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

Mihai Datcu
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Remote Sensing

i DLR

: telecommunications, geosciences, bio-
medicine, multimdeia, social and economic sciences, etc.

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

Statistical modeling: discover in observed data. The
more regularities are found in the data, the more data can be

. Finding regularities in the data means nothing else but
to about the data.

between

, 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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A Mathemaﬁcal Theory of Commumcatxon
By c. E zsmmuon

IN’I‘RODUCTION

\HE rcccnt dcvelopment of vanous methods of modulauon such as PCM
~and PPM. which. exchange bandwzdth for slgnal-to-nonsc ratio has in-
tensified the interest.in a: general thcory of corimunication. A basis for

~sucha thcory is contamcd in the important'papers of Nyquist! and Hartley?
“on this subject.. In the present paper we will extend the theory to include a

number of new factors, in part:cular the cﬂ'ect of noise-in the channel, and
the savings possible due to the statistical structure of the original message
and due to the nature: of the final destmauon of the information, ”
The fundamental .problem”of communication’ i that of reproducing at
one point either cxactiy or approxunately a msagc sclected at another

point.. Frequently the messa.gcs have sieaning; that is they refer to or are

correlated accordmg 1o some systcm with certam physical or conceptual

_cnt:t:es. "These semantic aspects of ‘commimication’ are irrelevant to the

engincering problem. The. szgmﬁcant aspect is that the actual message is
one selecled from a sel of possﬂ)le messages.  The system must be designed

- to operate for each posszblc selection,. not just the one which will actually

be chosen since this is unknown at the time of design.
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INFORMATION.

SOURCE TRANSMITTER RECEIVER DESTINATION
b — > -
SIGNAL RECEIVED
) : SIGNAL
ME SSAGE A ME SSAGE
NOISE -
SOURCE

Fig. 1—-Schematic diagr:i:m of a gencral communication system.
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i DLR

3. THE SERIES OF APPROX.IMA'I‘IONS TO ENcusu

To give a vxsual xdea of hiow. lhls series of processes approachcs a language,
typical sequcnccs in thc approximations to English have been constructed
and are given below. - In all cases we have assumed a 27-symbol “‘alphabet,”
the 26 letters and a space.

1. Zero-order. approxlmatlon (symbols independent and equi-probable).
XTOML. RXKHRIFFJUJ ZLPWCFWKCY]
FFJEYVKCQSGXYD QPAAMKBZAACIBZLH]JQD

2. First-order approxlmatlon (symbols independent but with frequencies

- of English- text) .
OCRO HLI RGWR NMIELWIS EU LL NBNESEBYA TH EEI
ALHENHTTPA OOBTTVA NAH BRL
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3. Sccond-order'a'pr‘)roxin‘lation (digram structure as in English).
‘ON IE ANTSQUTINYS ARE T INCTORE ST BE S DEAMY

ACHIN D ILONASIVE TUCOOWE AT TEASONARE FUSO
TIZIN ANDY TOBE SEACE CTISBE

4. Third-order ap}irokimation (trigram structure as in Lnglish),
IN NO IST LAT WHEY CRATICT FROURE BIRS GROCID

PONDENOME OF DEMONSTURES OF THE REPTAGIN IS
REGOACTIONA OF CRE
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McKay's dasher
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Graphical Definition of a GRF

2 Parame- | !
X31 ters % ielz 011 |9 5912 0, 6y 6y

2 b ; _ O ooo
X5y || Xy || XKap || Xy || Xgy | Vo™ | mEm efe
Cliques I:I;D oo I:I§|:| 00 g O
X43 X22 . X291 X4’2 | ;|:| :|:| oo
X42 X21 . X;z X43 Potential v‘;éva;l V‘;Evagl vt vy
2 2

X X ] X0
2
b
X1 || K1 [ Xy || Xy || Xs, Energy H 28

p(zs|0zs,0) = Zis exp (—H(zg,0s; 8))
6= (90791119127 921’ 922 ’ 9317 9321 .. )
N Ny e e

1st order 2nd order 3rd order

Remote Sensing Technology Inst
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Gauss-Markov Random Fields (GMRF)

Definition:
. (@5 — D Outles + o))
Probability density function p(zs|dzg;8) = —=exp | — k
2mo? 202
Synthesis:

2nd order 2nd order 2nd order 3rd order

6 = (0.5,0,0,0) 6 = (0,0.5,0,0) 6 =(-0.2,0.1,—-0.15,0.15) 8 = (0.2,0.2,0.1,—0.1,0.1, —0.1)
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Parameter Estimation
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Onginal

Coded Image

Vector
data *  Quantization

Coding
Coded
data

Ccv:iixrg

—

Coding Coded
symbol ’ data
\
\I I’
|
lossless
Lo .
5
L
B |
| I )] |
Q.00 F'I !h |K| .NJ‘L .JII'L "1.‘. ’1
'-‘-S-::.-J:-::al in :-.:atc'-'\;‘g):h- .

(b) Class probability p(w
of the coded image
with index class
in ascending order
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Interactive, user adapted, EO data content access

Mine Fields (Daedalus)

3 H - e oem o Access to:
@ [ swore || pmatee | . .
: B information

knowledge
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= [?rr"f—-—*vz. s L S ] [t et e Wh—'f:' e —

Jegt-ees o-F belie £ by Froba.Bflnf‘:

O < P o= o-F'A:_.se- [ = -rnus'

Pr(xX) + P (X) =
Pr(A,8) = Pr(A Pr(B]A)

Sum 2 product rules

I x

R;:g\)e's Pla.usnble, — o};eyeal b/ yr-a?arl.—ions,

Cox ' san:l‘y ohec)cs

@ g ie;':‘;ei LA i);a"ﬁ } => A believed migice Ehan G,
elieve more . an : o :

(€D) Knowledge of X == Knowledge of =2 a5
©) Know)ea(ge_ of A : '@ Know,e:alge 3 AR
_ Kniowle o’qe - of B )R‘ of (A, 3) 5
: A A

oR G—a?i"’el’é's NRND - s?nip)i‘F}Ca.l:'ian

- Knowledﬂe, of ﬂ : o Knawlédge
- Kuowled.,e , cF 319 . of . AT B

® ®

S s S

Remote Sensing Technolog
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= dakta

I = currenk

:"‘rﬁ;de,l > informa tion

> Pr(B)
Prior x Likelihood =
Inputs S =

Pr(D])O) - —-’ir‘i\'i’r (p,o) =

P (D) P (S1lD)
Evidence,_ x Posterior

Joink =
. Oukputs

=‘>

- - -

[<¢

Stact with Pri-or'

ﬁccyuire like i hood
Multiply into joink
Tnbkegrate for evidence

D i\);#e for posterior

aill gl

Tj}!}: ,E. s

.\B a}z 9',,5"’ Th eorem i

' (a,cbua”)/ jus!: Praducb' rul&)

Pr (9) - Youfr guesc’
Je [D’9> <— your datba
YI“(D‘, e <— product rule P-(9)? (T
Pr CD) <= sum fule frr(,9) 4
Pr(o] DD <— poduct rule p-(p, 8
Pe(x




EDLR 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

o ————

- Evaluation on algorithm libraries and sensor data sets:

» GMREF algorithm
» Dyadic K-means

» Evaluation of the optimal size of the analyzing window for Landsat and
Daedalus data

Remote Sensing Techn
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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)

For analyzing window of
size 60 (right-plot)

DISTORTION

2
©
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&0 80 100 120 140
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E DLR Results

DISTORTION

 Results for

assessment of ol ]
non-stationarity [ :
data:

4 La n d S at : ANALIZING WINDOW'S SIZE
data set b
(W =30)

4 Daedalus
data set " vunsemorcuvsress
(Wp=20)

Where W is the

estimated optimal
size of the : :
analyzing window =1 E

ANALIZING WINDOW'"S SIZE

NUMBER OF CLUSTERS
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f~S‘ ELECT aN

*Focu;

2 o-F Baye.s ian

"I : va.r'na—bles are e
well as B -
=k - > S 5 . »
Determine joinbt pd€ of everything  then m arginalise.
Pr(H) Pr (o)1) : - (D 1o, HD P-(o,H, D)
x : : = 8 A
Priors : Likelihood jonnAL'"
D) . S / pc (H )1D)
i P (D - and Pr(o,H | D) _
Evidence - 2 = _Pr[Q)D)
s o)

SlMl'df to

EwunVa’enHy,
H in burn,

P
o
o
[e]
=
L=
o
-
(o}
=
[(72]
=
[«})
(7))
(]
e
o
5
(172

ordn\ary

can accumu lale

_l:kevt

Posteriors
@,H) replace s C"'y).
for

;nference ye
res ulls each

comb:ne. N




EDLR MORE ON MODEL SELECTION

Order of interaction
I

Type of interaction

Meeal FPrbahiftias f twa Taccums (1 avwal 1, Vatica Detad)
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kqn, Aroo S .

i nced_ assi 9 nrmen E r ) =
: ' - B |
chl'd- alre ‘{ nr":fl'l“ef,y fraclion P+ 2 —
L . easterly frackion P,
Max Ent solubion is
&
Ziz2 | Z=

and this .‘Facf”or‘ireg s M ' = de3 o]
A 2

with { ');-_or'l'k/sou_l-'la . et independent of longrtude
: «g‘ask Swesk ralios independewlt o | abstide

'Grenera"\', . Tl Enk => "sysltem independence
7z ' y : 5 Cdesir‘ab/e)

BuF also  (Shoce » Dohmson, Gull = Skilling)
_l’l‘o\;(l?'_n.lré 57sl—'em inalepenaleﬂoe

So Masx bnl  un iq',uely favouced a&s ctssigqnment

P 103 P q.’so | ap pears : in Com);?nall’ar;‘c:,
_Shannen inforwmatbtion, — — . It's Fundamentba
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MaxEnt image enhancement
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Méthodes entropiques

Divergence of Kullback-Leibler

p(x)
D(p,q)= jp(x) log - g(x dx ,

)

> Akaike Information Criteria
» minCross Entropy

Code lenghts of Shannon

Le(xm")=-2 p(x;)logp(x;) ,
X
» Minimum Description Length (MDL)
- la complexité stochastique
- ou la longueur de description en 2-parties
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# I1.2 L’apprentissage bay ésien
DLR

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

K (x ") =longueur minimal du programme a décoder par une machine
pour reproduire la série x

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

Relations entre les méthodes entropiques et bayésiennes.

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

MDL avec
-Complexite stochastique < ¢évidence bayésienne
-Longueur de description en 2 parties = ¢vidence bayésienne

3) MDL idéal avec longueur de description en 2 parties # évidence bayésienne

Remote Sensing Te

25



i DLR

Problem formulation:

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

X 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| X

> |— posterior probabilities of signal classes given a certain image from the archive

=< 3n < | — prior probabilities for signal classes and images

Remote Sensing Techn
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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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DLR 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.

~ ~

min I(X,X) - BI(X,Y)

p(Z|z)
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Information Bottleneck can be viewed as a Rate-Distortion
problem based on KL divergence:

min 1(Z,2) - BE, ; |d(Z, Z)
Zs,p(2|2)

_ . Oop( y )
_Zpyl o8 Ly %)
)

: _ (
p(Z | Z) T 6)

N(z,p8) = Zp —Fd(z%)

o—Bd(2,%)

Remote Sensing Technolo
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CONCEPT DE COMMUNICATION AVANCE

Extraction de Représentation
I'information 4 " sémantique

Inférence du modéle de signal Inférence du modéle
objectif d ’information subjectif

! !
G wiies  omaesanimons

Modélisation Modélisation de la conjecture
du signal utilisateur
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i DLR

CONCEPT DE COMMUNICATION AVANCE

Extraction de Représentation
I'information 4 " sémantique

Inférence du modéle de signal Inférence du modéle
objectif d ’information subjectif

! !
G wiies  omaesanimons

Modélisation Modélisation de la conjecture
du signal utilisateur

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

D € level 0 f € level 1,2 w; € level 3 A, € level 4
image data image and meta features image classification/segmentation yger-specific semantics

w
B sp, 1 INVENTORY
fsp,S :s...-\' fsp,3 Wsp,2
un- supervised

Wsp.3 Wsp,1 Wtx, 1 mountains
o | otiee L Sp, p, ’ P
=#— Tclusterin 7‘ Wsp, 4 Wsp,1 Wtx,2

drainage areas

parameter fsp,7 fep,7 . Wsp,1 Wtx,3
estimation Wsp,2 Wtx, 1 SNLOW

Wsp,2 Wtx,2 .
fex,1 * Wsp, 1 : : 1ce
: Wsp. 2 : X
un- supervised SP,
* ~Clustering ¢1‘ Wsp,3 fields
Wsp,4
Stx,2 :p, p(wl ‘ AV)

Hierarchy of Information Representation “4»



EDLR Spatio-temporal data modelling

| 1 ] |
p(D[6,M, P(O|Y . My) | | p(Y|C, My)| | P(CIGk,M;) p(Gk| A, ,M; )

SEMANTIQUES

Moisson de blé
. Croissance du blé
, FloraisonColza
EvolutionForéts
Nuages et ombres

Cycle des algues
Avions
Constructions
‘
2 ‘ d
&
ke o ;
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E DLR Coding

Image space | Class space ® Semantic label space L

[, o, O, L

I o, O, L,

[, ®, O, L,

[, W, O, L,

[. O, O, .

I, L

: p|I) p(®]L)

Remote Sensing Technology Institute
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MDL used to code object dynamic: spatio-temporal clustering

» Graph of trajectories

Noeud

- pour n'importe quel cluster MT :
- parametres du cluster TL
- classeTL

| Mélange de gaussiennes TL - par cluster MT associeé :

\ - la divergence
- la surface de recouvrement

Arc

- pour n'importe quel cluster MT :
- intervalle de temps
- évolution du cluster TL

- par cluster MT associé :
- le flux de pixels
- linformation mutuelle
- fusion & scission
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EDLR Clustering and coding

Image space | Class space ® Semantic label space L

[, o, O, L

[, W, O, L,

[, ®, O, L,

[, W, O, L,

[ W5 Oy .

I, L

: p|I) p(®]L)
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EDLR DIRICHLET MODEL

« after Vi instances the likelihood is

p(T6) - p(8)

p8|T) =
( p(T)
_ ['(r+ N) e
LTI+~
= Dir(@|1 + Ny,..., 1+ N,)

;
o
o
o
=
L
o
'—
(o}
=
(72}
=
[}
(72}
[}
-
o
5
(172




EDLR DIRICHLET MODEL

- after a new training data set

p(T"10,T) p(8]T)
p(T",T)

= Dir(@|ay + Ny,...,a, + N))

p(OIT",T)

v
plwi|A,, T) = —

¥
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Semantic coding: 3

* ok K

*
*
*
* *
*
L
K *
* X %y
#*i*‘
'R
E
*ox
¥ ox %
* *
*
* ** *
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>

time

=On définit une transformation composée d’opérations élémentaires

f:v0 o vkh=yk U
de colit égale a une somme pondérée de colit partiels relatifs aux similarités entre les
différents attributs de graphes (différence, divergence de Kullback-Leibler) :

= Apprentissage interactif de la distribution p(® | T )
a priori conjugué de Dirichlet : p(o)

p(o|TM) = = Dir(o|1+N,D, ... J1+N D).

Remote Sensing Technola
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Advanced communication

Image Cluster Semantic
{ 5,} Model labels

—plt1w)
/

CITY

VILAGE

ROAD

RIVER

>
/ FOREST
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i DLR

Controlling the semantics

> Problem Signal classes

In the system there may be
labels

with different names
and

with the same information content

(the same meaning)

Table LABEL from DataBase

Remote Sensing Technology Ins
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»Solution : similarity measure , Kullback-Leibler divergence

P\w; |L1)= pl(wi |Ll)*p2(wj |L1J
Q(wzj |L2)= %(wi |L2)*Q2(wj |L2)

»Example

,
# Z
for two classfiles
1 2
4 5
7

The initial label

The labels from datab ase for the
same classfiles

8 9

After Kullback-Leibler procedure the sorted labels listis :2,1,6,4,5,9,7,8.3

Remote Sensing Technology Ins




Remote Sensing Technology Institut:

DLR

Applications

Target discover and
analysis
FGAN PoISAR

Mapping by fusion of SRTM
DEM and SAR image

B dense urbanized
medium urbanized
] light urbanized

I forest

agricultural

[ | water
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Target analys

DLR

Image n®
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