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Introduction Ontologies Ontologies and image

Semantic image interpretation giasete ataian

What is the semantic content of these images? What do they
represent?
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Semantic image interpretation and annotation

Single label

| Dog, tree, leaf | Multiple labels

njonus Buiseasou|

Localization

An happy shaggy
airdale poses
in the autumn

forest

Description

Source : T Berg
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Semantic image interpretation and annotation

A hard problem for machines in spite of the increasing
performance of sensors and the computing capacities.

Issues [Smeulders 00, Snoek 10]

@ Sensory gap.
@ Semantic gap.

@ Scaling gap: balance between expressivity /complexity and
scaling of models.
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Semantic image interpretation and annotation

Sensory gap
ﬂ . . | ]
& ' <

Image = projection of a reality, often in 3D and continuous, into a discrete
and 2D representation.

Numerous advances [Lowe 04, Dalal 05]

Orientation Voting

Overlapping Blocks
S

Input Image  Gradient Image "',

Local Normalization

SIFT HoG
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Semantic image interpretation and annotation
Scale gap
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Semantic image interpretation and annotation

Semantic gap

Images d'apparences proches jad
Images de méme sens

Definition

Lack of coincidence between the information that one can extract from the visual data
and the interpretation of these data by a user in a given situation [Smeulders 00].
Known as symbol grounding [Harnad 90] in Al and robotics.

7 /100 Jamal Atif AIC



Introduction Description logics Description logics for image in

Image and semantics

Ontologies Ontologies and image

What is the semantics of this image?

@ A white object on a green background.
@ An insect.

@ A white fly on a rose leaf.

@ Image semantics is not inside the image.
@ Image interpretation depends on a priori knowledge.
@ Image interpretation depends on the user objectives.

o Importance of contextual and structural information.
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Image and semantics

A multi-level paradigm

: K; led;
. - 1, Type
Since the early years of CV Syntas/Percept Tuchmigue
d 2/ Global Distribution
3, Local Structure
input image  edge image 2‘/2-0 sketch 3-D model 4, Global Compasition
3 Generic Oljects
s , Generie Seene
f& @ Semantics/Visual Concept 7, Specific Objects
8, Specfic Seene
2 “Abstrad Oljects
1 “Abstract Scene

D. Marr hierarchy [Marr 82]

Semantic pyramid [Jaimes 00]

Niveau de la scéne

Générique : Paysage de montagne, rallye
Spécifique : Chypre
Abstrait : Sport, Divertissement

Niveau de I'objet

Générique : voiture, voiture de rallye
Spécifique : citroen de Sebastien Loeb
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Image and semantics

a) Type/ Technique b) Ghbal Distribution o) Local S tructure

RN

Complex color graphic  Color Photograph ar texture, color Dark spots in x-ray  Lines in microscopic image
d) Globat Conposition ¢) Generic Oljects ) Greneric Scere
! ! w—
Centered object, diagonal leading line Car Outdoors countryside  Outdoors, beach
) Specific Objects b) Specific Sceres i) Abstract Objects ) Abstrat Sane
é F4 i
=
Q i i aa I
Alex, Player No. 9 Crysler building  Washington D.C. Padis Law Atts Agreement, Industry, Pollution

Business

Jaimes et al.
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Image and semantics

Several semantics acceptations: from objects semantics to
structural descriptions semantics.

Car: present

Cow: present
Bike: not present
Horse: not present

[Duygulu 02, Barnard 03, Lavrenko 03, Djeraba 03, Carneiro 07, Liu 07,
Deng 10]

This is a photograph of one person
and one brown sofa and one dog.
The person is against the brown sofa.
And the dog is near the person, and
beside the brown sofa."

[Yao 10, Kulkarni 11, Farhadi 10, Farhadi 13, Karpathy 14]
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Image and semantics

Importance of contextual and sptatial information

<= [ position '

Source : [Galleguillos 10]
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Importance of spatial relations in image int!

@ Spatial reasoning
@ Carry an important structural information
@ More stable and reliable than object features
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Image and semantics

Importance of prior knowledge

Ontologies Ontologies and image

Semantics = a property that emerges from the interaction between data and

knowledge [Hanson 78, Santini 01, Hudelot 03].
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Ontology?

Source: F. Gandon, INRIA

What is the last document you have read? J

votre réponse est basée sur une
ontologie partagée Document

je peux comprendre Book

VOUs pouvez raisonner Novel Short story
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Ontologies: definition

Ontology

Etymology : ontos (being, that which is) + logos (science, study,
theory)

@ Philosophy

o Study of the nature of being or becoming
o Study of the nature of existence or reality

@ Informatique
@ Representing what exists in a formalism
allowing for rational processing.
o Explicit and formal specification of a given
conceptualization [Gruber 95].
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Ontologies : definition

ontology

Explicit and formal specification of a given conceptualization

@ Explicit specification:
o using a formal language (several languages are based on
Description Logics).
@ Conceptualization:
@ Structuring in concepts linked by relations.

@ name °
name

@ meaning (definition in intension) O St

@ denotation (definition in

. @ extension
extension)
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Different types of ontologies

Depending on the abstraction level

@ Top-ontology: high-level knowledge with categories organized
according to philosophical reflexions (ex: DOLCE).

@ Core-ontology: basic and minimal ontology consisting only of the
minimal concepts required to understand the other concepts (ex :
Dublin Core).

@ Domain-ontology: concepts and relations as manipulated by an expert
of the domain (ex: FMA).
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Ontologies for image annotation

Growing interest since 2001

Answering several issues:

@ A unified and standardised description of concepts and primitives in
the annotation process.

o MPEG-7 ontologies
[Hunter 01, Simou 05, Arndt 07, Dasiopoulou 10b].

@ Annotation vocabulary standardisation: LabelMe [Russell 08],
ImageNet [Deng 09], LSCOM [Naphade 06],
MediaMill [Snoek 06, Snoek 07].

19 /100 Jamal Atif AIC



Introduction Description logics Description logics for image in|  Ontologies Ontologies and image

Ontologies for standardised annotation vocabulary
standardisation

B Ry B BR BN
2. .@c mt @b
e e B

Source : [Dasiopoulou 10b]
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Ontologies for standardised annotation vocabulary
standardisation

M~~~ 7\ N/ LARGE SCALE CONCEPT

P ONTOLOGY FOR MULTIMEDIA

natural hazard
earthquake computers
natural Disasters recreational activity
tornado sports
avalanche baseball
mudslide basketball
conveyance football
airplane soccer
flying tennis
landing group
take-off single person
ground vehicles single person male
bus single person female
truck head and shoulders
boat
sailboat
boat_ship
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Ontologies for image annotation

Growing interest since 2001

Several types of hierarchies:

@ Visual hierarchies:
[Fei-Fei 05, Marszalek 08, Griffin 08, Sivic 08, Bart 08, Gao 11].

@ Hierarchies constructed from lexical resources such as Wordnet:
[Wei 07, Marszalek 07, Torralba 08].

@ Semantic hierarchies: [Wu 12, Li 10, Fan 07, Fan 08, Shen 10]
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Ontologies for image annotation -

2 3 4 5 7 8 11 13

Visual hierarchies [Sivic 08].
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Ontologies for image annotation

Download dataset Download poster Publications.

Visual Dictionary

Teaching computers to recognize objects

.

20405) Alouria aurantia Definition (from Wordnet)
|
Click on the image if you think 1 is correct (a green frame will )| Aleuria aurantia, orange peel fungus -- (2
our), e e worg. Fr agos ety s 1t 529 | iscomycete with bright orange cup-shaped (B
or saucer-shaped fruiting bodies and paie
orange exteriors)

g : ¥Source:
http://groups.csail.mit.edu/vision/TinyImages/

- o = g |
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Introduction Ontologies Ontologies and image

Ontologies pour la structuration du vocabulaire
d’annotation

Source: [Li 10, Wu 12]
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Ontologies for image annotation

Based on lexical resources, e.g. wordnet

4 o
. i@i’ (‘m\h
~5
& Rarlgrube

Figure : What are the most similar concepts?

v

According to Wordnet and a semantic similarity measure:

Distance(human, whale) =7
Distance(shark, whale) =11
Distance(human, shark) =11
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Ontologies for high-level image interpretation

Domain Knowledqe
Beach C Outdoor
Fores Landscape
Jeontains Sea = Seaside
Scontains.Sand I Seaside = Beach
Landscape M Seaside T L
Seaside 1 3 contains.Building £ L
Landscape M 3 contains.Sea C L

Einal Asserfions
l (image : Beach) > 0.65
(image : Seaside) = 0.67

(image : Outdoor)
Fuzzy DLs-Based (image : Jcontains.Sea) = 0.67

l Reasoning (iIll%{‘? chntaim.Smlfj; = 0.65
(image : Jeontains.Sky) > 0.84

Initial Assertions (image : Feontains. Person) > 0.84)
[image : Forest) = 0.59 -
{image : Beach) > 0.65 | Scene Level Interprefation
[image : Jeontains. Sea) > 0.67

Inconsistency handling

[image : Jeontains.Building) = (.52
[image : Jeontains.Sky) = 0.84
[image : Jeontains.Person) > 0.67

Source : [Dasiopoulou 10a]

= Description Logics
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Description logics

TBox
Description Reasoning
Language
ABox

KB
Applicati
pplication l ‘ Rules

Programs

A knowledge base (KB)

@ TBox: introduces the terminology, i.e., the vocabulary of an
application do- main

@ ABox: contains assertions about named individuals in
terms of this vocabulary.

Vocabulary: concepts, which denote sets of individuals, and
roles, which denote binary relationships between individuals.
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Description logics

The basic description language AL

Concept descriptions in AL are formed according to the
following syntax rule:

C,D —A| (atomic concepts)
T (universal concept)
1 (bottom concept)
-A | (atomic negation)
CnD| (intersection)
VR.C | (value restriction)

3.T.C| (limited existential quantification).
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Description logics

The basic description language AL

Example

@ Atomic concepts: Person, Female
@ Atomic role: hasChlid
e AL-descriptions:

Person M Female

Person M —Female

Person M JhasChild. T
Person M YhasChild.Female
Person M YhasChild. 1
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Description logics

The basic description language AL

Semantics

To give semantics to a logical system means to define a notion
of truth for the formulas. In classical logic (dating back to
Aristoteles) there are “only” two truth values “true” and
“false” which we shall denote, respectively, by 1 and 0.
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Description logics

The basic description language AL

Semantics

An interpretation Z =

<sz _I>

o AT :anon-empty set, the domain of interpretation

o I

: an interpretation function, which assigns to every

atomic concept A a set AZ C AT and to every atomic role R
a binary relation RT C AT x AL,

Extension to concept descriptions:

AI
17 =9
(-A)F = AF\ A*
(AnD)r =ctnD*
(VR.C)T = {a € AT | ¥b.(a,b) € RT — b e C}
(3R.L)T = {a € AT | 3b.(a,b) € RT}

32 /100
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Description logics

The basic description language AL

Semantics

Equivalence:

C = D if C* = D” for all interpretations Z

VhasChild.Female M VhasChild.Student and
VhasChild.(Female M Student) are equivalent.
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Description logics

The family of AL languages

ALUJENNTLCL, - -

@ Concept union (U):
(CuD)f =ctup*
o Full existential quantification (£):
(3R.C)* = {a € AT | Fb.(a,b) € R* and b € C*}
@ Number restriction (N):

(= nR)* ={ae AT [[{0] (a,b) € RT}| = n},
(<nR)T ={ae AT [[{b] (a,b) € R} < n},

@ Arbitrary concept negation (C):
(-C)F = AT\ C*
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The family of AL languages

ALEN example

Person M (< 1 hasChild U (> 3 hasChild 1M 3hasChild.Female))
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Description logics

Terminologies

@ Terminological axioms

C C D (general concept inclusions), C = D (general concept equalities)

R C S (general role inclusions), R = S (general role equalities)

@ An interpretation Z satisfies an inclusion C T D if ctcp?
Il (CCD)«=CfcD”
@ An interpretation Z satisfies an equality C = D if C* = D*

Il (C=D)«sCcf=D"
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Description logics

Definitions

@ Introduce symbolic names for complex descriptions
Mother = Woman M 3hasChild.Person

@ A finite set of definitions is called a terminology or TBox
and is denoted T
Woman = Person M Female
Man = Person M —Woman
Mother = Woman M 3hasChild.Person
Father = Man M 3hasChild.Person
Parent = Father LI Mother
Grandmother = Mother M 3hasChild.Parent
MotherWithManyChildren = Mother™ > 3hasChild
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Terminologies

@ 7 is a model of a TBox 7 if it satisfies all GCIs in T
IE=T

@ Two TBoxes are equvalent if they have the same model.

38 /100 Jamal Atif AIC



Description logics

Assertional knowledge, ABox

@ Describes a specific state of affairs of an application
domain in terms of concepts and roles
Let C be a concept and R a role, an assertion is of the form
@ C(a): concept assertion
@ R(a,b): role assertion

a, b are called individual names

@ Given Z, each individual a is mapped to an element
al € AT

e Unique name assumption: a® # b?
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Description logics

Assertional knowledge, ABox

@ An ABox is a finite set of assertions.

7 is a model of the ABox A if it satisfies all its assertions:
e af cCtforallC(a) € A
o (af,b?) € Rif for all R(a,b) € A

A model 7 satisfies an assertion « or an ABox A with respect to
a TBox 7 if in addition to being a model of a or of 4, itis a
model of 7.

IkE7a <= IETandZ [«
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Description logics

Example

MotherWithoutDaughter(MARY) Father(PETER)
hasChild(MARY,PETER) hasChild(PETER, HARRY)
hasChild(MARY,PAUL)
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An example of a knowledge base and its model

KB={MusicLover C JhasFriend.Musician,
hasFriend(Peter,Paul),
(VhasFriend.—Musician)(Peter),
MusicLover(Paul),

Peter % Paul}

A = {Peter,Paul, x}
z

Peter™ =Peter
Paull =pPaul
<L =x

Musician? = {x}
MusicLover? = {Paul}
hasFriend? = {(Peter,Paul), (Paul,x)}



Description logics

Concrete domains

@ A way to integrate concrete and quantitative qualities (intergers, strings,...)
of real world objects with conceptual knowledge [Baader,91].

@ A pair (Ap, Pp) where Ap is a set and ®p a set of predicates names on
Ap. Each predicate name P is associated with an arity # and an n-ary
predicate PP C A},

@ Concrete domain N
@ domain : non negative integers
@ predicates : < (binary predicate) < n unary predicate
o Personrdage.< 20 denotes a person whose age is less than 20

@ Concrete domain AL : Allen’s interval calculus

@ domain : intervals
@ predicates : built from Allen’s basic interval relations
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Description logics

Ontologies, Knowledge bases (KB)

An ontology or a KB K = (7,.A) is composed of a TBox 7 and
an ABox A

An interpretation 7 is a model of a KB if it is a model of 7 and
of A
IEK << VoecTUATE«®
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Reasoning services

— Infer implicit knowledge from explicitly one

@ Terminological reasoning

@ Assertional reasoning
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Description logics

Terminological reasoning

46 /100

Satisfiability: C is satisfiable w.r.t. a TBox T iff CZ # {) for some
model Z of T

Subsumption: Cissubsumed by D w.r.t. a TBox 7 (C T D) iff
CZ C D7 for all models Z of T

Equivalence: Cis equivalent to D w.r.t. a TBox 7 (C =7 D) iff
Cf = D? for all models Z of T

Disjointness: Two concepts C and D are disjoint with respect to
T if CT N D = {) for every model Z of T

C 7 is a pre-order (reflexive and transitive)
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Description logics

Reduction to subsumption

For concepts C, D we have
o Cisunsatisfiable <= Cis subsumed by 1;

@ Cand D are equivalent <= C is subsumed by D and D is
subsumed by C;

@ Cand D are disjoint <= CU D is subsumed by L.
The statements also hold with respect to a TBox.
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Description logics

Reduction to Unsatisfiability

For concepts C, D we have
@ Cissubsumed by D <= CT11-D is unsatisfiable;

@ Cand D are equivalent <= both CM—-D and -C 1D are
satisfiable;

@ Cand D are disjoint <= CD is unsatisfiable.
The statements also hold with respect to a TBox.
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Description logics

Reducing Unsatisfiability

Let C be a concept. Then the following are equivalent:
o C is unsatisfiable;
o Cissubsumed by L;
e Cand L are equivalent;
@ Cand L are disjoint.

The statements also hold with respect to a TBox.
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Description logics

Assertional reasoning

50 /100

Let £ = (T, .A) be an ontology.

Consistency A is consistent with respect to a TBox 7T, if there is
an interpretation that is a model of both .4 and T

Instance checking a is an instance of C w.r.t. T iff aZ € C7 for
all models Z of 7. We also write A = C(a). The
same holds for roles.

Retrieval problem Given an ABox A and a concept C, find all
individuals a such that A |= C(a).

Realization problem (dual to the retrieval problem). Given an
individual 2 and a set o concepts, find the most
specific concepts (msc) C from the set such that
A = C(a). The mscs are the concepts that are

minimal with respect to the subsumption ordering
C.
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o A= C(a)iff AU {—C(a)} is inconsistent;
o Cis satisfiable iff {C(a)} is consistent.
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@ Structural subsumption
@ Semantic tableaux

@ etc.
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A spatial relation ontology for semantic image interpretation
Hudelot et al. [Hudelot 08]
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Ontologies, concrete domains and semantic gap

Hudelot et al. [Hudelot 08]

Abstract domain Concrete domain (image)
Rose Pink
R3 : hasColor ‘. (RGB values)

R1iis a Flower \WShape Im1 .
R R». (shape descriptors)

R2: is treated by

Gardener Im2

. P S~ (image
R5 : hasSize ‘region)

Each application domain concept is linked to its representation in the image
domain.
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Importance of spatial relations

Hudelot et al. [Hudelot 08]

Spatial reasoning

Largely developed in the artificial intelligence community
@ Mainly topological relations
@ Formal logics (ex: mereotopology)
@ Inference
Less developed in image interpretation
@ Need for imprecise knowledge representation
@ (Semi-)quantitative framework (= numerical evaluation)

@ Examples: structural recognition in images under imprecision
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A spatial relation ontology

Hudelot et al. [Hudelot 08]

Spatial Relation

‘Topological Relation‘ ‘ Metric Relation ‘
‘ 1 | : |
[Included| |Adjacent| — : : :
‘ Directional Relation ‘ ‘ Distance Relation ‘
| L A
Binary Directional Ternary Directional
Relation Relaton | [ TTTT)TTTTT '
A ? :
| \ \ R el i :
‘ Right to H Left to ‘ ‘In Front of‘ ‘ Between ‘ ‘ Close to ‘ ‘ Far from ‘ '

o
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Reference system

- l < e

y X

N

observer 1

Figure : Directional
relation Right Of

57 /100

Hudelot et al. [Hudelot 08]

@ The relation is dependent on the viewer.

@ Three concepts are necessary to define a
spatial relation:
o Target object;
o Reference object;
o Reference system (ex: relative vs
absolute).

Jamal Atif AIC
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Formal representation of spatial relations

“CloseTo” “RightOf”

Spatial Relation

“RightOf_A"

“CloseTo_D"

The nature of spatial relations is twofold:

@ Concepts with their own properties

@ Links between concepts
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Formal representation of spatial relations

Hudelot et al. [Hudelot 08]

SpatiallyRelatedObject

hasReferenceObject
(allValuesFrom)

SpatialObject

SpatialRelation

hasSpatialRelation
SpatialObject
(allValuesFrom)

hasReferenceSystem
(allvValuesFrom)

ReferenceSystem

SpatialRelationWith
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Description logics for image in  Spatial relation ontology Default reasoning

Formal representation of spatial relations

Hudelot et al. [Hudelot 08]

@ y:SpatialObject; x:SpatialObject

@ Right_Of_y = Right_Of n
>ShasReferentObject.{y}

@ x:SpatialObject M 3
hasSpatialRelation.Right_Of y
and x:SpatiallyRelatedObject

@ Cy = SpatialRelation 1
ShasReferentObject.{y} r
T ShasTargetObject.{x}

Right
Right of y <

X is to the right of y: true
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Importance of fuzzy representation

Hudelot et al. [Hudelot 08]

@ Representation of imprecision:
e objects (no clear boundaries, coarse segmentation...)
o relations (ex: left of, quite close)
o type of knowledge available (ex: the caudate nucleus is close
to the lateral ventricle)
e question to be answered (ex: go towards this object while
remaining at some security distance)

@ Two classes of relations:

o well defined in the crisp case (adjacency, distances...)
e vague even in the crisp case (directional relationships...)

@ Fusion of several and heterogeneous pieces of knowledge
and information
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Description logics for image in Spatial relation ontology Default reasoning

Fuzzy representations of spatial relations

Hudelot et al. [Hudelot 08]

The representation depends on:

@ The class of the relation
@ The type of reasoning

A\

Two questions:

@ Given two objects (possibly fuzzy), assess the degree to which a relation
is satisfied

@ Given one reference object, define the area of the space in which a
relation to this reference is satisfied (to some degree)

] I < Object B

Reference object (R)
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Description logics for image in Spatial relation ontology Default reasoning

Fuzzy representation of directional relations

Hudelot et al. [Hudelot 08]

. < Object B .
Fuzzy sets Angle Histogram
Reference object (R)
Right Of Right Of R
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Fuzzy representation of distance relations

Hudelot et al. [Hudelot 08]

nnnnnn

J
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Ontology and fuzzy model integration

Fuzzy concrete domains[Nagypal,03]

Ontology

Spatial Object x

Fuzzy model

Center of

mass

Spatial fuzzy

|
|
|
|
|
[ set
|
x in Directional | Angle
Relation | histogram
with y I
— ) | Force
s T ey Geicic Ao | histogram
|
Right f Fuzzy set
|
) [
Right of y Fuzzy
I landscape
|

x to the Right of y

Fuzzy interval

Hudelot et al. [Hudelot 08]
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Knowledge in brain imaging

Hudelot et al. [Hudelot 08]

@ brain: part of the central nervous system located in the head

@ caudate nucleus: a deep gray nucleus of the telencephalon involved
with control of voluntary movement

@ glioma: tumor of the central nervous system that arises from glial cells
o ..

v

Spatial organization:

@ the left caudate nucleus is inside the left hemisphere

it is close to the lateral ventricle
it is outside (left of) the left lateral ventricle

o
o
@ itis above the thalamus, etc.
o
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Description of anatomical knowledge

Hudelot et al. [Hudelot 08]

Thox:
@ AnatomicalStructure C SpatialObject
@ GN C AnatomicalStructure
@ LV=RLVULLV
@ LV=RLVULLV
@ CN =GN n3d hasSR.(Close_To_LV)
@ CN=RCNULCN
@ etc.

67 /100 Jamal Atif AIC



Introduction  Description logics  Description logics for image in°  Spatial relation ontology Default reasoning

Knowledge Representation

68 /100

Hudelot et al. [Hudelot 08]
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NeM £BE mw @b B
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[O[AVIEo[A]X/H (o] K[~ [Bl] [0]

CLASS BROWSER //(

PRTOWIY RO

ﬁpmlégé

Spatial relation
rl ontology
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First question: global approach

Hudelot et al. [Hudelot 08]

Several objects are first extracted from the images using a
segmentation method and then recognized.

Domain Ontology Image domain

G o
T

@) ()

Fact Base
IC1: Right_Lateral_ventricle M
has_for_fuzzy_concrete_domain{R1}
IC2: Gray_matter_component 1
has_for_fuzzy concrete_domain{R2}
IC1: Gray_matter_component I
has_for_fuzzy concrete_domain{R3} R4 R2
IC1: Gray_matter_component 1 R3
has_for_fuzzy _concrete_domain{R4}

R1
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Question 1: global approach

Hudelot et al. [Hudelot 08]

Several objects are first extracted from the images using a
segmentation methods and then recognized.
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Question 2: sequential approach

The structure are recognized successively

Hudelot et al. [Hudelot 08]

Domain Ontology

Fact Base

[C1: Right_Lateral_ventricle I
has_for_fuzzy_concrete_domain{R1}

Image domain

R1
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Question 2: sequential approach

Hudelot et al. [Hudelot 08]

The Caudate Nucleus is:

@ To the right of the
Lateral Ventricle

@ Close to the Lateral
Ventricle
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Results: healthy case

Hudelot et al. [Hudelot 08]
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Non-monotonic reasoning for image interpetation

@ Default reasoning

@ Abductive reasoning
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Image interpretation as a default reasoning service

a:ﬁlv"'aﬁn
Y

@ o: precondition of the rule
@ [ justifications
@ ~: consequent

Intuitive explanation

Starting with a world description « of what is known to be true,
i.e. deducible and it is consistent to assume (; then conclude .

Example :
Vx, plays_instruments(x) : improvises(x) /jazz_musician(x)
For all x is x plays an instrument and if the fact that x can improvise is
consistent with all other knowledge then we can conclude that x is a jazz
musician.
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Default reasoning in DL

A terminological default theory: (A, D)
o A: ABox

e D: finite set of terminological rules whose preconditions,
justifications and consequents are concept terms.

Maintaining decidability
@ Closed default rules: «, f;, v are ABox concept axioms (no
use of free variables, i.e. TBox concept axioms).
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Spatioterminological default reasoning.
Moller et al. approach [Moéller 99, Neumann 08]

ALCRP(S,) Aboxes inside the default rules

ALC with predicate existence restriction and a concrete domain S
defined w.r.t. the topological space (R2, 2%*)
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Spatioterminological default reasoning.
Moller et al. approach [Moéller 99, Neumann 08]

OOOQ@D@

ntpp

The concrete domain S, = (R%, 2%°)

@ Predicate is — region with is — region® = As, and its negation
is — no — region with is — no — region? = 0s,

@ 8 basic predicates dc, ec, po, tpp, ntpp, tppi, eq

@ Predicates to name disjunctions of base relations

@ The predicate dc — ec — po — tpp — ntpp — tppi — ntppi — eq is called
spatially — related

@ A binary predicate inconsistent — relation with
inconsistent — relation™ = () is the negation of spatially — related

78 /100 Jamal Atif AIC



Introduction Description logics Description logics for image in' ~ Spatial relation ontology Default reasoning

Spatioterminological default reasoning.
Moller et al. approach [Moéller 99, Neumann 08]

Example 1

ROYE

a :country a: country a: country a: country

(a) (c)

Figure : Interpretation pb: generate hypotheses for object b.

S, predicates formalization

inside = 3J(has_area)(has_area).tpp-ntpp
contains = J(has_area)(has_area).tppi-ntppi
overlaps = 3J(has_area)(has_area).po
touches = 3F(has_area)(has_area).ec
disjoint = J(has_area)(has_area).dc
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Spatioterminological default reasoning.
Moller et al. approach [Moéller 99, Neumann 08]

Example 1

area
natural_region
country_region

city_region

lake_region
river_region

ImNIEIN

Im-

-

I(has_area).is-region
—administrative_region
administrative_region
large_scale [ area
administrative_region Il
—large_scale Marea
natural_region M area
natural_region I area

country

city

lake

river

11

country_region '
Veontains.—country_region I
Voverlaps.—~country_region M
Vinside.~couniry_region
city_region '
Jinside.country_region
lake_region

river_region 1
Voverlaps.—lake_region M
Yeontains. L N
Vinside.—lake_region
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Spatioterminological default reasoning.
Moller et al. approach [Moéller 99, Neumann 08]

Example 1

{a : country,b : area, (a,b) : contains, (b,a) : inside}

Spatioterminological default rules

area : city area : lake area : city
h=—7——= h=—>——d3=——"=
city lake city

o

Closed spatioterminological default rules, d;(ind)

e.g.

_ {a:area} : {a: city}
B {a: city}

d] (ﬂ)

\
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Spatioterminological default reasoning.
Moller et al. approach [Moéller 99, Neumann 08]

Example 1

Default rules reasoning

82 /100

@ di(a): cannot be applied. A contradiction between a : city

and a : country in the Abox. country_region and city_region
are disjoint in the TBox (due to large_scale and —large_scale).
d1(b): ca be applied. Abox extension:

{a : country,b : area, b : city, (a,b) : contains, (b,a) : inside}

dy(a): cannot be applied. A contradiction between a : lake
and a : country in the Abox. administrative_region and
natural_region are disjoint.

dy(b): can be applied. Abox extension:

{a : country,b : area,b : lake, (a,b) : contains, (b,a) : inside}

But if Abox contains d;(a), d»(b) cannot be applied =
two possible extensions.
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Spatioterminological default reasoning.
Moller et al. approach [Moéller 99, Neumann 08]

Example 1
Default rules reasoning, cont’d

@ d3(a) cannot be applied. Its conclusion is already entailed
by the ABox.

@ d3(b) cannot be applied. The consequent b : country makes
the Abox inconsistent because a is already known as a
country.

A = (a : Vcontains.—country_region)
(a,b) : contains, b : country = b : country_region
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Spatioterminological default reasoning.
Moller et al. approach [Moéller 99, Neumann 08]

Example 2

@ city ?

a : country a:country ¢ :country_region

b:city? ;

Can B be a city? No!

Figure : Subtle inferences due to topological constraints

{a : country, b : area, (a,b) : overlaps, (b,a) : overlaps}

= the default rule d; (b) cannot be applied to conclude that object b is a city.
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Spatioterminological default reasoning.
Moller et al. approach [Moéller 99, Neumann 08]

Example 2

@ city ?

b:city? ;
a: country a:country c:country_region

Can B be a city? No!

A = {a : country,b : area, (a,b) : overlaps, (b,a) : overlaps}

(b,a) : overlaps,b : city = b : city_region M Jinside.country_region = B (a:
country_region) (since (b,a) : overlaps).

Due to 3 there exists an implicit individual ¢ which is a country_region such
that (b, ¢) : inside hold which is impossible due to topological constraints (b
inside c and c not overlap with a or does not contain a).
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Abductive reasoning

@ Abduction using safe rules (Peraldi et al. [Peraldi 07])
@ Concept abduction (Atif et al. [Atif 14])
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Abduction using safe rules

Peraldi et al. [Peraldi 07]

@ Multimedia interpretation as abduction problem

@ Use of conjunctive queries:

{(X1,---,Xy) | atomy, - - ,atomy,}, with
atom = C(X),R(X,Y), (X =Y)

Example :
{x | Jy3z(ChildOf (x,y) A ChildOf (x,z) N Married(y,z))}
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Formalisation

Peraldi et al. [Peraldi 07]
Given an ABox assertions I' in a form of a query, and a KB
¥ = (T,.A) derive all sets of Abox assertions A (explanations)
such that ¥ U A =I" and the following conditions are satisfied:
@ Y U A is satisfiable, and

@ A is a minimal explanation for I, i.e. there exists no other
explanation A’ in the solution set that is not equivalent to
A and it holds that XU A" = A.
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Formalisation

Spatial relation ontology Default reasoning

Multimedia abduction:

(]

(]

o

EUFlUA):FZ

¥ = (T, A), with A assumed empty

Peraldi et al. [Peraldi 07]

I' =T'1 UT',, set of Abox assertions, encoding extracted
objects from images and their spatial relationships

I'1: bona fide assertions, assumed to be true by default

I';: assertions requiring fiats (aimed to be explained)

A: a set of ABox explanations.

The process is implemented as (boolean) query answering.
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Peraldi et al. [Peraldi 07]

poley
human;

: Pole

: Human
bary :

(bary, humany) :

near

Fig. 1. A pole vault event.

Fig. 2. An Abox I" representing the results

of low-level image analysis.

Jumper C Human
Pole C Sports_Equipment
Bar T Sports_Equipment
Polen Bar C L
Pole™ Jumper C L
Jumper M Bar C L

Jumping_Event T J<ihasParticipant. Jumper

Pole_Vault C Jumping_Event N JhasPart. Pole M JhasPart. Bar

High_Jump C Jumping_Event N 3hasPart.Bar
near(Y, Z) — Pole_Vault(X), hasPart(X,Y ), Bar(Y),

hasPart(X, W), Pole(W), hasParticipant(X, Z), Jumper(Z)

near(Y, Z) — High_Jump(X), hasPart(X,Y), Bar(Y),
hasParticipant(X, Z), Jumper(Z)

Fig. 3. A tiny example X' consisting of a Thox and DL-safe rules.
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The approach by Espinoda et al.

Illustration

poley : Pole

human; : Human,
/5 bar, : Bar

(bar1, humana) : near

Fig. 2. An Abox I" representing the results

Fig. 1. A pole vault event. ; -
of low-level image analysis.

o I'y = {pole, : Pole, human, : Human, bary : Bar}
o I'y = {(bary, humany) : near}
@ Boolean query Q; := {() | near(bary, humany)}
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Peraldi et al. [Peraldi 07]

@ Ay = {new_ind, : Pole_Vault, (new_ind,, bar,) :
hasPart, (new_indy, new_ind,) : hasPart, new_ind, :
Pole, (new_indy, humany) : hasParticipant, human, : Jumper}

@ A, = {new_ind; : Pole_Vault, (new_ind,, bar) :
hasPart, (new_indy, pole1) : hasPart, new_ind :
humany , hasParticipant, human, : Jumpe}

@ Az = {new_ind, : HighJump, (new_inds, bary) :
hasPart, (new_indy, humanl) : hasParticipant, humany : Jumper}

Preference score :
Sp(A) := Si(A) — Sp(A), with
Si(A):=|{i|i€inds(A)andi € inds(X UT)}|
Sp(A) = |{i | i€ inds(A) and i € new_inds}|
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Peraldi et al. [Peraldi 07]
@ A incorporates human; and bar; from I'y, then S;(A1) = 2

@ A hypothesizes two new individuals: new ind;, new_ind,,
then Sh(Al) =2

— Sp(Al) =0
(*] Sp(Az) =2
(*] SP(A3) =1

= /A represents the ‘preferred’ explanation:

Ay = {new_ind, : Pole_Vault, (new_indy, bar,) : hasPart, (new_indy, pole;) :
hasPart, new_indy : humany, hasParticipant, human, : Jumper}
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Brain image understanding

Atif et al. [Atif 14]
Image interpretation

Lateral

Ventricle
Non-Enhaneed
Brain Tumor
Caudate
Nuclei
Putamen

Interpretation as an ab

K= (v =)
Computing of the best explanation from observations ¢ given some a priori
expert knowledge encoded in description logics
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Knowledge representation

CerebralHemisphere = BrainAnatomicalStructure
PeripheralCerebralHemisphere = CerebralHemisphereArea
SubCorticalCerebralHemisphere = CerebralHemisphereArea LargeDefTumor - BrainTumor M
GreyNuclei T BrainAnatomicalStructure ShasLocation .CerebralHem
LateralVentricle T BrainAnatomicalStructure M3hasComponent. Edema

BrainTumor T Disease M 3hasComponent .Necrosis

M3hasLocation. Brain M3hasEnhancement. Enhanced
SmallDeformingTumor = BrainTumor
M3hasBehavior . Infiltrating
M3hasEnhancement . NonEnhanced
SubCorticalSmallDeformingTumor = SmallDeformingTumor M
hasLocation. SubCorticalCerebral Hemisphere
M3closeTo.GreyNuclei
PeripheralSmallDeformingTumor ~ = BrainTumor M

ShasLocation. PeripheralCerebralHemisphere
M 3farFrom.Lateral Ventricle

Initial ABox A,
{t; : BrainTumor; e : NonEnhanced; 1y : LateralVentricle; py : PeripheralCerebralHemisphere; (t1,eq) :
hasEnhancement; (tq,1y) : farFrom; (t1,py) : hasLocation; . .. }.

95 /100 Jamal Atif AIC



Description logics for image in~ Spatial relation ontology Default reasoning

Interpretation as a concept abduction process

K = v E O, with O defined as

BrainTumor M 3hasEnhancement.NonEnhanced M
JfarFrom.Lateral Ventricle N
JhasLocation.Peripheral CerebralHemisphere

4

A set of possible explanations is :

{DiseasedBrain, SmallDeformingTumoralBrain,

PeripheralSmallDeformingTumoralBrain }

The preferred solution according to minimality constraints is:

v = PeripheralSmallDeformingTumoralBrain
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Global scheme

Application domain DL
(e.g. brain imaging)

Exploration

[generic, off-line processing ]
My - algorithm
/ (includes complex
Generic knowledge Concepts concepts)
(e.g. from anatomical TBox \
G

textbooks)

[interpretation of a particular case ]

ABox —= most specific concept

Observations -
(resulting from image in the TBox w" c
processing algorithms applied

on a specific image) D
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[Rumanorgan] ] et HasLocton and Bra Hurmanorgan)
-
] " [oseasesram]

A umorezan] [fesis

(exists HasBehavior (and Infilrating)
[C14)

(exists FarFrom (and LateraVentrice BrainAnatomicaStructure)
Texists HasLocation (and CerebraliemisphereArea PerCerebraliemATea)

Figure : Excerpt of the concept lattice induced by the formal context
Kbrain-
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'

Figure : The erosion path leading to compute the preferred
explanation.
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