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Semantic Search on Videos

To enable content-based, semantic search on videos:

* authoritative metadata

* non-authoritative metadata (e.g. tags)

* content-related, time-referenced metadata
» content-based segmentation
» OCR - Optical Character Recognition
» ASR - Automated Speech Recognition

* semantic analysis of textual metadata
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Semantic Analysis on Video Metadata

By Ratiocination, | mean computation. Now to
compute, is either to collect the sum of many things
that are added together, or to know what remains
when one thing is taken out of another... and if any
man adde Multiplication and Division, | will not be
against it, seeing Multiplication is nothing but Addition

of equals one to another, and Division nothing but a

Substraction of equals one from another, as often as
is possible. So that all Ratiocination is comprehended
in these two operations of the minde, Addition and
Substraction...

— Thomas Hobbes. 1656

Nadine Steinmetz - Semantic Multimedia Information Retrieval Using Contextual Descriptions, ESWC 2013, 30-05-2013



Hasso
Plattner
Institut

Semantic Analysis on Video Metadata

Title: The birth of the computer
Speaker: George Dyson
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Title: The birth of the computer
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LI , Authoritative Metadata
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Title: The birth of the computer
Speaker: George Dyson

Authoritative Metadata

By Ratiocination. | mean computation. Now o]
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Authoritative Metadata
Non-Authoritative Metadata
OCR Metadata

ASR Metadata

... was Thomas Hobbes who in 1651 explained how arithmetic and logic are the same thing ...

Nadine Steinmetz - Semantic Multimedia Information Retrieval Using Contextual Descriptions, ESWC 2013, 30-05-2013



Hasso
Platther
Institut

Semantic Analysis on Video Metadata

Title: The BifE|of the ESTBULER
George Dyson

Speaker:

Authoritative Metadata

By |
compute. is either to collect the sum of many things]|

[that are added together. or to know what remains|

Non-Authoritative Metadata

[when one thing is taken out of another... and it any] OCR Metadata
man adde I will not bel ASR Metadata

[2aainst it._seeing INIBINBIGANOR /s nothing bul PGGINoN)|

[or equals one to another. and [BINISION nothing but a|
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Semantic Analysis on Video Metadata
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Beschreibung: Prozessbeginn Chris Gueffroy; Inserts Todesanzeigen
und Mauerfilm

Film ID: Q6UJSACOAJBY

Lizenzgeber: DEFA-Stiftung ; Rechte Mauerfilm beachten
aenannte Percan: Chris Gueffrov

Walter Markov . Schnittbilder (4/4)
OCR  ASR

Beschreibung: Schnittbilder

Teil: 4

Film ID: Q6UJSACOAEXY

Kamera: [W. Rosler, Steffen Sebastian)
aezeiate Person: Walter Markov

Mauerdenkmal Bernauer StraBe
OCR ASR

Beschreibung: [Dieses Material beschaftigt sich mit dem Maudenkmal
in der Bernauer Strale.. Neben diversen Aufnahmen vom Gedenkstein

und der Zeremonie werden eine Rede sowie Statements von Rainer
Eppelmann bezuglich der Ermittlung von Tedesschitzen und zum
Ahrics der aereiat Graffiti an

Unterzeichnung Einigungsvertrag (1/2)
OCR ASR

Beschreibung: [Dieses Material beinhaltet das Thema Unterzeichnung

Einigungsvertrag. Im ersten Teil gibt Gunther Krause Statements zur
Vertagung von Fragen und zur Einigung mit dem Umgang der Stasi-

Akten. AnschlieBend auBert sich Lothar de Maiziére zu dieser Thematik.

Im zweiten Teil sind Aufnahmen von der Vertraasunterzeichnuna zu

I Manerhild. Kisshild von

Schlusselwort: [Prozess, ]
Originaltitel: Prozessbeginn Chris Gueffroy
Produktionsstart: 1991

Aufnahmedatum: 02.05.1991

Drehort: Leipzig; Bonn-Siegburg

Sammlung: Zeitzeugenarchiv Thomas Grimm
Originaltitel: Walter Markov . Schnittbilder (4/4)
Anzahl der Teile: 4

Produktionsstart: 1589

Drehort: Berlin

Sammlung: Cintec-Archiv

Schliisselwort: [Berlin, Mauerbild, , Grenze,
Grenzgeschichte, Bernauer StraBe, Mauerbau, Stadtgeschichte,
Nenkmal Gedenkstein. Manerdenkmal. sazialictierhor Rruderkise

Drehort: Berlin

Sammlung: Cintec-Archiv

Schliisselwort: [Berlin Ost, Einigungsvertrag, DDR (Deutsche
Demokratische Republik), Wirtschaft, Entwicklung, Vertragspunkt,
Staatssicherheit (Stasi). Vertraasabschluss. Pressekenferenz (PX).
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Automated Text Extraction

Advantage Disadvantage
* time-referenced metadata * error rates!

e minimum of manual effort
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Challenges of Analyzing Video Metadata
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Challenges of Analyzing Video Metadata

Challenges:

* context-driven disambiguation of textual information
* heterogenous context
» different sources - different reliabilities
» different text types

» dragging of error rates

Nadine Steinmetz - Semantic Multimedia Information Retrieval Using Contextual Descriptions, ESWC 2013, 30-05-2013
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Disambiguation within a Context

Title: The birth of the computer
Speaker: George Dyson

By Ratiocination, | mean computation. Now to

compute, is either to collect the sum of many things
that are added together, or to know what remains
when one thing is taken out of another... and if any
man adde Multiplication and Division, | will not be
against it, seeing Multiplication is nothing but Addition
of equals one to another, and Division nothing but a
Substraction of equals one from another, as often as
Is possible. So that all Ratiocination is comprehended
in these two operations of the minde, Addition and
Substraction...

— Thomas Hobbes. 1656

... was Thomas Hobbes who in 1651 explained how
arithmetic and logic are the same thing ...
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Disambiguation within a Context

Title: The birth of the computer
Speaker: George Dyson

birth

computer

By Ratiocination, | mean computation. Now to
compute, is either to collect the sum of many things G eor ge DyS on
that are added together, or to know what remains
when one thing is taken out of another... and if any
man adde Multiplication and Division, | will not be
against it, seeing Multiplication is nothing but Addition
of equals one to another, and Division nothing but a
Substraction of equals one from another, as often as
is possible. So that all Ratiocination is comprehended
in these two operations of the minde, Addition and
Substraction...

Ratification

computation

Multiplication

CONTEXT

Subsurface

— Thomas Hobbes, 1656

Thomas Hobbes

... was Thomas Hobbes who in 1651 explained h¢
arithmetic and logic are the same thing ...

1651
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Contextual Descriptions - Approach

* Scoring of Metadata Items
e (alculation of a Confidence Value (0.0...1.0), consisting of:
» Source Reliability
» Source Diversity
» TextType
» Class Cardinality
* Disambiguating the Metadata items in order

according to confidence value

Context Matters

Nadine Steinmetz - Semantic Multimedia Information Retrieval Using Contextual Descriptions, ESWC 2013, 30-05-2013
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(Textual) Metadata Sources for Video Documents:

Authoritative Sources: Person, who uploaded or created video
Non-Authoritative Sources: Human, but not Authors, e.g. tags

ASR: Automated Speech Recognition

OCR: Optical Character Recognition

Nadine Steinmetz - Semantic Multimedia Information Retrieval Using Contextual Descriptions, ESWC 2013, 30-05-2013
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Score:0.0...1.0

B ——

(Textual) Metadata Sources for Video Documents:

* Authoritative Sources: Person, who uploaded or created video 1.0
* Non-Authoritative Sources: Human, but not Authors, e.g. tags 0.9
* ASR: Automated Speech Recognition 0.5
* OCR: Optical Character Recognition 0.35
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Source Diversity

By Ratiocination, | mean computation. Now to
compute, is either to collect the sum of many things
that are added together, or to know what remains
when one thing is taken out of another... and if any
man adde Multiplication and Division, | will not be
against it, seeing Multiplication is nothing but Addition
of equals one to another, and Division nothing but a
Substraction of equals one from another, as often as
is possible. So that all Ratiocination is comprehended

in these two operations of the minde, Addition and

OCK
Substraction... Substraction... l m_w—} Subsurface '
— Thomas Hobbes, 1656 ‘-
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Source Diversity

E.g.: 4 different source types:
* Authoritative
Non-Authoritative

ASR '
OCR

in these two operations of the minde, Addition and
Substraction...

OCK
Substraction... | ——> Subsurface|
— Thomas Hobbes, 1656 -
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E.g.: 4 different source types:
* Authoritative
Non-Authoritative

ASR '
OCR

in these two operations of the minde, Addition and
Substraction...

OCK
Substraction... | ——> Subsurface|
— Thomas Hobbes. 1656 - i

1/4 =0.25
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Source Diversity

E.g.: 4 different source types:
e Authoritative
Non-Authoritative
ASR [
OCR
in these two operations of the minde, Addition and OC [2

A Substraction... ' meme—} Subsuﬁace]
— Thomas Hobbes. 1656 —_
Thomas Hobbes' i{

iouz 1/4 = 0.25

Thomas Hobbes |
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E.g.: 4 different source types:
e Authoritative
e Non-Authoritative
e ASR |
e OCR 1

in these two operations of the minde, Addition and OC

S Substraction... | m—-eﬁé Subsuﬁace]

— Thomas Hobbes, 1656 "
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2/14=0.5
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3 different text types within video metadata:

* keyterms - speaker information, production place, keywords

* natural language text - descriptive texts, title, ASR, OCR
* tags
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3 different text types within video metadata:

* keyterms - speaker information, production place, keywords

* natural language text - descriptive texts, title, ASR, OCR
* tags

Text processing goal: Identify key terms within the texts
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3 different text types within video metadata:
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Text processing goal: Identify key terms within the texts

keyterms Q/ 1.0
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3 different text types within video metadata:

* keyterms - speaker information, production place, keywords

* natural language text - descriptive texts, title, ASR, OCR
* tags

Text processing goal: Identify key terms within the texts

keyterms ~/ 1.0 Speaker: George Dyson

g——— A— S
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3 different text types within video metadata:

* keyterms - speaker information, production place, keywords

* natural language text - descriptive texts, title, ASR, OCR
* tags

Text processing goal: Identify key terms within the texts

keyterms Q/ 1.0

natural language text
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3 different text types within video metadata:

* keyterms - speaker information, production place, keywords

* natural language text - descriptive texts, title, ASR, OCR
* tags

Text processing goal: Identify key terms within the texts

T e———

—

keyterms ~/ 1.0

... was/VBD Thomas/NNP Hobbes/NNP who/WP

natural langua in/IN 1651/CD explained/VBD how/WRB
arithmetic/NN and/CC logic/NN are/VBP the/DT
same/]] thing/NN ...

. - — .
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3 different text types within video metadata:

* keyterms - speaker information, production place, keywords
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natural language text  PQOS tagging - accuracy rate: 0.56
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3 different text types within video metadata:

* keyterms - speaker information, production place, keywords

* natural language text - descriptive texts, title, ASR, OCR
* tags

Text processing goal: Identify key terms within the texts

keyterms ~/ 1.0

natural language text  POS tagging - accuracy rate: 0.56 0.56
hobbes
tags computation thomas
_ 1651
/\
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3 different text types within video metadata:

* keyterms - speaker information, production place, keywords

* natural language text - descriptive texts, title, ASR, OCR
* tags

Text processing goal: Identify key terms within the texts

L Teee—

keyterms « 1.0

——

natural language text  POS tagging - accuracy rate: 0.56 0.56

tags tag grouping to find terms - precision: 0.7
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3 different text types within video metadata:

* keyterms - speaker information, production place, keywords

* natural language text - descriptive texts, title, ASR, OCR
* tags

Text processing goal: Identify key terms within the texts

L Teee—
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——

natural language text  POS tagging - accuracy rate: 0.56 0.56

tags tag grouping to find terms - precision: 0.7 0.7
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Some metadata items can be determined

to be an instance of a distinct ontology class, e.g.:
* Speaker information - Person

* Film location - Place

* NER tagger on natural language text: Person, Place or Organisation

\cl\&/ assigned class

Vel =— L — T—¢

‘T|K root class of ontology / used
_— e - knowledge base

DBpedia 3.8.0: l Items assigned to Person] 0.85

— —

Items assigned to Organisation] 0.96

— e

ltems not assigned to a class | 0.0
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* Speaker information - Person

* Film location - Pl
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Class Cardinality Institut

Some metadata items can be determined
to be an instance of a distinct ontology class, e.g.:
* Speaker information - Person

* Rilmlocatio \\as/0 THommas/PERSONHOBBES/PERSON who/O in/0

* NERtagger 1651/DATE explained/O how/O arithmetic/O and/O logic/
O are/O the/O same/0O thing/O ...

‘C”&/ dasstgnearclass
Vel = 1 — 7=

‘T|K root class of ontology / used
_— e - knowledge base

DBpedia 3.8.0: l Items assigned to Person] 0.85

S ———

Items assigned to Organisation] 0.96

— e

ltems not assigned to a class | 0.0
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Class Cardinality Institut

Some metadata items can be determined

to be an instance of a distinct ontology class, e.g.:
* Speaker information - Person

* Film location - Place

* NER tagger on natural language text: Person, Place or Organisation

\cl\&/ assigned class

Vel =— L — T—¢

‘T|K root class of ontology / used
_— e - knowledge base

DBpedia 3.8.0: l Items assigned to Person] 0.85

— —

Items assigned to Organisation] 0.96

— e

ltems not assigned to a class | 0.0
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Overview

1. Motivation - Semantic Search on Videos

2. Challenges of Video Metadata

3. Contextual Model

5. Outlook
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Evaluation Data Set

Video Metadata of 5 TED talks

* 211 content-based segments

* 822 Metadata Items

* 1-1000 words per Metadata item
* 2550 entities identified

Download @ http://bit.ly/15a1YCO

T
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Evaluation Data Set

Video Metadata of 5 TED talks

* 211 content-based segments
* 822 Metadata Items

* 1-1000 words per Metadata item
* 2550 entities identified

158 authorative/Speaker Dan Gilbert 5851 0
3447 authorative/Title Stumbling on Happiness 5851 0
155 authorative/Category Psychology 5851 0
12360 asrtext When you have 21 minutes ... 5851 299433

ocrtext Homo 299438

Download @ http://bit.ly/15a1YCO

T
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Evaluation Data Set

Video Metadata of 5 TED talks

* 211 content-based segments
* 822 Metadata Items

* 1-1000 words per Metadata item
* 2550 entities identified

158 authorative/Speaker Dan Gilbert 5851 0
3447 authorative/Title Stumbling on Happiness 5851 0
155 authorative/Category Psychology 5851 0
12360 asrtext When you have 21 minutes ... 5851 299433

ocrtext Homo 299438

5851 0 http://dbpedia.org/resource/Psychology authorative/Category

Download @ http://bit.ly/15a1YCO

S
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conTagger Simple NER Wiki Machine Spotlight

R P F1 R P F1 R P F1 R P F1
Authoritative | 60,0 | 54,5 | 570 | 52,0 | 46,0 | 490 | 59,5 | 56,5 | 58,0 | 50,0 | 44,0 | 47,0
Tags 71,0 | 69,5 | 70,0 | 61,0 60,0 60,5 440 | 62,0 | 51,5 60,0 | 59,0 | 59,5
ASR 550 | 61,0 | 58,0 | 565 | 380 | 455 | 61,5 | 50,0 | 550 | 56,0 | 34,0 | 42,5
OCR 56,0 | 24,0 | 34,0 | 44,0 17,5 25,0 24,5 | 180 | 21,0 | 47,0 | 180 | 26,0
Segments 54,0 | 58,0 | 56,0 | 57,0 | 390 | 46,5 | 570 | 49,0 | 52,5 | 59,0 | 350 | 43,5
Video 56,0 | 48,0 | 52,0 570 | 300 | 39,5 | 58,0 | 43,0 | 49,5 | 540 | 310 | 395
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conTagger Simple NER Wiki Machine Spotlight

R P F1 R P F1 R P F1 R P F1
Authoritative 60,0 | 545 | 570 | 52,0 | 46,0 | 490 | 59,5 | 56,5 | 58,0 | 50,0 | 44,0 | 47,0
Tags 71,0 | 69,5 | 70,0 | 61,0 60,0 60,5 440 | 62,0 | 51,5 60,0 | 59,0 | 59,5
ASR 550 | 61,0 | 58,0 | 565 | 380 | 455 | 61,5 | 50,0 | 550 | 56,0 | 34,0 | 42,5
OCR 56,0 | 24,0 | 34,0 | 44,0 17,5 25,0 245 | 180 | 210 | 470 | 180 | 26,0
Segments 54,0 | 58,0 | 56,0 | 57,0 | 390 | 46,5 | 570 | 49,0 | 52,5 | 59,0 | 350 | 43,5
Video 56,0 | 48,0 | 52,0 570 | 300 | 39,5 | 58,0 | 43,0 | 49,5 | 540 | 310 | 39,5
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conTagger Simple NER Wiki Machine Spotlight

R P F1 R P F1 R P F1 R P F1
Authoritative 60,0 | 545 | 570 | 52,0 | 46,0 | 490 | 595 | 56" 50,0 | 44,0 | 47,0
Tags 71,0 | 69,5 | 70,0 61,0 | 600 | 605 | 4/ \(\5,&0 | \\a(\o\' 60,0 | 59,0 | 59,5
ASR 550 | 61,0 | 58,0 | 565 | 380 | 45. <" 0 oW 56,0 | 340 | 42,5
OCR 56,0 | 24,0 | 34,0 | 440 | 17,5 | 25,0 (;\3“ o 210 | 470 | 180 | 26,0
Segments 540 | 58,0 | 56,0 | 57,0 | 39,0 | 46,5 490 | 525 | 59,0 | 350 | 43,5
Video 56,0 | 48,0 | 52,0| 570 | 30,0 | 395 | 58,0 | 430 | 49,5 | 540 | 31,0 | 39,5

Nadine Steinmetz - Semantic Multimedia Information Retrieval Using Contextual Descriptions, ESWC 2013, 30-05-2013




Hasso

Plattner
Evaluation Results Institut
conTagger Simple NER Wiki Machine Spotlight

R P F1 R P F1 R P F1 R P F1
Authoritative 60,0 | 545 | 570 | 52,0 | 46,0 | 490 | 59,5 | 56,5 | 58,0 50,0 | 44,0 | 47,0
Tags 71,0 | 69,5 | 70,0 | 61,0 60,0 60,5 440 | 62,0 | 51,5 60,0 | 59,0 | 59,5
ASR 550 | 61,0 | 58,0 | 565 | 380 | 455 | 61,5 | 50,0 | 550 | 56,0 | 34,0 | 42,5
OCR 56,0 | 24,0 | 34,0 | 440 17,5 25,0 24,5 | 180 | 21,0 | 47,0 | 180 | 26,0
Segments 54,0 | 58,0 | 56,0 | 570 | 390 | 46,5 | 570 | 49,0 | 52,5 | 59,0 | 350 | 43,5
Video 56,0 | 48,0 | 52,0 | 570 | 300 | 39,5 | 58,0 | 43,0 | 49,5 | 540 | 310 | 395
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conTagger Simple NER Wiki Machine Spotlight

p R P F1 R P | F1 | R P | F1

Authoritative | 60,0 | 54,5 | 52,0 | 460 | 490 | 59,5 | 56,5 | 58,0 | 50,0 | 440 | 47.0

Tags 71,0 | 69,5 | 610 | 600 | 605 | 440 | 62,0 | 515 | 60,0 | 59,0 | 59,5

ASR ' 550 | 61,0 | 5655 | 380 | 455 | 61,5| 50,0 | 550 | 56,0 | 340 | 42,5

OCR | 56,0 | 24,0 44,0 | 175 | 250 | 245 | 180 | 21,0 | 47,0 | 180 | 26,0

Segments | 540 | 58,0 57,0 | 390 | 465 | 57.0 | 49,0 | 52,5 | 59,0 | 350 | 435

Video 6.0 | 57,0 | 300 | 395 | 58,0 | 430 | 495 | 540 | 31,0 | 395
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Further Evaluation Findings -
Dynamic Context Creation

computer dbp:Computer

confidence: 0.46

disambiguation score: 1.0

machine

CONTEXT

Dynamic Context Generation

Source Confidence Disambiguation Score

ASR 0,7 0,2

OCR 0,7 0,2

Authoritative 0,25 0,0

Tags 0,4 0,0
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Further Evaluation Findings -

Context Boundaries

Context Boundary

ASR

OCR
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__content-based
segments

Tags

Recall

Precision

Recall

Precision

Recall

Precision

55,0

segment-based

61,0

56,0

24,0

71,0

69,5

video-based 53,0
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1. Motivation - Semantic Search on Videos

2. Challenges of Video Metadata
3. Contextual Model

4. Evaluation

5. Outlook
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Contributions

* Semantic analysis of videos exploiting metadata extracted from
various sources
* [ntroduction of contextual descriptions model:
» scoring of video metadata
» order metadata items for subsequent disambiguation
* Evaluation on video dataset
» improve precision and/or recall especially on text from sources with

low confidence
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Ongoing & Future Work

* Weighting of single confidence value parts for total calculation
* Additional confidence ,scorers™
* Negative context scoring

» Penalties for links to negative context entities

» comprehension of topic clusters

* Use of different knowledge bases - DBpedia, GND, etc.

* Comprehension of User context

Context Matters
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Thank you for

your abtention!

Contact:

Nadine Steinmetz

Hasso-Plattner-Institut fir Softwaresystemtechnik
Universitat Potsdam

Prof.-Dr.-Helmert-5tr. 2-3

D-14482 Potsdam

E-Mail: nadine.steinmetz@hpi.uni-potsdam.de
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