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Metadata, Semantic Metadata, 
Ontologies

� Metadata
� author, creation date, etc.

� Semantic Metadata
� topic, named-entities mentioned, etc.

� Ontologies
� Organize topics (hierarchy, relations)
� Organize extracted entities + facts
� Instantiate entities, facts into a Knowledge Base
� Access semantic data by queries on the KB
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Ontology Example

OntologyF-Logic

similar

city
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Geographical Entity (GE)

Natural GE Inhabited GE

countryrivermountain

instance_of
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is-a

flow_through

located_in

capital_of

flow_through

flow_through
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capital_of
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Design: Philipp Cimiano
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Ontologies, Multilinguality & 
Multimedia

“Semiotic Triangle” (Ogden & Richards, 1923) - based on
� Structural Linguistics (de Saussure, 1916)
� philosophical work by Peirce (mostly 19th century)
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Objects, Concepts 
& Linguistic Symbols (words)

goalkeepers
in the world

goal keeper (EN)
Torwart (DE)
doelman (NL)

...
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Objects, Concepts 
& Visual Symbols (images)

goalkeepers
in the world
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Linguistic and Visual Features

Linguistic features, e.g. for “goalkeeper”

– Language
– Part-of-Speech 
– Morphology
– …

Visual features, e.g. for 

– Color-Set
– Shape
– Texture
– …
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Data (Multimedia Content), Features 
& Semantic Metadata (Ontology Classes)

onto-
logy

Images

Other
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Design by Michael Sintek
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Multilinguality in Ontologies (RDF/S)

University

School is_part_of

Student

studies_at

Staff

works_at

Campus
located_at

has_German_term

has_US-English_term

has_Dutch_term
Fakultät

School
Faculteit
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Towards Lexicalized Ontologies

University

School is_part_of

Term

has_term

Fakultät

instance_of

DE

language

faculteit

NL

language

school

EN-US

language

Student

studies_at

Staff

works_at

Campus
located_at
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LingInfo - Lexicon Model for Ontologies

LingInfo

instanceOf

School

hasLingInfo

Paul Buitelaar, Michael Sintek, Malte Kiesel (2006) A Lexicon 
Model for Multilingual/Multimedia Ontologies In: Proceedings 
of the 3 rd European Semantic Web Conference,Montenegro.

Term-1

fakulteitsgebouw

hasOrthographicForm

NL

hasLang

hasMorphSynInfo

WordForm-1

“department building”
“school”

N

hasPoS

Term-2

hasStem

Term-3

hasStem

fakulteit

hasOrthographicForm

gebouw

hasOrthographicForm

“department”
“school”

“building”

WordForm

instanceOf

hasMorphSynInfo
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smartdns:information-object

smartdns:about

smartdns:ordered-by
(not in SWINTO)

edns:interprets
(not in SWINTO)

smartdns:realized-by

smartdolce:uses
(not in SWINTO)

edns:agent
(not in SWINTO)

any segmentation or 
classification algorithm for 
text, image, A/V analysis

smartdns:description
Format: JPG, UTF-8, …

Lang: DE, EN, …

li:LingInfo
linguistic realization of domain class 

(similar: visual- / audio-information object)

smartdolce:entity
link to a domain class or property

(semantics / interpretation)

sm:SegmentDecomposition
result of segmentation

sm:TextSegment
segment in text

is-a

sm:textSegment

li:PhraseOrWordForm
linguistic features

smartoio:physical-realization
Media File: text, image, …

smartdolce:perdurant
segmentation process

smartdolce:participant-in

smartoio:identified-by
(not in SWINTO)

smartdns:description
(not correct in SWINTO)

Media Modality: 
text, audio, video, …

smartdns:expresses

sm:TextDecomposition
result of text segmentation

sm:VideoSegmentSpatio
TemporalDecomposition

result of video segmentation

sm:StillRegion
segment in video

sm:stillRegion

sm:VisualDescriptor
image features

sm:visualDescriptor

li:lingInfo

is-a

is-a

smartoio:linguistic-object

is-a

li:MorphoSyntactic
Decomposon

linginfo:morphSyntacticDecomposition

is-a

sm:textSegment
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hasDecomposition

about

orderedBy

interprets

realizedBy

„Segmentation Tool“

MultimediaFile

Format: HTML / PDF
Lang: DE

Format

Linguistic-IO / Visual-IO

MatchTeam

Decomposition

hasSegment

HTML file

TextSegmentStillRegion

1 2

1 2

about

instanceOf

participant-in

„Segmentation Process“

identified-by

dns:information-object
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Analysis of a Text Segment

about

realizedBy
MultimediaFile

Linguistic-IO

Trophy

MorphoSyntactic
Decomposition

hasSegment

HTML path(s)

(Champions.txt)

Phrase

MorphoSyntacticDecomposition

Die begehrteste Trophäe des 
Weltfussballs

MatchTeam

about

Phrase

in italienischen Händen

orderedBy

interprets
„Phrase Analyser“

Format: UTF-8
Lang: DE

Format

about

instanceOf

participant-in

„Phrase Analysis“

identified-by
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Analysis of an Image Segment

about

orderedBy
interprets

realizedBy

Image Segmentation Tool

MultimediaFile
Format: jpeg

Format

Visual-IO

Trophy

Decomposition

hasSegment

Champions.jpeg

StillRegion

hasDecomposition

1

„Cannavaro“

Person

about

StillRegion

2

Face/ Person Detection Tool

Region ClassificationTool

participant-in

„Analysis“

identified-by

1
2

about
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Ontology Population from Text

Instantiation 
(Ontobroker – AIFB)

semistruct#Deutschland_vs_Brasilien_30_Juni_2002_18:00 
[

sportevent#matchEvents -> soba#ID11
].

soba#ID11:sportevent#Parry
[
sportevent#committedBy -> 

semistruct#Deutschland_vs_Brasilien_30_Juni_2002_18:00_Oliver_Kahn_PFP
].

Information 
Extraction

(SProUT - DFKI)

SOBA System
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Knowledge-based QA

Welche Tore wurden durch einen Freistoss vorbereitet?
(Which goals were prepared through a freekick?)

FORALL Text, Prep, Goal <- Text[media#shows -> 
Prep:sportevent#FreeKick [smartsumo#prepares -> 
Goal:sportevent#ScoreGoal]]. 

The SOBA knowledge base contains answer objects for this 
question that were extracted from text passages:

Zidane schlug einen Freistoss in den Strafraum, und der
Stürmer von Arsenal stürmte unbewacht zum langen Pfosten
vor und bugsierte den Ball volley ins Netz.
(Zidane shot a freekick into the penalty area, and the Arsenal 
striker ran unopposed to the long post and shot the ball in 
the net.)
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Knowledge-based Multimedia QA
Zeige mir Bilder von Saves.

(Show me pictures of saves.)

FORALL Picture, Save <- Picture[media#shows -> 
Save] AND Save:sportevent#save.

The SOBA knowledge base contains answer objects (images) for 
this question that were extracted from text captions of images:
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Events in Text and Image/Video

Costa Rica's Ronald Gomez escapes a tackle by Germany's Tim 
Borowski during the Germany v Costa Rica Group A match in Munich
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Events in Text and Image/Video

Costa Rica's Ronald Gomez 

escapes a tackle by 

Germany's Tim Borowski
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Events in Video

HEADER

RED-CARD

PARRY

TACKLE

SHOT
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Event Detection in Video
Event detection in broadcast video of field sports 

based on 6 detectors (by Dublin City Univ.):
• Close-up

• Field Line orientation

• Motion activity measure

• On-Screen Graphics Tracking

• Crowd image detector

• Speech-Band Audio Activity
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Text Mining for Event Detection

� DCU event detection delivers highlights
� Video segments are  classified as a highlight according 

to statistical ranking over 6 detectors
� Highlights are not further classified into different events: 

SHOT, RED-CARD, HEADER, etc.

� Event extraction from text delivers event classes

� Some events are listed in tables 

� Use events extracted from tables and from text as 
complementary sources in video event detection
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Basic Idea and Strategy
� Basic idea

� Identify which video detectors are more prominent for 
which event class

� For instance for CORNERKICK the “end-zone” video 
detector should be significantly high

� Strategy
� Map events extracted from text and tables to a common 

ontology
� Align events extracted from tables and text with 

corresponding video segments according to time
� Analyze distribution of video detectors over event classes 
� Identify significant detectors for each class 
� (Feedback into the video event detection algorithm)
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Complementary Resources Used
Tables: 

– SmartWeb data set on world cup from fifaworldcup.yahoo.com

Text: 
– Minute-by-minute text reports from ARD.de, bild.de, LigaLive.de
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Event Extraction from Text

Text analysis with information extraction 

system SProUT (http://sprout.dfki.de/)

‘A beautiful pass by Ruud Gullit set up the first Rijkaard header.’
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Extraction Results and Some Issues

� Minute-by-Minute Reports Alignment 
� Removing duplicate events in close to or within the time were the 

event occurred for the first time

� 45 event-types
� 1200 events in 5 final football world cup matches
� 850 events after events alignment -> 170 events per match

� Match vs. Video Time
� Time information in text varied from the time in videos

� manual alignment (OCR is planned)

� Differences in first half, second and extra
� 1st half of the game – time difference 3-21 seconds
� 2nd half of the game – 57-185 seconds
� Extra time – 269-415 seconds
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Cross-Media Feature Extraction

� Aggregate results from event extraction from tables 
and text with video detection features
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Ontology Learning

Terms

(Multilingual) Synonyms

Concept Formation

Concept Hierarchy

Relations

Axiom Schemata

GeneralAxioms

Relation Hierarchy

mountain)iver,disjoint(r

z))yx)(z,capital_of(zx)(y,capital_ofy country(x)(x =→∀∧∃→∀

GE Inhabitedcity  city,capital CC ≤≤

GE):rangeriver,:gh(domflow_throu

〉〈== (c)Ref,ci(c),:country:c C

located_incapital_of R≤

Land} nation,{country,

.capital,.. city, nation, country, river,
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“ISOLDE” – Joint work with Nicolas Weber 
(now at Knowcenter, Graz - Austria)

Extract classes and a class hierarchy by a 
combination of text & web mining:

1. Derive class candidates from terms in the context of Named-
Entities in a domain corpus 

2. Derive additional knowledge for these classes from web 
resources

Text & Web Mining for OL
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NER, Contexts, IE Patterns
„... obwohl ein Trainer wie Klinsmann da anders vorgehen würde ...“

(... although a trainer like Klinsmann would act differently ...)

„... obwohl, ein Trainer wie <PERSON> Klinsmann </>...“

{NP} [wie] NE

Trainer

Named-Entity Recognition

Context Extraction / IE Patterns

Class Candidate Extraction
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DWDS – Digitales Wörterbuch der Deutschen Sprache
(Digital Dictionary for the German Language)

Web Resources - DWDS
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Web Resources - Wiktionary
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Der Torwart (Torhüter, Tormann, Keeper, Schweiz. Goalie) ist ein Mitspieler einer 
Mannschaftssportart. Er ist der defensivste Spieler seiner Mannschaft und seine Hauptaufgabe besteht 
darin zu verhindern, dass das Spielgerät (z.B. ein Ball) ins Tor der eigenen Mannschaft ....

>  Torwart ist ein Mitspieler

>  SubClassOf (Torwart, Spieler)

Web Resources - Wikipedia



3838
© Paul Buitelaar – KW4ED Invited Talk ‚Text Mining Suppo rt in Semantic Metadata Extraction‘
October 2007, Whistler, Canada

Football Corpus
(3000 FIFA Docs)

Named-Entity
Recognition

Occurrences of
NE Type PERSON

Class Candidates

IE Patterns

Context Extraction
for NE PERSON

Experiment

IE Patterns

Web Resources: 
DWDS, Wiktionary, 
Wikipedia, Google

Taxonomy
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<searchWord="SPIELER"/>

<DWDS>

- <kontext>

  <entry>jmd., der an einem sportlichen Spiel teilnimmt</entry> 

  <entry>jmd., der dem Gluecksspiel verfallen ist</entry> 

  </kontext>

- <synonym>

  …..

  </synonym>

- <hyponym>

  <entry>Auswahlspieler</entry> 

  <entry>Gegner</entry> 

- <entry>

  <class resource="TORSCHUETZE" /> 

  </entry>

- <entry>

  <class resource="TORWART" /> 

  </entry>

- <entry>

  <class resource="VERTEIDIGER" /> 

  </entry>

  </hyponym>

- <hyperonym>

  <entry>jemand</entry> 

  </hyperonym>

  </DWDS>

- <WIKI>

  <WIKIPedia>…..</WIKIPedia> 

- <WIKTionary>

- <subClass>

- <entry>

  <class resource="ABWEHRSPIELER" /> 

  </entry>

- <entry>

  <class resource="MITTELFELDSPIELER" /> 

  </entry>

- <entry>

  <class resource="STUERMER" /> 

  </entry>

- <entry>

  <class resource="TORWART" /> 

  </entry>

  </subClass>

- <superClass>

  <entry>Person</entry> 

  </superClass>

  <kontext>Mitglied einer Mannschaft, jmd. 

der an einem Spiel teilnimmt</kontext> 

  <Herkuft></Herkuft> 

  </WIKTionary>

 </WIKI>

Klassen-
kandidat

Typ der 
Relation

Verweis auf 
andere Klasse

Quelle

Class
Candidate

Lexical
Relation

Related
Class Candidate

Web 
Resource

Taxonomy

Class

Equivalence
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Sportive Role

FootballPerson

FootballTeamPerson

FootballTrainer

TeamFootballTrainer

FootballPlayer

PropertyFootballPlayer MatchFootballPlayer

GoalPoacher TopScorer AllroundPlayer

TournamentTopScorer

SituationFottballPlayer

PositionalMatchFootballPlaye

SubstituteMatchFootballPl

FirstSubstitute SecondSubstitute FieldMatchFootballPlayer

Midfielder Forward Defender

CentralMidfielder

OutsideMidfielder

DefensiveMidfielder

AttackingMidfielder

Wing

Striker

CentralDefender Stopper

OutsideDefender

Evaluation - SmartWeb Ontology



4141
© Paul Buitelaar – KW4ED Invited Talk ‚Text Mining Suppo rt in Semantic Metadata Extraction‘
October 2007, Whistler, Canada

Sportive Role

FootballPerson

FootballTeamPerson

FootballTrainer

TeamFootballTrainer

FootballPlayer

PropertyFootballPlayer MatchFootballPlayer

GoalPoacher TopScorer AllroundPlayer

TournamentTopScorer

SituationFottballPlayer

PositionalMatchFootballPlaye

SubstituteMatchFootballPl

FirstSubstitute SecondSubstitute FieldMatchFootballPlayer

Midfielder Forward Defender

CentralMidfielder

OutsideMidfielder

DefensiveMidfielder

AttackingMidfielder

Wing

Striker

CentralDefender Stopper

OutsideDefender

SmartWeb Ontology “Simplified”
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Evaluation – Precision and Recall

21,6%22,4%24107SportEvent (simple)

10,4%10,6%24226SportEvent

Relations

35,3%53.4%2343SportEvent (simple)

31,9%46,0%2350SportEvent

Classes

PRECISIONRECALL
true
positivestotal
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Do Semantic Metadata Help? 

� Assumption of semantic metadata is more
accurate information retrieval
� Semantics adds context

� Evaluation needed
� How /what to evaluate?

� Use case on cross-lingual information retrieval
� MuchMore

� Retrieving relevant English documents on a query
constructed from a German patient record
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