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Information Theory based Inference:
applications to image mining and semantic coding

Mihai Datcu
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Stochastic modelling: telecommunications, geosciences, bio-
medicine, multimdeia, social and economic sciences, etc.

Image information: acquisition, processing, visualization, and
analysis of spatial information. Thus modelling and understanding.

Statistical modeling:  discover regularities in observed data. The
more regularities are found in the data, the more data can be
compressed. Finding regularities in the data means nothing else but
to learn about the data.

Links between stochastic modelling, information theory, and machine
learning, provided new basic theories for information processing and
understanding.
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TOPICS

applications and extensions of Rate-Distortion theory
the methods of information bottleneck
MDL and related methods
information and complexity based estimation and  inference

image understanding
image semantic coding
image indexing and information mining
search engines in large (satellite) image archives
picture archiving and communication systems (PACS)
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McKay´s dasher
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Questions: How to define and how to describe a texture?
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Graphical Definition of a GRF
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Gauss-Markov Random Fields (GMRF)
Definition:

Synthesis:

Probability density function

2nd order 2nd order 2nd order 3rd order
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Parameter Estimation
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Coding

Coded Image



Re
m

ot
e 

Se
ns

in
g 

Te
ch

no
lo

gy
 In

st
itu

te

Mine Fields (Daedalus)

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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Jhon SkillingJohn Skilling



Re
m

ot
e 

Se
ns

in
g 

Te
ch

no
lo

gy
 In

st
itu

te

John Skilling
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Theoretical Premises

• Rate Distortion Based Analysis of Image Parameters Estimation for Information
Mining

– Parameter estimation and theoretical accuracy bound: Cramer/Rao

– Elements of R/D theory

where          is the squared error distortion

– Evaluation on algorithm libraries and sensor data sets:
» GMRF algorithm
» Dyadic K-means
» Evaluation of the optimal size of the analyzing window for Landsat and

Daedalus data

!
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Concept

• R/D based concept for
evaluation of data models
and estimation algorithms:

4 Theoretical behavior for
homogeneous texture
(Brodatz data set)

• Visualization in the feature
space of one sample image of
the dataset :

4 For analyzing window of
size 10 (left-plot)

4 For analyzing window of
size 60 (right-plot)
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Results

• Results for
assessment of
non-stationarity
data:

4 Landsat
data set
(WL=30)

4 Daedalus
data set
(WD=20)

Where W is the
estimated optimal
size of the
analyzing window
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John Skilling
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MORE ON MODEL SELECTION
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John Skilling
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MaxEnt image enhancement
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Divergence of Kullback-Leibler

D( p, q ) =    p( x ) log           dx  ,∫
p( x )
_____                              - - - - - - - - - - - - - - - - - - - -
- -

q( x
)

24

Méthodes entropiques

 Akaike Information Criteria
 minCross Entropy

Σ
xi

 Minimum Description Length (MDL)
  - la complexité stochastique
  - ou la longueur de description en 2-parties

         Code lenghts of Shannon

Lс ( x n  ) = -      p( xi ) log p( xi )  ,
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II.2 L’apprentissage bayésien

25

 le principe MDL idéal avec une longueur de description en 2-parties

 la complexité algorithmique de Kolmogorov (régularité d’une série particulière).

 K ( x n ) = longueur minimal du programme à décoder par une machine 
 pour reproduire la série x n .

   Relations entre les méthodes entropiques et bayésiennes.

Divergence de Kullback-Leibler : extraction d’information a posteriori à partir d’a
priori

MDL avec
-Complexité stochastique   évidence bayésienne

     -Longueur de description en 2 parties  ≈  évidence bayésienne

3)  MDL idéal avec longueur de description en 2 parties ≠ évidence bayésienne
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Problem formulation:

“Suppose source information yields a magnitude X and we are required to code the information
obtained with precision     .”

       - entropy                the amount of mutual information of the magnitude X and another signal
X’ such that their joint probability density function is restricted to a certain family depending on the
parameter       .

posterior probabilities of signal classes  given a certain image  from the archive
an
d

 

prior probabilities for signal classes and images
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Rate distortion theory

Continuous source output coding -> compression
(quantization) ->loss of information.

A finite set of codewords must be chosen to approximate the
numbers of source symbols as well as possible.

Rate distortion function (R(D)) gives the minimum set of
codewords for a given distortion.
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Image complexity
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INFORMATION BOTTLENECK PRINCIPLE

- emerged from Rate-Distortion theory.

- a formalism to express the trade-off between
compression (short summary) and the relevant
information contained in the summary.



Re
m

ot
e 

Se
ns

in
g 

Te
ch

no
lo

gy
 In

st
itu

te

Information Bottleneck can be viewed as a Rate-Distortion
problem based on KL divergence:
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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
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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

An observation, strictly, is only a sensation. …  But as soon as we go beyond
sensations we are making inferences. Jeffreys
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Spatial data modelling

 Hierarchy of Information Representation 

un- supervised
clustering

un- supervised
clustering
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Spatio-temporal data modelling
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Coding
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 Dynamic classification

MDL used to code object dynamic: spatio-temporal clustering

 Graph of trajectories
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Clustering and coding
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DIRICHLET MODEL

• after Ni instances the likelihood is
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DIRICHLET MODEL

• after a new training data set
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Semantic coding: 3
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time

G0 GK

λi

On définit une transformation composée d’opérations élémentaires
 f : ν0 → νkλ = νk U λ

de coût égale à une somme pondérée de coût partiels relatifs aux similarités entre les
différents attributs de graphes (différence, divergence de Kullback-Leibler) :

Apprentissage interactif de la distribution p(ω | T )

a priori conjugué de Dirichlet : p(ω)

 p(ω|T(1)) =                                = Dir(ω|1+N1
(1),   …  ,1+Nr

(1)).
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CITY

VILAGE

ROAD

.

.

.

RIVER

FOREST

Ik ωj       
Model

1

Image
s

Cluster
s

Semantic

labels

ωk       
Model 2

p(ω | I ) p(L | ω )

Advanced communication
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In the system there may be

labels

with different names

and

with the same information content

(the same meaning)

Controlling the semantics

Problem Signal classes
Labels

L1
)|( 111 Lp !

)|( 112 Lp !

)|( 2Lp ij!

11
!

12
!

ij
!

L2

)|( 211 Lp !

)|( 212 Lp !

)|( 1Lp ij!

Table LABEL from DataBase

.

.

.

.
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Solution : similarity measure , Kullback-Leibler  divergence
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Example

987

654

321

The initial label

for two classfiles

The labels from database for the
same classfiles

After Kullback-Leibler procedure the sorted labels list is  : 2, 1, 6, 4, 5, 9, 7, 8. 3
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Target discover and
analysis

FGAN PolSAR

dense urbanized
medium urbanized
light urbanized
forest
agricultural
water

Mapping by fusion of SRTM
DEM and SAR image

Applications
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Target analysis


