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Media semantic content extraction: the perspectives

Prof. Mihai Datcu
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The Data

Video frames 
(Run, Lola, Run)

Photos and hand-
drawn images 
(Corel)

Books

Infrared images 
of fawns (DLR)

Tomography

Maps

Genome

Seismic
records Satellite 

images

http://www.liberliber.it/home/index.php
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Past years: Meta-data based file access

The data archive
The meta - data

The data
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WWW
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Scene

Sensor

Data, Content and Knowledge
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Scene

Sensor

Image

Data, Content and Knowledge
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Scene

Sensor

Image

Users

How EO is working ?

Data

Data, Content and Knowledge
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Scene

Sensor

Image

Users

Knowledge

Data

Data, Content and Knowledge
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 Roots of understanding

 Content => semantic => ontology

 Grand challenge – interoperability of semantics

 Communication between machines vs communication between 
individuals

 Syntactic metadata vs Semantic metadata vs semiotic metadata 
(Umberto Ecco)

 Semiotics 

Understanding and semantics
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Semantic compositionality: the meaning of a hole is a function of 

the meanings of  its parts and their mode of syntactic combination

installation car tree hause

factory residence

City
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Symbolic synonymy
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Symbolic synonymy
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Symbolic synonymy
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Data Mining

• 1974 at the Office of Naval Research

• a boiler explosion on a distroyer

• the boiler was the problem for other accidents

• data/information existed, but was ignored

• no tools to find patterns

• R&D program to discover such problems



C
o

m
p

et
en

ce
 C

en
tr

e 
o

n
 In

fo
rm

at
io

n
 E

xt
ra

ct
io

n
 

an
d

 Im
ag

e 
U

n
d

er
st

an
d

in
g 

fo
r 

Ea
rt

h
 O

b
se

rv
at

io
n

What is data mining? 

Data created by people

 A process of sorting through a large amount of data and picking out 
relevant information.

 Data => information => knowledge => actionable intelligence 
(understanding)

Data Mining
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What is information mining? 

Data created by sensor

 Data understanding from Observation: A contextual approach 
• Creation of contextual understanding from data.
• Sensor Data => models working on data create information 

(content) => contextual knowledge about geopolitical and 
socioeconomic factors => actionable intelligence  at the local level 
(understanding)

 How does data mining build knowledge?
Memory, communication, pattern recognition

 Challenge is to understand data and to have all data accessible
Issues – formats, etc.

Data Mining
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Features

Information must be obtained from the data

Databases and search engines were not designed to

provide contents

Visualization is very important

HMI are crucial

Words – signals – semantics

Visual – perception – cognition

Memory – latency – knowledge - relevance
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Archives and Libraries

 Archive: a long-term storage area, place or collection containing records, 

documents, or other materials of historical interest (that’s passive and static!)

 Library: a depository built to contain books and other materials for reading 

and study (that’s active and dynamic!)

What makes the difference?

 Library has:

 A catalogue (better then archives): indexing books based on multiple 

criteria, e.g. author, title, keywords, domains (ontology!)...

 A librarian: one who has the care of a library and its contents, selecting

the books, documents and non-book materials which comprise its 

collection, and providing information and loan services to meet the needs 

of its users
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Searching Libraries

 Use the catalogue: select indexes and search the books. Next, read them.

 Walk trough the library: browse till you get interested...

 A friend told me...: go to the material using prior information

 Ask the librarian: the ideal librarian, he

 reads all the incoming books

 interprets contents

 associate with other information

 creates categories

 understand the inquiry

 dialogues

 comments,  and 

 suggest ... 
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Knowledge based Image Information Mining TSX Ground Segment Systems

Integrated in operational environments 

Image Information Mining (IIM) 

technologies for enhanced information 

content extraction from EO image 

archives. Operate the new functionalities 

in the TerraSAR-X Payload GS.

Method: Interface of DIMS and KIM 

systems. Extend the DIMS product 

catalogue with the semantic and image 

feature  catalogues of KIM. Provide IIM 

functions. 

Applications: 

• concurrent queries of DIMS and KIM 

catalogue

• interactive selection of EO products 

information content

• IIM functions (explore, semantic 

annotation, detection-discovery, etc.)

• new generations of GS systems

Envisaged missions:

• TerraSAR-X, TanDEM-X 

• SRTM 

• MERIS 

• GMES 

DIMS

KIM

Services 

(SSE)

Data

(EOWEB)

Information

(KIM)
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KIM CONCEPT: SIMPLE
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Mine Fields

Today: Interactive, user adapted, EO data content access

Suggest data

Help to image classification

Knowledge share

Help to image understanding

Access to:

information

knowledge
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Advances in Image and Heterogeneous Data Mining

The Image Librarian



C
o

m
p

et
en

ce
 C

en
tr

e 
o

n
 In

fo
rm

at
io

n
 E

xt
ra

ct
io

n
 

an
d

 Im
ag

e 
U

n
d

er
st

an
d

in
g 

fo
r 

Ea
rt

h
 O

b
se

rv
at

io
n

27

Scene

Sensor

Image

Users

Knowledge

Data

Data, Content and Knowledge
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 An observation, strictly, is only a sensation. …  But as soon as we go beyond 
sensations we are making inferences. (Jeffreys)

Rationale
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@image{filename [ width [ height [ alttext [ extension]]]]}

What is image ?
Data Structure



C
o

m
p

et
en

ce
 C

en
tr

e 
o

n
 In

fo
rm

at
io

n
 E

xt
ra

ct
io

n
 

an
d

 Im
ag

e 
U

n
d

er
st

an
d

in
g 

fo
r 

Ea
rt

h
 O

b
se

rv
at

io
n

30

@image{filename [ width [ height [ alttext [ extension]]]]}

What is image ?
Data Structure

Signs & Symbols
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@image{filename [ width [ height [ alttext [ extension]]]]}

What is image ?
Data Structure

Signs & Symbols

Image
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@image{filename [ width [ height [ alttext [ extension]]]]}

What is image ?
Data Structure

Signs & Symbols

Signal

Image
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 An observation, strictly, is only a sensation. …  But as soon as we go beyond 
sensations we are making inferences. (Jeffreys)

 Signals, signs, symbols: images are messages

Rationale
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Scene meaning inferred from images
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Scene meaning inferred from images

Jail
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Scene meaning inferred from images

Villas
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 An observation, strictly, is only a sensation. …  But as soon as we go beyond 
sensations we are making inferences. (Jeffreys)

 Signals, signs, symbols: images are messages

 Meaning depends on components

Rationale



C
o

m
p

et
en

ce
 C

en
tr

e 
o

n
 In

fo
rm

at
io

n
 E

xt
ra

ct
io

n
 

an
d

 Im
ag

e 
U

n
d

er
st

an
d

in
g 

fo
r 

Ea
rt

h
 O

b
se

rv
at

io
n

38

Scene meaning inferred from images

Buildings
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Scene meaning inferred from images

Agriculture Fields
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 An observation, strictly, is only a sensation. …  But as soon as we go beyond 
sensations we are making inferences. (Jeffreys)

 Signals, signs, symbols: images are messages

 Meaning depends on components

 Meaning depends on spatial context

Rationale
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Scene meaning inferred from images

Circular Forest

Landsat 30 m resolution
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Scene meaning inferred from images

Nuclear Facility

0.6  resolution
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 An observation, strictly, is only a sensation. …  But as soon as we go beyond 
sensations we are making inferences. (Jeffreys)

 Signals, signs, symbols: images are messages

 Meaning depends on components

 Meaning depends on spatial context

 Meaning depends on resolution

Rationale
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Scene meaning inferred from images
Winter Landscape: Pine
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Scene meaning inferred from images
Winter Landscape: Oak

Tree

Shadow

Image geometry context 
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 An observation, strictly, is only a sensation. …  But as soon as we go beyond 
sensations we are making inferences. (Jeffreys)

 Signals, signs, symbols: images are messages

 Meaning depends on components

 Meaning depends on spatial context

 Meaning depends on resolution

 Meaning depends on imaging geometry

Rationale
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Amplitude

Phase

Real channel

Imaginary channel

Scene meaning inferred from images

E-SAR X band, Dresden

Building: aggregation of signal components
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Scene meaning inferred from images

Building: aggregation of image components
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 An observation, strictly, is only a sensation. …  But as soon as we go beyond 
sensations we are making inferences. (Jeffreys)

 Signals, signs, symbols: images are messages

 Meaning depends on components

 Meaning depends on spatial context

 Meaning depends on resolution

 Meaning depends on imaging geometry

 Meaning depends on perceptual context

 Meaning depends on temporal context

 Meaning depends on signal components

Rationale
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Semantic compositionality: the meaning of a hole is a function of the 

meanings of  its parts and their mode of syntactic combination

BMW car tree hause

factory residence

City
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Image Semantics Generative Model

D, θ images 

C signal calsses

Λ signal categories

U semantics
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The syntax

Semantic compositionality: the meaning of a hole is a function of 

the meanings of  its parts and their mode of syntactic combination

PERFECT PRESENT



C
o

m
p

et
en

ce
 C

en
tr

e 
o

n
 In

fo
rm

at
io

n
 E

xt
ra

ct
io

n
 

an
d

 Im
ag

e 
U

n
d

er
st

an
d

in
g 

fo
r 

Ea
rt

h
 O

b
se

rv
at

io
n

53

KIM hierarchical information representation: coding



C
o

m
p

et
en

ce
 C

en
tr

e 
o

n
 In

fo
rm

at
io

n
 E

xt
ra

ct
io

n
 

an
d

 Im
ag

e 
U

n
d

er
st

an
d

in
g 

fo
r 

Ea
rt

h
 O

b
se

rv
at

io
n

54

CONCEPT DE COMMUNICATION AVANCE

Inférence du modèle de signal 

objectif

Modélisation 

du signal

Modèles 

déterministes

Modèles 

stochastiques

Modélisation de la conjecture 

utilisateur

Modèles 

sémantiques

Modèles 

syntaxiques

Inférence du modèle 

d ’information subjectif

Source

d’information
Utilisateurs

Extraction de 

l’information

Représentation 

sémantique

The principle of semantic compositionality:

the meaning of a whole is a function of the meanings of its parts and 

their mode of syntactic combination
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Coding
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Coding and Data Bases

the structure of an indexed data-base and how the search 

engine uses this structure to find similar objects
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TerraSAR-X: Urban analysis
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Oil storage tanks, Singapore
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TerraSAR-X: Ship Recognition
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TerraSAR-X: Moving Target analysis
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