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Abstract

This work presents th8D Spatial Qualification tool (3DSQ) which was created to
compute spatial data stored in OWL-DL ontology. i&jng the adjustment principle of
an existing ontology, it is then possible to add &ida to existing objects and compute
their spatial relationships from their 3D modelseT3DSQ Platform makes an attempt to
ensure the interaction between heterogeneous emwinats. Actually, such a semantic
platform connects an adjusted OWL ontology streta 3D quantification engine, a
visualization engine and a set of geometry via Kedge processing technology
materialized via SWRL, SQWRL rules and SPARQL geeenvithin its extended Built-
Ins. The created Spatial Built-Ins are connectatieégoresented quantification engine and
enable qualifying semantic spatial relationshigaswill mainly help us to not just apply
semantic queries selecting geometry based on suplal#ied relationship, but also to
benefit from the richness of the knowledge baséésa, from a logical point of view. It
includes the semantic definition and the implemiémtaof the standard 3D spatial
relationships and uses sophisticated geometry simtecture like NEF Polyhedra. It
further describes the implementation of the suggkstidge by the means of the NEF
Polyhedra operation and the DLs definition of sgdatlation.

In addition, this thesis presents an applicatiothef3DSQ platform. It is argued that the
representation of spatial information is not a famental limitation of OWL, where
linking top level semantic qualification with lowvel quantitative calculation is highly
possible and efficient via the OWL-DL expressivevpo. This efficiency is carried out
by the semantic rule system, and the geometry datacture required for the
representation of spatial regions. In fact, suctsemnantic qualification based on
description logic (DLs), and OWL ontologies enairiech more efficient and intelligent
spatial analysis semantically. To prove the feligitand to validate the 3DSQ Platform
within its quantitative and qualitative 3D spatigderators, real applied areas related to
Building Information Model (BIM), IFC and especiall3D point clouds data were
addressed. Given the complexity of the underlyirabfems, the suggested new methods
resort to using semantic knowledge, in particutarsupport the object detection and
qualification. In this context, a novel approachicihmakes use of the 3DSQ platform

and benefits from intelligent knowledge managenstrategies to qualify objects will be
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discussed. It is based on the semantics of diffeemssociated domains to assist in
knowledge formalization where Knowledge helps ia tjualification process, and can be
clearly palpable through the thesis.

Such a conception will bring solutions to the pesblraised by the syntactic exchange
level between CAD software packages, IFCs or 3Dtpdoud geometries. Moreover, all
relations between the different geometries arenddfiby elements suggested in this
thesis. In fact, these relations define how elemean interact. Such a semantic can only
be synthetized, used and invested by OWL ontolagyctire with all the robustness of

the Description Logics.
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Chapter 1

1.1 Motivation, problematic and contribution

1.1.1 Motivation
Over the last few years, formal ontologies (Antoni& Harmelen, 2009) have been

suggested as a solution for several engineerinlgmes, since they can efficiently
replace standard data bases and relational onbsnwdte flexibility and reliability. In
fact, ontologies present a formal representatioknofvledge by a set of concepts within
a domain, and the relationships between those ptsic&Vell-designed ontologies
possess lots of positive aspects, like those klaiedefining controlled vocabulary of
terms, inheriting and extending existing terms,lal@ty a relationship between terms,
and inferring relationships by reasoning on existeres. Ontologies are used to formally
represent the knowledge of a domain, where thechdsa was to present knowledge
using graphs and logical structure to make compuefe to understand and process it
(Ben Hmida et al., 2011). The basic strength offgrontology is their ability to reason
in a logical way, based on Description Logics ([2bphcepts (Baader, 2009) where a lots
of reasoners exist nowadays like Pellet (Sirinalet 2007), and KAON (U. Hustadt,
2010). Despite the richness of the OWL set of iahall properties, the axioms do not
cover the full range of expressive possibilitiesdbject relationships that we might find,
since it is useful to declare relationships in terirtonditions or even rules. These rules
are used through different rule languages to eréhahe knowledge possess in an
ontology. In the next section, we will clarify tharget engineering problem to be dealt

with and resolved, with the help of the above idtroed knowledge base technology.

1.1.2 Problematic
Recently, building modelling process, known as @i Information Modelling (BIM)

(Eastman, et al., 2008), has come to occupy a anele within the Architects, Engineers
and Contractors (AEC) domain (Gu & London, 201Q)clsan evolution has seen the
light along with the normalisation of the BIM domahrough new standards, mainly the
Industry Foundation Classes (IFC) (Qin, et al., 0&n one side, and through new
efficient platforms managing such standards ondtier. The presented format was
introduced by the International Alliance for Intpevability (IAl) and considers the

building elements as independent objects where ebfdtt is characterized by a 3D
representation and defined by a semantic normaliedeel. Consequently, architects and
experts are not the only ones who are able to rizeghe elements, but everyone will be

able to do it, even the system itself. For instarae IFC door is not just a simple
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collection of lines and geometric primitives recizgil as a door; it is an “intelligent”
object door which has a door attribute linked tgemmetrical definition. IFC files are
made of objects and connections between thesetg®bjbere the object attributes
describe its business semanti®’/anland, Cruz, & Nicolle, 2008). Relations betweahe
different defined building elements are represeigdrelation elements”. Subsequently,
building geometries are not modelled explicitly imeans of a boundary (Haimes &
Dannenhoffer, 2010) or CSG representation (Demp2eg0), but implicitly by using

attributes with a geometric meaning.

In fact, one of the most important components enBtM model is the Spatial Relation. It
presents an important actor within the AEC domaihere the spatial relation and
characteristics of geometries are able to chaiaetehe building model semantically.
Until today, existing technologies still suffer fnathe disability to interpret the geometric
information presented within the building model,intya those in concordance with the
different relations between the presented buildipgmetries. In fact, existing product
model servers (Adachi, 2003) are restricted torthmerical evaluations of the spatial
relations already predefined within the product eloduch a handicap will mainly
reduce its expressivity. The lack of platform supipg spatial analysis added to the
geometric one can be enlightened by the fact #sgarch has mainly concentrated on
bringing solutions for semantic object building rebithg or building information model
(BIM) (Schlueter & Thesseling, 2009) without thinfgi about integrating the spatial

component analysis within the BIM model.

Not far from the Building Information Modelling, ¢htechnical survey of facility aims to
build a digital model based on geometric analysisnf different data sources. Such a
process is becoming more and more tedious, esfyediathe case of terrestrial laser
scanners as main data sources where a huge anfoBbt moint clouds are generated.
Within such a scenario, new challenges have seenight, where the basic one is to
make the survey process automatic and more accurates, early works on 3D point
clouds have investigated the reconstruction andedbegnition of geometrical shapes (Pu
& Vosselman, 2007) to resolve this challenge. Unifoately, most of these approaches
are data-driven and concentrate on specific festofethe objects being accessible to
numerical models. These problems can be solved wheher supplementary and

guiding information is integrated into the procedsain for object detection and
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recognition through its geometric and spatial cti@mstics, enabling to support the
validation process. Such information can be deriveth the context of the object itself
and its behaviour, with respect to the data andtber objects, or from a systematic
characterization of the parameterization and dffesess of the process to be used.
However such a domain is characterized by spegift@bulary containing different type
of objects. In fact, the assumption that knowledgdé help the improvement of
automation, accuracy and the quality result is eshdry specialists of the facility model

creation from point cloud processing.

1.1.3 Contribution
The main above discussed issues will be lookedusnhgl this paper, where we will

highlight the current challenge in the field of 3J@ometric spatial relations and the
impact of semantics on it (Ben Hmida et al., 2018).fact, based on the different
observations, we predict that more standard amxibfleerepresentations of facility objects
and more sophisticated guidance for object mod=ton, by modelling the geometric
and spatial knowledge within an ontology structusd]| open the way to significant

improvement in facility modelling capability and rggality, since it will enable us to

create a more dynamic process based on objectatbastics and make the qualification

process more robust.

Within the actual research, domain ontologies a®duo define the concepts, and the
related necessary and sufficient conditions. Tiueswlitions are of value, because they
are used to populate new ones. In addition, thesrate used to compute more complex
results such as the 3D spatial relationships betvedgects. For instance, the relations
between objects are used to obtain new efficieoikadge about it. To do so, and in
order to reduce this technological gap between dothains, we develop throughout this
thesis concepts and techniques for 3D spatial nmdtion and query language for
Building Information Models that we will call theBD Spatial Qualification” approach
(3DSQ). It makes qualifying specific building conmgmt relations possible, by means of
spatial semantic constraints. Such an idea cansed in lots of applied areas and
applications for Building Information Models randegm verifying construction rules to
extracting partial models that fulfil particular adf@l constraints. Likewise, such an
initiative will be involved in different applied eas, for example, the detection and
gualification of objects in 3D point clouds Datang@ achieved, this thesis takes a second

step forward from the spatial qualitative geometelation qualification, to the geometry
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qualification and its management from the 3D peiouds data. As a matter of fact, the
second goal of our paper is to develop efficierd arelligent methods for automated
object qualification. The principle of our solutios a knowledge-based detection and
gualification of objects in point clouds for AEC ighitecture, Engineering and
Construction) engineering. In contrast with exigtapproaches, our approach consists in
using prior knowledge about the context and thedhjself. This knowledge is extracted
from databases, CAD plans, Geographic Informatigstedns (GIS), technical reports or
domain experts. Therefore, this knowledge is thgsbiar a selective knowledge-oriented
detection and qualification of objects in severaladsources. Particularly, the presented

research and contribution will be applied withie tWiDOP project, (Ben Hmida, 2010).

1.1.4 WIDOP project
The WIDOP project (Knowledge-based detection ofeoty in 3D point clouds for

engineering applications) presents a new researofegd founded by the German
government. This project, as its name sugges&hast the knowledge integration for 3D
point clouds processing, object detection and soecenstruction. The created prototype
behind this is based on semantic web technology 3hdgrocessing algorithms. The
created application will be able to facilitate fieeonstruction process, and make it easy
and mainly automatic. The mentioned created apjitaims at replacing the engineer’s
efforts, by managing the 3D processing algorithmsl @ahe engineer's knowledge
automatically. The German Railway company and thenlurt airport, as the main
partners, are the main associates for the projectact, the Fraport company’'s main
concerns are the building and furniture manageroérnihe airport. The position of the
furniture, relative to the security gates and ttash, is constantly moving. In addition,
updates are done on buildings such as new walis;ud¢ion of walls, new holes in a wall,
new windows, etc. This could be undertaken by teehnemployees, in order to
reorganize storerooms for instance. In fact, ivesy difficult to keep the plans of the
airport up to date. On the other hand, the maic@anof the German railway company is
the management of railway furniture. The issuelasecto the Fraport one, because they
have to handle the management of the furniturechwvis constantly changing. Moreover,
the cost of keeping these plans up to date isasang. The key solution consists in fixing
a 3D terrestrial laser scanner on a locomotive,raaditoring the surrounding landscape.
After the first monitoring, the resulting data witle considered as a reference for

comparisons with future monitoring in order to de¢thanges.
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1.2 Suggested approach

Qualitative spatial relationships are used in mangas of computer science. Indeed,
reasoning on such relationships is fundamentadssio infer graphical depiction through
logic mechanisms. In addition, these relationsfégditate the access to data by a query
processing mechanism that refers to objects andréiationships.

1.2.1 Integration of 3D Spatial Processing with knowledge processing
Our current efforts centre on suggesting a compelation for engineering building

modelling implementation in the easiest manners tlemabling the combination of
geometric analysis and the spatial one in a mosditgtive manner, separating the real
quantitative knowledge from the qualitative onec&wly, the qualitative spatial relations
have been used to carry out inference, and toifgéntonsistencies on these relations.
In our current work, we will focus more on tRédimension environment. In addition,
the 3D spatial relation computation will be carriat by external libraries, which makes
the execution process more optimal, and where tdnedard semantic platform will be

extended with new 3D spatial relation built-ins.

To fill this technological gap, we propose a 3D tgpaQualification approach (3DSQ)

throughout this paper. The model, architecture tedlanguage of 3DSQ is based on
semantic technologies, and was designed with arigemgery language that is applied for
Building Information Models. The 3DSQ tool enableés select specific building

components by means of qualitative spatial comgBaiThese constraints form an
intermediate level of abstraction between the tethwviews on building geometry, using
specific geometries structure coordinates; the luapan’s reason about buildings and

the relations between their components, Figure 1-1.

1 Human Semantic reasonning Quantitative Spatial Queries 3

Semantic
Engine
2 Qualitative Spatial semantic

Queries Geometry Representation 4

Figure 1-1. Qualitative relation provided by the quantitativee

The spatial operators available for the spatiaksypre the most important part of the

algebra. They consist of
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» Metric operators (distance, closerThan, fartherTletm),
» Directional operators (above, below, northOf, eandl

» Topological operators (touch, within, contains,)etc

1.2.1.1 3DSQ platform- Demonstration through 3D CAD/IFC geometries

Via the suggested semantic qualification of spa&kition in 3D data, the method makes
it possible to build a semantic global diagramnn@WL ontology structure. First, such a
CAD element can be presented as an IFC contairtiegstene geometries. Once
converted to OWL Ontology structure, the executedc@ss unifies all knowledge
generated during each step of the building’s mamagé beginning from geometries
arriving to spatial relation, and finally to geometqualification. The result is a rich
semantic graph which contains geometries, spatiation and element’s semantics. Such
a concept will bring solutions to the problem rdidey the syntactic exchange level
between CAD software packages or IFC ones. Moreoakrrelations between the
different geometries are defined by elements sugdem this thesis. For instance,
‘contain’ defines a relation between a wall elementl a window. Consequently, only
elements having windows inside can be qualifiedvalts. Such a semantic can only be
synthetized, used, and invested by OWL ontologycstire with all the robustness of the
Description Logics. In fact, OWL concepts definee tkemantic of elements, their
relations and resources. Thanks to the presentiethgian via Spatial SWRL Built-Ins,
new semantic relations can be easily added to thi&dilg management system
materialized with the ontology structure. To dotbe, suggested approach aims to use the
original 9 Intersection model for the 3D topologedation qualification instead of the
dimensionally extended version, since we don’tesgeneed to use the last one to bring a
solution to the presented problematic. Moreovechsa DEM-9IM has to be also
supported by the suggested solution. The prese3BslQ platform has to take into
account the geometry structure and its ability gecey the internal, external and the
boundaries of each one of the geometries. Once, dbiias to suggest formal logic
expressions able to satisfy the intersection modehkch case, to be mapped later on to
the semantic level. Likewise, in this paper, theaetic qualification will be linked to the
quantitative one, where no further complex modif@aon the Standard#7Q language
(Horrocks, et al., 2003), and neither in any reassrwill be achieved. On the other hand,
we aim to avoid complex computation while qualifyithe spatial relation based on DLs

language. Finally, it is highly recommended thathsa solution separates the low level
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guantification from the high level qualification, hile always with ensuring a
communication bridge between both of them. We folb totally different approach in
this paper, since we are based on semantic spatialh is dynamically qualified via our

knowledge base and the presented 3DSQ engine.

1.2.1.2 Semantic technology and 3DSQ

The presented concept requires efficient methodsnofvledge, handling the different
geometric, spatial and algorithms. Efficient knodge-handling tools are available from
the Semantic Web framework, which expresses knaedtirough the Web Ontology
Language (OWL). The encapsulation of semantics imitBWL through Description
Logics (DLs) axioms has made it an ideal technolégy defining knowledge from
almost any discipline. We use the OWL to defineezkfxnowledge about the scene of
interest, its geometry and spatial relation. WitWlOontology, we are able to describe
complex semantics of a scene. For instance, thenstat “A railway track is a linear
feature with two linear structures running paraitebach other within a certain distance”
can be expressed through logical statements. Lievim the case of the 3DSQ extension
for the WIiDOP project, we define the semanticslgbathmic processing within OWL.
For example, the “Check parallel lines” algorithsndesigned for detecting a “Signal,”
which may contain parallel linear structures. Adiadnal technology, the Semantic Web
Rule Language (SWRL) is available. It is a programich infers logic from the
knowledge base, to derive a conclusion based omlservations and hypothesis. For
instance, the following rule asserts that a 3D gaoynthat has a distance from
Distant_Signal of 1000m, has a height equal toreat@r than 4m, and that has a linear
structure, will be inferred as a Main_Signal, whifain_Signal and Distant_Signal are
semantic objects within the railway scene. Mostargntly, SWRL built-ins are keys for
any external integration. They help in the interagien of SWRL with other formalisms
and provide an extensible infrastructure for knalgke based applications. They are
essential in that they allow entry to a differemrld of processing. In the context of this

solution, it bridges knowledge management and gégrpeocessing.

1.2.2 Created prototype
The created 3DSQ prototype takes into considerdtieradjustment of the old methods

and, in the meantime, benefits from the advantagfeshe emerging cutting-edge
technology. From a main point of view, the devetbmystem still retains the storing

mechanism within the existent 3D geometry processin addition, it suggests a new
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field of qualification, where we get a real-timepport from the created knowledge.
Added to that, we suggest a collaborative Javafdphat based on semantic web
technology (OWL, RDF, and SWRL) and knowledge eagiing, in order to handle the
information provided from the knowledge base andggéiometries. The process enriches
and populates the ontology with new individuals amthtionships between them. In
addition, the created platform offers the oppotturio materialize the qualification
process by the generation and the visualizatiothefqualified geometries based on a
VRML structure, (W3C, 1995), powered from the knedde base. It ensures an
interactive visualization of the resulting qualdfielements beginning from the initial
state, to a set of intermediate states arrivingllffjrat an ending state, once the set of rules
are totally executed. The resulting ontology corgagnough knowledge to feed a GIS

system, and to generate IFC file (Vanland, e2808) for CAD software, Figure 1-2.

Figure 1-2. 3DSQ platform overview

1.3 Thesis Plan

This thesis puts forward the views, contributiord aesults of the research activities
within the backdrop of Semantic Web technology tirelknowledge management aspect
within it. The suggested system is materialized3&sQ platform and its extension (Ben
Hmida, et al., 2011) and applied in the contexthef WiDOP project. Furthermore, the
created platform is able to generate an indexedieséeom unorganized geometries

visualized within the virtual reality modelling lgnage (W3C, 1995).
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The paper is structured into different chaptersaf@ér 2 presents the basic material for
our contribution and gives an overview of the setisaneb and the related technology:
mainly, the knowledge engineering domain, the Opson logic and its impact on the
knowledge modelling. Second, more precise backgtdimowledge on ontology web
language and the Semantic Web rule and their oelati this thesis will be presented. In
chapter 3, we present the first step, where weligighthe state of the art related to the
3D Quantitative spatial relation qualification, asdggest a more optimal and accurate
3D geometry structure for the qualification procdaschap 4, we discuss the suitability
of Semantic web concepts and their related teclyyoto the problem of 3D spatial
relation qualification, and present the integratpyocess of 3D Spatial processing with
knowledge processing through the created 3DSQintinthe qualitative spatial relation
to the qualitative one, Figure 1-3 top. Chapteebdnstrates the impact of the presented
semantic platform on the CAD/IFC geometry qualifica, through a first semantic
extension of the 3DSQ platform, Figure 1-3 MiddRhapter 6 implements the second
extension of the created semantic approach thrdagipplication to the problematic of
3D object detection and qualification in 3D poitdus data. Meanwhile, it presents the
second semantic extension of the 3DSQ platfornuppart the new domain requirement,
Figure 1-3 below.
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Figure 1-3. 3DSQ platform evolution
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1.4 Conclusion

The present paper aims at building a bridge betwsesmantic modelling and 3D

geometric processing. The knowledge will be stmartuin ontologies structure,

containing a variety of elements, such as alreadtieg information about objects of the
scene, for example data sources, information ath@ubbjects' characteristics, hierarchy
of the sub-elements, geometrical spatial, etc. dinout this paper, an approach on
achieving object detection and qualification withimese inference engines will be
presented. The major context behind the currerptehas the use of knowledge in order
to manage the engineering problem in question,cbaseheterogeneous environment. It
primarily focuses on 3D geometry and its managertigough the available processing
technologies incorporated through the knowledge.tids Web technologies mature
through their approach in the Semantic Web, thelampntation of knowledge in this

domain seems even more appropriate.
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Chapter 2

2.1 Introduction

The growth of the World Wide Web has been tremesdiince its evolvement both in
terms of content and technology. The first Web gaten was mainly presentation-
based, providing information through the Web pagetsnot allowing users to interact
with them. In short, Web Pages contained ‘read amfigrmation’ since they were only
text pages and did not contain multimedia data. mh& drawback of these Web sites is
that they have higher dependency on the presemtitigguages, mainly the Hypertext
Markup Languages (HTML), (Vaughan-Nichols, 2010).ithPWthe introduction of
eXtensibleMarkup Language (XML) (Decker et al., 2000), the informatioithin the
pages became more structured. In fact, those XMéedbgpages could hold up the
contents in a more structured method but still éackhe proper definition of semantics
within the contents, (Berners-Lee, 1998). For teasson, the need of intelligent systems
which could exploit the wide range of informatiovadable within the Web was widely

felt. The Semantic Web was envisaged to addressi&sd.

The term Semantic Webwas coined by Tim Berners-Lee (Lee et al., 20@Dposing

the inclusion of semantics for better enabling nraeipeople cooperation for handling
the huge amount of information that exists on thebWThe term Semantic Webhas
been defined numerous times. Though there is nodbdefinition of Semantic Web,
some of its most used definitions afehé Semantic Web is not a separate Web but an
extension of the current one, in which informatisrgiven well-defined meaning, better
enabling computers and people to work in cooperatili is a source to retrieve
information from the Web (using the Web spidersmfiRDF files) and access the data
through Semantic Web Agents or Semantic Web Ser8aaply, Semantic Web is about
data or metadata(Lee et al., 2001).A Semantic Web is a Web where the focus is placed
on the meaning of words, rather than on the wotdmniselves: information becomes
knowledge after semantic analysis is performed. thig reason, a Semantic Web is a
network of knowledge compared with what we haveytdtiat can be defined as a
network of informatioh (Huynh et al., 2007).The Semantic Web provides a common
framework that allows data to be shared and reusebss application, enterprise and

community boundariég¢Decker et al., 2000).

Not so far, the Description Logics (DL) (Baader,09D is a family of knowledge

representation languages which can be used tosesqiréhe concept definitions of an
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application domain in a structured and formally Iwehderstood way. The name
description logic refers to a concept used to desca domain and to the logic-based
semantics which can be given by a translation firsi logic order predicate (Ertel,

2011).

This chapter introduces the basic concept of theaséic web and its related technology;
mainly the web ontology language (Antoniou & Harerel2009). To do, we began by a
general overview on the knowledge modelling and tligerent formal language,
especially the description logic theory in sectidnIn section 3, we highlight the
reasoning process and the inference capacitiesh®rDts language. We discuss in
section 4 the different issues related to the defimof the semantic web where we focus
on its related technology; mainly the ontology weahguage (Antoniou & Harmelen,
2009), and the semantic web rule one (Horrockd.e2@04). Finally, we conclude the
chapter with a discussion clarifying the mannewhich such a technology can be used

for current engineering problems.

2.2 Description logics and Knowledge modelling

Description logics (DLs) (Baader & Sattler, 2001)e aa family of knowledge
representation languages that can be used to esmpré&sowledge of an application
domain in a structured and formally well-underste@d/. The term “Description Logics”
can be broken down into two terms: description laigit. The former describes the real
world scenario with the real world objects and thlationships between those concepts.
These objects are more formally grouped togetheutih unary predicates defined by
atomic concepts while their relationships are gatthever binary predicates defined by
atomic roles. The term ‘logic’ adds the fragrandelagical interpretations to the
description. One could reason on the descriptiongénerating new knowledge from the
existing one through these logics. Definitions ased to introduce symbolic names for
complex descriptions. The following example defiaeslother as a Woman who has at
least one child. By inference, it means that ewedyidual type of Women which has at
least a relation with a Person and the type ofr¢tegion is “hasChild”, will be qualified

as a Mother.

Mother = Woman [13hasChild. Person (1)
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The description logics are a subset of first oddgic offering a family of knowledge
representation formalism. These logics inherit frtime semantic networks of Sowa
(Sowa, 2006) and differ from several other formmaBssince it provides a precise
semantic characterization of a modelling langu#tgs.based on concepts or classes, and
also named roles and relationships. These conegptslefined using unary predicates
representing the class of an object with similaarabteristics. Roles denote binary
predicates representing relationships between thjetkewise, DLs concepts can also
define attributes characterizing an object semalyiclt should be noted that recently,
the description logics have become the cornerstbiee Semantic Web technology and
the Ontology web Language definition (Horrocks &cBhofer, 2008). This is achieved
due to the amount of research over several dedadis area of specification languages
for description logics, and validation of algorittrmesolving problems and reducing

complexity.

2.2.1 Description Logic families

The Description Logic languages are knowledge smpr&tion languages that can be
used to represent the knowledge of an applicatmmagh in a structured and formally
well-understood way (McGuinness & Patel-Schnei@®03), (Calvanese et al., 2005).
Description logics contain the formal logic-basesinantics, which present the major
reason for its choice of Semantic Web languages itsepredecessors. The reasoning
capabilities within the DLs have added a new dirf@mms$o it. Having these capabilities
as a central theme, inferring implicitly representknowledge becomes possible.
Currently, web languages such as XML or RDF(S) {@ecet al., 2000) could benefit
from the DL approach to formalize the structuresbwledge representation (Lassila,
2007). This has arranged a background behind thergemce of Description Logic
languages in the Web. Nowadays, an agreed metheddunde these operators using an
alphabetic letter to denote expressivity of DLs Is&®n the light. These letters in
combinations are used to define the capabilitieBlo$ in terms of their performances.
This implies to the DL languages as well. In thextngubsection, we introduce the
terminological axioms, which make statements about concepts or roles are related to
each other. Then we single out definitions as $igegaxioms and identify terminologies
as sets of definitions by which we can introducemat concepts as abbreviations or
names for complex concepts. In the most genera, casminological axioms have the

form of:
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CED,RESOrC=D,R=S (2)

Where C and D are concepts while R and S are rAlegems of the first kind are called
inclusions, while axioms of the second kind ardecakqualities. It is used to introduce

symbolic names for complex descriptions e,g.

RailWorker = Person N Jhaswork.RailWork 3)

Complex descriptions can be built through the abmeationed elementary descriptions
of concepts and roles. These descriptions are giferent notations over time. The
Attributive Language 4£) was introduced in 1991 as minimal language thabfis

practical interest (Schmidt-Schaul3 & Smolka, 19&1is further complemented through
Attributive Concept Language with Complements:() to allow any concepts or roles to
be included and not just atomic concepts and atowies which were the previous
elements of the descriptiong£( is the important notation format to express Desicnip

Logics, Table 2-1.

~ Notation ~ Syntax ~ Semantics = Read-as |
T C,D->T T(x) Universal concept
1 1 1 (x) Bottom concept
mn cnbD C(x) N D(x) Intersection
u cub C(x) UD(x) Union
= -C -C(x) Negation
3 3R.C 3R(x,y)NC(y) Existential Quantification
v VR.C Vy.R(x,y) = C(y) Value Restriction

Table 2-1. The syntax and semantics based?dn(

C,D — A|T|L|=A|CMND | VYR.C|3R.T 4)

The presented syntax in the above equation allosfimidg a set of concepts as the
following concept of "A person married to a doctanose children are all doctors and

professors." Such an expression can be formallifemras seen in the following equation.

Human[1 =Woman 1 (3isMarried. Doctor) [1 (VhasChild. (Doctor [1 Professor)) (5)
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Returning to Table 2-1, several restrictions betweencepts and rules are used. Within

the DLs language, such restrictions can be clasisis:

* TheQuantifier restriction

It is again classified as thexistential quantifier (at least oneor some) anduniversal
guantifiers (every).The existential quantifier links a restriction cept to a concept
description or a data range. This restriction dbssrthe unnamed concept for which
there should be at least one instance of the comesgription or value of the data value.
To simplify, the property restrictioR relates to a concept of individuadfaving at least
one y which is either an instance of concept dpon or a value of data range so that
P(x,y)is an instance dP. From the other side, thaiversal quantifier (every)constraint
links a restriction concept to a concept descniptio a data range. This restriction asserts
that the property or relation holds all the mentdfethe domain. To simplify, the property
restrictionP relates to a concept of individuaddaving all y which is either an instance

of concept description or a value of data rangthatP(x,y)is an instance d?.

« TheValuerestriction

It links a restriction concept directly to a valrhich could be either an individual or data

value. For example, thds AL(C logic is extended with a complete negation. Anothe
example, thesH1Q description logic is arfi£( logic extended with cardinality quantifier
restrictions, inverse roles and relationships. JlieDescription logic also called minimal

logic was defined by Schmidt-Schaub and Smolkahitsdt-Schauss & Smolka, 1991).

As the DLs language matures, $®7Q logic is created. In facthe derivation oS#7Q

logic with respect to naming the convention of the Desiznn Logic is given as:

S Used for all2£C with transitive roles R+

H: Role inclusion axioms R R2 (is_component_af is_part_of)

* I: Inverse Role R-(isPartOf = hasPart-)

Q: Qualified number restrictions

In fact, theSHIQ clauses authorize the use of the conjundiipthe disjunctioril, the
negation—, the existential quantifiey and the universal quantifiar. This logic is

extended with transitive roles), inverse rolesd), role hierarchy %), nominal class or
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enumeration by individuals®() and restrictive role quantifierQ(). There are a wide

variety of description logics describing the authed operators. However, their naming

convention is informal. As in the previous exam@#/Q expressiveness is encoded in

the name using different letters, Table 2-2.

L etter Definition
g:‘

DN

Functional properties

& Complete existential Quantification

u Union

c Complete Negation

S Abbreviation ofALC with all transitif role equivalent talLUE since the Union
and the completre existential quntification arespreed with a complete negati
and vis versa

H Hierarchy of roles and sub properties

(0] Nominal Classes or individual Enumeration

J Inverse properties

N Role cardinality restriction

Q Quantifier cardinality restriction on roles

S Transitive roles

D Add support for primitives types (Integer, Characteain....)

Table 2-2 DLs Expressivity Definition

To summarize, the following table presents all #vailable commands in description

logics for defining a particular logic.

Constructor Syntax Symbols
Universal Concept (top) T AL
Empty Concept (bottom) 1 AL
Conjunction CiI...TMC, AL
Digjunction G, U...uc, u
Negation -C C
Universal Quantification VR.C AL
Limited existential quantification 3R.T AL
Existential quantification AR.C &
Transitive Role R* S
Inverse Role R~ J
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Hierarchical Role CcD H
Functional Role <1R F
Complexes Inclusion of Roles RoSc R, RoSc S R
Unqualified number restriction (at least) >nR N
Unqualified number restriction (at most) <nR N
Unqualified number restriction (exactly) =nR N
Qualified number restriction (at least) >nR.C Q
Qualified number restriction (at most) <nR.C Q
Qualified number restriction (exactly) =nR.C Q
Nominal (Individuals) {a} or{ay, ...,an} 0

Table 2-3. Constructors, syntaxes and symbols of the Desorifitogic

The description of complex concepts is performedgiatomic concepts and primitive
roles. The meaning of a description is defined hyrgerpretation functiofi = (A7,-7),
whereA’ is the interpretation domain arlds the interpretation function. It infers to the
correspondence between the intention of concemts@as with their extension, where
atomic concept corresponds to a term representingulaset of the individual
interpretation domain. The universal concept (Tois)interpreted as the entire domain of

the interpretation domaifw’, while the empty concept corresponds t@, Table 2-4.

Constructor Syntax Semantic
Empty (resp. Universal) T (resp. 1) @ (resp. A7)
Atomic Concept C c’ec A
Role R R7c AT x AY
Individual a a’ e A’
Negation —C AN\C?
Conjunction c.MNe, cincl
Disunction C.UC, ciluci
Universal Quantifier VR.C {xe ANl|Vy (x,y) € R" > yeC’}
existential Quantifier 3R.C {xe A3y (x,y) e RP>yecC’}
Restriction at least >nR {x e A" |{yl(x,y) € R’} =n}
Restriction at most <nR {x € A7l |{yl(x,y) € R’} <n}
Restriction to less qualified >nR.C {xe AN |{y e C7|(x,y) € R"}| =n}
Restriction most qualified <nR.C {xe A'||{y € C’|(x,y) € R’} < n}
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Equivalence Constr uctor C,=C, cil=c
Subsumption Constructor C,EC, ciccl
Concept Assertion a:C a’ ec’
Role Assertion (alb): R (a’,b") e R?

Table 2-4. Constructors, syntax and Semantic

2.2.2 Description Logic impact on Knowledge base

Description Logics supports the serialization tlgtothe human legible forms of the real
world scenario with the classification of conceptsl individuals. Moreover, it supports
the hierarchical structure of concepts in formsw-concept/super-concept relationships
between the concepts of a given terminology. Thesrahnchical structure provides
efficient inference through the proper relationgween the different concepts. The
individual-concept relationship could be comparedhie instantiation of an object to its
class in an object-oriented concept. In this martherDLs approach can be related to the
classification of objects in a real world scenatigqrovides formalization to knowledge
representation of real world situations; otherwisshould provide the logical replies to
the queries of real world situations. This is cnotiyethe most researched topic in this
domain. The results are highly sophisticated reiagorengines which utilize the
expressiveness capabilities of DLs to manipulateowtedge. A Knowledge
Representation system is a formal representatiom d&howledge described through
different technologies. When it is described thitouls, it sets up a Knowledge Base
(KB) where the contents could be reasoned on, ferried. A knowledge base could be
considered as a complete package of knowledge rofités however only a subset of a
Knowledge Representation system (KR) that contaidditional components. In any
graphical representation of knowledge, concepts repgesented through the nodes.
Similarly the roles are binary relationships betweencepts, and eventually present the
relationships of the individuals of those concepisey are represented by links in the

graphical representation of knowledge.

Baader (Baader et al., 2008) has sketched thetectinie of any KR system based on
DLs. The central theme of such a system could be as a Knowledge Base (KB). The
KB is constituted of two main components: the TBand the ABox where th&Box

statements are about tiherms or the terminologiesthat are used within the system
domain. In general, they are statements descriltieg domain through controlled

vocabulary. For example, in terms of a social donntdie TBox statements are the set of
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concepts as RoomRail, train, etc. or the set of roles ahasGeometry,
has3DSpatialRelation, hasCharacteristete. the ABox contains assertions to the TBox
statements. In an object oriented concept, ABex statements must comply with the
TBox one, through instantiating what is equivalent f@msses in TBox and relating the

roles to those instances, Figure 2-1.

/ T Box R\

A _/
Description .
Reasoning
languages r

\\‘ A Box d

-

Knowledge Base

Application
programs

rules
Figure 2-1. The Architecture of a knowledge representatiotesyshased on DLs

The definition of a concept is usually done throwlgiscribing its properties. Two main
kinds of axioms describe the structure of the TBithe first is the axiom of equality, and

the second is the axiom inclusion.

C=DorCcD (6)

Equalities present definitions when the left sslam atomic concept. Definitions are used

to introduce symbolic names for complex descrifgion

Parent Motherl] Father ©)
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An inclusion is a specialization when the left paran atomic concept.

WomanE Person (8)

ABox contains a set of assertions about individualainly assertions of belonging and
role assertions. Each ABox must be associated avifiBox, because the assertions are
expressed in terms of concepts and roles from B@xTIn the following example, a, b

and c are individuals; C is a concept and R a role.

C(@)-R(b,c) (9)

For example, if John, Paul and Mary are individuélen Father (John) means that John's
father where hasChild (Mary,Paul) means that Paaldhild of Mary.

Description logics adopt the unique name assumptibich means that individuals must
have different names. Otherwise, individuals aeesdime. The knowledge bases based on
description logics adopt the semantics of the opemld. Indeed, the open world
assumption implies that the information may be mptete. This means that what cannot
be proven from the available information is notes=arily false. Unlike the closed world
assumption, it implies that the information in kmowledge base is necessarily complete.
Otherwise, what cannot be proven from the availaffiermation is false. As example,
the knowledge base is composed of individuals fahhg Man (John), Man (Paul) and
the assertion of the following role: hasChild (JoRaul). The question is: Are all John's
children men? The answer is true in the case d¢bsed world, such as is adopted in the
field of relational databases. On the contrary,dhiteome is unknown to the semantics of
the open world, because no information is availatdéing that Paul is the only child of
John.

2.3 Reasoning with Description Logic Languages
Traditionally, the reasoning process refers toitiference of new facts from a set of
existing ones which have the characteristic of ¢p¢ine. The reasoning process formally
verifies a semantic relationship between specHictd in a formal logic, called logical
implication relation. In classical logic, the exps®on of “a proposition P logically
implies a proposition Q" means" proposal v ) is true. Formally this is written P =>
Q.
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In general, the logic is equipped with a systemubés for deriving conclusions from a
set of hypothesis. Such a system is called evideoegutation and generally designed to
faithfully capture the semantic relationship obgital implication. In the standard view,
decision problems used to answer questions wits' ‘ge‘no’. However, despite the fact
that this is considered as a standard reasonikgdhascking logical implication is still far
from the inference tasks made by applications.dddéhe problems of finding a solution
that involves a question, or rather an injunctinrthie form of "find an element such as
..", and the answer is to provide such an elenagat presented nowadays as very
common ones. According to the expressiveness datimuage for defining the facts of a
problem domain, the proofs calculation system aambalculable. The description logics
are less expressive than first order logic, buy theem treatable systems of knowledge
representation. The current task of reasoningezawn description logics is subsumption
checking from one side, and satisfiability verifioa from another. The first task is to
formally prove for a description of concepts thaimore specific than another. This can
be seen as a specific form of verification of lagimnplication. The second task is for a
given knowledge base to determine whether it issfsable, that is to say, it does not
contain contradictions. Often, the reasoning tasksh as logical implication in many
logics can be expressed in terms of checking &ify. The solution adopted for this
thesis is based on description logics and espg@althe OWL-DL described in the next
section. The purpose of this section is the presient of the standard reasoning tasks and

inference using logic programming.

2.3.1 Inference in Description Logic

The inference is performed in description logiotigh the terminological level TBox, or

even the assertional level, taking into accountinidésiduals of the knowledge base like
the ABox. In this field, four principal inferenceomcepts are presented on the

terminological level (Baader, 2006)

o Satisfiability: A conceptC of a terminology7 is satisfiable if there exists a
model7 of T whereC’ # @.

e Subsumption: A concept C is subsumed by a concept D refertioga
terminology7 if and only ifC? c D? for any model of 7.

« Equivalence: A concept C is equivalent to a concept D referting terminology

7 and only ifC? = D7 for every modey of 7.
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e Digunction: A concept C is Disjoint to a concept D referringatterminologyr

and only ifc” n D7 = @ for every modey of T

From the other side, the factual level includes foain inference issues

Consistency: An ABox A is consistent with respect to a TBBxf there exists a

modelJ of A and7. For example, the set of assertions {Mother (MaRgther

(Mary)} is consistent respecting the empty TBoxjcgl no restrictions on the

interpretation of Father and Mother concepts toeh@emmon individuals.

However, this is no longer true when interpreting Mother and Father concepts

as disjoint.

« Instance Checking: Check by inference if an assertion C (a) is timeevery
modelJ of an ABox A and a TBof'.

* Role Verification: Check by inference if an assertion R (a, b) i tfor any
modelJ of a ABox A and a TBo#'.

* Retrieval problem: For an ABox A, a concept C and a terminold@yinferring

individualsa] ...aJ, € ¢? for every modey of 7.

2.3.2 Logic programming and inference

Logic programming has reached a wide variety ofiagon fields such as the design of
expert systems in order to simulate human expeitigedesign of RDBMS (Malecha et
al., 2010), natural language processing, the edegudomain, etc. Such a programming
language has three major advantages: simplicitwyep@nd non-directional procedures.
The declarative aspect of logic programming providesimple way for solving problems.
The programmer's task is also reduced to the geeri of knowledge and problem
solving. Logic programming is based on the ided fnadicate logic restricted to Horn
clauses can give a procedural interpretation. Rrogring languages including Prolog
logic programming (Swift & Warren, 2012) are nortateninistic primitive operations,
where the concept of unification is a central notaf logic predicate and other logic
systems. This notion characterizes the Prolog progring languages. To apply the rule
with two clauses, it is necessary to know if twommwre atomic formulas can be unified,
(Baader & Morawska, 2009). Two terms A and B canubéfied if there exists a
substitutions wheres (A) = 6 (B) (o is a unifier of A and B). The unification is the

process by which any logic language matches ailstan atom, where the head of rule
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is used to check the suggested purpose. The digotised to implement this process is

called the unification algorithm.

unify(siblings(John, Z), siblings(X,Y)) = [X = John,Z = Y] (10)
unify(same(X, X), same(Mary,Y)) = [X = Mary,Y = Mary]
unify(cons(X,null), cons(X,Y)) = [Y = null]
unify(cons(X, null), cons(X, a)) =< Fail >

Horn logic programming is a declarative programmpagadigm which is based on a
subset of first order logic. A logic program comsisf simple rules, as follows: "if ... then
...". These rules are a simple way to represenvlenge. A rule consists of a head and a
body.

H:-B, ..., B, (11)

The head is composed of a literal (H in the abowgmple), while the body of a rule is
composed of a set of literals«B.., B, in the above example). There are two different
notations, which are semantically identical. H;-B., B, is sometimes written K- B; A

... A Bp. In all cases, these rules are read as followkeifbody" then "head". Literals are
atoms that can be either positive p (x) or negatiye(x). A rule without a body is called

afactp (a ..., &) A rule without a head is called a query que®;?-.., B, Table 2-5.

Atom Example
Rule hasDaughterl(x,y): —haschild(x,y), Woman(y)
hasGrandFather(x,z): —hasParent(x,y), hasFather(y, z)
Fact Person(John)
Woman(Mary)
Query query:? —hasGrandFather(John , x)

query:?—hasDaughterl(John , Mary)

Table 2-5. Example of Horn Clause

2.3.2.1 Prolog

Prolog (Programming in Logic) (Demoen & DE LA BANDA2012) is a logic
programming language based on predicate calculdssboforder, which was originally
limited to only Horn clauses. However, this langeidtas been extended to take into

account negation by failure. As described for logrogramming, a Prolog program
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consists of rules and facts. These facts and alesoperated by a theorem prover or
inference engine to respond to a question or regiliee implementation of the prolog
program is based on the resolution principle wjtkcific strategies of restriction. This
program is initiated by a query such ashasChild (x, ythat results in the enumeration
of all possible answers. A Prolog program is detiee where the order of rules is

important for the program evaluation, Table 2-6.

Program Associated questionsand answers
Woman(Alexandra) ?- isChild(Alexandra, John).
Woman (Mary) false
Man(John)
Man (Peter) ?- isParent(John, Peter).

true

isMother (Alexandra, Mary).

isM other (Alexandra, John). ?- isParent(Alexandra,X).

isFather (John, Peter). X=Mary;

isParent(X,Y) :- isMother (X,Y). X= John;

isParent(X,Y) :- isFather (X,Y).

isChild(Y,X) :-isParent (X,Y). ?- isFather(John,X), Woman(X).
False

Table 2-6. Example in Prolog

2.3.2.2 Datalog

Datalog (Gottlob & Schwentick, 2011) is in many wag simplified version of the
general logic programming. In fact, a logic prograonsists of facts and rules where
facts are assertions of a relevant part of thedvasl "John Henry is the father." A rule is
a sentence that allows us to deduce facts fronr otes. If X is the parent of Y, and if Y
is the parent of Z, then X is a large relative tdrzthe formalism of Datalog, facts and
rules are also represented in the form of Hornsdait should be noted that for a given
Datalog program, particular symbols not definingiatales are constant or predicate
symbols. In addition, all literals of the same pcate symbol have the same priority and
number of arguments. Any literal fact, rule or das without variables are called

("ground"). Any Datalog program must satisfy the following safety conditions:
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« All the facts of P present identificators
« Any variable that appears in the head of the rubauBt appear in the body of the

same rule.

These requirements help to ensure that any seictf flerived from the Datalog program
are closed. In the context of logic programmingsiassumed that all knowledge (facts
and rules) within a particular field of applicatios included in the logic program.
However, the Datalog programs were developed feramsa very large number of facts
and are stored in a relational database. Theref@esan consider two sets of clauses, a
set of fact identifiers called extensional databgsieysically stored in a relational
database, and a Datalog program P called intehtidag@mbase. Today, a surprising

commercial re-emergence is recognized in the béldatalog.

2.4 The Ontology Web Language and its related Technology

Currently, the convergence of formal foundationsextensible, semantically understood
structure within the description logic and the Wabhguages has led to efforts such as
Ontology Interface Language (OIL) (Fensel et &d0D). It presents the first major effort
to develop a language which has its base in Ddgmmijhogic. It was a part of broader
project called On-To-Knowledge funded by Europeanod. This was the first time that
the concept within ontology is explicitly used witha Web based environment.
However, it did not completely leave out the priwvgs of frame base languages with the
formal semantics and reasoning capabilities byudfidg them within the language. As
the Semantic Web technologies matured, the neédcofporating the concepts behind
the description logic within the ontology languagess realized. It took few generations
for the ontology languages defined within the Walviemnment to implement the
description language completely. The Web Ontologinduage (OWL) (Antoniou &
Harmelen, 2009) is intended to be used when tharrimdtion contained in documents
needs to be processed by applications and not tmahsi (McGuinness & Van Harmelen,
2004). The OWL language has direct influence fresearch on the Description Logics
particularly on the formalization of the semanticsaddition, the OWL language has its
correspondence to the description logics with itslanguages as OWL DL and OWL
Lite (McGuinness & Van Harmelen, 2004). The Senwaiteb includes a number of

interrelated technologies organized in differeninptementary layers where each upper
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layer presents additional technology and languangéing the previous one richer Figure

2-2. In the next part, a quick survey on the défgrlayers will be highlighted.

* URI (Uniform Resource Identifier). Th&niform Resource Identifietayers
present the basic layer for the semantic web tdofggpand mainly the Ontology
Web Language. It allows characterizing each resohyca unique identifier thus
enabling its identification on the network.

« XML (Extensible Markup Language). The second mairel in the semantic web
stack is presented through the XML language (Hueteal., 2011). Indeed, the
extensible markup language (XML) is a simplificatioof the Standard
Generalized Markup Language SGML (Kahn, 1999)inisal goal is to ensure
the interoperability between the different heteramys environments, to facilitate
the automatic content exchange between variousrniaon systems and
particularly to get adapted for sending documemnés the Web.

* RDF (Resource Description Framework) is a data intue adopts a syntax
allowing tags to represent objects or resources thadrelationships between
these objects as triplets, (Decker et al., 20Q0% intended to describe the Web
Resources and their metadata in a formal way. [alger is structured in several
RDF triplets. Every RDF triple is an association sofbject, predicate; object
where the subject represents the resource deggrithie type of predicate
representing a property applicable to the resoar# the object represented
given one or another resource.

e RDF-Schema or RDFS vocabulary, (Allemang & Hendl2608). As an
extension for the RDF layer, the RDFS one is usedldscribe classes and
properties for RDF resources. This extensible laggu for knowledge
representation belongs to the family of semantido\Wanguages and provides
basic elements for the vocabulary definition ofadogies that was intended to
structure RDF resources.

¢ Ontologies and logic. These layers present the noaintribution within the
semantic web technology compared to the RDF omestofiou & Harmelen,
2009). It is related to the definition of ontolodgnguages such as OWL
(Ontology Web Language). OWL is advocated as adstah by the W3C

consortium for modelling ontologies. Added to &létcapacities inherited from
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the above discussed layers, OWL can model therirdtion domain through new
constraints and DLs rules characterising the domain

Evidence. As seen in the last section, logical Uaggs enable the
implementation of reasoning tools. Reasoning taots available for languages
such as OWL, and allow for example to test the istaiscy of information, to
classify it, etc... It also includes inference erg that allow inferring information
from the described one, in order to unify thesded#nt approaches. The
specification language of the Semantic Web Ruleguage (SWRL) and others
presents part of the Emerging work, (Horrocks gt28104).

The Confidence layer is located at the top of themid. It addresses the issues
of trust that the Semantic Web technology can suptoconcerns the use of

digital signatures and other types of knowledgditgtio guarantee the origin of

information.
User interface and applications
‘ Trust
’ Proof
{ Unifying logic ’ |
Ontologies: ’ Rules:
Querying: OwL RIF/SWRL 8
SPARQL =2
Taxonomies: RDFS <<g)
. - S o
=3
Data interchange: RDF
Syntax: XML
Identifiers: URI Character set: UNICODE

Figure 2-2. Semantic Web Layers
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2.4.1 The Ontology Web Language (OWL)

The association of knowledge with the Semantic Wels provided a scope for
information management through the knowledge manageé Since both technologies
use ontology to conceptualize the scenarios, Secn#eb technology could provide a
platform for developments of knowledge managemsgstesns (Uren et al., 2006). The
term Ontology has been used for centuries to defimebject philosophically. The core
theme of the term remains the same in the domaiocoofputer science; however the
approach in defining it has been modified to adphgt domain. Within the computer
science domain, ontologies are seen as a formedgeptation of the knowledge through
the hierarchy of concepts and the relationshipavésen those concepts. In theory,
ontology is a formal, explicit specification of shared concepization” (Gruber, 2008)

It can be considered as formalization of knowledggresentation where the Description
Logics (DLs) provide logical formalization to then@logies (Horrocks et al., 2007).
Ontology defines the basic terms and relationsbgraprising the vocabulary of a topic
area as well as the rules for combining terms atationships to define extensions to the
vocabulary. According to this definition, ontologycludes not only the terms that are
explicitly defined in it, but also terms that camibferred from it. Gruber, (Gruber, 2008)
initially define ontology as&n explicit formal specifications of the terms fire tdomain
and relations among them since it defines a comwumabulary for researchers who
need to share information in a domainth other words, ontology is a formal explicit
description of concepts in a domain of discourdee properties of each concept
describing various features and attributes of thacept, and restrictions on slots.
Ontology, together with a set of individual instasa®f classes, constitutes a knowledge
base. This definition became the most quoted erditre, as well as by the OWL
community. Borst (Borst et al.,, 1997) has slighthodified Gruber's definition as
follows: Ontologies are defined as formal specification afhared conceptualizationt
refers to abstract conceptualization model of sghenomenon in the world where
concepts are identified within its phenomenon. Tim#ans explicitly clustering the
different kinds of used concept. Guarino and GiardGuarino, 2009) provide the
following definition: ontology is a set of logical axioms designed tooaot for the

intended meaning of a vocabulary

The OWL language has direct influence from the asdees in Description Logics and

insight from Description Logics, particularly onethormalization of semantics. OWL
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takes the basic fact-stating ability of RDF (Allamya& Hendler, 2008) and the class- and
property-structuring capabilities of the RDF Scheaand extends them in important ways.
OWL can declare classes, and organise these classassubsumption ("subclass”)
hierarchy, as can RDF Schema. OWL classes candwfisd as logical combinations
(intersections, unions, or complements) of othassts, or as enumerations of specified
objects, going beyond the capabilities of RDFS. OWAn also declare properties,
organize these properties into a "subproperty”dnaty, and provide domains and ranges
for these properties, again as in RDFS. The domafn®WL properties are OWL
classes, and ranges can be either OWL classestematty-defined datatypes such as
string or integer. OWL can state that a propertydssitive, symmetric, functional, or is
the inverse of another property, extending herénatpg RDFS. Added to that, OWL can
express which objects (also called "individuals&ldmg to which classes, and what the
property values are such a specific individualsuiaence statements can be made on
classes and on properties, disjointness statensantde made on classes, and equality
and inequality can be asserted between individi#dsvever, the major extension over
RDFS is the ability in OWL to provide restrictions how properties behave that are
local to a class. OWL can define classes whererticpkar property is restricted, so that
all the values for the property in instances of ¢tess must belong to a certain class (or
datatype); at least one value must come from aicectass (or datatype); there must be
at least certain specific values; and there musatbeost a certain number of distinct
values. The semantics of this language is definabieg its translation into description
logic. It's not a coincidence, because this cooedpnce allows OWL to exploit the
results of field description logic with respectttee decidability and complexity of key
inference problems. Moreover, this corresponderiosva: applications using OWL to
use inference engines. The next two tables shaletail the constructors and the axioms

of the OWL language via the DLs language.

Constructor DL Syntax Example

inter sectionOf C, NG, Human N Person
unionOf C,uc, Doctor U Person
complementOf -C —Human

one of {x1 . Xn} {John, Mary}
allValueFrom vr.C V hasChild. Doctor
someValueFrom ar.C 3 hasChild. Doctor
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hasValue Ar.{x} 3 Live_in.{Germany}
minCardinality (= nr) (= 2 hasChild)
maxCardinality (£ nr) (< 1 hasChild)
inver seOf r- hasChild~

Table 2-7. OWL constructors

Axiome Syntaxe DL Example

subClassOf C,EC, Human E Animal 1 Biped
equivalentClass C, =G, Man = Human N Male
subPropertyOf P,C P, hasDaughter = hasChild
equivalentProperty P=P Cost = Price

digointWith C, E =G, Male © —Femele

SameAs (x,} = {x,} {Chancellor _Merkel } = {Angela_Merkel }
differentFrom {21} E ={x,} {John} E —{Alex}
TransitiveProperty P transitif Role is Ancetor

Functional Property TE(Z 1P) TE (< 1isMotherOf)

I nver seFunctional Property TE(L1P) = (< 1 hasMother™)
SymmetricProperty P=pP" isMarried = isMarried

Table 2-8. OWL Axioms

2.4.1.1 OWL ontology types and creation strategies

The semantic web is a vision pioneered by Sir TennBrs-Lee, in which information is
expressed in a language understood by computershdrt, it is a layer that describes
concepts and relationships, following strict rutédogic. The purpose of the semantic
web is to enable computers to "understand" sensatitecway humans do. Equipped with
this "understanding," computers will be theoreticable to solve problems that are not
possible today. Ontologies present one of the ramabus technologies for knowledge
modelling and semantic web creation, where thechigsia was to present information
using mathematical graphs and logical structurenaixe computers able to understand
and process easily and automatically. As seereiiaidt section, ontology is composed by
Classes, Instances, Relations, Functions and Axigvirde designing an OWL ontology
knowledge base, designers should not think thatlogies are just made for machines,
but for humans also. To do so, ontologies mustagspome criteria in the design steps
like:
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e Clarity: Objective, formal and complete definitions

e Coherence: Inferred knowledge consistent with dtédims.

« Extendibility: Easy and fast extension and spezadion.

¢ Minimal encoding bias: Conceptualization at knowjedevel (not
implementation level).

¢ Minimal ontological commitment: Support for the éntled knowledge sharing

tasks (not to represent the entire world).

Van Heijst (Van Heijst et al., 1997) and McGuinnésassila, 2007) have proposed two
types of classification of ontologies accordinglifferent criteria. The first classification
is based on the type and abundance of structured wmsthe ontology. Otherwise,

according to the ontology expressiveness, the gaigories and their meanings are:

« The terminological ontologies that are used to ifpére terms of the vocabulary
of a field of knowledge.

» Ontologies that specify the information structuckalgram of a database to allow
storage of information.

* Ontologies that model knowledge offering internalistures that are richer and

more defined according to their uses such as irdtom sharing.

They also propose a classification of ontologieasednl on the consideration of
"objectives" of modelling. They identify four catmges of ontologies according to this

criterion:

* The application ontologies that specify the neagssdormation on one or more
specific application areas.

« The domain ontologies that express the conceptializ of knowledge of a
particular area.

* The generic ontologies that model knowledge ofttaesverse to different areas.
Typically, generic ontologies define concepts sashideas of state, of event,
action, etc..

« The representation of ontologies that serve to ampthe design utilisations
underlying formalisms of representation of knowled@hey represent the real

world entities.

Page|50



Knowledge modelling and the semantic web

In the same context, Lassila (Lassila, 2007), andaamixture of the both discussed
criteria, has differentiated between the domaimlogies and the upper-level ontologies.
A domain-specific ontology models a specific domdimedical, pharmaceutical,

engineering, law, enterprise, automobile, etct.yorbvides vocabulary about concepts
within a domain and their relationships, taking iapo account the activities of that

domain, and the theories and elementary princigleserning it. The upper-level

ontology (Also known as foundation ontology or tepel ontology) is used to describe
very generic common concept across the domainshendeneral notions under it. There
is a clean boundary between domain and upper-tevelogies. The concepts in domain
ontologies are usually specializations of concaptsady defined in top-level ontologies,
and might occur with the relationship. In some sasep-level ontologies are used to

build domain ontologies.

2.4.1.2 OWL ontology sub-Language
The Ontology Web Language has provided three malilasguages with incremental

expressiveness designed for different communitielsusers.

 OWL Lite:lt presents the main necessary capacity of expmssss supporting
users’ primary needs like classes’ hierarchy diasgion and very simple
constraint implementation. As an example, and witilsupports cardinality
constraints, such a language can only supportrityi values of 0 or 1. OWL
Lite, as the simplest language, has a very lowan&b complexity compared to
OWL DL.

* OWL DL: It presents the Ontology Web Knowledge based orcijg®on Logic
languages. It is designed for engineers who ne&erag expressiveness, while
producing a knowledge base with completeness acdatglity. It is named
as OWL DL due to its correspondence with descriptiogics presenting the
logics that form the formal foundation of OWL.

e OWL Full: Designed for users who need maximum expressiveregsabilities
and mainly full syntactic freedom from RDF basis.this owl field, a class can
be treated in the meantime as a collection of idd&ls and as an individual in
his own right. In fact, OWL Full allows to increaiee Semantic of the RDF-
OWL vocabulary. Unlikely, any reasoning softwaren caupport complete

reasoning for all features of such a variation.
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Actually, each of these sublanguages is an extensib its simpler predecessor
respectively, where every OWL Lite ontology is OVIL ontology. Likewise, each
OWL DL ontology is also an OWL Full ontology. Eaehlid OWL Lite conclusion is a
valid OWL DL conclusion. Finally, every valid OWLLDconclusion is a valid OWL Full
conclusion. Figure 2-3 presents the language ofrgig®n logic, beginning from the
simplest attributive language and arriving at tteshcomplex language, materialized via
the description logic applied to the Semantic Wepresents the different semantic web

language and the associated DLs for each of them.

Transitive Role
Role Hierarchy SHIF ‘
(OWL — Lite)
G SH
SHOIN
;;1 —  ALC e S (OWL —DL)
SROT
SR L ¢
(OWL 2)
Role Hierarchy
Complex inclusions
Figure 2-3. Description logic families and Semantic Web largpsa
24.1.3 OWL2

Since the inception of the Semantic Web, the dgwmémnt of languages for modelling
ontologies has been seen as a key task. The ipiti@losals focused on RDF and RDF
Schema; however, these languages were soon four@ tmo limited in expressive
power. OWL Web Ontology Language became a W3C rewamdation in February
2004. As seen in the last section, OWL is actualfgmily of three language variants of
increasing expressive power: OWL Lite, OWL DL, a@WwL Full. The standardization
of OWL has sparked off the development and/or adapdf a number of reasoners,
including FacT++, (Tsarkov & Horrocks, 2006) PelléhNguyen & Nguyen, 2010),
RACER, (Haarslev & Muller, 2001) and (Shearer et 2008), and ontology editors,
including Protégé (Protege, 2012) and Swoop, (Kadya et al., 2006). Up to a few

Page|52



Knowledge modelling and the semantic web

months ago, practical experience with OWL showeat BWL DL presents the most
expressive and decidable language of the OWL fanMgreover, it lacks several
constructs that are often necessary for modellmgplex domains. OWL 2 is a new
version of OWL ontology language which considerabtproves the datatype (Motik et
al., 2009). Apart from addressing acute problenth wkpressivity, the goal of OWL 2
was to provide a robust platform for future devehemt. OWL 2 extends the W3C OWL
Web Ontology Language with a small, but useful,dekatures and effective reasoning
algorithms. The new features include an extra syiatdayer, additional property and
qualified cardinality constructors, extended dagiatgupport, simple meta-modelling, and
extended annotations. In parallel, considerablegness has been achieved in the
development of tools supporting OWL 2. The new ayris currently supported by the
new version of the OWL APIL. The widely used Protégétem has recently been
extended with support for the additional constrymsvided by OWL 2. Support for
OWL 2 has also been included into the FaCT++ aadPilet systems.

2.4.2 Semantic Web Rule Language (SWRL)

Within the computer science domain, the processfefence aims to apply logic to come
to a conclusion from observations and assumptiohsrevthe inference engines are
applications that derive answers from a knowledagehusing a logical program and rules
in our case. These rules are used to improve toelkdge contained in an ontology
structure. The logic of Horn forms a platform tdaddish rules particularly based on the
syntax of RuleML language (Horrocks et al., 2004)this context, several languages
have emerged during the last decade. One of tlesgidges which evolved quickly is
the Semantic Web Rule language known as SWRL (ldksr@t al., 2004). Semantic
Web Rule Language (Valiente-Rocha & Lozano-Tel@l @) is a rule language based on
the combination of the OWL-DL with Unary/Binary @&tg RuleML (Boley et al., 2001)
which is a sublanguage of the Rule Markup Langu&yeRL rules include a high-level
abstract syntax for Horn-like rules. The SWRL hias antecedent-consequentform
where both antecedent and consequent are conjoaaifoatoms written a_1 ... a_n. To
detail this, atoms in rules can be of the fo@), P(X,y), Q(x,z), sameA&,y),
differentFrongx,y), or builtin(pred, z1, ..., zn), wher€ is an OWL descriptionP is an
OWL individual-valued propertyQ is an OWL data-valued propertgredis a datatype
predicate URI ref, x and y are either individualeead variables or OWL individuals, and

z, z1, ... zn are either data-valued variables or Q¥&ta literals. Within the swrl rules,
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variables are indicated by using the standard cuiove of prefixing them with a
question mark (e.g., ?x). The same as OWL languhgelJRI references (URI refs) are
used to identify ontology elements such as classdsjdual-valued properties and data-
valued ones. For instance, the following famous etample, asserts that ones parents'
brothers are ones uncles where parent, brother umote are all individual-valued

properties.

Parent(?x, ?p) ~ Brother(?p, 2»Uncle(?x, ?u) (12

The set of built-ins for SWRL language is motivabgda modular approach to extend the
language for future versions. In addition, thisraggh is based on the reuse of the built-
ins defined in the XQuery (Chamberlin, 2002) andadPlanguage (Boag et al., 2007),
which are themselves based on the XML languagetamthta types. This built-in system
should allow the interoperation of SWRL rules witther formalisms by providing an
extension, modular infrastructure built-ins for gaages of the Semantic Web, Web
services and Web applications. These built-inkays for any external integration. They
help in the interoperation of SWRL with other fotiean and provide an extensible
infrastructure knowledge based applications. CtiyrerComparison Built-Ins, Math
Built-Ins and Built-Ins for Strings are already il®mented within lots of platforms for

ontology management like protégé.
Comparison Built-Ins

The built-ins in this category are operators useddampare two values. W3C has listed

the built-ins entrants in this category, (Oconnaale 2005).

Built-ins Description
swrlb:equal Satisfactory if and only if the first argument letsame as the

second argument.

swrlb:notEqual Satisfactory if and only if the first argument istithe same a

U7

the second argument.

swrlb:lessThan Satisfactory if and only if the first argument is\aler than

the second argument.

swrlb:lessThanOrEqual Satisfactory if and only if the first argument iqual to the

second argument or small.

swrlb:greater Than Satisfactory if and only if the first argument igegter in the
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second argument.

swrlb:greater ThanOrEqual  Satisfactory if and only if the first argument iegter than o

equal to the second argument.

Table 2-9. Comparisons Built-Ins
Mathematic Built-Ins

These built-ins are defined for digital data. Theme mathematical operations
implemented for SWRL. W3C has listed the built-@mdrants in this category, (Oconnor
et al., 2005).

Built-ins Description ‘

swrlb:add Satisfactory if and only if the first argument Fetarithmetic sum o

the second and the third argument.

swrlb:subtract Satisfactory if and only if the first argument ibet arithmetic

subtraction of the second and the third argument.

swrlb:multiply Satisfied if the first argument is equal to thetarietic product of the
second argument through the last argument.

swrlb:divide Satisfactory if and only if the first argument feetarithmetic division

of the second and the third argument.

swrlb:integer Divide Satisfactory if and only if the first argument feetarithmetic division
of the second and the third argument.

swrlb:mod Satisfactory if and only if the first argument isetmodulus of the

second by the third argument.

swrlb:pow Satisfactory if and only if the first argument iqual to the second

argument to the power of the third argument.

swrlb:unaryPlus Satisfactory if and only if the first argument iqual to the second

argument with the sign unchanged.

swrlb:unaryMinus Satisfactory if and only if the first argument igqual to the second

argument with the opposite sign.

v

swrlb:abs Satisfactory if and only if the first argument igual to the absolute

value of the second argument.

etc.

Table 2-10. Mathematical Built-Ins
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String Built-Ins

These built-ins are specially designed to maniputétings. They cannot be used for non-
literal types. The W3C, (Oconnor et al., 2005) hated the built-ins entrants in this

category.

Built-ins Description
second argument. The check box is ignored.

swrlb:stringConcat Satisfactory if and only if the first argument igqual to the

concatenation of the second argument and therigsireent.

swrlb:substring Satisfactory if and only if the first argument igual to the sul
string of characters in the second argument, thiemg length
is given in the fourth argument, and the offsegiieen as the

third argument.

swrlb:stringLength Satisfactory if and only if the first argument ketsize of thq

string corresponding to the second argument.

etc.

Table 2-11. String Built-Ins

Several other built-ins are not referenced in sieistion, which are mainly date, time and

duration built-Ins.

2.4.3 Querylanguage (SPARQL and SQWRL)

SPARQL (Sirin & Parsia, 2007) presents the acronym form@e Protocol
and RDF Query Language. It defines a standard daeguage and data access protocol
with the Resource Description Framework (RDF) aatalel. It works for any data
source that can be mapped to RDF. The specificiiamder development by the RDF
Data Access Working Group (DAWG). Essentially, SERARis a graph-matching query
language. Given a data source D, a query condigtgattern which is matched against
D, and the values obtained from this matching aoegssed to give the answer. The data
source D to be queried can be composed of mulsipleces. Finally, the output of a
SPARQL query can be of different types: yes/no igserselections of values of the
variables which match the patterns, constructiomex triples from these values, and

descriptions about resource queries.
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As a main limitation, and while using SPARQL for QVibrms, a particular serialization
of OWL into RDF has to be first handled where adl OWL- specific semantics from the
query form will get lost. As an alternative, SQWRIOConnor & Das, 2009) gives
access to the OWL semantics and is based on thennot DL-safe rules. Actually,
SQWRL (Semantic Query-Enhanced Web Rule Language) $WRL-based language
for querying OWL ontologies. It provides SQL-likgarations to retrieve knowledge
from OWL knowledge base. Like SQL, as a basic gmrator, it allows Counting
operator, Disjunction, Complex Counting and Aggtega like sqwrl:isEmpty,
sqwrl:union, sqwrl:difference, mathematical and idadj predicates like: sgwrl:max,
sqwrl:min, sgwrl:sum, sqwrl:orderBy. Added to th&QWRL can act as a DL query
language. With such a language, there is no neisdé¢nt a new semantic where standard
presentation syntax is adopted. Likewise, it cam erdsting reasoning infrastructure and
editors where mainly queries can interoperate witbs. Finally, the same set of built-ins
already discussed for SWRL rules and SPARQL queti#s/alid for the SQWRL rules.
The next example presents a SQWRL rule including thathematical built-ins
“swrlb:greaterThan”. Once executed, the differem §eometries respecting certain

characteristics will be relatively selected.

_3D_Geometry(?x) hasHeight(?x, ?h) swrib:greaterThan(?h, 5) sqwrl:select(?x)  (13)

2.5 Conclusion and discussion

This chapter has introduced the different prinaplelated to the Description Logic
concepts, the knowledge engineering concept, anthlymséhe semantic Web and

Ontology Web Language. Semantic Web technology lasvlg modernizing the

application of knowledge technologies and thougly tkixisted before the Semantic Web,
the implementation in their fullness is just beneglized. Our current research is linked
to the above mentioned concept and technologigscin this research benefits from the
existing OWL languages, the existent inference raggithrough the inference rules and
reasoning engines to reason the knowledge. Howéweractual research works moves
beyond semantic reasoning and semantic rule priogesad attempts to explore the 3D

spatial domain from a semantic point of view.

In the next chapters, we take a step forward, baseithe semantic web technology via

the use of the main inference capacity of the kedgk engineering areas. It lays its
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foundation on the Semantic Web Rules Language hedDLs capacities to infer on
existing knowledge base adjusted with 3D Spatiar@rs. In this context, the semantic
web technology will be used to model knowledge anthfer knowledge on an existing
one. These bases formally define the semantic bdrialy the 3D spatial domain. This
research thesis aims to integrate the corresporgfetial domain within the Semantic
web technology in order to handle it in a qualtatmanner. Such integration will pen
new perspective since it will enable calculationirajsation and mainly the processing
simplification, since the user will react in histmal meaning with the machine in this
case. Otherwise, it aims to implement new 3D spatile@ inference managing the 3D

domain, mainly the geometry and the 3D spatiakiaian a qualitative manner.

It can be seen from the above detailed literatiiogy Ontology structure within SWRL
and Built-Ins can offer much more flexibility thrghi defining the 3D Spatial relations as
Built-Ins. Besides the definition of the Spatiahcept in the ontology and the different
Built-Ins, this research studies the best suitaldg to present geometries, qualifying 3D
Spatial topology, computing relations, and maiitkihg the low level physical model to
the high level semantic one. The Ontology web lagguknowledge base will handle the
semantic of what we have to model, otherwise, Da8ometries, its characteristics and
relations. While the inference capacities of theRBWules and the DLs logic will be
used to process the spatial domain in a qualitatisener, to do, new “Spatial” Built-ins

linking 3D geometry to their qualitative represeiata will be created and mapped.
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3.1 Introduction

The field of qualitative spatial relationships piding a spatial semantic language for
analysing building information models is closelylated to the concepts and the
technologies developed in the area of Geographiormation Systems (GIS)
(Bhattacharyya, 2009). Such systems preserve galuged data, such as the position and
the shape, etc. and provide functionalities fordpatial analysis of this data. Nowadays,
several Geographic Information Systems maintain sfatial relations between 2D
objects. As a first attempt, Egenhofer present@® ajuery language based on the SQL
one applied for the GIS context (Egenhofer, 19943ter on, several other non-
commercial and commercial languages saw the lghth as PSQ (Vijayvargiya, 2005),
Spatial SQL (Bocher et al., 2008), GEOQL (Bhattagya et al., 2009), KGIS (Yilin et
al., 2008) and TIGRIS (Goodrich et al., 2010) fbe thon-commercial, and PostGIS
(Ramsey, 2005), Oracle Spatial (Kothuri, 2007) bBridrmix Geodetic Datablade for the
commercial ones. Most of the above mentioned laggund data bases (mainly GIS)
comply with the normalization proposed by the Oph@s a shared interface to manage
3D spatial data (Consortium, 2012). In this cont&xel (Ozel, 2005) emphasised the
capability of geographic information systems to lggm and process building
infrastructure. In this field, he concludes thahaiigh there is some robustness of the
CAD system to model building in 2D/3D, it still $efs from disability of handling 3D
spatial processing in a human understandable waged® on such observations, the
author opted to store the building component with{@IS data base, opening the door for
further spatial processing. In fact, it is commoalyreed that the 3D spatial processing
domain within any Building Information Model cankéaa step forward and produce
more sophisticated analysis for building more catgBIM models. Until today, such
3D spatial processes are still not available withie formal GIS query languages or the
building processing ones, where most of them =il on 2D spatial processing. From a
3D point of view, and although the 3D CAD model lglea storing and presenting simple
3D geometries (Bosche & Haas, 2008), the real gzsing capabilities of the spatial
relation could be found within the research domddethods for modelling quantitative
spatial relationships have been compiled in seveualeys such as (Galton, 2009),
(Randell et al., 1992). Actually, current modelsdifine spatial relationships belong to

two main categories — connection based (Randddll.et1992), and intersection based
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(Egenhofer & Herring, 1990). Both models fall t@ thbame topological relationships for
the simple 2D regions.

From 3D point of view, standard nomination to tfasib topological relations is defined
by the Open Geospatial Consortium (OGC) (Consort@i?2). In fact, spatial operators
available for spatial query language consist ofT2ipological operators (Meet, Overlap,
Cover, Equal...) (Borrmann & Rank, 2008), 3D Metrigeoators (isFarFrom,
isNearTo...) (Borrmann et al., 2009), 3D Directioraperators (EastOf, isOn...)
(Borrmann & Rank, 2009) and 3D Boolean operator#féience, intersection, etc.)
(Borrmann et al., 2006). As a main role, spatiaérapors are used to query the spatial
relationship between two spatial entities. In fiedd, Zlatanova (Zlatanova et al., 2002)
presented a review related to the target spatiddtisa. From theR® space
implementation point of view (Borrmann et al., 2D0%e octree-based implementation
(Meagher, 1982) and the Boundary Representatior @d ee, 2001) approaches are

used to define the spatial operators of a queryuage.

Through the current contribution, and dissimilar tbe literature where main
contributions relay on the Boundary Representatrmdel (Haimes & Dannenhoffer,
2010), two main geometric data structures will bespnted and compared for the spatial
qualification task: the Constructive Solid Geom&@yG) (Lohmuller, 2009) and the Nef
polyhedra structure (Granados et al., 2003) and timked with the OWL Semantic
platform (Antoniou & Harmelen, 2009) via our 3D $ph Qualification engine.
Supported by such structures, this chapter anchétie one aims at defining 3D spatial
relations and mainly topological ones based ondthetersection Model iR3 (Ellul &
Haklay, 2009), and compute them with the Booleagrators defined through the studied
geometric representation structures. This chaptigiresses the definition of the
gquantitative operators and the associated datalmotigually, the 9-IM model is widely
used to represent topologic relationsRih These relations exist alsoR¥ with much
more variation and complexity. Semantic consideretion these qualitative relationships
are the main subject of the next chapter. 3D dpegiations will be qualified using
description logic axioms (DLs) (Baader, 2009). Te¢hspter provides two data models to

compute qualitative relationships from quantitatgerators.

This chapter is divided into 4 sections. Sectiant®duces the technical background on
different spatial relations categories and esplgciapologic ones. Section 3 deals with

the important elements of the quantitative relatiolplementation and the adopted
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geometric structure. Finally, section 4 discusdes durrent issues and concludes the

chapter.

3.2 3D Spatial relationship background

In the field of quantitative approaches, the depetbtheory of the spatial relationship
quantification is expected to provide answers teesfjons like how the spatial
relationships can be formalized. What are the nggoametric properties affecting the
relations, and how can spatial relations be foyndkfined in terms of fundamental
geometric properties? Concerning the 3D topologiekdtionships, several relationship
families have been proposed and discussed lik&itmple Features family, the Region
Connection Calculus (RCC8) and Egenhofer relatemilfy, (Stocker & Sirin, 2009),
trying to bring a formal definition of spatial rélan between the different predefined
geometric primitives. Likewise, a specific bridgetWween geometric properties and the
spatial relation definition was recently built vihe 4-Intersection Model, and the 9-
Intersection one later on (Egenhofer et al., 1988}he next part, a survey highlighting
mainly the last discussed concepts will take plackgled to an overview of the related
works in the field of the qualitative spatial rétauship. Metric relationships and
directional have received less attention, mainlysea by the simplicity of their
implementation since they rely more on object cowmigs. Although they will be

included in this chapter, the main focus will betopological relationships.

3.2.1 Qualitative 3D topologic relationship overview

Spatial reasoning is a process that uses spagiahttand artificial intelligence to model
and to analyse spatial relationships between abjgconcerning the 3D topological
relationships, the standard models are composetthédoysimple Feature Relations, The
Egenhofer Relationships and the RCC8 Relationsf§iecker & Sirin, 2009). The
Simple Features Relationships is based on the etefitandard of OGC (Consortium,
2012) and are composed of the following relatiopshiEquals, Disjoint, Intersects,
Touches, Within, Contains, Overlaps, and CrossexryP& Herring, 2010). The
Egenhofer Relationships are composed of the foligwelationships: Equals, Disjoint,
Meet, Overlap, Covers, Covered by, Inside and GositgEgenhofer, 2010). Finally, the
RCC8 Relations are presented by the following i@kships: Equals, Disconnected,
Externally connected, partially overlapping, Tartgdnproper part inverse, Tangential

proper part, Non-tangential proper part, Non-tatigéproper part inverse (Stocker &
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Sirin, 2009). Table 3-1 summarizes the equivalernmetsveen Simple Feature family
relations, the Egenhofer relation family and the8Cor closed and non-empty regions
(Perry & Herring, 2010).

Simple Features RCCS8 Egenhofer ‘
Equals EQ equal
Disjoint DC disjoint
intersects - DC = disjoint
Touches EC meet
Within NTPP + TPP inside + coveredBy
Contains NTPPi + TPPi contains + covers
Overlaps PO overlap

Table 3-1. The standard models of Qualitative Topologic Refathips

As concluded from Table 3-1, and although thered#ferent expressions used between
the presented families, a formal mapping between different relations is totally

possible, where the relatio 6uche% within the Simple feature family defined by OGC
is totally equivalent to the relation “Meet” inhtd from the Egenhofer family. As a
conclusion, a definition of the ‘any relations’ fdies can easily be propagated to the
other ones. In the next, we tried to bring a d&bni to each one of the suggested
relations where a more formal definition based ba tntersection Models will be

presented later on in Table 3-2.

» Cover: Every point of the second geometry is a poirtheffirst one.

* Inside: Every point of the second geometry is a point @f finst one, and the
interiors of the two geometries have at least aietpn common.

* Overlap: The two geometries have at least one interior ppiobmmon.

» Digjoint: The two geometries have no point in common.

 Meet: The geometries have at least one point in commohtheir interiors do

not intersect.

* Equals The two geometries have every point in common

3.2.1.1 3D Topological Relationships between primitives
Always in the context of the explanation, each ariethe above definitions of a

topological relationship will be visualized betwethe eventual possible geometry which
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are point, line, surface and Body. The Egenhofetiaprelation in 3D will be adopted
during the rest of the different thesis chapters.

Point Line Surface Body

Cover

Point Line Surface

|
Inside \

Surface
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Point Line Surface

Overlaps ]

@ | o
&

Point Line Surface

Disoint l D
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Surface

Surface
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Equals Surface

'

Table 3-2. Topological relationships between standards gederatimitives

In this field, the concepts of ‘interior’, ‘boundarand ‘exterior’ play a fundamental role
on the forthcoming discussion on topological relaship qualification between
geometries. Indeed, the different presented sulbspadll, based on a predefined
intersection model, help to identify if the targeedicate relation between the candidate

geometries is verified or not.

3.2.1.2 The Qualification of 3D Topological Relationships

The first step toward the qualification of topologji relationships between geometries in
3D space was the development of the 4-Intersedfiodel based on 4-uplets recording
whether the intersection between the interior &iedooundary of geometries operand are
empty or not. Later on, and mainly caused by theremsing of the geometries’
dimensions and complexities, a new model providittge details than the 4-Intersection
Model become mandatory. In fact, the need for nestensive models, which are able to
compare different geometries from heterogeneousrament dimensions, becomes
necessary. To do so, an extension of the 4-IM dioly the intersection with the
geometry exterior was proposed. It allows the idieation of more detailed relations,
particularly when the candidate geometries are dahdx in higher dimensions. Such a
new model was called the 9-Intersection Model, whssth models will be discussed in

the next section.

4IM
Initially, Binary topological relationships betweéno objects, A and B, are defined in
terms of the 4-Intersections Model (Egenhofer et #93) of A’'s boundarys@) and
interior (A°) with the boundarydB8) and interior (B°) of B. By considering the valag

empty (J) and non-empty—~ ) for the four intersection models, we can distisgu#
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topological relations, where just eight of thesdesn relationships can take place in the
in R?, Table 3-3.
R =(A°nB° A°n(SB)
“B) = \sAnB° SANSB
Table 3-3. The 4-IM matrix

Concerning the spatial relationships, they are liysdarmally defined through their

intersection model filters. Table 3-4 presents eardgew on the different masks related
to each one of the Egenhofer Spatial Relationsdasethe predefined mask of Table
3-3, where the symbol (J) means an empty inteisedbietween the correspondent

geometries subspaces while =@ means a non-empty one

A digoint B A meetsB A contains B

I\l[@fj L\/ ]
EE e G

A coveredByB A equalsB A overlapsB ‘
Co % 2 e 20

Table 3-4. The 6 topological relationships between objecsedan the 4-IM

9IM
The 9 intersections model describes topologicatiiships which are represented by a
3x3 matrix (Zlatanova et al., 2004). The binaryatieinship R(A,B) between the two
bodies is then identified by composing all the gaesntersections of the six topological
primitives, i.e. AnB° & AnB, A ' nB° A°n 6§ B, § An 6§ B, A n § B,
A°n B, 8AnB7, A" n B7, and qualifying empty[{ ) or non-empty £ []) intersections.
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For example, if two objects have a common bound#rg, intersection between the
boundaries is non-empty, i®@An6B =-0. if they have intersecting exteriors, then the
intersectionA” n B is not empty, i.eA" n B"=-0. Table 3-5 shows the 9-IM matrices
of the eight topological predicates defined by Egdar. One drawback of the 9-IM is
that some topological configurations that are thtaly different result in the same 9-IM
matrix while others that are intuitively identicale treated as being different. In addition,
the number of detectable relationships betweendigjects thus increases t&=312. The
criticism is mostly about the fact that not all thedations are possible in reality, the
intersections are not further investigated, andyr@ject intersections are topologically
equivalent (Zlatanova et al.,, 2002). The first peob is partially solved by the
Dimensionally Extended 9-Intersection Model (DE-9IMvhich also records the
dimensionality of the intersection set. The DE-9fstms the basis for the formal
definitions of topological relationships in the OGS§tandard. However, in this
contribution, no kind of optimization and wildcardere applied for the computation of a

relation.

A°NB° A°NéB A°NB~

Riap) = (&4 NB° SANSB B8AN B‘)
A"NB° A"NéB A NB~
Table 3-5. The 9-IM matrix

A digoint B A meetsB A containsB

< | >
|'| ‘H“ﬁ\ ;Q{J
I:’_,.--" | |
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A coveredByB A equalsB A overlapsB

e,
.
-,
— ]
-

o |
.//
P

VAN

|

-~

/

e

-0 (0] 0] *x 0 0 -0 * -0
-0 x * O @ = @ * *
Table 3-6. The 6 topological relationships between objecedam the 9-IM

Referred to Egenhofer, eight topological relatiopshbetween simple bodies can be
deduced. Table 3-6 represents the topologR4rand R3 with the 9-IM matrixes. A
basic body object in 3D space is a convex polyhedtat constructed by n (n>2)
connected regions ((rr,, ...,r) where the interior must connect and does notatont
holes. Each 9-intersection of the 3D spatial togicial relationship can be represented
with a code. For instance, if two spatial objecévéh no intersection points, then the
binary code is [000 001 111] and the decimal numisel015. Consequently, the
topological relationship “disjoint”, labelled “R0O1% this case, represents the topological
relations between these two objects. To do sofdl@wing relation sequence is used:
R=[ A°nB°A°Nn8B,A°NB~,8ANB°,8ANSB,6ANB-,A"NnB°A" N8B, A" NB7].

RO15 R255 R505

T

g <>
S s

I >

\l e

0 0O 0 1 1 1 1 1
0 0 1 1 1 1 1 1 1
1 1 1 1 1 1 0 0 1

A disjoint B A meets B A contains B
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R311 R273 R511

1 0 0 1 0 0 1 11
1 1 0 01 0 1 1 1
1 1 1 0 0 1 1 1 1

A coveredByB A equals B A overlaps B
Table 3-7. Decimal topological relationships between the bedies with 9-IM inR3

A formal presentation is shown in more detail hé@rke corresponding 9-IM to each
topological predicates for the Simple Features figniiable 3-8, and the RCC8 one,
Table 3-9, is highlighted where F (false) is usedhie matrices to denote an empty set
(@), T (true) to denote an non-empty se®j, and the wildcard (*) may be used at certain
places in the matrix that are not relevant forgheticular predicate, thereby solving the

second of the aforementioned problems.

Relation Name 9IM Pattern ‘
Equals TFFFTFFFT
Disjoint FE*EE*++*
Intersects T koo
K sk
kAT ek
kR T kok
Touches T Hknnk
s T kokk
[k ek
Within THER+ExR*
Contains =
Overlaps THTF*xT *%
Crosses THT wenk

Table 3-8. Simple Features family Topological Relations

Relation Name 9IM Pattern

Equals TFFFTFFFT
Disconnected FETEETTTT
externally connected FFTFTTTTT
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partially overlapping TTTTTTTTT
tangential proper part inverse TTTETTEFT
tangential proper part TEFTTFTTT
non-tangential proper part TEFTFFTTT
non-tangential proper part inverse TTTFFTFFT

Table 3-9. RCC8 Topological Relations

As seen from the previous tables, various collastiof different families in term of

spatial relationship exist nowadays (Simple fanmtdgenhofer family, RCC8 family) with

informal notation of spatial relationships well é&dped in the human natural language.
With the above detailed tables, we succeed to mamlifferent definitions to the formal

foundation of the 9-IM matrix. In order to compuwespecific spatial relationship, nine
Boolean operations are required. To reach this, goalgeometric model used to compute
these Boolean operations should take into accdumtirterior, the exterior and the
boundaries in a highly precise and efficient manespecially in three dimensions and
with complex objects. Before going through the efidéint issues and the adopted
geometric structure in detail, a brief survey omr tjuantitative metric and directional
approaches, deduced to qualify spatial metric arettibnal relationships respectively in

3D environment, will be highlighted.

3.2.2 (Qualitative 3D Metric relationships overview

Actually, quantitative and qualitative represemtatdescribes the same domain. Only the
symbols used are different where representativebelsnare used in qualitative case
while more numerical ones are used in the caseiaftgative calculations. Moreover, it
should be possible to transfer between both praBens. In this field, symbolic
qualitative values should correspond to a rangquantitative ones. Such a context can
be discussed well through the metric relationshqaetling, where metric analysis refers
to the distance from one object to another. In otdgerform this analysis, the geometry
coordinates are used. Figure 3-1 presents a dktek@mple on how the distance
measurement is made. One of the suggested soldtiotise three-dimensional Euclidean

space consists of using the Pythagoras principabtelude that the distance from P1

(x1,y1,z1) to P2 (x2,y2,22) igAx2 + Ay2 + Az2, (Deza, 2009).
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(2. y:.25)

—————

Az

(x,.v:.2))

Figure 3-1. The metric Analysis
Actually, the mapping between quantitative and itgile models is interval-based in
this case. Such an interval base can be applidgetgpatial metric relationship context
where Very Far’ can be interpreted as a distance interval ovekrhOin architectural

context for example, Figure 3-2.

. VeryFar
- Far

» Medium

> Near

Figure 3-2. The qualitative metric distances

3.2.3 Qualitative 3D Directional relationships overview

As a definition, directional analysis refers to fhesition of an element with respect to
another. We use operators that reflect the dineatioelationships between 3D spatial
objects, such as north of, south of, east of, wgsabove and below. Figure 3-3 shows
the principal of the directional analysis.

Object E

-

ObjectA

b

Figure 3-3. Directional relationships
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Let A and B be two 3D spatial objects, ie. AeBR®* Where the 3D point a =a,,&) €
Aand b = (bb,,b,) € B. For any point a of A and b of B verifying th&t> b, while g, =

b, and a=b,, the directional predicate “east_of” will be retad in this case allowing to
stimulate that the geometry A is located on thé @i (Borrmann et al., 2006). Based
on this principle, the different used rules for thelification of the directional relations
will be deduced, Table 3-10.

Directional Relation Used rules ‘
A east_of B a=b"rg=b:a=hb
A west_of B a=h ra=bh:ash
A north_of B a=bra=b:a=
A south_of B a=b"ra=b:a<
A above B a=b ra=b:a=h
A beneath B a=brag=bh:a<h

Table 3-10. The directional relation and correspondent rules

3.2.4 Discussion

Regarding this section, directional and metric afs are relatively easy to implement.
However, the issue is more complex when it arigetitme to compute the topological
relationships in 3D. In fact, not only the poinevh to be considered, but also the facets
and its interiors, exteriors and its boundariese Tiext section deals more specifically
with this issue where we tried, through new datacstire and semantic qualification, to
optimize the calculation process to work with l@ipredicates without more recourse to

the numerical model.

3.3 Formal specification of quantitative operators

The previous section focused on the modelling ofspBtial relationships. To be able to
produce qualitative relationships, the 3D procegsirquire 3D representations of
geometries. Nowadays, such a representation igletivinto two main models, the
boundary representation model (BenkHo, 2001) anel ¢blid representation one
(Lohmuiller, 2009). While the boundary representatay B-rep is based on the two-
dimensional surfaces of the model and supportsis@pahd rendering, solid modelling
manages the model element as real volumes and ipm@tiaws Boolean operations to
be performed. Some solid modelling kernels make afsboundary representation to

calculate and maintain solid and volume informatsnwell, so there is a certain amount

Page|78



From Quantitative Spatial Operators to QualitatiRelationships

of overlap between them. In fact, each of the nometil intersection models in the section
2 is based on the accepted definitions of the baues, interiors and exteriors for the
basic geometry types which are taken into consiaeraTherefore, the first step is the
definition of the interior, the boundary and theesior of the involved geometry types.
The domain of geometric objects considered is thioatare topologically closed. Up to
now, mathematicians, CAD implementers and otherge haade various attempts in
finding a definition for handling geometry thatdemputable, robust and mathematically
correct at the same time. This led to constructh @as regularization and regularized
operators, where all geometries are closed and Baokean operation is followed by a

closure operation as well.

3.3.1 The Octree based implementation

For a better understanding of the most suitablecgire and methodology able to satisfy
the above mentioned condition in 3D Space for theveyyed 9-IM purpose, Octree
structure (Meagher, 1982) is used nowadays. Bomm@orrmann & Rank, 2009)
suggests a technigue based on the Octree reprgsemththe spatial objects involved in
the topological query based on 3D spatial operateash object is materialized via an
individual Octree extracted from the object's boamyd representation. Actually, the
Octree is a $pace-dividing hierarchical tree data structure fdhe discretized
representation of 3D volumetric geométeagher, 1982). Every node in the above
mentioned tree symbolizes a cubic cell with a djpetilack, white or grey colour. It
signifies whether the octant stretches out insidéside or on the boundary of the object
respectively. In the tree structure, black and evbittants present branch nodes where no
more sub-division is required and therefore havechitdren. Grey octants present the
uncertain information in the interior side and wiierefore be divided into eight children
where the re-combination of all the child octantscemust be equal to the volume of the
parent cell. To cover dimensionally reduced ergibéEM-9IM with the Octree algorithm,
the author introduces the fourth colour: black/ehit presents areas where the object’s
boundary is missed. Within the presented appraaehQctree creation is not achieved in
advance, but coupled with the recursive algoritma #e root octants as parameters, the
predicate to be tested, and an empty 9-IM matriiclvlvill be successively filled during
the algorithm execution. The presented algorithrm#&nly based on the execution of
different rules. These rules aim to fill the 9-IMatrix based on the octant pair colour

combination. A white octant is part of the exteradran operand, and a black octant is

79|Page



Chapter 3

part of its interior. If a white octant of operaAdoccurs in the same place as a black
octant of operand B, it means that the intersectietween the exterior of A and the
interior of B is non-empty. The author has fixedpdaitive and 9 negative rules where he
supposes that a positive rule is applied when &ioecolour combination takes place,
and vice-versa for the negative rule. Positiveguéad to empty set entries in the matrix
while negative rules to non-empty set entries. suppd by the presented algorithm, the
9-IM matrix is consecutively filled by applying tleove mentioned rules for all octant
pairs. Whenever a new entry in the 9IM is made, mhegrix is matched up with
predefined matrices for each topologic relation.eWWho complete matching with one of
these matrices occurs, the recursion will contimith a further refinement i.e. octant
pairs of the next level are created. Although thesented approach is considered as a

reference for our thesis, we tried to overcomdithigations discussed by the author.

s i

Figure 3-4. Cross-section through an octree (Borrmann & Rank9p00

As a first limitation, if the process achieves thaximum level defined by the user with
no decision, the highest non-disproved predicateetsirned in this case. Such an
assumption may lead to an “incorrect” topologiedation qualification especially in the
case of complex geometries. In other scenario,atiteor suggests a way of viewing
topology in a fuzzy way where the user can fix tegolution of relationships based on
relative experience. Such an assumption can les non-precise topological predicate

qualification with an error that will be propagated further process.

In the next two sub-sections, we outline a soligreésentation structure (CSG) and a
mixed one between solid and B-rep representatitemating to enrich a correct and

efficient spatial relation qualification between 8Djects.
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3.3.2 The Constructive Solid Geometry based implementation

As seen during this chapter, the technical impldaten of the above formalized spatial
and especially topologic model has to relay ongdemetric representation of the spatial
objects that can be involved in the topological elodn fact, B-rep and surface
modelling strategy suffer from some weakness like ambiguous and incomplete
geometric description, the lack of topological mmfation, tedious modelling process or
awkward user interface. On the other hand, thel selbbresentation materialized via the
Constructive Solid Geometry (CSG), (Lohmiller, 2p@9 defined by Friedrich A.
Lohmdller (Corporation, 2006) and presents a tepmiused in solid modelling. Solid
modelling consists of geometric data materializgdshbape, size, location and topology
data presented by the connectivity and the assdatyaif geometric elements. Within the
constructive solid geometry, objects are represeat a combination of simpler solid
objects, known as primitives where the differenimitives are cube, cylinder, cone,
torus, sphere etc. Once instances of these pranévapes are created and positioned, a
complete solid model is constructed by combiningséh“instances”, using set specific
logic operations where each primitive solid is assed to be a set of points. A Boolean

operation is performed on point sets and the résaltsolid model.

® b U
E@ \8as!

Figure 3-5. The CSG Primitives

Solid modelling is based on complete, valid andmimiguous geometric representation
of physical objects since points in space can bssdied as inside and outside where
vertices, edges and faces are connected propeslya fesult, there can only be one
interpretation of the created object. A CSG objsant be represented by a tree, where
each leaf represents a primitive and each nodecde8o operation, Figure 3-6. Such a
structure enables the modeller to create a complebace or object by using Boolean

operators such as union, intersection or differéa@mbine objects.
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Figure 3-6. A CSG tree example (Wiki source)

There are only five CSG standard defined operatioviich are materialized by the
union, intersection, difference, inverse and Cligpg®y. These methods return the solid
result of the operation. The union operation aimgdambine two or more objects to a
new object. It results in the sum of all pointseearch of two defined sets and refers to the
logical “OR”. The Differenceone subtracts from a basic object all subsequiejatcts
from the other one, and results in the points ingburce set minus the points common to
a second set. It refers to the logical “NOT”. Thersectionoperation results in an object
which has an area that consists of the common @tigetobjects. Those points common
to each of two defined sets can be defined thrahghlogical expression “AND”. The
inverseone generates a new object’s area containing #wegybut the first object’s area.
Finally, theClipped_byoperation looks similar to the intersection, he shape of this
new object is opened at the cutting surfaces. Bootperations are intuitive to user and
easy to use and understand. It provide for thedrapanipulation of large amounts of

data. To apply it, the&dnBBooleartool (http://unbboolean.sourceforge.net) is udéd.

presents a 3D tool to model the different CSG pnms structure and their
correspondent Boolean set of operations; theirrdilgns are presented by (Laidlaw et
al., 1986). As an example, the expressiBolidl.subtract(Solid2)Wwill return the new
generated solid presenting the difference betwedid $ and Solid 2 if the candidate sets

share a common volume.

Union Difference I ntersection Inverse Clipped_by

=AUB = A\B = AnB 2 IS T

Table 3-11. Supported operation by CSG Structure
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These Boolean operations return the solid resuttintpe operation and are restricted to
objects including a closed space. Actually, lined planes are both objects which do not
enclose a volume, as consequence, no possible @&@tions can be applied on them.
As a conventional solution, a solid will be create a line and plane by adding a small
noise rate to the above mentioned geometry, alwaétisrespect to the fact that the added
noise rate is always less than those related taged instrument during the survey of real
objects. In the next part, we will mainly focus the implication of the CSG topologic

operator within the 9-IM model to qualify the 3Dasial topologic relation directly.

/

(a) (b]

{c) (a)

22
p

Figure 3-7. Objects (a) and (b) are valid, objects (c) andafg)not

As an extension of the 4-IM, the 9-IM model is ¢eebby considering the location of
each interior and boundary with respect to the rotiigect's exterior. Therefore, the
binary topological relation between two objects AdaB in R? is based upon the
intersection of A’s interior (A°), boundargA), and exterior (A-) with B’s interior (B°),
boundary §B), and exterior (B-). A spatial region has simtilyee topologically distinct
parts: the interior, boundary, and the exterioremhspecifying any part of the first
geometry will completely determine the region of tlother parts. Based on this
observation, it appears reasonable to assume d¢ipaiogical relationships between
regions can be characterized by considering tlezseacttions of any pair of parts mainly
boundary/exterior or interior/exterior rather thamy the boundary/interior intersections.
To assess such alternatives, we have to deternfigther the 4-Intersection based on the
boundary / interior / intersections is equivalentiie one based on boundary / exterior or
interior / exterior intersections. If so, the chaesization of the topological relations
would have to be the same in each case. Basedsosssumption, we opt to use the 9-IM
principle in a more optimal way, by reducing itadour intersection model based on the
interior / exterior of 3D geometry, Table 3-12, (Bemida et al., 2012).
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Table 3-12. The optimized 9-IM model (left) and the corresgent graphical representation (right)
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Table 3-13. The optimized 9-IM matrix

Regarding the optimized 9-IM matrix, Table 3-12lyooperators for intersectiom (N B),
interior (A° equivalent A), complementA( is equivalent taA) are necessary. Once
created, Table 3-13 presents the equivalent qtieéiteelations for each CSG operator. If
one of these equations is false, the relation batwibe two objects cannot be verified.
Finally, Table 3-14 presents the new suggested rioas3O topological operations based
on the interior and the exterior of each solid getwyn In parallel, Table 3-15 presents the
relative CSG operation corresponding to each gateomask.

A° N B° A°ﬂB_)

_ ANB A\B
Reap) = (A— NB° A NB~ )

Roap = ( AN
@B =\p\4 AnB
Table 3-14. The optimized 9-IM model (left) with the Equivatenask using CSG operators (right)

Spatial relation CSG operators

Digoint (ANB =) A(A\B = =0) A (B\A = =0) A (AN B = ~0)
Contain (ANB==0)A(A\B=-0)A(B\A=0)A(AN B = =0)
Overlaps (ANB=—0)A(A\B = —0) A(B\A=-0)A(ANB = -0)
CoveredBy (ANB=—0)A(A\B=0)A(B\A=-0)A(ANB = =0)
Equals (ANB=-0)A(A\B=0)A(B\A=0)A(ANB = 0)

Table 3-15. Equivalent qualitative relations to qualitative CSgerator

Although the success of the presented solutiondbaseCSG data structure in bringing a
solution to the topological qualification proble®Bef Hmida et al., 2012), a refinement
process still required to ensure a high performsran®d optimisation of the model to
respond to the standard 9IM requirement and nooptienized one. Let’s first recall that

the CSG solid is represented as a set-theoretiteBoacombination of primitive solid
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objects where the Boolean operations were not atedu Likewise, algorithms on such a
CSG-tree first evaluate properties on the primittgects and propagate the results using

the tree structure.

Main limitations are issued from complex and noifarm geometries where CSG is
restricted by the selection of the primitive salidis fact, only Boolean operations are
allowed in the modelling process. Likewise, thegearof shapes to be modelled is
severely restricted, which makes it impossibledostruct unusual shapes. To convert it
to a Boundary representation, it requires a gremtl @f computation to derive the
information on the boundary faces and edges, wischmportant for the interactive
display and manipulation of solid geometries. le ttase of 3D topological operators,
some restrictions related to the ability to expresme of the presented topological
predicates is also noticed, where, and caused dyigability of the CSG structure to
specify the 3D geometries’ boundaries, a relatika ‘ftouch” will not be qualified. As a
result of this research, a second main robust siatecture is suggested for geometry
representations avoiding the limitation of the @etrepresentation and the CSG one. In
our implementation of Nef Polyhedra in 3D (Granadbal., 2003), we offer a B-rep data
structure that is closed under Boolean operatiows vaith all their generality starting
from half space where we can work with union, isgéetion, difference, complement,

interior, exterior, boundary, closure, and regukation operations.

3.3.3 The Selective Nef Complex Structure based implementation

Partitioning a 3D space into cells is a common #heof solid modelling and
computational geometry, where defining the pargiof such a space onto different
“cells” with its labelling is called a Selective NEomplex (SNC). When the labels are
Boolean, the complex is called Nef polyhedra (Gdasaet al., 2003). Such a structure
was introduced by Nef (Nef, 1978) and is closedhwitspect to the elementary Boolean

set operations as well as all topological operation

A Nef polyhedron P is a subset Rf' generated by applying set intersection and
complement operations to a finite number of opelfispaces Thus, the class of Nef
polyhedra is closed with respect to the Boolearopetations such as Union, Intersection
and Difference. While implementing the Nef polyteedr 3D, they offer a mixture of B-
rep and CSG data structure that is closed undeteBoooperations and with all their

generality. Starting from halfspaces, it is possibd work with union, intersection,
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difference, complement, interior, exterior, bounydasiosure, and all the regularization
operators. In fact, these operators work with tatadstructures. A first one represents the
local neighbourhoods of vertices, which already dasomplete description. A second
data structure is used to connect these neighbodshto a global data structure with
edges, facets, and volumes. In the following figareexample of the difference between
two Nef Polyhedra is depicted R about the A\B resulted polyhedron, where the edges

and vertices in gray colour are not of part ofribe/ polyhedron, Figure 3-8.

A Bii A\B

Figure 3-8. An example of the difference between two Nef pebita

The theory of Nef polyhedra has been developedafbitrary dimensions. A Nef-
polyhedron in dimension d is a point seEMRY generated from a finite number of open
half spaces by set complement and set intersesperations. Unbounded Nef polyhedra
are problematic. In order to transform unboundedl podyhedra to a bounded one, they
are intersected with a bounding cubical volume izé §-R, Rf. R is a symbolical
unspecified value, which is finite but larger thalhcoordinate values that may occur in
the bounded part of the polyhedron. This box améras called the infimaximal box. The
R-sets are topological polyhedral and may be viewtdtively as curved polyhedra with
well-behaved boundaries. The different Boolean sekrations R-sets are not
algebraically closed, Figure 3-9, but they are etbander the so-called regularized set
intersection, union, and difference, denatéd u*, —*, which are modified versions of
their conventional counter parts (Boigelot et &Q12). Boigelot proposes to use
regularized set operations (Boigelot et al., 204Bgre A set is regular, if it is equal to
the closure of its interior. A regularized set @tien is defined as the standard set
operation followed by a regularization of the rés®egularized sets are closed under
regularized set operations. The implementationGrafiados et al., 2003) has provided
the regularization operation as a shortcut fordhresecutive execution of the interior and

the closure operations.
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" Dancing face "

B \ ANB AN*B

Figure 3-9. The regularized intersection of two r-sets

3D Nef polyhedra are closed under all Boolean petations (closure, interior, exterior,
boundary...) where its implementation in (Granaebal., 2003) provided functions and
operators for the most common ones: mainly comphtmeion, difference, intersection
and symmetric difference. Such an implementation materialized through the
Computational Geometry Algorithms (CGAL) libraryttfin//www.cgal.org). It presents
an Open Source C++ software library where preddfmethods can be directly used to
apply such a Boolean operation. It provides theoltmgical operations with interior,
closure and boundary. The interior operator detel@t boundary items. The boundary
operator deselects all volumes, and the closureatipeselects all boundary items. Same,
such a structure provides more complex operatidks the Complement, Union,
Difference, Intersection and Symmetric differen€able 3-16 summarize the different

available operation on the 3D Nef Polyhedra, whbeesyntax of each operator and the

correspondent used CGAL function are highlighted.

Operators Syntax CGAL Used Methods
Complement AC Nef_polyhedron Res = A.complement();
Union AUB Nef_polyhedron Res = (A + B)
Difference A\B Nef_polyhedron Res = (A - B)
Intersection ANnB Nef_polyhedron Res = (A * B)
Symmetric difference A AB Nef_polyhedron Res = (A " B)
Interior I(A) Nef_polyhedron Res = A.interior()
Closure C(A) Nef_polyhedron Res = A.closure()
Boundary B(A) Nef_polyhedron Res = A.boundary()

Table 3-16. The set of binary and unary operators

Table 3-16 presents an overview of the availabl€ $9olean operators. Regarding the
Table 3-5 about the 9-IM matrix, only the operatab®ut intersectionA(n B), interior
(A° equivalent 1(A)), boundary §A is equivalent to B(A)) and complemenAT is
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equivalent td(A)¢ that we will denote E(A)) are necessary. Consetiyethe following
9-IM matrix is deduced, Table 3-17, (Ben Hmidalet2012).

B(A)NI(B) B(A)NB(B) B(A)NEB)
E(A)NI(B) E(A)NB(B) E(A)NE(B)

Table 3-17. The updated 9-IM matrix

I(A)NI(B) I(A)NB(B) I(A)NE(B)
Rup =

The algorithm that computes a topological relatigmsconsists for each cell of the
updated 9-IM matrix to compute the nine equationd eompare the result (false/O or
true/1) with each cell of the corresponding relatio the matrix. If the result of the nine
updated equations is conform to the expected msesaltid then the relation is true.

Otherwise the relation is false, Table 3-17.

A digoint B A contains B

O =0 = O x *\/0 x x
A equalsB A overlapsB

* 0 0
849

p 0 =

Table 3-18. The updated 9-IM matrix

In more details, Table 3-19 is an example for tisgouht relationship created based on
the updated 9-IM matrix presented through the SNOI&n operators, Table 3-17, if

one of these equations is false, then the rel&@vween the two objects does not exist.

B(A)NB(B)=0 BMA)NBB)=0 SANEB)=-0
E(ANIB)=-0 EMANBB)==0 EMA)NEB)=-0

Table 3-19. An example of the disjoint relationship

IA)NIB)=0 IA)NBB)=0 I(A)NEB)=-0
Ryisjoint(ap) =
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The main presented solution for the 3D spatial kmgioal relation qualification is based
on the discussed 3D Nef Polyhedron structure. Hheulation of these relations is based
on the definition of 3D Nef Polyhedra and can beegated automatically from standard
Polyhedron respecting the validity conditions & 8D Nef Polyhedra ones. Compared to
the literature, the provided solution suggests@imal data structure able to discriminate
with high efficiency the different object regionstiout further complex processing.
Such a process is being developed using the lilE&RL (http://www.cgal.org) where
the original 9 IM matrix is used and verified. Mower, main limitations related to open
polyhedron or non-convex ones have to be highldjhténere the correction process of

such geometry is not always evident.

3.4 Conclusion and Discussion

Currently, 3D spatial reasoning with its three dations (3D Topologic reasoning, 3D
metric reasoning and 3D directional reasoning) iis important part of Artificial
Intelligence where existing approaches in thigdfiete numerical based. In this chapter,
we have suggested a new method for 3D spatialioelajualification, taking onto
account the geometry structure and its abilitygecfy the internal, the external and the
boundaries of each object. In parallel, we haveemted, through the adopted geometric
structure and the 9-IM a formal logic rules ables&tisfy the intersection model in each
case to be mapped later on to the qualitative IeMeldo, we have first introduced an
overview about the different 3D spatial componentsl, where we have put the light on
the 3D topologic relation based on the OCG debnitin section three, we recommended
the CSG geometric representation and later on #fePdlyhedra one according to our
vision for the 3D spatial concepts, where we tt@grove our choice and defend it as it

is more feasible and exact than other models baselle literature synthesis.

In a more generic critical point of view, the fowdd approach qualifying spatial
relationship and ensuring further processing ofireegying problems seem to be
unsatisfactory for mainly two reasons. First, erggtapproaches mainly focus on the low
level quantification where no work combines the bagl quantification of spatial

relationships between geometries with the logicakli§ication of such relations

semantically. Second, such a solution must be asrgeas possible where the most
efficient and precise geometric data structuretbdse used for the spatial qualification

model. To overcome these limitations, the next tdrawill focus on the integration of
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semantics in the pre-defined 3D spatial relati¢insill make an attempt to emphasize the
possibility to combine 3D spatial technology anck thbove mentioned 3D spatial
reasoning by the integration of such a technolagythe semantic web framework.
Otherwise, the suggested solution moves outsiden fithe range of the data
interoperability while presenting the concepts arake an effort to utilize others areas of
semantic web technology. The basic capacity of kedge processing provides the
semantic Web with the capabilities to process #maamtics of the information through
close collaboration with the machine. In fact, iakaes not only the perceptive of 3D
spatial data easier for interoperability amongeatéht data sources, but mainly provides
helpful knowledge able to enrich the knowledge bagth new knowledge. Such a

process will primarily help to understand spatiiadand relationships in a better way.

Pagel|90



From Quantitative Spatial Operators to QualitatiRelationships

References

Antoniou, G. & Harmelen, F., 2009. Web ontologydaage: OWL. Handbook on
ontologies, pp.91--110.

Baader, F., 2009. Description logics. Reasoning Vsimantic Technologies for
Information Systems, pp.1--39.

BenkHo, P., Martin, R.R., Varady, T., 2001. Algbnis for reverse engineering
boundary representation models. Computer-Aidedddesi3, pp.839--851.

Ben Hmida, H., Cruz, C., Nicolle, C., Boochs, F)12. From 9-IM Topological
Operators to Qualitative Spatial Relations usingS#ective Nef Complexes and Logic
Rules for bodies. In KEOD 2012, 4th Internationabn@rence on Knowledge
Engineering and Ontology Development. Barcelonajig2012.

Ben Hmida, H., Cruz, C., Nicolle, C., Boochs, F012. From Quantitative Spatial
Operator to Qualitative Spatial Relation Using Gorndive Solid Geometry, Logic Rules
and Optimized 9-IM Model. IEEE International Corgiece on Computer Science and
Automation Engineering (CSAE 2012), 3, pp.453- 458.

Bhattacharyya, D., Chakraborty, D., Bandyopadhgalf., Kim, T., 2009. GIS and
Mobile Query. In IEEE Second International Confeeeron Computer and Electrical
Engineering, ICCEE'09. pp.648--651.

Bocher, E., Leduc, T., Moreau, G., Gonzailez Cortas 2008. GDMS: An
abstraction layer to enhance Spatial Data Infragiras usability. 11th AGILE
International Conference on Geographic on Inforamagcience - AGILE'2008.

Boigelot, B., Brusten, J., Degbomont, J.F., 2012itofnata-Based Symbolic
Representations of Polyhedra. Language and Autoifagary and Applications, pp.3--
20.

Borrmann, A. & Rank, E., 2008. Topological operatin a 3D spatial query
language for building information models. In Protthe 12th Int. Conf. on Computing
in Civil and Building Engineering (ICCCBE-XII). Bggng, China.

Borrmann, A. & Rank, E., 2009. Specification angliementation of directional
operators in a 3D spatial query language for bogdinformation models. Advanced
Engineering Informatics, 23, pp.32--44.

Borrmann, A. & Rank, E., 2009. Topological analysi8D building models using
a spatial query language. Advanced Engineeringimdtics, 23, pp.370--385.

Borrmann, A., Schraufstetter, S., Rank, E., 200flémenting metric operators of
a spatial query language for 3D building modeldres and B-Rep approaches. Journal
of Computing in Civil Engineering, 23, p.34.

Borrmann, A., Van Treeck, C., Rank, E., 2006. Talsam 3D spatial query
language for building information models. Proc.ndoint. Conf. of Computing and
Decision Making in Civil and Building Engineering.

Bosche, F. & Haas, C., 2008. Automated retrievaBDf CAD model objects in
construction range images. Automation in ConstouGtlL7, pp.499--512.

Consortium, O.G., 2012. OGC Reference Model. [@}liMAvailable at:
http://www.opengeospatial.org/standards/orm.

91|Page



Chapter 3

Corporation, L., 2006. Leadwerks Engine. [Online] vafable at:
http://www.leadwerks.com/files/csg.pdf.

Deza, M.M. & Deza, E., 2009. Encyclopedia of dists Springer Verlag.

Egenhofer, M.J., 1994. Spatial SQL: A query ands@ngation language.
Knowledge and Data Engineering, IEEE Transaction$ppp.86--95.

Egenhofer, M.J., 2010. Qualitative Spatial-RelatRe@asoning for Design. NSF
International Workshop on Studying Visual and Spd®easoning for Design Creativity,
Aixen-Provence, 2010.

Egenhofer, M.J. & Herring, J., 1990. A mathematicaimework for the definition
of topological relationships. Fourth Internatio®imposium on Spatial Data Handling.
Zurich, Switzerland. pp 803--813.

Egenhofer, M.J., Sharma, J. & Mark, D.M., 1993. r&ical comparison of the 4-
intersection and 9-intersection models for spagkdtions: formal analysis. In Autocarto-
Conference. ASPRS American Society for Photogramymest1--1.

Ellul, C. & Haklay, M.M., 2009. Using a B-rep sttuce to query 9-intersection
topological relationships in 3D GIS--reviewing teproach and improving performance.
3D Geo-information Sciences, pp.127--151.

Ericson, C., 2005. Real-time collision detectiororlyan Kaufmann.

Galton, A., 2009. Spatial and temporal knowledgaresentation. Earth Science
Informatics, 2, pp.169--187.

Goodrich, J.M., Miquelle, D.G., Smirnov, E.N., Key| L.L., Quigley, H.B.
Hornocker, M.G., 2010. Spatial structure of Amuibgsian) tigers (Panthera tigris
altaica) on Sikhote-Alin Biosphere Zapovednik, Raisgdournal of Mammalogy, 91,
pp.737--748.

Granados, M., Hachenberger, P., Hert, S., KettherMehlhorn, K., Seel, M.,
2003. Boolean operations on 3D selective Nef corgdeData structure, algorithms, and
implementation. Algorithms-ESA 2003, pp.654--666.

Haimes, R. & Dannenhoffer, J., 2010. Control of Bdary Representation
Topology in Multidisciplinary Analysis and Desigin. 48th Aerospace Sciences Meeting.

Kothuri, R.V., Godfrind, A., Beinat, E., 2007. Rvcacle spatial for oracle database
11g. Apress.

Laidlaw, D.H., Trumbore, W.B., Hughes, J.F., 198@&nstructive solid geometry
for polyhedral objects. In Computer Graphics., 1986

Lee, S.H. & Lee, K., 2001. Partial entity structuse compact non-manifold
boundary representation based on partial topolbgiatities. In Proceedings of the sixth
ACM symposium on Solid modeling and applicatio@801. ACM.

Lohmiuiller, F.A., 2009. CSG - Constructive Solid @Geary. [Online] Available at:
http://www.f-lohmueller.de/pov_tut/csg/povcsgle.fihecessed 20.09.2012).

Meagher, D., 1982. Geometric modeling using octereoding. Computer
Graphics and Image Processing, 19, pp.129--147.

Nef, W., 1978. Beitrage zur Theorie der Polyedeit Anwendungen in der
Computergraphik. Lang.

Page|92



From Quantitative Spatial Operators to QualitatiRelationships

Ozel, F., 2005. Confluence of Building Informatitor Design, Construction and
Management of Buildings. International Journal e€itectural Computing, 3, pp.373--
390.

Perry, M. & Herring, J., 2010. GeoSPARQL--A geodnapquery language for
RDF data. A proposal for an OGC Draft Candidaten@ad. Open Geospatial
Consortium, 27.

Ramsey, P., 2005. PostGIS manual. Refractions Resb&®.

Randell, D.A., Cui, Z. & Cohn, A.G., 1992. A spétiagic based on regions and
connection. Proceedings of the Third Internatio@dnference on Principles of
Knowledge Representation and Reasoning, 92, ppllt&a-

Stocker, M. & Sirin, E., 2009. Pelletspatial: A higbrcc-8 and rdf/owl reasoning
and query engine., 2009. Proc. OWL: Experiences Biréctions (OWLED), 6th
International Workshop.

Chiticariu, L., Tan, W.C., Vijayvargiya, G., 200bBNotes: a post-it system for
relational databases based on provenance., 2004. A€ss.

Yilin, Y., Ling, Y., Zhe, W., 2008. Continuous imprement of public project
management performance based on project governamcBletworking and Mobile
Computing, WICOM'08. 4th International Conference W/ireless Communications.
pp.1--6.

Zlatanova, S., Rahman, A.A., Shi, W., 2002. Topylégr 3D spatial objects. In
International Symposium and Exhibition on Geoinfation., 2002.

Zlatanova, S., Rahman, A.A., Shi, W., 2004. Topmagmodels and frameworks
for 3D spatial objects. Computers & Geosciencespp119--428.

93|Page



Chapter 3

Page|94



Chapter 4

Integration of 3D Spatial
Processingvith
Knowledge Processing



Chapter 4

4.1 Introduction

The last chapter focused on the 3D processing afiadprelationships materialized by
different spatial operators. As a continuations thection will deal with the semantic
aspects of these relationships. In fact, the samaleffinition of objects in an OWL
ontology knowledge base (Antoniou & Harmelen, 2088ables the storage of spatial
relationships. In this proposition, the descriptiogic rules (Baader & Sattler, 2001) and
the OWL-DL language of the Semantic Web (McGuinngsgan Harmelen, 2004) are
used to model the semantics of objects and thaliapelationships. These relationships
are computed from quantitative data stored in thtology. With its help, standard
reasoning tools can be applied on the created abasQualification (3DSQ) data model
and its spatial relationships. The Semantic aspettthe 3DSQ approach will be

discussed in this chapter. To do so, two issueddibd resolved.

1. The precise computation of spatial relationship8Prguantitative data.
2. The definition of a qualitative rule language fbetaccess and the management

of spatial information.

Concerning the first point, and as discussed duting last chapter, the precise
computation of spatial relationships in our conttibn relays mainly on the Nef
polyhedra structure (Granados et al., 2003). Sup@gdry such a data representation, the
presented work has defined the spatial relationraanhly the topological one, based on
the 9-Intersection Model iR3 (Ellul & Haklay, 2009), and computed them with the
Boolean operators defined by the studied geometpresentation structures. Concerning
the second point in relation with the definitionafule language, the qualitative spatial
operators are implemented using built-ins basedS&mantic Web Rules Languages
(SWRL) (Horrocks et al., 2004) which enables theniteon of logic programs based on
Horn-like clauses. This language is designed tdop®r logical programs on Ontology
Web Language (OWL) (Gruber, 2008). Consequentlg, rsults of these 3D spatial

operators may enrich the ontology with spatialtietes between the different objects.
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3D Geometric
Structure

Boolean operators used to compute the spatialoedtips.

Spatial
Quialification

The logic rules are used to define which relatigpshave to be
computed on which objects.

Logic Rules

The new qualitative spatial relationships are pafaa in the OWL
ontology - Knowledge processing can be undertaken

Ontology and
Inference

Figure 4-1. From quantitative operators to qualitative relasioips

Figure 4-1 depicts the process sequence for thehement of an OWL ontology
containing 3D objects. This ontology is populatethwlata from different resources.
Then the spatial relationships are computed usémgastic rules. These rules make it
possible to process queries on the ontology knayddohse. The inference process on
these relationships makes a step forward to ind@r knowledge out. The logic rules are
based on new 3D spatial built-ins defined basethemualification engine requirement,
and computed for each object’s relationships usid\ef polyhedron (Granados et al.,
2003) and its respective Boolean operators. THewolg example is a SWRL rule that
uses the “swrl_topo:overlaps” built-ins which se¢lalt the 3D models of buildings and

railways which overlaps.

Buiding(?b) ® Railway(?r) * swrl_topo: overlaps(7y) = RailStation(?b) (14)

This chapter begins with the presentation of thegiaptechnologies integration onto the
Semantic Web Stack. Section 3 introduces the iategr of 3D spatial processing with
the knowledge processing in an OWL ontology donfieam one side and highlights the
important elements of the Built-In implementatioarh another side. Section 4 highlights
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the semantic translation engine and the rule ei@tuprocess. Finally, Section 5

concludes the chapter.

4.2 Integration of 3D spatial processing within the semantic web

stack
Modelling spatial information on the web is an imaot field of research, where huge
amounts of spatial information already exist in anmstructured way. Such spatial
reasoning can take a step forward and supportibgiltiecisions for a variety of domains,
mainly the weather domain, road mapping, biomediatl. Nowadays, several
approaches investigate the problematic of qualiatpatial knowledge representation on
the Semantic Web. In fact, OWL-DL provides soméhef expressive powers required for
the representation of spatial regions and theiatiaiships. However, a direct

representation is far from intuitive.

Recently, several languages representing relatibesveen spatial regions were
developed. Among these formalisms for qualitatiyati®l reasoning, is the Region
Connection Calculus (RCC8) (Li & Ying, 2003), whidghitroduces a set of eight basic
relationships between spatial regions in 2D, arglreaeived particular attention. In this
field, several authors have focused on the RCCitgtiak spatial relation instead of the
9IM quantitative one, since it is based on logieatty, while the 9IM is based on
elementary geometries. RCC describes regions iabatract way, where three main
regions are taken into consideration: the Closegton, the Boundary region and the
Interior region. The Closure region C presentssimallest non-opened space containing
the region R and can be expressedlasure = Interior LI Boundary. Grutter et al
(Grutter & Bauer-Messmer, 2007) suggested a cortibmaof OWL with RCC for
Spatio-Terminological Reasoning on EnvironmentaltaDaThe author outlines a
translation of the RCC-8 calculus into OWL-DL laage (Baader et al., 2005) by
adapting some of the known results of qualitatipatial formalisms into a logic model.
As an example, a disconnection relation (DS) betwte regions R1 and R2 can be
modelled asDC(R1,R2) = -C(R1,R2) where C means th€onnectionrelation. To
encode the RCC-8, it is necessary to extend the @fblogy Language with the main
ability to define reflexive roles, which require attemsion of the DLs language syntax
from one side and the integration of its logic otfite existing OWL reasoners. The same

discussed DC relation can then be expressed vatWL DL ontology by the following
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expressionDC(R1,R2) = R1 & —R2. Stocker et al (Stocker & Sirin, 2009) presented
“PelletSpatidl as a qualitative spatial reasoning engine implated on top of Pellet
(Parsia & Sirin, 2004). Pellet Spatial providessistency checking and query answering
over spatial data represented with the Region GagimmeCalculus (RCC). It supports all
RCC-8 relations as well as standard RDF/OWL sermaetations, both represented in
RDF/OWL language.

Qualitative RCC approaches aim at providing cakudunabling machines to define,
process and reason on spatial entities withoutggback to traditional methods like the
9IM for example. The different provided definitiots include the RCC relation in the
semantic web framework aims at supporting spatialysis, reasoning and queries on
abstract spatial data. In this era, the differest¢msions of several OWL languages have
made attempts to present data in a spatially dowag. Such contributions have resolved
huge issues within the qualitative spatial domairtlee Web, where inferences and DLs
constraints on the defined classes will thereforeubed for reasoning in an abstract-
oriented way. It is therefore likely to query faegions already populated within the
knowledge base structure spatially. For instanaeh & contribution has held selective

queries combining spatial and non-spatial set aims.

In fact, we argue that providing an encoding oflidgi@/e spatial relations into OWL-DL
is one of the keys for integrating spatial and eeasy in OWL-based tools. Moreover,
such an encoding mix the different semantic layens one side and lack efficiency of
suggesting real solutions for real engineering @b on the other side, since it was
designed to reason on qualitative knowledge withowitding any bridges with the
guantitative one. Currently, we see the Semantid \&e an extension of the existing
World Wide Web technology (Lederer et al., 200BJutmauer & Pellegrini, 2006) where
information is provided with its semantics for atbe cooperation between human and
machines. Such a challenge can be achieved byagiogethe existing layout information
with semantics by adding descriptive terms defiimedntologies to web content. In this
field, ontologies have a crucial role in conceptiafy a domain and enabling Web-based

knowledge processing to be shared and reused beappdications.

This section mainly focuses on the extension of démantic web platform, with the
functionalities of the 3D qualitative spatial knedbe integration, including a real

analysis of 3D geometries. The integration of sachpatial relationship enables the
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properties to be used directly in ontology struetiar test the existence of asserted binary
spatial relationships between 3D objects. As altespatial queries and rules engine for
spatial relation are created. To do so, a top lemblogy with spatial relationships is
defined enabling the adjustment of an existing logi in order to be able to process
spatial knowledge through the above mentioned ap&tichnology. As a result, the
Semantic Web layer is adjusted with the newly @eaayer containing 3D spatial

information as shown in Figure 4-2.

User interface and applications

Trust

Proof

Unifying logic

3D Spatial Layer
(3D Topologic, 3D Metric, 3D Directional, 3D Processing) o
<2
Ontologies: Rules: 5
Querying: OWL RIF/SWRL ﬁ
SPARQL g
Taxonomies: RDFS =

Data interchange: RDF
Syntax: XML
Identifiers: URI Character set: UNICODE

Figure 4-2. The Semantic Web Stack and the added 3D SpatyalrLa

In the next paragraph, we show in detail the suggedormal solution for the
arrangement of such a layer. This layer, while gishre standard syntax of OWL/RDF,
can perform spatial knowledge and operations tHroBYRL Built-Ins or infer rules
through standards as SWRL. The integration prooéske 3D spatial operations and
knowledge onto the Semantic Web stack is controliednew kinds of Built-ins for
semantic rules. In fact, the created built-Ins éndle process of rules with 3D spatial

operations related to semantic data.
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4.3 The 3D spatial top level ontology and built-ins

The created top level ontology related to the 3&tigprelation qualification tasks serves
as a foundation knowledge base where qualified g&oes can be instantiated. The top
level ontology axioms providing an overview of tthemain knowledge and the created
application should be discussed to provide a gésgséem overview. In the next section,
we will highlight the different axioms of this tdevel ontology in relation with the

spatial knowledge processing.

e Semantic - dc:DomainConcept

e Geometric - geom:Geometry

» Spatial Relationship — sp:hasSpatialRelation
0 Topological Relationship - topo:hasTopologicalRelahips
0 Metric Relationship - met:hasMetricRelations

o Directional Relationship - direc:hasDirectionalRilas

Within the geometry class axiom, defined gesom Geonet ry, several properties and
restrictions are defined for describing geometatacand for associating geometries with
other features. The clasgeom Geonetry is a main top level class, where
3D _Spati al _Geonetry, as a subclass, contain candidates geometry #®r3M
spatial processing and defined by the following XBintax of a class definition and its
related DL expression.
<ow : Cl ass

rdf : about = "http://ww. W DOP. de/ DB. ow #3D Spati al _Geometry" >

<rdf s: subd assCf >

<ow : Cl ass
rdf : about ="http://ww. W DOP. de/ DB. oW #_3D"'/ >

</rdfs:subd assCf >
</ ow : C ass>

3D_Spatial_Geometry = _3D (15)

3D Geometry individuals are defined by their shagémndardized via the CSG (Choi et
al., 2009) or the SNC (Granados et al., 2003) gé&aengata structure or adopted in the
case of lines and planes. The important class agjeom Geonet ry stores the local

coordinates and the object geometry characterisind differentiates from an object to
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another within the knowledge base. This generalctass is specialized ingeom _2D

andgeom _3D subclasses to specify the object geometry.

The semantics of objects in the knowledge basefisiet through their 3D geometric,
characteristics and spatial one. This is managexlgi the specialized object property
geom hasGeonetry, charac: hasCharacteri stics, spa:
hasSpat i al Rel ati ons. Once both the object and its coordinates arelesd,s pa:
hasSpati al Rel ati ons provides a relationship between geometry indivislua
Finally, for geometry qualification purposes, thlass axiomdc: Dormai nConcept
represents the detected and annotated objectsclisis axiom is the generalized class of
any object within the point cloud scene. This clasgurther specialized into classes

representing the different objects in the scen@ &gure 4-3. (Ben Hmida et al., 2012).

topo:hasTopologi met:hasMetricRel direc:hasDirectio
cRelations ations nalRelations
A

pa:hasSpatialRelation ‘
charac:hasChar de:DomainCo
acteristics ncept
FoonGeD
metry 3D Spatial G
eometry

Figure 4-3. An overview of the class and the object properidsm for the 3D spatial adjustment process

charac:has
Characteristics

In order to highlight the utilisability of the creal 3DSQ tool, we decided to extend the
research by taking a step forward from the qualifan of the spatial relation
semantically to the extension of the semantic ridesl query language. Such an
improvement will support the inference on 3D spdtreowledge and will finally enable
querying spatial knowledge base. Added to its @hib process spatial data in our case,

the semantic approach will ensure a common undetistg of the spatial domain
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between humans and machines via the semantic meierand queries using spatial
knowledge. The presented solutions for spatialtioelahip qualification rely on the
marriage between the low level quantification ahd high level qualification of the
spatial relation. Once the top level ontology wigic definition of geometries and 3D
spatial relations is adjusted, a new need to ersuBitomatic link between both levels is
required. To do so, new specific built-ins callpatial are used. In fact, they play a major
role in synchronizing both levels; such new credteiit-ins will be designed within the
top level knowledge base as axioms of the defieegastic rules. Once executed, a direct
call of correspondent low level spatial functiorllwnsure the validation of the candidate
spatial predicate. Once returned, the createdl#idos engine within the 3DSQ platform
will control the re-generation of new simple rules be semantically inferred. The
declaration of the spatial built-ins in our casespects the standard nomination suggested
by Egenhofer (Egenhofer, 2010). As a conventioghdauilt-in begins with the prefix
“swrlb_" concatenated to the spatial relation typleere the first syllable states that it
presents complex built-ins while the second ondillggts the type of built-ins. Finally,
the type of spatial topological predicate, for epsen“Iinside” will validate such a
relation, (Ben Hmida et al., 2012).

4.3.1 Implementation of the 3D spatial topological operators

This section mostly details the last one througBuavey on the different top level
ontology classes and objects properties in relatiih the qualitative spatial topologic
relation. Likewise, details related to the linkipgpcess between the high semantic level,
and the low physical one related to the topologietdtions qualification issues will be
discussed. Such a bridge is materialized via datszni logic and semantic rules concept
with the help of new defined Built-Ins, demonstmgtithe real execution of the spatial
relations between objects. Finally, the adjustmehtthe OWL ontology with new
knowledge and mainly the inference process wilketglkace based on the mentioned

semantic web technology.

Regarding the ontology, the top level ontology ieated to model the topological
relationships. This ontology is used to enrich xisting knowledge base, so as to make it
possible to define topological relationships betwebjects. Table 4-1 summarizes, for
each topological relation, its name in the ontologing the prefix “topo”, its semantic
characteristics and the new built-in to automatie computation of the relations with

the help of any semantic rule system.

103|Page



Chapter 4

4.3.1.1 Semantics of 3D topological relationships in the ontology

The top level ontology is created to model the logioal relationships where ontology is
used to make it possible to define topologicaltr@heships between objects. The different
topological relationships inherit from an upper dlmgic relation called

“topo:hasTopologicalRelationships”.

* topo:hasTopologicalRelationships
0 topo:equals

topo:disjoint

topo:intersects

topo:touches

topo:crosses

topo:within

topo:contains

O O O O O o o

topo:overlaps

To ensure the execution of the Egenhofer relatipném the best conditions, each
predefined topological model is linked to a setspétial objects in the OWL top level.
Bellow, the XML syntax of an Object Property defion and its DL expression is

presented.

<ow : Obj ect Property
rdf : about ="http://ww. WDOP. de/ spati al . ow #hasTopol ogi
cal Rel ati onshi ps" >
<rdfs: domai n
rdf:resource="http://ww. W DOP. de/ spati al . oW #3D_
Spati al _Geonetry"/>
<rdf s: range
rdf: resource="http://ww. W DOP. de/ spati al . om #3D _
Spati al _Geonetry "/>
</ oW : Qoj ect Property>

3D_Spatial_Geometry = JFhasTopologiecalRelationship. 3D_Spatial_Geometry (16)

The next table summarizes, for each topologicaltia, its name in the ontology using
the prefix ‘t opo”, its semantic characteristics. In addition, twwerse relations are
defined in the top level ontology. Thepo: i nsi de relation is the inverse relation of

t opo: cont ai ns, and the relationt opo: covers is the inverse relation of
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t opo: coveredBy. The topological relationships between objects areated

automatically by the rule calculation process ia timtology. Once a relation has already

been computed, then there is no need to recaldtlate

Topologic Relation  Name of the property DL Characteristics

Digoint topo:disjoint Symmetric, irreflexive

M eets topo:meets Symmetric, irreflexive

Contains topo:contains Transitive, asymmetric, irreflexive
Inside topo:inside Transitive, asymmetric, irreflexive
Covers topo:covers Asymmetric, irreflexive
CoveredBy topo:coveredBy Asymmetric, irreflexive

Equals topo:equals Transitive, symmetric, reflexive

Table 4-1. The semantic definition of spatial relationships

topo: equals C hasTopologiecalRelationships a7

topo: inside = topo: contains™ (18)

topo: covers = topo: coveredBy~

Table 4-1 and the related equations illustratedifferent description logic characteristics
(DLs) for every topological relationship. They amainly used to infer new topological
relationships without having to make any new caltiahs. To explain in more detail, a
relation R is transitive if whenever an elemens xdlated to an elementy, and y is in turn
related to an element z, then x is also related forelation R is symmetric if whenever x
is related by R to y, then y is related by R toOn the contrary, a relation R is
asymmetric if each time X is related by R to y ntlyeis not related by R to x. Finally, a
relation R is reflexive if x is related by R todtband a relation R is Irreflexive if x is not

related by R to itself.

4.3.1.2 The 3D topological built-ins

As seen in Table 4-2, topologic functions demonsttae topologic relations between
objects; therefore, they are directly used to adjhe ontology. These topological
relations are adjusted as  specialized object pteger of the

t opo: hasTopol ogi cal Rel ati onshi ps. The different topological built-ins

identify the nature of topological relations andeexte them. It then populates the
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suitable object properties in the knowledge basbke Thext table presents the

corresponding built-ins for each relationship.

Topologic Name of the SWRL built-ins

Relation property

Digoint topo:disjoint swrlb_Topo:disjoint(?geom1, ?geom2)

M eets topo:meets swrlb_Topo:meets(?geom1, ?geom?2)
Contains topo:contains swrlb_Topo:contains(?geom1, ?geom?2)
Inside topo:inside swrlb_Topo:inside(?geom1, ?geom?2)
Covers topo:covers swrlb_Topo:covers(?geoml, ?geom?2)
CoveredBy topo:coveredBy swrlb_Topo:coveredBy(?geom1, ?geom?2)
Equals topo:equals swrlb_Topo:equals(?geoml, ?geom?2)
Overlaps topo:overlaps swrlb_Topo:overlaps(?geom1, ?geom?2)

Table 4-2. The Built-ins that compute spatial relationships

During the execution of the topological built-itlse topological rule engine first calls the
functions under the required category with mainp tfeatures. The features “?geom1”
and “?geom?2” are individuals of the clageom Geonet ri es, extracted from the
OWL ontology structure. Once the Built-Ins execntis done, and in order to maintain
the qualified relationship in case of a true re¢grassignment, the relationships between
the spatial geometry individuals are populated hie bntology via object properties
inherited from thet opo: hasTopol ogi cal Rel ati onshi p and added to the top
level ontology, Table 4-3. During the built-Ins exéon, a real link between the high
qualitative spatial operators and the low quartigabne is established. In fact, the
correspondent 3D spatial function already explainad discussed in the last chapter
(Section 3.3.3) is called and executed, Figure ©fice done, the produced spatial
relations results is returned and processed thrtuglsemantic level. All this process is

ensured through a translation engine discussegkciios 4.4.

Qualitative Topological function (SWRL/SPARQL) Equivalent quantitative

Relation

SWRL_Topo:equals (geoml: 3D_Spatial_Geometry, geomz Boolean Res= equals
3D_Spatial_Geometry ): Boolean (geom1, geom2)

SWRL_Topo:disjoint (geom1: 3D_Spatial_Geometry,rg8o  Boolean Res= disjoint
3D_Spatial_Geometry): boolean (geom1, geom?2)
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o

SWRL_Topo:meet (geoml: 3D_Spatial Geometry, geom2: Boolean Res= meet (geom
3D_Spatial_Geometry): boolean geom?2)

SWRL_Topo:overlap (geoml: 3D_Spatial_Geometry, g&om Boolean Res= overlap
3D_Spatial_Geometry): boolean (geom1, geom?2)

SWRL_Topo:covers (geoml: 3D_Spatial _Geometry, geom- Boolean Res=
3D_Spatial_Geometry ): Boolean covers(geoml, geom2)

SWRL_Topo:coveredBy (geom1: 3D_Spatial_Geometry, Boolean Res= covered by
geom?2: 3D_Spatial_Geometry ): Boolean (geoml, geom?2)

SWRL_Topo:inside (geom1: 3D_Spatial_Geometry, geom2 Boolean Res= inside
3D_Spatial_Geometry): Boolean (geom1, geom?2)

SWRL_Topo:contains (geoml: 3D_Spatial Geometrynizo Boolean Res=

3D_Spatial_Geometry ): Boolean contains(geoml1, geom2)

Table4-3. The topological predicate execution

4.3.2 Implementation of the 3D Spatial Qualitative Metric operators

Metric knowledge's presents important informatispezially in several engineering
domains, where we have lots of requests from imighsstor metric measurement between
varieties of detected elements in specific scedess.example, the German Railway
domain needs such sophisticated knowledge forristaneasurement especially that the
different installed elements flows very strict mulinposing that the distance between a
couple of Electric terminals has to be an averag&G m for example. Thus, the
implementation of metric measurement knowledge rates is highly recommended. As
seen in the last chapter, and to support the miatowledge, the already created top level
ontology will be extended with new axioms in redati with the metric knowledge

processing via the classet : Di st ance.

The class axionmet : Di st ance presents the main class axiom of any metric class.
presents also the generalized class of any Mehject The next important object of a
property axiom ismet : hasdi st anceGeom This property aims to create the input
geometry for the distance function processing. Iindhe qualified distance metric value
is stored in the data property axiohrasDi st anceVal ue, Figure 4-4. In fact,
description logics and OWL language do not allow definition of ternary relationships.
The principle that consists in using a fourth objedink three objects is well known and

often used in literature, (Baratis et al., 2009).
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hasDistanceVal

geom: Geometries
Distance Value hasdistanceGeom

Figure 4-4. The qualitative distance modelling

4.3.2.1 The Distance relationship

The metric processing operation returns the reasmement of metric distance between
couples of geometries on their execution. It isdeeimportant to have a provision where
to store the returned qualified metric value. To, dbe data property axiom
met : hasDi st anceVal ue is created. Likewise, the input geometry for thetahce
processing function is managed through the objecopgrty axiom net:

hasdi st anceGeomobject properties with a restriction of gettingaetly two inputs.

As seen before, the metric relation processingtionaeturns metric value, and then
adjusted in the ontology viaret: di stance, net: hasdi stanceGeom and
Met : hasdi st anceVal ue. The initial step consists of the built-Ins pagsito be
processed by the translation engine (Section 4vhgre the correspondent directional
function will be running with respect to the metsjgecification defined in the last chapter

(Section 3.2.3). In fact, the feature on which thdlt-Ins is applied are basically

Bounding boxes geometries.

Function Class ObjectProperty  Data property Built-Ins
Distance  Met: Met: Met: Swrlb:
Distance hasdistanceGeom hasdistanceValue distance(?x,?y,?z)

Table 4-4. The metric predicate execution

4.3.2.2 The Qualitative Metric relationship

Once the metric knowledge materialized throughdistance class and the processing
built-Ins behind takes place, new ambitions andlehges are seeing the light, basically,
the qualification of new knowledge likmet:isNearToand metisFarFrom that can take

place via the creation of new object propertiedpm@s depending on a specific threshold.
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Based on such an interval (Section 3.2.2), newitgtigk distance relations can be
generated through the execution of complex semanigs including the metric distance
built-Ins, Table 4-5, where “?x” and “?y” presetite candidate 3D spatial geometries
while “?z” presents the created distance classvigidals. Once done, the “?val” value
return the real numerical distance related to & tistance individual. As discussed in
section 3.2.2, the “Thres_Max” and the “Thres_Mare relative threshold values that

vary from one domain to another.

Metric qualitative Execution rules DL Characteristics

Relation

isFar From 3D_Spatial_Geometry (?x) » symmetric, irreflexive
3D_Spatial_Geometry (?y) »

swrlb:distance(?x,?y,?z) »

hasDistanceValue(?z,?val) »

swrlb:greaterThan(?val, Thres_Max)

—> isFarFrom(?x,?y).

isNearTo 3D_Spatial_Geometry (?x) * Symmetric, Irreflexive
3D_Spatial_Geometry (?y) »
swrib:distance(?x,?y,?z) *
hasDistanceValue(?z,?val) *
swrlb:lessThan(?val,Thres_Min)

- isNearto(?x,?y)

hasM ediumDistance  3D_Spatial_Geometry (?x) » Symmetric, Irreflexive
3D_Spatial_Geometry(?y) »
swrlb:distance(?x,?y,?z) »
hasDistanceValue(?z,?val) »
swrlb:greaterThan(?val, Thres_Max)
swrlb:lessThan(?val, Thres_Min)

- hasMeduimDistance(?x,?y)

Table 4-5. The qualitative metric relationships

4.3.3 Implementation of the 3D Spatial Directional operators
The directional relationship of 3D spatial objeptesents important spatial information
in any 3D system or GIS one involved in spatialrguand especially spatial analysis.

The directional relations are most commonly repregewith qualitative and quantitative
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representation models. The quantitative modelsesgmt direction relationships by angle
in most cases, while the qualitative models usered classes. Traditional models of
directional relations define a certain class ofedion relationships between spatial
objects within any data base. This section, asnéragation of the 3D spatial knowledge
modelling and processing, deals with a new direetioelation model based on semantic
knowledge processing, where semantic directionalWkedge can be well propagated.
This model expresses the semantic directionalioelahrough specific class axioms,
object properties axioms, data properties axionts re@w created directional built-Ins
qualifying the basic directional relations betwedh geometries. In this field, semantic
web technology provides a new more reasonableiahanodel to analyse and propagate
the directional knowledge. Furthermore, it is a Bummachine-understandable model
qualifying directional relation concept. From thi®int of view, we see directional
relationships as an extension of the predefinealtgic knowledge with taking the
orientation knowledge into account. To ensure &ffit homogeneous directional
functions, all 3D geometric objects must be presgnb the same space and with the
same global reference system. In this field, thecept of orientation and topological

information is integrated into the single model.

One of the most required directional relationsdoneordance with the architectural scene
is the 1sOn" and 'IsAbové relation. While the first one reflects the fabat the second
geometry is situated on the first one, the secone keflects the fact that the first
geometry is situated above the second one respBctbuch knowledge is very useful in
many use cases especially with architectural scethese a use case example can be to
select and visualize vertical geometriagsOn” the ground which can eventually be
qualified as Walls. The example qualifyingOn relation between two geometries
includes lots of implicit topologic relation knowdge since it first means that the first
geometry Meet” the second one. From another side, it also insluble fact that the
lower Z points value of the first geometry are ddoathe higher Z point value of the
second one. The directional relation in questioinisgrated with the knowledge base
model via the use of directional Built-Ins and albjgroperties axiomslirect:isOn,
directiisAbove...As seen in the last chapter, these functions dstrate the created
directional relations; hence, it is very straightfard when adjusting the ontology. It can

be directly adjusted through the object propelitect:East_of, direct:West_afithin the

Page]|ll0



Integration of 3D spatial Processing with knowleggecessing

top level ontology. Table 4-6 illustrates the diffiet steps for the above mentioned

directional qualitative relations.

Above Swrlb:IsAbove (?x,?y) isAbove Transitive

Inverse of “IsBelow”

Below Swrlb: IsBelow (?x,7?y) IsBelow Transitive

Inverse of “isAbove”

WestOf Swrlb: On _WestOf (?x,?y) On_westOf Transitive

Inverse of “On_EastOf”
NorthOf  Swrlb: On _NorthOf (?x,?y) On_NorthOf Transitive

Inverse of “On_SouthOf”
SouthOf  Swrlb: On _SouthOf (?x,?y) On_SouthOf Transitive

Inverse of “On_NorthOf”
EastOf Swrlb: On _EastOf (?x,?y) On_EastOf Transitive

Inverse of “On_NorthOf”

Table 4-6. The directional predicate execution

The spatial relationship with its three variatiopgesents a great complete process.
However, each one of the spatial variants can plagnajor role as a complement
supporting the qualification of the other ones samally. In this field, the semantic
inference systems on spatial quantitative relatiwege added through this thesis a new
dimension to the above mentioned domain. In fagthsa system has become possible
through different rules and DLs expression to infexwv spatial relations based on the
primary qualified ones via Built-ins. As an examplbe next rule illustrates the
adjustment of the semantic rule language with nBvki8owledge to infer the directional

relation isOn’ from a combination of Meet and “isAbové.

Meet (?x,?y) isAbove(?x,?y)=>isOn(?x,?y) (19)

Likewise, the following rule demonstrates the gafien of metric knowledge based on a

combination of topological and directional ones.

Overlap (?x,?yy>isNearTo(?x,?y) (20)
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4.3.4 Implementation of the 3D spatial processing functions

As a convention, and far from the spatial predieagturning Boolean values, the spatial
processing operations (Boolean) return solid geneseto their executions. It is hence
important to have provision to store these retumeaimetries in the ontology within the
Geom Ceonet ry class. An upper level class, theoc: Spati al Processi ng one

is recently introduced in the top level ontologyesh every spatial processing function is
then adjusted as one of its subclass. The classrartiy of
proc: Spati al Processi ng reveals that the subclasses within it are theseks

which need to calculate and return geometries fimesimrm of combinations.

The discussed spatial functions within this secimaUnion, Intersection and Difference.
These functions compute new 3D solid geometriegdtin thegeom Geonet ry class

in order to get qualified later on. To do, we halefined new three classes called
proc: Uni on, proc:Intersection and proc:Difference which are of
specialized classes pf oc: Spat i al Processi ng one. The classes are instantiated
once theSpat i al Processi ng operation are executed through new specific thogt-
The result of execution is stored within the infged individual in the
geom Goenetry class. The spatial processing functions under dhtegory need to
take solid geometries as input to execute them. f€htire presents geometries within
classgeom Geonetry. In order to maintain a relationship between thecgssing
operations under proc: Spati al Processi ng and geometry  under
geom Geonet ry in the ontology, a top level object propeptyoc: hasl nput Geom

andpr oc: hasQut put Geomare created and added to the top level ontology.

For example for every instance in clasproc: Union (subclass of
proc: Spati al Operati on) has a propertyr oc: hasUni oni nput (specialized
object property ofpr oc: hasl nput) which relates theroc: Uni on class to the
classes specializinGeom Geonet ry. There are also three defined object properties
corresponding to each topologic functiongr ¢c: Uni on, proc:|ntersect,
proc: Di f f erence), Table 4-7, Figure 4-5. The correspondent lovelealculation of
the processing spatial functions was not introducethe last chapter since it will be

directly ensured by predefined functions relatetheo3D Nef Polyhedra libraries.
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proc: SpatialProcessing = (21)
Aproc: hasIintputGeom. geom: _3D A Iproc: hasOutputGeom. geom: _3D

proc: hasUnionInput E proc: hasIntputGeom (22)
proc: hasIntersectionlnput E proc: hasIntputGeom

proc: hasDifferencelnput £ proc: hasIntputGeom

proc: Union E pro: SpatialProcessing A proc: hasUnionInput (23)
proc: Intersection £ pro: SpatialProcessing A proc: hasIntersectionIlnput

proc: Difference £ pro: SpatialProcessing A proc: hasDifferencelnput

Function Concepts SWRL/SPQRQL Equivalent

relation

Union geom proc: Uni on(geomt: 3D Geom =
Uni on 3D Spatial Ceonetry, geong: Uni on (geont,
3D Spatial Ceonetry ): geonR)

3D Spatial _Ceonetry

Difference geom proc: Di fference (geont: 3D Geom =
Di fference 3D Spatial Ceonetry, geong: Di fference

3D Spatial _Ceonetry ): (geont,
3D Spatial _Ceonetry geonR)
I nter sect geom proc: | ntersect (geoml: 3D Geom =
I nt ersect 3D Spatial Ceonetry, geong: I ntersect
3D Spatial Ceonetry ): (geont,
3D_Spati al _Geonetry geon®)

Table 4-7. The Processing functions execution

proc:hasUnion
input

proc:haslintersection proc:hasinputGeom }
input

proc:hasOut put

proc:hasDifference Seom

input

Figure 4-5. An overview of the classes and the propertiesraxir the 3D spatial processing
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4.4 Translation engine

Once all the functions related to the quantitatyeerators and qualitative spatial

relationships are implemented, they will be usedough the semantic Web rule

Language rules (SWRL) (Horrocks et al., 2004) dredl$emantic Web Query Language
rule (SWQRL) (OConnor & Das, 2009) from one side #me Query Language for RDF

(SPARQL) (Sirin & Parsia, 2007) from another sifiee execution of the built-ins looks

first for the type of the parameters, and then gé#étthe individuals of these parameters.
Once done, the related spatial functions are egdcutaking as a parameter the
individuals of the first and second types. Aftex éxecution, the built-in is replaced by
the name of the related property in the expressidhe rule so that the inference can be
done. Once achieved, the qualified relation is fetpd into the ontology, (Ben Hmida et

al., 2012).

The above detailed process is ensured throughréaecl translation engine. It enables
the computation of spatial semantic rules (SWRL,(@RL) and queries (SPAQRL) and
interprets the statements to parse the spatial coemis. Once done, they are computed
through relevant spatial processing functions aperations by the translation engine,
through the operations provided in the above martiloCSG (Corporation, 2006) or
Nef Polyhedron geometry level (Granados et al.,320@nce done, the results are
populated in the knowledge base, thus making itiaparich. After that, the spatial
statements are translated to standard ones foexbeutions through their respective
engines. With the inference engine, the enrichnaeat the population of the ontology
through the results of the inference process isiterdly stored in the knowledge base,

Figure 4-6.

[ 3D Spatial semantic rules

y

Translation Regular 3D spatial
Engine semantic rules
4

b

A
Adjus.ted OWL o.ntology ] Standard Engine Adjusted and populated
With SNC objects J OWL ontology

- 7

Figure 4-6. On overview of the translation engine principle
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4.5 Conclusion

In the current chapter, the properties of the tagj2 Spatial Qualification platform
(3DSQ) are presented and discussed. In fact, ti8€Bplatform has to take onto account
the geometry structure and its ability to spedifg tnternal, external and the boundaries
of each one of the geometries. Once done, it haaggest formal logic expressions able
to satisfy the intersection model in each casbetmapped later on to the semantic level.
Likewise, by the actual contribution, the semamji@lification will be linked to the
quantitative one, where no further complex modtf@ma on the Standard$#0IQ
language (Horrocks et al., 2003) neither in angoaars will be achieved, thus avoiding
complex computation while qualifying spatial retetibased on DLs language. Finally, it
is highly recommended that such a solution sepauthie low level quantification from
the high level qualification, while always ensurimgommunication bridge between both

of them.

The research work presented here makes an attememphasize the possibility to

combine 3D spatial technology and the above-meatoBD spatial reasoning by the
integration of such a technology in the semantib fvamework. This chapter discusses
the 3D spatial operators and their integration it quantitative manner for an OWL
knowledge base. The semantics of the spatial mediand relations is formally

implemented and defined in an OWL knowledge basenfone side and linked to a
quantitative layer from the other side. The Selechlef Complex based implementation
technique of spatial operators, which was highédhtand considered as the most
efficient one compared with the CSG and Octree @mgintation, supports a big variation
of non-uniform geometries with high discriminatiaf the Interior, Boundary and

Exterior of each of them was adapted for this work.

In addition, this chapter moves outside of the eamj data interoperability while

presenting the concepts and makes an effort twautibther areas of semantic Web
technologies. The basic capacity of knowledge msiog provides to the semantic web
the capabilities to process the semantics of thnmmation through close collaboration
with the machine. In fact, it makes not only theceetive of 3D spatial data easier for
interoperability among different data sources, mainly provides helpful knowledge

enabling to enrich the knowledge base. Such presesdl primary help to understand

spatial data and relations in a better way. From maint of view, it is extremely
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important to have standard terms for every creafatial relationship and built-in to
process the 3D spatial knowledge. To do so, we teerely on the standards presented
by the W3C and OCG.

As perspectives, 3D spatial reasoning with itsehderivations (3D Topologic reasoning,
3D metric reasoning and 3D directional reasoningnopolize an important area of
Artificial Intelligence, where existing approachesthis field are mainly numerically
based. Geometric properties and spatial relatipsshetween building elements play a
major role in the design processes of the Archirect Engineering and Construction
domain. So far, spatial relations are not suppotigdexisting building information
models. To close this technological gap, a bridgdgwben a qualitative spatial
relationship and the quantitative one has beenlo®d. In the next section, and based
on the approved spatial relation qualification, w#él look at the developed 3DSQ
platform and discuss it through a real applied aetated to indoor architectural scene
extracted from CAD geometries. In this field, theolgematic related to geometries
qualification in 3D data will be dealt with wherefamal solution based on semantic

technology and on the 3DSQ platform will be presdnt
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Chapter 5

5.1 Introduction

The present chapter aims to validate, throughus@lcases, the principles exposed in the
previous ones. The major context behind the curkapter is to present and discuss the
developed generic concept for spatial relationgewmetric object qualification from one
side and to make a step to manage engineeringepnobbhsed on the 3DSQ platform. In
this chapter, the context of the study is the CAlbrgetric data where a description of the
developedD Spatial Qualification platform and its visualization will jgesented for a
given geometric data. More precisely, we will colesiCAD (Armstrong et al., 2002) and
IFC (Hallberg & Tarandi, 2011) geometric structuemrichment with semantic

knowledge.

The created 3DSQ Platform make an attempt to emstaection between heterogeneous
environments. Currently, such a semantic platfoomnects an adjusted OWL ontology
structure, a 3D quantification engine, a visual@@aiengine and a set of geometry via a
knowledge processing layer materialized via SWRbr(bicks et al., 2004) and SQWRL
rules (OConnor & Das, 2009) within its extended IBms. It first enables, via the
developed interface, the loading of an OWL ontolagsucture adjusted with spatial
knowledge from one side and to populate its conbdtit a selected set of geometries
from another side. The created spatial built-in@ @onnected to the presented
quantification engine discussed in chapters 3 anand furthermore enable qualifying
semantic spatial relations on them. This will mgairdquire us not just to apply semantic
queries selecting geometry based on such a quhaiiiation, but also to benefit from the
richness of the knowledge based schema, the rej@imahetric characteristics of such an
object added to the spatial one to ensure the demgumalification process. It mainly
consists of affecting a semantic identity to a gewy yielding in the end a rich ontology
structure processing in a much more flexible wag tontent of a CAD/IFC file, and
serving as an intelligent knowledge base for anydBig Information Model (Eastman et
al., 2008). To give more details, the relative @edture of the developed 3DSQ platform
will be provided. In a second section, example gseand rules will be presented and
proved through a real use case, showing the fumtity in practice and the final results

with a brief discussion of the achievements reached

The 3D Spatial Qualification tool (3DSQ) was built to compute datared in OWL-DL

ontology. By using the adjustment principle of aisegng ontology, it is then possible to

Pagel|l20



The 3DSQ platform

add 3D data to existing objects and compute theatial relationships. After
demonstrating the impact of such a tool and thatedl knowledge modelling and
processing in the filed in 3D spatial relation widry generic knowledge, an applied use
case related to an architectural scene will be @rsedalidation. A demonstration of the
impact of spatial knowledge on the geometry quadiibn in the case of an architecture
scene with existent geometries will be realizeder€hy, it will be achieved via CAD
objects related to the Frankfurt airport (Frap@fjaport, 2012). The airport scene is an
indoor architectural scene. It contains regularlsydloor, chairs, advertisement panels,
signs etc. The whole scene was stored as 3D CAB m@slting in large geometries
representing object boundaries. Based on thisatatahe defined knowledge, we will try
to give a clear understanding of benefits from awdedge base processing and mainly
the 3DSQ tools, Figure 5-1.
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Figure 5-1. The Fraport Gate 2 CAD file

This chapter will continue with the 3DSQ architeetwverview, establishing a base for
ontology adjustment, rules processing and ressitalization. Section 3 presents the first
extension of the 3DSQ platform in its principles fioe object qualification purpose. The
chapter concludes with the conclusion in section 4.
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5.2 3DSQ architecture overview

Initially, the 3D Spatial Qualification tool (Ben Hmida et al., 2012) was bad compute
spatial data stored in OWL-DL ontology (Baader let 2005). By using the adjustment
principle of an existing ontology, it is then pddsito add 3D data to existing objects
available in ontology and to compute their spatelationships. The created 3DSQ
platform, Figure 5-2, enables via the developeeérfate, to load an OWL ontology
structure adjusted with spatial knowledge from sige and to populate its content with a
selected set of geometries from another side. Téated spatial built-ins are connected to
the presented quantification engine discussed @ lfist chapter and enable further
qualifying semantic spatial relation on them.

OWL knowledge DLs, Rules and Qualitative relation

base —_— Reasoning visualisation

*Knowledge base Knowledge  base
adjustment with 3D population with 3D

Spatial Relation Spatial Geometries
Capacities

*Rules and queries
on OWL Adjusted
knowledge base

*Execution of 3D
Built-Ins

*3D scene visualization
+Selective  visualization
based on swqrl

*Colored geometry
visualization reflecting
the relation quality

(-... ‘

A0 Spattsh , 30 Slearle
Processing

Figure 5-2. The 3DSQ Prototype component

The developed prototype requires connection to A &nowledge base. The ontology
is used as a bridge to manage all the data obtéiogdthe qualification of geometries.
This includes their name and the directory, wititkight, length, orientation and position.
Likewise, the platform manages semantic rules énable the program to qualify spatial
relationships and characteristics from one sidetamdcognize and assign qualities to the
already populated geometries. The ontology usdzhsed on Web Ontology Language
where characteristics and restrictions of eachhef tlasses and properties will be
automatically propagated to the individuals thdt populate this ontology.

5.2.1 The Ontology adjustment process

To adjust the used owl ontology, a various numbiegemmetries were created from the
IFC (Vanlande et al., 2008) selected scene andlatgulin the OWL ontology adjusted
with 3D spatial operators. During such a first siepre-processing phase takes place on
which IFC and/or CAD data are transformed to indelemt Object Format File (OFF)
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files through specific local plug-Ins and softwawndere the directory of such a files is
mainly kept within our knowledge base. It has tonls¢ed that a variety of constructors
can be used where polyhedrons can be created daskeetfran with the OFF files. Let’s
remember that the Object Format File presents a skaticture for storing 2D and 3D
objects created from several polygons. It chareetergeometries by a set of vertex, sides
and edges, where each one is presented by a ¥MZotoordinates in case of 3D. The
geometries can be much more complex but have toldmed. The presented 3DSQ
platform will run according to all the specificat® needed, and will output reliable
results independently. Added to this, it enables d¢kport of scene elements as VRML
files (W3C, 1995) for visualisation purposes whehe 3D scene and the spatial
qualification results are presented in differenbacs depending on the semantic of the
relation. Once the 3DSQ engine is ready, the piatfenables the execution of semantic
processing rules with complex 3D spatial built-imainly based on two different
languages: SWRL and SQWRL, Figure 5-3, whd&lElem_xxX presents the name of
the 3D geometries individuals already populatethenknowledge base that may contain

any valid 3D geometry likeStairs”, Figure 5-6.

INDIVIDUAL EDITOR for BidgElem_1_BBOX.off (instance of _30_Spatial_Geometry)
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owl Thing Assertedins =~ ¥ # X &
> @ 0da @ BidgElem__17_BBox.off [=]
v v DDm:::;E:::"E " 4 BlcgElem_15_BSox.aff hasDirectory £GP B cowers * €. ® jnside
Teihones @ BligElem_19_BBax.oft Vale [ L @ BldgElem_113_BBoxofl
& BligElsm__1_BBox off CAMDOPYID_Spatial_Relstion_c.
Wl @ BligElem__20_BBox.off
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Window @ BltigElem__22_BBox off
Door EldgElem_23_BB0x aff
Stair : EldgElem__24_ESox.off £ 3k E oisjoint $te
Pannel PN —— Value [ tyee : l;::gE\em_‘\ 00_BBocoft | [@ BiagElem _26_BBox.oft
» @ Fumire || 228 Tloat gEiem_101_EBax.oft
& BldgElem__26_BBox off 4 BligElem__102_BBox.off
¥ O Geametry @ BidoElem__27_BBoc.off e & BligEem_1 03_BBox.off
> @0 @ BligElem _26_BBax.oft E & BliaEien_104_BBoxaff -
v El @ BldgElem__28_BBosx off I
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Figure 5-3. The 3DSQ OWL adjusted ontology overview

While running any 3D spatial built-ins, the 3DSQgee first proceeds with the
conversion of the different OFF files to Polyhedtaicture through constructor standards
defined by the CGAL library_(http://www.cgal.orgfPnce done, converted geometries

are verified and validated as Nef Polyhedra stmectValid 3D geometry has to be close,
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without redundant vertices presenting its structimesuch a case, the translation engine
will proceed with the rule execution. It will firgtiterpret the statements in order to parse
the spatial components. Once done, the specifiiaspalation is computed through
relevant spatial functions and operations dependimghe relation identity. During its
executionthe rule engine first calls the functions under thguieed category with mainly
two features. Once the built-ins execution is agdie correspondent relationships
between the individuals are populated in the ogtpladhus making it spatially rich,

Figure 5-4.

Test Validity

INPUT Verify
Geometry

Qualify 3D KNOWLEDGE
Relation

20 =
e ?.‘EE = Croagtind ¥
. ’ = ] & Meet
= = ' S : | @ Build_Element__117 oft
=2 N - Build_Element__126 off
-' *

Figure 5-4. The 3DSQ Spatial relationship qualification praces

5.2.2 3D Spatial Queries and Inference Rules

To highlight the capabilities of the 3DSQ Platfowithin its quantitative operators and
gualitative 3D spatial relationships, a first sudtigs focuses on the query rule language
SQWRL (OConnor & Das, 2009), and a second one sheflecting the rules acting with
the semantic web which is the SWRL language (Hég @&t al., 2004).

5.2.2.1 Spatial Relationships and query language

Actually, SQWRL (Semantic Query-Enhanced Web Rudeduage) is a SWRL-based
language for querying OWL ontologies. It provideQLSlike operations to retrieve
knowledge from the OWL knowledge base. Like SQLermables counting operator,
disjunction, complex counting and aggregation likgwrl:isEmpty, sqwrl:union,
sqwrl:difference, mathematical and logical predicdtke: sqwrl:max, sqwrl:min,
sqwrl:sum, sqwrl:orderBy. Added to that, SQWRL eah as a DL query language. With
such a language, there is no need to invent a eevargtic where standard presentation

syntax is adopted. Likewise, it can use existirggoming infrastructure and editors where
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mainly queries can interoperate with rules. Thet mabe is an example of a query that

selects all distinct overlapping 3D_Spatial _Geognitithe current knowledge base.

_3D_Spatial_Geometry(?x) _3D_Spatial_Geometry (?y)swrl_topo:overlaps(?x, ?y)

— sqwrl:selectDistinct(?x,?y) (24)

In contrast with the literature, (Borrmann et 2006), (Borrmann & Rank, 2009) we can
conclude that the same query capacity supportedSQYy query language can be
maintained via SQWRL rule language with a moretligid portable knowledge base. In
addition, the queries can interoperate with ruldene® no need to install huge SQL
servers and extra data base software. Likewiseugfr the flexibility of the SQWRL rule

language and its built-Ins, 3D Spatial Relationshipn be qualified and computed just

for the specific case and between specific caneigabmetries as seen in the next rule.

_3D_Spatial_Geometry (?»x)hasSurface(?x,?8)swrlb:Greaterthan (?s,50)
hasOrientation (?x, Horizontal) 3D_Spatial Geometry (?y)hasOrientation (25)
(?y,Vertical)A hasSurface(?y,?sA)swrlb:Greaterthan (?s1,20)

A swrl_topo:Meet(?x, ?y)»> sqwrl:select(?x,?y)

In the next section, we will take a step forwardhwhis thesis via the use of the main
inference capacity of the knowledge engineeringasrdt lays its foundation on the
Semantic Web Rules Language and the DLs capatiti@sfer on existing knowledge

base adjusted with 3D Spatial Operators.

5.2.2.2 Inference based on Semantic Web Rules Language

As we have already demonstrated how the creatdébprasupport a main Semantic
Query-Enhanced Web Rule Language, more prove ofdbastness of the developed
concept will be enhanced with examples reflecthegppower of the OWL DL knowledge
base and its related technology, especially the BVi#Rguage. Known as SWRL,
Semantic Web Rules Languages with the extended-lbsilto support the 3D spatial
processing is performed. As seen in the next SWRle, rthe previous section is
composed of classes like “_3D_Spatial_Geometry” arogerties, but also built-ins for
3D spatial processing that will later on be coreerto simple object properties in this
case. In the consequent section, and once theakpasiertion is verified, “Meet” in this

case, the (?y) elements will be denoted througliNet” object property as range of the

125|Page



Chapter 5

elements (?x). As a first scenario, new spatialwkedge can be deduced from the

geometric one and the 3D spatial engine via the EWiR:

_3D_Spatial_Geometry (?®)_3D_Spatial_Geometry (?y)swrl_topo:Meet(?x, ?y)
Meet(?x, ?y) (26)

Likewise Inference engine can manage spatial senanaélification without recourse to
the developed spatial engine, for instance; the sérple SWRL rules deduce the
relationship as being “disjoint” between two geomast If A meets B and A contains C
then A and C are disjoint, (Ben Hmida et al., 2012)

meet (?a, ?b) contains(?a, ?¢) disjoint (?a, ?c) (27)

The examples presented aim to raise the issuahdagpatial relation integration within
relatively new semantic technologies through th&@Dplatform. Initially addressed to
deal with heterogeneity in the web technology, khewledge engineering technology is
more and more deduced for the collaborative apprdmtween humans and machine
where human intelligence and reasoning are injeictgide the actual 3DSQ solution. In
fact, the created OWL knowledge base enables te dtee full set of information
available in CAD/IFC, including attributes and tedaships, which will make it possible
to employ such information added to the Spatial famefurther process, especially like
the geometry qualification in our case, yieldingtire end a rich ontology structure

processing in a much more flexible way the contér@iny building model.

5.2.3 The visualisation process

Figure 5-5 shows the prototype interface that ther will be interacting with. First, the
prototype enables users to directly connect to Wi &xnowledge base, after selecting
the desired ontology; the prototype is ready ta staalysing data in a qualitative manner
depending on the desired purpose, inferring or yaogron spatial objects. In fact,
semantic querying and inferring technologies, whach completely embedded in the
knowledge base structure, provide a high portgbdind efficiency, where no need for
extra servers and huge data bases is requireddditicm, it provides an interactive
semantic based solution via the visual resultsuch a case, the scene in question and

the spatial qualification results are presentedifierent colours depending on the nature

Page| 126



The 3DSQ platform

of the returned relation, Figure 5-6 which corrasp®to the populated and adjusted
OWL ontology of Figure 5-3.
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Figure 5-5. The 3DSQ platform interface

Figure 5-6. The visualisation of 3DSQ output
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5.3 3DSQ first extension and 3D geometry qualification process
In fact, the 3DSQ platform enables, via the devetbinterface, to load an OWL ontology
structure adjusted with spatial knowledge from sigle and to populate its content with a

selected set of geometries from another side.

The created spatial built-ins are connected topitesented quantification Engine and
allow further qualifying semantic spatial relatibipgs on them. By the present applied
area, we will try through the created 3DSQ Platfaormake an attempt to enclose the
lifecycle of a BIM model through the qualificatiarfi the different geometric elements. It
mainly consist of affecting a semantic identityatgeometry yielding in the end to a rich
ontology structure processing in much more flexilvky the content of an IFC files. It
serves as Intelligent knowledge base for any Buogldinformation model where
geometries at the end are represented by a fulbfseiformation. It includes not just

attribute and relationship but also its identity.

In fact, the example presented will concern Gatef Zrankfurt International Airport,
Figure 5-7. For this example, it was given an IH€E, frigure 5-9 related to the above
mentioned CAD scene, Figure 5-8. The whole GatetBeoFrankfurt airport is a product
of more than 4000 elements; the scene initiallPWG AutoCAD format (Armstrong et
al., 2002) was exported into the IFC format (Vadkaret al., 2008) and independent
Object Format files (OFF files) containing just geziric elements. The DWG file does
not contain object definitions, which implies tladit objects of the building are converted
to an IfcBuildingProxyElement. Consequently, thenaatics of the 3D scene are lost.
The example purpose within this chapter is to proves the 3DQS platform is able to
recover the semantics of the IfcBuildingProxyElemé&ime IFC file format developed by
the International Alliance for Interoperability ign object format which somehow
contains the semantic of the scene (Vanlande ,e2@08). It is composed of objects that
belong to a class of the schema within the differehationships. For Instance, the
“IFCRelConnection” is not defined as a symmetriatien within the IFC file. However,

in such a scenario where IFC files are generatad fkutoCAD ones, the semantic of the
classes and the relationships are not defined.cdBasehese different data sources, the
different observations, about the scene, geomaitry,spatial relation can be expressed as
far as possible in our knowledge base. In an idas¢, we would therefore know about

the semantic of objects (Walls, floors, ceilingy},.the geometry (Position, extension,
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orientation,...), additional features (roughnessopur, other surface characteristics) and
spatial relations (Wall A isOn a Floor B), that idgive a good base for a 3D geometric
qualification process.

Figure 5-7. Fraport Scene example
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Figure 5-8. The whole gate 2 scene in AutoCAD format in 3D
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Figure 5-9. The whole gate 2 scene in IFC format
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In order to qualify populated geometries in the 8DSplatform (e.g.
IfcBuildingProxyElement), the ontology and its asated geometrical objects have to be
adjusted. Actually, the main objective of this mrss is to affect a semantic quality to the
different geometries. The created OWL ontology dtree is re-adjusted with new 3D
domain concepts to make its enrichment possible thi¢ correspondent 3D geometries,
Table 5-1. Regarding the rules, a set of new sdmauates are defined for the 3D
geometry qualification process. In fact, geomelranad spatial knowledge play a major
role in the characterisation of the different elatsenside an architectural scene, where
geometries have specific forms, dimensions andioek with the other ones. Such an
assumption will encourage the presented 3DSQ maimlyualify and identify the

different geometries, Figure 5-10.

VL knowledge

base

DLs, Rules and
Reasoning

— —

*Knowledge base Knowledge  base
adjustment with 3D population with 3D
Spatial Relation ~ Spatial Geometries
Capacities

visualisation

. Qualitative relation \

+3D scene visualization
*Selective  visualization
based on swqrl

*Colored geometry
visualization reflecting
the relation quality

*Rules and queries
on OWL Adjusted
knowledge base

*Execution of 3D
Built-Ins

+
*Knowledge base *New rules *Personalized
Adjustment with queries visualization  depending
Semantic Elements geometry the 3D geometry quality
qualification
semantically
L
A
Scene knowledge _

Figure 5-10. The 3DSQ Prototype extension for the geometryificetion task

5.3.1 Knowledge base extension

The extended knowledge should contain all releviafarmation about objects and
elements that could be found within an indoor dethiural scene. This could make up a
list such as: {Door, Window, Wall, Ceil, Barrier,08t, beams, etc.}. The created
knowledge base related to the Fraport scene wagedsfollowing our discussion with
the domain expert and our study on its technicalidrgs. An overview of the targeted
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elements, the most useful and discriminant chatiatitss to qualify geometries is

presented.

Object

Rectangle

Geometry

Spatial
Characteristics
Width: Larger

3D gpatial
relationships

-Perpendicular

Correspondent image

than 2m to Wall
Length: -Chair on the
Larger than 2m  floor
Orientation: -Table on the
Horizontal floor
-Walls on the
Floor
Ceiling Rectangle Width: -Perpendicular
Larger than 2m  to Wall
Length: -Connected to *
Larger than 2m  Post
Orientation:
Horizontal
Door Rectangle Height: Between -Inside a Wall
1.7 and 2.7m On the Ground
Length: Between -Near to Door
0.4 and 1.5m
Orientation:
Vertical
Window Rectangle Height: Between -Inside a Wall
0.4and 1 m -Inside the
Orientation: Ceiling
Vertical -Rectangle
sides lays far

from the wall

boundary
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Post Cylinder Height: Larger -Connected to
Rectangle than2,5m Wall
Width: Between -Connected to
0.1 and 1.3m Ground
Length: Between

0.1 and 1.3m
Orientation:
Vertical
Beam Rectangle Height: Between Near the
0.05and 1m Ceiling
Length: Larger
than 0.5 m SALOCH _~
Orientation:
Horizontal = lf) 'u,‘m‘
THISAR
Toilet Rectangle Height: Between -Overlaps Wall

0.13 and 0.8m -Near Door
Width: Between

0.4 and 0.6m

Orientation:

Vertical

Advertise Rectangles Height: Between -Perpendicular

ment 1 and 3m to the Floor

Length: Between -Isolated l‘i-

0.5 and 1.5m -Boundaries are "; |
Orientation: near to the floor
Vertical

Wall Rectangle Height: Larger -Contain Door
than 2 -Contain
Length: Larger Window
than 1.4 -On Floor
Orientation:
Vertical

Table 5-1. The Frankfurt airport architectural scene obsémnat
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To validate the 3DSQ Platform mainly within its qtigative 3D spatial operators, a
various number of geometries were created fromRReselected scene and populated in

the adjusted OWL ontology with 3D spatial operatéiigure 5-11.

® 3D_Spatial_Ortology-Popula... _3D_Spatial_Geomet
Azzerted Inferred |
ol Thing ~ & @ X

> @Dats & EldoElem_17_EBax aft

¥ @ DomainConcent & GldgElem__18_BBox.off

¥ @ BuildingElement & EldyElem_19_EEcx.off
Telephanes @ EldgElem_1_BBox.off

Wl & EldyElem__20_BBox off

Flaar & EldoElem__21_BBax aft

Winclovy & GldgElem__22_BBcx off

Daor & EldyElem_23_BBox.off

Stair @ EldoElem__24_EBox oft

Pannel & BldyElem__25_BBcx off

> @ Furniture & EldoElem__26_BBax aft

¥ @ Geometry & EldoElem__27_EBox off

> @ & EldyElem__23_BBox.off

Y @._ @ EldoElem__29_BBax aft
_3D_Spatial_Geometry (264) ’ BldgElem__2_BEmcoff

—30_Line & EldoElem__30_BBax aft

—3D0_Plane @ EldoElem__31_BBox off

30 _Pairt & EidoElem 32 BEox.off

Figure5-11. The Fraport populated knowledge base overview

As discussed, the basic strength of formal ontolisgiheir ability to reason in a logical
way based on Descriptive Logic language DL (Baatdex., 2008). The last one presents
a form of logic to reason on objects. Lots of rewse exist nowadays like Pellet (Sirin et
al., 2007), and KAON (U. Hustadt, 2010). Actualfiespite the richness of the OWL set
of relational properties, the axioms does not cotlee full range of expressive
possibilities for object relationships that we ntidiind, since it is useful to declare the
relationship in term of conditions or even rulese3e rules are used through different
rule languages to enhance the knowledge possessedtdlogy. Within the 3DSQ
platform, the domain ontologies are used to defireeconcepts, and the necessary and
sufficient conditions that describe the conceptsese conditions are of value, because
they are wused to populate new concepts. For instanthe concept

“ 3D_Spatial_Geometry” can be specialized into “Wdl it fit the above designed
observation. Consequently, the concept “Wall” wibe populated with all

“ 3D_Spatial_Geometry” if they are linked to a “Yeal Orientation” with certain
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parameters and characteristics. In addition, thesrare used to compute more complex
results such as the spatial relationships betwdgacts. For instance, the relations
between two objects are used to get new efficierdwkedge about the object. The
ontology is then enriched with this new relatiopst®dnce the above steps are achieved,
the main process related to extracting spatialasitaristics and relations from one side,
and qualifying the populated geometry from anotide, will be accomplished. The
presented 3DSQ platform will run according to h# specifications seen before and will
output reliable results independently. Once the @QD&hgine is ready, the platform
enables the execution of semantic processing nulgs complex 3D Spatial built-ins
mainly based on two different languages: SWRL aQiVRL.

5.3.2 Definitions of rules for the geometry qualification process

In the case of an architectural scene, geometdcspatial knowledge play a major role in
the characterisation of the different elementdiasi, where each geometry has a specific
form, dimension and relation with the other onasctsan assumption will motivate us
profiting from the presented 3DSQ mainly to qualifie different geometries. It should
be understood that the next examples provide af @oout the platform ability and to
which degree we can profit from the qualitativet&daelations. In the next subsections,
and to make it more structured, inference on existjeometries and spatial relation can
be presented in several ways. Three different smeagamples aim to highlight how the
SWRL language and DLs constraints can interact thighOWL ontology adjusted with
3D spatial knowledge to enhance new knowledge dedtify the different geometries.
To do so, we have developed different types ofstutbese rules are divided into
topologic, geometric and semantic. Topologic rufesform a test on the spatial
relationship of geometries and checks for symmetrgnsitiveness and uniqueness.
Figure 5-13. Geometric and semantic rules arelyotatrelated, here we perform several
tests to let the knowledge base recognize individdaad assign an appropriate class,
Figure 5-12.
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Figure 5-12. The Fraport qualified individual overview
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Geometry + Spatial Characteristic to Semantic
hasHeight + hasLength —= Door
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AlInsideB  ——> B Covers A

Figure 5-13. Different rules execution
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5.3.2.1 From 3D qualitative geometric characteristics and qualitative spatial
relation to Semantic elements

As a first main kind of rule, the semantic quahtion of geometries can be done in the

simplest case just with references to the spahiatacteristics of elements, basically its

height, length, orientation... The next rules qualifgrizontal geometries with certain

characteristics as Ground.

_3D_Spatial_Geometry (?x)swrl_Charac_hasSurface(?x,2gwrlb:Greaterthan (28)
(?s,100N hasOrientation (?x, Horizontady Ground (?x)

4

Semantic Engine

Width (m)
Height (m)

e 4

Length (m) N

<<\/> Orientation (Vertical)

Figure 5-14. New built-ins to extract 3D geometries physicaeltteristics

To do so, new spatial built-ins (swrl_Charac_hatta) able to extract the physical
characteristics of the objects are created, Figuté. The characteristics are necessary in
order to run semantic rules and for a better undeding of the geometry. While
executing the created built-ins, the prototype &awathe extraction of the built-ins on the
target geometry (?x) and the population of thernetd characteristics in the knowledge

base.

5.3.2.2 From geometric characteristics and spatial relationships to semantics

In several cases, spatial knowledge has a main cimpad improvement on the
gualification tasks. Giving reference to the aboutes, the qualification process of the
geometries based on spatial characteristics hasofotirawback since it is too risky to
decide about the elements nature just based mpésal geometric characteristics. In

close scenarios, verifying the object context waukltke the qualification mode robust.

_3D_Spatial_Geometry (?x) hasSurface(?x,?8)swrlb:Greaterthan (?s,50)
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hasOrientation (?x, Horizontal) 3D_Spatial_Geometry (?y) hasOrientation (29)
(?y,Vertical)A hasSurface(?y,?sA)swrlb:Greaterthan (?s1,2Q)swrl_topo:Meet(?Xx,

?y) — Ground (?x)

5.3.2.3 From geometric characteristics, spatial relationships and semantics to
semantics

To make it more robust and to profit from the adtygualified geometries, the next kinds

of rules rely on different knowledge to qualify tkerget elements. The next example

infers that height elements inside a Wall coulddggcally inferred as a Door:

Wall(?x) A _3D_Spatial_Geometry (?yw)swrl_topo:inside(?x,?y) hasheight(?y,?h
swrlb:greaterThan(?h,3} door(?y) (30)

Figure 5-15 and Figure 5-16 shows the final cre&@¢RL rules, where its executions

will results in the qualification of the scene gegdries.
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¥ ceing2 = BoundingBox_30(75) A swrbugresterThanCrEul(?y, 2) A swibgresterThanOrEaual(?z,2) A hasLength(7, ) A hasiWith(?s, 2z) A isOriented(2x, Horizontal) » Celing(2)
¥ cortam = BoundngBox_3D(72) A BoundngBox_3D(7y) A BoundngBiox_3D(72) a Contsin(?y, 72) A Cataint, %) Cortain(?x, 72)
vl Cortain2 = BoundingBoc_30(7)  EoundingBox 3D(7) A nside(?,7) » Cortain(Ty, )
W Coveredyt = BoundngBox_3D(7) A BounedngBox_3D(7y) A Covers(?x, %) » CoveradBy(?y, %)
¥ CovereiBy? = BoundingBox_AD(7%) A BoundngBox_30(7y) A BoundngBox_AD(72) A Covers(ex, 2y) A COvers(7z, ) + CovereaBy(2y, 72)
W covst = BoundingBox_3D(7) A BouningBox_3D(7y) A CoveredBy7, ) = Covers(?y, %)
¥ Covers? = BoundingBox_30(7) A BoundngBox_3D(7y) A BoundingBox_3D(7z) A CoveredBy?s, ) A CoveredBy(?z, 2) » Covers(ry, )
vl Dt = BoundngBox (%)  BouningEox 30(7) A DiSpr(?x, 7) A BourdngBox 30(72) A Cortin?y, 2) - Disprt(7x, 2)
vl Disnt2 1= BoundingBox_3D(?%) A BouncingBox_3D(?y) A Disain(?x, %) = Disori(?y, %)
v ot = BoundngBox_30(75) A swibigrestarThanOrEga?y, 1.7) A swilboreatsThanOrEguek7z, 04) Equal(7m, 1.5) Equal(?n, 27) A hasteihi(?x, %) A hasHeigh(7,70) £
¥ oo 5 BouningBox_30(75) A swibigresterThanOrEGua?y, 1.7) A swrlsgreaterThanOrEUai72, 04) A swiblessThanOrEgua?m, 1.5) A swrblessTranOrEQuai?n, 27) A hasHeight(, ) A hasteght(?e,7n)
¥ o3 = BouneingBox_30(75) A InsideCe Wal) A swrlgreaterThanOrEqual(y, 1.7) & swilessThenCrEauek7z, 25)  hasHeght(7e,7) a hasHeighttx, 2z) » Door(?x)
¥ et = BoundngBox_3D(7x) A BoundingBox_30(7y) n Equals(x, 7y) - Esuelty, 70
vl sidet = BoundingBox_30(7)  BoundingEox 50(7y) A BoundingBox_30(7z)  site(7y,72) A Insice(?x, %) + hsice(?x, 72)
v side2 = BouneingBox_3D(7) A BoureingBox_3D(%y) A Cortain(Z, %)  Insik(y, %)
vl et = BoundingBox_3D(7) A BoureingBox_3D(7y) A Mest(?x, %) = Meel(7y, )
¥ Overlpt 5 BouningBox_30(7) A BouningBox_3D(7y) A Overlip(7e, 7) + Overap(?y, %)
v postt = BoundingBox_30(75) A swrbugresterThanCrEeuly, 07) A swrlsreaterThenOrEauak7z, 01) A swilessThanOrEaua(m, 1.3)  swrbigresterThanQrEeuals, 04) A swrlessThenOrEual(, 1.3) A has
vl Toiett = BoundngBox_3D(2x) A Wal(7e) A swribreaterThenCrEualTy, 04) A swillessThenOrEaua7z, 06) a swrloresterTrenOrEauaC7a, 0.13)  swillessThanOrEaua(?w, 03) A hasHeit(7x, )  heste
v Toiet2 = BoundingBox_3D(72) A Wel(7e) A swrlbyeateThenOrEueiTy, 04) OrEape72, 08)  swiltgpesterThanOrEguek(7g, 013) A OrEsual(?w,18) A hesHeht(?, 7o) A hashe.|”

(5 SWRLlessTe | Rules | = Classes | = Progerly Asserlon Avoms | = baividiels | = doms | = ferel ikl | = infened Axioms |
F LSS LI IAT R el

Figure 5-15. Semantic Rules in Ontology

The examples presented in this section aim to nthisessues for the Spatial Relation
integration within a relatively new semantic teclogy. Initially addressed to treat

heterogeneity in the web technology, the knowlegiggineering technology is more and
more deduced for a collaborative approach betweemhs and machines where human

intelligence and reasoning are injected insideaolutions.
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Figure 5-16. 3DSQ Rules Execution

5.3.3 Produced results and knowledge visualization

The created 3DSQ platform gives the opportunity hmad 3D geometries
(CADI/IFC/OFF...), populate the ontology, and exedBtglt-Ins and rules achieving the
different programmed tasks. Once loaded, a newesgwtividual is created. It aims at
creating a semantic environment where the diffegaatmetry can be located, like the
individual “Gate2” in our case. Once done, the tméaCAD geometries are loaded as
individuals in the ontology knowledge base thaibhglto the 3D geometry class. The
created scene will be visualized based on the owdlogy individuals already populated
as seen in Figure 5-17, Figure 5-18. Added to th&nables to export populated scene
elements such as VRML files for visualisation puwg® where the 3D scene and the
spatial qualification results are presented inedéht colours depending on the semantic
of the objects
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Figure 5-17. The Fraport scene before the qualification process

Figure 5-18. The Fraport scene after qualification process
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5.4 Conclusion

This chapter has discussed and showed how a ste@rtb can be taken from the
qualification of spatial relations to maximize thee of such a 3D spatial knowledge
mainly in the architectural domain. Via the diffetesubsections, a demonstration of the
possibility to reach the high level advancementgested by the literature is done. In
addition, this chapter shows how to make it optimatl accurate from one side, and
mainly to extent new semantic knowledge relate@@ospatial relationships. From the
other side, it shows the qualification processthi@resulted relationships. The suggested
flexible innovative solution to perform object giightion in 3D data makes use of
available knowledge in a specific domain or scefas prior knowledge has to be
modelled in ontology, representing a basis for slens processed during the object
detection. Semantic rules are used to control thesfatial relation qualification, to
annotate the 3D geometry, enrich the knowledge baskedrive the inference of new
relation, characteristic and semantic objects. presented solution offers a flexible
conception for different application scenarios, égample, for updating existing plans or

reconstructing buildings based on standard “bugdnowledge”.
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Chapter 6

6.1 Introduction

After adding the 3D geometry qualification capastito the 3DSQ platform, it will be
extended through this chapter to a knowledge-bdségttion and qualification approach
of objects based on the Semantic Web technologietact, the purpose behind is to
share our experience regarding the creation of as8mantic facility model out of
unorganized 3D point clouds and geometries (Ben ddmet al., 2012). Thus, a
knowledge-based detection approach of objects ukiagOWL ontology language is
presented as a second extension of the 3DSQ pilatitiis knowledge is used to define
the scene elements and a suitable manner for tihefection and qualification
semantically. In fact, the already extended 3DS@tqgtype for semantic 3D spatial
relation qualification will be re-extended to suppa variety of input, mainly 3D point
clouds added to BIM and IFC geometries alreadyudised, and produced as output a
populated ontology corresponding to an indexed esceisualized within VRML

language.

Such a problematic is located in the context of Wi®OP project: knowledge-based
detection of objects in point clouds. The goal asdevelop efficient and intelligent
methods for an automated processing of terreisar scanner data. The principle of the
WIDOP project is a knowledge-based detection ofectsj in point clouds data (Ben
Hmida et al., 2011) for AEC (Architecture, Engiriagrand Construction) (Rezgui et al.,
2010) engineering applications using the IFC for(#zjanac, 2008). In contrast with
existing approaches, the project consists in uptiy knowledge about the context and
objects. This knowledge is extracted from datahaSA® plans, Geographic Information
Systems (GIS) (Chang, 2010), and technical repmrtdomain experts. Therefore, this
knowledge is the basis for a selective knowledgented detection and recognition of
objects in point clouds. The WIDOP project is futdey the German government.
However, the partners are the Frankfurt Airport ager company (Fraport) (Fraport,
2012), the German railway company (Deutsche BaBahif, 2012), and the Metronome
company (Automation, 2012) who is specialized in@8int cloud processing. As a main
motivation, the Deutsche Bahn’'s main concern is th@nagement of the railway
furniture. Currently, the environment of the raijnia constantly changing while the cost
of keeping these plans up to date is increasing. gresent-time solution adopted by the

Deutsche Bahn (DB) consists on fixing a 3D terialstaser scanner on the train and to
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survey the surrounding landscape (Railway, sigaad green trees on the borders).
Metronome automation is a DB subcontractor spesdliin 3D data processing. This
partner takes the survey point clouds as inputdetdcts the different existent elements
manually helped with a 3D process such as signactien. The main objective of the
Deutsch Bahn project consists in detecting autaablyi the objects in the 3D point
clouds to feed the position and the semantic defimbf objects into a GIS system. In the
next section we will be presenting the adaptaticocgss for the already extended 3D
Spatial Qualification approach (chap 3, 4 and 5¢ Will present in general the main
ideas and the suggested solution to the probler&tibject detection and qualification
in 3D data. In a second time, we will be demonsttathrough detailed case studies
related to the Railway scene, having as main dettaa SD point cloud and presenting

almost a linear scene with very specific domainaiadary.

This chapter is structured as follows: An overvigithe relevant literature on the topic is
presented in section 2. The proposed solution hadotilt knowledge based on 3DSQ
base will be outlined in section 3. Section 4 ididated to the Railway context as a use
case to our knowledge-based strategy for objeectien and qualification. Finally, the

conclusion and future issues are discussed inBebti

6.2 Background on detection strategies

The problematic of 3D object detection and scerm®mstruction, including semantic
knowledge was recently dealt with within differaidmains - photogrammetry (Pu &
Vosselman, 2007), construction and robotics (Rusale 2009)... Modelling a 3D
survey, in which a low-level point cloud or a gedrpesurface representation is
transformed into a semantically rich model, is dédm®ugh three main tasks. The first
one is the data collection, in which dense poinasneements of the facility are collected
using laser scans taken from key locations througltioe facility; Then, there is data
processing, in which the sets of point clouds fittva collected scanners are processed.
Finally, survey modelling, in which the low-levebipt cloud is transformed into a
semantically rich model. Knowledge processing ihieed via modelling geometric
knowledge, qualifying spatial relations (Cantzi2003), and finally assigning an object

category to geometry (Boochs et al., 2011).

In current practices, the creation of a facility dab is largely a manual process,

performed by service providers who are contractedcein and model a facility where
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projects may require several months to be achiedegending on the complexity of the
facility and the modelling requirements. Ideallysystem could be developed that would
take a point cloud of a facility as input and proela fully qualified as-built model of the
facility as output. According to the literature &&@lman & Dijkman, 2001), two major
approaches of object detection and qualificatiomstexnowadays: the data-driven
approach and the model-driven one. The first adisgproaches relies on the automatic
data processing by using different segmentatiamnigaes for feature extraction (Rusu et
al., 2009), where new techniques presenting an dwgment compared with the
described ones, by integrating models and infomnathetworks to guide the
reconstruction process are presented within thenseclass of approaches (Andreas,
2005). In the next section, a survey on the diffeneorks on each approach will be

highlighted and discussed.

6.2.1 Data Based strategies

The data-driven approach, also called the non-patrearmodelling approach presents a
technique that attempts to model a 3D point cloeehe by a sequence of more or less
complex operations. These operations enable thergigon of an information model
without relying on a specific library aiming prinigrat geometry detection. It presents
the process of constructing simplified represeoteti of the 3D shape for survey
components from point cloud data. In general, thegpe representation is supported by
CSG representation (Corporation, 2006) or B-Rep (dueet al., 2007). Once geometric
elements are detected and stored via a specifsepration, the final task within a facility
modelling is the object qualification. It preseii® process of labelling a set of data
points or geometric primitives extracted from thetadwith a named object or object
class. In the meantime, an important processingcspfining the segmentation quality
has appeared, particularly when dealing with dateed approaches using artificial
intelligence. It is based on a learning processtasdto do with enforcing the robustness
of such methods, so as to recognize the complesctshjin a typical paper, (Lee et al.,
2008), object segmentation and classification dtaioed through a learning procedure
employing Markov Random Fields and quadratic prognéng. Another method
proposed by Spinello et al (Spinello et al., 2040y enables the classification of more
complex objects based on a diverse set of featncesporated within the framework of
associative Markov networks for training. Howeveuch methods generally require a

large number of training data sets in order to iobg@od results. As a first impression,
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the data driven approach, mainly based on numepgoatessing, used to ignore all
important information that can cause a better dietecand qualification. In the

meantime, and with the exponential increasing ef ploint clouds volume and scene
complexities, such methods are becoming more arré neless. Improvements for the
automatic processing and facility model creation ba expected from new strategies
relying more and more prior information relatedtte target scene. Such information can
be modelled within semantic networks, formal grammbearning process, and

ontologies, all combined with numerical processing classification.

6.2.2 Model based strategies

Early 3D processing techniques were purely dateedri exhibiting obvious limitations
with the increasing complexity of the data and scebDespite the robustness and
efficiency of such processing algorithms, they al@annot resolve existing ambiguities
when qualifying objects in a digitized scene. Rédgemew progress has been achieved
by considering the use of prior information on theget scene, materialized through
models approximating the geometrical charactesstit objects and the general scene
architecture. Such prior information has been nateed through several techniques and
technology wavering based on their ability to préshe nearest model picture of the

reality.

6.2.2.1 Semantic graph-based approach

First improvements based on semantic networks tesgdide the reconstruction process
have seen the light, like the work of Cantzlerle{@antzler et al., 2002), and Scholze et
al. (Scholze et al., 2002) where certain architattteatures like the orientations of a
wall, for example, are used through semantic nétsvtw detect and qualify geometries.
First, architectural features are extracted frotriamgulated 3D model, then constraints
are generated out of the scene by matching plagaisist a semantic of the building
mock up by a backtracking research tree. In tlip,ghe semantic network concentrates
on the definition of the 3D objects and the relaglips among them. Constraints such as
parallel or perpendicular to a wall are exploitEthally validated constraints are applied
enabling the extension and updating of the origmatlel. Scholze et al. (Scholze et al.,
2002), has extended this work into a model baseonstruction of complex polyhedral
building roofs modelled as a structured collectioh planar polygonal faces. The
modelling is done in two different layers, one fees on geometry whereas the other on

rules by semantics. Concerning the geometry lagier3D line segments are grouped into
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planes and further into faces using a BayesiaryaisalThe preliminary geometric model
IS subject to a semantic interpretation in the sddayer. The knowledge gained in this
step is used to infer missing parts of the roof ehdy invoking the geometric layer once
more to adjust the overall roof topology. This waskemplarily shows the potential of
semantic rules taking relations between certaimagheristics into account. Although the
used rules are simple, semantic tools meanwhiler aif broad framework to combine
geometrical, topological, factual and logical aspeélways in the context of semantic
network, Andreas el al (Nuchter & Hertzberg, 20083 presented an important semantic
map creation approach for robot systems. As antintbay have make uses of 3D laser
range and reflectance data. Assuming having a 3Wngey model of the scene, it's
interpretation refers to the process of labelliaggé meaningful structures in the 3D
geometry model. Such structures would typicallyrdygresented by points in the model,
and a large number of them at that. Examples afés,wikoor, and ceiling inside a
building where Walls are characterized by a flaphand perpendicular orientation for
example. Once the semantic elements are definedetated planes are extracted via the
Random Sample Consensus (RANSAC) algorithm (ChunM&tas, 2008) and then
labelled. Once planes are detected, a generic nob@el indoor scene is implemented as
a constrained semantic network used to qualifyatieteobjects, where nodes represent
different plane types in a building and relationsoag them are encoded using different

connections.

Rusu et al, (Rusu et al., 2009) investigate thiedohg computational problem: given a
3D point cloud model of an environment, how is @spible first to segment the point
cloud into sub segments that correspond to relesajetts and then to label the segments
with the respective category label. The presentdation includes two components: the
Semantic 3D Object Map which contains those ofdheironment and a Triangulated
Surface Map continuously updated. The Semanticébjep is built by classifying a set
of planar regions with estimated 3D geometricaltusss, and serves as a semantic
resource for an assistant mobile personal robotlevthe Triangulated Surface Map
supports 3D collision detection and path planniogtines for a safe navigation and
manipulation. The hybrid semantic object map is thiork is comprised of two different
types of maps where the first one presents a ssaticantic map comprised of the
environment including walls, floor, ceiling, and #he objects which have utilitarian

functions in the environment, such as fixed kitclagpliances, cupboards, tables, and
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shelves, which have a very low probability of haviheir position in the environment
changed. As far as feature-based object recogniioconcerned, some of the same
approaches have been used in both 2D images ad@tadDFor instance, Vosselman et al
(Rutzinger et al., 2009) (Elberink & Vosselman, 2D@nade use of higher level 3D
features, mainly simple roof shapes that are géngraesent in building structures. The
authors relied on the use of the 3D Hough transfirmetect planar roof faces in point
clouds, and hence to reconstruct the scene in hehitpvel of abstraction. The
segmentation strategy was based on detecting éctarg lines and height jump edges
between planar faces. While qualifying geometribs, author relied on graph matching
techniques especially with incomplete 3D segmedstdd. However, the results were not
satisfying when the data did not clearly descritedbject, either in the presence of noise
or because of occlusions. In others scenariost Rl éu, 2009) reconstructed building
facades from terrestrial laser scanning data. Kedgé about size, position, orientation
and topology is used to recognize features andtalbgpothesise the occluded parts. In a
similar paper, (Lee et al., 2010), a model-basednstruction method was proposed. In
this method, semantic knowledge is also used ter infissing parts of the roof and to
adjust the overall roof topology. These approaass knowledge to evaluate results

from numerical processes, but do not integratetd ihe processing as such.

As a conclusion for the presented approach, isetiore on static calculation and not on
the semantic decision. In fact semantic networksgmés a directed graph, involving
nodes and relations between nodes, where the wteucf the network defines its
meaning. Although network notations are easy fappe to read, there is no formal
semantics for such a presentation structure as then logic one for example. Likewise,
it enables presenting static information withouihgeable to develop constraints or rules
which make its use for the detection and qualiftcatask restricted to static definition of
the theatrical model. Not far from the semanticpfreand networks, some other
approaches aim to describe hierarchically thebaltes of an object based on semantic
grammar allowing the manipulation of more genertersystems compared to static
networks. In this field, Teboul, et al (Teboul ¢t 2010) has segmented the building
facades using a tree to interpret procedural geymand connected grammar semantics
and images using machine learning. This approashgses a dynamic way to perform
searches through a perturbation model. Likewispp&ida, et al (Ripperda & Brenner,

2007) also extracted building facades using strattlescription, and used Monte Carlo

149|Page



Chapter 6

Markov Chains (Brooks et al., 2011) to guide theliaption of derivation steps during
the building of the tree. Although there is reasd@advancement in the field of prior
information and knowledge modelling and uses in fieéd of object detection and
gualification in data, the way information is pretl is still far from real interpretation.
The same goes for the manner that human analyee setill too ideal compared to the
discussed literature where most approaches relybottom-up strategy detecting

geometry, and mapping them to semantic scheméaireiastage.

6.2.2.2 Ontology-based approach

A new vision of the human observation modelling wasated while dealing with the
semantic web and the ontology web language. Suctrentechnology presents the best
solution to truly present human observation. Iis fréld, not just objects and relations are
statically presented by links, but constraints atlbem are defined, and rules are created.
It results in a rich dynamic model where inferrioig existing axioms is one of its based
advantages. Although there is a reduced numbeuntbbes’ looking on its impact on the
target problematic, a big loss of the ontology ¢télfigt is observed where they still
consider it to be a semantic graph. In this fidélthrkus Eich et al (Eich & Kirchner,
2010) aim at the generation of semantic maps. Tieiks includes labelling metric
maps which are provided by 3D point clouds. Theyehproposed an ontology-based
description of an indoor environment and a prolistiil reasoning approach based on
spatial feature descriptions. To enrich such a geepthey have suggested a semantic
classification based on object primitives. Firegyt introduced spatial feature descriptors
which can be mapped directly to a symbolic levekxrehspatial entities can be defined
directly using domain knowledge and ontologies Ohiu & Harmelen, 2009). In a first
step, laser data is acquired using a tilting lastup or 3D light detection and ranging
(LIDAR) system (Alexander et al., 2009) and match®@n existing point cloud model.
In a second step of the scene-recovery processiegao information is extracted from
the merged point cloud data. They achieved it bggu&D plane extraction or the direct
extraction of 3D primitives. Some common surfaceonstruction methods include the
ball pivoting algorithm (Stelldinger, 2008) and tBelaunay triangulations (Bose et al.,
2011) are also used. Once the shapes have beeremeddrom the unorganized point
cloud, the goal is to classify the structure thieotgperceives and to label the structure
with semantics. To make semantic labelling possibldoor environments, they have

made use of some basic assumptions and considesbahilistic likelihood function
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since, for instance, two shapes can be parallél thig¢ certainty of 0.9 due to noise and
rounding differences in the extraction process.lletaét al (Eich & Kirchner, 2010) used
a visual concept ontology composed of visible fezgusuch as spatial relations, colour
and texture) to recognise objects through matchimgng numerical features and visual
concepts. Duran et al (Durand et al., 2007) propp@seecognition method based on an
ontology which has been developed by experts ofittneain; the authors also developed
a matching process between objects and the concgfite ontology to provide objects
with a semantic meaning. However, knowledge indhagproaches has not been fully
exploited; other capabilities, such as guiding aodtrolling all the process through

various level of knowledge have not been explored.

6.2.3 Conclusion and Discussion

This previous research shows that there have beeoug attempts at making the
analysis of 3D data more robust and efficienthis airea, simple models are efficient and
robust, but have limitations for more complex olgedStatistical methods are able to
handle more complexity, but they also need largeitng efforts and are difficult to
transfer. Information and Knowledge based methbdgiever, seem to have the potential
to manage even more complex scenarios. Successith wses geometric object
characteristics for their identification, or triés map the structure of a scene into a
semantic framework, while other work introduces Whamlge into the processing and
allows the use of various characteristics of olgjeatorder to improve their detection.
Building on the above results, significant improwsns have been brought to the
processing of 3D data through additionally incogiimg semantic aspects. In the
meantime, the ability to exploit semantic knowledgelimited when the number of
objects becomes large, requiring an adequate waystfocturing properties of and
relationships between objects. In fact, the preskmethods for survey modelling and
object recognition rely on knowledge about the diom&oncepts like “Signals are
vertical” and “Signals intersect with the groundéancoded explicitly through a set of
rules. Such rule based approaches tend to beshaittd break down when they are tested
in new and slightly different environments. Addrtaly, regarding the literature, people
model the context by specifying the concepts aed@hationships of objects to describe
the world. However, no one mentions the knowledgeuaithe 3D processing algorithms

and the associated results such as geometry atidl spkation.
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Based on these observations, flexible represenstiaf facility objects and more
sophisticated guidance for object detection by riogde algorithmic, geometric and
spatial knowledge within an ontology structure loase the 3DSQ approach will present
the way of a significant improvement. Actuallywiill allow the 3DSQ process to control
the object detections and to dynamic analysis plagiad relation and characteristics of the
scene. It also guarantees an automatic detectidmaalification of objects in 3D point
clouds, materialized via the semantic qualificatiwocess. As a conclusion, and moving
from traditional approaches, we present the knogdeatdtiven approach to process the 3D
point cloud. In fact, we plan to ensure a semdntarpretation of physical objects aiming
at qualifying geometric elements semantically orfyig their existence based on the
available knowledge. This chapter aims at devebpmnfully automatically semantic
framework controlling and managing the differentoas using the Semantic Web

technologies.

6.3 3DSQ platform second extension and Object Detection and

Qualification in 3D point Clouds Data

6.3.1 System Overview

The problem of automatic object reconstruction riesia difficult task to realize in spite
of many years of research. Efficient strategiesetioee have to be very flexible and in
principle need to model almost all factors havimgact of the representation of an object
in a data set. This leads to the finding, thatirat i semantic model of a scene and the
objects existing therein is required. Such a seimatscription should be as close to the
reality as possible and as necessary to take rataeant factors into account, which may
have impact on later analysis steps. At least ¢himprises the objects to be extracted
with their most characteristic features like geameshape, texture, orientation... and
relations among each other. This knowledge badeagtilas a basis for further extraction
activities and has to work in cooperation with nuice algorithms and real data. This
means to make use of the flexibility of knowledgegessing for decisions and control
purposes to manage data. Even a propagation afdjedrom processing results into new
knowledge for subsequent steps should be possibieh would give a completely new
degree of dynamics and stability into the evaluafmocess. Consequently a further
knowledge base has to be developed which charaeseaigorithms, their relation among

each other and their relation to the scene knovweledg a result, the processing will be
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no longer guided by numerical or geometrical preites and their results, but by a
complete knowledge base comprising all availabiaasgics, including defining objects

via the scene knowledge, object knowledge, Sphtiaivledge, algorithmic knowledge,

and suggesting how they can be detected and euhlifirough semantic rules,

description logic constraints and inference engif&ure 6-1 illustrates the second main
extension applied to the 3DSQ platform in orderot@rcome the new challenges. It
presents the adopted strategy applied to the 3Bt pwud through the control of prior

knowledge about the scene, the 3D spatial relattmsthe 3D processing algorithmic
ones to yield and qualify geometries.

OWL knowledge
base

DLs , Rules and
Reasoning

Qualitative relation
visualisation

*Knowledge base Knowledge  base *Rules and queries 3D scene visualization

adjustment with 3D population with 3D on OWL Adjusted «Selective  visualization
Spa(ia! ) Relation Spatial Geometries knowledge base based on swqrl
Capacities *Execution of 3D

*Colored geometry
visualization reflecting
the relation quality

Built-Ins

DSyt
preeeing

+ + +
r—— ~
*Knowledge base *New rules and *Personalized
Adjustment with queries for visualization depending
Semantic Elements geometry the 3D geometry quality
qualification
semantically
'/ )
"
Scene knowledge n
— )
—
*Knowledge base

*New rules and
queries for
Algorithm
Selection and
execution

Adjustment with 3D
Algorithm knowledge

g &

Dat Algorithmic
knowledge Kknowledge

Figure 6-1. The 3DSQ platform with its second extension

As a main contribution compared to the 3DSQ V1, tipelated solution takes into
account the 3D processing algorithm knowledge amdudes the real algorithmic
execution to detect geometries in the platform. @executed, the detected geometries
will be populated in the OWL ontology and the SWRiles and DLs constraint will run
to qualify the detected geometry. Figure 6-2 sunmearthe applied analysis to the 3D
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point clouds, but can also be extended to othefuluskta sources. It is based on
explicitly formulized prior knowledge to the scems spatial relations of objects and on
processing algorithms. It is a multi-stage condegded on three supports: the modelled
knowledge (Figure 6-2 left side), the algorithmieston module (Figure 6-2 right side

above), the spatial relation qualification (Fig@€ right side above) and the semantic

qualification engine (Figure 6-2 right side below).

Geometric knowledge

Spatial knowledge Algorit_hm Spatial Relation
Selection qualification
Module module

Scene knowledge X 7%)
O 1
O

Data G e Semantic Qualification Module
knowledge knowledge

Figure 6-2. The Knowledge-Driven strategy applied to the 3inpoloud data

In the initial stage, the accessible knowledge rendferred into a corresponding
knowledge base. Depending on the particularityhef ggrior knowledge, this base might
be simply generic if no real object exists in tleere or it might be more concrete
because of already addressed objects which werined in the scene, Figure 6-3.
Starting from this initial stage, an update prodesgins, which involves the algorithms
and the qualification engine. After detecting getries, these elements are passed to the
qualification engine, which then tries, based om élisting knowledge expressed in the
ontology, SWRL rules and DLs constraints, to idgntihe nature or object category of
the elements. The result of the qualification stéjp update the knowledge base by
entering newly qualified or updating already exigtelements, and then entering the next
stage of processing. As soon as no further refinéwiethe base is achieved, the process

ends.

Page|154



Application of spatial analysis to geometry detamtt@nd qualification

? Having specific knowledge
No Yes

Having the position information

No Yes

Localize object in
the given area in a

Detect objects with
given characteristics

3D point clouds

Qualify topologies
between geometries

in point clouds file

: Localization succeed

Yes No

Update the object .
" o Enlarge the research
Y coordinate and store =
. I it in the ontology areas
Semantic verification and it in the ontology

geometries refinement

If object not found after n iteration ‘

Mark it as not found

Figure 6-3. Activity diagram in case of specific knowledge agaheric one and its impact on the detection

Next Iteration (Level X+1)

and qualification process

Being based on human observation, Table 6-1, amdpamed to the 3DSQ V1, new
knowledge has been added to the semantic framewoféct, the defined solution relies
on different knowledge categories, cooperating ttogreto construct the core of the
knowledge base: the Scene Knowledge (SK), the Gemnkowledge (GK), the Spatial
Knowledge (SpK), the Data Knowledge (DK) and the Qorithmic Knowledge (AK).
Each field of knowledge is represented by circlesthie Figure 6-2 left side, where
relations between these concepts are representedge. The scene knowledge contains
information related to the content of the scenbe@rocessed like important objects and
characteristics. Such knowledge is not only impuartar processing the identification
and qualification activities, but will also suppdtie selection and guidance of the
algorithmic processing. The geometry knowledge Igatcharacterizes the elements
structure. The spatial knowledge models the relatigps among objects in the scene. It
presents a main key for the qualification procesisce it yields to the objects state
disambiguation based on its relation with the comrmaovironment. The data knowledge
expresses important characteristics of the datdf.itEinally, algorithmic knowledge
characterises the behaviour of the algorithms atdrohines what kind of purpose they
fulfil, which input is expected, which output isrggated, and to which geometries they
are designed for. Based on this knowledge, a dymatgorithm selection is possible, and
allows dynamic adaption for processing situatioivery from other domains, Figure 6-2.
Let’s note that the Algorithm selection module, Ufeg 6-2, will be excluded from the

thesis content since it presents an independerk gare outside of the present research.
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However, all the required knowledge for such a nedull be included in the 3DSQ
extended platform and the thesis overview. To go more details, the next subsection
deals with the created knowledge base presentengdte of the developed solution, once

clarified, section 6.3.3 clarifies the interactipmocess via the semantic rule system while

explaining the overview of the knowledge driven aggh.

Electric Vertical Lines Height:Between 4m anc Contains: 2 parallel lines

Born 6m MUST be connected: to a Small
Length: max 0.5 Box
Width:max 0.5 Distant:50m from Electric Born
Lines:1 or 2 Vertical line Right side of the Rail

Table 6-1. Example of the knowledge description of an eleddorn

6.3.2 Knowledge modelling

To build our targeted rich knowledge base, knowded§ different domains is acquired
where sources such as domain experts are the sliadile knowledge source. However,
other information sources such as CAD, GIS datsstiag digital documents as CAD
drawing or IFC files, or other available documeantthe case of detailed input are used to
extract knowledge. Likewise, the different requiradorithmic knowledge is acquired
from experts in numerical processing. The needexvledge for such a purpose will be
modelled within a top level ontology describing tigeneral concept behind the
knowledge domain. The suggested approach is intetadase semantics based on OWL
technology for knowledge modelling and processisma classes, instances, relations
and rules. Where an object within the 3DSQ can bdatted as presented; a room has
elements composed of walls, a ceiling and a fldbe sited elements are basic objects.
They are defined by their geometry (plane, boundatg.), features (roughness,
appearance, etc.), and also the qualified relatietseen them (adjacent, perpendicular,
etc.). The object "room" gets its geometry fromdtements, and further characteristics
may be added such as functions, in order to esirtta existent sub elements. For
instance, a "classroom” will contain “tables”, "thg "a blackboard", etc. The detection
of the object "room" will be based on an algoritbmsirategy which will look for the
different objects contained in the point cloud. sSTmeans, using different detection
algorithms for each element, based on the aboveioned characteristics, it will allow

us to classify most of the point regions in thdedént element categories. It corresponds
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to the spatial structure of any facility, and itis instance of semantic knowledge defined
in the ontology. This instance defines the rougbngetry and the semantics of the

building elements without any real measurement.

This section discusses the different aspects ckelaiethe created top level ontology
structure. It is composed mainly of classes anit teéationships. The domain ontology
presents the core of this research and providemawlkdge base to the created
application. The global schema of the modelled logip structure offers a suitable
framework to characterize the different target sserThe ontology created is used

basically for two purposes:

* To guide the processing algorithm sequence credi@sed on the target object
characteristics.
« To ensure the semantic qualification of the différdetected objects inside the

target scene through the analysis of the objedtadpalation and characteristics.

The ontology is managed through different compamefitdescription logics where the
class axioms contain their own prefixes which ageduto define their names. One of the
big advantages of using prefix is that the samssctauld be used by applying different
prefixes for the class. Other advantages includesiimplification in defining the resource
and solving the ambiguity for different contextdieThierarchical structure of the top
level class axioms of the ontology is given in Feg®-4, where we find main classes
within other data and objects properties able taratterize the 3D scene facility. The
main actors that have to be modelled are: procgssigorithms, point cloud data or
image resources, and target objects with their @yn spatial relation and
characteristics. Th®omainConceptlass represents the different objects found & th
target scene and can be considered the main cakssiontology. This class is further
specialized into classes representing the diffedetgcted objects. This class is the entry
point for the adjustment process. In fact, any ephevhich requires a 3D model has to
inherit the properties from this class to be ablegnefit from the 3DQS framework. The
other classes are used to either describe thetaigemetry through the Geometry class
by defining its geometric component, or to descritse characteristics through the
Characteristics class. Ultimately, the algorithme @aecommended, based on their
compatibility with the object geometry and charastis via the Algorithm class. The

DomainConceptlass represents the different objects foundénainget scene and can be
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considered to be the main class in this ontolodyis Tlass is further specialized into
classes representing the different detected objétiis class is the entry point for the
adjustment process. Actually, any concept whichuiireg a 3D model has to inherit the
properties from this class to be able to benefitfrthe 3DQS framework. The other
classes are used to either describe the object gjepithrough the Geometry class by
defining its geometric component, or to describe @haracteristics through the
Characteristics class. Ultimately, the algorithm® @aecommended based on their

compatibility with the object geometry and charastes via the Algorithm class.

3D Spatial knowledge

4 hasSpatialRelation )

:

I Geometry

isDesignFor

Algorithm, knowledge

isDesignFor

Classified

\ hasCharacteristics '
Scene knowledge

Characteristics BestSuitedFor

Geometric knowledge

Figure 6-4. The General ontology schema

6.3.2.1 Scene Knowledge

The scene knowledge contains all relevant inforomatibout the objects and elements
which might be found within a real scene that cary\¥rom the architectural domain, for
example, to the Railway. They are used to fix eittie main scene within its point
clouds file through attributes related to the scelass, or even to characterize detected
element with different semantic and geometric ctteréstics. The created knowledge
was inspired due to our discussion with the donexjmert and with our theatrical study.
An overview of the targeted elements, the mostulsatfd discriminant characteristics to

detect them and their inter-relationship is preseim the next part. The scene knowledge
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contains all relevant object elements which mightfdund within that scene and mainly

composed of Object knowledge and Characteristiosviedge.

The object Knowledge is described in the schemantdlogy and includes semantics of
the objects, such as properties, restrictions aladionships. The more information about
an object that is created and used, the more aectina detection and qualification
process is. In case of buildings, this might cosgrm list like: {Building, Wall, Door,
Window, Ground, ...}. For a railway scene for examperailway signal is one of the
most important elements within the scene where wed fMain_signals and

Secondary_signals. For qualification purposesekample we define a signal as:

Electric_Born & Geom:VerticalBBI3 hasheight.{ (31)
> 6 }[13 hasDistanceFrom.DC: Electric_Born{> 50}
The above cited concepts are extended by relationsther classes or data. As an
example, the data property Geom:has_position armssote the placement of the detected
object. To specify its semantic characteristicsw ndasses are created, aiming to
characterize a semantic object by a set of featikescolour, size, visibility, texture,
orientation and its position in the point cloudeafdetection. To do so, new object
properties axioms like Geom:has_Color, Geom:hag,SiGeom:has_Orientation,
Geom:has_Visibility and Geom:has_Texture are ccehitdking the DC:DomainConcept
class to the Charac:color”, Charac:size, Charaer@ation, Charac:Visibility and

Charac:Texture classes axioms respectively.

DomainConcept
O
Fumiture
1
AN
o v Y Q o BuildingElement
Mast Signals -~ D
M 3 Speak -
0 |:) Schtaries ;FET ers ) [ Advert
a - q A o
P q p 24 s p 4
i Secongryanml BasicSignal Q Window
igMas NormalMast .
0 Beam ®Toilet O
O (] . Dgor 0
yas < A Wall 0 Post
Chess_bbard @hBreakpoint_table ¢ d Ceiling
d 0O MainSignal - U
DistantSignals O O

Vorsighabake

0 -

Figure 6-5. An example of scene object modelling
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Figure 6-5 shows a possible collection of scenenetds. They may be additionally
structured in a hierarchical order, as might be& semvenient for a scene.

6.3.2.2 Geometric knowledge

Geometrical knowledge formulates geometrical charatics of a physical property for
scene elements. In the simplest case, this infeomamight be limited to a few
coordinates expressing the object position. Howefar elements to be accessible to
functional descriptions, additional knowledge vii# mentioned. A signal, for example,
has vertical lines, which needs to be describedhbye equation and its values, and
completed by width and height. In fact, we thinlatttsuch knowledge can present a
discriminant feature able to improve the automgtialification process. For this reason,
we opt to study the different geometric featurdateel to the cited semantic elements,

and then, only use the discriminant one as baaicfes for a given object.

‘Geometry
I:ISE')' S . @
Jiof | P Y
.pumf kin | .-".. [ \
I Life_3D & ||
BoundingBox_3D [] Paint 20| EIIipse_ED"',_
O Plane 3D O ®lne 20 [ @Tidngle 20
O O O

Figure 6-6. The hierarchical structure of the Geometry class

Figure 6-6 presents information about the differgabmetric elements composing a
semantic object, like plane, line, sphere and sthEor example, a wall has a planar
geometry; moreover, a table consists of planar ler@hr geometries. Each one of the
cited object classes can be described by a lohafacteristics defined in the Geometry
class. The last cited one presents other classeablea of modelling the different

characteristics that can be used in this contaxe,(shape, visibility, orientation and
texture ...)
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6.3.2.3 3D spatial knowledge

As seen in the Chapter 4, and as the base focltlster and the previous one, 3D spatial
relation knowledge is used to enhance the qudiifingprocess. Information about how
objects are dispersed in a 3D scene makes thetidatemd qualification easier. For
instance, given the detection of a wall, there ésarchance that a door or window will be
detected within it. In fact, 3D spatial knowledgeludes standards like the 3D topologic
knowledge, 3D metric knowledge and 3D processingwhedge. Each one of the cited
spatial knowledge contains a variety of relatioredelled on the ontology structure. For
example, the top level ontology is designed toudel spatial relationships. This is then
used to enrich an existing knowledge base to mabesisible to define relations between
objects in a specific case. At a semantic viewplmgical properties for example describe
adjacency relations between classes. For exaniy@eyroperty Topo:isParallelTo allows
characterizing two geometric concepts by the feaairparallelism. Similarly, relations
like Topo:isPerpendicularTo and Topo:isConnected¥ith help to characterize and
exploit certain spatial relations and make thenessible to reasoning steps. The purpose
of this class is to spatially connethings presented in the scene and in the geometry

class.

6.3.2.4 3D processing knowledge

Regarding the numerical processing algorithm, filscéiveness depends on the quality of
the data (resolution, noise), the characteristfc® object that need to be detected or
other factors depending on a specific case. Algorét are modelled under specialized
classes of algorithms, sharing certain taxonomiadl relational behaviours. The
hierarchical representation of the algorithms idradsed through dividing the algorithms
according to the contexts in which they are exeatutélasses including “Geometry
Detection”, “Appearance Detection”, “Image Procegsiand “Noise Reduction” follow
such a hierarchal structure. Likewise, relationamantics are represented through
properties. In wider terms, there are two typesgetdtionships: one which applies to the
geometries that the objects in Domain Concept gsssed other that applies against each
other. The first category of relationship is used fletecting geometries. The object
property “isDesignedFor” maps algorithms to thepestive geometries. For example:
Line Detection 1 (Ransac) isDesignedFor Lines. 3&eond set of algorithm properties
“input/output” are inter-relational properties tormect algorithms together, based on the

compatibility of output from an algorithm to the tputs of others. To get more
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intelligence for the detection and qualificatiom@ess, it is necessary to adapt processing
to certain situations, depending on the data, te@es and the object characteristics. The
created concept allows for these interactions;t & able to automatically change the
strategy based on a compromise of quality and .ridkpart of the knowledge base is
dedicated to risk-benefit factors that have infeenon the algorithms, and have been
deduced from the simulation’s knowledge pattermc&ian algorithm could perform
better with given parameters in one setting, aflddadeliver the same quality in other
settings, it is important to evaluate the risk-Jitriactors of every algorithm with various
possible settings. The class “Risk Benefits” inelsi@ll of the risks and benefits possible,
due to the previously mentioned reasons. The dastins instances such as “Distinct”,
“lllusive”, “Noise”, and “Error Detections”. Thesmstances are either the risks or the
benefits that have influences on the algorithma aghole, or at least the values of the
parameters they contain. The 3D processing algoiithclass contains all relevant
aspects related to the 3D processing algorithmscofttains algorithm definitions,
properties, and geometries related to each defafgaatithm. An important achievement
is the detection and the identification of objeatdich has a linear structure such as
signal, indicator column, and electric pole, etthrough utilizing their geometric
properties. Since the information in point cloudtadasometimes is unclear and
insufficient, the various methods of RANSAC (Targtizrdi et al., 2007) are combined
and upgraded. This combination is able to robusthgct the best fitting lines in 3D point
clouds for example. Figure 6-7 presents the Elegidle object constructed by linear
elements, ambiguously represented in point cloudl@es points. Green lines are results
of possible fitting lines and clearly show the ghagi the object that is defined in the
ontology. The object generated from this part lmanding box that includes all inside

geometries of the object, and a concept label.
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Figure 6-7. The electric pole detection

Next to the 3D expert recommendation, knowledgéiwithe Table 6-1 is created linking

a set of 3D processing algorithms to the targetadetl geometry; the input and output.

Algorithm name has Input hasOutput isDesignedfor hasSuccessor

Vertical Object PointCloud Point_2D Vertical None

Detection geometry

Segmentationin2D Point_2D SubPoint Vertical VerticalObjectsDet

PointCloud Cloud geometry ection

BoundingBox SubPointCloud Point_3D Vertical Segmentationin2D
gemetry

ApproximateHeight ~ SubPointCloud  Number Geometry Segmentationin2D
height

RANSAC Line SubPointCloud Line_3D 3D Lines Segmentationin2D

Detection

FrontFaceDetection  SubPointCloud Boolean Geometry with  Segmentationin2D
front face

Table 6-2. 3D processing algorithms and experts observations

The specialized classes of the Alg:Algorithm axioepresent all the algorithms
developed within the extended 3DSQ. They are rladeseveral properties which they
are able to detect. These properties (Geometric samdantic) are shared with the
DC:DomainConcept and the Geom:Geometry classes:thBy way, a sequence of

algorithms can detect all the characteristics oflament, Figure 6-8.
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Figure 6-8. Hierarchical structure of the Algorithm class

6.3.3 The WiDOP Knowledge Driven Strategy

In order to manage the interaction between the lkexdye part and the different actors
(3D Data, processing algorithms, spatial relatigmsiualification algorithms, spatial
characteristic extraction, etc.), the processingaciy of the 3DSQ materialized within
semantic rules and DLs constraint will be used.efisures the control and the
management of the knowledge transaction and thisidedaken based on semantic rule
language and mainly SWRL languages and its extessibrough several steps. For
instance, the following rule asserts that Geomeitly lines higher than 5m is an Electric
pole where Electric pole, Bounding Boxes and Liaesall individual-valued properties.

The DL syntax related to such an expression is

Electric_Pole £ BoundingBox M 3 hasLine. Line M 3 hasHeight. {> 5} (32)
While the equivalent SWRL rule of such an expressso
BoundingBox(?x)C hasLine(?x,?y) hasHeight (?y,?H) swrlb:GreaterThan (?h, 5)  (33)

- Electric_Pole (?X).

The set of built-ins for SWRL is motivated by a mtat approach that will allow further
extensions in future releases within taxonomy. SVERiuilt-ins approach is also based
on the reuse of existing built-ins in XQuery andaxk which are themselves based on
XML Schema by using the Datatypes. These builtame keys for any external
integration where we take advantages of this eidaak mechanism to integrate new

Built-ins for 3D processing and spatial processfbgch an extension should help in the

Page|l64



Application of spatial analysis to geometry detamtt@nd qualification

interoperation of SWRL rules with other Web formsais by providing an extensible,

modular built-ins infrastructure for Semantic Welnguages, Web Services, and Web
applications via allowing the execution of real qassing functions and methods
inherited from others domains, mainly the 3D preo®s one and the geomantic one in

our case.

6.3.3.1 Integration of 3D processing operators within the extended 3DSQ
platform

The 3D processing knowledge contains all relevapeets related to the 3D processing
algorithms. Its integration into the suggested s#inaframework is done by special
built-ins. They manage the interaction betweempttoeessing level and the semantic one.
In addition, it contains the different algorithmfidé@ions, properties, and the related
geometries to the each defined algorithm. An inmgoaraichievement is the detection and
the identification of objects with specific chamstics such as a signal, indicator
columns, and electric pole, etc. through utilizihgir geometric properties. Since the
information in point cloud data sometimes is uncked insufficient, the Semantic Web
Rule Language within extended built-ins is usedetecute a real 3D processing
algorithm, and to populate the provided knowledgtiw the ontology. The equation
(34) illustrating the "3D_swrlb_Processing:VertEEEmentDetection" built-in, for
example, was created aiming to detect geometrittswaitical orientation. The prototype

of the designed Built-in is:

3D_swrlb_Processing:VerticalElementDetection(?Velir) (34)

Where the first parameter presents the target bbojass, and the last one presents the
point clouds' directory defined within the creasagne in the ontology structure. At this
point, the detection process will result in geome&lements, representing a rough
position and orientation of the detected objecbl@#®-3 shows the mapping between the
3D processing built-ins, which is computed and dlated to predicate, and the

corresponding class.
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3D Processing Built-Ins Correspondent Simple class

3D_swrlb_Processing: Geom:Vertical_BoundingBox(?x)
VerticalElementDetection (?Vert,?Dir)

3D_swrlb_Processing: Geom:Horizental_BoundingBox(?y)

HorizentalElementDetection (?Vert,?Dir)

Table 6-3. 3D processing Built-Ins mapping

6.3.4 Knowledge guidance and Iterative process

Let's recall that the suggested semantic frameworkthe automatic detection and
qualification approach of objects, through the egien of the 3DSQ V1 platform takes
as input the 3D point clouds scenes, and an OWlology structure presenting a
knowledge base to manipulate objects, geometmesspatial relations, and produces as
an output an qualified (annotated) scene within shene ontology structure where
detected or already populated geometries are opthliis semantic elements. The
presented approach is materialized via an itergtieeess. It aims to qualify and refines
the detected and qualified geometries through #évayngained knowledge at every step
of the iteration. Starting from the initial situati, the process iteratively updates the
knowledge base (KB) at certain stages. At the méginof each iteration, the content of
the knowledge base is used to detect new featlihés.might be a new object or a hew
component of an object. These new feature georsetiie then populated in the
knowledge framework in order to extend the knowtedmpse for the next step of
qualification. This qualification is performed tlugh the content and the structure of the
knowledge base, which has reasoning capacity, baseproperty restrictions or rule
languages, and refines the actual content. Thime®fcontent enters into the next
iteration. The process is repeated until all esgithave been completely annotated, and

meets the following convergence conditions:

e All objects defined on the knowledge side are dett@and qualified (simple
change detection).

« A predefined number of iterations without refinerm any entity are reached.

At the core of the first iteration, the most distinant characteristics are extracted, such
as the vertical elements, in the case of an aathit®l scene. Such information can
control the processing, where algorithms desigradstich type of geometry will be

selected and executed. Based on SWRL rules enrigltbdhe created 3D spatial Built-
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Ins, a detected and populated geometry can balipitioughly qualified where its

eventual class can be restricted to one or twotaaecandidates, Figure 6-9. This first
assumption will help us to detect more discrimingrdracteristics, guiding us to the final
classification. During advanced iterations (Secdedation in this case), more precise
geometry is detected and populated in the knowlebase through the enhanced
knowledge once the previous iteration is achielredeneral, advanced iterations rely on
the ability of the knowledge base to extract thecdminant characteristics pending the
final qualification process. Assuming that the mdifference between the two above
mentioned semantic objects is the existence omhgerpendicular/parallel lines, such
new generated knowledge will be verified. In cathe existence of perpendicular lines,

the detected object will be finally classified asedectrical pole, Figure 6-9.

Knowledge /\\

SWRL rules SWRL rules
+Built-Ins ‘C‘F +Built-Ins
DL constramts DL constraints
Detectlon | | I

Quallflcatlon . Quallflcatlon
(iteration 1) (iteration 2)

New characteristics
detection

Figure 6-9. Iterative process for knowledge driven approach

In other scenarios, where geometric knowledge is sudficient for the qualification
process, spatial relation (Metric, Topologic, Diienal) between the detected geometries
has be initially qualified in the knowledge base.order to combine SWRL rules with
spatial operators, news built-ins are defined imeorto compute the operator.
Consequently, the results of the operators cansee to define queries or enrich the
ontology with new spatial relationships between thects. The following rule specifies
that a “BoundingBox” respecting certain charactegswith a distance of 1km from a

MainSignal is a “DistantSignal”.

MainSignal(?y) » BoundingBox(?x) ~ hasHeight(?x) ?lswrlb:greatThan(?h, 4) »  (35)
swrlb:lessThan(?h, 6) ~ 3D_swrlb_Topology:distafzey, 1000, 10)

—DistantSignal(?x)

The previous section gave an idea on the mannevhich the 3DSQ platform can be

updated to support the object detection and gaoatifin in several data, especially in the
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3D point clouds one. The next question to answéwis the overall detection strategy
might be influenced by knowledge and what this rseBor the design of a practical

solution.

6.3.5 Impact of knowledge on the detection and qualification: 2 scenarios

As explained before, knowledge is the key elemehis solution and it has to guide and
control the process of detection and qualificatibrinas to be stored and organized in a
specific way, in order to be accessible for thesoeéng process. One of the aspects that
was not considered up to now is how knowledge masgtegthe 3DSQ execution and to
what extent it might be necessary to distinguigfedint degrees of available knowledge.

This will be done in the following section, explaig two major strategies:

» use of well-defined specific knowledge

» use of generic knowledge

Having specific knowledge ‘

[ 1
X | Having the position information |
Detect geometries i : Yes
Level X
Localize object in
A 4

Detect objects with tlle givep area in a
iify Spatial rela given characteristics 3D point clouds
Qualify Spatial relation in point clouds file ‘

between geometries [ ‘ Localization succeed

!
¥ Populate the
created objects r
A 4

qualification | )
V
Updgte the object Enlarge the research
coordinate and store =

it in the ontology areas

Semantic verification and
geometries refinement

l If object not found after n iteration |

\

v

Mark it as not found

Figure 6-10. The general schema of the knowledge-driven approac

| Next Iteration (Level X+1) ‘

In fact, we have to accept that each individualliapfion case has its own framework of
knowledge. The content of such framework change wie domain to which an
application has to be referenced (architecture,ustrgt, civil engineering,) and

accordingly, knowledge models to be used must fierdnt. In addition, the framework

Page|168



Application of spatial analysis to geometry detamtt@nd qualification

will be influenced by the amount of knowledge eRrigtin a particular application. This
may spread a large field, starting from extensive actual data bases with more or less
precise information, up to just some general ideasbjects in question and without any
direct data on the other end. Such large differericghe knowledge base must clearly
have impact on the guidance of algorithms and ensthategies used. In principle, the
more knowledge existing, the more precisely ancally geometry detection and
qualification. That is why there are strategicallfferent concepts following the degree
of quality for the knowledge. Hence, we distinguisttween sparse knowledge cases
(generic knowledge, cf. Figure 6-10 left side) atetailed knowledge cases (specific
knowledge, cf. Figure 6-10, right side). Two scésgrthat influence the object

identification in a point cloud can be identified.

6.3.5.1 Case of generic knowledge integration of Unknown objects, and
unknown positions

The case of unknown object and position presemtsrbst complex case. In such cases,
the type of objects and their positions are both krmwn beforehand. However, the
nature of the scene is already known. In such céiseslgorithmic processing generates
geometries that would be used by the knowledge haseheck their nature and
recommend the object types. This case asks to seary modelled object in the
knowledge base and check for their geometric cleniatics. This will help in
classifying the geometries found to their respectibjects. In this scenario a number of
iterations are needed to confirm the objects tagmmetries found completely. Looking

from a procedural perspective,

Figure 6-11 shows a corresponding strategy. Hexeh d@eration is composed of four
different steps. The first tries to detect basiorgetrical elements, which may be part of a
physical object (like planes, lines, for exampk)this moment, geometry information is
available, but it is unclear to which object themeénts found may belong. This has to be
answered using a different generic logic, as maydééved from spatial relation, for
example. Thus, a next step verifies such a relatmiween detected elements and adds
other aspects like orientation (vertical elemewtizontal element,...). Based on results
from this reasoning a semantic qualification precean be executed in order to obtain an
initial mapping between elements derived from taadnd the generic semantic. Such a
mapping extends the knowledge in the ontology feogeneric to a specific one, as real

objects have now been created.
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| Detect geometries
Level X

+

Qualify Spatial relation
between geometries

Semantic
qualification
A 4

Semantic verification and
geometries refinement

’ Next Iteration (Level X+1) ’

Figure 6-11. Activity diagram in case of generic knowledge

A successful detection then may lead to a subséqeéinement process, enabling to
identify less prominent objects, which are smatieirmore complex and therefore need
more support for identification. This may even Iy based on generic knowledge,
providing general concepts to objects and theati@h among each other. For example, it
is clear that a table has to sit on a ground faat that chairs may have close adjacency
to other chairs or to tables. As a consequencesrgeknowledge may guide the detection
process in an iterative way, leading from large sigdificant objects to smaller and more

complex ones.

6.3.5.2 Processing in case of detailed knowledge

In the case of known objects within its positiohe tknowledge base supports the
algorithmic processing to reconfirm their statud amodify the databases if there are any
changes in the positions of the objects. This capeesents the ideal situation from the
view point of existing knowledge. Remaining chatles for the guidance of the

processing come mainly from the data to be analysesisible incompleteness, lack of
data quality, for example and the algorithmic knedge needed to handle such
situations. Figure 6-12 presents the adopted girdtethis case using point clouds as a

data source.
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Localize objects in
the given areaina |
3D point clouds
:’ ‘ Localization succeed
‘ Yes ‘ No

Update the object Enlarge the research
coordinate and store areas
it in the ontology

‘ If object not found after n iteration |

[ Mark it as not found ]

Figure 6-12. Activity diagram in case of specific knowledge lwknown object position

The first step localizes the target object in théadset (for example, a point cloud) based
on previously mentioned 3D_Processing_Built-Ins.aiins to infer knowledge and
executes one or more 3D processing algorithms exinacted knowledge from the
ontology. Once the localization is done successftiie object will be stored within its
coordinates in the ontology. In case of a failuhe, knowledge base has to decide upon
the next step, what could be an enlargement ofrésearch area. Such a step would
assume that the reason for the failure is due prenise geometry data, why the process
of localization should be re-executed. Finally, titgect coordinate can be updated in
case of a successful localization. If not, it via# marked as not found or further rules

have to be applied.

In the case of known objects but with unknown posg, the prior knowledge about the
type of objects that can be found in the point dlailready exists. However, their exact
positions are not known. The knowledge base whiatviges the scene knowledge
interacts with the processing knowledge to deteeiobjects in the point cloud and derive
the positions of the objects. This helps in updatime objects with their corresponding

positions in the databases.

6.4 The extended 3DSQ and the Railway uses case
As a partner for the WIiDOP project, the German \Rayl (DB) is one of the world’s

leading companies in its domain. Its main actigitiee passenger transport and logistics,
infrastructure and services on the German railroativork. The motivation of the

Deutsche Bahn Company is the management of raifwanjture. Actually, the cost of
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keeping their plans up to date is increasing. Thation consists of fixing a 3D terrestrial
laser scanner on a locomotive, and to survey threwoding landscape. To do so, the FTI
Engineering Network GmbH (FTIl, 2012) and Metronomaitomation GmbH
(Automation, 2012) has developed LIMEZ Il (HornQ®Z), a new clearance profile
measurement train for the German Railway compankis Tsystem records the
geometrical data of the track and trackside objeatsl even the adjacent track. The
measurement system uses state-of-art laser tegynolocombination with high-speed
video techniques, photogrammetry and light sheathnelogy to produce this
measurement data with high precision. One of thalt® of LIMEZ Il is a set of point

clouds, covering the respective railway lines aaenvironment, Figure 6-13.

Figure 6-13. Limez Il simulation snapshots

After the first survey, the resulting data will bensidered as a reference for comparisons
with future surveys in order to detect changes.aAsonsequence, the company will
benefit from an automatic object detection and ifjoation, because too much data has
to be processed, and the amount of data leads¢rean@ndous management cost. In this
field, the updated 3DSQ platform will be exploitadgive a hand to the Railway domain
need, in order to guide to detection and qualificabf objects in 3D point clouds data
semantically. At first, a survey of the existerthique adopted by the German railway

company will be detailed.

6.4.1 Actual business process

Metronome Automation company, as a subcontractéh@fGerman Railway, they offer
several services for industrial measurements. risists of the design, development and
the support of systems to detect geometric entifiesorder to achieve this, a new

platform was created. In fact, the created Cledr@atform is one of the most ambitious
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and important projects developed by the companwints to label different types of
objects, based on the three dimensions point cloads. As seen in Figumei4, the
correspondent image and front view are shown fahgaortion of point clouds. By
selecting object in the front view, it will be ditty localized in the 3D point cloud in the
main window. To create a new object, a suitablellélas to be affected to the selected
area, based on the user observation added to &esitegcription to clarify any eventual

ambiguity of the object, Figure 6-14.

[ Bahnhof Nuemberg* - DB.ClearSuite by Metronom Automation GmbH - [3D sc [C=ton ]
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5061 i B3 D i Scene: 4188 - 4687 | 3D-Marker: 419 - 4450 P |8 | Dimensioning | 23 (%3 I
& SN B % & & D % i Fontnah)  ~ ¥ g || L9(23 |52 BB | Polygon A~ 3 Grob - DREN] 2+ %3 | @ 3 @4 | VideoProfile
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Figure 6-14. Plot screen of the DB Clear Suite software

The DB Clear Suite software uses an encrypted lukga for images, video and 3D point
clouds. The generated file has an XML structure reheach object is created in an
independent tag, as seen in Figure 6-15. Unforéipaintil now such software generates
a static data base represented by the XML filenfeluet al., 2011), where such a data
structure can be mapped to ontology, (Cruz, 200i8ure 6-15 gives a general overview
about the generated XML file structure. Each objecteality is presented in a profile
characterized by the different attributes citedTiable 6-4. Each profile contains a
semantic label showing the tag of the object asdhall description, a geometric location
or position and finally a picture. The geometricsition can be divided into two sub

characteristics: the cloud points construct sucjeat® and their geographical location.
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Concerning the last one, each object should hagtad and end location, and one
characterized by the foot pulse and the positi@ehEprofile is characterized by a unique
identifier, a description code presenting the laifehe object, an object description and

some other information mentioned in Table 6-4.

<profile number="31" descriptioncode="408" description="Signal light for passenger security” invalid="false"
<geometries>
<geometry number="1" object="line 1 circle 3">
<locations>
<start numberingares="5900aa” orientation="79.7452" region="12" lineofvision="DescendingStation">
<footpulse>4560</ footpul se>
<track distance="106180044.625" number="5320" directioncode="1" numberoftrack="" />

<node startnodedepartment= 937" startnodeidentifier="270" startnodedescription="Nurnberg Hbf Bf" startnodetoken="N
<position x="4077659.320" y="798727.299" z="4823190.999" system="ETRS89" />

</start>

<end numberingares="5900aa” orientation="79.7452" region="12" lineofvision="DescendingStation">
<footpulse>4560</footpulse>
<track distance="106180044.625" number="5320" directioncode="1" numberoftrack="" />

<node startnodedepartment= 937" startnodeidentifier="270" startnodedescription="Nurnberg Hbf Bf"” startnodetoken="N
<position x="4077659.320" y="798727.299" z="4823190.999" system="ETRS89" />
</end>
</locations>
<points>
<point number="1" y="-0,003" z="-0.187" %="0" marker="false” type="s" />
<point number="152" y="0.002" z="-0.202" x="0" marker="false” type="3" />

</points>
<deletedpoints />
<lines>
</lines>
</geometry>
</geometries>
<deletedgeometries />
<metas>
<meta name="simplification">
<value xsi:type="xsd:string” xmlns:xsi="http://www.w3.o0rg/2001/XMLEchema-instance™>
</meta>
<meta name="linedprint”>
<value xsi:type="xsd:string” xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance”™>/r=0/u=7/</value>
</meta>
<meta name="trackgauge"”>
<value xsi:type="xsd:int” xmlns:xsi="http://www.w3.0rqg/2001/XMLSchema-instance”>1433</value>
</meta>
<meta name="objectpicture”>
<value xsi:type="xsd:string” xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance”> tmpl92F. tmp</value>
</meta>
</metas>

</profile>

Figure 6-15. A screen shot of the XML data base structure

Profile attributes Attributes values

Number "31"

Descriptioncode "408"

Description "Signal light for passenger security"

Invalid "false"

Fromdatabase "false"
Dateof measur ement "2007-06-26T08:42:17.9837527+02:00"

Tps "Otps"

Recordtype "0"
Bank "1t
Dateofacquisition "2009-11-17T16:57:39.2071686+01:00"
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Dateofchanging "2009-11-17T16:57:39.2071686+01:00"
Agentofacquisition "Helmi"

Agentofchanging "Helmi"

Program "LaserProfile"

Gisstate "0"

Table 6-4. The main attributes of the XML file

The geometry of the object give a general desoriptbout the different features and
their characteristics added to their location ilo@al system defined by the metronome
company. Example: number="1" object="line 1 cird& An object is localized by

reference to start localization, and an end oneadd the begin foot pulse and the end

one. Each localization tag is characterized byfdhewing parameters, Table 6-5.

L ocalization attribute Attributevalue

Numberingarea ="5900aa"

Orientation ="79.7452"

Region ="12"

Lineofvision ="DescendingStation"
Footpulse >4560

Distance ="106180044.625"
Number ="5320"

Directioncode ="1"
Startnodedepartment ="221937"
Startnodeidentifier ="270"
Startnodedescription ="Nurnberg Hbf Bf"
Startnodetoken ="NN"

Startnodedate ="0001-01-01T00:00:00"
Endnodedepartment ="221937"
Endnodeidentifier ="31D"
Endnodedescription ="Nurnberg Hbf Bf"
Endnodetoken ="NN"

Endnodedate ="0001-01-01T00:00:00"
Distance ="217.384"

Table 6-5. The localization attributes
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Finally, the meta-tag presents additional tagsaiamtg additional information about the

attached images for each profile. It is presented b

<meta hame="objectpicture">
<value xsi:type="xsd:string"> tmp265.tmp</value>
</meta>

Where tmp265.tmp present the correspondent profilage.

As a first impression, the developed prototype &ually driven, where a specialist has
to interact within the system interface in ordeathieve the required tasks. From another
side, the created XML information base seems tudsg complex where lots of useless
data exists there. Likewise, such a created dat@tste presents a main base for the
information system management. Moreover, it jukived to manage data in a portable
manner without giving a new meaning to the exissogema, except for the taxonomical
one presenting the heritage concept. In that fiptésenting a fully automatized new
approach where users’ skills can be automaticaliuded there seems to be very

relevant.

6.4.2 Knowledge guidance for 3D point clouds geometry detection and
qualification
6.4.2.1 System architecture overview
As seen in Figure 6-16, the whole updated 3DSQga®takes the 3D point clouds as
input, and an ontology structure presenting a kedgé base to manipulate objects,
geometries, spatial relation and Object and datgegrties and produces a qualified
architectural scene as an output. The first staps @t the geometric element detection
from a specified 3D point clouds file, based onc#gpesemantic rules and 3D processing
Built-Ins. Different scenario for lines and plantetdion will take place, based on
available knowledge. Once the geometries are deteet qualification process of the
eventual spatial relation within is required. lingi to characterize the relation between
geometries. In this context, different spatial tielaships presented by specific built-ins
are taken into consideration. Once the spatiatiogiships between detected geometries

are qualified, a final step aims at the semantalification of geometries. To do so, two
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different technologies are used in this contexe Ptocessing steps can be detailed where

three main steps aim at detecting and identifyinigats.

e From 3D point clouds to geometric elements.
» From geometry to topologic relations.

* From geometric and/or spatial relations to semantalified elements.

Load OWL ontology Load 3D point . Qualify Spatial Semantic VRML
Detect geometries c N . N
structure Clouds relation Qualification generation

L

|

1

(1 ) (©) 4) (5) (6)

Figure 6-16. The sequence diagram of interactions betweeratiex kcanner, 3D processing,
knowledge processing and the knowledge base

6.4.2.2 Modelled Knowledge base

In fact, the context of a railway scene is morec# than any normal architectural
scene, since it's related to outdoor element deteatith very specific rules. The basic
target elements are Signals, Electric Pole... Thigia® discusses the different aspects
related to the Deutsche Bahn scene ontology steiagtatalled behind the 3DSQ Railway
prototype (Ben Hmida, 2010). To ensure the tamgks, knowledge of different domains
is acquired from the relevant sources. Sources sigcldomain experts are the most
reliable knowledge foundation. In fact, the ScenmWledge will be described in the
schema of ontology, and includes semantics of thgcts, such as properties,
restrictions, and relationships between objects geoimetries. The more information
about an object that is created and used, the aumgrate the detection and qualification
process is. An example of defining a semantic abgeihe following: an electric pole in a
railroad has a height of 4m to 6m; it is constrddby a vertical structure that connects to
a cube on the ground., there are two parallel tist@actures at the top and the distance

from an electric pole to a signal column is 1000ang the track. The scene is modelled
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thought axioms of the DLs and presents the behawduobjects. For instance, an

Electrical terminal presents a subclass of the Doi@ancept one.
ElectricPole = DomainConcept (36)

The object knowledge contains all relevant infoioraibout objects and elements that
could be found within a Deutsch Bahn scene. Thidccoomprise a list such as: {Signals,
Electric pole, Electric box, etc.}. They are usedfik either the main scene within its
point clouds file and its size, through attributetated to the scene class, or even to
characterize detected elements with different sémand geometric characteristics. The
created knowledge base related to the Deutsche Bedine was inspired due to our
discussion with the domain expert and due to awdysbased on the official Web site for
the German rail way specification, (Bahn, 2012). dverview of the targeted elements,
the most useful and discriminant characteristicdetect it and their inter-relationship is

shown hereafter.

Sub Class Subsub Class Correspondent

image

Signals Basic Signals Main Signal Between 4 and 6 m

Distant Signal Between 4 and 6 m

Secondary Vorsignalbake between 1,5 and 2.5 m .
signal Breakpoint_tabl  between 1 and 2 m : E :
e

Chess_board between 1 and 1,5 m

BigMast More than 6m
Mast NormalMast Between 5 and 6
(Electric
Pole)
Schaltanl ~ Schalthause Less than 1m
age
(Electric
Bo) SchaltSchrank Less than 0,5m

Table 6-6. An example of the German Railway scene objects
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Table 6-6 shows an example of the possible colleatif scene elements in the case of a
railway scene. They may be additionally structuireé hierarchical order as could be
seen convenient for a scene. Basically, a railwggas is one of the most important
elements within the railway scene where we findC:main_signals and
DC:secondary_signal The main signals are classified onfC:primary_signal and
DC:distant_signal In fact, the primary signal is a railway signatlicating whether the
subsequent track section may be driven on. A psinggnal is usually announced
through a distant signal. The last one indicate&glvimage signal to be expected, that
will be associated to the main signal in a distaotd km. In fact, a big variety of
secondary signals exists like tB€:VorsignalbaketheDC:Haltepunktand others. From
the other side, the other discriminant elementhiwithe same scene are th€:Masts
presenting an electricity pole for the energy sypplsually, masts have a distance of 50

m from each other. Finally, thBC:Schaltanlageelements present small electric box

connected to the ground.

SubClass Subsub Class Restriction on Restriction on Planes
Line number number
Signals Basic Signals Main Signal 1 or 2 Vertical 0
line
Distant Signal 1 or 2 Vertical 0
line
Secondary Vorsignalbake 1 Vertical line 1 Vertical plane
signal Breakpoint_tabl 2 Vertical lines 1 Vertical Plan
e
Chess_board 1 Vertical line 1 Vertical plane
Mast BigMast 2 or 4 vertical 0
lines
NormalMast 2 or 4 vertical 0
lines
Schaltanl  Schalthause 1 Vertical plane
age 1 Horizontal plane
SchaltSchrank 1 vertical plane

Table 6-7. Geometric characteristics overview
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Finally, concerning the required 3D spatial knowled3D Metric knowledge presents
important information, since the different elemergspect very strict metric rules. Such
knowledge is used to enhance the qualification ggsc since information about how
objects are dispersed in a 3D scene makes thetidetend qualification easier. As the
example of the railway scene, the distance betvaeBrstance Signal and a Main Signal
should be an average of 1000m. Because of outamter§, such as data noise and the
uncertainty of the measurement, the knowledge alltelerances while executing the

correspondent built-ins depending on the qualitgaia, Figure 6-17.

Vorsngrllalbake Vorsng;albake Vorsng;albake Distance signal Main signal

75m 75m 100m 1000m

Figure 6-17. Metric rules for the railway scene

To make it more concrete, the human observatiaadir defined in the Table 6-7 will be
modelled through different DLs expression, basedhendefined ontology schema,. For
instance, the taxonomical behaviourBHsicSignalis that it is a subclass &ignaland

ultimately a type oDomainConcept

DomainConcept Signalec Hauptsignale (37)
Likewise, Signaleis related to claskine_3D(which is a type of clagSeometry through

the relationshifmasLine3D as aubproperty of thbasGeometrpne.

BasicSignak 3hasLine3D.Line_3D (38)
Last, the restriction axioms define the semanticBasicSignal For example, it should
have a height of at least 4 meters and should icoetactly one parallel line and two
perpendicular lines and so on. It should be noked this is a simplified example. In

reality, BasicSignaktan have &ariety of different characteristics.

BasicSignak 3hasHeightz4 (39)

BasicSignak 3=1.hasParallel (40)
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Likewise, it is related to the class Line_3D (Suls3l of class Geometry) through the
relationship hasLine3D (subproperty of hasGeometry)

Electric Pol& 3hasLine3D.Line_3D (41)
For instance, the following DLs constructor defities semantic of the “ElectricPole”. It
means should be a vertical bounding box with attedfy more than 5 m, and contains at

least 2 parallel lines.

ElectricPole = (3 hasHeight. {> 5} N> 2. hasParallel. Line (42)
N VerticalBoundingBox[13 hasDistanceFrom. DC: ElectricPole{> 50)

6.4.2.3 Iterative process for object detection and qualification in the railway

scene

Detect geometries
Level X
\ 4

[ Qualify Spatial relation ]

between geometries

, 4

Semantic
qualification

¥

Semantic verification and
geometries refinement

I Next Iteration (Level X+1) ‘

Figure 6-18. The iterative process in the generic case

As a concrete solution, at the core of the firstation, the railway scene is almost
characterized by vertical linear structure. Oncéected, and based on SWRL rules
enriched with the created 3D spatial Built-Inszan be initially qualified as a Signal and
an electrical pole for example, Figure 6-19. Duramtyanced iterations (Second iteration
in this case), more precise geometry is detectedpapulated in the knowledge base
through the enhanced knowledge once the previeustibn is achieved. Assuming that
the main difference between the two above mentiseeaantic objects is the existence or

not of perpendicular/parallel lines, such a newvkedge will be approved through more
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sophisticated SWRL rules. In case of the existasfcperpendicular lines, the detected

object will be finally qualified as an electricablp.

IT1: Height: 5.57m > “Signal” OR “Electric Pole”

IT2: 2 Parallel Lines “Electric Pole”

Figure 6-19. Iterative semantic qualification example

6.4.3 The Results

For the demonstration of the extended 3DSQ platf@mcanned point clouds section
related to the Deutsch Bahn scene in the city ahbiérg was extracted. While the last
one measured 87 km, our tests were made on twergliff data bases with a length of
500 m, extracted from the whole scanned point dadata. The first scene contains 37
elements and the second one contains just 13 elenfgna first impression, it is totally
reasonable that the number of elements varies tmoenscene to another, because we are
near the railway station, where the scene is nhwace versa., Different SWRL rules are
processed within the extended 3DSQ platform, wheréher qualification may be
relayed on aspects expressing facts to orientasrosize of elements, which may be
sufficient to finalize a decision upon the semauwfi@an object or, in more sophisticated
cases, the extended 3DSQ platform allows the caatibim of semantic information and

spatial ones that can deduce more robust resutisniing the false acceptation rate,

Page|182



Application of spatial analysis to geometry det@mttand qualification

where it's clear from Table 6-8, how our knowledggse could recognize which

geometry represents a real element from those veneimoise.

Scene Size Qualified Truth data
Geometry
Scenel 500m 105 35 34
Scene? 500m 63 15 13

Table 6-8. Detected Element within the scene and the qudldiees

To evaluate such an extension, several evalualimmitoms and metrics exist nowadays.
Among them, qualification recall and precision neewill be adopted. The Qualification

precision (QP) presents the fraction of retrievestances that are relevant, while the
Qualification recall (QR) presents fractions oferglnt instances that we are able to
retrieve. From Table 6-9 and Table 6-10, in mosesahe extended 3DSQ platform is
able to allocate the right class identity to théedeed geometry, based on knowledge
related to its component and spatial relation. Base precision measurement, It is clear
that the presented 3DSQ extension is able to distaite real elements in a precise way,
with high accuracy and exactness, and then minirtlieefalse positive qualification.

Likewise, the returned value of the Recall measerdmeflects the ability of the system

to qualify the maximum set of elements that existthie true data. Otherwise, the
rejection process of false geometries that mayepteroise is done in a very secure
manner and with high sureness. As a compromisedagiihe recall and the precision of

the extended 3DSQ platform, the system highly redpdo the users’ needs.

Moreover, some restrictions are observed mainlygEometries which are qualified as
Schaltanlage in a false manner. Before explaining teason behind this false
qualification, let's recall that the Schaltanlageesents very small electronic boxes
installed on the ground. In the case of scene tiwisi near the railway station, the level
of the ground is higher compared to the other steffer this reason, lots of geometries
are detected where a high number of them presenhése on the ground. The reason
for the false qualification is the lack of semarti@racteristics related to such elements,
since until now; there is no real internal or eméérspatial relation, nor internal geometric

characteristics that discriminate such an element.
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Masts Signal Schaltanlage
Truth Data 13 18 3
Qualified True 11 16 2
Geometry False 1 8 2
Recall (%) 84,61 88,88 66,66
Precision (%) 91,66 84,21 50

Table 6-9. Detected and qualified geometry within the scene 1

Masts Signal

Truth Data 6 7
Qualified True 5 6
Geometry False 2 2
Recall (%) 83,33 85,71
Precision (%) 71,42 75

Table 6-10. Detected and qualified geometry within the scene 2

hasHeight(dx, Th) A swil

\iij Mast() A

am

reaterThan(Th, 6) — BigMast(x

DELETE

Table 6-11. Detected and qualified geometry visualized witthie extended 3DSQ platform

We have presented a comprehensive full automasiystgm for 3D object detection and

gualification, mainly inspired from 3DSQ tool and ability to process spatial knowledge

in a qualitative manner. The adopted prototype ased on semantics of different

associated domains, which assist in detection amdifigation of objects. Unlike other
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approaches, knowledge provides an overall baseisantegrated into all the processing
steps. This provides the flexibility to infer theadegy from existing knowledge. In the
case of 3D point clouds as input data, and diffiefrem the CAD/IFC case, the quality of
results clearly depends on the robustness of tpéeimented algorithms to detect correct
and precise geometry. Contrary to the standardoappr our knowledge driven methods
rely more on knowledge engineering capability, aad,a result, avoid any human
intervention. It includes four main components: kewledge base, the 3D processing
algorithm, the 3D spatial relation, and finally tipgalification process. The scene index is
built by detecting different geometries and quatifythem via the extended SWRL rules.
The developed Java platform provides an efficiemhanstration tool taking a set of 3D
point clouds within an empty OWL knowledge baséngsit, and producing a populated

ontology with the detected and qualified object.

6.5 Conclusion

In this chapter, we tried to contribute to the aing enhancement of the Semantic Web
technologies, by focusing on the possibility ofegrating 3D processing and spatial
relation components within its framework. We makeattempt to cross the boundary of
using semantics within the 3D processing resegmalvide interoperability and take it a

step forward in using the underlying knowledge texbgy to provide 3D processing and
spatial analysis through knowledge. The presenB8i(B contribution raises the issue of
object detection and recognition in 3D point clowdthin the laser scanner, by using
available knowledge on the target domain, procgssiigorithms and the 3D spatial

topologic relations, (Ben Hmida et al., 2012). BR¥SQ framework is primarily designed

to facilitate the object detection and recognition3D point clouds. It is based on

Semantic Web technologies and has ontology inoits.cThe top level ontology provides

the base for functionalities of the applicationisTprior knowledge modelled within an

ontology structure. SWRL rules are used to coritrel3D processing execution, the 3D
Spatial qualification and finally to qualify the tdeted elements in order to enrich the
ontology and to drive the detection of new objedtise designed prototype takes 3D
point clouds of a facility, and produces fully atated scenes within a VRML model file.

The suggested solution for this challenging prober® proven its efficiency through real
tests within architectural scenes and the Frapeaimele (Chap 5). The creation of

processing and Spatial Built-Ins has presented lausto solution to resolve our

problematic and to prove the ability of the semamieb language to intervene in any
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domain and create the difference. More preciséig, ¢hapter has discussed and proved
how we can take a step forward from the qualifmatof Spatial relation, so as to
maximize the use of such a 3D Spatial knowledgenipan the architectural domain. Via
the different subsections, we primary demonstria¢epiossibility to reach the high level
advancement suggested by the literature, but Bdsmake it optimal and accurate from
one side, and mainly to extent new semantic knogdedlated to 3D Spatial relation and
to the geometric elements identity qualificatiom ¥he resulted relations from another
side. The presented examples within this sectiam tai raise the issues for the Spatial
Relation integration within a relatively new semartechnology. Initially addressed to
deal with heterogeneity in the web technology, khewledge engineering technology is
more and more deduced for collaborative approathdss humans and machines, where

human intelligence and reasoning are injected énadual solutions.
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7.1 Contribution

Nowadays, 3D spatial reasoning with its three deiaws (3D Topological reasoning, 3D
metrological reasoning and 3D directional reasonisgan important part of Artificial
Intelligence, where existing approaches in thiddfigre numerically based. Geometric
properties and spatial relations between buildieghents play a major role in the design
processes of the Architecture, Engineering and @act®on domain. However, so far,
spatial relations are not supported by existindding information models. To fill this
technological gap, a bridge between a qualitatpatial relation and the quantitative one

has been developed.

In fact, the current research paper make an attémmmphasize the possibility of
combining 3D spatial technology and the above meeti 3D spatial reasoning by the
integration of such a technology in the semantib Wwamework. Such integration will
comply with the way human reason about qualitasipatial relationships. This paper
discusses the 3D spatial operators and their iatiegr within a qualitative manner for
building information models. The semantics of thgatel predicates are formally
implemented and defined in an OWL knowledge basd,limked to a quantitative layer
through the real execution of the correspondentiapaperation. The Selective Nef
Polyhedron based implementation technique of dpaierators which was highlighted in
this paper is the most efficient one compared & @$G and Octree implementation,
supporting a big variation of non-uniform geomedrigith high discrimination of the
Interior, Boundary and exterior of each of thenkdwise, such a structure overcomes the
exponential behaviour of Octree based algorithrhés Ppaper moves outside of the range
of data interoperability while presenting the cgrtee and makes an effort to utilize
others areas of semantic web technology. The lz@geacity of knowledge processing
provides the capability to the semantic web to gsscthe semantics of the information,
through close collaboration with the machine. Ictf& makes not only the perceptive of
3D spatial data easier for interoperability amonffecknt data sources, but mainly
provides helpful knowledge which is able to enribh knowledge base. Such a process
primarily helps to understand spatial data andtiozla in a better way. This helps the
users better understand the data. The underlyiogvletige technology makes it stand
out among its contemporaries. From our point ofwig is extremely important to have

standard terms for every created spatial relatiosh luilt-in to process the 3D spatial
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knowledge. To do so, we tried to rely on the tostigndardized by W3C and OCG.
Finally, the created OWL knowledge base also esabletore the full set of information

available in BIMs or IFC, including attributes aredationships, which makes it possible
to use such information added to the Spatial onduither process, especially as in the

geometry qualification in our case.

To highlight the utilisability of the 3D Semantip&ial Qualification Approach (3DSQ),
we decided to extend the research by taking afsteyard from the qualification of the
spatial relation semantically, to the extensiorth&f semantic rules and query language.
Such an improvement supports the inference on 3fiadgknowledge and enables final
querying of the spatial knowledge base. The mawaathge of using the Semantic
approach compared to standard SQL ones is its isitgplAdded to its ability to process
spatial data in our case, the semantic approaalrens common understanding of the
spatial domain between Humans and machines, vigriagsthe Semantic inference and
queries using spatial knowledge. The 3DSQ tramsiagihgine enables the computation of
spatial SWRL rules which can also be queries. térjgrets the statements in order to
parse the spatial components. Once the spatial moemps are parsed, they are computed
through relevant spatial functions and operatidnysthe translation engine through the
operations provided at the SNC level. The resuktspmpulated in the knowledge base,
thus making it spatially rich. After that, the sphstatements are translated to standard
ones for the execution through their respectiveirasy With the inference engine, the
enrichment and population of the ontology through results of the inference process is
eventually stored in the knowledge base. From amaihgle, this paper has presented a
synchronized knowledge driven approach to qualibyspatial relation initially. This has
been extended later on to qualify the 3D geomediseld on different characteristics. It is
based on the semantics of different associated idgmahich assist in the qualification
process. Unlike other approaches, knowledge prevaseoverall base and is integrated
into all the steps of the processing, including dle¢ection one, in the case of 3D point
clouds data. As a conclusion, the current papesesaithe issue of 3D geometry

processing, by using available knowledge on thgetaslomain and 3D spatial relations.

The benefits of the emerging Semantic Web techrnyolbgough its knowledge tools are
quite visible compared to convention technologiesictv rely heavily on database
systems. More precisely, the benefits that wereiemed during the design and

development of the 3DSQ platform and it's extensimquite high. The flexible nature
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of an ontology based system enables the integrafimgew components at any time of
development and even implementation. The createtype is easy to use, and the user

does not need specific knowledge to understandcethets.

The 3DSQ framework is primarily designed to faatkt object manipulation, and mainly
recognition in 3D data for BIM purposes. It is bdiem Semantic Web technologies, and
has ontology in its core. Top level ontology pr@sdhe basis for the functionalities of
the application. This prior knowledge is modelledhw an ontology structure. SWRL
rules are used to control the processing chairtjasmpalification and finally 3D object
qualification. The designed prototype takes 3Dlifsgcdata as input and produces fully
qualified scenes within a VRML model file. The segted solution for this challenging
problem has proven its efficiency through real desithin the Deutsche Bahn, and
mainly the Frankfurt airport scene. The creatiorSpétial Built-Ins has proven to be a
robust solution in resolving our problematic, amdying the ability of the semantic web
language to intervene in any domain and create difference. In more concrete
discussion and compared to the works of Borrmarah, etew efficient data structure able
to optimize the spatial quantification process mérdduced. In the same axe, the
quantification process of spatial relation is seticatly integrated within the Semantic
Web platform through a knowledge based approachingehe door for a new area of
research and application. This can be seen as@ w@jtribution in our thesis. From an
applied area point of view, the 3D qualitative datgegration in the semantic web
framework has been proved through different usesessamainly the CAD/IFC 3D
geometry qualification and the 3D object detectionl qualification in 3D point clouds
data. In this field, and compared to Prof Niuchtealeand Eich et al works, we share
from one side the common purpose materialized tiirogeometry detection and
qualification in 3D data. As a main steps, the &ghor relay on an ontology describing
the scene elements and mainly the directionalioelatmong them (Orthogonal, parallel,
perpendicular). Once created, a probabilistic ne@agpapproach based on spatial feature
descriptions is taking place aiming at finding best match between the model entity and
the extracted spatial ones. From our side, a moogvlkedge based approach is presented
where the maximum of capacities of the 3D spatiehain with its different derivations
has been expressed. In fact, our contributions atimresenting a complete semantic
based approach where the OWL ontology presentsdieeof the proposition. It's based

on the DLs rules and inference system from one aidethe SWRL and SWQRL rules
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with extended Built-Ins from another side where skenantic platform guide and control

the different required processing.

From the other side of the equation, the actuakld@ed 3DSQ still suffer from some
drawbacks and limitations. In fact, the actual \@r<f the prototype doesn’t supports
the processing of 2D geometries where it hastiiréte converted to 3D ones by adding a
small noise inside it. Second, the developed 3MDapzharacteristics extraction built-Ins
(Height, orientation, length...) are used to deahwiitear and uniform geometries, where
further solutions have to presents answers foruroform data. Some limitations appear
visible also within the semantic rules point of wjeand where, while qualifying
geometries, ambiguous qualification takes placeome cases. In such a scenario, human
intervention can be useful to guide the systemalBinmore sophisticated output and
visualization engines can take place, where thaiblie generated and enriched
knowledge base can be re-transformed to standatd ftfmat which increases its

utilisability degree.

7.2 Future work

Throughout this paper, we tried to contribute te thn-going enhancement of the
Semantic Web technologies, by focusing on the poigi of integrating 3D spatial
components within its framework. This makes annapiteto cross the boundary of using
semantics within 3D research to provide interopéitpband takes it a step forward in
using the underlying knowledge technology to previdpatial analysis through
knowledge. The 3DSQ approach is of a general naturé can be adapted for several
fields of application by its flexibility to includeew knowledge, new Built-Ins interacting

with different processing areas and new rules magasych Built-Ins.

Future work will include the integration of new kmedge that can intervene within the
qualification and the update of the general platfaarchitecture, by ensuring more
interaction between the scene knowledge and thgeinetries. Added to that, it will
include a more robust qualification process of ofge based on each object
characteristics, to make the process more flexdrd intelligent. Likewise, further
research will concentrate on the description Iq@t) formalisation of the difference
modelled 3D spatial knowledge, and on the creatiom formal semantic presentation of
the different adopted primitives’ solid geometrykéwise basic rules will be applied, that

can be defined and depicted in the next SWRL rilileis can also be done by a
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composition of relationaneet o contains = Disjoint. Likewise, future work will also
include the expansion of the ontology, further iempéntation and testing of the rules, as
well as the improvement of the existing JAVA pregme application, and the

improvement and addition of 3D spatial qualificatalgorithms.
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