ESSLLI 04, André

Why to Use Multiple Media?

Increasing the accessibility of applications ⇒Universal 
Access
» Adaptation to the situative context

– gestures in environments with high noise level
» Adaptation to the individual user

– spoken language for people with impaired vision
– Sign language for deaf people
– Gestures for non-native speakers

4
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Reduction of the Error Rate

Resolution of ambiguities by analyzing multiple input media 
in Quickset

Oviatt, S.L. & Cohen, P.R.. "Multimodal Interfaces That Process What Comes Naturally" 
Communications of the ACM, Vol. 43, No. 3, March, 2000, pp. 45-53. 

8
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Expressive Power and Efficiency

Shorter and more fluent verbal utterances [Oviatt 2000]
Example from Quickset User Study:
» User with drawing gestures

User: [draws irregular area] “Open space”
» Same user with drawing gestures

User: “Add an open space on the north lake to br- include the north 
lake part of the road and north.”

Completion Time [Oviatt 2000]
» Multimodal interaction with Quickset (pen and voice input) 9x faster 

than interaction with a conventional GUI

Expressive Power
» 90-100% of the Quickset users prefer multimodal input options

5
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Media Integration, Coordination and 
Synchronization

Media Integration or Fusion
Transforming multiple media into a uniform representation 
format

Media Coordination
Tailoring several media during the generation process, e.g. 
media selection, generation of cross references etc. 

Media Synchronization
Spatial and temporal layout

Source: Johnston, AT&T Labs, 2000.
ESSLLI 04, André

Example: Media Integration

“email these two people
and this department”

Michael Johnston

Srinivas Bangalore

HA153

email([johnston1,srini1,HA153])

Media Integrator

6
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Source: D.D. Seligmann: Interactive Intent-Based Illustration: A Visual Language 
for 3D Worlds, PhD Thesis, 1993. ESSLLI 04, André

Example: Media Coordination

Cross References in COMET

12Source: André et al., DFKI
ESSLLI 04, André

Example: Media Synchronization

Synchronizing running texts, music, voice and image 
sequences

7
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Multimodal Analysis

Unification methods for analyzing gestures and 
speech
Analysis of gestures and speech with finite state 
automata  

14
ESSLLI 04, André

Multimodal Analysis

Modality-Specific Analysis
e.g. Analysis of spoken language 

Crossmedia Analysis
e.g. Resolution of crossreferences, such as the „the left 
button in the illustration“ 

Fusion of different  input into a uniform representation 
format

8



8

15
ESSLLI 04, André

Analysis of Gestures and Speech

Early Systems:
» SCHOLAR [Carbonell 70]
» Put-That-There [Bolt 80]
» XTRA [Allgayer et al. 1989]
» CUBRICON [Neal/Shapiro 91]

Characteristics:
» Speech-driven, i.e. integration of gestures is triggered by 

verbal referring expressions, such as „this one“
» No uniform representation formalism for the single 

modes 
» No general well-defined multimodal integration 

mechanism 
» Limited to pointing gestures

16
ESSLLI 04, André

Analysis of Gestures, Speech and 
Gaze

OBJ1
categ:
spatial:
num: SINGLE
time: (104 107)
value:

time: (107 107)
value:

BLUE
time: (105 105)
value:

BELOW
obj:
time: (109 118)
value:

OBJ2
categ:
spatial:
num: SINGLE
time: (112 118)
value:

RED
time: (118 118)
value:

TRIANGLE
time: (115 115)
value:

POINT
time: (104 108)
value:

LOOK
time: (106 109)
value:

LOOK
time: (103 106)
value:

LOOK
time: (109 117)
value:

Speech

Gestures

Gaze

Koons et al. 93: Frames as a uniform representation 
mechanism for speech, gestures and gaze, but no 
declarative approach to media integration

Idealized sample frames for the utterance: “ ... that blue 
square below the red triangle”

9
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Multimedia Analysis: Example

Put That There

Eye Tracker

Speech Recognizer

Data Glove

Copyright © 2000  The MITRE Corporation. All rights reserved.

Source: M. Maybury: Tutorial
on Intelligent User Interfaces, 
IUI 2000.

18
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SmartKom: A Transportable 
Interface Agent

SmartKom-Public: 
A Multimodal 

Communication
Kiosk

SmartKom-Mobile: 
A Handheld

Communication
Assistant

Media
Analysis

Kernel of
SmartKom
Interface

Agent

Interaction 
Management

Application
Manage-

ment

Media
Design

SmartKom-Home/Office:
Multimodal Portal to Information Services

Wolfgang Wahlster, Norbert Reithinger, Anselm 
Blocher (DFKI): "SmartKom: Multimodal 
Communication with a Life-Like Character" In: 
Proceedings of Eurospeech2001, Aalborg (Dänemark), 
2001, 4 Seiten

10
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Multimodal Analysis in Quickset

Cohen, P. R., Johnston, M., McGee, D., Oviatt, S., Pittman, J., Smith, I., Chen, L., and Clow, J. (1997). QuickSet: 
Multimodal interaction for distributed applications, Proc. of the Fifth International Multimedia Conference
(Multimedia '97), ACM Press, pp 31-40.

20
ESSLLI 04, André

Media Integration

Converting multiple media into a uniform representation 
format

Questions:
» How should the results of media-specific recognition 

components be represented to enable the integration of 
the single modalities?

» How far should an input stream be processed before the 
results of other modalities are integrated?

11



11

21
ESSLLI 04, André

Architecture for multimodal 
Analysis

Copyright, Michael Johnston, AT&T Labs – Research, 
2000

Natural
Language

Gesture
Processing

Executable Commands

Speech
Recognition 

Gesture
Recognition

Multidimensional 
Chart Parser

Unification-based
Multimodal

Grammar

Johnston, M. 1998. Unification-based Multimodal
Parsing. In Proceedings of the 17th International 
Conference on Computational Linguistics and 
36tthAnnual Meeting of the Association for
Computational Linguistics. (COLING-ACL 98), p 624-
630.

Unification-based 
multimodal grammars
» Johnston 1998

Quickset
» Cohen et al 1997

22
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Multimodal Grammar Formalism

Representation of the spoken utterance: „Helicopter“ 
by typed feature structures

cat: unit_type

fsTYPE: unit
type: helicopter
echelop: vehicle

fsTYPE: create_unit

object:

fsTYPE: pointlocation:

content:

modality: speech
time: interval(…,…)
prob: 0.85

Basic Category

Semantic 
Information

Auxiliary 
Information

12
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Coding Grammar Knowledge by
Feature Structure Rule Schemata

LHS → DTR1 DTR2, 
where LHS, DTR1 
and DTR2 are typed 
feature structures

cat: command
content: [1] 
modality: [2]
time: [3]
prob: [4]

overlap([7],[10]) ∨
follow([7],[10],4)
total_time([7],[10],[3])
combine_prob([8],[11],[4])
assign_modality([6],[9],[2])

cat: located_command
content: [1] [location: [5]]
modality: [6]
time: [7]
prob: [8]

cat: spatial_gesture
content: [5]
modality: [9]
time: [10]
prob: [11]

dtr2:

dtr1:

rhs:

lhs:

constraints:

structure-sharing tags

24
ESSLLI 04, André

Constraints

Temporal Constraints
overlap([7],[10]) ∨ follow([7],[10],4)

The time of the speech [7] needs either to overlap with or 
start within four seconds of the time of the gesture [10].

Spatial Constraints
close_to(X,Y)
contact(X,Y)

Additional Constraints for Determining Values
assign_modality([6],[9],[2])

13
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Multimodal Sub Categorization

Problem: Treatment of speech input which is combined 
with several gestures

Solution: Introduction of a Subcat feature which is 
implemented as a recursive first/rest feature structure.

Example: Utterance: „move this here“ results in a structure 
which expects two gestures as a complement. 

26
ESSLLI 04, André

Visual Parsing: Complex Gestures

To create a barbed wire, the user may specify a line which 
specifies its spatial extension and then draw an alpha to 
indicate its type. 

Complex Gesture for Barbed Wire

14
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Rule Schema for Unimodal Barbed 
Wire

cat: spatial_gesture
content: [fsTYPE: alpha] 
centroid: [4]
time: [5]

cat: spatial:gesture

content: [1]

time: [3]

dtr2:

dtr1:

rhs:

lhs:

constraints:

fsTYPE: line
coordlist: [2] 

fsTYPE: wire_obj
color: red
style: barbed

fsTYPE: create_line

object:

location: [1]

follow([5],[3],5)
close_to([4],[2])

content:

cat: command

28
ESSLLI 04, André

Multimodal Unification

Advantages:
» Declarative specification of multimodal integration rules
» Separation of integration rules and parsing mechanism
» Analysis of complex graphical input ⇒ Parsing of visual 

languages

Disadvantages:
» Computational complexity
» No probabilistic framework to resolve multimodal 

ambiguities

15
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Multimodal Analysis with finite 
Automata

For a user interface with n modalities, we use an 
automaton with n+1 tapes.

Speech

Multimodal
Finite State
Automaton

Gestures

Meaning

Copyright, Michael Johnston, AT&T Labs – Research, 2000.

Johnston, M. and S. Bangalore. 2000. Finite-state multimodal 
parsing and understanding. Proceedings of COLING-2000, 
Saarbruecken, Germany.

30
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Parsing with Multimodal FSA

Combined Semantic 
Representation

Speech
Recognition 

Gesture
Recognition

Multimodal 
Finite State Automaton

Combined
multimodal
grammar

compilation

Copyright, Michael Johnston, AT&T Labs – Research, 2000.

16
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Compiling a Multimodal CFG

0 1
reserve:є:reserve([

2this:є:є

that:є:є

3

hotel:Go:org(

flight:Gp:flight(

4

є:e1:e1

є:e2:e2 5

є :є:)

and:є:,

6
є :є:])

S → V  NP  ε:ε:]) NP → DET N
CONJ → and:ε:, NP → DET N CONJ NP
V  → reserve:ε:res([ DET → this:ε:ε

N → hotel:Gh:hotel(ENTRY
N → flight:Gf:flight(ENTRY

ENTRY → ε:e1:e1  ε:ε:)
ENTRY → ε:e2:e2  ε:ε:)
ENTRY → ...

32
ESSLLI 04, André

Summary

Easy integration into a probabilistic framework → easy to 
train

Enable tight integration of media

Computationally less intensive than unification grammars

More difficult to read than unification grammars →
compilation

17
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Generation of Multimedia 
Presentation

Why?
Approaches to Multimedia Presentation Planning
Coordination of Multiple Media

34
ESSLLI 04, André

Why Automated Presentation 
Planning?

Manual creation is error-prone.

Manual creation is extremely time-consuming.

Not feasible when information dynamically changes.

Methods for automated presentation planning enable 
adaptation to the current situation and the target group.

18
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Automated Presentation Planning

Presentation Design
Which contents?
Which media?

Which structure?

Presentation Task

• Content Selection
• Media Selection 
• Organization

Presentation Production
Formulate texts,
Draw graphics,

Create animations, ...

Presentation Output

• Media-specific 
encoding

• Overall layout
• API for production 

tools

• Production tools: 
editors, renderers, etc.

• MM Display Software
• MM Display Hardware

• MM Display Software
• MM Display Hardware

Automated presentation 
planning systems include 

mechanisms to:

36
ESSLLI 04, André

Multimodal Generation

Context-sensitive selection of relevant information

Media allocation

Media-specific encoding

Spatial and temporal coordination of the output

19
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Criteria for Media Allocation

Media Characteristics
» Static versus dynamic media ...

Information Type
» concrete, spatial, temporal, abstract, ...

Communicative function
» Contrast, Summarize, Elucidate

User Characteristics
» Perceptual capabilities, prior knowledge, ...

Tasks
» Operating a device, comparing values …

Resource Limitations
» Time, Space

38
ESSLLI 04, André

Media Allocation: Required 
Knowledge

Systemic Network contains
0 Contents, form, purpose
0 Producer characteristics 
0 Recipient characteristics
0 Communicative situation

ICONS, ETC. 
CHARACTERISTICS

LANGUAGE 
CHARACTERISTICS

GRAPHICS 
CHARACTERISTICS

TABLES+GRAPHICS 
CHARACTERISTICS

INFORMATION FEATURES PRODUCER GOALS READER CHARACTERISTICS

INTERNETWORK LINKAGE

Yigal Arens, Eduard H. Hovy and Mira Vossers. On the Knowledge Underlying
Multimedia Presentations. In Intelligent Multimedia Interfaces. Mark Maybury, 
editor. AAAI Press/The MIT Press, pp. 280-306, 1993.

20
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39Source: Arens et al. 1993
ESSLLI 04, André

Information Features

Type Characteristic Values

Intrinsic   Dimensionality 0D, 1D, 2D, >2D, �D
Property Transience live, dead

Urgency urgent, routine
Class   Order ordered, nominal,

quantitative
Property Density dense, discrete, N/A

Naming identification, introduction
Set
Property

Volume singular, little, much

IMPORTANCE 
 
........... 
 
 
NAMING 
 
........... 
 
 
 
ORDER 
 
............ 
 

TASK-RELATED

FUNCTIONALITY- 
RELATED

GROUP-RELATED 
 
 
............

important 
mundane

URGENCY urgent 
routine

quantitative 
ordinal 
nominal

introduction 
identification

Information features 
organized by type

Fragment of a network referring to 
information features

40Source: Arens et al. 1993
ESSLLI 04, André

Characteristics of Media

Generic
Medium

Carrier
Dimension

Internal
Semantic

Dimension

Temporal
Endurance

Granularity Medium
Type

Default
Detectability

Baggage

Beep 0D transient N/A aural high
Icon 0D permanent N/A visual low
Map 2D >2D permanent continuous visual low high
Picture 2D ∞D permanent continuous visual low high
Table 2D 2D permanent discrete visual low high
Form 2D >2D permanent discrete visual low high
Graph 2D 1D permanent continuous visual low high
Ordered
List

1D #D permanent discrete visual low low

Unordered
List

0D #D permanent N/A visual low low

Written
Sentence

1D ∞D permanent discrete visual low low

Spoken
Sentence

1D ∞D transient discrete aural medhigh low

Animated
Material

2D ∞D transient continuous visual high high

Music 1D ∞D transient continuous aural medhigh low

21
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Media Allocation
Rules map characteristics of information and 
characteristics of media
» 1. Present data tuples (e.g., locations) on planar 

media (e.g., graphs, tables, maps)
» 2. Present data with specific denotations (e.g., 

spatial) on media with same denotations (e.g., 
locations on maps)

» 3. “If more than one medium can be used, and 
there is an existing presentation, prefer the 
medium/a that is/are already present ...”

» 4. Choose medium/a that can accommodate most 
amount of information to be presented (e.g., 
location, heading, nationality of ship -> former 2 on 
a map, all 3 in language if only 1 ship)

42
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Media Coordination

Coordination within a medium (e.g. consider the effects of 
different annotation techniques)

Coordination of multiple media (e.g. coordinate sentence 
breaks with picture breaks, cross references)

Coordination of output (e.g. spatial arrangement of text 
blocks and images, temporal coordination of animations and 
speech, distribution of information on multiple windows)

22
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Coordination of Sentence and 
Picture breaks

Problem: Both textual and graphical constraints need to be 
considered when determining sentence and picture breaks

» Graphical constraints determine image size

If too many objects are shown in a single image, the 
single objects are probably rendered too small. 

» Grammatical constraints determine sentence length

Obligatory case roles of a verb may not simply be left out 
to save space, e.g. “Hans puts” and “Hans puts the 
book” are ungrammatical sentences.

44
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Generation of Referring Expressions

Distribution of information required for the identification of 
the referent onto multiple media, e.g. prefer graphics over 
text for visual properties (such as shape, color etc.), text 
for quantifying information

Cross references, e.g. “the highlighted button in the figure”

Establishing cohesive links between textual descriptions and 
graphical depictions, e.g. by textually annotating picture 
elements

23
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Communication-Theoretic Generation 
Approach

Basic Idea: Generalization of a speech act theoretic 
view

Not only spoken utterances, but also the presentation of 
multimedia documents can be considered as a 
communicative act to achieve certain goals.

Exploitation of planning methods

46
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From a Domain Plan to a Multimedia 
Presentation

Part of the 
Domain Plan

Presentation 
Planning Process

Presentation 
structure

set-to-reception

connect-to-ph-line

switch-on-modem

Decomposition
Plan: prep-modem

Describe-
Sequence

Instruct

Instruct
Instruct

Describe-
Sequence

Instruct

Request Enable

...Push the code 
switch S-4 to 

the right.

... ...

Presentation 
goal

Generation 
parameter

Presentation 
Planner

Presentation 
strategies

24



24

47
ESSLLI 04, André

Hierarchical Task Network Planning

Basic Idea: Decompose complex tasks in less complex ones

As long as there are unfulfilled goals: 
» Select a goal
» Search for an applicable operator
» Set up the actions in the body of the operator as new sub 

goals
» In case a goal cannot be achieved, try the next 

applicable operator
» The planning process terminates as soon as all goals have 

been transformed into primitive actions

ESSLLI 04, André

Multimedia Generation in TEXPLAN 
[Maybury, 1991]

NAME Identify-location-linguistically-&-visually
HEADER Identify(S, H, entity)
CONSTRAINTS Cartographic-Entity?(entity)
PRECONDITIONS Visible(entity)  &

WANT(S, KNOW(H, Location(entity)))
EFFECTS KNOW(H, Location(entity))
DECOMPOSITION Indicate-Deictically(S, H, entity)

Assert(S, H, Location(entity))

Plan Operator

Direction Communication Plan
Explain-Route(SYSTEM, USER, #<Wiesbaden>, #<Frankfurt-am-
Main>)

Com mand(SYSTEM, USER, 
Go(#<Wiesbaden>, 

#<Road Segment A66>, 
#<Frankfurt-am-Main>))

Indicate-Diectically(SYSTEM, USER,  
#<Wiesbaden>) . . .. . .

Highlight(#<Wiesbaden>) 

Indicate-Diectically(SYSTEM, USER, #<Road Segment A66>)

Highlight(#<Road Segment A66>) 

Indicate-Direction(SYSTEM, USER,       
#<Wiesbaden>, 
#<Road Segment A66>, 
#<Frankfurt-am-Main>)

Identify(SYSTEM, USER,  
#<Frankfurt-am-Main>)

Display-Region(#<Wiesbaden>)

Indicate-Direction(SYSTEM, USER,       
#<Wiesbaden>, 
#<Road Segment A66>, 
#<Frankfurt-am-Main>)

. . .. . .

Identify(SYSTEM, USER,  
#<Frankfurt-am-Main>)

Multimedia Presentation

(Display map region around Wiesbaden) 
(highlight Wiesbaden) From Wiesbaden take 
Autobahn A66 Northeast for thirty-one 
kilometers to Frankfurt-am-Main. (highlight 
Autobahn A66) 
(indicate direction with blinking arrow) 
(highlight Frankfurt-am-Main) 
Frankfurt-am-Main is located at 50.11° latitude 
and 8.66 ° longitude.
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Planning Material and Presentation

<?xml version=’1.0’ encoding=’utf-8’?>
<!DOCTYPE Presentation SYSTEM “presentation.dtd“>
<Presentation>

<Slide>
<Title>Photo of Victor Polay
</Title>
<Content>

<Picture>polay.jpg</Picture>
</Content>
<Persona>

SAY Here is a photo of Victor Polay.;;
SLIDE++ = SAY Next Slide please.

</Persona>
</Slide>

</Presentation>

Contents 
of slide

Presentation

E. André, K. Concepcion, I. Mani, and L. van Guilder. Autobriefer: A 
System for Authoring Narrated Briefing, In: O. Stock and M. Zancanaro
(eds.) Multimodal Intelligent Information Presentation, Dordrecht: 
Kluwer, to appear.
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Contents of a Slide

<Slide>
<Title> Briefing Overview</Title>
<Content>

<S>Executive Summary
<S>Hypothesis</S>
<S>Options</S></S>

<S>Situation Assessment
<S>Chronology of Events</S>
<S>Biographies</S></S>

<S>Structured Arguments</S>
<S>Alternative Views</S>
<S>Decisions</S>

</Content>
<Persona>…</Persona>
</Slide>

Briefing Overview

Executive Summary
» Hypothesis
» Options

Situation Assessment
» Chrononology of Events
» Biographies

Structured Arguments
Alternative Views
Decisions
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Representation of Presentation 
Knowledge

Example of Plan Operator
(define-plan-operator

:header (A0 (PresentPersona ?id ?SlideNumber))
:constraints (Label ?id ?label)
:inferiors ( 

(A1 (sAddPPCode ("PLAY OneHand;;")))
(A2 (SAddPPCode ("SAY Here is a " ?label ";;"))))

)

Entry in Knowledge Base:
(Label “l123” “Photo of Martin Meier”)
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Temporal Coordination of Media

Coordination of video, speech, text and image elements

Coordination of camera movements, object movements and 
speech

Coordination of speech and annotations

Synchronization of speech and lip movements
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Shot Compositions and Transitions

Zoom In

Establishing Shot Medium Shot

Introduce(ball,cylinder)

Objects(ball,cylinder)
Locate(ball,

cylinder, cubes)

Ball and 
Cylinder

Ball and 
Cylinder 

relative to cubes

54Source: Lester, North Carolina State University
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Focus Effects

Outlined Flashing colors

Brent Daniel, William Bares, Charles Callaway, and James 
Lester Student-Sensitive Multimodal Explanation Generation 
for 3D Learning Environments Proceedings of the Sixteenth
National Conference on Artificial Intelligence, pp. 114-120.
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Animation Timeline Example

Overlay texts

Focus effects

Camera

Narration

Non-focus objects

Audio S1 Audio C1

Leaf Cutaway Model

neuer
Fokus

Time axis

Pfeil Pfeil

Stomata Chloroplast

Medium Shot Medium Shot

Pause

56Source: Lester, North Carolina State University
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Animation Explanation Example

Identify the stomata Identify the chloroplast
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Coordination of Speech and 
Annotations

Ms. Jones is an 80 year old, diabetic, 
hypertensive female patient

of  Dr. Smith undergoing CABG.
Mukesh Dalal, Steven Feiner, Kathleen McKeown, Shimei Pan, Michelle X. Zhou, Tobias Höllerer, James Shaw, Yong
Feng,Jeanne Fromer: Negotiation for Automated Generation of Temporal Multimedia Presentations. ACM Multimedia 
1996: 55-64 
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Synchronization of Intonation, Gestures 
and Gaze in BEAT

Extraction of linguistic and contextual information from 
text
Generation of proposals for intonation, gestures and gaze
Synchronization of selected behaviors

... this is a good or a 
bad thing

You just have to type in 
some text ...

Cassell, J., Vilhjálmsson, H., Bickmore, T.(2001) "BEAT: the Behavior Expression Animation Toolkit." Proceedings of SIGGRAPH 
'01, pp. 477-486. August 12-17, Los Angeles, CA.
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Automated Generation of Simulated 
Dialogues

Goals Param.

centralized
Control Unit

A1Script

Player

A2Script

script
library

System as a screen writer which allocates multimodal 
dialogue contributions to the single agents.

Elisabeth André, Thomas Rist, Susanne van Mulken, Martin Klesen, and Stephan Baldes , "The Automated Design of Believable
Dialogues for Animated Presentation Teams", Embodied Conversational Agents , J. Cassell, S. Prevost, J. Sullivan, and E. Churchill, The
MIT Press, Cambridge , 2000
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Example of a Dialogue Strategy

Question:
How much gas does it consume?

Answer:
It consumes 8l per 100 km.

Negative Response:
I’m worrying about the running 

costs.

Dampening Counter:
Forget about the costs. 
Think of the prestige!

Header: 
(dampening_counter ?agent ?prop 

?dim)

Constraints: 
(*and* 

(positive ?agent) 
(pol ?prop ?other_dim positive))

Inferiors:
(Speak ?agent 

(“Forget about the ” ?dim “!”))
(Speak ?agent       

(“Think of the ” ?other_dim “!”))
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Summary

Media Coordination via
» Uniform Representation formats
» Common data structure which multiple media-specific 

components may access
» Declarative specification of coordination rules, e.g. for 

media allocation

Heavily influenced by methods for natural language 
generation
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Overview Articles and Books

André, E. "Natural Language in Multimedia/Multimodal Systems", 
Handbook of Computational Linguistics , R. Mitkov, 650-669, Oxford 
University Press, 2003 
Declerck, T. and André, E. L'indexation conceptuelle de documents
multilingues et multimédias, Multilinguisme et traitement de 
l’information (Traité des sciences et techniques de l’information) , 
Lavoisier, 2002 
Maybury, M. T. ed. 1993. Intelligent Multimedia Interfaces. AAAI/MIT 
Press. 
Maybury, M. T. ed. 1997. Intelligent Multimedia Information Retrieval. 
AAAI/MIT Press. 350 pages, ISBN 0-262-63179-2.
Maybury, M. T. and Wahlster, W. eds. 1998. Readings in Intelligent User 
Interfaces. Morgan Kaufmann Press. ISBN: 1-55860-444-8. 
André, E. The Generation of Multimedia Documents, in: R. Dale, H. 
Moisl and H. Somers: A Handbook of Natural Language Processing: 
Techniques and Applications for the Processing of Language as Text, 
Marcel Dekker Inc., 305-327, 2000. 
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Abstract. This chapter describes the role natural language processing (NLP) can play
for multimedia applications. As an example of such an application, we present an
approach dealing with the automatic conceptual indexing of multimedia documents
which can then be searched by semantic categories instead of key words. This work
has been investigated and developed in the EU funded project MUMIS. A novelty
of the approach is to exploit multiple sources of information relating to video content
(for example the rich range of textual and transcribed sources covering soccer games).

1 Introduction

This chapter describes the role natural language processing (NLP) can play in the automatic
conceptual indexing of multimedia documents which can then be searched by semantic cate-
gories instead of key words. This topic was a key issue in the MUMIS project1. A novelty of
the approach developed in MUMIS is to exploit multiple sources of information relating to
video content (for example the rich range of textual and transcribed sources covering soccer
games).

In the first part of the paper (section 2) we will propose a general discussion on the role
that can be played by NLP for multimedia application. This overview is widely based on
[2] and [3]. In the rest of of the paper we will exemplify the general topic with the detailed
presentation of the MUMIS project that is concerned with the topic of multimedia indexing
and searching, where we will also reserve a large part to the description of methods in use in
IE. The presentation of this project is an extension and update of [11].

1MUMIS is a project within the Information Society Program (IST) of the European Union, section Human
Language Technology (HLT). See for more information http://parlevink.cs.utwente.nl/projects/mumis/.
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2 Thierry Declerck et al.

2 The Role of NLP for Multimedia Applications

[2] and [3] give an overview of the role that can be played by NLP in multimodal and multi-
media systems. We summarize here the central points of those studies.

2.1 Multimodal and multimedia systems

The terms multimedia and multimodal are often source of confusion. [2] adopts the defini-
tions as proposed in [23], which establishes a distinction between the terms medium, mode
and code. The term mode (or modality) refers to the type of perception concerned, being for
example visual, auditory or olfactory perception. The term medium refers to the carrier of
(CD-ROM, paper etc.), to the devices (microphone, screen, loudspeakers etc.), as well to the
distinct types of information (texts, audio or video sequences). The term code refers to the par-
ticular means of encoding information (sign languages or pictorial languages). One can speak
of a multimedia system if this allows to generate and/or to analyse multimedia/multimodal
information or provide some access to archives of multiple media. In existing applications,
often the process of analysis applies only to multimodal data, whereas generation is con-
cerned with the production of multimedia information.

2.2 Integration of modalities

We speak in the case of analysis of a process of integration of modalities, since all the avail-
able modalities need to be merged at a more abstract level in order to take the maximal
advantage of every modality involved in the application. Certain representation formalisms,
as they have been defined in the context of advanced NLP (see for example [22]), can play
a central role in this process of fusion. So the well-defined technique of unification of typed
feature structures, combined with a chart parser, is used in a system described in [18]. Us-
ing this formalism allows to build a semantic representation that is common to all modalities
involved in the application, unifying all the particular semantic contributions on the base of
their representation in typed feature structures

2.3 Media Coordination

In the case of the generation of multimedia material including natural language, for the pur-
pose of multimedia presentation, one can speak of a process of media coordination: it is not
enough to merge various media in order to obtain a coherent presentation of the distinct me-
dia involved. The information contained in the various media has to be very carefully put
into relation if one wants to obtain real complementarities of media in the final presentation
of the global information. And since systems for natural language generation have been al-
ways confronted with this problem of selecting and organising various contributions for the
generation of an utterance, they can provide for a very valuable model for the coordination
of media in the context of the generation of multimedia presentations. A lot of systems for
natural language generation are therefore said to be plan-based.

Essentially two concepts from the field of automatic natural language generation are play-
ing a role in systems for multimedia presentation: the concept of schema (see [24]) and the
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concept of operator (see [28]). The first concept describes a set of standard patterns of natu-
ral language discourse by means of predicates that indicate relationships between some parts
of the presentation. The second concept deals more specially with the particular contribu-
tions of the distinct parts of the presentation and allows local revisions during the process of
generation of the presentation.

2.4 Natural Language access to multimedia

Multimedia repositories of moving images, texts, and speech are becoming increasingly avail-
able. This together with the needs for ’video-on-deman’ systems require fine-grain indexing
and retrieval mechanisms allowing users access to specific segments of the repositories con-
taining specific types of information.

It turns out that natural language can play a multiple role. It is first easier to access infor-
mation contained in the multimedia archive using queries addressed to (transcript of) audio
sequences or to the subtitles (if available) associated to the videos as to analyse the pictures
themselves. It is further more appealing to access visual data by means of natural language,
since the latter supports more flexible and efficient queries as the query based on image fea-
tures. And ultimately natural language offers a good means for condensing visual informa-
tion. The selected list of projects concerned with video indexing we give below is stressing
this fact: at some point always some language data will be considered to support retrieval of
images or videos.

In order to support this kind of natural language access, video material was usually manu-
ally annotated with ’metadata’ such as people involved in the production of the visual record,
places, dates, and keywords that capture the essential content of what is depicted. Still, there
are a few problems with human annotation. First, the cost and time involved in the produc-
tion of “surrogates” of the programme is extremely high; second, humans are rather subjective
when assigning descriptions to visual records; and third, the level of annotation required to
satisfy user’s need can hardly be achieved with the use of mere keywords.

2.5 NLP techniques for indexing multimedia material

Many research projects have explored the use of parallel linguistic descriptions of the im-
ages (either still or moving) for automatic tasks such as indexing [56], classifying [58], or
understanding [59] of visual records, instead of using only content-based (or visually-based)
methods in use [54]. This is partly also due to the fact that NLP technologies are more mature
for extracting meaning as the technologies in use in the field of image. Content-based index-
ing and retrieval of visual records is based on features such as colour, texture, and shape.
Yet visual understanding is not well advanced and is very difficult even in closed domains.
For example, visual analysis of the video of a football match can lead to the identification of
interesting “content” like a shooting scene (i.e., the ball moving towards the goal) [60], but
this image analysis approach will hardly ever detect who is the main actor involved in that
scene (i.e., the shooter).

For accessing visual information with the help of natural language, certain systems make
use of a shallow analysis of linguistic data associated with pictures, like the transcripts of au-
dio comments or subtitles. In most of the case this is already enough in order to provide for a
first classification and indexation of the visual data (see for example [20], [46] or [47]). Other
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systems use more sophisticated linguistic analysis, like information extraction (IE): the de-
tection of named entities and of standard linguistic patterns can help the multimedia retrieval
systems to filter out non-relevant sequences (for example the introduction of speakers in news
broadcasting). An example of such systems is given in the ”Broadcast News Navigator” de-
veloped at MITRE (see [26]) . The MUMIS projet, described in details below, is going even
further, since full IE systems are analysing a set of so-called ”collateral” (parallel) documents
and produce unified conceptual annotations, including metadata information that is used for
indexing the video material and supports thus concept-based queries on a multimedia archive.
A similar approach is described in [37], where the domain of application is classical dance.
In this work only a small set of textual documents is considered, in a monolingual setting.

3 Related approaches and projects

MUMIS differs in many significant ways from technologies developed in former or run-
ning projects. Most closely related to the thematic focus of MUMIS are the HLT projects
Pop-Eye ([47], [20]) and OLIVE ([46], [19]). Pop-Eye used subtitles to index video streams
and offered time-stamped texts to satisfy a user query, on request displaying a storyboard
or video fragment corresponding to the text hit. OLIVE used automatic speech recognition
to generate transcriptions of the sound tracks of news reports, which were then indexed and
used in ways similar to the Pop-Eye project; both projects used fuzzy matching information
retrieval (IR) algorithms to search and retrieve text, offering limited multilingual access to
texts. Instead of using IR methods to index and search the transcriptions, MUMIS generates
formal annotations building on and abstracting from a whole set of available documents, and
merges information annotations from different media sources. The fusion result is then used
to direct retrieval, through interface techniques such as pop-up menus, keyword lists, and so
on. Search takes the user direct to the storyboard and video clippings.

The Informedia project at Carnegie-Mellon-University [42] has a similar conceptual base-
line to MUMIS. The innovative contribution of MUMIS is that it uses a variety of multilin-
gual information sources and fuses them on the basis of formal domain-specific annotations.
Where Informedia primarily focuses on special applications, MUMIS aims at the advance-
ment and integratibility of human language technology (HLT) enhanced modules to enable
information filtering beyond the textual domain. Therefore, MUMIS can be seen as comple-
mentary to Informedia with extensions typical for the multilingual European context.

The THISL project [49] is about spoken document retrieval, i.e., automatic speech recog-
nition is used to auto-transcribe news reports and then information retrieval is carried out on
this information. One main focus of THISL is to improve speech recognition. Compared to
MUMIS it lacks the strong language processing aspects, the fusion of multilingual sources,
and the multimedia delivery.

Columbia University was running a project [53] to use textual annotations of video streams
to indicate moments of interest, in order to limit the scope of the video processing task, which
requires extreme CPU capacities. So the focus is on finding strategies to limit video process-
ing. The University of Massachusetts (Amherst) is also running projects about video indexing
[50], but these focus on the combination of text and images. Associated text is used to facil-
itate indexing of video content. The aspect of generating formal annotations from textual
documents is not part of those projects.

Much work has been done on video and image processing (Virage [42], the EUROMEDIA
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project [40], Surfimage [48], the ISIS project [43], IBM’s Media Miner, projects funded under
the NSF Stimulate program [45], and many others). This technology in general can indicate,
for example, scene changes using very low-level cues and to extract key frames at those
instances to form a storyboard for easy video access. The project ASSAVID (see [5] and
[6]) is giving an excellent example of such a technology for the sport domain, and is giving
fruitfull hints on the still unsolved issue of precisely adjusting time-coded events extracted
from textual documents and the places in the video streaming, as detecting on the base of
the analysis of picture features. The use of MPEG-7 ([9], [1] and [36]) as a standard for
multimedia annotation, including textual annotation, can probaly help a lot in providing future
solutions to this issue.

Some institutions are running projects to detect subtitles in the video scene and create a
textual annotation. This task is very difficult, given a sequence of real scenes with moving
backgrounds and so on. Even more ambitious tasks such as finding real patterns in real movies
(tracing the course of the ball in a soccer match, for example) have still some way to go.

4 MUMIS: a Multimedia Indexing and Searching Environment

MUMIS is proposing an integrated solution to the problem of multimedia indexing and
search. The solution consists of using information extracted from different sources (struc-
tured, semi-structured, free, etc.), modalities (text, speech), and languages (English, German,
Dutch) all describing the same event to carry out data-base population, indexing, and search.

MUMIS makes an intensive use of linguistic and semantic based annotations (see also the
chapter on linguistic annotation for the web in this volume), coupled with domain-specific in-
formation, in order to generate formal annotations of events that can serve as index for videos
querying. MUMIS applies IE technologies on multilingual and multimedia information from
multiple sources. The novelty of the approach is not only the use of these ’heterogeneous’
sources of information but also the combination or cross-source fusion of the information
obtained from each source. Single-document, single-language information extraction is car-
ried out by independent systems that share a semantic model and multi-lingual lexicon of the
domain. The result of all information extraction systems is merged by a process of alignment
and rule-based reasoning that also uses the semantic model.

For this purpose the project makes use of data from different media (textual documents,
radio and television broadcasts) in different languages (Dutch, English and German) to build a
specialized set of lexicons and an ontology for the selected domain (soccer). It also digitizes
non-text data and applies speech recognition techniques to extract text for the purpose of
annotation.

Audio material is being analysed by Phicos [61], an HMM-based recognition system,
in order to obtain transcriptions of the football commentaries (spontaneous speech). It uses
acoustic models, word-based language models (unigram and bigram) and a lexicon. For
Dutch, English, and German different recognition systems have been developed. i.e. different
phone sets, lexicons, and language models are used. Transcriptions for 14 German, 3 Dutch,
and 8 English matches have been produced. [39] gives more details on the automatic speech
recognition (ASR) and the transcription work done in the context of MUMIS.

The core linguistic processing for the annotation of the multimedia material consists of
advanced information extraction techniques for identifying, collecting and normalizing sig-
nificant text elements (such as the names of players in a team, goals scored, time points or
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Figure 1: MUMIS User Interface. Thumbnails proposed for the query “Show me the fouls commited by Beck-
ham”

sequences etc.) which are critical for the appropriate annotation of the multimedia material
in the case of soccer. One system per language has been used or developed.

Each system delivers a XML aoutput, which serves as the input of a merging component,
whose necessity in the project is due to the fact that MUMIS is accessing and processing
multiple sources from distinct media in distinct languages. The merging tool is combining
the semantically related annotations generated from those different data sources, and detect
inconsistencies and/or redundancies within the combined annotations. The merged annota-
tions are then stored in a database, where they will be combined with relevant metadata that
are also automatically extracted from the textual documents.

Keyframes extraction from MPEG movies around a set of pre-defined time marks - result
of the information extraction component - is being carried out to populate the database. JPEG
keyframes images are extracted that serve for quick inspection in the user interface. The
software used for off-line keyframe extraction is Spikes: it takes a movie file, a list of times
stamps, and the size of the keyframe and produces a list of keyframes.

The on-line part of MUMIS consists of a state of the art user interface allowing the user
to query the multimedia database (e.g., “The fouls committed by Beckham”). The user is
first presented with selected video key-frames as thumbnails that can be played obtaining the
corresponding video and audio fragments. Figure 1 shows the results obtained when selecting
the fouls committed by Beckham in the England-Germany match.2

4.1 Formal Annotations for the Soccer Domain

Soccer has been chosen as the domain to test and apply the algorithms to be developed. There
are a number of reasons for this choice: availability of people willing to help in analyzing user

2A web version of the demonstrator is under construction at the time of the redaction of this chapter.
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requirements, existence of many information sources in several and possibly large economic
and public interest.

The principles and methods derived from this domain can be applied to other as well.
This has been shown already in the context of text-based information extraction, for which
methodologies for a fast adaptation to new domains have been developed ([29], [30] and [10]).
And generally speaking the use of IE for automatic annotation of multimedia document has
the advantage of providing, besides the results of the (shallow) syntactic processing, accurate
semantic (or content/conceptual) information (and thus potential annotation) for specific pre-
defined domains, since a mapping from the linguistically analyzed relevant text parts can be
mapped onto an unambiguous conceptual description. Thus in a sense it can be assumed that
IE is supporting the word sense disambiguation task (see the chapter on linguistic annotation
for the web in this volume).

It is also commonly assumed (see among others [8]) that IE occupies an intermediate
place between information retrieval (with few linguistic knowledge involved) and text under-
standing (involving the full deep linguistic analysis and being still not realized for the time
being.). IE being robust but offering only a partial (but mostly accurate) syntactic and con-
tent analysis, it can be said that this language technology is actually filling the gap between
available low-level annotated/indexed documents and corpora and the desirable full content
annotation of those documents and corpora. This is the reason why MUMIS has chosen
this technology for providing automatic annotation (at distinct linguistic and domain-specific
levels) of multimedia material, allowing thus to add queryable ”content information” to this
material. And if MUMIS was not explicitly designed for supporting knowledge management
tasks, it nevertheless suggests that the meaningful organization of domain-specific multime-
dia material proposed by the project can be adapted to the organization of the distributed
information of an enterprise and thus support the sharing and access to companies expertise
and know-how.

4.2 The Multimedia Material in MUMIS

The MUMIS project is about automatic indexing of videos of soccer matches with formal
annotations and querying that information to get immediate access to interesting video frag-
ments. For this purpose the project chose the European Football Championships 2000 in Bel-
gium and the Netherlands as its main database. A major project goal is to merge the formal
annotations extracted from textual and audio material (including the audio part of videos) on
the EURO 2000 in three languages: English, German, Dutch. The material MUMIS has to
process can be classified in the following way:

1. Reports from Newspapers (reports about specific games, general reports) which is classi-
fied as free texts (FrT)

2. Tickers, close captions, Action-Databases which are classified as semi-formal texts (SFT)

3. Formal descriptions about specific games which are classified as formal texts (FoT)

4. Audio material recorded from radio and TV broadcasts

5. Video material recorded from TV broadcasts
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1. to 4. is being used for automatically generating formal annotations in order to index 5.
MUMIS is investigating the precise contribution of each source of information for the overall
goal of the creation of merged formal annotations on events and other relevant information.
Examples of German FrT and SFT are given in figures 2 and 3.

England - Deutschland 1:0 (0:0)

England: Seaman (2,5) - G. Neville (3,5), Keown (3), Campbell (2), P. Neville (4,5) -
Ince (3,5), Wise (5) - Beckham (4), Scholes (3) - Shearer (3), Owen (5) -
Trainer: Keegan

Deutschland: Kahn (2) - Matthaeus (3) - Babbel (3,5), Nowotny (2,5) - Deisler (3),
Hamann (2,5), Jeremies (3,5), Ziege (3,5) - Scholl (5) - Jancker (4), Kirsten (5) -
Trainer: Ribbeck

Eingewechselt: 61. Gerrard fuer Owen,
72. Barmby fuer Scholes - 70. Rink fuer Kirsten,
72. Ballack fuer Deisler, 78. Bode fuer Jeremies

Tore: 1:0 Shearer (53., Kopfball, Vorarbeit Beckham)
Schiedsrichter: Collina, Pierluigi (Viareggio), Note 2 -

bis auf eine falsche Abseits-Entscheidung souveraen und sicher
Zuschauer: 30000 (ausverkauft)
Gelbe Karten: Beckham - Babbel, Jeremies

Figure 2: Example of a so-called formal text, where one can see that only 5 distinct time points can be extracted,
concerning the player subsitutions (“Eingewechselt”) and one goal (“Tore”).

Gruppe A: England - Deutschland 1:0 (0:0)

7. Ein Freistoss von Christian Ziege aus 25 Metern geht ueber das Tor.
12. Ziege flankt per Freistoss in den Strafraum und Jeremies versucht es per Kofball,

verfehlt den Kasten jedoch deutlich.
16. Scholes flankt gefaehrlich von der Torauslinie in den Fuenfmeterraum,

doch Ziege hat aufgepasst und kann klaeren.
...
53. Beckham flankt per Freistoss an der deutschen Abwehr vorbei auf den Kopf von Alan Shearer,

der voellig freistehend zum 1:0 fuer die Englaender verwandelt.
...

Figure 3: Example of a so-called semi-formal text, where one can see that here more time points are available,
and that those can be complementary to the time points to be extracted from formal texts.

Since the information contained in formal texts can be considered as a database of true
facts, they play an important role within MUMIS. But nevertheless they contain only little
information about a game: the goals, the substitutions and some other few events (penal-
ties, yellow and red cards). So there are only few time points available for indexing videos.
Semi-formal texts (SFT), like live tickers on the web, are offering much more time points se-
quences, related with a higher diversity of events (goals scenes, fouls etc,) and seem to offer
the best textual source for our purposes. Nevertheless the quality of the texts of online tickers
is often quite poor. Free texts, like newspapers articles, have a high quality but the extraction
of time points and their associated events in text is more difficult. Those texts also offer more
background information that might be interesting for the real fans.

40



Content-based Indexing and Searching of Multimedia Documents 9

4.3 Processing Steps in MUMIS

4.3.1 Media Pre-Processing

Media material has been delivered in various formats (AudioDAT, AudioCassettes, Hi-8
video cassettes, DV video cassettes etc) and qualities. All audio signals (also those which
are part of the video recordings) are digitized and stored in an audio archive. Audio digitiza-
tion is done with 20 kHz sample frequency, the format generated is according to the de-facto
”wav” standard. For digitization any available tool can be used such as SoundForge.

Video information (including the audio component) of selected games have been digitized
into MPEG1 streams first. Later it will be encoded in MPEG2 streams. While the quality
of MPEG1 is certainly not satisfying to the end-user, its bandwidth and CPU requirements
are moderate for current computer and network technology. The mean bit rate for MPEG1
streams is about 1.5 Mbps. Current state-of-the-art computers can render MPEG1 streams in
real time and many network connections (Intranet and even Internet) can support MPEG1.
MPEG2 is specified for about 3 to 5 Mbps. Currently the top-end personal computers can
render MPEG2, but MPEG2 is not yet supported for the most relevant player APIs such as
JavaMediaFramework or Quicktime. When this support is given the MUMIS project will also
offer MPEG2 quality.

For all separate audio recordings as for example from radio stations it has to be checked
whether the time base is synchronous to that one of the corresponding video recordings. In
case of larger deviations a time base correction factor has to be estimated and stored for
later use. Given that the annotations cannot be created with too high accuracy a certain time
base deviation will be accepted. For part of the audio signals manual transcriptions have to
be generated to train the speech recognizers. These transcripts will be delivered in XML-
structured files.

Since keyframes will be needed in the user interface, the MUMIS project will develop
software that easily can generate such keyframes around a set of pre-defined time marks.
Time marks will be the result of information extraction processes, since the corresponding
formal annotations is referring to to specific moments in time. The software to be written has
to extract the set of time marks from the XML-structured formal annotation file and extract
a set of keyframes from the MPEG streams around those time marks. A set of keyframes
will be extracted around the indicated moments in time, since the estimated times will not be
exact and since the video scenes at such decisive moments are changing rapidly. There is a
chance to miss the interesting scene by using keyframes and just see for example spectators.
Taking a number of keyframes increases the chance to grab meaningful frames.

4.3.2 Multilingual Automatic Speech Recognition

Domain specific language models have been trained. The training can be bootstrapped from
written reports of soccer matches, but substantial amounts of transcribed recordings of com-
mentaries on matches are also required. Novel techniques have been investigated to interpo-
late the base-line language models of the Automatic Speech Recognition (ASR) systems and
the domain specific models. Moreover, techniques must be developed to adapt the vocabu-
laries and the language models to reflect the specific conditions of a match (e.g., the names
players have to be added to the vocabulary, with the proper bias in the language model). In
addition, the acoustic models have been adapted to cope with the background noise present
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in most recordings.
Automatic speech recognition of the sound tracks of television and (especially) radio pro-

grammes can make use of closed caption subtitle texts and information extracted from formal
texts to help in finding interesting sequences and automatically transcribing them. Further, the
domain lexicons is helping with keyword and topic spotting. Around such text islands ASR
is used to transcribe the spoken soundtrack. The ASR system has been enriched with lexica
containing more keywords, to increase the number of sequence types that can be identified
and automatically transcribed. Prelimieary results and problems have been document in [39].
Due to the extreme background noise present in the audio files, the results of ASR can not be
expected to be very good. But transcripts are giving a very valuable: the time of the utterance
is given in the encoding.

An example of a (manually improved) transcription from English TV comment is given
below. We can not go in details here, but one can see that transcription of audio materials can
be quite challeging for NLP, since a lot of utterances are causing problems, like the values of
the word feature w show: “Sh”, “eh”.

<tau ref="407" s="EngDldE2" tb="4724.396" te="4728.254" tt="eq" tq="man">
<tw ref="407.1" tb="4724.396" te="4727.373" ... w="I"/>
<tw ref="407.2" tb="4724.396" te="4727.373" ... w="don’t"/>
<tw ref="407.3" tb="4724.396" te="4727.373" ... w="know"/>
<tw ref="407.4" tb="4724.396" te="4727.373" ... w="if"/>
<tw ref="407.5" tb="4724.396" te="4727.373" ... w="it"/>
<tw ref="407.6" tb="4724.396" te="4727.373" ... w="was"/>
<tw ref="407.7" tb="4724.396" te="4727.373" ... w="Jeremies"/>
<tw ref="407.8" tb="4724.396" te="4727.373" ... w="or"/>
<tw ref="407.9" tb="4724.396" te="4727.373" ... w="Sh"/>
<tw ref="407.10" tb="4724.396" te="4727.373" ... w="eh"/>
<tw ref="407.11" tb="4727.373" te="4728.254" ... w="Scholes"/>
<tw ref="407.12" tb="4727.373" te="4728.254" ... w="one"/>
<tw ref="407.13" tb="4727.373" te="4728.254" ... w="of"/>
<tw ref="407.14" tb="4727.373" te="4728.254" ... w="the"/>
</tau>
....

4.3.3 Domain Modelling

Any domain-specific NLP applications need a model of the domain under consideration.
This allow to process the documents with the help of generic NLP tools (see also here the
chapter on linguistic annotation for the web in this volume), which can thus be used for every
type of applications. The results of the NL analysis can be mapped onto a domain-specific
organization of knowledge and produce a corresponding set of annotations, which can be very
helpful, for example, for knowledge management applications.
Domain Ontology: An analysis of the domain and a user study led the project to propose
31 types of event for a football match (kick-off, substitution, goal, red card, etc.) that need
to be identified in the sources in order to produce a semantic index. The elements to be
extracted that are associated with these events are: players, teams, scores, and locations on
the field. Time codes need to be extracted from the sources as well. All events and their
participants have been organized in an ontology that has more than 300 concepts related
as a ’is-a’ hierarchy. This ontology is giving the base for the reasoning component of the
prototype. The link between the concept and the three languages consists of a flexible XML
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format which maps concepts into lexical entries, as show below.
Multilingual Domain Lexicon Building: All the collected textual data for the soccer domain
are used for building the multilingual domain lexicons. This data can be in XML, HTML,
plain text format, etc. A number of automatic processes are used for the lexicon building,
first on a monolingual and secondly on a multilingual level. Manual browsing and editing
is taking place, mainly in order to provide the semantic links to the terms, but also for the
fine-tuning of the lexicon according to the domain knowledge.

Domain lexicons are built for three languages, namely English, German and Dutch. The
lexicons are delivered in a fully structured, XML-compliant, TMX-format (Translation Mem-
ory eXchange format, see [62] An example of the MUMIS lexicon generated so far:

<lex-element id="3.9" concept="Corner">
<term-lang lang="DE" type="main">Ecke</term-lang>
<term-lang lang="EN" type="main">corner</term-lang>
<term-lang lang="NL" type="main">hoekschop</term-lang>
<definition>A corner kick is awarded when the whole ball has:
Crossed the whole goal linein the air oron the ground, was last
touched by a defender and goal was not scored</definition>
<term-lang lang="DE" type="synonym">Eckball</term-lang>

</lex-element>

This lexicon is being revisited to conform to more formal representation languages (as dis-
cussed in the chapter on linguistic annotation in this volume).

4.3.4 Generation of Formal Annotations

The formal annotations are generated by the IE technology and are reflecting the typical
output of IE systems, i.e.instantiated domain-specific templates or event tables. The slots
to be filled by the systems are basically entities (player, teams etc.), relations (player of,
opponents etc.) and events (goal, substitution etc.), which are all derived from the current
version of the domain ontology and can be queried for in the online component of the MUMIS
system. All the templates associated with an event are including a time slot to be filled if the
corresponding information is available in a least one of the sources consulted during the IE
procedure. This time information is necessary for the indexing of the video material.

The IE systems are applying to distinct sources (FoT, FrT etc.) but they are not concerned
with achieving consistency in the IE result on distinct sources about the same event (game):
this is the task of the merging tools, described below.

Since the distinct textual sources are differently structured, from ”formal” to ”free” texts,
the IE systems involved have adopted a modular approach: regular expressions for the detec-
tion of Named Entities in the case of formal texts, full chunk parsing for the free texts. On
the base of the factual information extracted from the formal texts, the IE systems are also
building dynamic databases on certain entities (like name and age of the players, the clubs
they are normally playing for, etc.) or certain metadata (final score), which can be used at the
next level of processing. Examples of annotations generated from formal and semi-formal
texts are given in figure 4

4.3.5 Merging

Merging here is the process of checking whether various linguistic annotations from different
sources can refer to the same entity or event. The merging component combines in fact the
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� DOM=SOCCER TYPE=SUBSTITUTION TIME=61:00 SYN=NP
PLAYER OUT=Owen PLAYER IN=Gerrard �

� DOM=SOCCER TYPE=GOAL GOAL TYPE=Kopfball SYN=NP TIME=53:00
SCORE=1:0 PLAYER=Shearer PREPARATION=Beckham �

Figure 4: Two examples of time-marks and their associated events (substitution and goal) automatically ex-
tracted from the formal text above.

7. Ein Freistoss von Christian Ziege aus 25 Metern geht ueber das Tor.
(7. A 25-meter free-kick by Christian Ziege goes over the goal.)

� EVENTS �
1-event TYPE=”Free-kick” 1-event DIST=”Meter-from (25)” 1-event 1 PLAYER=”Ziege”
1-event EVENT CLASS=”goal scene fail” 1-event ART=”Goal” 1-event TIME=”7:00”

� /EVENTS �

� META � DOM NAME=”SOCCER” � /META �

� PLAYER �
� PLAYER NAME � Ziege � /PLAYER NAME �
� PLAYER NOTE � #(3,5) � /PLAYER NOTE �
� PLAYER POS � #4 ##3 � /PLAYER POS �
� PLAYER NUMBER � ##17 � /PLAYER NUMBER �
� PLAYER OLD � ##28 � /PLAYER OLD �
� PLAYER CLUB � ##FC Middlesbrough � /PLAYER CLUB �
� PLAYER NO PLAYS � ##52 � /PLAYER NO PLAYS �

� /PLAYER �

Figure 5: Example of the extraction of event with its associated relations entities and relations, taken from the
same game. The information about the player is dymamically included from the processing ot the formal texts.
In this case from the merging from 2 different formal texts, marked with # and ## respectively.

annotated partial information as extracted from various sources, such that more complete
(and consistent) and less redundant annotations for the indexing of video can be obtained.
The merging component makes use of inferential mechanisms for supporting the fusion of
information. The use of general representation languages supporting all kind of operations
on (typed) features as well as multiple inheritance (see the chapter on linguistic annotation
in this volume for a description of such formalisms), combined with inference mechanisms,
supports a better sequential organization of some events in larger scenarios. It allows also the
induction of some events that are not explicitly mentioned in the sources under consideration
(or which the IE systems might not have detected).

An example of merging of annotations extracted from 2 different formal texts on one
game is given in figure 5, where merged information about a player (Ziege) has been dy-
namically integrated into the procesing of semi-formal texts. New information about a player
availble in the semi-formal texts can be backward added into the merged annotations. This
makes merging also quite interesting for the automatic and dynamic updating of information
encoded in databases.
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4.3.6 User Interface Building

The user first interacts with a web-portal to start a MUMIS query session. An applet is being
down-line loaded in case of showing the sc MUMIS demonstration. This applet mainly
offers a query interface. The user then enters a query that either refers to metadata, formal
annotations, or both. The on-line system searchs for all formal annotations that meet the
criteria of the query. In doing so it will find the appropriate meta-information and/or moments
in some media recording. In case of meta-information it simply offers the information in
scrollable text widgets. This is done done in a structured way such that different type of
information can easily be detected by the user. In the case that scenes of games are the result
of queries about formal annotations the user interface first presents selected video keyframes
as thumbnails with a direct indication of the corresponding metadata. The user can then ask
for more metadata about the corresponding game or for more media data. The actual sate of
the demonstrator is show in figure 1 above.

5 Standards for Multimedia Content

MUMIS is looking for a compliance with existing standards in the context of the processing
of multimedia content on the computer and so will adhere to standards such as MPEG4,
which defines how different media objects will be decoded and integrated at the receiving
station, and the emerging standard MPEG7, which is about defining standards for annotations
which can be seen as multimedia objects. Further, MUMIS will also maintain awareness of
international discussions and developments in the area of multimedia streaming (RTP, RTSP,
JMF...), and are following the discussions within the W3C consortium and the EBU that are
also about standardizing descriptions of media content.

6 Role of MUMIS for the Annotation of Multimedia Content

To conclude on the project, we would like to list the points where we think MUMIS is
contributing, directly or indirectly, to the extraction and to the access of multimedia content.
MUMIS:

1. Uses multimedia (MM) and multilingual information sources;

2. Carries out multimedia indexing by applying information extraction to a well-delineated
domain and using already existing information as constraints;

3. Uses and extends advanced language technology to automatically create formal annota-
tions for MM content;

4. Merges information from many sources to improve the quality of the annotation database;

5. Applies advanced IE to the output of ASR and the combination of this with already exist-
ing knowledge;

6. Defines a complex information annotation structure, which is stored in a standard docu-
ment type definition (DTD);

7. Integrates new methods into a query interface that is guided by domain knowledge (on-
tology and multilingual lexicons).

45



14 Thierry Declerck et al.

In this sense MUMIS is contributing in defining semantic structures of multimedia con-
tents, at the level proposed by domain-specific IE analysis. The full machinery of IE, com-
bined with ASR (and in the future with Image Analysis, so for example with the results of
the ASSAVID project) can be used for multimedia contents development and so efficiently
support cross-media (and cross-lingual) information retrieval and effective navigation within
multimedia information interfaces. There seems thus that this technology can play a highly
relevant role for the purposes of knowledge detection and management. This is probably
specially valid for the merging component, which is eliminating redundancies in the annota-
tions generated from sets of documents and establishing complex reference resolutions, thus
simplifying the access to content (and knowledge) distributed over multiple documents and
media, which are also increasingly available on the Web.

7 Conclusions

We have seen that NLP methods and techniques can be extended in order to be useful also for
multimedia. Unification grammars can be helpful for the organisation and analysis of mul-
timodal and multimedia data. The plan-based organisation of the content to be delivered in
automatic natural language generation can be applied to the selection and structure of con-
tent in the context of the automatic generation of multimedia presentation. And the use of IR
analysis techniques can support a complex but flexible access to digital multimedia archives.
But NLP has also to open itself to new forms of communication made possible through the
developments in multimedia and multimodal applications. NLP no longer can confine itself
to the analysis or the generation of textual documents, but has to go for a level of analysis
such that its results can be used for the organisation of a multimedia and multimodal complex
around natural language. Only in this sense, one can really speak of human language tech-
nology (HLT), taking into account various communication means in the creation, distribution
and access of content and knowledge over the Web.
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Outline

� Objective, goals, requirements and applications, 
basic components of the MPEG-7 standard

� Systems tools and Description Definition 
Language

� Multimedia Description Schemes
� Visual Tools
� Audio Tools
� Relation with other standards
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Motivation
� The multimedia context:

� More information is in digital form and is on-line.
� AV content covers: still pictures, audio, speech, video, 

graphics, 3D models, etc.
� AV content is available at all bitrates and on all networks.
� Increasing number of multimedia applications, services.

� Necessity of describing content:
� Increasing amount of information.
� More needs to have “information about the content”.
� Difficult to manage (find, select, filter, organize, etc) content.
� User: human or computational systems.
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What is MPEG

� MPEG: Moving Picture Experts Group (Created in1988)

� ISO (Int. Standards Organization) / IEC (Int. Electro-
technical Commission)
� ISO/IEC JTC 1 / SC 29 / WG 11

� Develop standards for the coded representation of 
moving pictures and associated audio
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MPEG Standards

� MPEG-1: Storage of moving picture and audio on storage 
media (CD-ROM) 11 / 1992

� MPEG-2: Digital television 11 / 1994
� MPEG-4: Coding of natural and synthetic media objects 

for multimedia applications v1: 09 / 1998
v2: 11 / 1999

� MPEG-7: Multimedia content description for AV material 
08 / 2001

� MPEG-21: Digital audiovisual framework: Integration of 
multimedia technologies (identification, copyright, 
protection, etc.) 11 / 2001

54



Objective of MPEG-7Objective of MPEGObjective of MPEG--77
� Standardize content-based description for various types of 

audiovisual information 
� Enable fast and efficient content searching, filtering and 

identification
� Describe several aspects of the content (low-level features, 

structure, semantic, models, collections, creation, etc.)
� Address a large range of applications 

(⇒ user preferences)

� Types of audiovisual information:
� Audio, speech
� Moving video, still pictures, graphics, 3D models
� Information on how objects are combined in scenes

� Descriptions independent of the data support 
� Existing solutions for textual content or description 
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Type of applications

� Universal Multimedia Access: Adapt delivery to network / terminal 
characteristics

� Specialized Professional and Control Applications

� Pull Applications: “Search  Browsing”
� Example:Search engines for 

Internet and databases

FilterFilter

� Push Applications:“Filtering”
� Example: Broadcast of 

video, Interactive TV
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Example of application areas

� Storage and retrieval of audiovisual databases (image, film, radio 
archives)

� Broadcast media selection (radio, TV programs)
� Surveillance (traffic control, surface transportation, production chains)
� E-commerce and Tele-shopping (searching for clothes / patterns)
� Remote sensing (cartography, ecology, natural resources 

management)
� Entertainment (searching for a game, for a karaoke)
� Cultural services (museums, art galleries)
� Journalism (searching for events, persons)
� Personalized news service on Internet (push media filtering)
� Intelligent multimedia presentations
� Educational applications 
� Bio-medical applications
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Example of queries

� Text (keywords):
� Find AV material with subject corresponding to some keywords

� Semantic description:
� Find AV material corresponding to a specified semantic

� Image as an example:
� Find an image with similar characteristics (global or local)

� A few notes of music: 
� Find corresponding musical pieces or movies

� Low level features (example: motion): 
� Find video with specific object motion trajectories
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Relation content / description

� Description may be separated from the content

AV material

DescriptionDescription

AV material
AV material AV material

� Description may be multiplexed with the content

AV AV AVDesc Desc Desc
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Indexing
Feature extrac

Indexing
Feature extrac

Search 
Retrieval
Search 

Retrieval

Type of description
� Information about the content: recording date & conditions, title, author, 

copyright, coding format, classification, etc.

� Information present in the content: Combination of low level and high 
level descriptors

�High level description: 
� Efficient and powerful
� Lack of flexibility

�Low level description
� Generic and flexible
� Intelligent / efficient search engine

Low level 
Recognition

process
No restriction 
on the search

High level 
Recognition

process
Efficiency
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Scope of MPEGScope of MPEG--77

Scope of MPEG-7

Description
consumption
Description

consumptionDescriptionDescriptionDescription
generation

Description
generation

Research and
future competition

� The description generation (feature extraction, indexing process, 
annotation & authoring tools,...) and consumption (search engine, 
filtering tool, retrieval process, browsing device, ...) are non normative 
parts of MPEG-7.

� The goal is to define the minimum that enables interoperability (syntax 
and semantic of description tools).
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Collaboration:
• Common work
• Core experiments
• eXperimentation 

Model
• Requirements

Competition:
• Individual work
• Definition of the    

scope and requ

Call for proposalsCall for proposals

MPEG-7: The Workplan

20012000199919981996

Working draftWorking draft Committee draftCommittee draft

Draft international
standard

Draft international
standard

Final committee
draft

Final committee
draft

International
standard
International
standard

CD for version 2: End of 2001
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StorageStorage

Information Flow 

BrowseBrowse

AV DescriptionAV DescriptionFeature 
extraction
Feature 

extraction

Manual / automatic

TransmissionTransmission
Encoding
(for transmission)

Decoding
(for transmission)

FilterFilter
Push

Search / querySearch / query

Pull
Conf.
points

� The content and its description may also be multiplexed
User & computational

systems
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MPEG-7 working areas

Descriptors:Descriptors:
(Syntax & semantic(Syntax & semantic
of feature representation)of feature representation)

D7

D2

D5

D6
D4

D1

D9

D8

D10

Description Definition ⇒⇒⇒⇒⇒⇒⇒⇒ extensionextension
Language

DefinitionDefinition

101011 0

Encoding
&

Delivery

TagsTags

<scene id=1>
<time> ....
<camera>..

<annotation
</scene>

InstantiationInstantiation

D3

Description SchemesDescription Schemes

D1

DS5D2

D5D4D6

DS2

DS3

DS1

DS4
StructuringStructuring
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Parts of the MPEG-7 Standard

� ISO / IEC 15938 - 1: Systems
� ISO / IEC 15938 - 2: Description Definition Language
� ISO / IEC 15938 - 3: Visual
� ISO / IEC 15938 - 4: Audio
� ISO / IEC 15938 - 5: Multimedia Description Schemes
� ISO / IEC 15938 - 6: Reference Software 
� ISO / IEC 15938 - 7: Conformance
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Outline

� Objective, goals, requirements and applications, 
basic component of the MPEG-7 standard

� Systems tools and Description Definition 
Language

� Multimedia Description Schemes
� Visual Tools
� Audio Tools
� Relation with other standards
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System tools

� System tools:
� Streaming and delivery: 

� Split the description in pieces
� Encapsulate the pieces of description in “access units”
� Transmit the access units
� Dynamic description

� Two formats:
� Textual: XML
� Binary: BiM (Compression and Error resilience)

� Terminal architecture
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Access Units

Root node
Access unit

Transmission of full 
MPEG-7 description

Transmission of 
fragments

Access unit 1

Access unit 3
(Add)

MPEG-7 Description MPEG-7 DescriptionAccess unit 2
(Add) MPEG-7 Description
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MPEG-7
terminal
architecture

Transmission/Storage Medium

Delivery
Layer

Multiplexed Streams

IP MP4

Multiplex

MPEG-2 ATM ...

MultiplexMultiplex

Compression
Layer

Elementary Streams

Application

APIs

Upstream
Data

Multimedia
streams

Describe

Description
streams

Reconstruction

Description
Decoder

BiM/ Textual
Parsing

Schema
streams

Defines

Schema
Decoder

BiM/ Textual
Decoding
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Description Definition Language
� Definition of the Ds and DSs: XML Schema

+ MPEG-7 extensions
� Instantiation (description): XML
� Allow to define new entities

DDL

DS

In the standard

DS DD

DD
Not in the standard 

Defined with DDL

DS

D
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DDL: Schema definition

� XML Schema:
� Datatypes
� Simple and Complex types
� Elements
� Inheritance, Abstract types

� MPEG-7 extensions:
� Array and Matrix datatype
� Enumerated datatypes for MimeType, CountryCode,

RegionCode, CurrencyCode and CharacterSetCode
� Typed references
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Example of Schema definition

Simplified example of the Segment DS:

<complexType name="Segment" abstract="true">
<element name="MediaInformation" type="mds:MediaInformation" minOccurs="0" maxOccurs="1"/>
<element name="CreationInformation" type="mds:CreationInformation" minOccurs="0" maxOccurs="1"/>
<element name="UsageInformation" type="mds:UsageInformation" minOccurs="0" maxOccurs="1"/>
<element name="StructuredAnnotation" type="mds:StructuredAnnotation" minOccurs="0" maxOccurs="unbounded"/>
<element name="SegmentDecomposition" type="mds:SegmentDecomposition"  minOccurs="0" maxOccurs="unbounded"/>
<attribute name="id" type="ID" use="required"/>     

</complexType>

<element name="VideoSegment" type="mds:VideoSegment" equivClass="Segment"/>
<complexType name="VideoSegment" base="mds:Segment" derivedBy="extension">

<element name="MediaTime" type="mds:MediaTime" minOccurs="1" maxOccurs="1"/>
<element ref="ColorSpace" minOccurs="0" maxOccurs="1"/>
<element ref="ColorQuantization" minOccurs="0" maxOccurs="1"/>
<element ref="GofGopColorHistogram” minOccurs="0" maxOccurs="1"/>
<element ref="CameraMotion" minOccurs="0" maxOccurs="1"/>
<element ref="MotionActivity" minOccurs="0" maxOccurs="1"/>
<element ref="Mosaic" minOccurs="0" maxOccurs="1"/>

</complexType>
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DDL: Example of instantiation
Simplified example of VideoSegment instantiation:

<VideoSegment id = "VS1" >
<MediaTime>

<MediaTimePoint> T0:0:0  </MediaTimePoint>
<MediaDuration>    PT10M  </MediaDuration>

</MediaTime>

<StructuredAnnotation>
This is an example of video segment

</StructuredAnnotation>

<GofGopColorHistogram HistogramTypeInfo = "Average">
....

</GofGopColorHistogram>

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

</SegmentDecomposition>
</VideoSegment>
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Outline

� Objective, goals, requirements and applications
� Basic component of the MPEG-7 standard
� Systems tools and Description Definition 

Language
� Multimedia Description Schemes
� Visual Tools
� Audio Tools
� Relation with other standards
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Basic elements

Datatype &
structures

Link & media
localization Basic DSs

Basic elementsBasic elements

Schema
tools

Root, Top-level 
elements, 
Packages

Root, Top-level 
elements, 
Packages
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Schema tools

� Root elements:
� Def.: Starting element of the description (wrapper)
� Two roots: full description or fragments

� Top-level elements:
� Def.:Possible child of the root element
� Full description: Image, Video, Audio, Collection, etc.
� Fragments: Any global element (DDL sense)
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Root and Top level elements
Mpeg7 

Description Unit 
 

Any MPEG-7 element 

Complete Description

Content Management 
• Creator Description 
• Classification 

Description 
• User Description 
• Usage Description 

Content Description 

Content Entity 
• Image 
• Video 
• Audio 
• Audio-Visual 
• Mixed Content 
• Content Collection 

Content Abstraction 
• Summary Description 
• View Description 
• Variation Description 
• World Description 
• Model Description 
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Basic elements

Datatype &
structures

Link & media
localization Basic DSs

Basic elementsBasic elements

Schema
tools

Time, Duration, 
Medialocators

Time, Duration, 
Medialocators

78



Time description

time
axis

RelTimePoint
(timeBase)

t0 t1

B) RelTimePoint and Duration

Scope of the Description

Duration

t2

TimePoint

time
axis

Duration

t1 t2

A) TimePoint and Duration

Scope of the Description

t2 time
axis

RelIncrTimePoint
(timeBase,
timeUnit)

t0 t1

IncrDuration
(timeUnit)

C) RelIncrTimePoint and IncrDuration

Scope of the Description
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Basic elements

Datatype &
structures

Link & media
localization Basic DSs

Basic elementsBasic elements

Schema
tools

Language
Annotation (free and cont. voc)

Person, Place

Language
Annotation (free and cont. voc)

Person, Place
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Textual Annotation

Free text:
<TextAnnotation>

<FreeTextAnnotation xml:lang="en">
Spain scores a goal against Sweden.
The scoring player is Morientes.

</FreeTextAnnotation>
</TextAnnotation>

Key-words:
<TextAnnotation>

<KeywordAnnotation>
<Keyword>score</Keyword>
<Keyword>Sweden</Keyword>
<Keyword>Spain</Keyword>
<Keyword>Morientes</Keyword>

</KeywordAnnotation>
</TextAnnotation>

Structured Annotation:
<TextAnnotation>

<StructuredAnnotation>
<Who><Name>Spain</Name></Who>
<WhatAction><Name>score goal</Name></WhatAction>
<Where><Name>A Coruña, Spain</Name></Where>
<When><Name>March 25, 1998<Name></When>

</StructuredAnnotation>
</TextAnnotation>

Dependency Structure:
<TextAnnotation>

<DependencyStructure>
<Sentence>

<Phrase operator="subject">
<Head type="noun">Spain</Head>

</Phrase>
<Head type="verb" baseForm="score">scored</Head>
<Phrase operator="object">

<Head type="article noun">a goal</Head>
</Phrase>
<Phrase>

<Head type="preposition">against</Head>
<Phrase><Head>Sweden</Head></Phrase>

</Phrase>
</Sentence>

</DependencyStructure>
</TextAnnotation>
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Content Management & 
Description

Content descriptionContent description

Content managementContent management

Creation &
production

Media Content
Usage

Conceptual
aspects

Structural
aspects

Title, Creator, Creation 
location  & date, Purpose, 
Classification, Genre, etc.

(Author generated)

Title, Creator, Creation 
location  & date, Purpose, 
Classification, Genre, etc.

(Author generated)

Format, Coding, Instances, 
Identification, Transcoding 

Hint, etc.
(Several instances)

Format, Coding, Instances, 
Identification, Transcoding 

Hint, etc.
(Several instances)

Rights holder, Access rights, 
Usage Record, Financial aspects, 

etc. (Evolution)

Rights holder, Access rights, 
Usage Record, Financial aspects, 

etc. (Evolution)

Datatype &
structures

Link & media
localization

Basic DSsSchema
tools

Viewpoint of the structure: Segments
• Spatial / temporal structure
• Audio, video low-level Ds

Viewpoint of the structure: Segments
• Spatial / temporal structure
• Audio, video low-level Ds
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Segment DS Common properties of:

Segment DS 
(abstract)

StillRegion 
DS

AudioVisual 
Segment DS

Moving 
Region DS

Video 
Segment DS

VideoText 
DS

Audio 
Segment DS

Mosaic DS

InkSegment
DS

ImageText 
DS

AudioVisual
Region DS

StillRegion3D 
DS

EditedVideo
Segment DS

Multimedia
Segment DS

Analytic
Clip DS

Analytic
Transition DS

VideoEditing
Work DS AnalyticEdited

VideoSegment DS

T

T

T

T

S

S

S

S

ST

ST ST

ST ST

ST

T

ST

ST
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Examples of Segments

Video segments

Time

Moving regions

Time
Space

Still regions

Space

Audio segments

Time
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Example of Segments
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Common segment properties

� Identification
� Creation Information
� Usage Information
� Media Information
� Annotation
� Semantic
� Segment Decomposition
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Segment connectivity
Temporal segment

(AudioVisual, Video, Audio Segments)
Spatial segment

(StillRegion)

Time

one connected
component

one connected
component

Time

three connected
components

three connected
components
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Segment decomposition
Parent segment: one connected component Parent segment: two connected components

Time

Decomposition in three subsegments
without gap nor overlap

Parent seg.

Children seg.

Time

Decomposition in two subsegments
without gap nor overlap

Time

Decomposition in three subsegments
with gap but no overlap

Parent seg.

Children seg.

Time

Decomposition in three subsegments
with gap and overlap (one
subsegment is non-connected)

Parent seg.

Children seg.

Parent seg.

Children seg.88



Examples of valid decompositions

space/time
spaceTime /media

space

time/media time/media

time/media

AudioVisualSegment

AudioSegment VideoSegmentMovingRegion

StillRegionAudioVisualRegion

mediamedia

space/time/ spaceTime

space/time

spaceTime /media

media media

space

spaceTime

space

StillRegion3D
space

time/ spaceTimetime/ spaceTime

media
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Specific description of segments

• Color 
• Camera motion
• Motion activity
• Mosaic

• Color 
• Motion trajectory
• Parametric motion
• Spatio-temporal 

shape

• Color 
• Shape
• Position
• Texture

Video segments Still regions

Moving regions Audio segments
• Spoken content 
• Spectral 

characterization
• Music: timbre, 

melody
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Example of Segment trees
SR1:
• Creation, Usage meta

information
• Media description
• Textual annotation
• Color histogram, Texture

SR6:
• Shape
• Color Histogram
• Textual annotation

Gap, no overlap

Gap, no overlap

SR8:
• Color Histogram
• Textual annotation

SR2:
• Shape
• Color Histogram
• Textual annotation

No gap, no overlapSR7:
• Color Histogram
• Textual annotation

SR5:
• Shape
• Textual annotation

SR4:
• Shape
• Color Histogram
• Textual annotation

No gap, no overlap

SR3:
• Shape
• Color Histogram
• Textual annotation

91



Graph

� Goal:
� The segment DS allows the construction of tree structures 

� Efficient for access, retrieval, compression. 
� Lack of flexibility

� Graph structure to improve flexibility

� Outline of the approach:
� Definition of entity nodes representing segments
� Definition of relationships: space, time, visual
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Video Segment 1: Dribble & Kick

Video Segment 2: Goal Score

Moving Region:
Ball

Moving Region:
Player

Moving Region:
Goal Keeper

Still Region:
Goal

Video Segment:
Dribble & Kick

PlayerBall Goalkeeper

Is composed ofIs composed of

Is close to Right of

moves toward

Goal

Video Segment:
Goal Score

PlayerBall Goalkeeper

Is composed ofIs composed of

moves toward

Left of

Same as Same as Same as93



Content Management & 
Description

Content descriptionContent description

Content managementContent management

Creation &
production

Media Content
Usage

Conceptual
aspects

Structural
aspects

Datatype &
structures

Link & media
localization

Basic DSsSchema
tools

Viewpoint of conceptual notions
• Events, objects, abstract concepts, and 

their relation

Viewpoint of conceptual notions
• Events, objects, abstract concepts, and 

their relation

94



Semantic DS
Object DS

Event DS

Concept DS

SemanticStateDS

SemanticPlace DS

SemanticTime DS

AgentObjectDS

captures
Audio-visual

Content

Narrative World

describes

Semantic DS

SemanticContainer DS

SemanticBase DS
(abstract)

Semantic
Relation

DS

AbstractionLevel…

Analytic ModelDS

Segment DS
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Narrative World

Concept DS

harmony

interpretation, 
non-perceivable

describes

interpretation, 
perceivable

Event DS

state change

describes

“play”

Object DS

describes

“piano”
musician

abstraction,
non-perceivable

PersonObject DS

describes

“Tom Daniels”“Tom’s  tutor”

SemanticState DS SemanticTime DS SemanticPlace DS
time location

“Carnegie Hall” “7-8pm, Oct. 14, 1998”

state 

“Piano’s weight: 100 kg”
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Segment Tree

Shot1           Shot2 Shot3

Segment 1
Sub-segment 1

Sub-segment 2

Sub-segment 3

Sub-segment 4

segment 2

Segment 3

Segment 4

Segment 5

Segment 6

Segment 7

Semantic DS (Events)

• Introduction

• Summary

• Program logo

• Studio

• Overview

• News Presenter

• News  Items

• International

• Clinton Case

• Pope in Cuba

• National

• Twins

• Sports

• Closing

Time
Axis
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Navigation and Access

Navigation &Navigation &
AccessAccess

Summary

Variation
Content descriptionContent description

Content managementContent management

Creation &
production

Media Content
Usage

Conceptual
aspects

Structural
aspects

Efficient support of : discovery,
browsing, navigation, visualization / 

sonification

Efficient support of : discovery,
browsing, navigation, visualization / 

sonification

Datatype &
structures

Link & media
localization

Basic DSsSchema
tools

Substitution of the original content
Adaptation to terminal, network, or 

user preferences

Substitution of the original content
Adaptation to terminal, network, or 

user preferences
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Hierarchical summary

A-V
Data

Hierarchical
Summary

HighlightSummary HighlightSummary

Highlight
Segment

Highlight
Segment

Highlight
Segment

Highlight
Segment

Highlight
Segment

Highlight
Segment

Highlight
Segment
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Sequential summary

Sequential
Summary

A-V
Data

Text
Property

Text
Property

Frame
Property

Frame
Property

Frame
Property

Sound
Property

Sound
Property

Sound
Property
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Variation

VIDEO IMAGE TEXT AUDIO

Modality

Fidelity

Source

Variation

A

IH

GFE

DCB

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

Navigation &Navigation &
AccessAccess

Summary

Variation

Analytic
ModelContent organizationContent organization

Content descriptionContent description

Content managementContent management

Creation &
production

Media Content
Usage

Conceptual
aspects

Structural
aspects

Analytic model and classifiers:
Definition of cluster, classes and models 

to associate a semantic label to a set of data.
Probability Model: (Gaussian & State Transition)

Compact representation of features & descriptors.

Analytic model and classifiers:
Definition of cluster, classes and models 

to associate a semantic label to a set of data.
Probability Model: (Gaussian & State Transition)

Compact representation of features & descriptors.

Description and organization of 
collection of documents

Description and organization of 
collection of documents

Collection &
Classification

Datatype &
structures

Link & media
localization

Basic DSsSchema
tools
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Collection
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User Interaction

Navigation &Navigation &
AccessAccess

Summary

Variation

Analytic
ModelContent organizationContent organization

Content descriptionContent description

Content managementContent management

Creation &
production

Media Content
Usage

Conceptual
aspects

Structural
aspects

Collection &
Classification

UserUser
InteractionInteraction

User 
preferences

Datatype &
structures

Link & media
localization

Basic DSsSchema
tools

User identification and 
preferences:

Filtering, search and browsing

User identification and 
preferences:

Filtering, search and browsing

Usage 
history
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Outline

� Objective, goals, requirements and applications
� Basic component of the MPEG-7 standard
� Systems tools and Description Definition 

Language
� Multimedia Description Schemes
� Visual Tools
� Audio Tools
� Relation with other standards
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MPEG-7 Visual Part

Basic Elements (2) Motion (4)

Color (7) Localization (2)

Texture (3) Face (1)

Shape (3) Containers (3)

MPEG-7 Visual part contains 25 Ds/DSs
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Basic Elements
• Coordinates: Spatial2DCoordinates

- Units: meters, pixels, pixels normalized by image size
- Spatial Reference: fixed, varying (to follow global motion)

independence of descriptions from display format

• Temporal Interpolation: TemporalInterpolation
- (n-Dimension + time) 
values

- optionally parameters 
define bilinear interpolation

linear

bilinear

time
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• Color Space: ColorSpace
- R, G, B
- Y, Cr, Cb
- H, S, V
- Monochrome
- Linear transformation of R, G, B
- HMMD

• Quantization: ColorQuantization

uniform quantization scheme to be applied on any of the 
color spaces defined above

Color (1)
HMMD

White Color

Max(blackness)

Min(Whiteness)

Black Color

Sum(Brightness)

Diff(Colorfulness) Pure color
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Color (2)
• Dominant Color(s): DominantColor
�1-8 dominant colors in image / region 
� color space, quantization, dominant color(s) value(s)
� variance of color value, percentage of pixels of this color, 

spatial coherency of color repartition

• Color Content (histogram): ScalableColor
�Color histogram transformed by Haar transform
� scalable in number of coefficients kept for representation
� scalable in number of bits per coefficients
� lower end: 60 bits, very fast matching
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Scalable color: Haar transform
+
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Color (3)

• Color content + coherence of colors repartition: ColorStructure
Histogram of struct. elements that contain a particular color.

Enhanced retrieval (in conjunction with HMMD)

c0 h (0) + 1
c1 h (1)
c2 h (2)
c3 h (3) + 1
c4 h (4)
c5 h (5) + 1
c6 h (6) + 1
c7 h (7)

Colour Bin Value

7×7 Structuring Element
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Color (4)

• Color content + its layout: ColorLayout
Based on the DCT coefficients. (size: about 160 bits)

Layout sensitive retrieval, sketch-to-image matching

• Color content  of Group of Pictures / Frames: GoFGoPColor

Aggregation of color histograms (average, median, etc)
Clustering of data for browsing / retrieval
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Texture (1)

• Characterization of homogeneous textures: 
- low-level: HomogeneousTexture     retrieval
- high-level: TextureBrowsing browsing

• Characterization of structures in generic images: 
- edges content and layout: EdgeHistogram
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Texture (2)

EdgeHistogram

Low-level: HomogeneousTexture High-level:    TextureBrowsing

• Regularity (1 to 4)
• Main direction(s)

• Fixed size: 240 bits

• Edge types histograms on 16 sub-images

• Coarseness (1 to 4)

In the frequency domain:
• Decomposition into 30 

channels (5 scales, 6 
angles) using Gabor filters

• Energy and energy dev.
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HomogeneousTexture: Filter bank
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Shape (1)

• 2D: ContourShape and RegionShape

• 3D: Shape3D

• Some 2D similarity-based retrieval results examples
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Shape (2)

Shape3D
• Based on 3D meshes: histogram of 3D shape 

indexes (Koenderink) representing local 
curvature properties of the 3D surface

Contour Based: ContourShape Region Based: RegionShape

• Angular Radial transform

• Fixed size: 17.5 Bytes

Curvature Scale Space: 
• curvature points 

importance and relative 
positions

• Variable size: < 15 Bytes
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Curvature Scale Space
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ContourShape: Curvature Scale 
Space Descriptor

Iteration

1

1000

5000

CSS Space

t

Iteration
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CSS Descriptor

Model

Query

n

n

t

t

Dissimilarity = Assignment cost + distance

Circular shift

1

1

0.2

Penalty
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Localization
• Spatial Localization: RegionLocator

• Spatio-Temporal Localization: SpatioTemporalLocator

Approximation of region by box or polygon
Position of vertices in image

• Reference region, approximated 
by box, ellipse or polygon.

• Trajectories of representative 
points

• Temporal interpolation of
parametric motion parameters

hyperlinking
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Motion (1)
Video Segment Moving Region

Camera Motion

Motion Activity

Mosaic

Warping Parameters
Motion 

Trajectory

Parametric Motion

MotionActivity MotionTrajectory
browsing, repurposing retrieval, high level 
queries

CameraMotion ParametricMotion
browsing, high level queries mosaic, retrieval
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Motion (2)
• Motion Activity: MotionActivity

• Camera Motion: CameraMotion

Track left

Track right

Boom up

Boom down

Dolly
backward

Dolly
forward

Pan right

Pan left

Tilt up

Tilt down
Roll

Intensity of motion (1 to 5)
main direction(s) 
spatial and temporal distribution 
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• Motion Trajectory: MotionTrajectory

• Parametric Motion: ParametricMotion

Motion (3)

acceleration
speed

position
Order 2

Order 1

t

Interpolations

Keypoints
Queries: 
- similarity
- high level

- translational 
- rotation/scaling
- affine
- planar perspective
- parabolic
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Face

• Face Characterization: FaceRecognition

• Size: 238 bits 

• Based on eigenfaces (vector of 2576 values, extracted 
from normalized faces)

- 49 basis vectors which span the space of possible 
face vectors 

- projection of the face vector on the 49 eigenfaces
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Outline

� Objective, goals, requirements and applications
� Basic component of the MPEG-7 standard
� Systems tools and Description Definition 

Language
� Multimedia Description Schemes
� Visual Tools
� Audio Tools
� Relation with other standards
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Audio descriptors

� Low level audio features:
� Waveform and spectrum envelops
� Power, spectrum centroid, spectrum spread
� Fundamental frequency, harmonicity
� Independent spectral component representation

� Spoken content 
� Lattice of hypothesis

� Music:
� Timbre, Melody
� Genre

� Silence description
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Use of description tools 

� Library of tools!
� The description tools are presented on the basis 

of the functionality they provide.
� In practice, they are combined into meaningful 

sets of description units.
� Furthermore, each application will have to select 

a sub-set of descriptors and DSs.
� DDL can be used to handle specific needs of the 

application.
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Relation with other standards

� AHG on “Metadata integration” :
� SMPTE: Metada dictionary, KLV encoding
� Dublin Core Metadata Initiative
� European Broadcast Union
� NewsML

� AHG on TV AnyTime Application
� Large number of Liaisons:

� SMPTE
� Dublin Core
� W3C (XML Schema)
� etc.
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Conclusions

� MPEG-7: 
� AV content description for interoperable applications

� Description Definition Language: 
� XML Schema (flexibility) + Binary version (efficiency)

� Description Schemes and Descriptors:
� Library of description tools
� Covers a wide range of generic needs
� Structural aspects close to Signal / Image Processing (segment 

trees and graph). 
� Low-level Descriptors characterize Segments.
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Further information

� Major MPEG-7 documents are public:
� MPEG Home page: http://www.cselt.it/mpeg/
� Public documents:

http://www.cselt.it/mpeg/working_documents.htm
� Also check: http://www.mpeg-7.com
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7KH�6&+(0$�1R( 5HIHUHQFH�
6\VWHP

<LDQQLV�.RPSDWVLDULV
LNRP#LWL�JU

KWWS���ZZZ�LWL�JU�aLNRP

,QIRUPDWLFV�DQG�7HOHPDWLFV ,QVWLWXWH�
&HQWUH�IRU�5HVHDUFK�DQG�7HFKQRORJ\�+HOODV

*5((&(
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2YHUYLHZ

� ,QWURGXFWLRQ
� 5HIHUHQFH�6�:

z $QDO\VLV�0RGXOHV
z 03(*���;0
z &RQFHSWXDO�VHDUFK
z 5HVXOWV�

� 75(&9,'
� 6&+(0$�'HVFULSWLRQ

133



�

,QWURGXFWLRQ

� ����H[DE\WHV �PLOOLRQV�RI�WHUDE\WHV��RI�QHZ�LQIRUPDWLRQ��
SURGXFHG�ZRUOG�ZLGH�DQQXDOO\

� ���ELOOLRQ�RI�GLJLWDO�LPDJHV�DUH�FDSWXUHG�HDFK�\HDU
� 2YHU���ELOOLRQ�LPDJHV�UHODWHG�WR�FRPPHUFLDO�
WUDQVDFWLRQV�DUH�DYDLODEOH�WKURXJK�WKH�,QWHUQHW�

� 7KLV�QXPEHU�LV�HVWLPDWHG�WR�LQFUHDVH�E\�WHQ�WLPHV�LQ�
WKH�QH[W�WZR�\HDUV��

� ������QHZ�ILOPV�DUH�SURGXFHG�HDFK�\HDU�
� ��������ZRUOG�ZLGH�DYDLODEOH�ILOPV
� �������WHOHYLVLRQ�VWDWLRQV�DQG��������UDGLR�VWDWLRQV�
� ����ELOOLRQV�RI�KRXUV�RI�DXGLRYLVXDO�FRQWHQW
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$SSOLFDWLRQV
� &RQWHQW�SURGXFWLRQ��DGDSWDWLRQ�DQG�
FRQVXPSWLRQ

� 2UJDQL]H�DQG�VKDUH�SHUVRQDO�FRQWHQW
� �0XOWLPHGLD��6HPDQWLF�ZHE�
�PXOWLPHGLD�VHDUFK�HQJLQHV��
GLUHFWRULHV��H�FRPPHUFH�

� &XOWXUDO�+HULWDJH
� 0HGLFLQH
� &RQWHQW�ILOWHULQJ
� )DFH�GHWHFWLRQ
� 7UDQVFRGLQJ
� $XJPHQWHG�UHDOLW\
� 7KH�RQO\�³FRQWHQW�EDVHG´�FXVWRPHU�RI�
)$67�1RUZD\�LV�GHDOLQJ�ZLWK�
³LQDSSURSULDWH´�FRQWHQW
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2EMHFWLYH

³7KH�YDOXH�RI�LQIRUPDWLRQ�GHSHQGV�RQ�
KRZ�HDVLO\�FDQ�EH�IRXQG��UHWULHYHG��
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$SSURDFKHV

� 0DQXDO�WH[W�	�FDSWLRQ�EDVHG�
DQQRWDWLRQ�

� ��6WUDLJKWIRUZDUG
� ��+LJK�OHYHO
� ��(IILFLHQW�GXULQJ�FRQWHQW�FUHDWLRQ
� 0RVW�FRPPRQO\�XVHG
� � 7LPH�FRQVXPLQJ
� � 2SHUDWRU�DSSOLFDWLRQ�GHSHQGHQW
� � FDSWLRQV�PXVW�H[LVW
� � GLIILFXOW�WR�H[SUHVV�YLVXDO�VSHFLILF�
TXHULHV��H�J��URXQG�REMHFW�
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$SSURDFKHV

� /RZ�OHYHO�IHDWXUHV���
4XHU\�E\�([DPSOH�
�FRORU��WH[WXUH��
VKDSH��HGJHV��
PRWLRQ��HWF��

� ��DXWRPDWLF
� ��FRPSXWDWLRQ
� 6XLWDEOH�IRU�PDQ\�
DSSOLFDWLRQV

� � ORZ�OHYHO
� � LUUHOHYDQW�UHVXOWV
� � ³YLVXDO´�LQSXW�LV�
QHHGHG

� UHSUHVHQWDWLRQ�
z IHDWXUHV
z FRORU��WH[WXUH�VSDFH
z LQYDULDQFH
z FRPSDFWQHVV

� LQGH[LQJ��03(*���
� GDWDEDVH
� PDWFKLQJ�± GLVWDQFH
� JOREDO�± ORFDO�IHDWXUHV�
�VHJPHQWDWLRQ�
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4XHU\�E\�([DPSOH
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$SSURDFKHV

� &RQFHSWXDO�FOXVWHULQJ�±
VHDUFK��FDWHJRULVDWLRQ
LQWR�EURDG�FODVVHV��VXFK�
DV�SHRSOH�QR�SHRSOH���
LQGRRUV�± RXWGRRUV�

� ��DXWRPDWLF
� ��FRPSXWDWLRQ
� ��VHPDQWLF�PHDQLQJ
� 6XLWDEOH�IRU�PDQ\�
DSSOLFDWLRQV

� � GHSHQG�RQ�WUDLQLQJ�DQG�
GHWHFWLRQ�HIILFLHQF\

� � VHPDQWLFV�RQO\�IRU�WKH�
SUHGHILQHG�FODVVHV

3HRSOH�± 1R�3HRSOH

2XWGRRU�� ,QGRRU
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$SSURDFKHV

� 6HPDQWLF�DQQRWDWLRQ�
RI�FRQWHQW

� ��+LJK�OHYHO
� ��$OORZV�QDWXUDO�TXHULHV
� $�SULRUL�NQRZOHGJH�LV�
XVXDOO\�QHHGHG

� � 'RPDLQ�VSHFLILF
� � &RPSXWDWLRQ
� � �VHPL��DXWRPDWLF

³,�ZDQW�YLGHR�FOLSV RI�WKH�
*UHHN�IRRWEDOO�QDWLRQDO�
WHDP FRQWDLQLQJ�JRDOV´�
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� 'HYHORS�D�UHIHUHQFH�V\VWHP�IRU�

FRQWHQW�EDVHG�LQGH[LQJ�DQG�
UHWULHYDO

� ,QWHJUDWH�LQGLYLGXDO�DQDO\VLV�
PRGXOHV�SURYLGHG�E\�GLIIHUHQW�
SDUWQHUV

� 8QLI\�PXOWLSOH�YLVXDO�FRQWHQW�
�VWLOO�LPDJH��YLGHR��DQG�RWKHU�
PRGDOLWLHV��H�J��WH[W��DXGLR��
LQGH[LQJ�DQG�UHWULHYDO

� &RPELQH�ORZ�OHYHO�DQG�KLJK�
OHYHO�GHVFULSWRUV��FOXVWHULQJ�WR�
FODVVHV�

� 7DNH�DGYDQWDJH�RI�UHFHQW�
DGYDQFHV�RQ�VWDQGDUGL]DWLRQ�
�03(*����

� 3URYLGH�D�WHVW�EHG�DQG�D�
FRPPRQ�GDWDVHW�IRU�WKH�
HYDOXDWLRQ�RI�GLIIHUHQW�PRGXOHV��
GHVFULSWRUV�DQG�TXHU\�W\SHV
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2XWGRRU �
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7H[W�6SHHFK

$QDO\VLV

03(*���;0

*RDO
'HWHFWLRQ

&217(17
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$QDO\VLV �

$9�
$QDO\VLV ��

'DWDEDVH0DWFKLQJ

,�ZDQW�DQ�RXWGRRU REMHFW�OLNH�WKH�
H[DPSOH RQH

/RZ�OHYHO�IHDWXUHV��
REMHFWV

+LJK�OHYHO�IHDWXUHV�
± FRQFHSWV�� HYHQWV
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9LVXDO�$QDO\VLV

� 9LGHR�DQG�LPDJH�REMHFW�VHJPHQWDWLRQ�LV�D�
FUXFLDO�SUH�SURFHVVLQJ�VWHS�IRU�

z &RQWHQW�EDVHG�IXQFWLRQDOLWLHV�IRU�YLVXDO�GDWD
z 8VHUV�ZLOOLQJ�WR�ILQG�LPDJHV�RU�YLGHRV�FRQWDLQLQJ�
SDUWLFXODU�REMHFWV

z 8VHUV�DOORZHG�WR�VHH�WKH�VHJPHQWDWLRQ�RI�WKH�
TXHU\�LPDJH�DQG�VSHFLI\�ZKLFK�DVSHFWV�DUH�FHQWUDO�
WR�WKH�TXHU\

z )LUVW�VWHS�IRU�NQRZOHGJH�H[WUDFWLRQ�IRU�VHPDQWLF�
EDVHG�LQGH[LQJ�DQG�UHWULHYDO
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([DPSOH
REMHFW�EDVHG
LPDJH�VHDUFK

7KH�XVHU�FDQ�
VHDUFK�IRU�WKH�
VXQ�REMHFW
RQO\

145



��

$QDO\VLV�LQ�WKH�6&+(0$�
6\VWHP� 2EMHFWLYH�

z 7R�GHYHORS�D�FRPPRQ�VRIWZDUH�IUDPHZRUN�
IRU�YLGHR�DQG�LPDJH�REMHFW�VHJPHQWDWLRQ

� %HQHILWV�
z D�FRPPRQ�EDVLV�IRU�HYDOXDWLQJ�DQG�WHVWLQJ�
VHJPHQWDWLRQ�DOJRULWKPV
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FROODERUDWLYH�DOJRULWKP�GHYHORSPHQW
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� 5HJLRQ�EDVHG�
z 0RGLILHG�5HFXUVLYH�6KRUWHVW�6SDQQLQJ�7UHH��5667�
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� 2EMHFW�EDVHG�
z 6HPL�DXWRPDWLF�VHJPHQWDWLRQ�YLD�PRGLILHG�5667�
z /HYHO�VHW�EDVHG�VQDNH�VHJPHQWDWLRQ
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5HVXOWV��6HPL�DXWRPDWLF�VHJP�
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5HVXOWV��5HJLRQ�EDVHG�VHJP�

3VHXGR�)ODW�=RQH�&RORXU
VHJPHQWDWLRQ

(0�±EDVHG��'�6SDFH�
VHJPHQWDWLRQ

.�PHDQV�ZLWK�&RQQHFWLYLW\�
&RQVWUDLQW�VHJPHQWDWLRQ

0RGLILHG�5HFXUVLYH�6KRUWHVW�
6SDQQLQJ�7UHH�VHJPHQWDWLRQ
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REMHFW 1RQ�QRUPDWLYH

156



��

03(*���;0

1RQ�QRUPDWLYH

� &RPSXWH�
GLVWDQFHV�
EHWZHHQ�
GHVFULSWLRQV

z LQGH[LQJ�
DQG�
UHWULHYDO

z WUDQVFRGLQJ
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HQG�XVHUV��XQLYHUVLWLHV�DQG�UHVHDUFK�FHQWUHV

� ,PSURYH�WKH�V\VWHPDWLF�H[FKDQJH�RI�LQIRUPDWLRQ�E\�
WKH�IRUJLQJ�RI�OLQNV�EHWZHHQ�WKH�SDUWQHUV

� &UHDWH�D�V\QHUJ\�DQG�D�PXOWLSOLHU�HIIHFW�HQULFKLQJ�WKH�
FDSDELOLWLHV�RI�WKH�JURXS�RI�SDUWQHUV�E\�EULQJLQJ�
WRJHWKHU�FRPSOHPHQWDU\�VNLOOV�DQG�NQRZ�KRZ

� &RQWLQXRXV�H[SDQVLRQ�RI�WKH�QHWZRUN
� 'HYHORS�FRPPRQ�(XURSHDQ�5	'�DJHQGDV
� 6WUHQJWKHQ�WKH�(XURSHDQ�H[SHUWLVH�DQG�UHVHDUFK�
H[FHOOHQFH

� 'LVVHPLQDWH�WKH�UHVXOWV�ZRUOGZLGH

179



��

6&+(0$�5HVHDUFK�7RSLFV

� &RQWHQW�EDVHG�PXOWLPHGLD�DQDO\VLV
� $FFHVV�WR�WKH�LQIRUPDWLRQ�XVLQJ�TXHU\�
VWUXFWXUHV�WKDW�FRPH�QDWXUDOO\�WR�KXPDQ�
EHLQJV

� 6HPDQWLF�ZHE�WHFKQRORJLHV
� &RS\ULJKW�LVVXHV�RI�PXOWLPHGLD
� 1HZ�PHWKRGV�IRU�PXOWLPHGLD�DFFHVV�DQG�
GHOLYHU\

� 03(*���DQG�03(*����VWDQGDUGV
� 8VHU�LQWHUIDFHV�DQG�KXPDQ�IDFWRUV
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&RQVRUWLXP

5HVHDUFK�,QVWLWXWHV�� 8QLYHUVLWLHV�
� ,QIRUPDWLFV�DQG�7HOHPDWLFV�,QVWLWXWH�

� 7DPSHUH 8QLYHUVLW\�RI�7HFKQRORJ\

� 0XQLFK�8QLYHUVLW\ RI�7HFKQRORJ\

� 8QLYHUVLWp�&DWKROLTXH�GH�/RXYDLQ

� &HQWUH�1DWLRQDO�GH�OD�5HFKHUFKH�6FLHQWLILTXH��8QLYHUVLWH GH�
1LFH�± 6RSKLD $QWLSROLV

� 'XEOLQ�&LW\�8QLYHUVLW\�� &HQWUH�IRU�'LJLWDO�9LGHR�3URFHVVLQJ
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&RQVRUWLXP

� 4XHHQ�0DU\��8QLYHUVLW\�RI�/RQGRQ

� 8QLYHUVLWDW 3ROLWHFQLFD GH�&DWDOXQ\D

� )RQGD]LRQH 8JR %RUGRQL

� 8QLYHUVLW\�RI�%UHVFLD
&RPSDQLHV�
� )UDWHOOL�$OLQDUL

� %7H[DFW 7HFKQRORJLHV
(QG�XVHUV�
� 0DFHGRQLDQ�3UHVV�$JHQF\�
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'HVFULSWLRQ�RI�:RUN

5HIHUHQFH�
6\VWHPV

$IILOLDWHG�
0HPEHUV

5HVHDUFK�
$FWLYLWLHV

0HPEHUV�

6&+(0$

1R(

0HHWLQJV��
:RUNVKRSV

6KRUW�9LVLWV

&OXVWHULQJ�
3URMHFWV

6WXGLHV��'HVLJQ��
$UFKLWHFWXUH

6WDQGDUGLVDWLRQ 'LVVHPLQDWLRQ�
,QGXVWU\�� 8VHU
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1HWZRUNLQJ�$FWLYLWLHV

)XWXUH�HYHQWV�RUJDQL]HG�E\�6&+(0$�
� ³6HPDQWLF�EDVHG�0XOWLPHGLD�$QDO\VLV�DQG�$FFHVV´��

VSHFLDO�VHVVLRQ�LQ�)3��,67�SURMHFWV�GXULQJ�:,$0,6�
������$SULO��/LVERQ

z DFH0HGLD��0HGLD1HW��9,61(7��'LUHFW�,QIR��3UHVWR�
6SDFH��&+,/

� ,QWHUQDWLRQDO�&RQIHUHQFH�RQ�,PDJH�DQG�9LGHR�
5HWULHYDO��-XO\��������������&,95�������'XEOLQ

� 6SHFLDO�VHVVLRQ��0XOWLPHGLD�SURFHVVLQJ�DQG�
DSSOLFDWLRQV���WK�,QWHUQDWLRQDO�&RQIHUHQFH�
,1)250$7,21�9,68$/,6$7,21��-XO\�������
/21'21

� ��WK�(XURSHDQ�6LJQDO�3URFHVVLQJ�&RQIHUHQFH�
�(86,3&2��������6HSWHPEHU�������9LHQQD��$XVWULD
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7KDQNV�IRU�\RXU�DWWHQWLRQ�

� +RPH�SDJH��KWWS���ZZZ�LWL�JU�aLNRP
� /DE��KWWS���PHGLD�LWL�JU
� 6FKHPD��KWWS���ZZZ�VFKHPD�LVW�RUJ
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