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Structural methods for image and vi

Graphs : A powerful representation tool ...

m Topology
Nodes = primitives, elements, parts

Edges = relations

m Attributes
Statistical : observations, distributions, ...

Geometrical : metrics (distances, angles, similarities)

Positions : absolutes or relatives
Visual features : discriminative elements

m Trying to ensure
Stability (invariance)
Tolerance : noises, variations

Classes discrimination

m But

Symbolic VS numerical
Discretisation
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What is a structural representation?
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Introduction o o e'o
Terminology and notation
99

Definition and notation of a graph:

Definition
Let Ly and Lg denote the set of node and edge labels, respectively.
A labeled graph G is a 4-tuple G = (V, E, u, €) , where

@ V is the set of nodes,
@ EC V x V is the set of edges

@ i :V — Ly is a function assigning labels to the nodes, and

@ £: E — Lg is a function assigning labels to the edges.

o Let Gy = (W1, E1, p1,&1) be the source graph
e And G = (Vo, Ep, u2,£2) the target graph
e With Vi = (u1,...,up) and Vo = (vq, ..., viy) respectively
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Adjacency matrix

. 01000010
10100000

7 01010001
verticesioles 00101101
T 00010100
00011010

10000101

00110010

Undirected Graph G(V, E)
sub-matrix of A = a subgraph of G
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Degree matrix
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Normalized Adjacency matrix A = D'A is a stochastic ma-
trix (each row sums to one)
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EXTRACTION OF STRUCTURAL

PRIMITIVES INSIDE IMAGES
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Structural representations

From pixels to EoC

m Elementary  Element of  Content
constituting an image

Vectors, regions, points, CC, ...
Size, shape, colors of the elements

m Physical structure
Decomposition into sub-parts

Relation between EoC : neighbourhood,
distances,...

Image = Superposition of layers

m Logical structure

A priori knowledge — atlas
Semantical aspects

Knowledge about the possible content
and organization of the images

Hierarchical organization of primitives
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For binary images- Skeletonization
m Definition (skeleton or topological skeleton)

« Athin version of the shape defined by successive
pixels equidistant to the boundaries

« Emphasizes geometrical and topological
properties such as topology, length, width and
connectivity

« Distance transform: Together with the distance of
its points to the shape boundary, the skeleton
contain all the information necessary to
reconstruct the shape

3
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FRANCOIS - RABELAIS

— contour d objets

-~ Squelette



https://en.wikipedia.org/wiki/Equidistant
https://en.wikipedia.org/wiki/Boundary_(topology)
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Skeletonization

Extraction algorithm: Iterative erosions S -
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Problems with skeleton . ..

m Junctions, intersections,
barbules, ...

m Time consuming, not robust
m But used a lot...
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Contour / skeleton Tracking = Encoding with Freeman

/

bee.yo!

.)’.' 0 “).,;’

(" .73)

Skeleton representation?

f"o)’ol

3 (x,.3)

14
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Polygonal approximation-> Vectorisation

m From pixels to vectors

-3
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Polygonal approximation-> Vectorisation

m Jterative Methods [Wall 84]

Sens de parcours de la chaine

— ‘ ] ::: I|'
Pa Pc-1 |
|

3=
=

\ _-': Erreur

m Recursive Methods
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\
\
\
\
\
\
\
\
\
\

(c)
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Relationships between primitives

m Syntactic methods = Grammars
Adapted to 1D sequences = Sequence of elements

- { 1

d+(c+~d)
(a+b)*c (d+( c+d))*((a+b)*c)

m Not adapted to 2D or 3D images
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Relationship between primitives

Spatial Relationship
Bi dimensional Allen Algebra
Egenhofer algebra

il = N

Disjonction Rencontre Recouvrement Inclusion Masquage Egalité

Fig. 1.12. Relations topoliques entre deux objets telles que définies par Egenhofer
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Graph of pixels

Pixels =» The nodes of the graph
Edges = The values (RGB, grey values)

[Morris, 1986]

0 255 0 . 0 .255 0 . . .
|-| | 255 | 255 0 128 0
Image 0 0 128 . 0 . 0 Wi28 . .

Attributed graph Maximum spanning Expensive edge deletion
tree

& Problem
8 °3 Graphs made of pixels are often too big to
$s $s
32 $s be analysed

(1 [ L]

ltg....

[Franco, 2003]
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Skeleton Graph

OGO
0
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| 0Y0
kb =
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e
Ja—J E————
C -t
E E - g
Objet ; 2 doubles croches Geaphe du squelette avant Graphe du squeiette apria
découpage récursif ; découpage récursil :
4 segments - § segmenus

2 extrémilés (E) 2 exirémités (E)
2 jonctions ()] 2 jonciions h

4 coupures (09
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Region Adjacency Graph

\

oY

= Segmentation région <> noeud adjacence & arc => Description

« région »
@)
O O
® 9
o
@
@

[Locteau 2008]
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Region Adjacency Graph

m Double representation

J
17\

(a) Symbole (b) Graphe correspon- (¢) Graphe d’adja-
original dant cence des régions
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Spatial relationship graph
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Structural methods for image and video anal

s TOURS. —

Interest Point Graph

W Zelionay

m Node = Keypoints [eigg==

I
W

m Edges = distances
between Keypoints

m Many other
possibilities
1 Similarities
1 Angles
O ...
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Multi-level representations

m  Quadtree

Root = Full Image

Recursive splitting into 4 regions
Split : each node has 0 or 4 children
Merge : possible merging of nodes

m Hyper-graphs, pyramids, ... /\\\

i La distance en terme dhomogénaité de
yd Z V7 7 Vad régions est portée par larréte valuée qui
TS S STA S S S les relie dans |z RAG
yd VA A4 yavd N
gntl e gntl y A4 i
= s y yd X 7
yd p p V"

yd 7 i A
L L AV avd
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A detailed example

Image - Regions/primitives = Graph of EoC

Edge = Relation between EoC

— Distance minimal between 2 EdC

— Angle inter EdC

- Relation : Left, Right, above, below, inside, partially
included, L, T ,P, X, S,..

EdC

Bounding rectangle

.-'-.. E f ._.-'. .-..
R A Node = EoC
'-r; F_.;ff'“ - Type of EdC

— Centre c :(X,Y) de la Bounding Box

- Bounding Box

- Bounding Rectangle BR :(P1,P2,P3,P4)

- Angle principal = angle du rectangle englobant
- Gray level inside BB

— Color : average inside EdC

— Confidence rate

Bounding Box
Axe d'inertie
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A detailed example

Fichier Edition Action Scena Aid

Graph Of EOC ‘ - oA L) o \\lloo%i =7 (8] quitter

Initial graph

» Connected Components
* Vectors

» Quadrilaterals

Can evolve into:
» Characters

* Words
*Triangles

* Diodes
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Structural methods for image and video &

A detailed example

p =iGraph 1d="Svmbaole4 "=
=node 1d="noded"=
<attr name=""forme"><string=Quad=/string=<attr=
<attr name="x11"><string>232</stnng><attr=
<attr name="v11">=<string=497=/stning=</attr=
. =attr name="x1{">=<string=23 1=/string=</attr=
e =attr name="v1 .’_f" ?=:ﬁmngb4 1 ?=:-j511'_1ng3={3.-jaﬂrl='
E_L_' =attr nanlf="x2;"3}=ismng3}2 2?=:-‘_5tr}ng}-=2-'_attr3}
I <attr name="v21"><stnng=418</string=</attr=
LS <attr name="x2{">=<string=229</stning></attr=
f%L =attr name="v2{ '3}=:ﬁtring?il'g'gc:-"s*t;ing?{i.-’aﬂr?-
Q}; <attr name="angle1"><string=90</stnng=></attr=
L T L =<attr name="angle?"><string=9 1 </stnng=</attr=
by P - <attr name="thickness1"><string=8</string=</attr=
‘ <attr name="thickness2"><string=7</string>=</attr=
<attr name="length"><string=8 1</string=</attr=
<attr name="score" ><stnng>=0.703=/string=</attr=
e = o i3 uiter </node=

“gdge 1d="edgel" from="node)" to="nodel"=
<attr name="angle"><strnng=-89</string=</attr>=
<attr name="type"><string=T</string></attr>=
<attr name="score" ><stning>=0 409</string=</attr=
<edge=
“gdge 1d="edge2" from="nodel" to="node2"=
<attr name="angle"><strnng=-46</string=</attr>=
<attr name="type"=<string=L</string==/attr=
<attr name="score" ><stnng>=0.388</string=</attr>
<edge=




USING GRAPH
FOR IMAGE SEGMENTATION
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Interactive image segmentation

 RAG for an incremental segmentation of 3D images
 Improving the quality of the segmentation by interactive
transformations
« Addition and deletion of nodes & edges What is this graph?
« Splitting or Merging nodes
« Annotation of nodes and edges

* |nteractive Features selection
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Interactive image segmentation

Voxel characterization by
understandable features

 Registration of the different -
modalities ( T1, T2, ...) Granularité

« 1 voxel = 1 list of features Rjinstead of
d CO|OI’ -> VOXEIi = [Fl F2 F3 ] Compacité

« 1 voxel = 1 individual

Rugosité Contraste

Régularité

( :”‘.‘ Y-~ | Volume

Directionnalité .
Region characterization h
« Average of the features computed on all the voxels of the region

1 pixel / Voxel > Many modalities 1 pixel / Voxel = Many
understandable features

Voxel, = [F; F, F; ...
Voxel, = [F, F, F3 ...
Voxel; = [F, F, F3 ...
Voxel, = [F, F, F3 ...
Voxel; = [F, F, F3 ...

el b bl Bl B
o
=
I
[—
- |
(Y
|
N
Bl
| S

Voxely= [F, F, F; ...]
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Interactive image segmentation

m Structuration of the data with a RAG

m Region = Node

Attributes = The understandable features
m Averages of the features inside the region F

m Centre of gravity G(X,y,z)

m Relationship = Edge
Attributes = Relation descriptors
s The 2 linked nodes

m Intersection surface
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Interactive image segmentation

Initialisation
m RAG with 1 node = full image
m 1st step of the process : division

m After, what the user decides...

SEg:F, Useg, Gk’ Uﬂ‘p — Gk+1
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Interactive image segmentation

m Division operator

Fonction Seg corresponding to K-means

s Fast and low memory

»  Robust Partitioning

New graph Gp.1 :

Gri1 = Kmeans(U,,.V, Gy, F, Us,.g)

USeg : desired nb of regions
F . selected features

Usp-V 1 node to divide
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Interactive image segmentation

m Merging operator
Union of the 2 selected regions
New graph Ggyq :

Gr+1 = Merge(U,,.E, Gy )

Updating of the node attributes 1V,

T — (V1. T))(Vy.NV) + (V. T;) (V,. NV)
new" 41 Vl_ NV + Vz. NV

With NV the number of voxels associated to a node and

T ={F,G}



= Structural methods for image and v

Incremental segmentation (GUI)

Configuration

. Image
paramétres g

volumetrique

h J

Calcul des
caractéristiques
de textures

Sélection des
caractéristiques
de texture a considérer

Choix du nombre ¥

de classes désiré \l\&» Gestion

| | du GAR
Division, /
|

Fusion

. h J

Visualisation 3D par maillage, mesure sur la région extraite

Utilisateur Systéme

. Imagerie 3D
Fichier Traitement Classffication Image Visualsation Help

-3
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CEX

Commandes

(¥ Camera TrackBall

" Camera Free

L

I” Repére

[V CoupeX

v CoupeY

[V CoupeZ
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Incremental segmentation - Explanations?

Division, K=2 Fusion Result scénario 1
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Incremental segmentation

Fusion Result scenario 2 Result scenario 1
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Encoding the a priori information with graphs

Segmentation of sheep brain images using local probabilistic atlases coupled
with topological information (NeuroGeo) [Galisot]

m Learning a topological graph
m Using it for better segmentation

. Spatial relationships |
\ (Relative distance) /

y e | 3 \\\
=,
Spatial relationship — / Spatia! rela_tionships
2 Y (Relative distance)

(Relative distance)
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How to encode the ‘a priori information’?

m Learning of the topological graph
Based on labeled images
Local iterative registration

Getting probability map " ‘ - '

[terative registration

R
[s}

age
t {1 N

Getting template image e v

T1Ty 7172

12 IN

T4 = Linear transformation
T, = Bspline transformation

m Protocol
6 images MRI, T2, 7T, ex vivo (NeuroSpin)
16 regions have been manually segmented :

Olfactory bulbs, Caudate nucleus, PAG, Amygdalae,
Superior Colliculus optic, Superior Colliculus moteur, Inferior

Colliculus moteur, Septum,Hippocampus
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Structural methods for image and vic
Using a priori information with graphs

m Incremental segmentation

(Schéma dela segmentation\
Région
l sélectionnée

Positionnement de la
boite englobante

Sous image IRM
extraite

\ 2
Recalage de I'atlas local
(template puis carte de

probabilité) \

l Sous image IRM extraite et

carte de probabhilité associée

Classification des voxels
par HMM

. < | T1T2 |
¥

Sous image segmentée . .
Registration

\ ‘l’ en deux régions

MRI image to be segmented
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Using a priori information with graphs

m Some results

Sheep brainimages (ex vivo)

Caudate nuclei

Colliculi sup opt Dice=0.86
Dice= 0.82
Hippocampus Olfactif bulb
Dice=0.90 Dice=0.56
Amygdala
Dice=0.72 Olfactifbulb

- Only one anatomical structure is well positioned Dice=0.80

-> The others structures are automatically positioned (E2)
- Resultson the sheepbrainB1




Region Spotting with graphs

Score computation

A first draft Used Heuristics
» Using heuristics to associate score to the

nodes and edges H1 — Symbols are composed of small segments
« Using Machine Learning compared to the other parts

H2 — Segments inside a symbol are of similar
length

H3 — Symbols can correspond to loops

H4 — Symbols can correspond to parallel
segments

-

m
P
Pl

j\T
-
Fr

H5 — Segments inside symbols are connected to
maximum 3 other segment

H6 — Two segments with 90° usually correspond
to a symbol
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Region Spotting with graphs

Score Propagation
I —————

(a) Initial scores

(b) score propagation inside loops =» 0.7 has been propagated



Structural methods for image and vide 45 R

uuuuuuuuuuuuuuuu

Region Spotting with graphs

Extraction of Rol / sub-graphs using the scores

é é .= scores de 1.0 4 0.7
.= scoresde 0.7 4 0.6
|—'\/\/\/—| []=scores de 0.6 2 0.5

L L > L

.=scores de 0.2 4 0.4

§ D= scores de 04 4 0.3

D= scoresde 0.3 4 0

Ts>=0,4 BB=8 Ts >= 0,6l BB=9 Ts=>0,8 BB=6
\ \
N -1 55 g
I 1 = | % = | % s
i
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Region Spotting with graphs

Experimentations on different types of documents

_ ™ M
| = FR PR = SJD
B 7o =x e
W o g' S - DIl
i ‘ E ?. B E ii

| q> 5

D] —

r’] o

@ i = =

Diagramme logique Ts >= 0,6 Plan d’architecture Ts>=0,5



Using Graphs

for Object Recognition
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A recall about PR mechanisms ?

Pattern / EoC recognition (toward Machine Learning)

How computers can recognize objects?

« We need a large set of (labelled) examples similar to the patterns to be
recognized = a training set

« We need a list of stable and discriminative features (shape, color, size,...) used

to describe the patterns (labelled ones and unknown one)
_________________________________________________ | i | [ 2D Representation -

1 . |
! Vv=(0304,12,43,03) V=(6100,124,010100) ! : of the training set] |
: ; i !
| ! ' !
: | ¢ !
; ! ’ !
i EEm | | I
; ! | !
; i ! :
; | ’ . E' !
. : 1 B\ !
A i i E o 5
: .. . i - ! :
IS [ Training set] -.-.-._,«"._.- ; . E / !
___________________________________ ,:./_._._.__ : ; 3 \‘{;‘-j--b E/,'; Stable and
| B ! ! T~i..---77 T~ discriminative
.1 EoC = 1 Vecteur X=| ““ & fR---r---______ ! X A '
i A i BRI et S Wi A | . :
. Xn >
| 1 I 20 " 40 " 60 " 80 :
. X |
| i ! 2
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PR mechanisms

Pattern / EoC recognition (toward Machine Learning)

How computers can recognize objects?

When an unknown EoC arrives, we

compute its features and compare it with the

content of the training set (associated built models)

v=(0,3,0,4,12,4,3,0,3) V=(6,10,0,12,4,0,10,10,0) S
\\ Forme inconnue
N V=(0,10,0,5,14,5,3,0,2)
D(A,7) = 1/(0— 02+ (3— 102+ (0— 0 (4 — 52 + ... + (3 2)2

N

D(A,7)=7,48 et D(B,7) = 19,05 *>

— -
-
-
-
-
-

: x| ¥ :.5 T ~ ofthe training sef] :
l I ‘ E
\\ 1 ’I‘ I
\k\ Y’ I
AN T !
: \\ "\._\ -‘_.Y ,l. :
: \\\ 8 E !
I ~. c E !
: \\\ \:\‘ C h‘\ r E :
| X :.:'*A E |
: X ie-PNA 5
[ NS ! LAy - > :
- 1 20 40 60 80 X2 |

e R R R [ 2D Repl’esentatlon -
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A recall about PR mechanisms

Many possible choices and techniques
 For selection of discriminative features Performance

du classifieur

Statistique suffisante

X1
- X2
1 EoC = 1 Vector x= , Taille de la base
7 d'apprentissage
Xn Malédiction de la dimensionalite
Performance
- du classifieur
116354 2
1 EoC = 1 Graph .
ombre de
p 15 100 .. caractéristiques

Complexité vs nombre de caractéristiques

Complexité
« Many Machine Learning models and tools
, Nombre de
Nombre de classes caractéristiques
— ] Performance

ACOE0E L ACSHEDE  a ACOEDE T
Appariemerit m ama\Cote d 3
u classifieur
1= A
Sur Sur Sur Sur 2— B
S5 E

Nombre de classes

»
>

2 50 100 ...
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A recall about PR mechanisms

Deep Learning (Conv. Neural Net)

—.. T T2 L] 1m \{"ll 258 X"'I L I".F'“""“
- - ‘.. \ }1\3 / \' 'lll"‘-i
N EH 3_; ) !] \5 dense’|  |[dense
1 a2 TR 17 Max

Max 178 Mo pooling 404 it

pooling pooling

C; S| C: S; nm n
mput feature maps  feature maps feature maps feature maps output
32x32 28 x 28 14x 14 10x 10 5x35

e — e e e

5x5

pd
|
-
/
7
/ -
ﬂ;
o

: A D
convolution N\ subsampling  convolution 2x2 N\ \ o fully \
subsampling \\ connected

feature extraction classification
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Structural methods for image and vic

Why using structural methods?

m Statistical Methods
Classes and frontiers

Existing statistical tools for evaluation of the quality of the chosen
feature space

So many models and toolbox

m Structural Methods
Taking into account the context

A matching between sub-parts as results in addition to the decision
Partial or incremental recognition

Adaptive dimensionality of the models

Multimodal Features

Computational limitations?
Learning?

52
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Structural PR 2 Graph based matching

 Definition (Matching)
* A matching between G1 = (V1;E1) and G2 = (V2,E2)
« =arelationmcV1xV2(ul,u2) em
« = The vertex ul is matched with the vertex u2

 Different types of matching
» Bijective matching : cardinality = (1; 1) _
« Injective matching : cardinality = (1; 0..1) What does it mean?
« Univogque matching : cardinality = (0..1; 0..1)

« Multivogue matching : cardinality = (0..|V2|; 0..|V1])

« High Complexity - Toward approximative methods !

AI

[Solnon, 2007]
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Structural PR & Graph based matching

Taking care of the attributes in addition to the graph topology

Graph Matching l

— Exact Méthods l
- — Exact Matching l — Isomorphisms between graphs

a‘—ﬁ_ Sub-graph Isomorphisms
—p

- Incomplet Matching Maximum common su-graph
—-\ Inexact Methods l

Hard Constraints

Distances/Similarities between graphs
+

Inexact Matchings

Graph Embedding
'—>| Distances / Similarities only l — Graph Probing

Graph Edit Distance,
Algorithms Glouton, Tabou

Soft Constraints
1
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Structural PR 2 Graph based matching

Univoques Matching — Hard Constraints

Graph isomorphism problem Sub-gtaph isomorphism

A’ AI

Model Graph G, Test Graph G,

Test Graph Gp Model Graph G,,
Objective _ Objective
Bijective Matching Injective Matching
Hard Constraints Hard Constraints
Possible on huge graphs NP-complete
Problem Problem

Not robust to noise and distorsions Possible on medium size graphs
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Structural PR 2 Graph based matching

Tree search Algorithms (with backtrack)

a 1
/'
& 1>
4
e a 3 backtracking
G 1> 4
l 2> 2
4 P
a 9 11 1> 3 4
e e 2> 2 2
9 b 3> 4 3
o a i3
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Structural PR 2 Graph based matching

Tree search Algorithms (with forward checking)

57

\ 1>  Forward
a 3 backtracking

d a
G
2

\.33

A look-ahead() checks before each association, the existence of a

possible matching at the next step

UNIVERSITE

uuuuuuuuuuuuuuuuu
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Structural PR 2 Graph based matching

Maximun commun sub-graph algorithm

Resolution using the association graphs (inside the association graph edges represent the
topological compatibility of the matching)

2 3

" @

Search for cliques of maximum size
C1[(1, 1), (2, 2’), (3, 3°)]

C2[(1,1),(3,3’), (4, 4)]

Problem
- Time complexity ...
- Possible only for small graphs with symbolic attributes
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Structural methods for image and vic

Structural PR =» Graph based matching

Univoque Matching — Hard Constraints

TOO HARD...

ArchitecturalH. BMP f>
[ |
I
I




0 Structural methods for image and 60 s .
UNIVERSITE

Structural PR 2 Graph based matching
Univoque Matching — SOFT Constraints

Etape-1
- "-l Etape-6 ape-5 FEtape-2
= Soft Constraints b Emes O
= Notion of similarity # Exact matching s Tisoosluarlos: ot last
1,00 [1o0 [ 1,00l 0gs]og7 | 65| 012|012

m Exploration of possibilities...
Very time consuming...

= |

0,51 | 051 |05 | 052 | 054056 | 061 |06

; _ Etape-3
0,51 051 | o510 | 052 | 054|058 | 081 (06 |-~

L]

3|08 |09z |0gs|0es|oga|oer] 014 [ora
410,08 005 |0053]0,08|011]0,13 I:I,Elé 0,96 - Etape-4
5 008 00a| 008009011043 | 0ge |mEE]""
m Similarity Matrix between nodes
(0, A)
{Score 100
: /\\ Heuristics ®
- (3,C) (3 D)
8 " [Sr:}z 01,997
@ - e (4. 7 4, )
R °°/ \"’ [Score : 2,957 x
(5, G)
7 3\ /8 [Score : 3,91]
& (3 §
" ) £ .
-8 § (SO [Score : 7,39]
{2, B) (2, E)

[Score © 2,686] [Seore : 8,22]
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Structural PR = Graph based matching
Univoque Matching — Soft constrainsts

Graph Edit distance [Bunke 99]
Cost : associated to transformations (Insertion, suppression,

substitution — edges and nodes)

Edit Path : set of needed transformations to obtain G2 from G1
Global Error : Sum of all the elementary costs @
Objective : Search for the minimal cost edit path
Let Gl — (VlaElnLvlaLE17/'L17C1) and G2 — (V27E27LV27LE27M27C2) be two
graphs, the graph edit distance between G; and G5 is defined as:

. k
dp!af'n(gm: gt) — Ming, .. exEv(g1.82) Z;’zl C(ef)

- ole D S T S
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Structural methods for image and vic

Structural PR = Graph based matching
Multivoque Matching — Soft constrainsts

Evoluted version of the Graph Edit distance

Univoque Matching =» each node of G1 can be matched
with only one node of G2

New version of GED with additional possible transformations

MERGE & SPLIT =-> Multivoque Matching ...

———— i ———

1— A
2— B
5 E
6— E

[Champin / Solnon] (2003-2005)
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Structural PR = Graph based matching
Multivoque Matching — Soft constrainsts

Problem : Definition of the similarity measure and edit costs [Qureshi03]

m n K !
. . . . /
Scy, =| 20 AVi)“LZ(l AEj) 2B+ D0
i=1 j=1 i= =
\ J \ J \ )
Y Y Y
Nod_e to Node Edge to Edge Penalties for multiple
similarity similarity matchings (splits)

Matching Exploration = a very combinatory problem !
Goal = Finding m <V, x V, maximising
score(m) =f (G, N, G,) - g(splits(m))
Problem NP-difficile > 2V1V2l combinaisons

Résolution by a complete search ?
Structuring the search space with lattices...
...but the score function is not monotonous....
Limited to very small graphs (10 nodes)

Using heuristics approaches (not exact)
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Structural methods for image and vic

Structural PR ® Graph based matching

Scalability of GM Algorithms: Anytime GM [Abu-Aisheh16]

m Idea: Production of a succession of solutions with improved quality along time

m  Anytime algorithms [Zilberstein 1996]

Continous Amelioration StetUp
ime

Monotonicity o0
Interruptability

Setup time and quality of
the first solution

Distance

0 100 200 300 400 so0 1Ime

64
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Anytime Depht First GED

m Tree search algorithm (A*)

m Low memory consomption (DF)

m  Optimisation of the computation (with preprocessing)
m Selection of the first solution (UB)

Preprocessing

2

Branch-and-Bound

65

+ To prepare the data

C. and Cy =

—>

% To prune the
search tree

% To start with the
promising vertices of G1
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o (>
|

[ Cost Matrices J

computation

v

C11 Cl.m Clee Cle
Cn,1 Cn,m Cnie Cn—e
Ce1 Ce—sm o0 >0
Cer1 Ces—mn oo oo

[ Bipartite Graph J

Matching

W

W

)

Sort V7 in ascending order according to w’s

Vi = {ug,uz,uq,....}
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Anytime Depht First GED

dyg = +oo
m Selection of the 1st solution (UB) =» Setup time => or
m Speed of the evolution
m Stop criteria ?

Preprocessing

\ 4

Branch and Bound

66
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Anytime Depht First GED ,‘ du g = +00
m  Selection of the 1st solution (UB) = Setup time =» /N { o
m  Speed of the evolution

m Stop criteria ?

Preprocessing =2 g=1
=5 h=4
f=5
=15 g=1 =3
f=5.5 =6 f=6
h=4 =3.8
Branch and Bound % f=5.5 f=5.8

Tl":TQ
o M
-
TF:T(Q
o J
N W

g=5.7
h=0*
f=5.7*
Results
m  Trade-off between time and quality .
m  Shape of the curve (setup, ...) - | \
m  Depening of the graph types £ = SN =&
] N = 25F .

T T T T T
100 z00 300 400 500

.
67 ’ : '
Tume (ms)



Structural methods for image and vic 68 R

uuuuuuuuuuuuuuuu

Structural PR = Graph based matching
Graph Probing and Embedding

From graph space back to Vector space...

=»The node to node matching is lost !

Information extraction by feature selection - Construction of a feature vector:

QO :G>R" => @(9)= (X1,...0, Xn)

Combination of structural and statistical approaches

DOMAINE DES GEAPHES DOMAINE DES VECTEURS
I:-‘-I.L
! N ..

' 1

— -

Gi
]
—
I:."i-l
A

What does it mean?
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Structural PR = Graph based matching

Embedding topological information [Sidere09]

Freq.

Al, corner

A2, corner

A3, corner
Al, endpoint
A2, endpoint
A3, endpoint
= A3 endpoint X1,Y1
X1,Y2
X2,Y1
X2,Y2

Graphe sans étiquette G
Example )\
Pattern
]
2
0
0
0
1
1
2
0
1
0

OO == OO O ) e

c:-—c:m-—mccca-r:-.p.l

cmcqmaﬂem@m}

:::-—‘::a:.nmmc::::::-p-ml
::-—::m:::-c:::::-c::-m-—p"

O(9)= (Xy,...., Xn) = (4,4,5,2,1,1)

Lexicon of Topological patterns
Frequency of the patterns =» Construction of a vector

Trying to take care of attributes =» Construction of a Matrix =» discrétisation
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Structural PR =» Graph based matching

Fuzzy multi-level Graph Embedding [Lugman13]

Trying to embbed topological and statistical information

3
I
4

1

3

3

UNIVERSITE
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Graph Level Information

[macro scale]

tructural Level Information
[intermediate scale]

Symbole
graphique Vectorisé Graphe relationnel attribué
Elementary Level
Information
[micro
scale]
D(9)= (X3,...., Xn)
Graph | Graph Fuzzy Fuzzy Crisp Fuzzy Crisp Fuzzy Crisp
order size | histogram | histograms histograms | histograms | histograms | histograms | histograms
of node of numeric of symbolic | of numeric of of numeric | of symbolic
degrees | resemblance | resemblance node symbolic edge edge
attributes attributes attributes node attributes attributes
attributes
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Structural PR =» Graph based matching

Fuzzy multi-level Graph Embedding [Lugman13]

Adding local topology information
Ressemblance Degree on node attributes
Ressemblance Degree on edge attributes

Fuzzy embedding
Frequency Histogram
Fuzzy transformation

i Grand
ols Pjektlt Ein
a, a a
b,y  \b/ b,
M Y
. oyen
NUMErIC resemblance = Dégree d’appartenance = contribution d’une primitive
max(|a,, |a,|) h
Petit Moyen Grand
_ 1 if b =b 1
symbolic resemblance = . _2 0 s ‘
0 otherwise ! >
1,7 .G
P(9)= (X,...0y Xn) 1 :
Graph | Graph Fuzzy Fuzzy Crisp Fuzzy Crisp Fuzzy Crisp
order size | histogram | histograms histograms | histograms | histograms | histograms | histograms
of node of numeric of symbolic | of nhumeric of of numeric | of symbolic
degrees | resemblance | resemblance node symbolic edge edge
attributes attributes attributes node attributes attributes
attributes
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uuuuuuuuuuuuuuuu

Machine Learning with graphs?

Median Graph

g — {I'I‘ggef_’_" ﬂl‘iﬂ. ;STOD {.’g'~ "ST)

S = a set of graphs

C = set of possible graphs derived from S
D = an edit distance

Many other Problems...
How to define GED Costs?

How to define the embedding functions?

Ensemble d'apprentissage = S

Al
- e

SOD=d1+d2+d3

Graphe modele

=» Learning to match Graphs is the actual crutial question...
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String Comparison

m String Edit distance : cost to transform a sequence into
an other

Possible transformations :
= Insertion of an element
m Suppression of an element
m Substitution of an element by an other one

o

2700123332 I 26003333

Distance = cost( 7—6 ) + cost( supprl ) + cost( 2—3 ) + cost( suppr2 )
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Spatial relationship graph

ARy <

(a) Triangulation de Delaunay (b) Graphe de Gabriel (5=1)

A7 AL

(c) Graphe de voisinage (d) Arbre de recouvrement minimal
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Visualisation 3D par maillage, mesure sur la région extraite
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B3 imagerie 30 g@@

Fichier Traitement Classification Image Visualisstion Graphe Paramétres Help

Sélection des
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Division,
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Calcul des
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de textures

h J

de classes désiré \L\R'

Gestion
du GAR

h J
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z
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Volume :
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—
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Noeud 1
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CE

Aire
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Fiégion sélectionnée

WVolume
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0.0
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@
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