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What we want to do?

Understand what a context-specific ontology Is

Understand how to
design a context-specific ontology

Learn more on an ontology for
Shape Acquisition (and Processing)

Understand how to refine an ontology
Learn by examples and exercises
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What i1s an Ontology?

= A specific artifact designed with the purpose of

expressing the intended meaning of a (shared)
vocabulary

= “An ontology Is a specification of a
conceptualization” [Gruber 95]

= An ontology defines concepts and relationships
used to describe and represent an area of
knowledge
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What is an ontology?

Ontologies created for computer applications are written in
a formal language that is machine-readable.

Formalized ontologies are instruments for capturing the
meanings of concepts so that they may be used for
Improved, automated management of information.

Ontologies may cover very general concepts or (more often)
represent specific and restricted domains.

The selection of concepts and their level of detail will
depend on the characteristics of the domains to be covered
and the operations needed.
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Example: a bridge
from different points of view

= A map program may use a simple representation for bridges

= A traffic-planning program needs a more complex concept
In which bridges have lanes, access ramps, etc.

= A program whose purpose is to aid civil engineers in the
design of bridges will require an even more in-depth

representation of bridges, their parts, and even the forces
that affect them.

The purpose of an ontology influences both its scope and its
degree of formal complexity

@m_
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Ontologies at
different levels of abstraction

= Upper ontologies (top-level)
= |dentify and define general concepts

= Mid-level ontologies (general-purpose)

= reach further toward the domain level in specificity but
are still general enough

= Domain Ontologies

= specialized ontologies that cover topical bodies of
knowledge.




An Ontology for Shape
Acquisition And Processing




Why ontologies in this context?

= New Web Technologies are emerging for facilitating the
communication and for making easily available a huge
amount of information.

= A problem relevant in the field of Shape Modelling

= Shape Modeling concerns methods to represent, create,
process and analyse digital representations of objects for a

variety of applications

= Cultural Heritage, GIS, Scientific Visualization, Medicine
Applications, Virtual Reality and so on...
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Why ontologies in this context?
A Digital Shape

= Multi-dimensional media
characterized by a visual
appearance in a space of 2,
3, or more dimensions.

Examples: pictures,
Images, 3D models, videos,
animations, etc.




Why ontologies in this context?
Shapes and the scientific community
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Why ontologies in this context?
Ontology-driven annotation of shapes

PRESENT
How many vertices?

PAST FUTURE
Which scanner? What can i do?

Due to the intrinsic complexity of shapes, ontology-driven metadata are
necessary in order to reach a sufficient level of expressiveness.
Metadata should provide a thorough characterization of shapes by
storing:

the information related to its history (its past, e.g. for documentation)

the information intrinsically held by the shape itself (its present)

the information related to its capabilities and potential uses, (its future,
e.g., for acquisition/process planning)
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Why ontologies in this context?
Ontology-driven annotation of shapes

Able also to represent different levels of sophistication

Simple resource
(e.g. for cataloguing)

According to its geometry
(e.g. for rendering),

According to its structure Nane~"teapot-

glemgl Iafﬁ{ysnatChlng and gvzﬁ:iz simple resource semantic

According to what it represents
(e.g. for recognition or classification)

geometry structure

Researchers in shape Modelling are interested 1n 6ne o mere el the
chiaracterizations, AND alse on the condrtions and the teols e Pass
oM GRE! characterization te another:.




Ontology development is an iterative process

1. Kick-off phase: capturing the ontology
= Define the requirements specification
= Build a first draft version in a semi-formal description

2 . Refinement phase: formal representation

3. Evaluation phase

4 . Maintenance and Evolution phase

QM_




The OntoKnowledge Approach

Demain

Applications

Specification of requirements Desiderata
KEV CONCEPLS
8 -
Competency guestions

Evaluation and Maintenance
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Kick-off phase: Step 1
Brainstorming

What is the domain the ontology will cover?

What is the ontology going to be used for?
= Brainstorming session

All involved must collectively possess sufficient
domain expertise

Quickly capture potentially relevant terms and
phrases of the domain

QM_




What we want to model...

Real Shape Shape
Object Acquisition Shape Processing

= Which knowledge would we like to formalize?
= At which level of detall?

= |t depends on the target applications we have iIn
mind and on the specific domain...




Domain and Applications

= The ontology defines and formalizes concepts and
relations among them.

= Shape models and tools are treated as resources that can be
uploaded and downloaded together with their metadata in
different repositories.

DOMAIN Applications

The development, usage and

sharing of hardware tools,

software tools and shape data

by researchers and experts in

the field of acquisition and
(@ processing of shapes.

Acquisition Planning
Data validation
Benchmarking
Testing

Data enhancement

—— — —




Shape Acquisition:
From Real Objects to Digital Shapes

= There exist many different types of acquisition devices

Shape Acquisition

¥

T

Contact Mon-contact
Mon destructive Destructive Reflective Trasmissive

I

ChM Jointed arms

Slicing MNon optical

Optical

Industrial CT

v

v

Microwave radar Sonar

Digital moclel

———————————

Real ehject

RaNGE IIMages




Acquisition:
From Real Objects to digital shapes

= What we would like to maintain?

= Given a real object with
different properties
(which one?) we should
be able to model and
maintain the information
associated to the
acquisition session

@mm_sugpg Real B Shape '
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Shape Processing:
From Digital shapes to Digital shapes

= Once you have a digital shape you would like (or
you need) to modify it in order to
= Analyze it (Describe it in terms of “significant parts”)
= Structure it (Describe it in terms of “structural parts™)
= Improve it (Remeshing, fill the holes...)

= Wide field of applications...

= Can we describe it in a general sense?
= At least from our “ontology point of view”...

@m_




Shape Processing:
From Digital shapes to Digital shapes

= What we would
like to maintain? Shape
Shape Processing

= |n processing a shape it can be interesting to maintain all
the information regarding
= the tool/algorithm used...
= The parameters
= The Initial and final shape and the relative properties

= And so on...

@ amisHape




Key entities

3

Shape Processing

Scanning device Filling holes

Object Size Sharp features

Object Material Recovery actions
i L moothing

Transversal Entities
Points Points cloud
Mesh Process
Algorithm Input/output
Parameters Performance
Complexity Accuracy




Shape Acquisition
and Processing Ontology Design

= A huge set of confused (not organized) concepts!

We need to understand
which concepts will become an entity in the ontology
which one will become a property and
which one will disappear

This was done looking also at the competency questions we
have identified...
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CQs: some examples

QUESsHIeRS reganding Shape: bData and Real ©pjects
= Which are the owned by “UU”?
=  Who is the of the "Black Tire"?

QuEestiens regarding the ACqUISItIon pPhRase

What are the able to scan a
which is ?

What have been performed in order to scan the
"Frog™?

Has the “PisaCathedral” been scanned ?

Under which the “FROG” has been
scanned?

Who is the of “XYZ” ?

QUuEestions; regarding teols using Shape Data
were used to segment this with the “SWA”
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Identification of key concepts...

The acquisition process basically deals with an acquisition session which
takes place considering a particular real object and producing a digital
shape on the basis of certain conditions.

Acquisition System
Acquisition Device
Acquisition Session
Real Object

Shape

Institution

Person
Environment
Logistic...

& amisHape
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Modeling and Initial schema

the AcquisitionSession has been modeled as an entity, and
It Is related

= to an AcquisitionSystem (which is made up by one or more
AcquisitionDevices - e.g. scanners) and

= to the AcquisitionConditions in which the acquisition is performed
(environment, logistic)

It produces a ShapeData (hasOutput)
It acquires a Real Object (hasinput)

It can also has used some tricks for the acquisition
(hasTrick)
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The AcquisitionSession

AyrquisiticnSes cior
b Diate | String*
session Price | S *
has Errirorment Conditions | Bistance* | Eroriroment Conditions
hasLogistic Conditions | stance® | Logistic Conditions
bashcquisitionSystem | Betmce | AcquisitionSystem
o T =
" 4 el T
- 7 bashrquisitionConditions 8/ bas AcquisitionSystem | “-. hasProduced® \g:mss-:urce
// ,;I IIlI Sl.lﬂPeDm
—y I has Proprietary Right = | String*
.e/ ‘:‘Eq'm | : — | isStrucomed | Boolsmn
hine By irovmer Copud it o * Lequicition Coruditine = | — | hasLogistic Coruditioes * hacDesaiption | Smgs*
sypctem Bevd Price Stringe | -
*, bas AcquisitionDevice| istace* | AcquisitionDevice| | hsEey | ,g‘
\ / hasURL | Sming
A
iz ‘I“" ixa "/
LY 1‘\. ________'_'___.-'
L1 y e
, — N —
Hmmmﬂm o gistic Conditions -
THmpeTAh e | Sring —
| See obstacles | Eul'mg
= = porrerSupplrbrailability| Boolean
n.m:-rDJsr.;ru:e . | machlomred Dristaruce | Hastaruce |
mg aﬂmg |_ 2 mindllowedDistance | Tstance |
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The AcquisitionSession

RealObjectForAcquisition Trick ShapeData
isMovable | Boolean hasTrickName String® hasProprietaryRights | String*
isLightAbsorbent | Boolean hasDescription String hasKeywords | String*
iSTransparest | Boolean hasBeenUsedInAcquisitionSession | Instance™ | AcquisitionSession —— String
hasPhysicalLocation| String hasAuthor Instance* Person hasDescription String
hasObjectID String hasCommonShape Instance* [ — String
hasBeenAcquiredBy j PSRl
L . _1 hasTrick I
hasAcquired | ‘ hasProduced
EnviromentConditions 1 AcquisitionSession hasSource
hasTemperatureInCelsius | Float sessionPrice String* LogisticConditions
hasLightingCondition | String hasDate String HasObstacles String*
hasMaxDistanceInMeters | Float hasLogisticConditions | Instance | LogisticConditions HasPowerSupplyAvailability | Boolean
hasWeather String hasAcquisitionSystem | Instance | AcquisitionSystem hashinAllowedDiztance | ngtance
hasLocationType | String hasTrick Istance* Trick hasMaxAllowedDistance | Instance

Lhs.s.Enw'r-:-nmn:ntC-:-nt:iiliclns —J

;has LogisticConditions —)




CQs: some examples

QUEstions regarding Shape bata aned Realf Onjects
Which are the owned by “UU”?
= Who is the of the "Black Tire"?

Questions regarding the Acguisition phRase

What are the able to scan a which is
9

What have been performed in order to scan the
"Frog™?
Has the “PisaCathedral” been scanned ?

Under which the “FROG” has been
scanned?

= Who is the of “XYZ” ?

QUEestions; reganding teels Using Shape: Data
were used to segm '




One Usage Scenario
(Webby and the Acquisition Planning)

Utrechit Univversiity:

mex] ‘ Which are the
Real Objects
owned by
“UU,,?

What are the
Acquisition Systems by
which “Frog” has been
scanned?

Which were the
lighting condition?

What tricks have
been performed in
order to scan the —

\Real Object "Frogy




FrogUU is light
absorbent...

UUPACOLIST]
Sy/Stem

What are the
Acquisition Systems
able to scan a Real
Object which is light
absorbent?

©

(Webby and the Acquisition Planning)

One Usage Scenario

Lo VIPINSACEUISITtion
Sy/stem

Let’s go to
@ MPII!
U
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The History of a Shape

snape Repository at www.almatsnape.net




History of a Shape

= Glven a shape (in the repository) one can be interested In
searching it and understand how it has been produced

= What is the history of a shape?

= The history of a shape X is basically the set
of operations (with all the details) that
have been performed in order to obtain X.

= These operations can be related to the
acquisition of a real object or the
processing of different shapes.

QM_




History of a shape

= ProcessingSession
as an entlty hasPreviousSession II
= IS

= Acquisition and
Tool as sub-entities

= Properties
= haslnput (ShapeData or RealObject)
= hasOutput (ShapeData)

= hasPreviousSession, which links a ProcessingSession to the previous
one.

= The transitive closure of this property, called hasHistory, is the relation
which produce the history of a given shape.

@ amisHape




Second Usage Scenario
(Webby and the history of a shape)

Webby wants to learn more on acquisition and surface
meshes

He searches for all the surface meshes with a given
characteristic (let’s say “no self-intersections”...)

He browses the results and chooses the shape
“bimbaConNastrino.ply”

Which is the
History of this




() AIMiSHAPE _

Tasks and
Tools for Shape Processing




Third usage scenario
(Webby and the difference among shapes)

Webby wants to measure the quality of its
scanning result wrt to the one at UU.

He searches for a tool able to compute
the distance between two shapes.

Browsing the results he chooses the
“Metro” tool
= it can run on Linux.

= But is able to load only “PLY” files.

Webby searches for a converter from OFF
to PLY.

He browses the results and chooses the
FRO:(?; Uu “Offzply”
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Third usage scenario
(Webby and the difference among shapes)

= Guided by the Competency Questions we could
propose a draft of schema...

Which are the tool
able to compute the
distance between
two shapes?

Which is the

compilation platform
for this tool?

Which format type
does this tool
support?

Does exist a
Converter tool able
to convert an OFF file




Some References

L. De Floriani, A. Hui, L. Papaleo, Topology-Based Reasoning on Non-Manifold Shapes, In
the Proceedings of the 1st Int. Workshop on Shapes and Semantics, pp. 23-30,
Matsushima, Giappone. Giugno, 17 2006

R. Albertoni, L. Papaleo F. Robbiano, M. Spagnuolo, Towards a Conceptualization for
Shape Acquisition and Processing, In the Proceedings of the 1st Int. Workshop on Shapes
and Semantics, pp. 85-91, Matsushima, Giappone. Giugno, 17 2006

Albertoni R., Papaleo L., Pitikakis M., Robbiano F., Spagnuolo M., Vasilakis G., Ontology-
based Searching Framework for Digital Shapes, In Lecture Notes in Computer Science -
Applications of Semantic Web Il (SWWS), Springer-Verlag GmbH pp.896-905 (2005)

Papaleo L., Albertoni R., Marini S., Robbiano F., An ontology-based Approach to

Acquisition and Reconstruction, Collaboration Workshop for the Future Semantic Web at
ESWC 2005 Heraklion, Greece, 29th-30th May, 2005.

Papaleo L., Albertoni R., Marini S., Robbiano F., An Ontology-based Approach to Shape
Acquisition and Reconstruction, Workshop towards Semantic Virtual Environments' (SVE
2005), Villars (Switzerland) March 16th-18th, 2005.




Thanks!




